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I 5.0 SDFT~ ARt MCusj~ L L ’ s~~rT~~~t’~

I 
Thi s section contains descr iptions of each software mod ule

I in the HDUE sy stem. The Receiver module s are described in

section 5. 1 with the Master Control following in ~~~. 2. the

I Navigation in 5. 3 and the E x e c u t i v e  in 5. 4.

1
I

I

I

I

I
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5. 1 RECEIV ER SOFT..,A kL MODuLE ~IESCRI~ ’T IO NS

S. 1. 1

Mnemonic:

Title: Multi Receiver C on t r r i l

P ri or i tu ; 160 MS Background (Non—reentrant)

Invoke d ~~~ Executive during po w er—up in~~tial~~zations .

Inv okes; R 1A I D .  R1FMT~ RIMTM, R1SRC. X3ACT , X3WA IT ,
B 1SLIO , X3ERRA

Inøuts
p

Parameter Source - •
Executiv e Data Executive

Pow er—up Semaphore (XGPRUP )
FTF Mod 65536(XC 0022)
Reentrant Uf-Fset (XDATA ) Li,

Ma s ter C o n t r o l  Messages Master Control
Buf’~er P r o t e c t  F lag ( RCV3B 1. )
Command Word ( RCV3 B3)
By Queue (RCV3BS through RCV3B9)

V e l o c i t y  A i d i n g  Bu ffe r  (R CV3C3 th rough  RCV3C7)

Calibration Data: R1MTh
Measu red Pseudo—ranges
Upper Ant , L1 (RPL1AI 5 Words )
Upper Ant , L2 (RPL2A1 5 Word’~)
Lower Ant , Ll(RPL1A2 5 W o r d s )
Lower Ant , L2 (RPL2A2 5 Words )

Measured Range Rate (RPRATE )
Measurement time (RPFTF )
R1MTM Status ( RPMTST )

Acqu isition Data
Remaining Search Length (RSRMAN ) R1SCH
C/A Code Step Size (RSCINC ) R1SRC
P Code Step Size (RSP INC ) R1SRC

Response Word (RNSRCR) RISRC

5.-
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M~ st.r Control Message Master Control
Buffe r Prot .ct(RCV2B1)
U p d a t e  Flag(RCV ~~B~~)
RCVR LRU Stat u,(RCV2B3)

~~~~~~~~~~~~~~~~~~~~ Command A c k n ow l e~ig e(RCV2B~..~
Comman d Comp lete (RCV2B~~)
By I Status(RCV .2B8)
BY 2 Stat us(R CV2B9 )
SV 3 S t a t u s ( R C V 2 D A)
SV 4 S ta t u s (R C V2 E ” ’~)
By ~ St~~tu s ( RCV2 BC )
Prec i s ion RCVR (RCV2BD)

R1SRC Control R1SRC
Command Word (RMSRCD )
Acqu isition Mode(RMSVMD )
Calibration Term(RMMTD )

Acqu i s i t i o n  Parame ters RISRC
Ante nna Sel.ction(RSANT )
Code Tap Sele ctio n(RSCACD)
Dop~~l.r Frequency(RSDOPP)
A i d i n g  Semaphore(RSFLA ~fl
Ll/L2 selection(RSFREQ )
QT Selectton(RSINVR )
Dopp le r Bin Offset (RSOFST)
Code Phase Reset RSPHRS)
Time Bias (RPBIAS )
Estimate d Rang. (RSRNQ 1 and RSRNG2)
Aided Search Command (RSSCHM )
Code Search Lengt h (RSSLTH )
Cene ri c SV Id ent ifi cat ion( RSVI D )

R1AID Inte rface RIA ID
Total A i d i n g  nh ib it (RPA DST )

RIMTM Interface RIMTM
Dela y Table Pointer (RPMTPT)

I
-‘5
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Processin~i;

I _ I I —General

I The Mu l t i—Rece i ve r  Contro l  task is the highe st level

co ntroller within the Receiver Control Subsystem (~~CSS), It

I receives mode commands and acquisit ion aiding data from the

Maste r C o n t r o l  Su b sy s t em and sup e r v i s es  t h e  re source

allocation within the RCSS to implement these commands.

1 RIMRC and t h e  5 ree n t r a n t  R1SRC p r o c e s s e s  run

sequen t ia l l y  w i th in t h e  sam e b a c k g roun d p r ior i ty  so t h a t  a l l

R1SRC p rocesses  r ece i ve  RIMRC directives and res p ond to the m

between exe c ution cycles of RIMRC. R1MRC commands the

I individual R1SRC processes to acqu ire and track an SV • OT •

- or Built—in—test signal using a ç~articuI.ar set of

acqu isit ion parameters. Th i s se qu ence co ns ists of an

Li individual Dopp ler b in of specified code chip width centered

at a p a r t i cu lar Do p~~ler frequency. RIMRC takes app ropr iate

action de pending on whether the acquisition succeeds or

fails.
I-

i
I
I

Is

PAGE 4
L

I , ‘~~~~~~~~~~~~~~ 5.s~~s -

5 -  - - — ----- -n---,



-- -

-

‘ 
_ _ _ _~ *.L~1L ç ‘)nt~LQ~. ç ~~nrn U ft51 £,it .1

All commands from Master CLIn tr ol ~re routed to RIMRC

v ia t h e  RCV3B message The b a s i c  command word  is RCV3BJ

which may assume the f o l l o w i ng values

VALUL MLAN TN~.

1 Cancel

2 Total g i l l

3

4 Conc Sch . C/A Acq. C/A Rng

5 Con c Sch C / A  A c q .  P Rng

6 Conc Sch .  P Acq .  P Rng

7 Pre cisi on M o d e

The cancel command instructs the RCVR to .an~ el all channel~

not In a l e g i t i m a t e  t r a c k i n g  mode. Other hannel s c o n t i n u e

tracking This c ommand pr .ceeds a l l  other commands which

the Master Control sends to the RCVR The k i l l  command

instructs the RCVR to cancel a ll c h a n n e l s  u n c o n d i t i o n a l l y

The TTDC command auses the RCVR to enter the cal ibrat ion

mode in which i t w i l l  mea aur . and ca lculate the

inter—channel delay terms at each frequen y (Ll/L2) and on

both antenna s This sequen ce also conf i rms the a b i l i t y  of

the RCVR h a r d w a re to execute signal a cq uisition and

tracking. The Concentrated Sear ch c ommand in s t r u c t s  the RCVR

to acquire and track the constellat ion spec i fied in the SV

queue (RCV3BS through RCV3D9). The queue is rev iewed

against the present t r a c k i n g  status when the new command is

PAGE 5
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r e c e i v e d  A n y  ~
‘V flu.nL’ c i ’ ~~ ~~~

‘ h ~io u t  corr e ’~por~d to thi’

current  s t a t u s  are p ut into the s e a r c h  queue If a z e r o

value is r e c e i v e d  t h e  SV previousl y associated with that

l o c a t i o n  in the  SV queue i s  d r o p p e d  and i t s  corresponding

channel made a v a i l a b l e  for concentrated se.irch The SV queue

is used only on en t r y  to the (oni entrat cd ~;i.~d r ch  st at ~

P r e c i s i o n  mode may be . omm anded if four ~V’S are b e i n g

tracked on P —c o d .  and the fifth RCVR channel he alth word is

C

valid The fi fth channel w i l l  then •~vqu .nt i a l l y  a~ qui r e and

t r a c k  t h e  L i  ari d L2 s x g n a l~ for each of th ’ SV’~ wh ich the

other c h a n n e l s  are tracking

Prior  to command ing a Co nc ~~n t ra t e d  Search ,  Master

Control ensures that v a l i d  a i d i n g  is available in buffer s

RCV3C throug h RCV3F This a i d i n g  i s used durin g the signal

a c q u i s i t i o n  p r o c e s s  Du ring a r e a c q u i s i t i o n  sequence

(following completion of Concentrated S e a r c h)  t h i s  data is

assume d to be of sufficient accuracy to support a direct—p

acquisition with a search window of pl u s/m inus 1000 meters ,

Al l  commands are acknowledged upon receipt in RCV2BS.

An a c k n o w l e d g e  of —1 im p l i e s  that  a command has been

rejected by the RCVR . A norma l acknowled ge echoes the same

value received in RCV3B3. When a command is completed it is

echoed in the c ommand om p lete word RCV2I)6 The status of

a l l  c ommanded SV ’S is contained in RCV ~?BO through RCV2BC

For that array a po sitive number i n d i c a t e s  the RCVR channel

which is assigned to th. corresponding SV in the SV queue A

value of 0 I m p l i e s  t h a t  t h e  SV is  n o t  selected f o r

PAGE 6 
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I
acqu i s i t i on .  A negative 1..~5u e indicat e s that the SV has been

1 se lec ted  for a Concentrated Search which is  in progress. The

RCVR LRU health word is returned in RCV2B3. A value of 0

I indicates all channels have good health. A bit is set to one

corres ponding to each  channel wh ich has been declared in ba d

health . When the RCVR is in Precision Mode the number of the

channel assigned to the se quencing is returned in RCV2BD .

I U

PAGE 7
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“5- The control of the ~, reentr.~nt RISRC process es is

imp l emented through the two \.ria bl e-s RM6RCD (Directive

Word ) and RMSVMD (SV Acqu i sition Mode ) RISRC is commanded

to e x e c u t e  a single acq u i’.ition sequeni~ - o.~s ed on t h e  v a l u es

of these control v a r i a b l e s  and the LV related a c q u i s i t i o n

data passed in RSCOMM . The Single RCVR Response Word

(RMSRCR) i s  used by RISRC to repo rt to RIMRC the status of

the sequence All  sequences run to successful completion as s

i n d i c a t e d  b y a Ranging response in RMSRCR or they fail

b e c a u s e  of s y s t e m  o r hardware pr o b l e m s  as in d i c a t e d  by  a

nega t i ve  va lue  p a s s e d  in RMSRCR

The v a r i a b l e  RMSRCD di rects R1SRC to uxe cut e a

p a r t i c u l a r  t y p e  of se quen c e as d e s c r i b e d  in the fo llowing

table

RM SRC~ VALUE M~ AN1NQ

0 No Operation

1 Absolute canc e l

2 New SV

3 Nizw Doppler Uin

4 Switch Antenna

5 Switch Freq and Antenna

6 Start Reacqu i sition

The Cancel command instructs R1SRC to drop a l l  activity and

prepare the hardware and s o f t w a r e  to r e c e i v e  a new c ommand

The New SV command is used when RIMRC first switches to a

new SV in the queue When R ISRC receives this c ommand , it

PAGE 8
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I
re t r i eves a l l  ac qu isitio.~ dat0 in RSCIJMM data s~~ The New

Doppler Bin command is used when the present acquisition

I d a t a  i s va l id  and a rap id  s w i t c h  o~ the VCXO frequency to a

new search bin is desired. The Antenna Switch command is

I not use d by RIMRC s ince  al l such s w i t c h i n g  is done as part

of th. reacquisition sequence or the more general

I Frequency /Antenna switch. The Frequency/Antenna Switch

I 

c ommand instructs RISRC to perform a direct acqu isition

using the s p e c i f i e d  antenna and L—band control logic. It may
I

I 
be commanded only when a source is in a valid Ranging stat.

and as such is used only in the TTDC sta te  of R1MRC. It

differs from the New SV command in 2 ways; 1. Th. current

va l u e  of Doppler is read and used  as the starting value for

I the search. 2. If the b u i l t — i n — t e s t  module is running i t

will not be r •started based on this c ommand. The

Re a c q u i s i t i o n  command is used immediatel y f o l l o w ing a

I loss—of—signal on an SV. It causes hardware and software

initial iz at i ons to e x p e d i t e  a direct—P search f o r th e los t

I signal. The R1SRC proces s is stepped through the subsequent

reacquisition search bins by the New Doppler Bin command.

I

$ 1
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I
The SV Ac qu isit ior Mc~de ~~~~ (RMS Vt’~Di tpec i fie s the typu of

I source and the type of code to be acquired and t racked .  The

va lues which it may assume are as follows:

RM SVMD VALUE MEAF~4IN~
1 C/A Code Acq, Rng1 5’) Source

2 C/A Acq , P Rng, SV Source

3 P Code Acq. Rng. SV Source

4 RCVR Health Check (Not used)

5 Xl  Code Acq . Rng~ BIT Source

p

Acqu isitions modes of 1, 2, and 3 are used with the

corresponding Concentrated Search command. Mode 3 is also

used in Precision Mode. Mode 5 is used exclusively in the

TTDC state.

The R 1SRC response word RIISRCR is the primary

commun ication word to R1MRC from R1SRC. A positive value

usua l ly indicates successful completion of all or a part of

an acquis ition sequences while a negative value indicates

either a system or hardware failure. The values which it may

ass ume are  as fo l lows :
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8 Ab~~u~~u te  C a n c e l C o m p le t e
7 B I ~ R~~n g i n j
a RHC Complete
3 Initial i zation Complete
4 P—code Ranging

3 C/A code Ranging I I
2 P C~~.i’  j e r  Acq
1 C / A  C.irrier A cq
0 Null

—1 Output M odu lt~ ADC Fail

—2 Range—rate C t r  Fai l
—3 Data Clock Inactive
—4 VCXO DAC Fail
—5 Codt Search Fail
—6 C/A L o s s — o f — s i g n a l

—7 Handover Fail
—8 E x c e s s iv e  Pa r i t y  Errors r

Not  Used
—10 P Code  LOS
— 11 Weak Signal Hold—on

—12 Barker  Search T ime—out
—13 V CXO C a l i b r a t e  Fail
— 14 Not Used
— 15 Data Bit Sync Fail
—16 Bit Sync Verif y Fai l

—17 SV Data Out of Range
—18 Direct~~ve Word Ignored

In the Initialization state a response of 5 is the only

l e ga l  value. In TTDC an acquisition is considered complete

after a response of 7 is received and any negative value

cause s that c h a n n e l ’ s health word to be set bad. In the

other st ates the response handling is done v ia table look—up

as descr i b e d  in the i n d i v i d u a l state sections below.
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1 R1MRC is a state driven controller whose state is

I 
determined by the c ommands it receives from Master Control.

Each s t a t e  has a s i mi lar  s t ruc tu re  w i t h  three basic parts.

I 

1. Entry section with data base initialization.

2. R1SRC response han~~le r.

1 3. Directive handler and other state unique

processing.

I A common se c t i on of code processes all R1SRC responses and

branches to the appropriate state dependent response handler

- 

when a non—zero response i-s received. This section

terminatis by transferring control to a state unique

directive handler section. Each execution cycle terminates

by re leas ing th e incomming message bu ffe r  and c lea ri ng the

output buffer for transmission to Master Control. All

t rans i t ions between s ta tes  are made in the Directive Handler

sect ion in order to simplify the handl ing of R1SRC
4

responses. The five s ta tes  of RIMRC are:

1. Initialization

2. Test and Time Delay Calibration (TTDC )

3. Idle/Track

4. Concentrated Search

5. Prec ision

1 Initialization is entered automaticall y at power—up.

id l e / T r a c k  is •ntered automatically at the completion of

TTDC or Concentrated Search. The other modes are en te red

only on command from Master Control. A desc r i p t i on  of each
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I
of the R1MRc stat e-a + , l l L - ~s. .s

I

Initi a li za tion State

I W hen the E x e c u t i v e  e x e c u t e s  i ts  power—up seq uence it

I activates RIMRC . initializes all de~~i gnated vol atile memory

to zero, and iynchron i.zes the system time (FTF ) with the

I Master Control Processor. When this has been accomplish ed

the va r iab le  XQPRUP is set to a value of 1. Upon activation

I RINRC initializes those variables which require a non—zero

va lue and then a c t i v a t e s  the f o l l o w i n g  t a s k s :

1. BISLIO [
2. R1SRC (5 Reentrant Processes)

• p
3. R1FMT

4. R1A ID

- 
These tasks continue to execut e on a stead y—state basis

until the RCVR Processor  is reset or e x e c u t e s  a power—up

seque nc e R1MRC then w a i t s  until XQPRUP is set to +1 and

begins its steady state execution. Transition out of this

s t a t e  c an b e ma d e onl y after all 5 R 1SRC p roc esses have

responded with Initializat i on Complete messages. Then R1MRC

wi l l  a c c e p t  a TTDC command p re c e e d e d  by a cance l  and enter

- the TTDC stat e . All oth er c ommands are illegal in this

state.

T i
lu..t . &nt T ime De1au Ca l ib ra t ion

1~
The purpose of this state is to measure the relative

• d elay terms between various channels a n b ot h LI and L2
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track ing and with C :~~~~~~~~~ tu ~ot h  ~ r.-

~enna prei~mp lif iu r s .

- I Pseudo—range c o r r e c t i o n  terms (RPL1A 1 a r r a y)  are genera ted

which are such that when they are applied to raw SV

p seudo—range measurements coincidentl y arriving signals (Li

or L2 on either preamp ) will generate equ ivalent

pseudo—range data.  This is n e c es s a ry  s i nce  the RCVR has

different processing delays on Li and L2 signals and the

cabling between the preamp -s and the RCVR may be different

lengths. The Built—in—test module is modulated with the X i

portion of P—code at b oth Li an d L2 and cab led to both

preamps. It i-s the synchronous  source  used to measure the

dela ys. Success fu l  e x e c u t i o n  of th is  seq uence g ives a high

degree of confidence that the RCVR hardware can handle SV

acqu isition and tracking.

The e x e c u t i o n  of the TTDC state is as f o l l o ws .  R1A ID is

inhibited from updating aiding data to individual channels.

Es t imated range is set equal to zero and time bias i-s set

equa l to 6. 5 m illiseconds. This forces R1PIN to initialize

t h e  da t a  ep oc h su ff ic i e n t l y  fa r  awa y from an FTF b oundary

tha t  RiPi~ C w i l not have to resolve a 20 m i ll isec ond

ambiguity in the pseudo—range data from the built—in—test

m odule. Each R1SRC process i-s commanded to acquire Li on the

uppe r antenna via an MID acquisition. When all 5 processes

have repo r ted  s u c c e s s f u l  ranging on the s ignal.  R1MTM i-s

a c t i v a t e d  to p rov ide the f i r s t  5 measurements for the RPL1A1 ‘

array. When R 1MTM completes execution . R1MRC processes the

-~~~~ d ata  as follows. All de lay  terms are relative to channel 1.
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Li. Upper A~~tenna . This r..~ i dat~. i.u %dved as the master

measurement in MTNULL and the first entry in RPL1A1 set

equal to z e r o .  S ince the f i r s t  set of pseudo—ranges  were

measured simultaneousl y. the next four delay terms are

genera ted b y s impl y s u b t r a c t i n g  the four raw pseudo—range

values f rom the master  measurement .

The code generator in the built—in—test module i-s

started simultaneously with and in alignment with the first

R1SRC process to execute P—code initialization. This 
p

start—up i-s based on the frozen values of aiding data

described above. Once the built—in—test module ha-s been

started it must be allowed to run continuously during the

TTDC process. The relationship of it alignment to the

frozen aiding data will drift in time. however , as a nearly

linear function of the range—rate of the built—in—test

signal. Therefore in order to minimize the search time of

the remaining three acquisitions. the time bias t erm u s e d  i n

acqu i s i t i on  is a d j u s t e d  acco rd ing  to the measure d range—rate

recorded by R 1MTM in RPRATE.

T h e  remaining three acquisitions and susequent data

handling sequences are virtually identical and only the

seco nd i-s described here. The second acquisition (L2. upper

anten na) is commanded on all five R1SRC processes via the

Frequency Switch directive. When all five processes report

successful tracking. R1MIM is activated to record the second

set of five measurements (RPL2A1). RIMRC must then modify

th is d ata f o r  t h e  same reason d e s c r i b e d  in the preceed ing
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for u s e  as cal ibrat i on data. the y must both be effe ctively

r.f.r.nc.d to the sam . t i m e  After the drift term has been

removed each of th. five values is subtr acted from the

master measurement and the result is the five dela y term-s

for L2 on the upper antenna

The TTDC wil l  restart up to 5 times if any problems are

encountered in the acquisition sequences of if any of the
p

measured data as unreasonable On the fifth c y cle any

channel w h l L h  fail s acquisition is declared in bad health

and Master Control noti fied v ia the LRU Health Status word -

An y channel so designated in TTDC or durin g any other -state

may be reset to good health only b y a successful completion

of a TTDC sequence. If TTDC is aborted prior to norma l

c o m p l e t i o n  the nost significant b~~t of the LRU Health word

a s  set to one and the system will be unable to  enter

Precision Mode

I d i ~~ Trac_ k State

The Receiver enters this state automatically a f t e r

completion of the TTDC or the Concentrated Search sequence

Any time the RCVR receives a Cancel or Kil l  command it will

also enter this s t a t e  In Idle/track steady—state

m e a s u r e m e n t  a n d SV data as recovered for all trackin g

sources and this data pa ssed to Master Control each 320

m i l l i s e c o n d s  If a loss  of s igna l  ( LOS ) occurs  on a source

R1tIRC will initiate a rea c quisit i on procedure through the
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as sociated S1bRC p rc es~ ~u otr. .~r c .iar.n.~ls ..~re ~nvolve t. in

the reacquisition equen e The preci s ion time aid ing

variables described in the R1PIN section are used to

i n i t i a l i z e  the P—code once RIMRC directs R1SRC to search a

wi ndow of plus/minus ICO0 m eters cn both antennas. first

searchin g on the opposit e antenn.= fr u- . ~.he one on which th e

source was previousl y tr a cking. Th~ total search sequence

takes approximatel y 8 seconds and is repeatea until a net~

command is receiv ed from Master Control. Master Control

normally command s a new Concentrated Search if the

R e a c q u i s i t i o n  a s not s u c c e s s f u l  w i t h i n  30 s e c o n d s .

The RCVR will honor TTDC . Concentrated Search . and

P r e c i s i o n  Mode commands w h i l e  in t h i s  state. If a cancel

command i•; received . the RCVR wi l l  drop all source -s in

reacquisition . A total k i l l  causes all sources to be

dropped The handling of R1SRC response -s a s  based on the

table starting at address IDLRSP in the R1MRC program. When

an R 1SRC process is  in reacquisition its responses are

h a n d l e d  based on the table at address REARSP .

Concent ra ted  Search

The Concentrated Search command is the mechanism used

to add and delete SV sources It is only in this mode that

the SV status words an the RCV2B buffer can be changed.

Three Concentrated Search commands may be passed to the RCVR

depend ing  on w h i c h  code  t ype  is d e s i r e d  for a c q u i s i t i o n  and

tracking The P acquisition P ranging command as not
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normally useful even wher .~~ Nava;ataon solut ...on i-s ava i la b le

wi th  four sources -s ince  a lack of ephemer is on the new 3V

prevents an accurate calculation of its position . The

control lo gi c in the RCVR assoc iated w ith the three ty pe s of

searches is nearly ident ical  and. as a result , all three are

lega l c ommands to the rece iver  and there is only 1 s tate

assoriated with Concentrated Search regardless of the type.

When the command is initially received . R1MRC reviews
V

the SY queue against the current tracking status. If any SV
p -

~

PRN number is d iFferent  than its cor responding element in

the p rev ious queue. the channel a s s o c i a t e d  w i th  that source :~~
is cancelle d. If an SV number of ze ro is r ece ived , t h e

source p rev io u s l y  assoc iat ed w i th  t h a t  locat ion in the queue

will be dropped. At this point all SV’S are tagged as

track ing or queued. R1MRC will then start at the beginning

of the queue and use all available receiver channel-s to

search for the first untracked source. The nature of the

pattern to be searcned i s  determined by calculating a table

entry b ased on th e number of sources bein g tracked and the

numb er of channels available. The patterns become smaller

after -2 sources are trackin g -since the Navigation Subsystem

is able to use 2 sources to produce a degraded solution.

Each available RCVR channel (process ) is assigned a

subp attern of the overall pattern to search. All SV

acqu isitions are done on the upper antenna and 01

acqu isitions on the lower antenna. R1MRC steps each RISRC

process through its subpattern as acquisitions fail. When 2
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• channels a re idle af t e r  complet ing their entire subpatterns

without success, R IMRC moves to the next non—tracking SV

repeating all the step s it did for the initial SV. At the

I end of th. queue . a status report is passed to M a s t e r

• Control and the CDU and source -status is then updated for

the operator . P rocess ing  then resumes at the beginning of

I the queue. RIMRC remain -s in Concen t ra ted  Search until all

- 
sources  are s u c c e s s f u l l y  being tr a c k e d .  Any source that is

I acquired and then lost during this -state is merely requeued

i 
for sea r ch s ince a d i r e c t — P  reacqu is i t i on  wou ld  not be

£ p r a c t i c a l .

W h i l e  in the Concen t ra ted  Search s ta te .  R1MRC wi l l

a c c e p t  o n l 4 j  a cancel or ki ll c ommand from Master Control.

e a c h  of which will cause a transition to the Idle/track

state. When all SV’S in the queue are in a valid ranging

m o d e ,  R1MRC will automatically make a transition to

I I d l e / t r a c k .  The handling of RISRC responses  is based on the

t a b l e  w h i c h  starts at address CONSCH in the R1MRC program.

Pre~~iiion !lcd e

The purpose of the P rec i s i on  Mode is to prov ide

V s imultan .ou s Li and L2 measurements on a ll SV’S for se by

Mas t er C o n t r o l in determining appropriate Ionospheric

correct ions f o r  each  SV. The  RCVR wi ll enter th is state

on ly from the Idle/track s ta te  and only if the fo l low ing

cond it ions are met:

1. Four channels are in a va l id  P—code  ranging mode.

L 
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I All charnels ~ ;“e joo4

3 TTDC has been c ompleted successfull y ,

I The available channel i-s des igna ted  the f i f t h  channel and i-s

I 
used for all the sequencing. Th i s channel may b e any of the

five RCVR channels , and Master Control is notified of the

I assignment via RCV2BD.

T h e  sequencing for Precision Mode i-s driven by the

I local clock (FTF ) with the basic sequencing time being

approximately 10 seconds. At the beginning of the cycle.

the fifth channel is commanded to perform a Direct—p Li

g acquisition on the first SV in the queue on the same antenna

that is being used to track the SY on the primary channel.

I 
At the next 10 second boundary an equivalent L2 acquisition

is commanded on the same SV. R1MRC then p roceeds  through the

U other 3 SV ’S in the queue. Thus the total Precision cycle

t i m e  is 80 seconds . If a fifth channel acquisition fails or

if loss—of—~~ gnal occurs after acqu isition , the channel is

I simply cancelled until the next 10 second boundary. IF

loss—of—si gnal occurs on any of the four primary channels, a

reacquisition sequence identical to that described for

Idle/track state is started on that channel.

I RIMRC will remain in Precision mode indefinitely until

commanded by Master Control to change states. With the

e x c e p tion of the f i f t h  channel t rack ing  data this s ta te  is

v irtually identical to the Idle /track state. The handling of

R1SRC respons es i-s based on the tab le  which s ta r ts  at

address PRERSP in the R1MRC program.
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I.
Mnemonic: R 1AID

Title: Receiver Aiding Computation Task

Pr ioritu : 20 MS (Non—reentrant )

Invoked 
~JL. 

RISRC

Invoke s ; X 3WAIT

I Innuts: XC0022 . XCMOI6, RCV3E3. RCV3D3. RCV3C3. RCV3F3,
RPSVIX, RSFLAO. RSOFST

Param eter Source
/

FTF count LSW (XC0022) X1IT2O
FTF count mod 16 (XCMO 16) X 1IT2O
Range aiding (RCV3E3 M aster control
Alt ernate range aiding (RCV3F3) Master control
Velocity aiding (RCV3C3) Master control
Alternate velocit y a i d i n g  (RCV3D3 ) Master control
SV orient e d index ( R P S V I X )  R 1MRC
RIA ID update flag (RSFLAO ) R1MRC
Doppler bin o f f s e t  (RSOFST ) R1MRC

p... Qii tou ts ; RSRATE, RSRNQ1, RSRNC2, RPBIAS, RPZOI. RPZO2. RPNO1.
RPNO2. RPADST

Parameter Destination

RIAID status (RPADST ) RIMRC
I Range —rate (RSRATE ) R1SET, R1SCH

Ran g e MSW (RSRNO1) R1PIN
Range L8W (RSRNO2 ) RIPIN
Precision time bias (RPBIAS ) RIPIN
Precision time Z— count (RPZO1 , RPZO2 ) R IP IN
Precision time FTF count (RPNO1 , RPNO2 ) R IPIN

Proc.esejnp :

R1A ID a c c e p t s  range and range—rate  a id ing  data for each

of t h e  five generic SV’S from master control and provides

I scaled aiding data to the single receiver control processes.

A iding data is passe d to the RCSS each 320 s’~illis econd s . On

even numbered 320 mc frames the v e l o c i t y  and p r e c i s i o n  t ime

data i s plac .d in the RCV3C buf fer  and pos i t i on  aid ing is
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I
placed in the RCV3E bu fs~or . On odd numbered frames the the

1 data is placed in RCV3D and RCV3F buffers. The data is

I 
transmitted during the f i r s t  two 20 milli second sub frames of

a 320 millisecond period and is val id on t h e  s u b f ram e  11

I boundary.

R 1MRC passes the array RPSVIX to R1A ID to provide a

I 
mapping from gene r ic By number to Receiver channel. Input

aiding d ata i s ordere d corres p onding to th e SY queue but

I RCVR chan ne ls ma y have arbitrary SV assignments during both

1 the search and track modes-

R 1A ID calc ulate - s an acceleration term based on the old

I and new value s velocity aiding. This term is then used to

extrapolate the a i d i n g  pa s sed to RISCH in a manner

compatible w ith the 80 ms VCXO update cycle in R1SCH. The

velocity aiding passed to R1SCH includes the doppler bin

offset that RIMRC has commanded and th us i-s use d di rectly to

I control the VCXO. If the final value of velocity aiding

e x c e e d s  p lus /minus 2000 m e t e r s / s e c o n d  the data is t runcated

I to the ap pro p r iate l im i t and th e status fla g RPADST set

accor dingly.

R1A ID a lso  t a k e s  updated p rec i s ion  t ime information and

I passes it to the RPCOMM data set . after correct ing for the

10 m icrosecond offset between the 20 ms and 5 ms interrupts.

j Aiding data i s r e f e r e n c e d  to t h e  20 m i l l i second  time m a r k s

but th. d ata  is used to start the code g enerator whi ch is

I referenced to  t h e  5 mi l l i second  t ime mark.

R IA XD will inhibit aiding u p d a t e s  to any c h a n n e l  w h o s e
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I
varia bl. RSFLAC is set true. Al l a i d i n g  upda tes  are

1 suspende d when RPADST is set to +1 b y R1MRC. A f te r

a c t i v a t i o n  R1A ID will run unt il the R eceiver proc essor

I executes a power—up sequence.

I
1

I
’
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5.1.3

-1 Mnemonic : R1FtIT

Title : Forma t Task

Prioritu ; 20 MS (Non—reentrant)

I 
Invoked ~~~~ RIMRC

Invokes; X3WAIT

1 Inouts; XDATA , RMRDYF. RMRSTA, RMSVID, RMCMDE. RMFREG,
RMMTDR, RSRDYF. RSSFID. RSWCNT, RSMSWI, RSMSW2, RSDTVL

Parameter Source

Rece ive r  data  base leng th -s  (XDATA ) X9RCVP
1 RM COMM ready f l a g  (RMRDYF ) R1SRC

Receiver s t a t u s  (RMRSTA ) R1SRC
S a t e l l i te ID (RMSVID) R1SRC
Commanded mo de (RMCMDE ) R1SRC

I Frequenc y (RMFREQ ) R1SRC
Antenn a (RMANT ) R1SRC
Pseudo—range correction (RMMTDR ) R1SRC

I RSCOMM ready flag (RS RDVF ) R1PCK
I By subframe ID (RSSFID) R1PC~SV message word number (RSWCNT ) R1PCK
1 SV data word number I (RSMSWI ) R1PCK

I SV data word  number 2 (RSMSW2 ) R1PCY~SV data v a l i d i t y (RSDTVL ) R1PCK

3 Outouts:  RCV2AE, RCV2A2. RCV2A3, RCV2A4. RCV2A5. RCV2A6. RCV2AD.
I RMRDYF, RCV2A7, RCV2AB. RCV2A9. RCV2AA . RCV2AB , RSRDYF,

RCV2A1, RCV2C1. RCV2D1. RCV2D1, RCV2E1. RCV2C2. RCV2E2

I Parameter Destination

I 
Up date fl ag (RCV2AE ) Master control
Receiver status (RCV2A2 ) Master control
Satellite ID (RCV2A3 ) Master control
Commanded mode (RCV2A4 ) Master control

I F r e q u e n c y  (RCV2A5) Master control
An tenna (RCV2A6 ) Master control
Re ce iver  t ime de lay  (RCV2AD) Master control

I RMCOMM rea d y flag (RMRDVF ) Master control
BY subfram. number (RCV2A7) Master control
SV messag e word number (RCV2A8 ) Master control

I SV data word number I (RCV2A9 ) Master control
SV data word number 2 (RCV2AA ) Master c o n t r o l
SV data v a l i d i t y  code (RCV2AB ) Master c on t r o l
RSCOMM rea d y flag (RSRDYF ) RISRC
RCV2A s ta tus  word (RCV2A 1) Master  control

I PAGE 24
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I
I RCV2C stattn word (RC~~2~ l Master control

RCV2D st atus word (RCV2D 1) Master  c o n t r o l
RCV2E stat us word (RCV2EI) Mas ter control
Pseudo—range MSW (RCV2C2) Master control
Pseu do—range—rate MSW (RCV2E2 ) Master con t ro l

I ____________
On an appropr ia te  t ime frame for each receiver . R1FMT

transfers all output data f r o m  the single receiver control

1 
(R1SRC ) and parity c h e c k  (RIPCK) routines into the RCV2A

outgo ing message. It also presets the range and range—rate

I data in the RCV2C and RCV2E messages to — 1 to insure t h a t

they will be interpreted as inval id values b y master control

I unless the Ranging task u pdates them.

Ii

i
I

~1
I
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5. 1 4

Mnemonic ; R1~ TM

Title: Time Delay Data Processor Task

Prioritu : 20 MS (Non—reentrant )

Invoke d ~~~~ RINRC 
- 

-

Invokes : X3WA IT , X3STOP

Ins uts: XCMO1o. RCV2C2 . RCV2C3. RCV2O3. RCV2E3. RPMTPT

Parameter Source

FTF co unt (mod 16) (XCMO18) XCOUNT
Pseudo—range MSW (RCV2C2) RIRNC r
Pseudo—range LSW (RCV2C3) RIRNQ
R .ceiver LRU status (RCV2S3) R1MRC
Range—rate LSW (RCV2E 3) RIRNO
Pointer into time delay tables (RPMTPT) RIMRC

Outouts : RPMTST, RPRATE . RPFTF. RPLIA 1

Paramet~ r Destination

R1MTM run s t a t u s (RPMTST ) RIMRC
Pseudo range—rate data (RPRATE ) RIMRC
FTF time m a r k  (RPFTF ) R1MRC
Delay  ta ble (RPL1A1) RIMRC

Processin g ,

RIMTM collects pseudo—range and pseudo—range—rate data

for RIMRC It gathers pseudo — range data from the RCV2C

message on four consecutive 320—ms periods The data is

averaged and rounded . then c h e c k e d  for res ona b le ness  It is

then placed into th. time delay table (RPL1AI). During the

second of these 320—ms periods it determ ine s the health of

each receiver channel from the RCV2B message an d o b t a in s

five valid samples of raw range—rate data From RCV2E. From

this data p s e u d o — r a n g e - r a t e  is calculated scaled. and

summed al g e b r a i c a l l y ,  then passed to RPRATE The FTF count

I- 
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at which the range—rat e data wa-s read is passed to RPFTF.
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I Mnemonic: R1SRC

I 
Titli: Single Rece iver Control

Prio ritu; 160 MS Background (Reentrant )

I Invoked By: R1MRC during power—up initializations.

Invokes : R 1CAL. R1SET. RiNSE, R1SCH, P1CC, R1BSN. RIPIN,
R1RNG, P1RPM, RIDDT. R1PCK. X3WAIT. X3ACT. X3CANC .

$ X3ERRA

In ou t s :

I Parameter Sovrç~

Exec utive Data: Executive
Receiver Number (Ri)
FTF Mod 65536 (XC0022 )

Command/Control Parameters: R1MRC
I Command Word (RMSRCD)

Ac q Mo de ( RMSVMD )

I C a l i b r a t i on Term (RMMTD)

Ac quisition Paramete rs R 1MRC
Anten na Selection (RSANT )

I Code Tap Selection (RSCACD)
Dop pler Frequenct~(RSDOPP )
L1/L2 Selection (RSFREG )

I Code Phase Reset (RSPHRS)
I Aided Search Command (RSSCHM )

Code Search Length (RSSLTH)
Generic SV Ident ification (RSVID)

Code Search State R1SCH
Remaining Length (RISLTH)

I. Process Commun icat ions From each interface task
(RIEMOD ) invoked.

Tracki ng Status R1RNO
Weak—hold Flag (RIHOLD )
Task Status (R IRERR )

Data Recovery Monitor RIDDT
Task Status (RIDDST )

SV Data Monitor R1PCK
Task Stat us (RIFERR )

PAGE 28
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Resoi - ce ~ -~atu~. t ,r mat .~ r~~ orn ot~’ i.r R1SRC pro ce ’~sesB I T  Po~~er— u~~~r~PC R,..,) v i~~ RPCJMM
BIT Al :c a~~ion RPb~~ ID
BIT Run Status (APBMRS)
B it Sync Status (RPBSRS)
Data Recovery Status (RPDRRS)
BIT Initial i zation(RPITRS)
P—co de m i t  Status(RPPIRS)

Du t o u ts :

Parameter  Destination

RIMRC Commun icat ions R1MRC
Response Word (RMSRCR )

Code Search Status R 1MRC
Remaining Length (RSRMAN )
C/A St.p Size (RSCINC )
P Code Step Size (RSP INC )

Channel Status Data R I FMT
Antenna Selection(RMANT)
L—ban d Selection (RMFREG )
Commanded Mode (RMCMDE )
Calibration Term (RMMTDR )
Channel Status Word(RMRSTA )
O ener i c BY Ident (RMSVID)

Hardware Control Signals Frequency Synthesizer ,
Code Mod ule , Output
Module, Wideband Module ,
Narrowband Modules, and
B. I. T. E. Module.

Cod. Search Parameters R1SCH
Dwell Time (RIDWEL )
Sea rch M ode (R ISCHM )
Cod. Phase Reset (RIPHRS)
Code Search Length (RISLTH )
Search Step Size (RIPHIN )

Channel and Locking Parameters R1CC
Code Type- (RICODE )
Centering Type (RICTYP )
Chann el Con-Fig (RICHC )
Handover Mode ( RICPHM )
Narrowband Number (RIFSCE)

Acquisition Doppler RISET
Frequency (RIFREG )

Bit Sync Control R1BSN
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Ver i ficat ion ~

P—code m i t  Contr oA R1PIN
Acqu isition mode (RISVMD )
Code Tap Value (RBPCDE )
Bu ilt—in—te st Init (RIPNX1)

Data Recover y Control R 1DDT
Mode Word(RIDDMD )

Data Monitor Control R1PCK
Parity Check Inhibit (R IPCIN )

Tracking Control R1RNC
Channel Control (RICHC )
Time Delay Cal ibration (RIMTD )
Nirrowband I ID (RINBCI)
Narrowband 2 ID (R INBC2 )
Output Module Conf ig (RISWES)

1:1.
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Proce ss i f l :~~

Genera l

R1SRC performs the function of ini tiat -~ng and

monitoring interface functions for the individual receiver

of the HDUE under the supervision Of the R1MRC process. One

command code and one acqui ion code ~~ received from the

R1MRC process every execution period The command code is

interpreted during that period using the transition block

table . This causes the initiation of any required actions.

Each acquision code specifi e s  a unique carrier environment

which , together with the c.. ima nd code and the current -state

of the RISRC process. is used to identif y a unique stream of

subroutine calls b y which the required actions are defined.

Eac h subroutine call represent -s a process control state for

which both hardware and software setups , interface task

activation , in—progress monitoring of the given interface

task , error reporting. and interruption capabilities are

de f ined .  For each con t ro l  s t a te  a c o d e  is d i s p l a y e d  for the

RIMRC process. In the event that an error is re p orte d b y  an

interface process. it is translated into a messa g e wh i c h i s

returned to the R1MRC process for evaluation.

Timing in the HDUE receiver environment and the

hardware architecture of the receiver itself requires that

bit synchronization direct mode data recovery activation ,

p—code  generator starting.  and the B. I. T E code generator

starting . be treated as r e s o u r c e s a l l o c a t a b l e  to o n l y  one of

the following at a time - a single receiver control process
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I
or an i n t e r f ace  task u rco r  such & p r o c e s s .  T h e  R1SRC

p r o g r a m  i s written such that in a reentrant run—time

env ironment these resources are manag ed and shared by t h e

active single receiver control processes both for themselves

and for the interface processes which they control.

The respons ibi l i ty for contro l l ing th e hardware o F  t h e

HDUE receiver resides exclusively with the single receiver

control and the interface task p roces s levels of th e

rece iver control subsystem. The single receiver control

level bear s th e ma in bur den in p r o v i d i n g  exten si ve hardware

environment management For the in ter face tasks  of the HDUE.

Oni g that portion of hardware control which must be

d etermined at interfac e t a s k  r u n  time is l e f t  u n d e r t h e

control of the interface task-s . I

1~
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Control S~~~t~ Descrio t ion ~

In the p ara g r a p hs  which follow each of the various

control states of R1SRC is b r i e f l y  described. These control

states ar e the building blocks used  in  t h e  e x e c u t i o n  of the

J various sequences described later in this section.

Activation of one or more interface tasks i-s normall y part

of a con t rol s t a t e and those modules  are i den t i f i ed  in the

para graph headers.

VCXO Cal ibrat ion (RICAL )

Th is control state is normally the first in e a c h

sequence and for that reason the appropriate antenna and

L—band signal are selected. The Calibrate control in the

[ synthesizer i-s tur ned on forc ing th e VCXO under processor
p..

control. RICAL i s then a c t i v a t e d  with its status monitored

via  RIEMOD. A failure to obtain a valid set of calibration

terms w i ll cause ~ fa~’lure in thi s state.

Range Rate Measureme n t (P1RPM )

R1RRM is used for 2 p ur p oses:  1. In built—in—test

acquisitions it is used to obtain the value of dopp ler

associate d with the BIT module. 2. In th e Frequency sw i tch i t

obta ins the val u e of doppler associated with the local

repl i ca signal. For built—in—test the output module

range— rate counter input is configured to read a special

b uilt—in—test signal. For both modes the output module

timing Is se t for 5 milliseconds. R1RRM is then activated
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and its stat u s monitored via RIEM0D . If the measured

range—rate exceeds reasonable l imits, th is  error condi t ion

is reported At the end of RIRRM execution the range—rate

counter input is rese t  to its norma l configuration. . -

VCXO Set (R 1SET)

Ap propriate narrowband and w i deb and mod u le time

constants are set up in this contro l  s ta te  and, s ince th is

s ta te  d oes not a l w a y s  follow VCXO Calibrate , the Calibrate

bit in the synthesizer is turned on. The desired Doppler

frequency is moved from RSDOPP to RIFREG and then R1SET is

activated. Its status is also monitored based on the value

of RIEMOD. A fai lure to converge  or a data over f low for the

dig i ta l—to—analog conver ter  ( DAC ) are the p o s s i b l e  fa i lure

modes in this st ate.

Noise Calibrat ion (RINSE )

At the be ginning of this state the code selection i-s

set for the late/early flop to be used during code search.

The code is C/A or P depending on the sequence. A

non—correlat ing code is selected for use  in this control

state. RiNSE is activated with its status reported in

RIEPIOD. When e x e c u t i o n  terminates the narrowband and

wideband module time co nstants are -set to 1 second an d 2

seconds respectively in preparat ion f o r  sequential code

search. An analog—to—d igital converter ( ADC ) t ime—out

hardware error may be re p or te d in this state.
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Sequential Code Search (R 1bCH )

At the be ginn ing of this c o n t r o l  state the correct type

of code is selected: C/A. P. or XI. If C/A or P the code tap

value p assed from R1MRC i-s selected . The output module is

set up for 5 millisecond timing with the 2 narrowband

cor relat i on signals routed to the sum amp lif i er. R1SCH reads

the output of the sum amplifier each 5 m i l l i s e c o n d s  The

narrowband AQC is set f o r  1 0 second time constant. Code

search length and i n i t i a l  phase reset are passed in R1SLTH

and RIPHRS. R 1SCH i-s activated and its -status monitored

through RIEMOD. RISCH reports a search Fail i-F it searches

the entire bin w it h  no succ essf ul correlation,. It a l s o  nay

report an ADC fa i l or a YCXO DAC fail. At the end of the

state . code p hase Information is returned to RIMRC throug h

RSRMAN.

Code Centering (RICC )

There are many execution paths through the code

centering control state because of the types of centering

and code types. Coarse centering i s  u s e d  f o l l o w i ng  a

succ essful cod e sear ch and includes carrier loop closure

Fine centering is u sed pr i or to  e x e c u t i n g  data bit

synchronization. Handover centering i-s used when tracking

C/A code and the carrier loop feedback is to be switched to

P code. P1CC operates on both C/A and P codes with Xl

treated as P—code . RL SRC i n i t i a l i z e s  the out p u t  module for
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I
20 millisecond t iming .anc AGC c o n t r o l s  a re set  for  tes t  t ime

1 constants. The appropr iate code flop mechanism is set up in

the code module and P 1CC is activated. I-f it reports a

failure to l o c k  in the coarse centering mode , the

I s y n t h e s i z e r  is sw i t ched  to open ioop operation (calibrate

on) and R1SCH is activated to search the remaining portion

I of t h e  comman d ed search bin. If ~h e  i n i t i a l  han do ver a t t emp t

- fails a port ion of th e seque nce wi ll be tried a secon d

time. An ADC fail ma y a l s o  be reported in this state.

I
B it Synchronization (R1BSN )

I 
In order to accomplish Bit Synchronization the

processo r  must be set  up to operate on the 1 millisecond

I interrupt. This involves enabling the code module tn —state

bus so that its C/A epoch controls the interrupts. Since

th is can be done with only one channel at a time, all other

I bit s y n c  p r o c e s s e s  m u s t  be  l o c k e d o u t  wh i le  one of t h e m

executes. The out put module timing i-s set up ‘For 1

1 millisecond reading of the data signal. If a built—in—test

sequence is being ex ecu ted. semaphore RIVRFV is set so that

R1BSN w i l l  only ve r i f y  that the hardware can p roper l y

1 execute the sequence. Then RII3SN is a c t i v a t e d  and i ts  -s ta tus

mon itored through the value passed in RIEMOD. An A/D

I Converter hardwa re fail may be reported in this control

I state. A uni queness test failure may occur as described in

the R IBSN section. A v e r f ic a t ion tes t  fa i l  may be reported

‘4 when RIVRFY is set.
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Data Recovery Activa tion (RIDDT and RIPCV .)

The purpose of this control state i-s to initialize the

sys te m time counter -s (frame synch ron i za t i on)  and begin the

stea dy—state SV data recovery  mechan ism.  In the C/A or

HANDOVER -sequence ‘Frame -sync must be determined f r o m  t h e

recovered data. so R1DDT is activated in a barker search

mode and R1PCK is act ivated in a mode requiring

initialization. When frame sync is achieved R1PCK -sets R1ZOK

to a value of —1 and RISRC command -s RIDDT to e x e c u t e  the

save—data mode in which it saves a s n a p s h o t  of t h e  s y s t e m

counters for use in P—code initialization. In a Direct—P

acquisition . the frame synchron i zat ion d ata is der ivab le

from the precision time information and R1DDT is activated

in a special mode in which i t ini t ial i zes  a l l  t h e  s y s t em • 1
H

counters. For either mode -steady—state data recovery then

begins with R1SRC using the Data Recovery Monitor subroutine

to mon itor the -status of R1DDT and R1PCK. R1DDT may rep ort a

failure of the local data cl ock or othe r error s re lated to

the recovere d data. R1PCK reports an occurrence of 8

c o n s e c u t i ve words with parity errors. It also reports any

d iscrepancy between recovered  OPS time and t h e  l o c a l  t ime

counters. These task-s are not deact ivated unless R1SRC

receives a canc e l directive from R1MRC or a reacquisition

sequence is begun.

P Code Initi alization (R 1PIN )
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This control state i-s used for the inialization of the

code generator at other than its re-set  s ta te .  The only

hardware control by R1SRC in this state is for the special

case when the built—in—test code generator is to be started

simultaneously. In this case the BIT code  generator  is reset

to an Xl epoch and the tn —state bus for the code module is

enabled. Th e semaphore R IPNX 1 is set to —1 so that R1PIN

will also i nitialize on an X i boundary. When the code  module

begins running the BIT code generator will be aligned with

it. For other modes R1PIN monitors the variable R1SVMD to p

determ ine where to obtain the precision time information and

what ty pe of start—up to use. There are no failure modes

associated with this control state.

Ranging (R1RNO )

This control state is concerned w i th  the s teady—sta te

recovery of measurement data. The appropriate code type is

set up on early/late flop on each narrowband and the

tracking status of them is communicated to R1RNO through

RINBC1, RINBC2, and RISWES. The appropriate time delay

correct ion to be appl ied to all pseudo—range measurements is

passed in RIMTD . The narrowband AQC control is set to 1.0

second and R1RNQ is ac t iva ted .  I ts status is polled through

2 variables: RIHOLD and RIRERR. When RIHOLD has a non—zero

value R1MRC is notified that the channel is in Weak Signal

Hold—on. RIRERR is used to report a loss—of—signal condition

or hardware failures. W h e n  a loss—of—signal occurs R1MRC is
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notified via RMSRCR and R1SRC prepares to enter a

‘— I
- reacqu is i t i on  sequence.

$
p

4
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this data. pseud o .raflO~ —rate is calc ulated scaled . ano

summed alg ebraic ally then passed to RPRATE The FTF count
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Control State Seo u ences

Each of the control state sequences executed by R1SRC

is described in the following tables. The sequence to be

executed is determined from the command word (RMSRCD) and

acquisition mode word (RMSVMD ) passed From R1MRC. At the

beginning of each sequence general hardware and software

initialization is accomplished. This is normally done with

the Directive 1/2 Handler which is called e i t h er internally

or as a result of a cancel command from R1MRC. References to

the Lock Monitor and Handshake are made in the tables. The

Lock Monitor is activated during an acquisition sequence as

soon as carrier lock is achieved. I t s  p u r p o s e  is to p r o v i d e

a rapid indicator of loss—of—signal be-fore the steady—state

lock monitor in R1RNG is activated. This makes the channel

resource available to R1MRC more quickly. The Handshake is

the technique used by a process to secure a resource which

can be allocated to onl y one of the R1SRC processes at a

I time. The special resources include P—code Initialization.

Da ta Bit Synchronization. Special Data Recovery modes , and

Built—in—test Module Initialization. When a process obtains

one of these resources, it locks out the other processes

until it ha-s completed use of the resource.  The Frequency

Switch and Reacquisition Sequences are special sequences

which may be entered only fo l lowing a Ranging state. The New

Doppler Bin sequence may be entered only after a search

s ta te  h as failed acquisition. It is used primarily in the

reacquisition mode by R1MRC.
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I MASTER TIME DELAY SEQUENCE

1. VCXO Ca l i b ra t i on

1 2. Handshake: Built—i n—test Initialization
3. Range Rate Measurement
4. VCXO Set

1 5. Handshake: R1BSN . RIPIN
I 6. P—code Initialization

7. Noise Calibration
p 8. Code Search
1 9. Coarse Code Center ing (If  loop c l o s u r e  f a i ls

go to step 8)

I 10. Link Lock Monitor
ii. Fine Code Cen te r ing
12. Hand h ake ~ RIBSN. R1PIN
13. Data Bit Synchronizatio n

1 14. Data Recovery Act ivat ion
1 15. Disconnect Lock Monitor

16. Ranging

I
I C/A ACQUISITION SEQUENCE

1. VCXO Calibration
1 2. VCXO Set
1 3. Noise Calibration

4. Pass Searc h Parameter -s
5. Code Search

1 6. Coarse Code Centering (If loop closure fails
go to ste p 5)

7 . Link Lock Monitor
8. Fine Code Center ing

I 9. Han d sh ak e: RIBSN, RIPIN
10. Data Bit Synchronization
i i. Data Recove ry  A c t i v a t i o n

1 12. Disconnect  Lock Monitor
13. Ranging

I
I 1— -
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C/A TC P HANDO’ ~H ~LQU~ NC [

I i. VCXO Ca lib ration
2. VCXO Set
3. Noise Calibration

i 4. Pass Search Parameters
1 5. Code Search

6. Coarse Code Centering ( I-f  loop closure fails
g o to step 5)

1 7. Link Lock Monitor
8. Fine Code Centering
9. Handshake: R1BSN. R1PIN

1 10. Data Bit Synchronization
1 11 . Data Re c over y Activation

12. Han d sh a k e :  R1BSN. R I P I N

I 
13. P—code In itialization
14. D isconnec t  Lock Monitor
15. Handover Centering (On first Handover Fail

go to step 7)

1 

16. Ranging

I
DIRECT-P ACQUISITION SEQUENCE P

I i. VCXO Calibration
2. VCXO Set
3. Handshake: R1BSN. R1PIN

I 4. P—code Initialization
5. Noise Calibrat ion
6. Pass Search Parameters

I l. Cod e Searc h
8. Coarse Code Centering (IF l~~op closure fa i ls

go to step 7)
9. Link Lock Monitor

I 10. Data Recover y Activation
11. Disconnect Lock Monitor
12. Rang in g

I
I
I
I
I
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1. Link Lock Mon jt- i,~
2. Cancel R1RNG, R1DDT , R1PCK
3, Range Rate Measurement
4. Disconnect  Lock Monitor
5. VCXO Set
6. Handshake: R1BSN. RIPIN
7. P—code Initialization
8. Pass Search Parameters

• 9. Noise Calibration
10. Code Search - 

-
11. Coarse Code Centering (I~ loop closure fails

go to step 10)
12. Data Recovery Activation
13. Disconnect Lock Monitor
14. Ranging

REACQUISITION SEQUENCE

1. Cancel R1RNC. R1DDT. R1PCK
2. VCXD Calibration
3. VCXO Set L
4. Hand-shake: R1BSN, RIPIN
5. P—code Init ial ization
6. N o i s e  Cal ibra t ion —

7. Pass Search Parameters
8. Code Search
9. Coarse Code Centering (If loop closure fails

go to  s t e p  8)
10. If tracking P code go to step 9 of Direct—P

sequence.
If tracking C/A code go to step 7 of C/A

sequence.

NEW DOPPLER BIN SEQUENCE

1. Select Commanded Antenna
2. VCXO Set
3. Code Search
4. Resume original sequence following Code Search

4
’.
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5.1.6

Mnemonic: R1BSN

Title: Bit Synchronization

Prioritu : 1 MS (Reentrant)

Invoked by : R1SRC

Invokes: X3WAIR , X3STOR

Ino uts:

Parameter Source

1 mS Data Samples Out p u t  M o d u l e
Receiver Number OPS HDUE RCVR Executive
Verification Semaphore (RIVRFV ) R1SRC

Ou te u ts:

Parameter Destination

Synchroniz ing Reset Pulse /20 counter in the Output
Module

Ex it Ilc,de (RIEMOD ) R1SRC

Processin g :

RIBSN is executed after a C/A acquisition when an

ambiguity may exist in the knowledge of which 1 millisecond

local C/A epoch is coincident with the data transition on

the received signal. The local data clock is then

synchron ized  wi th  the r ece i ved  data stream and Frame

Synchronization may be attempted.

This transition interva l is detected by a c c u m u l a t i ng

differences between successive 1 MS readings of the data

signal over the 20 MS period. Data is taken over a total of

75 of these 20 MS periods. The 20 MS interva l i-s

partitioned into summations of differences across C/A

epochs , 8 (1) through S(20). each of which represents the sum
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of 75 d i f f e r e n c e s  be tween  MS sar~~les ~ef o r e and after that

particular C/A epoch.

Once the summations are acc umu lated . the transition

epoch is identified b y a peak search over S (1) to S(20). If

2 of these bins have the same value, an error i.s reported.

If the detected maximum S(i.) is less than 1.5 times the next

earlier bin S (i—1), the transition epoch is identified as

5 (1—1 ). Th is test is required since the transition may be

wider than 2 MS. Once the correct bin is identified the

Divide by 20 counter in the Code Module is reset

•1
accordingly.

For Built—in—test operation (RIVRFY = — 1) the same

sequence is executed except that the Code Module counter is

not reset. Then the calculated transition is compared to the

a c t u a l  t r a n s i t i on in t he har dw are~ as determined by read ing
S

the data clock in the 1 MS priority. A Ve r-cication failure

i reported if they do not agree. This test is intended to

ver ify the integrity of the hardware to execute data bit

synchronizat ion with the special 1 MS interrupts active.

I ,..
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51.7

Mnemonic. ‘RiCAL

Title: VCXO C a l i b r a t i o n

Priaritu: 5 MS (Reentrant )

Invoktt k~L 
RISRC

Invokes: X3STOP . X3WAIT

Inouti: XCOO2O

~.ramtter ~Qurce

Current FTF count (XCOO2O ) XCOUNT

Qut aut , :  RIINCP, RISLPE. RIEMOD . RIFTF

Earameter D~~~tination

Calculated intercept of linear appro x
(RIINCP) R1~~ET

Calculated slop, of linear appro x (RISLPL ) R1SET
Exit mode flag (RIEMOD ) R1SET
FTF count at VCXO cal. (RIFTF ) RISET

Process m a .

R I C A L  Is th~
, task w h i c h  c a l i b r a t e s  the volta ge

controlled oscillators (VCXO) in the HDUE receiver

C a l i b r a t i o n  i-s a c c o m p l i s h e d  in the f o l l o w i n g  manner - the

output frequency of the VCXO i measured at each of five ]
input voltages A least squares linear approx imation i~~

generated for these fiv .~ po ints Five voltages are

c a l c u l a t e d  from the o r i g i n a l  range—rat . po int -i and then

c ompared to the o r i g i n a l  v o l t a ges If any error e x c e e d s  the

voltage e q u ivalent of 300 Hz. a second a l i b r a t i o n  is

attempted If t h i s  c a l i b r a t i o n  fa i ls , an error is noted and

the procedure terminates Up o n  succes sful calibrat ion , the

s lope  and i n t e r c e p t  of the’ approximation along with the FTF
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time at calibration a r e  returnec to g lob~~l memory .

-I
I
I
I
I C

I

I

I
I
I

- I

•~ I

I PAGE 47

— 4  - ~~~~ -...—- ..- - 
~~~

-- -—— ----i._ _______________________________
ll_ ~~ ~~~~~~~~~~~~~~~ ~~~~~-- 

- -



__________________ 
- - -

5. 1. 8

Mnemonic; R1CC

Title: Cod e Centering

Prioritu: 20 MS (Reentrant )

Invoked ~j~ j RISRC

Invokes: X3WAIT. X3STOP

Inauts: RICODE. RICTYPM. RICHC , RICPHM . RIFSCE

Parameter So urce

Cod. type (P or C/A ) (RICODE ) R1SRC
Centering type (coarse or fine) (RICTYP ) R1SRC
Channel configuration (RICHC ) R1SRC
C/A to P handover mode (RICPHM ) R1SRC
Narrowban d channel number (RIFSCE) R1SRC

Outouts: RIEMOD

Parameter Destination

E x i t  mode word CRIEMOD ) R1SRC

Proce ssing :

R 1CC i s resp onsibl e for fin, tuning the alignment of

th. P and C/A co des generated by the s a t e l l i t e  and by the

rece i ver code module. This e. .ignment is important in making

the trans ition from open to closed—loop operation. There

are thre . modes in th is  t a s k :

1. A coarse mode u sed during initial acquisition

2. A fine (C/A ) mode  prior to Data Bit Synchronization

3. A mode used in Handover itself

The coarse mode is a si ngle sh ot c orr ect i on d es i gned to

improve the p hase al ignment to w ithin approximately 1/4 of a

cod• ch ip. For C/A code. speed in  al ignment is essential

since there is only time for one correction. In the case  of

~~~ 
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I
- - P—code, speed i-s not s. s~xnt -i a.., but only on~ correc tion

is necessary  -since the code tracking loop of the ranging

task will achieve and maintain final alignment.

Afte r the coarse centerlng operation the transition

from open to c l o s e d  car r ier  ioop is made. The sequence is

as fo l lows :

1) Disable code f l o p

2) Select prompt code phase injection

3) Loop control 3RD ORDER WIDE (26 Hz) FLL

4) Wait 400 milliseconds

5) Loop control 3RD ORDER WIDE (26 Hz) PLL

6) Test for s u c c e s s f u l  l o o p  c l o s u r e

A s u c c e ss f u l  loo p c l osu re  occ ur s wh en t h e l o c k  d e t e c t o r

is high for three consecutive 20 ins samples. If this does

not occur within one second a loop lock failure is reported

to RISRC.

The fine mode is used to al ign the C/A—code replica

closely with its satellite counterpart (within 1/17 of a

chip ). This mode i-s used during closed loop operation with

C/A code and improves the abilit y to e x e cu te subs equent data

bit synchronization. This centering is a four—step process

as opposed to the one—shot method in the coarse  mod.

In the handover mode RICC is activated with C/A prompt

code tracking on narrowband channel two with C/A fine

centering having been previously accompli shed. P—code

• late /early is flopped on narrowband channel one. An open

loop P—co de coarse zentering (tau—d i ther ) is accomplished on
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I
NB channel one while triicxing C/A code on channel 2. Then

the following steps are taken once centering has finished~

I
C/A prompt cod. (aligned to within 1/17 chip w i t h  s a t e l l i t e

co de) is injected into narrowband channel two. After a 100

I rns delay , four correlation samples are read from the ADC at

20 ms intervals and summed. The injected code is then

I changed to P p romp t code and the pr oc ess i-s repeated. The

rat io of P to C/A correlation is computed and i-f greater

I than 0.45, handover is declared successful and t h e  carrier

feedback is switched from narrowband channel two to one. If

the ratio test fa i ls~ a h a n d o v er  fa i l u re i-s r ep o r t e d to

RISRC.

-j
I
I
I
I
I
I
I
I
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5. 1.9
-t

Mnemonic: R1DDT

Ti t le:  Data Detect  Task

Prioritu: 10 MS (Reentrant)

Invoked ~j~j  RISRC

Invokes : X3WAIT, X3STOP

Inout s: RIRCVR , XCOOIO. XCOO2O, XC0022 . RIMO75, RIDRDY, RIDDMD

Par ameter  Sogrce H
CRec e iver  n um b er (RIRCVR ) R1SRC

10 ms count (mod 2) (XCOO1O) X1IT1O
20 ne count, MSW (XCOO2O ) X1IT2O
20 ins count. LSW (XC0022 ) X11120
Mod 75 data bit counter (R1M075) R1DDT
Data ready flag (RIDRDY ) RlPC~Data detec t  mode f lag (RIDDMD ) R1SRC

Outouts: RIBRKR . RIBRSN, RIDRDY, R1M075, RIDDMD, RIAN13O. RIANAO ,
RIANCO. RISIN, RI2OIN. RIZIN , R1751N, RIMO3O. RIMSWD,
RIDDST, RIZX 1I RIZCNT , RIWCNT I RISFID. RIZOV~, RINTID

Parameter Destination

8tate flag (RIBRKR ) R1PCK
Dark er sync comple te  flag (RIBRSN ) RlPC~
Data ready f lag (RI DRDY ) R1PCK
Mod 75 data bi t  counter (R1M075) RIDDT
Data d e t e c t  mode word (RIDDMD ) R1SRC
Pseudo—range 17f0 counter (RIANBO) R1RNO
Pseudo—rang. / 17 tate (RIANAO ) R1RNG
Pseu do—range 4 rn-s sub-frame count (RIANCO ) R1RNO
Saved 5 ins f r a m e  count (RI5IN) R1PIN
Save d 20 ms f r ame count (RI2OIN) R1PIN
Save d value of RIZXI (RIZIN) R1PIN
Saved value of RIMO7S (RI7SIN) RIPIN

I Mod 30 sync counter (RIMO3O ) R1DDT
SV message word buffer (RIMSWD) R1PCK
Data detect status (RIDDST ) R1SRC
1 .5 second code epoch cou nter (RIZX1) R1RNC. RIPIN
HOW ID co d e (RIZCNT ) R1PCK
8V message word counter (RIWCNT ) R1PCK
6 sa c o n d  e p o c h  ID (RISFID) R1PC~
Z—count ok for han dover flag (RIZOK ) R1RNQ
Data transfer sub f rame ID (RINTID) R1RNG

I
- 

i PAGE 51

- rt~aM—~~~- ~~~~~~~~~~~~ T1.~.. _ -~~~~~~~~~~~
.--.--

~.~



______________ _ _ _ _ _ _- -

_____________

RIDDT checks for trac~~~tior,-~. in the SV data clock and,

depending on the commanded mode of operation. executes

direct P—sync . barker code search , or steady—state SV data

output. Also , on the first half of each 20 ms rrame. it

reads and sav s the three components of pseudo—range for u-se

by RIRNO . There is also a save—data mode that saves enough

• information to establish the relationship between system

time and OPS time for use by R1PIN in the handover P—code

initialization sequence.

Execution begin -s on the first half of a 20 rns frame

when th. three components of pseudo—range are retrieved and

save d for use in R1RNO . The SY data clock i-s checked for a

transition . and if one has occurred . the data bit is

t ra n s f e r r e d into an accumulator. If no clock transition i-s

detected in three consecutive frames. an error indicating a

hardware failure is noted and the process is deactivated. 
- 

-

Based on the value of RIBRKR , one of the three modes i-s

entered -following the detected transition. Following C/A

* 

acquisition . the data from the satellite is -searched for the

barker code. If it or its complement is found, the system

counters (RIMO3O. R1M075, and RIZX 1) are initialized

appropr ia te ly .  Once the barker  c o d e  is found, the initial

two 30—bit word-s are passed to R1PCK for verification of

f rame synchronization. If frame sync i-s not valid , R1PCK

w i l l  reset RIBRKR t o force R1DDT back into the barker search

mode. If 330 consecutive data bits are recovered without a

barker code match , then an error is noted in RIDDST and the
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1
search cont inues.

1 After a successful -frame sync, R1SRC commands RIDDT to

enter the -save—data mode , which is executed once as outliped

I above. The steady state mode now changes to one in which

i data from the sate l l i te  i s output 30 bits at a t ime to

RIPCK. wh ich checks for valid parity and Z—count. During

t h e  f i r s t  10—ms subframe in each 20—ms period the system

counters R IZ X 1  and R1M075 are updated based on the

I transitions detected in the present and previous 10—ms C

subframe s . This data, along with RINTID. which indicate -s

the 10—ms interval in which the transition has been

I detected . allow R1RNQ to proper ly ident i fy  the epoch L
associated with each pseudo—range measurement passed to

I Master Control.

If d irect—P acquisition is attempted~ the direct—P sync

mode is executed once follow ing the initial detected data

I clock transition. The system counters are initialized based

on the inf o rma t ion saved by R1PIN. The following quantities

I are computed:

I DELFTF — XCOO2O - RI2OIN

R1M075 rem ((R1751N + DELFTF)/75)

1 RIZX1 RIZIN + int ((R1751N +

BITCNT RIMO7S + rem (RIZXI/4) * 75

RIWCNT — int (BITCNT/30) — 1

I RIMO3O

RIZCNT int (RIZX1/4)
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RISFID rem (RIZCNT/5)

Notes: If RI SFID ~ 0. set RISFID = 5

I If RIWCNT — — 1, set RIWCNT 9

If RIWCNT <) —1, set RIZCNT RIZCNT + 1

1 “m t’ means the quotient from an integer di v ide operation

“rem ” means the rema inder From a in t eg er d i v i d e  o p e r a tion

Follow ing the counter initialization R1DDT and R1PCK

b eg in norma l data recovery procedures.

II
j

1
I
1
I
I
I
I
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- 5. 1.10

1 Mnemonic. RINSE

Title; Noise Calibration

Prioritu: 5 MS (Reentrant)

1 
- 

Invoked by: R1SRC

Invokes; X3WAIT. X3STOP

I Inout s :

Parameter Source

5 mS No ise Correlat ion Out put module
Rece iver Number GPS HDUE RCVR Executive

I Outouts:

I Parameter Destinatjpn

Average No ise Correlation (RINSC ) R1SCH -:
Ex it Mode Message (RIEMOD) R1SRC

Process ino;

I The purpose of RiNSE is to estimate the level of the

cross—correlat ion between the env ironmental rad iat ion and a

I OPS PRN code. This estimate is referred to as the noise

1 level by the code search process. The estimate i-s computed

by tak ing the simple mean of 64 5 mS cross—correlations 
—

between the environmental radiation and a QPS PRN code not

transmitted bg either the OPS space veh icle -s or the OPS

ground stations. Th is result is placed in a data -set For

us . by the R1SCH process. Status is returned to the

act ivat ing s ingle receiver contro l  p rocess  upon

ter mination. This  -s tatus is used to indicate one of the

follow ing three things: In Progress. Norma l Termination , or

A/D Converter Failure.
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5. 1.11

Mnemo n ic: RIPC~
Title: Par ity Check Routine

Priaritu : 140 MS (Reentrant)

Invoked 
~~~~ 

RLSRC

Invokes : X3WAI T

l outs : RIDRDY. RIBRSN. RIWCNT . RIZCNT, R 1SFID, RIMSWD . RIPCIN,
RSRDYF. RIHOLD. RPZOI, RPZO2

EJ~~~~~~~L~~.Lt. 
SoMrce

Data read y flag (RIDRDY ) R1DDT 
C

Bar ker sync complete flag (RIBRSN ) RIDDT
SV message word counter (RIWCNT ) RIDDT
HOW ID code (RIZCNT ) R1DDT p-i
S ix—second  epoch ID (RISFID) R1DDT
SY message word buffer (RIMSWD ) R1DDT
Parity check inhibit (RIPCIN) R1SRC
Prec is i o n  t i m e  Z—count (RPZO1, RPZO2) R1DDT
RSCOMM data r e a d y  f l a g (RSRDYF ) R1FMT
Weak—hold flag (RIHOLD ) R1RNG

Outputs ; RIDRDY, RIBRKR . RIZX1. RIZOK, RZFERR. RSSFID. RSWCNT,
RSMSWI, RSMSW2. RSDTVL

Parameter Destination

Data ready fla g (RIDRDV ) R1DDI
State f lag  for R1DDT (RIBRKR ) R1DDT
1.5 second c o de e p o c h  counter (RIZX1) RIDDT
Z—count OK for handover f lag (RIZO K ) RISRC
SV messag . word number (RSWCNT) RIFMT
SUBFRAME number (RSSFID) R1FMT
SV data wo rd I (RSMSW1) R1FMT
SV data word 2 (RSMSW2 ) R1FMT
Frame count error flag (RIFERR ) R1SRC
Data va l id i t y  word (RSDTVL ) R1FMT

Processing :

R1PCK has the respon sibil ity of comput ing and verifying

parity of the data words transmitted from the satellites.

In t h e  C/A acquisition mode , R1PCK w a t t s  for RIDDT to

declare a succe ssf ul barker search and to pass the HOW and
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I
TLM words. Parit y i computed on uut~ woros and . if good.

I the recovered subfram e ID i-s tested to see if it is

cons istent w i th  the recovered  Z— co unt .  If th is  tes t  a lso

I passe , frame sync is declared to RISRC through RIZOK The

i HOW data is u s e d  to  c o r r e c t  the value of RIZX I in it iali zed

by R1DDT. and the subPrame counter (RISFID) and word counter

I (RIWCNT ) are a lso i n i tia l i zed .  I-f any of the t e s t s  fa i l,

RIPCK will notify R1DDT through RIBRKR to resume barker

I search.

The st ea dy t a t e mode i -s entered upon completion of

I frame sync or in d i r e c t — P  acq u is i t i on .  R1PCK rece i ves  the

I 

re covered SV dat a words  from R1DDT once every 600 ins (the

received dat a consists of the last two bits of the preceding

I word along with the 30 b i ts  of the current word) and

computes and verifies parity. The sub-frame , word count . and

2—count are updated and verified against the received

1 subf rame and 2—count. Any disagreement is reported by

p a s s i n g  an invalid word count (RSWCNT). The data word i

1 passed to RSMSW1 and RSMSW2. along with the current subframe

I 
count (to RSSFID) and wor d count (to RSWCNT). During the

s t e a d y  s t a t e  mode . if there are eight consecutive parity

I fa il ures on the SV data words. R1SRC is notified of the

problem. R 1PCK also checks the Roll—Momentum Dump and SV

I Sync flags and sets the subf’r.ame ID (RSSFID) to an invalid

value i-f e i ther  f lag  is s e t .

I Parit y check i inhibited (RIPCIN — I ) during

built—in—test sequences . but the data is still blocked and

I 
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passed along as usual. Du~~~ng wed~~—s~~g-~Jl no~~d—on (RIHOLD =

1). the c ounter-s RIZCNT, RIWCNT . and RISFID are mainta ined

as u s ual but no data is passed externally.

Th e p a r i t y  check algorithm i-s as follows: If the last

bit of the preceding word (E30 ) is ‘l’. the bits dl—d24 are

inverted , othe rwis e left as i-s . They are then substituted

into the parity equations below. If the computed bits

D25—D30 match the received D25—D30 then the par i ty che ck

passes . else a failure is reported.

I

• 
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Follow ing are tht& ground segr~’nt pa r it i~ encouing

equat i ons used in R1 PCK .

Equations for wor .~c 3— 9

Dl — dl*E30

D2 d2*E30

03 - d3*E30

D24 — d24*E30

D25 — E29*d 1*d2*d3*d5*d6*d 10*d 1 l*d 12*d 13*d 14*d 17*d l8*d20*d23

026 — E30*d2*d3.d4*de*d7*dll*d12*d13*d14*d15*d18*d19*d21*d24

D27 — E29*died3.d4.d5ed7*dB*d12*d13*d14*d15*dlo*dl9*d20.d22

D28 — E30*d2.d4*dS*dé*dB*d9*d13*d14ed15*d16*d17*d20*d21*d23

029 — E30*di*d3*d5*d6*d7*d9*d10*d14*d15*dI6*dl7*d18*d2i*d22*~j24

030 E29*d3*dSedà*d8*d9*dlO*dll*d13ad15.d19*d22*d23*d24

where

dl. d2. - . - - . d22 are the raw data b i ts

D25. - - - . D30 are the p arity oits and equations

E29, E30 are the last two bits of the previously

transmitted word

Dl. D2.. . .. D29. D30 are the bits uploaded by the

control segment and are subsequently transmitted by

t h e sate l l i te

‘* ‘ in dicate - s the e x c l u s iv e — O R  o p e r a t i o n
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Equations for words ~ 
‘ . and 10

Dl — di*E30

02 - d2*E30

D3 — d3*E30

i i
022 — d22*E30

D23 — E29*dI*d7*d8*dll*d13*d14*d16*d17*dlB*d19*d21

D24 — dl*d3*d5*d6*d7*d9*dlO*d14*d15*d16*d17*dlB*d21*d22

025 — E30*d2*d3*d5*d6*d7*d8*dlO*d12*d18*d19*d20*d21

026 — dl*d2*d4*d5*d9*dIO*dlI*d12*d13*dlé*d17*d19*d22

027 — E2~~ dl*d3*d4*d5*d7*dB*dl2*dl3*dl4*d l 5*d16*d 19*d2O*d22

029 — E29*d l*d2*d4*dS*do*d7*d9*d 1 led 15*d lead 19*d20

D29— 0

0 3 0 — 0

wh ere

dl. d2. . . . . , d22 are the raw data bits

D23,. . . , D30 are the parity bits and equations

E29. E30 are the last two bits of the previously

transm i t ted wo rd

DI. 02...... 029. 030 are the bits uploade d by the

control segment arid are subsequently transmitted by

the satellite -j

‘a ’ indicates the exclusive—OR operation
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5 1 . 12

Mnemonic: R1PIN

Title. P—code Initialization Task

Priorit u : 5 MS (Reentrant )

Invoke d ~~~~~~ R 1SRC

Invokes. X3WA IT .  X3STOP . X3ERRA

Ineuti: RISV MD. RSPCDE . XCMO I6. RSRNOI. RSRNG2. I~PL~IAS~ R P Z O I
RPZO2. RPNO1. RPNO2, XC OO2O. XC0022 . RI7SIN. RI2OIN,
RIZ IN. RISIN, RIPNX 1

.1
Parameter _______

SV acquisition mode (RISVMD) R1SRC
P—cod. taps — b y t e  q u a n t i t y  (RSPCDE ) R 1SRC
FTF count mod 16 (XCMO16> X lI T~OEst imated  range (RSRNQ1. RSRNQ2) RIA ID
Prec is ion  t ime  b ias  (RPBIAS ) R1AID
P r e c i s i o n  t ime  Z— count (RPZO1, RPZO2) R1AID
Prec is ion  t ime FTF (RPNO1. RPNO2 ) RIAID
Current FTF count ( XCOO2O , XC0022 ) X 1IT .~O
Save d mod—75 data bit counter  (R1751N) RIDDI
Saved 20 rns f r a m e  count (RI2OIN) RIDDT
Save d 1.5 -second code epoch count (RIZIN) R1DDT
Saved S rns frame count (RISIN) RIDDT
Xl code semaphore (R IP N X1)  R1SRC 

-

Ou t o u t s; RIEMOD. RI7SIN . RI2OIN, RIZIN.

Parameter ~.iotination

Ex i t mode f lag ~RIEMOD ) R1SRC
Saved mod— 15 data bit counter RI75IN ) RIDDT
Save d 20 mc frame count ~RI20IN) R1DDT
Saved 1.5 second code epoch count (RIZIN ) R IDD T
Saved S rn-s frame count (RI5IN’ R1DDT

Processin g .

The p u r p o s e  of R1PIN is to i n i t i a l i z e  and start the

P— code generator in either the direct — P or C/A to ~
‘ handover

mode This is a c c o m p l i s h e d  after the relation ship between

~~~ th. local cloc k tFTF ) and the QPS time has been

established In the d i r e c t  mode t h is  relationsh ip is
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defined by the precis~ un time ~-~~r o m et ~~r’~, from Mat.ter

Control: time bias ( RP A 3 IA S ).  precis i on FTF (RPNO 1 and

RPNO2), CRC t i m e  tag (RPZO1 and RPZ~ 2). and the estimated

range to SV (RSRNG 1 and RSRNQ2).

In t h e  handover mode analogous p.i~r a m e t e r s  a re  developed

within the receiver subsystem b y R1DDT : GPS 1. 5 Sec Z—count

ID (RIZIN), OPS 20 MS Bit Epoch count (R1751N).

cor r es p ond ing local time ID (RI2OIN), and 5 rns ID (RI5IN).

The processing in R1PIN i-s concerned with translating

th is t i m e  in format ion into P — c o d e  r eg i s t e r  s t a t e s  valid when

the code generator will be started. Since this -start will

always occur on a 20 mi data bit epoch , the X1A -state i-s 0.

The  g ene ral e q u a t i o n s  for the states of XIS. X2A, and X2B

are as follows:

Let A — numb er of 10. 23 MHz c y c l e s  in 20 mc ( 204600 )

B 20 mc epoch count

Z — 1. 5 sec Z— co u nt

t h e n ,

X1B rem (A * B /4093)

X2A — rem ((A * 13 — 37 *Z)/4092)

¶ X2B rem ((A * B — 37

whe re “rem ” indicates the remainder from an integer divide.

If th e d esire d starting time coincide - s with one of t h e

s top p ed s t a t e s  of any  of t h e  P—code registers. the start

time is delayed until the following 20 rn-s epoch. If the

semaphore RIPNX 1 is set indicating that the built—in—test I :
Xl code generator is being concurrentl y i n i t i a l i z e d ,  the
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- start time is delayed unti i the c~~c A c  ~..5 second epoch.

After all the P—code reg is ter s hav e been init ial i zed

th. code generator is armed to start. For the handover

( 
sequence.  a data bit epoch is i dentif ied on which the

register states are valid. Approximately 10 rn prior to
I 

that epoch . the generator is armed to -start off the next

epoch. For the d irect sequence the S rns period in which the

starting epoch is scheduled to occur is identified. During

the preceeding 5 rns per iod the delayed start count is loade d

and the generator is armed to start.

In the direct mode . the precision time information is

saved for R1DDT in RI5IN, R1751N. RI2OIN, and RIZIN. R1DDT

subsequentl y initializes all system counters based on this

I data. Execution terminates after the code generator is

runn ing.
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I 5.1.13

Plnemgnj.çj RIRNG

I Tit le:  Rang ing Task

I Prioritu: 20 ms (Reentrant )

Invoked ~jLj.. RISRC

I Invokes: X3STOP. X3WAIT

Inputs: XCOO2O. XC0022 . RICHC , RIZX1. R1M075, RINTIO, RIANAO .

I RIANBO. RIANC0 ,.RiM~D. RISWES, R.LNBCI.

Parameter Source

I 20—ms FTF count ( XCOO2O ) X IIT2O
Mod—l à FTF coui~’t (XC 0022

) X1IT2O
Channel configuration (RICHC ) R 1SRC

I Narrowband Conf iguration R 1SRC
RINBC 1
RI NB C2

I Output Module Config (RISWES ) RISRC
1.5 second Z—count (RIZX1) R1DDT
Mod—75 epoch count (RIMO7S) R1DDT
Interva l det. flag (RINTID) R1DDT

1 Raw pseudo—range data R 1DDT
17 fO count s t a t e  (RIAN AO )
fO counter (RIANBO )

I C/A epoch / 4 (RIANCO)
Mast er time delay offset (RIMTD ) RISRC

Outouts: RIRERR. RIHOLD. RCV2C2. RCV2C3. RCV2C1, RCV2D2. RCV2D3.
RCV2D1, RCV2E2. RCV2E3, RCV2E1, RIFREG

Parameter D~ stinationI R a ng i n g  e r r o r  flag (RIRERR ) R1SRC
Weak—hold f l a g  (RIHOLD ) R1SRC

J Pseudo—range, word I (RCV2C2) Master Control
Pseudo—range , word 2 (RCV2C3) Master Control
RCV2C message ready (RCV2C1) Master Control

• 8qnc. word I (RCV2D2 ) Master Contro l
Sync~ word 2 (RCV2D3 ) Master Control
RCV2D messag. rea dy (RCV2D1 ) Master Control
Range rate. word 1 (RCV2E2 ) Master Control

I Range tate . word 2 (RCV2E3 ) Master Control
I RCV2E message ready (RCV2E1) Master Control

I
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Proce~asino ;

‘1

Genera l

The ranging task obtains p st~~~o—ran~~e dnd range—rate

data from a working receiver anJ ~akes i t  ava ~u to t h e

nav igation tasks. OPS tirne tag i - ~,tificat~~~n i s  provided

for all pseudo—range measurements in order to remove range

ambiguity. Correlation data is measured for use in the code

t r a c k i n g  l o o p  and in the calculation of the vernier range

correction to measure d pseudo—range. The carrier loop is

maintained in the Weak—hold  monitor section.

The processing in R1RNG is di vide d into 2 categor ies:

1. Process ing done each 20 milliseconds and 2. 320 rns

p rocessing b ased on t h e  mod 16 v a l u e  of t h e  l oca l  c l ock

(FTF). The former is referred to as common processing and 
- 

-

.

the latter as frame un ique with a frame identifier in the

range 0—15, for example Frame 8 unique. Table 5. 1. 13— 1 lists

all frame unique processing.

Common Proces sing

The task first initialize s its data base and begins

steady—state execution on the first frame 8. In

steady—state operat ion. the analog—to—digital converter

(ADC ) is started and the first correlation voltage read

after 100 microseconds. This value is s to red  and, if in a

2—channel (phase—lock loo p ) mode , the ADC is cleared and

started aga in on the -second sample and hold circuit. The

data from the ADC is summed into the appropriate
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I

accumulator s for us. in ~ode tra~~p z n ~ and vernier r..inge

computat ions.

The Weak—hold monitor is a state driven subroutine with

I S legal states as shown in the fo l lowing table.  All

transitions are made based on the value of the hardware lock

detector  and the sli p filter descr ibec beiow. The same data

i presented graphically in figure 5. 1. 13—1.

WEAK HOLD STATES

LEGAL
STATE CARRIER LOOP CODE LOOP TRANSITIONS

I PU. 26HZ E/L E/L TOGGLE 2
2 PLL 26HZ PROMPT TAO DITHER 1.3
3 FLL 15HZ PROMPT 2ND ORDER 3A,4
3A FLL 26HZ PROMPT 2ND ORDER 2
4 LOSS-OF-SIGNAL

State 3A is implemented because of hardware restriction -s in

I switching between loop bandwidths.  When s tate 4 is entered,

RIRNG terminates.

The carrier slip detector is checked for -slips in the

carrier ph a se. and the sli p filter is updated according to

I the following equation:

FILTER (t) 63/64 FILTER (t—1 ) + 1/64 SLIP(t)I The value of the slip filter , along with the loop lock

I detector , drive the weak—hold processing. If the lock

detector has a value of 0, an immediate transition to state

J 2 is made. Af ter 300 milliseconds in state 2 the lock

detector monitor is resumed and if a value of 0 is read, an

I immediate transition to state 3 is made . When t h e  lock

detector  is used for state t rans it ions. the sl ip f i l ter  is
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I
p reset to a value to prov ide some hysteresis in the

‘1 weak—hold loop. The lock detector is not used in state 3

( FLL). The s l ip  Filter keys au transitions to lower

numbered states. When enter ing state 2 from state 1. R1RNO

modif ies the code generator registers so that the tracking

narrow band receives the prompt code  ard the other narrowband

early/late. Code tracking is with the tau—dither schema in

-state 2 and with the second order loop in state 3. In state

1 3 RIHOLD is set to +1 to inhibit all SV data recovery. When —

j returning to tate 1. the full code flop i-s restored to both

narrowbands.

Code t rack ing is a c c o m p l i s h e d  in the fo l low ing  manner:

During phase—lock operations the code phase is

alternately advanced and reta rded by 1/17 chip in

odd—numbere d subframe s to prov ide cor re la t ion  data at two

diffe rent code phases for the adjustment task. Into the

I corre la t ion accumulators ( SUMI1, SUMI2. SUM21. SUM22 ) go the

“ late ” and “early ” correlat ion information , the values

I depending on whether norma l operation (state 1) or tau

- I 
dither (state 2) is the current mode. The net adjustment.

(+1/17 ch ip .  —1/17 chip , or 0 each 320 ms). is determined in

I the frame 8 processing from the sign of each phase ’s

discriminator (L—E ) funct ion. No net phase adjustment is

I made when the two phases have opposite signs. This

I 
technique yields a highly accurate estimate of vernier

rang.. but prov ide-s a rnaximum code phase slew rate of only

0. 18 chips pe r second.
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- In the frequency—lock mode (state 3). the phase

adjustment task is based on the following equations which

are propagated each 60 mi lliseconds :

B (x) = B (x— 1) + S (x— ..~ 4- C -* Ki *

6(x) £ (x— 1) + C * K2 * DELTAT+*2

where:

C ~ correlat ion data

DELTAT chan ge in time (in this case. 0.06 sec)

= 10246. 5 11!
p

K2a9133. 5

B Code Track Accumulato r

S Second Order Accumulator

The adjustments are accomplished over a period of 60

ms. During the f irst 20 ms subframe , the early or late

correlation data is read from the ADC and stored. During

the next subframe, correlation data again is read. this time

being late or early (opposite of the first read). This

value is subtracted from the first quantity and negated . if

necessary , to obtain the quantity L—E. This is the C term

in th. above equations. Code phase adjustments are then

made per the following table:

a value Phase ~~~ ~ correction

B > 512 rtd 2/17 ch ip —512

256 C B C 512 rtd 1/17 ch ip —256

—256 C B C 256 none 0

—512 C B C —256 adv 1/17 chip +256
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I .

I
B C —512 ..4dv 2/~ 7 ..hi p +512

I 
Dur ing the last subFrame . no action is taken to allow

I time For the phase adjustment to dtfe~~v the data r e a d  f r o m

the c orrelators.

I This -scheme of code pha~.e adjustrn~~~4~ i~~ m u c h  more

respons ive, allowing adjustments oF up to I ‘~6 chips/second

but no vernier range estimate is made. In the frequenc y—lock

mo de , more sustained slips occur  between the local  replica

and satellite—gene rated signals in the carrier loop than L
occur during phase—lock. These slip - s accumulate as

m i a l i gn m e n t s  in code  p h ase a nd are  c orr ec t ed  by  t h e  c o d e

loop as outlined above.

R1RNO execute - s until a loss—of—signal occurs or until

it i deact ivated by RISRC.
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1
FRAME UNI~1UE PROCESSING

Frame 5 —— The range rate counter is armed to start.

Frame 7 —— IF the task is in a mode where vernier ranging may

be performed . the vernier ranging flag is

cleared.

Frame 8 —— In addition to the code p hase ad justment outlined

a b o v e  the vernier range correction to

measured pseudo—range is computed ~ provided

vernier ranging is enabled. 
- -

Frame 10 —— The range rate counter is armed to stop.

Frame 11 —— Pseudo—range i-s output provided that its components

L are within prescribed ranges. If not . a value

of —1 is output.

Frame 12 —— Sync timing information is ca lcu la ted  and output.  —

Frame 13 —— Range—rate data is read from the counter and . if in

prescribed ranges. output to the RCV2E bus

message. Otherwise. —1 is passed.

TABLE 5. 1. 13— 1
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1.i~

I

- .

SLIP ) 0. 02

LOCK—0 (SET SLIP=0. 15)
STATE II ! C STATE I
PROMPT (INHIBIT LOCK DETECT E/L

FOR 300 MS) 

SL . 

>
~-

~~********** PHASE—LOCK LOOP

(26 HZ)
*! **e** ! ** ‘

SLIP > 0. 2 .

I p

LOCK — 0 (SET SLIP 0. 2)
i
.

INHIBIT LOCK
DETECTOR

‘ FOR 300 MS I

V V
* * C. ** * **e* * ** * ** * ** * * * *** **

! STATE l I l A  STATE I I I
SLIP < 0.01 ! 

‘ PROMPT ‘C PROMPT
p p . I !

FLL 26HZ ! FLL = 15HZ
C...,.

AUTOMATIC TRANSITION TO
STATE 2 AFTER 300 MS FREQUENCY LOCK

LOOP
CCC ************ * ************** **********

SLIP ) 0.25

V
************
STATE IV

LOS

STATE I —— NORMAL OPERAT ION (FULL CODE FLOP )
STATE II —— TAO DITHER (PROMPT CARRIER LOOP )
STATE III —— USHO (2ND ORDER CODE LOOP ACTIVE )
STATE lilA —- WAITING STATE BETWEEN III AND II
STATE IV —— LOSS OF SIGNAL. START REACQUISITION

FIGURE 5. 1. 13— 1 —— STATE DIAGRAM, RIRNO WEAK HOLD PROCESSING
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5. 1. 14

Mnemon ic ; R1RRM

Title: Range Rate Measurement

Prioritu: 5 MS (Reentrant)

Invoked by: R1SRC

Invokes : X3WAIT. X3STOP . 
-

Inouts:

Pprameter Source

Rece iver Number (RIRCVR ) R1SRC
Range—Rate Data Output Module
Commanded Mode (RIRRTP ) R1SRC p

Outouts:

Parameters Destination

Range—Rate Data (RIFREG ) R1SET
Ex it Mode (RIEMOD ) R1SRC

Processing :

R1RRM is used by the MID and frequency switching

s equences to mea sur e t h e  doppler  be fo re  acquiring or

dropping a OPS signal. respectively. Exit mode information

i-s prov ided for the invoking single receiver control process

via the e x i t  mode word: In Progress,  Norma l Termination, and

Range—Rate Counter Failure.
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- 5.1. 15

Mnemonic :  R~~SCH

Title~ Co d e Search Task

Pr io r i tu :  5 MS (Reent rant)

Invoked ~~~~~~ RISRC

Invokes; X3WAIT. X3STOP, X3ERRA

Inouts~ RIDWEL , RIRCVR . RISCHM. XC0022. RISLPE. RIXSET . RIPHRS,
RIPHIN, RISLTH, RINSC , RSRATE

Parameter Source

Th reshold dwell time (RIDWEL ) R1SRC
Rece iver CR0 base ad dres s RISRC
Sea rch t a s k  mode  word (RISCHM ) R1SRC
FTF count LSW XCOUNT
VCXO cal ibr ate d slope (RISLPE ) RICAL
Last setting of VCXO by R1SET (RIXSET ) R1SET
Code phase re -se t  (RIPHRS ) RISRC
Search step size (RIPHIN) RISRC
Search length (RISLTH) R1SRC
No ise calibration (RINSC ) RiNSE
Range—r ate (RSRATE ) RISRC

Dutouts; RIXSET. RIPHRS. RIEMOD. RISLTH, RINSC

EtEIffl.tttr. Destination

Last -setting of VCXO by R1SET RISRC
Code phase reset  (RIPHRS) R 1SRC
Ex i t  mode (RIEMOD ) R1SRC
Search lengt h (RISLTH ) RISRC
No ise calibration (RINSC ) RISCH

~~~~wi~~~
The purpose of RISCH is to align the locall y--generated

code (P or C / A )  with that being received from the

atellite. The program initializes the code generator to

the p hase corresponding to the be ginning of a search b in (a

f i x e d — s i z e  grou p of consecutive code phases ). and proceeds

to searc h for p has e alignment starting there and retarding
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I
- th e co d e phase toward tne end of the bin until the eno of

t h e  bin is reached or until alignment is achieved. The

number of 5 millisecond periods in w ti ch correlation data is

to be gathered at each step is passed in RIDWEL. This  value

is  2 Fo r all HDUE sequences .  During th is  p r o c e s s  the

ambient noise estimate (RINSC ) i-s updated at each code phase

step.

In addition , i-f R1SRC i- in a reacquisition mode or if
-

~range—rate and acceleration data are meaningful at the

current time , R1SCH up date s the VCX IJ se t t i ng  during the

search process . This is to compensate for the doppler shift

caused by changes in operating temperature and in relative L -

velocit y between the user and the satellite.

$ Ini t ial code ph~ se alignment is acheived whenever th-

ratio of the correlation to the average ambient noise

e x c e e ds 1.25. Alignment i-s verified based on the following

cr i ter ia :

Two counters are used. Ones initiall y zero. counts the

total number of measurements taken and the other . initiall y

one. is incremented or decremented as the measurement i-s

ab ove or b e l o w  t h e  same noise threshold ratio. Success i-s

defined as the second counter reaching 8 or the first

reach i ng 20 before the second reaches 0. A failure is

de fined as the second counter reaching zero before either of

the above conditions occur. I-f success Ful , R1SCH leaves the

co de in such a state that code centering can make further

a d j u s t m e n t s  and a t tempt  to close the carrier loop. A
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- failure to verify will cause tt~e p r o c e s s  to r e p e a t  u n t i l

either success is achieved or until the limit passed by

R1SRC (RISLTH ) is reached, at which time failure is

indicated an d the task terminates.

p

1.

I

4
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5. 1. 16

Mnemonic: R1SET

Title: VCXO set

Prioritu: S MS (Reent rant )

I 

Invoked ~jg.j R1SRC

Invokes: X3STOP, X3WA IT

I Inouts: RIFREG. RISLPE.

Parameter Source

J Commanded VCXO Frequency (RIFREG ) R1SRC
VCXO slope (RISLPE) R1CAL p

i VCXD intercept (RIINCP) R1CAL

Outouts: RIITER , RIEMOD, RIXSET

I Parameter Destin~ tion

R1SET iterations (Ru lER ) R1SRC
Ex it mode flag (RIEMOD ) R1SRC

I VCXO set vo ltage (RIXSET ) R1SCH

I Processin g :

R1SET has the responsibility of setting the

I vo l tage—contro l led osci l lator  (VCXO )  us ing the cal ibrat ion

information provided by R1CAL and a target doppler s u p p li ed

by R1SRC. An initial est imate of the control voltage is

I calculated using the slope and intercept computed in R1CAL.

The range—rate counter is then read to determine the actual

I VCXO frequency. A co r rec t ion  to the VCXO vo l tage is

calculated us ing the s lope and the d i f fe rence  between the

desired and measured frequency. This process is repeated 
. L

I unt il either the d if ference b e t w e e n  t h e  d es i re d and mea sur ed

f requency is less than 10 Hz @ 14.72 MHz or after six

1 iterations. If the complete six iterations are performed
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without success, an error i. -s noted , indicating either a

hardwa re prob lem or a nee d for recalibration.

r

I
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5. 2 MASTER STATE CONTROL MODULE DESCRIPTION

5.2. 1

Mnemonic: M1ADIS

Ti t le :  Contro l  Display Unit Command Processor

Prioritu : 640 ms

Invoked ~~~ Act i va te d by M1CMSC

Invokes: M2CVNM. M2BLNK. X3WA IT. IBSET

Inputs: From Data sets: MMALRT . MNXXXX , MWDMSD

Parameter Source

CDU Inputs ( MNOCDU ) M1CCIO
Way point Output Data (MNOWYP ) N2WPCM
P r e s e n t  Posit ion ( MNNDIS) N1.XFRM
Processor Status Data (MNSTAT ) M1CMSC . M2STIN,

M1CCIO , N2WPCM
Epoch and Week Number ( MNBSIO) MICRNC , MICMSC
Memory Read/Wr ite Data (MNMEMQ) M1CMSC , M2STIN
Satell ite ID’s (MMSVID) N2SVSL
Ass igned Receiver No. (MMRECN) M2STIN
Nay Status (MMSTUS) N2SVSL . N1SVPN.

N1MITK , N2FOTP
SV Messages ( MWMSSQ ) M1PDBR
Receiver Data (MNCRCV) M1CRNC,. N2SVSL

Outputs : To Data Set MNXXXX

Parameter Destinat ion

CDU Outpu t-s (MNOCDU ) M1CCIO
Waypo int Input Data (MNIWYP ) NIXFRM, N2WPCM
Waypo int Control Data (MNCWVP ) N2NVIN, N1XFRM
Processor Status Data (MNSTAT) MICCIO
Receiver Data (MNCRCV ) M1CRNC. N2SVSL
Epoch and Weak Number (MNBSIO) M1CRNC, M1CMSC
Memory Read/Write Data (MNMEMQ) MICMSC, M2STIN

Processin g

M1ADIS processes operator and system inputs for display

on the CDU and for use by other tasks in the Master Control

and Navigation system s. The task w ill dete c t proc essor

PAGE 78

k _ _ _ _  

-- - . - -
.

I —j— — —  — . .~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~ -~ -



errors and enable the appropriate warning. as well as

H determine the need for other types of warnings Ce. g. “REACO

FAIL”). It also servi ces the Freeze (-store present position

in Freeze location ), Mark (store Freeze location in se lec ted

wa y po in t ) .  and Update (initialize present position from

selec ted waypoint ) functions . It buffers input from MICCIO

and u ses this and other data to determine the inputs and

outputs appropr iate to each display switch pos ition Ce. g.

RCVR. ERR, etc. ) .  Finally , it d e t e c t s  operator input

errors such as inputting a lat i tud e great er t han 90

degrees.

The processing flow for M1ADIS is as follows :

Processor error buffers are c h e c k e d  to see if any

processor has reported an error. IF so. the status flag for

that processor is et. Next. th e “INIT TIME ” and “INIT P08”

f lags are ch e cked .  and the correspond ing status f lags are

~t appropriately.

The vector of status flags (MNSTAT(1—20)) is checked to

see if the caut ion l ight  should be turned on. The vector is

in descending order of p r io r i t y  and i s c h e c k e d  bottom to

top. I-f any of the f lags is —1 . the caution light is t u rned

on ~.he light flashes for a processor fail ) and a warning

number is .t corresponding to th e h ighest  pr ior i ty -flag.

This warnin g number is for use in MICCIO.

The “Mark ” function is then serviced. The ‘Freeze

point ” is stored in the selected waypoint (in

MNIWVP (1— 10,*), where “*“ rep resents the waypo int number )
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I
provided the “FZ” key has been ~~ shed sci ~tii~e p ;-ior to the

1
I “MK” key. The freeze point i-s f o u n d  in MNOCDU (169—178).

Next i-s the “Freeze ” function. If t h e  “FZ” ke y has

1 been pressed . present position (MNNDIS (1—jO,*), where “*“

1 indicates which buffer M1ADIS is accessing at that time ) i-s

stored at the freeze po int. The freeze flag is then set to

I communicate to M1CCID that the freeze operation is complete

and that the “MK ” key is now valid.

I The “Up date ” function wi ll initialize present position

I to a selected waypoint. Provided that time has been

initial ized and the display -switch i-s at the position (LAT r
or UTM) into which the waypoint was entered, the waypoint

number will be passed to the navigation subsystem and the

I nay initialization and nay go/no—go flags are set.

I The remaining sect ion of M1ADIS processes the CDU I/O

requests. Tests are done to determine i f the di sp lay is

I complete or that action has been requested. If no request.

this task is f ini she d, and i t returns control to the

t I EXECUTIVE sy stem. Otherwise , a local buffer is initialized ,

I 
and or~e of fifteen independent subsections to execute is

computed , using the value of the display -switch setting. In

each of the-se subsections, the display - s a re  normally updated

every 640—ms, and tests are then made for input requests.

I Refer  to Paragraph 3. 2. 5. Control Display Unit Support

I 
Function. for a comprehensive description of the CDU input -s

and d isp lays.

- 1
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I
5.2.2

1 Mnemonic: M1 CC I O

I 
Title: Control Display Unit Message Contro l  Task

Prioritu: 100 rn-s

I Invoked ~~~~~~ Ac t i va ted  by M1CMSC

Invokes: M2CRUS, X3WA IT

I Ineut s : From data set M NXXXX , Block Data CKXXXX

I 
Parameter  Source

CDU i n p u t  p arameters C MNOCDU) M1ADIS . M2CRUS
Display constant s ( C V S X X X X )  M9MSCD

I 
_ _Out Du ts : To data -set MNXXXX

I Etr~~~~ijji i. Destinat ion

CDU out put p aram e te r s (MNOCDU) M1ADIS, M2CRUS

I 
_ _ _ _ _ _ _ _ _Processin o :

I - First , M2CRUS is called to retrieve information

- 

I 
concerning swi tch  pos i t ions.  keys. and keyboard flags.

Also , the CDU displays From the previous 100—ms period are

output. The in puts are compared to an array containing the

same information for the previous 100—ms period. If any

changes have occurred , the input templates -for the current

I 
display switch setting (CRITUD for the up per display and

CKITLD for the lower d isp lay .  found in the common block

I 
CKXXXX ) are retrieved , then unpacked into 10—member arrays

(one For each d isplay character ) and the displ ays are

I blanked.

Next . the “way point ran g e ” is checked. There is an

I upper and a lower w ay po in t  limit for each display switch
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position , contained in the arrat~s CKWYLL and CKWYUL. If.

for the current d isplay switch position . the waypo int -switch

is at a val u e outside of this range . the warning “SWITCH

RNG” is displayed.

The “ invalid almanac ” f la g C MNCRCV (20)~ is c h e c k e d to

see if an SV ha~i been entered that ha-s no almanac. If o.

the alert “NO ALMANAC ” is displa yed.

Next , display data from M1ADIS is buffered . provided
p

that M1ADIS has completed the display , as indicated by

MNOCDU(9). Then, if a key press wa-s detected by M2CRUS. the

key i-s decoded . using the column and row numbers of the key

(variables MNOCDU (14) an d MNOCDU (15)). and whether it is a

lower case, upper case left, or upper case right entry. The

equivalent hexadecima l and ASCII value of the key is

determined from the tables CKDHEX and CKDASC . If none

exist , the value is set to —1.

Checks are made to see if various command keys have

b een pressed.  First. the “INi ” and “IN2” keys are checked.

If one of these has been de pressed. a flag is set to

indicate from which disp lay to expect inputs. Also . other

quantities are initialized to prepare for the inputs.

The “CLR ” ke g is next to be serviced. If it has been

pressed. the d i sp lays  are blanked momentarily. If a warning

(e. g. “REACO FAIL) is currently pending . the status flag

corresponding is cleared.

The mark key is next  in line to be serviced. If it ha-s

been p ress ed the freeze -f lag is c h e c k e d  to see if the “P1K”
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I

has been preceded by a “FZ” . If so, the mark waypoint i-s

set and the f r e e z e  f lag is c leared .  If not. the alert “NO

FREEZE” i. d isplayed.

I The f reeze  keg is checked  and i f i t has been pressed ,

I th. freeze flag is set. The update key is serv iced  in the

same manner. The warning kegs if pressed, displays the

I 
highest priorit~j warn ing currently act ive.

The shift kegs (“ upper left” and “upper right” ) are

I checked and a flag set to indicate which has been pushed.

I 

Also , the decima l C” . “) and the minus (“ — “)  k e y s  are -scanned

to see i-f a memory address increment command should be

( issued.

~-1
Next , the “Enter ” command is serv iced.  If the key ha-s 11

I been pre ssed the current display is c h e c k e d  to see if it i-s

fu ll. If not, the alert “ENT 2 SHORT” is displayed. Also.

if more keg-strokes have been made than are required . the

I 
alert “ENT 2 LONG” is displayed. If the proper number of

kegs have been pressed. the command is accepted.

I If none of the command keys have been pu hed . then it

is assumed that a data - sw i t ch  is to be serviced. Hence. the

keystroke is compared against the mask for the display in

question to see if it is of the pro per type (decimal . hex.

or a lpha) .  If not cor rect.  an alert  indicating which entry — -  I
I should have been made is displayed. If correct . the entry

I
i. accep ted .  The individual numerical entries are then

gathered and converted into input values for u-se in MIADIS.

Last ly the outputs are se rv i ced .  The norma l d isp lays
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are p la c e d  into the working d i sp 1at~-s. Then a check is made

to see if any alerts are pend ing. in which case they are

written over the norma l display-s . Then the workin g displays

are converted to the proper 16—segment forma t through a

table look up for display on the CDU. - 

-
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,1 5.2.3

Mnemonj~~~ M1CNSC

I T i - ~le ; Maste r State Control Task

I Prioritu: 20

Invoked ~~~~~~ Execut ive. at power—up

I Invokes: B2MSTR . X3TIMM, X3T IME , X3ACT, X3ERR. X3WAIT

Inouts~ From Data Sets: MNXXXX , MXXXXX . MZDIIU , XMNAVE ,

I M K X X X X
Parameter Soyrce

Read pointer for nay , doub le  bfr  ( MNCRCV (243 ))  M1CMSC .M2STIN

I 
Write pointer for nay , double bfr (MNCRCV (244)) MICMSC .M2STIN
FTF (MNCRCV (241)) M1CMSC
Routing indicator matrix (MKBTBL ) Block Data
BUS act ion I/O f l ag s  (MK IOFO (1—9 )) Block Data

I Relat ive addr table for RCVR3 msg (MKOUTS) Block Data
Vector of BUS I/O flags (MNBSCN (1—1O)) M1CMSC
Vector of BUS routing indicators (MNBSCN (11—20)) M1CMSC

I RCVR3A BUS message C MNBSIO (313—328)) M1CMSC.M1CRNC
RCVR2A BUS message (MNBSIO (145—215)) M2STIN
RCVR2C BUS message (MNBSIO (229—242)) M1CMSC
RCVR2D BUS message (MNBSIO (243—256)) M1CM SC

I RCVR2E BUS message (MNBSIO (257—270)) M1CMSC
IIU block transfer flag (MNCIIU (20)) M1CMSC
Multi—proce ssor control array (MNCPRC ( 1—6 )) M1CMSC

I FTF mod (32) at 160—MS boundary (MNCRCV (163)) M1CMSC
NAVP sync/re set flag (MNCRCV (245)) M1CMSC
RCVP sync/reset -flag (MNCRCV (246)) M1CMSC

I 
RCVR3 message history flag C MNCRCV (247)) M1CMSC
IIU transmission attempt counter C MNCRCV (248)) M1CMSC
Time f lag (MNCRCV (251)) MICMSC
M e m o r y  read/write control array (MNNMEQ (1—20)) M2STIN

I RCVR a v a i l i b i l i t y  F lag (MNSTAT (103)) M1CMSC
IRIG time from external source (MZDIIU (259—260)) (IIU)
IIU status word (MDZIIU (258)) (11W

I Week numb er ( M N B S I O ( 5 — 6 ) )  M1ADIS
Reference t ime ep och  (MNI3SIO (1—4 )) M1CRNC
Epoch at next 320—MS mark C MNCRCV (249—250)) M1CRNC

I 
NAVP run ning flag (XMNAVE ) M1CRNC

Outputs: To Data Set s: MNXXXX . XMNAVE. MZXXXX.MXXXXX

I Parameter Dest inat ig n
Read pointer to nay, double b f rs  ( MNCRCV(243 )) (MSCP .navp )
Wr i te p o inte r to nay , double bfrs (MNCRCV (244)) (MSCP,navp )

I 
Raw range—rate measurements (MNBSIOC51—70)) N2MCNI
FTF (MNCRCV (241—242)) M1CMSC
FTF when FTF mod (16) = 11 C MNCRCV (169—170)) M1CPISC
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FTF when ElF mod (16) 0 ~~~~~~~~~~~~~~~~~ ‘~iChSC
IRIG when FIF rncd (16) .l MNCRCV (173— 1 74i) Ni.CMSC

‘ Updat. command for MSCP (MPUPDA (1—6)) M1CMSC
V e c t o r  of BUS I/O flags (MNBSCN (1—10)) M1CMSC
Vector of BUS routing indicators (MNBSCN (l1—20 )) MICMSC
RCVR3A bus message (MNBSIO(313—328)) (RCVP )
RCVR parameters for flU b ik 206 (MNBSIO (97—106)) IIU)
Mul t i—processor  control  array ( MNCPRC ( 1— 6 ))  M1CMSC
NAVP -sync/reset flag .MNCRCV (245)) ;i~~~MSC
RCVP sync/ reset flag (MNCRCV (246)) M1CMSC
FTF mod (16) at 160—MS boundar y (MNCRCV (~~~6)~ ~‘1 CM5C
FTF mod (32) at 160—MS boundary (MNCRCV (163))M1CMSC
FTF mod (192) at 160—MS boundary (MNCRCV (:64))MiCMSC
RCVR3 message history flag (MNCRCV (247))M1CMSC
IIU transmission attempt counter (MNCRCV (248)) M1CMSC
Epoch at next 320—MS mark (MNCRCV (249—250)) M1CMS
Time f la g (MNCRCV (251)) M1CMSC
Memory read/write control array (MNNMEG (1—20)) M1ADIS
RCVR ava i l i b i l i t y  flags (MNSTAT (103— 108)) M1CMSC,M1ADIS
NAVP fail flag (MNSTAT (2)) M1ADIS
BUS fail -flag (MNSTAT (13)) M1ADIS
RCVP Fail flag (MNSTAT (3)) M1ADIS
flU comman d word (MZDIIU (257)) (IIU)
WEEK numm b.r (MNBSIO (5-6)) N2MCNI
Ps eudo—range measurement s (MNI3SIO (11—20)) N2MCNI
RCVR2C bus message (MNBSIO (229—242)) N2MCNI
RCVR2D bus message (MNBSIO(243—256)) N2MCNI
Adjusted time epoch (MNBFUO (1—4 )) N2MCNI
Epoch by RCVR (MNBSIO (31—40)) M1CMSC
NAVP running f lag (XMNAVE ) M1CMSC

Process ins;

M 1 CMSC i s  the main software control element of the

Master State Control Processor (MSCP). It executes the

fo l lowing funct ions:

(1) MSCP start—up;

(2) Comput e timing -s i

(3) MSCP task schedu lin g~

(4) Receiver Processor (RCVP ) start—up ;

(4 )  Navigat ion Processor  ( NAVP ) s ta r t—up ;

(3)  Serv ice Serial Time Division Multiplex (STDM ) bus ;

(6) Service Instrumentation Interface Unit (IIU).

(7) Serv ice rece iver  measurements.
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I
For M~ SP start—up. the fo ~~~~~~~~~ seq uence i-s executed.

provided that the MCSP ha-s not already been initialized.

I The data pointers are initialized as follows.

1) divide FTF modulo (32) by 16

2) the integer result determines the appropriat e buffer

I Result Q, I
Bread 1 2
Bwrite 2 1

( For buffer read  and write , a ‘1’ i-s for the upper buffer and

a ‘2’ i-s for the lower buffer . The NAYP and RCVP reset/sync

-
, -

- 

f l a g s are set  to sync .  and the FTF (MCSP ) i-s set to zero.

- I t  a l s o  se ts  the initialization flag . the NAVP running flag,

- and it set-s all receiver -s available.

1 The ne x t  section computes timin g by calling X3TIME.

wh ich returns the FTF. and by callin g X3T IMM, which returns

I t h e  mod ulo—X f the FTF. Several tests are made to

determine actions based on these times. When appropiate .

these actions change upper/lower data painters. -store the

I FTF count . store the 320—ms count . store the IRIG time and

FTF count For the navigation data validit y time mark.

I MSCP task scheduling is done one time by setting the

I 
ready flag and calling the Executive service routine , X3ACT,

wi th one task name as an argument at each ca l l .

The RCVP -start—up is done when the BUS frame number is

equal to 6. seting t h e  routing indicator for the RCV3A

I message . as we l l  as s e t t i n g  seve r al  f l a g s f or t h a t  m e s s a g e .

The n ex t  section performs the NAVP start—up. once

I using the reset /sync flag and the initialization flag
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I
The 51DM BUS service is executed in four parts. First.

i dete rmine the I/O flag and routing indicator for the

message. Since the STDM BUS i s table d ri ven , the table

controll ing the BUS is MKBTDL. The contents of MKBTBL are

the routing indicators for each of the 9 types of messages~

at every 20—ms frame within two 320—ms intervals. An entry

of —1 is foun d when th ere is n o me ssa g e to serv ice for a

particular device in the appropriate time frame. If a

message  is to be processed . the master BUS control requires

I three pieces of informa t ion~ for the i—th message this data

is:

Select word : tINBSCN(1—9) L

Input/output f lag : MKIOFO(t—9 )

Routing indicator : MKBTBL (1—144)

For control of bus message flow, the row of the BUS table

containing desired routing indicator is calculated . the I/O

I flag for this message is set to zero, and the appropriate

entry from the BUS table is retr ieved. If the routing

I indicator from the table is greater than zero. the

appropriate BUS action for th is message is determined ,

whether incoming or outgoing. and the routing indicator is

stored as the first word of the message . if outgoing.

Secondly. the BUS action for RCV3 messages consists of

I setting the RCV3 flag if a message is ready to be

i transmitted.

Thirdly. the BUS is serviced with a subroutine call to

• I B2MSTR . the Master BUS Service Routine.
‘~1
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Fourt h l~~. the resu lt ~ of BUS service are tested ls~ a

RCV3 me ssage was transm itted . the update flag is reset. A

test is mad. for a BUS error . and. if one is dete cted at

transmission time , the Executive subroutine , X3ERR is

ca l led .

The IIU section is serviced next b j setting up the

transmission. b~j checking the flU hardware status. Also.
p.

additional data for Block 206 i s  processed and stored in

array , MNBSIO.

The receiver measurements are processed last in

MICMSC . If the BUS frame number is 14, the measuremen t data

is read~j. The last time is propagated ahead b~ 16 FTF’S.

and the minimum time is se t  equal to the predicted time.

For five measurements, the week differences are corrected.

and the minimum time is calculated. If a pseudo range or

pseudo range rate is invalid , no processing for that data

occu rs. The difference between the predicted time and

measured time is calculated if the difference is greater

than 3/4 week . one week is added~ if the difference is less

than —3/4 week , one week is subtracted. The minimum time is

then stored . and the epoch is calculated. Fin allij the

corrected pseudo ranges . epoch . and pseudo range rates are H

stored in arra~j. MNBSIO for use b~j the Nav igation

Sub sy stem.

.
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t 1
1 Mnemonic: M1CRNC

Title: Re ceiver And Navigation Processors Control Task
I

Pripr itu : 160 Milliseconds

I Invoked ki&~.. Activated by M1CMSC. scheduled by executive

Invokes: M2BUSO. M2IIUT. M2STIN . X2WAIT

I Inouts: From Data Sets: MSXXXX , MNXXXX

Parameter SOuTCC

Last operator action command (MSOPCB ) M2BUSO, M2STIN
j RCVP initialization flag (MNCPRC(5)) M1CMSC

Epoch when FTF mod (16) — 11 (MNBSIO (1)) M1CMSC
Operator CDU command flag (MNCRCV (2)) MIADIS
Operator command (MNCRCV (3)) M1ADIS
FTF mod (16) at 160—MS boundary (MNCRCV (166)) M1CMSC
FTF when FTF mod (16) 11 (MNCRCV (169)) M1CMSC

Outputs: To Data Sets: MSXXXXS MNXXXX . MMALRT

Parameter Destination

Start of RCVR3 message buffer (MNBSIO(317)) M2BUSO
Start of RCVR3C message buffer (MNBSIO (345)) M2BUSO
MRC act ion command (MSMRCA) M2BUSO . M2STIN
Pend ing MRC action command (MSMRCP) M2BUSO, M2STIN
Last operator action command (MSOPCB) M2STIN
Sole access/release flag (MMFLAO) X3REG
Source select ion flag (MMSELM) N2SVSL
Soft cancel command Flag (MSCANC ) M2BUSO
Command acknowled ge/complete flag (MSMCMP ) M2RUSO
Operator CDU command flag (MNCRCV(2)) M1ADIS

q

Processing

M1CRNC provides the status and control functions for

I the receiver processor and the navigation processor.

The processing flow for M1CRNC is as follows : (1)

J Initializ , receiver command and receiver bus message routing

indicators; (2) call subroutine. M2IIUT . to transmit

Instrumentation Interface Un it (flU) data blocks ; (3)
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p rocess operat or commands. (4) call subroutine. M2STIN. to

process bus messages from the receiver processor; (5) call

subrout ine. M2RUSO . to transmit bus messages to the receiver

processor ;  (6) calculate six—Second epoch and FTF. and

1. 5—Second Z—count . +
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5.2. 5

Mnemonic: tUDBPR

Title: Data Collection Routine

Prior itu: 160 ms

Invoked k~~ 
A c t i v a t e d  by M 1CMSC

Invokes: X3REQ. X3REL, LAND, IBCLR, IBTEST

Inouts: From Data Sets: MBDBPR. MMALRT . MIEPHM . MTTCDS~
MNXXXX . MFDATA

Parameter Source
Cold start almanac (MFADAT ) Block Data
Receiver contro l table (RCVCTL ) M2STIN
Satellite data (2A bus msg. ) (MNR INA ) B2MSTR

Outnuts: To Data Sets MBDBPR
r

D,stirt.t~ on
Satellite data (MCDATA) M2DBSI, M2DBS2.

M2DB83

M1DBPR collects the data words received from the SV’s

or OT’s and passes data b l o c k s  to M1PDBR for proc essing.

The first time through MIDBPR. the cold start alm anac is

copied into the almanac data array for all 24 satellites.

Each t i m e  t h a t  the RCV2A bus message update flag is +

set. M1DBPR w ill attempt to collect a 24 bit data word . and

store it in the ar ray MCDA1.. The word i s accepte d and

stored provided: (1) The source has a valid ID . (2) The word

and frame numbers are valid (3) Data v a l i d i t y  is good.

+ 
(4) The roll momentum dump or SV sync fail is not set.

(5) There i s no parit y error~ or (6) The data b l o c k  is not

alread y being processed. The bit s in the array MCOWPC are

use d to keep track of which data words have been
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I
I

successfully collected from each subfr ame $~or each receiver +

channel +

I After word 10 in each subFrame is cop ie d . the data

bl o c k  v a l idat i on logic is executed. If al l the data for +

j subfram. I is collected and either the TOC or AODC is

different from the last subframe I wh ich was processed. then

I the block is marked okay for processing by M2DBS1. This

I block is used for either SV data or OT data and is marked to

Indicate which ty pe of source it is from Subframes 2 and 3 P

I must both be complete before Data Block II can be

processe d. This is the ep hem eris data so the AODE on both

I subframes must be the same. Again if the AODE is the same

as the last processed data then processing is not neede d.

I Subframe 4 contains th e satellite messages. so when all the

data is collected , and if the message has changed . then it

is passe d on for processing. Subframe 5 contains the

I almanac data and once all the almanac is collecte d then it

I 
is passed if th, time of almanac has changed.

+ The arr ay MCDBFL in data set MI3DBPR is used to control

I communication for each receiver channel with the background

task M1PDBR. It takes on the following value s : . 4

MCDBFL(NR ) — 0 No processing pendin g~

1 Process Data Block I for SV da ta

1 2 Process Data Block II.

I 3 Proce ss Data Bl oc k I for CT data ~

4 Proce ss the Messa g e Subframe;

I 5 Process Data Block III.
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I
Where NR is the receiver channel designation. and it takes

I values from 1 to 5.

I
I
I

t I
• r

I
I
I
I 

.
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5. 2.6

Mnemonic: M1.IIU0

Title; Instrum.ntation Interface Unit Data Conversion la..k

Prioritu : back ground

f Invoked D..~~. Activated by M1CMSC. sch eduled by Executive

Invok.s: M2HPF~
-I

Inputs: From Data Set(s): MNXXXX , NINTRF

Source j
User equi p ment ID (MNCIIU (28)) (operator )
Data for flU Block 002 (MNZBLK ( 1— 63)) N1XFRM
Data for lit ) Block 007 (MNZBLK (105—239)) N2MCNI
Data for IIU Block 010 (MNZBLK (265—323)) N2MCNI
Data for IIU Block 011 (MNZBLK (325—383)) N2MCNI
Data for l it) Block 201 (MNZBLK (385—544)) N2MCNI
Data for IIU Block 202 (MNZBLK (545—658)) N2MCNI
Saved FTF for flU Block time tag (NQIFTF ) N2MCNI
Saved IRIC for IIU Block time tag (NOIFTF ) N2MCNI
Opt ion number for Block 202 (NOZOPT) N2MCNI

Outouts.~ To Data Set(s): MNXXXX

Parameter De.ttination

lit ) Block 002 transmit flag (MNCIIU(2)’) M2IIUT
lit) Block 007 transmit flag (MNCIIU(6)) M21!UT
lit) Block 010 transm it flag (MNC1IU(8)) M2IIUT
lit) Block 011 transmit flag (MNCIIU (9)) M2I1UT +
lit) Block 201 transmit flag (MNCIIU (4)) M2IIUT
l it) Block 202 transmit flag (MNCIIU(5)) M2IIUT
Data for flU Block 002 (MNZBLK ( 1— 63)) M2IIUT
Data for lit) Block 007 (MNZBLK(105—239)) M2IIUT
Data for lIt) Block 010 (MNZI3LM(265—323)) M2IIUT
Data for lit) Block Oil (MNZBLK (325—333)) M2IIUT
Data for 110 Block 201 (MNZBUU 385-544)) M2IIUT
Data for l it) Block 202 (MNZBLK (545—658)) M2IIUT

Processing

P111100 performs the Instrumentation Interface Unit

(lit)) Bloc k formatting and data conversion required prior to

transmission to the Hewlett—Packard HP21MS lit) data

acqu ision c omputer. The specific data blocks converted are: +
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I
(1) BLock 002 — Bjseline bl o ck: HDUE Motion A ccurac y (2)

Bloc k 007 — Baseline block , Nay Covariance Matrix (3) Block

I 010 — Baseline block: Range Residuals (4) Block 011 —
Baseli ne block: Range—rate Re s i d u a l s  (5) Block 201 — Nay

I Filter Inputs And Filter States (6) Block 202 — SV Motion

And Nay Filter Gains.

I The output of the lit ) da ta is complicated by two

I factors: (1) some data must be ta gge d w i th a par t i cula r t ime

dur ing the filter cycle ; (2) data is ‘captured in one task

I priorit y , converted in a second priority , reformatted in a

third , and. finally , transmitted in a fourth task priority.

I
I

I
F

I
I
I
I
J
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• 5 2 7

1 Mnemon ic : M1PDBR

‘ 
Title. Data Block Processing Routine

P ri o r i t u ’ Background

1 invoked k~L 
Act ivated by M1CMSC 

4

Invokes : M2DBS1. M2DBS2. M2DBS3

I Inouts . From Data Sets: MBDBPR, MNXXXX

Parameter Soy rçe

I Satellite data (MCDATA ) M1DOPR
Control Parameters (MCDBFL) M1DBPR

I 0.utDuts; To Data Sets :  MWDMSD
I

Paramete r D es tin~~tip n
Satell ite Messages (MWMSSO )

Proces sino

I M1PDPR processes the data collec ted by M1DBPR. This

data is processed b y receiver number for any entry in MCDBFL

which is nonzero. M2DBS1 is called for Subframe 1. and will

1 handle both SV data or 01 data. The ephemeris data in

Subframes 2 and 3 is processed by callin g M2DBS2. Almanac +

1 data in subframe 5 is processed by calling M2DBS3. The SV

messages in subframe 4 are cop ied into the array MWMSSO by

receiver number. The data collection status words in MCDBFL

I are reset to 0 and M1PDBR then suspends itse lf by calling

X 3WA IT.

I
I
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5 28

1 Mnemon ic; M28LN~

I 
T~~tle Blank Leading Zeroes on Control Display Unit

Prjprjtu: 640 ms

I Invoked k~~ . M 1ADIS

Invokes; None

I Inputs. From da ta se t  MNXXXX , Argument list START. END. DISP

I 
Parameter SQ urce

First char acter position to be blanked (START) M1AD IS
Last character position to be blanked (END ) M 1A D I S

I Display (1—upper. 2—lower ) (DISP ) MIADIS
CDt) display buffers (MNOCDU (79—98)) M 1A D I S

I Outouts:

E.&EA~!1L~1I. Desti nation

CDt) disp l a y  buffers (MNOCDU(79—98)) M1ADIS

I
M2BLN~ blanks leading zer oes in the CDU displ a y s as

I determine d by the inputs STARTI END. and DISP . START

indicates the first character posit ion to be blank ed , END H

I the last , an d DISP the d i s p l a y  to be b l anked .

I
I
1
I

~1 
+
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I _ _ _ _ _ _  _ _ _ _ _Mn.moni c _ M2Bt)S0

Title: Serial Bus (STDPI ) Message Output Routine

Pr ior itu: 160 Milliseconds

invoked ~~~~ M 1CRNC

$~j~yo~ .i. F$RQPIY

Inouts ; From Data Sets MMALRT . MAXXXX , MNXXXX , M SXXXX 
+

Pararnet,tr Spurc e

Acknowledgement time—out constant .MAC~ NL) Block Data
Completion time—out constant (MACMPL) Block Data
Status of navigat ion sources (MMSTIJS .1—5)) NIMITV% ,N1SVPN, -1

N2SVSL, N2FOTP
Message acknowledge flag (MSMACI’S ) M2STIN
Message acknowledge time—out cntr (MSMATC ) M2BUSO
Message acknowledge time—out flag (MSMATD) M2BUSO
Command acknowledge /complete flag (MSMCtIP) M2STIN
Message complete time—out counter (MSMCTC) M2BUSO +
Messag. complete time—out flag (MSMCTO) M2BUSO
MRC action command (MSMRCA ) M1CRNC , M2BUSO +

Pending MRC action command (MSMRCP ) M1CRNC .M2STIN
Message transmit flag (MSMXMT) M2BUSO
Me ssa g e retransmit flag (MSRXMT ) M2BUSO
Copy of MMSVID (MNCRCV (9-13)) M2STIN
BUS message delay counter (MSBMDC ) M2BUSO+ Soft ca nce l command flag (MSCANC ) M1CRNC , M2STIN

Outouts : To Data Sets MNXXXX , MSXXXX

Parameter Destination

Track failure flag (MNSTAT) M1ADIS
Message acknowledge flag (MSMAC~~) M2STIN
Message acknowledge time—out cntr (MSMATC) M2BUSO
Message acknowledge time—out flag (MSMATO) M2BUSO
Command acknowledge/complete flag (MSMCMP ) M2BUSO
Message complete time—out counter (MSMCTC ) M2BUSO
Message complete time—out flag (MSMCTO ) M2BUSO
MRC action command (MSMRCA) M1CRNC .M2STIN

M2BUSO
Pend ing MRC action command (MSMRCP) M2BUSO.M2STIN,

+ Messag e transmit flag (MSMXMT ) M2STIN,M2BUSO
Message retransmit flag (MSRXMT ) M2BUSO
BUS message delay counter (MSBMDC ) M2BUSO
Soft cancel comma nd fl ag (MSCANC ) M2BUSO
RCVR3B BUS m e ssage buffer MNBSIO (329—344)) (RCVR )
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Processi no

M2BUSO controls the tr~ nsmis s ion of the STDM BUS ou tp ut

for the RCVR 3B message. When a message is to be

transmitte d thi s routine load s the appropriate 6a~ a into

I the messa ge block , sets the update flag. ~~~~~ tn~ message,

and resets the update flag.

The processing flow for M2BUSO is as Follows: check for

a so f t  cancel command pending. Reset semaphore and transmit

+ 
cancel message. Set NRC act ion command to cancel. Check if

message to be retransmitted. Check if message has been

transmitted. Check for acknowledged. Check for completion

of command. Message com pleted ; check for message pending. +

Check  for aiding availab le for concentrated search. If NRC

message is pendin g. dela y message by 320 MS. Set NRC action

command to action pending. Set NRC pending action to -;

command to no action. Copy the SV’S in MMSVID into BUS

message. Copy NRC action c ommand and set update flag.

I Reinitial ize f lags after message transmission set mode error

f la g retur ne d by reciever to no error. Set message

1 a c k n o w l e d g e time—out counter to zero. Set message complete

time—out counter to zero. Set BUS message delay counter .

1 (320 ms delay ) set message retransmit flag to “don ’t

I retransmit ” . Set message f la g to “message transmitted” . +

Set MSMACK flag to “no acknowl edgement ’ . Set messag e

I complet ion fl ag to “not completed” . Initialize

ac kn owle d gement and completion time—out counters message

completion time—o ut logic. Message complete time— out ; check 
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I
if second time M.%SoJQ has. tini ed iiu t t wii e jet t i a ~~k

failure flag and transm it me ssa ge again Message

acknowledgement time—out lo gi c. Chec k for time out

Messag. acknowledge tim e—out Check i f se~ ond t i m e

Message ac k nowl e d ge has ti med out tw ic e ~iet track fai l +

flag and send messag e again Send transmitted message

again. (retransm i t )

4 +

.
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5 2. 10

Mntmonic~ M2CRU~
Title ; Control Display Input /Output Inte r f a c e

Pr ioritu.~ 100 ins

lflvokid ~~~~ MICCIO

invokes: None

Ineuts . From data ~.t APINXXX ~ASM ldnguage ver~.ion of MNXXXX )

Parameter ______

Previous kybd row number (MNOCDWIO )) CRIM interfa c e card
Previous kybd column number (MNOCDW12)) CRIM interf ace card
‘eg Input enable (MNOCDU (16)) CRIM interface card
16—segment d i s p l a y  characters ~MNOCDW 39—58)) MICCIO

Outouts :

Parameter O,st ina +tiQjl

Mode switch position (MNOCOU (1)) CRIM .nt.rface card
Data switch position (MNOCDU(.~

)) CRIM interface card
Waypo int switch position ~MNOCDW3)) CRIM interface card

+ + Format switch position (MNOCDU (4)) CRIM interface card
Last kybd row number (MNOCDU (10)) CRIM interface card
Last kgbd column number (MNOCDUtI2)) CRIM interface card
Keyb oard row number (MNOCDU (14)) CRIM interface card
Keyb oard column number (MNOCDU (15)) CRIM interface card

.4 Caution light (MNOCDU (17)) CRIM interface card
“Processor active ” flag (MNOCDU(1S)) CRIM interface card

Pro cciii n~Q .

First. M2CRUS check. the “processor active ” flag and

sets It, if it is not alread y set The controller monitor

is turned on. and then the mode , data , and wayp oint switches

are checked and their corresponding values updated The

forma t cwitch latch is checked. If key input is enabled

(MNOCDU (16) — 0), the keyboard is scanned for a push. If

none Is detected the last row and last column numbers are

cleared. If a push is d e t e c t e d  the new row and new column
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numbers are updated . if there is a change .

‘H For output . the 16—segment characters are d isplayed.

up per display first left to right , top half of character

first. The controller monitor is turned off and the caut ion

- light is checked  to see if it shoul d. be on or  off.
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5.2.1 1

Mnemon ic: M2CVNN

Title ; Integer to ASCII conversion

Prior ity: 640 ms

Invoked 
~ L. 

IIIADIS

+ Invokes: ISHFT +

+ Inouti; From data set MNXXXX , argument l i st NUN, DISP , CHRNM,

DEC. P08. SIGN, HEX +

Parameter Source

Decima l number to be converted (NUN ) M1AD IS
Displa y number (1— upper. 2 lower ) (DISP ) M1ADIS V

Number of digits to display (CHRNM ) MIADIS
Decimal /hex flag (0—dec. — l hex ) (DEC ) M1ADIS
First character position (POS ) MIADIS
Hex number to be converte d (HEX) M1A D IS

Outeuti :

Parameter Destination

CDU disp l a y s  (MNOCDU(79.98)) M1ADIS
Sig n of conve r ted number ~SICN ) M1ADIS

Proceisino ;

M2CVNM conve rts a number into a form suitable for

+ display on the CDU. It accepts. as input the number to b e

I converted (either d~~cima l or hex ), the position it is to

+ occupy on the CDU. the length . and which display it is to

+ occupy. upper or lower. The converted number , eipand ed into

Its ASCII equivalent characters , is copied into the array

MNOCDU (79—98). along with the sign of the number . if it is

j decimal.

I.
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5.2.12

Mnemonic: M2DBSI

Title ; Move Data Block I

Priority : Background

Invoked biL M1PDBR

Invokes: M2MOVE, X3REG. X3REL. LAND, b R ,  ISHFI . EASHFT

[notits : From Data Sets: MBDBPR. MMALRT

Arguments : N —> Receiver Number

Parameter Source

Pr~ cess~ ng Flag (NC DBFL) M1DBPR. M1PDI3R
Data Block I (MCDATA ) MIDBPR, M2MOVE
NAY Satell i te ID ’s (MMSVID) N2SVSL

Outouts: To Data Sets:  MIEPHM . MTTCDS

Parameter D eS tina tiOn

Ephemeris Data (MIEPHM ) N2SVEC . N2SVSL
N1SVPN

Ephem eris V a l i d i t y  Flag (MIEVFL ) N1SVPN. N2SVEC 
+

Cloc k Data (MTTCDS ) N2SVEC , N2IQNO
Clock Val idity Flag (MTTVFL) N2SVEC. N2IONO

Processing +

M2DBS1 performs the unpacking and reorganization of

Data Block 1. N is the receiver number which is passed as

the parameter since all data is organized by receiver. For

CT’S. words 3 thru 7 are proc e ssed for X Y Z position and

saved for ephemeris data. The eigth word is process for age

of c lock  data and OPS re ference t ime and saved f or c l o c k  +

data. The n inth and tenth words are for the 3 polynomial

coeffic ients for clock data. Special care for coefficient

A (O) because for CT’S, it is a 24 bit number and for SV’S it

is a 22 bit number.
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X3REG is used to obtain sole access of th,.~ satel~~xte

ID’S which are then copied to local data then sole access is

droppe d by calli ng X3REL. The ID’S are searched for a match

with the sate l l i te ID’S from the r ece i ve r and the generic ID

ISV is obtained. For CT’S the ephemeris data collect ed

ab ove is moved to MIEPHM (J. ISV) J~ 1 to 8 after sole access

is obtained of MIEPHM. Th e access for the data array is

released and the ephemeris validity flag MIEVFL (ISV) is set

true. Then sole access for clock data array is obtained and

the clock data obtained above is moved to MTTDAT(i. ISV) i—i

th ru 7. The sole ac c ess is then released and the clock data

val idity flag MTTVFL (ISV) is set to true. The data

collection status word is reset to 255 signifing that 8

words of data have been collected.

L 
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5.2.13 

+

1 Mnemonic: M2DBS2

I 
Title: Move Data Block II :+ 

+

Prior itu : Background

I Invoked ~~ M1PDBR

Invokes: M2MOVE, X3REG, X3REL, IBCLR , ISHFT, EASHFT + +

Ineuts: From Data Sets: MBDSPR. MMALRT

‘ 

Arguments: N => Rece iver Number

Data Block I (MCDATA ) M1DBPR, M2MOVE
NAY Satell ite ID’s (MMSVID) N2SVSL

Outputs: To Data Sets: MIEPHM

Parameter Destination

I Ephemeris Data (MIEPHM ) N2SVEC , N2SVSL
N1SVPN

— Ephemer is Validity Flag (MIEVFL ) N1SVPN. N2SVEC

~~ 1 
_ _ _Proc ess + ino

M2DBS2 ii the unpacking routine for data block 2

subf rames 2 and 3. The data is received as 24—bit words and

I is reorganized to fit either 16—bit or 32—bit word (s).

I 
The following tables shows what 24—bit word the data

comes from and the word number (s) it is placed in the

I ephemeris data array.

• 1

I
+

11

I 
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For subframe 2:

SOURCE DESTINATION
DESCRIPTION WORD NO. WORD NO. +
Age of data 3 2 1 + +
Sone of orb i t rad ius 3 17
Mean motion difference 4 18
Mean anomaly 5 1 a d  2
Cosine of erg of latitude 6 19 +

Eccentricity 7 2 and 4 . 
+

Sine of arg  of latitude 8 20
Square root semi major axis 9 5 and 6
Time of ephemeris data 10 15 and 16

For subf rame 3 : +

SOURCE DESTINATION
DESCRIPTION WORD NO. WORD NO.
Cosine of inclination angle 3 22
R i ght ascension 4 7 and 8
Sine of incl inat i on angle 5 23
Inclination angle 6 9 and 10
Cosine of orbit radius 7 24
Arg ument of perigee 8 11 and 12
Rate of rig ht ascension 9 13 and 14

The ID’S are copied f rom t h e NAV l is t to  l o c a l  d a t a an d

compare d with t h e  ID for receiver N to obtain the generic id

such that MMSV ID t TSV ) MMSVAD (N ) . Then locking out +

interru pts to communications memory by calling X3REO the

ephemeris data collected above is copied to MIEPHM (J. ISV )

J—1 to 24. The inte rrupts are then enabled by X3REL and the

ep hemer i s availa b i l i ty flag is set to true. The data

collectio n status for subframes 2 and 3 are set to 255.
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5.2. 14

Mnemonic: M2~DBS3

Title: Process Almanac Data

Prioritu: Background

Invoked DJL M1PDBR

Invokes: X3REQ. X3REL, LAND. ISHFT, EASHFT. IASHFT

Inouts: From Data Sets:  MBDBPR

Arguments: N ~> Rece iver Number

Parameter Source

Data Block (MCDATA ) M1DBPR
ID by Receiver (MCSVAD ) M1DBPR

Outouts: To Data Sets: MPALMC 
L

Parameter Destination

Almanac Data (MPALMC ) N2SVEC . N2SVSL
NiB VP N

Alma nac Val id i ty Flag (MIEVFL ) N1SVPN, N2SVEC

Procea sina

M2DBS3 performs the unpack ing of almanac data by

receiver number N. The dat a received in MCDATA are 24—bit

numbers and has to be reorganized into standard TI formats

of 16—bit or 32—bit numbers. The following table describes

the data . the word number in the source array and the word

number in the destination array in local memory. +
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SOURCE DESTINAT ION +

DESCRIPTION WORD NO. WORD NO. 
+

Eccentr icity 3 1 and 2
T ime of data 4 11
Inclination angle 4 12
Health word 5 13 +

Rate of right ascension 5 2.4
Square root semi major axis 6 3 an.1 4
Right ascens ion 7 5 and 6
Argument of perigee 8 7 and 8
Mean anomaly 9 9 and 10
Time parameter 0 10 15
Time parameter 1 10 16

The interrupts into communications memory are locked
p

out so the almanac data c o l l e c t e d above ca n b e co pi e d into

MPADAT (I,NSV) I~~1 to 16 wh ere NSV is t h e  s a t e l l i te Id

associated with receiver N (ie. NSV MCSVAD (N) ) .  The data
I-.

collect ion status word MCDWPC (5 N) is set to 255.

[ 
++ I
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+

Mnemonic: M2P~FFP

Title: Hewlett—Packard Floating Point Conversion Rout ine

Prioritu : Backg round

lnvok td ~~~~~~~~ M1IIUO

Invokes, (None)

Inputs : From Data sets: (None) +

Argument list: +
(1) Source address of floating point number to be converted
(2) Type of conversion required
(3) Destination address of converted number

Outouts; To Data Set : None )

Argument li st.
Converted floating point number

Process ino

M2HPFP converts IBM / Texas Instruments 9900 format.

single or double precision floating p oint values (32 bit or

64 bit ). to Hewlett— Packard ~HP) format. single or double

precision floating point values (32 or 48 bit ). This

conversion is requ i red of certain data transmitted through

t he Instrumentation Interface Unit (III)) to the Hewlett—

Packard HP2IMX data acquisition computer.

The fortran call ing sequence is as follows ;

CALL M2HPFP ( IBMFP, NPREC . HPFP

where. IBMFP — Singl. or double precision IBM forma t

float ing point input value

NPREC — Integer va l u e  representing precision desired:

1 Single t32 bit ), from double precision input
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2 Double ¼4 Ei b i t . ~rorn do ub~~ ~r~~L~~s:on i i p u t

3 Single (32 bit ) . from single preci sion input

HPFP — Single or double precision HP forma t floating

point output value

(In the following detailed des cr :pt ion . value s will be

stated as decima l number s, unless stated otherw ise. )

The IBM floating point format has a sign bit followed

by 7 exponent bits and 24 or 56 mantissa bits . depending on

the precision The exponent value is the actual hexadecima l

exponent plus 64 (i.e. • it has an effective range from —64 L

to +63>. Thus~ the exponent value after adjustment is 
+

always positive , and likewise , the mantissa is always a

positive number (not complemented ). The sign b it , if set,

means the represented number is negative

The HP format has a sign bit followed b y 23 or 39

mantissa bits , depending on the prec ision . followed by seven

exponent bits , and then one exponent sign bit. Both the

mantissa and exponent are complemented if they are negative.

I. e . • if their respective sign b i t s  are set.

(Note that the IBM exponent is a power of 16~ th e HP

exponent is a power of 2. )

After obtaining passed arguments. M2HPFP clears to zero

t h e  l ast two words of input if NPREC has a value of three.

meaning th e input val u e is single precision. The

hexad ecima l exponent is converted to a b i t (binary )
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e x ponent and the m ant it~.~ is renorma il zej to eliminate

leading ieroes . The renormalization logic is separated into

positive and negative fraction branches . since negative

values must be complemented f i r s t  a nd  t e s t e d  f o r  l e a d i ng  +

ones instead of zeroes.

The si gn of the mantissa is then set . and the exponent

I and its sign are also set. The HP floatin g point value (34

or 48 bits) is moved to the desired destination address

I passed b y the calling routine.

I

I
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+ 5.2.16

Mnemon ic: M2IIUT

Title: Instrumentation Interface Unit (IIU) Data Transmitter

Prioritu: 160 ms

Invoked ~~~~ M1CRNC

Invokes~ (none>

Inouts: From Data sets: MNXXXX , MTTCDSI MIEPHM, MWDMSD.
MPALMC , MMALRT . NINTRF. MBDBPR .
MAXXXX 4~

.

Paramete r Source
IIU block ID table MAAU ID (1—16) Block Data
IIU block starting addr. table MAAUAD (1—16 ) Block Data
IIU block length table MAAUBL (1—16) Block Data
IIU block priority table MAAUPR (1—16) Block Data
BLOCK 002 Baseline Bik MNZBLK( 2- 65) NAVP
BLOCK 006 Baseline Bik MNZBLK( 72— 104) MSCP
BLOCK 007 Basel ine Bik MNZBLK (108—264) NAVP
BLOCK 010 Baseline Elk MNZBLK (266—319) NAVP
BLOCK 011 Baseline Elk MNZBLK (326—379 ) NAVP 

+

BLOCK 018 Baseline Bik Variable 115CR
BLOCK 201 Filter Input MNZBLK(388—544) NAVP
BLOCK 202 SV/GT Motion MNZBLK(546—844) NAVP 

+

BLOCK 206 Raw Meas MNBSIO ( 1-106) NAVP
BLOCK 207 ReceIver Aid MNRSIO (345-392) MSCP
BLOCK 208 SV Control MMSVID ( 1- 38) NAYP
BLOCK 209 CDU Data MNOCDU( 1— 40) MSCP
BLOCK 210 Receiver Cntl MNCRCV ( 1—145) MSCP
BLOCK 211 Status Vector MNSTAT( 1— 112) MSCP
BLOCK 212 Data Block I MTTCDS( 1— 49) MSCP
BLOCK 213 Data Block 2 MIEPHM ( 1—130) MSCP

Outputs ; To Data Set; MZXXXX

Parameter Destination
IIU Blocks output array (MDZIIU) IIU

Processin~

M2IIUT determines which IIU data blocks are to be

transm itted, and writes a block of data to the IIU when it +

is ready to accept it. There are 16 unique blocks , with

l en g th s vary ing from 36 words to 160 words. The types of

blocks are:
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(1) MSCP ~fiie d— addr t ’~~~, dir ~’ct copy ).

(2) NAVP (fixed—address , formatted ).

+ (3) Variabl , address

For the variable address block , the MSCP bl oc ks are

merely copied at transmit time from various areas of

Communications Memory. NAVP bl.c ~~s are formed up and

+ + reformatted b y the NAVP Subs y stem into a buffer area in

Communications Memory. and then copied at transm it time

The variable—address block (of which there is on l y  o n e)  is

copied from a contiguous a rea .  with the starting addr es s

relocatable by the QPS—HOUE operator at any p la~.e in

Communications Memory

Th, processin g flow for M2IIUT is as follows

- 
.. 

(1) Check for  a 3840 millisecond bound ary

(2) Find all 1113CR and variable blocks and set

ready—to—tran smit flag

(3) Check IIU — busy flag o if not read y . branth to ex it.

this routine s if read y . continue

(4) Ch eck “read y — t o — t r a n s m i t ”  array. MNC IIU (1— 1,S). for any

IIU b l o c k s  read y. b e g i n n i n g  with the hig hest pri ori t g~ if

none read y. branch to •xi t t h i s  routin . i f

continue.

(5) Co py FTF to II I.) bu ffer

(6) Preset word number counter to one

(7) If NAVP blo~..k. FTF is in data. so advan e word ounter

by two only for MSCP b l o c kse one except i on is Iflock 206

(8) Check for variable type~ ,f ye s . copy the starting

L 
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addr es s and adv ance word c~~uriter, i~~ no, c3ntLn ue .

(9) Calculate end address for current block process.

(10) Copy the identificati on number and block length as a

in g le p a c k ed word to t h e  1111 buffer.

(it ) Copy data for the remainder of the b lock to the IIU

b uffer.

(12) Reset th e blo ck read y—to—transm it” flag to zero.

(13) Set the 110 transm it flag and exit thi s routine.

PAGE 116 

~~~~~~~~~~ 

- 

~~



+ - -
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5.2.17

Mnentanic: M2MOVE

Title: Data Block Proces sing Utili t y

Prior itu: Background

Invoked ~~~ M2DBS1. M2DBS2

Invokes: LAND. b R ,  EASHFT

Inputs : From Data Sets : MBDBPR

Arguments: II > Double Word Number in MCDATA

N => Receiver Number

Parameter Sou rce

Data Block I (MCDATA ) MIDBPR P
Out~ uts: To Data Sets: MBDBPR

Parameter D~ stjnat ion

Source Data (MCDATA) M2DBS1, M2DBS2

Processin g

M2MOVE w i ll com bi ne th e th ird b y te of th e doubl e word

Il—i with the first three bytes of double word II of source

data for receiver N. The unit of storage from the source is

a 24 bit word so a double precision number is split between

two words as shown in the before arid after image below.

BEFORE MCDATA (II—1,N ) xx~~x x x x x x x x x x x x x
1111111100000000

MC DATA (II, N) = 2222222233333333
4444444400000000

AFTER MCDATA ( II, N) = 1111111122222222
3333333344444444
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5.2. 18

Mnemonic: M2STIN

Title: Status And Input Bus Message Routine

Prl.oritu: 160 ms

Invoked ~jj~~ MICRNC

Invokes: X3REG , X3REL. IBTEST. lEaR , AI3 S

Inputs: From Data Sets: MSXXXX , MAXXXX , MNXXXX , MMALRT,
MIEPHM, MTTCDS

Parameter Source
IIU status codes map (MARMDE ) Block Data
Alt itude—hold degraded—mode flag (MMALHO ) N2FOTP
Sole access /release flag (MMFLAG ) N1SVPN
Range bias degraded—mode flag (MMRI3HO ) N2FOTP
Navigation source status (MMSTUS) N2SVSL,N1SVPN,

N2FOTP,NIMITK
SV identification numbers (MMSVID) N2SVSL
U p d a t e f l a g  f o r  ~irr ay . MMSVID (MMSVUD) N2SVSL 

+

tlodulo—16 FTF time (tINCRCV (166)) MICMSC
Pseudo—range measurement (MNBSIO(11)) M1CMSC
RCV2 bu s message (MNI3SIO (145—298)) B2MSTR

Out.outs: To Data Set s : MMALRT, MIEPHM, MNXXXX

Parameter Destinat ion
Altitude—hold degraded—mode flag (MMALHO ) N2FOTP, N1MITK
Ephemer is data validity flag (MIEFLO ) N2SVEC , NISVPN
Numb er of va lid nay, sources (MMNVSV ) NIMITK
Range bias degraded—mode flag (MMRBHO ) N1MITK, N2FOTP
Navigatio n sou rc e stat us (MMSTUS) N1SVPN, N1MITK,

N2FOTP
Dua l frequency flag (MNCRCV (83—87)) N2IONO
Rece iver control table (MNCRCV (38—62)) M1ADIS
R e c e i v e r LRU s t a t u s  MNSTAT (9)) MIADIS
Range differences (MNCRCV (88—92)) N2IONO

Process i no

M2ST IN processes the Serial—Time—Division—Multiplex

(STDM) input b us messa g e s (type RCVR2), generates status

information , controls the receiver command sequences. and +

filter , the L1/L2 frequency range difference data when in

th. precision mode.
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The following describes the proce ssing flow for

M2STIN.

(1) Process the receive r command messages (type RCVR2B). and

determine channel assignments.

A chan nel assignment is made for a given generic SV

number between 1 and 5 provided the corresponding status

word in the RCV2B bus messages words 8 to 12, is positive

and between 1 and 5. This is recorded by storing the status

in the proper place in MMRECN. For precision mode . the

channel from which L2 measurements are taken is copied from

+ word 13 in RCV2B into location MSL2RC.

(2) Process the receiver status/data messages (type RCVR2A).

and replace generic SV assignments with actua l transmitter

numbers.

The RCV2A message is ord ered by rece iver c hannel

number. Receiver contr ol information is taken from the

RCV2A bus message and recorded in MNCRCV (38) to MNCRCV (62).

This Inclu des SV ID number . tracking status . commanded mode.

frequency and antdnna An SV ID number is assigned provided

its receiver assignment as g iven by the RCV2B message is

cons istent with its position in RCV2A. The current generic

SV number associated with the pr ecision channel is

+ determined and recorded in MSPRSV.

(3) Determine the number of sources for navigation and

degraded—mode data.

A source is considered to be active for navigation

prov ided it has a status of 4 or 5~ is in a val i d rang ing
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mode , and has a valic receiver channel assignment. Th~

number of sources that the system is currently navigating

with is stored in MMNVSV. Values of the degraded mode

control flags. MMALHO and MMRBHO, are set according to the

value of MMNVSV . This is fully discussed in Section 3.3.7

E.

(4) Determine status of receiver tracking data; calculate

delay time in reacquis ition.

If there is no soft cancel pending. the previous

command has completed arid there is no command pending . then

the channels which are in reacquisition mode (13) are

determined. If twenty seconds pass during which at least one

channel was in reacqu isition. then it is assumed that

reacquisition has failed and a new concentrated search is

commanded.

(5) Check receiver command acknowledge end set flag.

A command must be acknowledged before it is examined +

for completion. The message complete flag (MSMCMP ) is set

provided the message com plete indication in the RCV2B

message is positive and agrees with the command (MSMRCA).

(6) Process error report and memory read/write report. +

The error report is saved Prom the RCV2F message in

MNSTAT C66—80). The RCV2O message is copied into

MNMEtIG (11’-iS). +

(7) Process data for IIU Block 006 and CDU interface.

The SY ID numbers for CDU d isplay are saved in

MNCRCV (15—20) by receiver number. Data for the first four
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SV’s w i t h a status of ~3,4 or 5 i~~ saved  for  110 Bloc~ o

This includes SV ID. channel health, mode. frequency and

anten na.

(9) Process command /status data for constellation change.

M2STIN examin e s the constellation up da t e flag (MMSVUD). 
+

and cop ies MMSVID into MNCRCV (9—13)+ It then commands a soft +
cancel and sets the command pend ing to whatever the current

operator command (MSOPCB) i s +

(9) Process precision mode c ommand.

For a precision mode command to be issued the following

cond itions must be met. The soft cancel flag (MSCANC ) must

not be set. Precision mode must not be already commanded or

pending. The previous commm and must be compl et ed . and no

other command can be pending. There must be five good

receivers and we must be navigating with four sources If we

are in degraded mode . or there is less than five good

receivers , then precision mode is cancelled by issuing a

soft cancel command.

(10) Process preci s i o n  measurements.

Precision mode measurements are processed provided a

precision mode command has been issued and completed. This

processing is described in S e c t i o n  3.3.6 E3 .
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5. 3 NAVIGATION SOFTWARE MODULE DESCRIPT IONS

5.3.1

Mnem onic: N 1IN IT

Title: Navigation Subbystem Initialization Task + +

Prior itu: Executed at Power Up . !3ack ground

Invoked ~jLi.. 
EXECUTIVE

Invokes: X3ACT, X3WAIT, N2NVIN. X3STOP

Inputs: Data Sets MNXXXX , XGPRUP

Parameters Sources
First 20 ms update flag (XGPRUP ) Executive Subsystem
NAV “go/no go ” f lag (MNCNAV(2)) M1ADIS

Outouts: none +

Pr Qç eJsinQ : 
+

NIINIT performs the initial i zation for the navi gation

subsystem. X3ACT is utilized to activate a task passed as

its argument. The navi gation — master state comunications

task X1COMN is the first task activated. N1INIT will then

success ively suspend itself by call ing X3WAIT unt i l the

first 20 ms update fla g XGPRUP is not zero. N1INIT will

keep  on calling X3WAIT until the NAV 00/NO. 00 flag i s set to 
+

go by master state. At that time . the navigation data sets

are initialized by calling N2NVIN. Th en the satell ite

coeff i c i en t task N1SVPN is activated. After the activation

of NISVPN. N1INIT w ill again call X3WAIT. This leaves only

N1SVPN active , therefore , N1SVPN wi ll exec ute an d satell ite

c o e f f i c i e n t s  will be read y for the other NAV t a s k s  when they

are activated. N1MITK. N1XFRM. N1MCNS and N1NFLT are

activated and then N1INIT cancels itself by calling X3STOP.
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5.3.2

Mnemonic ; N1MCNS

Title: Satell ite Clock and Dopp ler Correct ions

Prioritu: 1280 ms

Invoked 
~jLj.. 

Act ivated by N1INIT

Invoke s : X3REG, X3REL

Ineuts: Data Sets MNXXXX , MMALRT. NINNER, MTTCDS, NINOUT,
NCONST, MPALMC +

Parameters Sources
Source ID (MMSVID) N2SVSL
NAV Execut ion State (MNCNAV ) N2NVIN, M1ADIS
Clock Correct ion Data (MTTDAT) M1DBS1
Alm anac Da ta (MPADAT) M1DBS3
Clock Correct ions Flag (MTTVFL) M2DBSI.

Outouts: Data Sets NINNER . MNXXXX

Parameters 
+ 

Destination +
Cl ock Corrections (NOZCLK ) N2MCNI
Doppler Correct ions (NOZDOP ) N2MCNI
NAV Initializaton State (MNCNAV (1)) N2MCNI

Processino :

N1MCNS com p utes the c lock and do p pl er correct ion s for

either satellites or ground transmitters. The navigation

state mu st be set to “go ” and the in i t i al i zat i on flag must

not be —1. N1MCNS will process all active navigation

sources. If the source is a ground transmitter then a clock

offset is set to 0.07247077224 seconds. The offset for

satellites is zero. If the clock correction ephemeris

availability flag is not zero, then sole access of the clock

correct ion data is obtained. The data is copied to local +

variables , and the following constants are computed.

A0 1. 164153218E—10 MTTDAT (3 and 4)
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1,

I
Al 1. l~~6869377E—13 MTTDAT (7)

A2 2. 775557562E—17 MITDAT(6) +

TOC = 16 MTTDAT (7 and 8)

For gro und transmitters without ephemeris the clock 
+

correct ion is set to the negat ive of the c lock offset from

above, and the doppler correction ~s set to zero. For a

satellite without ephemeri s, sole access is obtained for the

almanac data~ and the time correct i on alm anac is co pi ed to F
local variables. The following constants are then computed:

A0 = 7.629394531E—6 MPADAT<5) 
+

Al = 2.910383046E—11 MPADAT (6)

A 2 = 0

TOC = 4096 MPADAT(1)

The clock correct ion and the doppler correction are then

computed as follows:

dt = FTF/50 — TOC.

FTF is the current user time in 20 ms units. If the

absol ute value of dt is less than 302400 (a half week in

seconds ) , then it adds 608400 (a week in seconds) to dt to

compensate for end of week crossovers. The quantity dt is

t h e  elapsed time between current time and the clock

correction reference time TOC.

NQZCLK(ISV) = A0 + dt (Al + A2 dt ) — Offset

NQZDOP(ISV) = — (Al + 2 A2 dt ) C

Where ISV takes values 1,2.3.4,5 and are the generic SV or

+ 01 ID’s. and C is the speed of light.
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5.3.3

Mnemon:
~~~ ______

Title: Inner Loop Control Task

Prioritu : 320 ms

Invoked ~~~~ Activated by NIINIT

Invokes~ N2MCNI. N2NEGS, N2HMTR, N2NVIN, X3WAIT. X3T IMM

Inouts: Data Sets MNXXXX , MMALRT, NINNER, NINTRF . NINOUT,
NCONST. NOUTER. NTRANS

Parameter s So yr ces
Source ID (MMSVID) N2SVSL
Source Status (MMSTUS) N2SVSL, N2MCNI,

N2SVPN, N2FOTP
NAV Execut ion State (MNCNAV) N2NVIN, MIADIS
Number of Act ive Sources (MMNVSV ) N1MCNS
Measure d Range (NORNOM ) N2MCNI
Computed Range (NORNOC ) N2HMTR
Range Bias (NORBIS) N2MCNII N2NEGS
Measured Range Rate (NGRTMR ) N2MCNI
Computed Range Rate (NORTCM) N2HMTR
Range Rate Bias (NGRTBS) N2NVIN, N1MITK

~‘~~ r States (NSTATE) N2NEQS, N1MITK
Range Gains (NQRGNS) N2COVR
Range Rate Gains (NORTON) N2COVR
Alt itude Hold Gains (NALHGN) N2CQVR

Outpu ts~ Data Sets NINNER, MNXXXX

Parameters Dest ination
User States (NSTATE) N2NEQSI N2MCNI.

N2HMTR
States f or Outer Loop (NGFSTE) N2FOTP
Source Status (MMSTUS) N2MCNI, N2FOTP,

N2SVSL, N1SVPN
Satell ite Position (NOSVPF) N2IONO. N2FOTP
Satell ite Velocity (NGSVVF) N2IONO, N2FOTP

Proce ssing : 
+

N1MITK calls N2NEGS to pro pogate the state forward in

time. and it incorporates range and range rate measurements

for state estimation. It also provides the necessary logic

for Interface with the Outer Loop.

The first step for N1MITK is to compute the inner loop
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c ycle number & j  c a ll i n g  A3TIMM w itn i.r. orcum ent of 192. an~

t h e n  dividing the result by 16 and adding 1 + The result ing

number between 1 and 12 is stored in NQFNDX . and it

represents the position of the current 320 ms period within

the current 3.84 second outer loop , if navigation i’~ n o t

ac t ive t h e n  N1MITh w ill call X3WAIT to suspend itself.

O t h e rwi s e measurements are computed b y calling N2MCNI with

the option equal to 0. If NAV in itial i zat ion has been

requested and the inner loop cy cle number is  12 then N2NVZN

is called. The propo gation task N2NEGS is called to advance p

th e s ta t e s 320 ms forward in time. ;‘~

The measurement incorporat ion loop will be executed ii ~

there are 2 or more sources available , and NAy

initialization is complete. If not then N2HMTR is called

with parameter ISV and 2 where ISV = 1 thru 5 to have range

and range rate computed for aiding. The measurement

incorporat ion loop is executed 5 times while ISV goes from I

to 5. ISV is index for NAy’S generic source ID’s. If there

are no measurements or no gains for source ISV, then range +

and range rate for aiding is  computed by calling N2HMTR w i t h  +

ISV and 2 as parameters . +

The incorporation loop starts b y calling N2HMTR wit h

ISV and 0 as parameters to compute the range. The n -the

range residual is cor uted by the measured range m inus the

range bias plus the computed range (ie. NGRNGM (ISV ) — NORBIS

+ NORNOC (ISV)). The rolling average of the normal i zed range

residuals is updated +
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2

I NOSUMS NOSUMS a + b Ni ZhRS (ISV ) / NCINV~i( ISV )

where

I a — weight ratio for previous average = 0.95.

I 
b — w eight for new normalized residuals = 0+ 35.

The range i s  then ~ncorpor ate~ into the stat+ .~s b r,,

I NSTATE (J) = NSTATE (J) + NGRCNS(J, SV,NCN) NGZMRS (ISV )
New state the old state p ius range gain times the res iduals

wherea
J 1 thru 11 for each state variable,

I NON — the gains buffer switch.

The range rate incorporation is similar to that of the

I range . first calling N2HMTR with ISV and 1 as paramet er to

c ompute th. range rate. The range rate res idual is figured

I by t h e  measured range rate minus the range rate bias plus

I the computed range rate (ze. NOZMRS (ISV ) NGRTMR (ISV ) —

NORIBS + NGRTCM (ISV)). The rolling average of the

I norma l i zed range rat. res idu als i s : 

2
RDSUMS RDSUMS a + b NOZMRS (ISV+5) / NGINVM (ISV+5)

wh ere

I a and b are the same as for range.

The range rate is then incorporated by:

I NSTATE (J) = NSTATE (J) + NGRTCN (%i.isv,ngn ) NGZMRS (ISV+5)
New state = the old state plus range rate gains times ther residuals.

W h e r e  +

I J and NON are the same as above for range.

If range bias hold is active or being deactivated , then

I states 10 and 11 are not updated.

PAQE 127



- -- - 
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~ ~ + .r~... .. _________________________________________________

-

If altitude ho ld i.~~ active or being deact~ v~ ted then

the altitude hold and altitude rate hold must be

incorporated. NXYZSV is the user position saved by N1MITK

t h e  las t  time when altitude hold was inact~ ve. The

following two variables ore then computed for residuals:

ERRA sum of (NOTROL (3, I) (NXVZSV (I) — NQACPS ( )).
where I goes from 1 to 3,

ERRAD = sum of (—NOTRO1 (3.I) NOACVL (l)),
where I goes from I to 3.

Then the states are updated by:

NSTATE (J) = NSTATE(~J) + NALHGN (J,1,NIALON ) ERRA
+ new state the old state p lus the altitude hold gains time

the alt itude hold residual ,

where

— 1 thru 11 for each state,
NIALON is the buffer switch ,

and

NSTATE (J) NSTATE (%J) + NALHQN(~J1 21NIALON ) ERRAD,
new state = the old state plus altitude rate hold gains
times the residual.

If the inner loop cycle number is 1 then the satellite

f position and velocity is saved for the outer ioop and the

source status is set to 4 if it is 3. N1MITK will call

N2MCNI with op tion equal to I to calc u late th e rece iver

aiding~ and to save data for IIU data block ritrieva l .

N1MITK then suspends itself by calling X3WAIT.

I
Ii
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5 3.4

Mnemon~ ci N1NFLT

Title: Out er Loop Control Task

Prioritu; 3840 m.

Invoked ~~~~ Activate d b y N1INIT

Invokes. X 3WAIT, N2IONO. N2FOTP. X3T IMM

Inouts : Data Sets MNXXXX

Paramettiis Source .~
NAV 00/NO 00 Flag (MNCNAV (2)) M1AD IS
NAV I n i t i a l i z a t i o n  Flag (MNCNAV (1)) M1ADIS

OutDuts : none +

Processing +

N1NFLT is  the control task for the outer loop. It

controls the gains determination , covariance update.

covariance propa gation . and lono/Tropo correction

computational procedures If NAV is not active (ie.

MNCNAV (2) is 0 or MNCNAV (1) is not 0). then N1NFLT is

suspended by calling X3WAIT . Otherw ise, N2IONO is called to

calc u late the lono/Tropo and lever arm corrections. and

N2FOTP is called to perform the outer ioop filter related

computations . Finall y. X3TIMM ~ s called with an argument of

192 to determine the peak ammount of time consumed during

the exec u t io n of NINFLT.

+ ~. ‘l
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5.3. 5

Mnemonic : N1,SVPN

Title ; Satellite Coefficient Control Task

Prioritu : Background

Invoked ~~~~ Activated by N 1 INIT

Invokes: N2SVSL, N2SVEC, N2C000

In Duts : Data Sets MNXXXX . MMALRT. MIEPHM, MTTCDS, NSVPOS

Parameters S o u r c es
Source ID (MMSVID) N2SVSL
Source Status (MMSTUS) N1SVPN, N2SVSL,

N2MCNI, N2FOTP
Coefficient Time (NOFITI) N1SVEC
Current User Time (MNBSIO> M1CMSC
Ephemeris Avai labili l ity (MIEVFL ) M2DBS2 p
Cl ock Corrections (MTTVFL ) M2DBSI
H Matrix Ready Flag (N000FL) N2FOTP

Outputs ; Data Sets MMALRT, NSVPOS

Parameters Dest ination
Source Status (MMSTUS) NAV software
Geometry Flag (N000FL ) N2FOTP
Coeff icient Buffer (NGFITX) N2SVEC
Time of Coefficients (NGFITT ) N2SVEC

Processino;

N1SVPN controls the satell ite and/or ground transmitter

position and velocity coeff icients , and controls the

computation of geometry figure of merit. The coefficient

ar r a y s  are double buffered , so while new coefficients are

being computed . old coefficients can still be used. N1SVPN

controls which buffer can be used , and which is to be

updated. The first function that N1SVPN services is to 
+

u p d a t e  t h e so u r ce st a t u s  to 2 if it is equal to 1 This

indicates that we are waiting for ephemeris. N2SVSL is

called to update any constellation change s before any
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chang es to coefficient s are made. The next st..~p l o o k ~.. at

each source and acts depending on the status . If th e status

is 1 then polynomials are computed in N2SVEC from the

almanac. centered at 60 seconds past the current time.

These coeff i c i ents are always p ut in buffer one an d the

buffer switch (NQFITX) is set for buffer two. For a status

of 2. coeff i cients are computed again 60 seconds ahead , but

only if ephemeris and clock corrections are available. Then

the status is changed to 3. meaning polynomials were

computed with ephemeris. The buffer switch is flipped again

and coeff icients are computed centered a t  120 s e c o n d s  a h e a d

of the current reference time . This fills the second

buffer. For a status of 3. 4 or 5, polynom ial coefficients

are to be computed every two minutes , always flipping the

buffer switch 60 seconds after the current reference time.

Every two minutes N1SVPN will call N2C000 to compute a

geometry f igure of merit. N1SVPN takes care to handle the

end of week b oundary in checking time, and will not call

N2CQOQ if there is less than 4 sources in uses indicated by

N000FL. Ephemeri s data validity Indicators are packed and

stored in MNZBL~’U72) for EDU indication of whether each

source is using ephemeris or almanac .

I ’..
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5.3.6

Mnemon~ c; NIXFRM

Title; Relati ve Navigation Task

Prioritu: 640 mc

Invoked 
~j Lj Activated by N1INIT

Invokes; N2OPMG, N2MOQP, N2MOLD. N2MSLH, N2WPCM . DSGRT. DATAN2

Innu ts ; Data Sets MNXXX X ,  NCONST, NINNER, NINTRF . NINOUT,
NOUTER . NTRANS, NSVPOS

Paramete rs Source’.
User position (NQXCPS) N2MCNI
User veloci ty (NOXCVL ) N2MCN1
User acceleration (NOXCAC ) N2MCNI
Local datum (MNCWVP (13)) M1ADIS
Way po ints (MN IWYP (l—8 )) M I A D I S
CDU switches (MNOCDU (2.3)) M2CRUS
Sum of normalized residuals (NONRSD ) N2FOTP
Geometr y figure of merit (NGDTRM) N2C000
Range bias rate (N G X T B S )  N2MCNI
Iterat i on p a ramter (NOA000 ) N2NVIN ,N1XFRM

Outouts: Data Se ts MNXXXX . NTRANS

Parameters Destination
Local dat um posit ion . velocit y
a l t i t u d e  ground speed heading
goodness of geo metry.
sum 0f normalized residuals ,
and range bias rate (MNNDIS) M1ADIS

Way points : WOS—72 (NWPLAT,
NWPLON . NWPALT) N2WPCM

Rotation matrix (NOTRO1) N2IONO, N2NVIN
Block 002 data (MNZBL~k(2—65 )) MIIIUO
Blo ck 206 d a ta  (MNBSIO) M1IIUO

Processin g :

NIXFRM perform s the waypo int position in i tialization.

the data collection and computation for IIU Block 002 and +

the data collection , computation and conversions for the CDt)

displa y .

For waypoint initialization , N1XFRM proce sse. 1 of 9
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I
positions and altitudes only when there has oeen a wayp~~int

locat ion user input. The position is either local datum

latitude and longitude in degree minutes seconds, or local

datum m ilitary grid coordinates. The latitude and longitu de

I 
are converted from degrees minutes and seconds to radians.

Military g r i d  coordinates are first converted to local datum

I l a t i t ud e a n d longitude in N2MGGP. Then N2MOLD is used to

compute latitude and longitude corrections which is H

I subtracted from the local datum values to get WGS—72

I 
values. N2MSLH is used to compute an altitude correction to

convert mean sea level altitude to WGS—72 altitude by addin g

I . . r.
I 

t h e  correction to the input value.

The data obtaine d for flU Block 002 is user positio n ,

I velocity, acceleration, time bias and time bias rate. This

data  is saved by N2MCNI for N1XFRM. The user EFEC
I

coordinates x , y , z are used to compute 1408—72 latitude,

longitud , an d altitude. Iteration is not necessary because

t h e  i t e r a t i o n  p a r a m e t e r  wa s saved f r o m  th e previous 640

1 millisecond execution of NIXFRM. The following sequence of

I 
e q u a t i o n s  is used to compute latitude, longitude and

altitude:

Let a — Semi Major Axis WQS—72
b Sem i Minor Axis WOS—72

I EC2 Earth eccentricity squared WGS—72
x — NOXCPS (l) EFEC Position

— NGXCPS(2) “

z — NOXCPS (3) SI

1 0 u NOA000 Iteration Parameter

‘I
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: 1  2 2 2

2+ 0 (a EC2) / sqrt (R — EC2 z

t NOLATD — (1 — 0 b ) sqrt (R) +

2 2
+ NOLNOD arc tan ((1 + 0) z / sqrt (i + y ) )

NOALTD arc tan (y / x)

The 3x3 rotation matrix , NOTROI. is computed from the EFEC

position and applied to the geodetic velocit y and

acceleratio n to get east, north and up velocit y and

ac ce leration by th e following sequence of equations. 

j

Let LON W0S—72 Longitude NGLNCD
+ LAT WQS—72 Latitude NGLATD

NOTRO1 (i, j) i 1,2,3; j~~1,2.3
—sin (LDN ) cos(LON ) 0.0 H
—cos (LON) sin (LAT ) —sin (LON ) sin (LAT ) cos (LAT )
cos (LON ) cos (LAT ) sin (LON ) cos (LAT ) ~in (LAT )

f For local level velocit y: +

LLCV — NOTRO1 NCXCVL

( For local level acceleration:
LLCA NOTRO1 NOXCAC

( Thee. computations are performed every 640 milliseconds but

are saved every 3.84 seconds for flU block 002. Columns 2 
+

+ and 3 of the rotation matrix , altitude. east north and up

velocity and acceleration , range bias and range bias rate

are all stored In MNZBLK for flU Block 002. The 1408—72

I latitude long itude , east velocity and north velocit y are

saved every 640 milliseconds in MNBSID for lit ) Block 206.

I The data for the CDt) is processed depending on the CDt)

switch setting found in MNOCDU(2). For the UTM and LAT

switch positions . the latitud e and longitude from the block
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I
002 computations are used. N2MOLD is used to com~.sute

‘ 1  latitude and longitude correction that is added to the

(‘108—72 latitude and longitude to produce local datum

values. Then for UTM, N2QPMQ is called to convert the local

datum lat itude and longitude to the m i l i tary gr id

coordin a tes and stor e them in MNNDIS(1—8). For LAT the

local datum latitude and longitude is converted to degrees

+ minutes and seconds and stored in MNNDIS(1—6). If the

switch position is WIND then the sum of the normalized

residuals and geometry figure of merit are stored in MNNDIS .

words 18. 7 and 8. In the ALT switch setting . the altitude

correction computed in N2MSLH is subtracted from the 1405—72

altitude and both the mean sea level altitude and 1405-72

altitude is stored in MNNDIS (9-12) and scaled to feet. The

VEL selection will use the east north and up velocities

computed for IIU Block 002. converting the east and north

velocities to knots~ the up veloc ity to feet per minute . and

stor ing the values in MNNDIS (15—17). The ground speed and

heading are computed and scaled to knots and degrees.

N2WPCMI the waypo int computation routine , is called for

sw itch settings RNO, XTRK and TIME to compute the range.

bearing hor izontal and vertical cross track errors and time

to go.

I
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5.3.7

Mnemonic: N2C000

Title: Com pute Geometry Figure of Mer i t

Priorit~u: Background

Invoked ~~~~~~~~ N1SVPN

Invokes; none

Inouts~ Data Sets NSVPOS

Parameters Sources
H—M atrix (NOXHMR ) N2FOTP

Outputs: Data Sets NSVPOS

Parameters ‘ Destination r

Determ inant of H—Matrix (NODTRM) N1XFRM

Processino : +

N2C000 computes the geometry figure of mer it from the

H—Matrix saved by N2FOTP. We compute the determinant of the

4*4 H—Matr ix , knowing that row 4 is always all ones and that

N2C000 is not called in degraded navigation. The 4x4 matrix

is expanded by row 4. Each 3*3 minor is expanded by the

first column except for the (4,1) cofactor where column 2 is +

used.

I

1.

‘4..
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5.3.8

Mnemonic ; N2COVR

Title: Update Covariance and Compute Gains

Prioritu : 3840 ms

Invoked ~~~~~~ N2FOTP

Invokes; none

Inouts; Data Sets M NXXXX . MMALRT, NOUTER. NCONST. NINOUT

Arguments ISV : th e Gene ri c Sourc e ID

Parameters Sources
Rece iver Command (MNCRCV (3)) MIADIS
Source H Vecto r (NCHMTR ) N2FOTP
Alt itude Hold Fla g (MMALHO ) N2FOTP. M1STIN
Range Bias Hold Flag (MMRBHO ) N2FOTP
Gains Buffer Switch (NIQAIN ) N2FOTP
Alt Hol d Suffer Switch (NIALHO ) N2FOTP +

Covar iance Matrix (NGCOVP > N2COVR , N2FCPF

Outouts: Data Set s NINOUT. NOUTER

Parameters Destination
Cova r i a n c e  M a t r i x  (NQCOVP ) N2COVR, N2FCPQ, N2FOTP +

Range Gains (NORONS) N1MITK
Range Rate Gains (NORONS) N1MITK + +

Alt itude Hold Gains (NALHON) N1MITK
Innovat ion Vector (NO INVM ) N2MCNI. N2FOTP

P. r°c eI .*• ino

N2COVR up dates the covar ian ce matr i x an d com p utes new

gains for a specified satellite or ground transmitter. The

input p a rame te r  ISV is the generic ID with magnitude of 1

thru S for range and range rate updates . and 100 or —100 for

altitude hold and altitude rate hold updates. If ISV is

negative the up da te a s for range measurments. Otherwise it

is for range rate measurments. The covariance matrix is

normally an 11*11 matrix unless the range bias hold is being

activate d or is active in that case the range bias and
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range bias rate states are not updated so the covari~~nce

matrix is then an 9*9 matrix. The measurment noise SIGMA is

set to 25 for the range calculations. . 25 for range rate , 1

for altitude hold. and .01 for altitude rate hold. For C/A

ranging. the noise is scaled up by a factor of 25 since C/A

introduc es mor e no ise

The following equations are the basic formulas used by

N2COVR for updating the covariance matrix.

K — PH’ / (HPH ’ + SIGMA )

P — (I - KH)P

where the follow ing description for ~k. P. H and I are for

t h e  formula above and how they are used in the NAV

sofware. +
~ is the 11*1 gains vector for source ISV.

e. is the 11*11 cova ria n ce matrix being updated. For our

application we define P UDU ’, which is incorporated into the

algorithim used and U and D are 11*11 matr ices of the

follow ing form.

U l x x  x x x  x x x x  x D Dl 0 0 0 0 0 0 0 0 0 0
0 1 *  x x  x x x  x x x  0 D 2 0 0 0 0 0 0 0 0 0
O 0 l x x x x x x x x  0 0 D 3 0 0 0 0 0 0 0 0
0 0 0 1  x x x  x x x  x 0 00 D 4 0 0 0 0 00 0
0 0 0 0 1  x x x  x x x  0 0 0 0 D5 0 0 0 0 0 0
0 0 0~~~ 0 1  x x x x  x 0 0 00 0 D 6 0 0 0 0 0
0 0 0 0 0 0 1  x x x  x 0 00 00 0 D 7 0 0 0 0
0 0 0 0 0 0 0 1  x x x  0 0 0 0 0 0 0D B 0 0 0
0 0 0 0 0 0 0 0 1  x x  0 0 0 0 0 0 0 0 D 9 0 0
0 0 0 0 0 0 0 0 0 1*  0 0 0 0 0 0 0 0 00 1 0 0
0 0 0 0 0 0 0 0 0 0 1  0 0 0 0 0 0 0 0 0 0 0 1 1
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I
To save space by not storing the diagonal of U. we store the

1 U and D matrices together as one and defined as follows:

NOCOVP — Dl x x x .  x x x x x x x

1 0 D2 x x x x x x x x x
0 0 03 x x x x x x x x
0 0 0 04 x x x x x
0 0 0 0 D5 x x x x x
0 0 0 0 0 D6 x x x x
0 0 0 0 0 0 D7 x x x 

A

1 0 0 0 0 0 0 0 D8 x x x
3 0 0 0 0 0 0 0 0 D9 a a +

0 0 0 0 0 0 0 0 0 D10 x +

0 0 0 0 0 0 0 0 0 0 Dli

H is a lx ii vector set in N2FOTP and is de f ined from th e

array NGHMTR as :

H — (NQHMTR (i), NGHMTR(2). NOHMTR (3), 0. 0, 0. 0, 0, 0. 1. 0)
For rang e

H — (NQMMTR (1). NGHMTR(2)1 NOHMTR (3), NQHMTR(4) . NGHMTR (5>,
NQHMTR (6). 0, 0. 0. 0, 1) For range rate

H — (NOTRO1 (3.1). NGTRO1 (3,2). NCTRO1(3.3). 0. 0, 0. 0, 0,

1 

0. 0. 0) for altitude or altitude rate hold.

j is th e 11*11 indentit y matrix.

J The gains buffer switch NIGAIN (ISV ) is set to the gains

in use so N is set to the other buffer. 3—NIQAIN (ISV). If

I ISV is neg ative then K is stored in NGRGNS(J,II,N ) where

I
ll—— ISV. If ISV is positive then K is stored in

NQRTGN (J. ISV.N). If ISV = —100 then K is stored in

I NALHQN (J.l,NN) where NN 3—NIALON, the altitude hold buffer

I 
switch~ and if ISV = 100 then K is stored in

NALHQN(J~2.NN). J above goes from I to 11 for each filter

I 
state. The denominator of K. HPH’+SIGMA . is the innovation

factor for source ISV and is stored in NO INVM (ISV ) for range

J update s. and NG INVM (ISV ) for range rate.

I 
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5.3.9

“ I _ _ _ _ _ _ _  _ _ _ _ _Mnemonic ; N2FCPG

Title: Propogate the Covariance Matrix and Add Process Noise

Prioritu; 3840 ms

Invoked 
~~~~~~ 

N2FOTP

Invokes; none

I Inouts: Data Sets NOUTER . NCONST

• Paramete rs Sources +

t 
Covariance Matrix (NGCOVP ) N2COVR 

+

Fudge Factor (NOFFCT) N2FOTP, N2NVIN

I 

Outputs; Data Sets NOUTER

Parameters Dest ination
Cova riance Matrix (NGCOVP ) N2COVR

Processin g :

N2FCPG propogat es the error covariance matrix forward +

3.84 seconds in time, and applies the appropriate process

I noise. The formula used by N2FCPG

is P—PHI P PHI ’+G, where P as the covariance matrix , PHI

is an 11*11 known deterministic matrix , and 0 is the process

noise. The matrix P is in UDU ’ form, where U and D are +

combined as described in the N2COVR documentation. PHI is

1 define d it. section 3.3.7 of the navigation system level

I 
descr iption. PHI P PHI’ is computed in the UDU ’ form but

before 0 can be added , UDU ’ must be evaluated.

1

i.1
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0 is the f o l l o w i n g  c o n s t a n t  matrix:

0 — 6 0  0 0 lb 0 0 1.9095 0 0 0 0
0 60 0 0 16 0 0 1.9095 0 0 0
0 0 60 0 0 16 0 0 1.9095 0 0
16 0 0 5. 3921? 0 0 1. 5715 0 0 0 0
0 16 0 0 5. 3921 0 0 1.5715 0 0 0
0 0 16 0 0 5. 3921 0 0 1. 5715 0 0

1. 9095 0 0 1. 5715 0 0 0. 9227 0 C 0 0 +

0 1. 9095 0 0 1.5715 0 0 0.9227 0 0 0
0 0 1.9095 0 0 1.5715 0 0 0. 9227 0 0
0 0 0 0 0 0 0 0 3 .24 .1
0 0 0 0 0 0 0 0 0 .1 .02

O is multiplied by the scalar NGFFCT computed in N2FOTP.

After 0 is added to P then P is converted back to UDU ’ form

by the Choles ky Decomposition algorithm.

~ I 
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I M nemp n~ c :  N2FQTP

I 
Title Gains and Covariance Control Routine

Prigritu : 3840 ms +

I Invoked k~~~ 
N1NFLT

Lnvokes . N2COVR, N2FCPG

I Inputs ; Data Sets MNXXXX . MMALRT. NOUTER , NTRANS, NINOUT.

I 
NCONST, NSVPOS

Parameters Soyrces
Source ID (MMSVID) N2SVSL

I Source Status (MMSTUS) N1SVPN, N2MCNI.
I N2FOTP . N2SVSL

Altitude Hold Flag (MMALHO ) N2FOTP, M1STIN
Satellite Velocitie s (NQSVVF ) N1MITK
Gains Buffer Switch (NICAIN ) N2FOTP L
Alt Hold Buffer Switch (NIALHG ) N2FOTP
Satellite Position (NOSVPF) NIMITK
User Position State (NCFSTE ) N1MITK
Alt itude Hold Flag (MMALHO ) N2FOTP. M1STtN
Range Bias Hold Flag (MMRBHO ) N2FOTP , N1STIN
Rotation Matrix (NOTRO1) NIXFRM

3 Residuals (NOZMRS) N1MITK
Inovation Matrix (NGINVM ) N2NVIN, N2COVR 

+

Outputs ; Data Sets NINOUT. MNXXXX

Parameters Destination

I F~ Vector (NQHMTR ) N2COVR
H Matrix (NOXHMR ) N2C000
Altitude Hold Status (MMALHO ) M2STIN

I 
Range B i a s Hold Status ~MMALHO ) M2STIN
Sum Norma l Re sidual s (NGNRSD ) N2MCNI
Fudge Factor (NOFFCT) N2MCNI

I
N2FOTP computes the H vector for range and delta range

I and will call N2COVR to compute range gains , range rate

gains , and update the covariance matri x for each source If

we let ISV denote the generic source ID. ISV = 1,2,3,4. or

5. t h e n MMSVID (ISV), the source ID must n.t be zero and
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1
MM STUS (ISV). the  ~.o urce st~~t u~. .nu~~t b .’ g reat&~r thai. 3

before gains are computed The H vector for range is

computed as follows

Si - NGFSTE (1) - NOSVPF( ISV. 1)
52 NGFSTE (2) — NG6VPF (ISV.~~)
83 — NOFSTE(3) NQSVPF (ISV..])

Where NQFSTE are the f i l t e r  state e s t i mate s of th i~ g eodeti c

+ position and NGSVPF are the sa t e l l i t e  p os it i ons

‘I SR — sq~rt (St + S2 ~ S3
Range from the user to the satell ite

NOHMTR (1) —Si/SR
NOHMTR (2) -62/SR
NOHMTR (3) — -63/SR

N2COVR is c alled with — ISV as the parameter to compute range

gains and updat e the covarlance matrix

The H matr ix i s  saved in NCXHMR far  the qoodness of

geometr y computation in N2CGOQ only if there are four

sources av a i l a b l e  and i f  N2C000 is  not currentl y executing

The range rate H vector i~~ computed b y

Si - NGFSTE (4) - NCSVPF (ISV . 1)
62 - NOFSTE (5) — N0 SV PF(1 SV I~~?)
S3 - NQFSTE (o) — NCSVPF (ISV 3)

Where NQFSTE (4 5,6) are the filter state estimate for

ve l o c i t y  and NGSVPF i -s the same as above

SRR — NQHMTR (1) Si + NOHMTRt2) 62 + NOHMTR (.1) S3 H

Elements 1 2 and 3 of NQHMTR are c o p i e d  to elem ent , 4 5 and 6

NQHMTR~.1 ) • .SRR NGHMTR (4)--NGFSTE (4)4~NQSVVF ’. ISV. j )  )/ ~~
}.
~

NQHMTR (2) — (SRR NOHMTR~~5~~- NOF~ TE 5)+NQSVVF(lSV ..~’) )/SR
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NOHMTR(3) = (SRR NCH~ T~~
(6)—NGFSTE (~~

)+NGSVVF (iSV .3) )/SR

Wh ere SR is from above and NGSVVF is the satellite

velocity. N2COVR is called with +ISV as the parameter for

range rate ga ins and to update the covariance.

The gains buffer switch is flipped for the source and

the status for the source, MMSTUS (ISV) is s€t to 5.

If altitude hold is active or being activated (ie.

MMALHO — 1 or 2) then the third row of the rotation matrix

(NQTRO1) will be the H vector for range and N2COVR is called

using —100 as the parameter to compute altitude hold gains

(NOALON). The alt itude hold rate H vector has zeros for the

first 3 elements and again the third row of the rotation

matr ix for the last 3 elements. The altitude hold buffer

switch is flipped and the altitude hold status is set to

active.

If range bias hold is being activated then it is

switched to active. If altitude hold is being deactivated

then it is switched off because we just computed a full set

of ga ins for four sources. I-f range bias hold is be ing

deact ivated then it is switched off.

N2FOTP will compute the sum of the normalized residuals

+ squared from the residuals and the innovation matrix.

NQZMRS is a 10 element array that contains botS the range

j residuals (elements 1 thru 5) and the range rate residuals

(elements 6 thru 10). NGINVM is structured similar to

NQZMRS and contains the innovation matrix. Fi rst the

running total RSD is initialized to zero and the count J is

set to zero. By letting ISV go from 1 to 5 the following
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equation s are exect..ted i t~ ~ne D, P1MSVID (ISV), is not zero

and the status. MMSTUS (ISV). is 5.

2
RSD = RSD + NOZMRS (ISV ) / NOINVN (ISV)

ISV5 = ISV + 5
2

RSD = RSD + NOZMRS (16V5) / NCINVN (ISVS)

J — J + 2 +

After all 5 sources have been pr oce ssed and J i s not zero

then NGNRSD = RSD / .i.

The fudge factor is initialized to 1 in N2NVIN and here

is adjusted by factors of 4 and limited to the values 1. 4.

16 and 64. This is a scaler to our process noise to help

kee p the sum of the normalized residuals bounded. If NAV i-s

being initialized the the fudge factor i-s not adjusted. If

NQNRSD is greater then 1 and the NGFFCT is less than 64 then

NQFFCT is scaled up by a factor of 4. If NGNRSD is less

than 0. 1 and NGFFCT is greater than 1 then NQFFCT is scaled

down by a factor of 4.
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5. 3. 11

I t~themonlc : _ _ _ _ _

TiU.+~ Convert Latitude Longitude to Military Grid

Prioritu : 640 ms

I Invoked 
~~~~~~ 

NIXFRM

Invokes; N2OSMO. DSORT. DSIN. DCOS

I Inouts ; Data Sets NCONST. NELIPS, NTRANS

Arguments: CNV — Compute Convergence or Military Grid

LAT — Local Level Latitude

LON — Local Level Longitude

Pa rameter s Soyrces
Local Datum (NQA IDC ) N1XFRM

I De lta Flattening (NELDLF ) Block Data (NELIPS)
Chan ge in Semi Major A x i (NELDLA ) Block Data (NELIPS)
WQS—72 Longitude (NOLNOD) N1XFRM

Qutouts; Arguments: MG — Zone number , Zone letter.
Column lett er, Row letter

EST — Easting
NIH — Northin g

Parameter s De stination

1 Convergence angle (NOCNVG ) N2WPCM

1 Processino:

N2GPMG is called whenever nessecary to convert a

I latitude and longitude to military grid coordinat os or

I 
compute the convergence angle between true and magnetic

north. The latitude and longitude inputs for military grid

I computations must be a local datum latitude and longitude

The earth s radius and flattening are computed by adding the

- I d elta a (NELDLA ) and delta f (NELDLF ) to the WQS—72 earths

radius and flattening. The input value for convergence

angle is the WQS—72 longitude NGLNQD. The following
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I
sequence a-f com putation s u.ill give us the UTM coordinates. :

f • f’ + NELDLF(NQAISP )

where
f’ is the WQS—72 earths flattening
NGAISP — NELISP(NOA IDC ) = The local sp heriod assoicated( with the local datum.
f i-s the Local Datum Earths Flattening

2
EC2 = 2 f — f
EC2 is the Local Datum Eccentric ..ty Squared

(1) P10(1) • 31 + LAT (degrees ) / 6
• P10(1) is the UTM Zone Number

DL = LON — 6 M0(1) + 183
• DL is the longitude offset from center

2
ETA2 = co-s (LAT) / (EC2 — 1)

If CNV is equal to 1 then the following sequence of code is used:

(2) M0(2) = LTR (i3 + LON (degrees ) / 8)
P10(2) is the UTM Zone Letter

w h e re
LTR is a one to one mapping of the numbers
1 to 24 to the letters A to Z less I and 0.

2
n = (1 — sqrt (1 — EC2)) / EC2

a a ’ + NELDLA(NOA ISP)
• a i-s the Semi Major Axis for the Local Level Spheriod

2
S = a (1—n ) (LAT (1 + 5/4 sin (LAT)) + 3n sin (LAT ) cos (LAT )

2 2
(3/4 n (cos (LAT) — sin (LAT)) — 1))

S is t h e  Meridionial arc  from the equator to Latitude

2
R a / sqrt (t — EC2 sin (LAT))
R is the Radi u s of Curvature Norma l to the Meridian

~.1
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:
1 Z R cos~~LAT

)

1 2 2 2
X Z R (1 — tan (LAT) + ETA2 + Z (1/4 + tan (LAT)

2

I (tan (LAT ) — 18) / 20 ))

2 2 2 7
• 5 + R Z tan (LAT) (1/2 + 5/12 Z (5 — tan (LAT)

I +9ETA2 ))

X and V are the cartesean coordinates relative to the

I equator and the central meridian and are converted to
th e UTM Easti ng and Northing by:

J Easting = X * . 9996

Northing • V * .9996
If Northing is less than zero then add 10000000 to it.

I The Mil i tary Grid Coordinates are now computed from the

J UTM East ing and Northing.

(3) P10(3) • LTR ( (Easting f 100000 ) + 8 ((MG (I)—1) mod 3) )

- P10(3) is t h e  Column Letter for M i l i t a r y  Grid

1 (4) EST = Easting mod 100000
EST is th e M i l i t a r y Grid Easting

1 N is t h e  o f f s e t  row identifier computed by N2OSMG

- (5) MG (4) LTR ( ((N + Northing ) mod 100000 ) + 1j P10(4) is the Military Grid Row Letter

(6) NIH = North ing mod 100000
NIH is the Military Grid Northing

The convergence angle is the angle between true and grid north.

NGCNVG is computed only when CNV input is 2:

1 2 2
DLC • DL cos (LAT )

1 2
INC — 2 — tan (LAT)

i 
ETC = ETA2 (3 + 2 ETA2) + 1

1 (7) NQCNVG • ((DLC INC + ETC ) DLC + 1) DL sin (LAT )

“ I
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5.3.12

Mnemonic; N2HMIR

Title: Computed Range and Range Rate

Prioritu ; 320 ms

Invoke d ~~~~~~~~ N 1M ITK -

lnvok es~ DSGRT

Inputs: Data Sets NSVPOS. MMALRT . NINNER . NCONST

Arguments ISV = Generic Source ID

IR = Execution Mode

Parameters Sources
~~~~~~~~~~~~~~~~~ Source ID (MMSVID) N2SVSL

Coefficient Buffer Switch (NQFITX) N1SVPN
User Time (NOTIME (2)) N2MCNI
Measured Range (NORNOM ) N2MCNI
Fit 0 Coefficient (NOFITO) N2SVEC
Fit 1 Coeffici ent (NOFITI) N2SVEC
Fit 2 Coefficient (NQFIT2) N2SVEC
User Position (NGACPS ) N2NEQS, N1IIITK
User Velocity (NOACVL ) N2NEQS. NIMITK

Outeuts: Data Sets NINNER

Parameter s Destination
Computed Range (NGRNGC ) N2MCNI. N1MITK,

N2IONO, N2SVSL
Computed Range Rate (NORTCM ) N2MCNI. N1MITh
Satellite Position (NGSVPS) N1MITK
Satellite Velocity (NOSVP1) N1MITK

Processing:

N2HMTR computes the satellite pos ition corrected for

the earths rotation, the satellite veloci ty corrected for

the earths rotation, the computed range and the computed

rang . rate. ISV from the parameter list is the generic

source ID and IR is the execution mode. If IR is 0 then the

c omputed range and satellite position is computed. If IR is

1 then the computed range. computed range rate and satel lite
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velocit y is computed. Ic IA is 2 then every thin g is

computed. The computed range is computed for IR = 0 or 1

since the user position has been updated after the previ ous

call to N2HMTR. IR is 2 when range and range rate are

needed for aiding and measurements are not being

incorporated.

If source ISV is not valid (ie. MMSVID (ISV) = 0) then

N2HMTR returns to N1MIIK. First the reference time is

computed as follows:

NOTSTP(ISV) = NQTIME (2) + NGRNOM (ISV ) / c r

where

c is the speed of li g h t

Let I • NGFITX (ISV). the coefficient buffer switch
—13

ER a 2.432387791x10 • Earth Rotation Rate/Speed of Light

SS • NGTSTP(ISV) — NGFITT (ISV,I)
Delta time from coefficient computation to Transmision

End of the week crossover is checked and SS is adjusted if

needed.

The satellite position is:

NOSVPS (ISV.J) = SS (NOFIT1 (J, ISV,I) + SS NOFIT2(J,ISV,I))
+ NOFITO (J. ISV,I)

where

J — 1 t h ru  3 for the 3 coordinates of the earth fixed
earth centered coordinate system.

The satellite position is corrected for the earths rotation

by the following sequence of equations.

CCR • NORNQC (ISV) ER
SI • NGSVPS( ISV, 1)
S2 — NGSVPS( ISV, 2)

5—
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N0SVPS (ISV~~1’ = ~31 + CCR S2
NQSVPS (ISV.2) — 82 — CCR Si

[ The computed range is calculated from the user and satellite

L 
position as follows.

DX NGACPS (1) — NCSVPS(ISV. 1)
DV = NGACPS(2) - NOSVPS (ISV,2)

L DZ = NGACPS (3) - NOSVPS( ISV, 3)

2 2 2
NGRNGC (ISV) = sqrt (DX + DY + DZ
Th. computed range from the user to the satellite.

Satellite velocit y:

NOSVP1(ISV ) • NQFIT1(J,ISV,I) + 2 NQFlT2(~.),ISV,I) SS

where

J and I are as above in the satellite positi on equations.

— Corrected for earths r o t a t i o n :

CCRT ER NORTCM (ISV )
83 • NOSVP1(ISV . 1)
S4 = NGSVP 1( ISV .2)
NGSVP1 (ISV,1) = S3 + CCR S4 + CCRT S2
NOSVP1(ISV,-1) = S4 + CCR 83 — CCRT Si

where 
-

ER. 81, 82 and CCR are from the position above.

The computed range rate:

DDX = NOACVL (1) — NOSVPI(ISV.1)
DDY NOACVL (2) — NGSVP1(ISV.2)
DDZ = NGACVL (3) - NCSVPI( ISV•3)

SS~~~ DX DDX + DY DDY+D Z DDZ
NQRTCM(ISV) 88 / NQRNGC(ISV )

where

DX~ DV and DZ are from c omputed range above.

5-
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5~ 3. 13

Mnemon ic; N2IONO

Title: Compute the lono/Tropo and Lever Arm Corrections

Prp grjtu: 3840 ms

Invoked ~~~~~~~~ N 1NFLT

In vo k es: D~~XP

Input s : Data Sets MNXXXX , MMALRT~ NINNER . NTRANS, NINOUT,

NCONST

Parameter s Sources
Source ID (MMSVID) N2SVSL
Source Status (MMSTUS) NISVPN, N2MCNI,

N2FOTP, N2SVSL
Range Diff Avial Flag (MNCRCV ) M2STIN
Range Difference (MNCRCV ) M2STIN
Range to Satellite (NORNCC ) N2HMTR
Altitude (NGALTD ) N1XFRM
Satellite Position (NCSVPF) N1MITK
User Position State < NCFSTE) N1MITK
Distance Between Antennas (NGATDS) Block Data
Rotation Matr ix (NGTRO1) N1XFRM

Outouts : Data Sets NINOUT . MNXXXX

Param e ters Dest inat ion
Iono/Tropo Corrections (NODELA ) N2MCNI
Zono Delay (MNCRCV (93—102)) M1IIUO
Tropo Delay (MNCRCV (103—112)) M1IIUO
Lever Arm Corrections (NCLEVR ) N2MCNI

Processing :

N2IONO computes the ionospheric and tropospheric

dela y s and the antenna lever arm correct ions for each

source. If the source ID is zero or the status is less than

3 then this source is skipp ed and the next source is

processed. The tropospheric corrections and the lever arm

corrections are computed for both satellites and ground

transmitter whereas the iono corrections are o n l y  c o m p u t e d

for satellites. If the source is a satellite then work
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values for lono/Tropo corrections are comput ed a~ tol1 ow~
‘5-

10
TIONO • 5. 5550564x10 L1L2 (ISV) If L1/L2 are val id
TIONO = 0 Otherwise

where

L1L2(ISV ) is the L1/L2 difference in MNCRCV~ 87+ISV )
ISV • the g e n e r i c  SV ID

2 14 7
SEL • (RANGE — 6.648x10 ) / (-1 27~~x10 RANGE ) —

If SEL is less than - 0871557427 then SEL = - 0871557427

-3
(0. 1439x10 NCALTD )

TTROPO = 2. 175 e / SEL

where

RANGE • NQRNGC ( ISV ) Range to the source
NQALTD is the user altitude

If the source is a ground transmitter then the work values

are c o m p u t e d  as f o l l o w s :

TIONO = 0

-4
-3 (- . 6936x10 NGALTD)

TTROPO • RANGE 0.313*10 e

The lono delays and the Tropo delays are then computed as

follows and the dela ys are stored in MNCRCV (93 — 113)

IONO (ISV ) = TIONO c

TROPO (ISV ) = TTROPO

where

IONO is a real*8 equivalence of MNCRCV(93—103)
TROPO is a real*8 equivalen ce of MNCRCV(104—113)
C is the speed of light

The IONO/TROPO correct ions are compu ted  as follows
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NQDELA~~ SV) TIONO + TTROPO / c

‘5- S a t e l l i t e  position and the user position were saved by

N1MITK in NOSVPF and NGFSTE for use in computing the lever

arm corrections. The calulation is as f o l l ows :

DX — NCSVPF (ISV,1) — NOFSTE (1) Delta X
DY — NQSVPF (ISV,2) — NQFSTE (2) Delta V
• NGSVPF (ISV,3) — NQFSTE (3) Delta Z

NGLEVR (ISV) — NGATAS (NOTRO1 (3,1) DX + NGTRO1 (3,2) DY +
NQTRO1 (3.3) DZ ) / NGRNGC (ISV )

p
w h ere

NOATAS is the distance between antennas
NQTROI is the rotation matrix r .

ISV is the generic source ID.

—
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-’ Mnemoni c : N2MCNI

Title. Master Control Interface Routine

Prjpritu : 320 ms

Invoked ~~~ N1MITK

Invokes ; X9IIMM

Inguts . Data Sets MNXXXX , MMALRT . NOUTER~ NTRANS~ NINOUT .
NCONST. NINNER . NINTRF . MTTCDS

Arguments OPTION : Execution mode

Par ame te rs Sou r c e s
Source ID (MMSVID) N2SVSL
Source Status (MMSTUS > N1SVPN . N2MCNI,

N2SVSL. N2FOTP
Range Measurments (fINESIO> i32MSTR
Range Rate Measu rment s (MNBSIO) I32MSTR L
lono/Tropo Corrections (NCDELA ) N2IONO
Clock Corrections (NGZCLY ) N1MCNS
Lever Arm C orrections (NCLEVR ) N2IONO
Doppler Correct ions (NCZDOP ) N1MCNS
Covarian ce Matrix (NGCOVR ) N2COVR . N2FCPG
Residuals (NGZMRS) N1MITh
Filter States (NCFSTE > N1MITK. N2NEGS
Computed Range (NCRNQC ) N2HMTR
Computed Range Rate (NGRTCM) N2HMTR
Range Gains (NORONS ) N2COVR
Range Rate Gains (NORGNS ) N2COVR

Outnuts; Data Sets NINNER , MNXXXX

Parameters Destination
Measured Range (NCRNOM ) N1MITK
Measured Range Rate (NGRTMR ) N1MITK
Receiver Aiding (MNBSIO) Receiver subsq stem
IIU Blocks (MNZBLK ) M1IIUO

Process i no:

N2MCNI has the respons ib~~1it y for computing the

measured pseudo range and pse u do range rate. initializing

range bias computing receiver aiding, and gathering data

for IIU blocks 7. 10. 11. 201 and 202. The data that N2MCNI

receive -s and transmits in communications memo ri~ is double
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bu f fered and the buft~~r used de erid, on th” t .imc~ X3TIM~1 is

called to determ ine the buffer switch sett in is.

If the argument OPTION is 0, then N2MCNI performs the

measurment recover y logi c . The pseudo range and range rate

mea surment s are c omputed tor each source in use if it has a

valid ID , a receiver number as s ig ned . a NAV status of

greater than 3~ a receiver tracking status of 9 or 11. Li

frequency mea surement s , and positive measured values. 
5•

The measured pseudo range is ;

NGRNQM (ISV ) — (Cl PR (NR ) + NQDELA (ISV) - NGZCLK (ISV)) C

where

Cl • 3. 593812892x10
PR(NR ) is the measured range from receiver NR
ISV i~, the generic source ID I :

C is the speed of light

he measured pseudo range rate is:

NQRTMR (ISV ) - Cl (C2 — DR (NR)) — NGZDOP(ISV )

where

Cl • 0. 1040688523
C2 - 1232000
DR (NR ) is the measured range ra te for receiver number NR

If NAV initialization is complete. then the predicted

epoch is computed and the range b i a s  lb  updated for week

boundary if necessary. If the Navigat ion Sub-system is not

initialized , and a mea su rement is available from a source

for which ephemeris has been gath e r e d then range bias i-s

set to NORNOM (ISV ) I. NQRNQC (ISV), measured range plus

computed range Also if current time is in tht last 320 ms
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I
period before a 3 ~4 b e . o n d  b~~indar~~

, then  NAV

4 initialization is marked complete

The receiver a iding i s computed when the OPTION is

equal to 1.

The range aiding is~

RA • (NORNGC (ISV ) + o4 N G RTCM
+ (NGDELA (ISV ) — NGZCLV~~1SV)) ~;) Ci

where

C I s  the speed of l i g h t
—2

Cl — 3 335646952x10

To avoid integer overflow if the m agnitude of RA is greater

than 2140000000 then RA 0 T h i s  is  c omputed for each

active source and RA is stored in MNI3SIO words 379 thru 388

depending on ISV

J Range rate ai d i n g  is.

RRA — (NQRTSS — NORTCM ( ISV ) — NQZDOP ’ ISV))/1. 0418866686

If the m a g n i t u d e  of RRA is greater than 32700 t h e n  RRA i s

set to zero. RRA is stored in MNDSIO words 347 t h r u  352

dependin g on ISV .

T ime bias a i d i n g  is 
—2

TB - (NORI3IS + .64 NGRTBS) 3. 335640952*10

If the magnitude of TI) is greater than 2140000000 then

TB 0. TB i s  then stored in MNBSIO words 354 and 355 or

370 and 371
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Th e following table shows what data is gathered for IIU

j Blocks and word number -s in MNZBLK where they are stored.

I NAME DESCRIPTION BLOCK ~ORDS
NOCOVP Filter Covariance D.U Matrix 007 108—239
NGZMRS Pseudo Range Residuals 010 268—287

1 NOZMRS Pseudo Range Rate Residuals 011 328—347
I MNBSIO (5) Week Number 201 388

MNBSIO (3) Epoch Number 201 390
NORNOM Pseud o Range 201 391— 410

I NORTMR Pseudo Range Rates 201 411—420
NGSVPS Sate ll i te Positions 201 423—482
NOSVVF Satellite Velocities 201 483—512
NSTATE Filter States 201 515—544
NODELA lono/Tropo Corrections 202 549—558
NQLEVR Lever Arm Corrections 202 559—568

-f NQZCLK Clock Corrections 202 569—578
I NOFFCT Fudge Factor 202 579 p

NGINVM Innova tion Vector 202 580—599
NOTIME Time of Captured Data 202 601—602
NORNOC Computed Range 202 603—622
NORTCM Computed Range Rate 202 623-632
NONRSD Sum of Normalized Residuj]s 202 633

I NORONS Range Gains 202 549-658
I. NORTON Rang, Rate Gains 202 549—658

S

1.

I
I
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5.3. 15

H Mnemonic; N2MGGP

Title: Convert Mi l i t a r y  Grid to Latitude and Longitude

Prioritu: 640 mc. 320 ms or Background

Invoked ~~~ N1XFRM . N2NVIN

invokes; N2OSMO, DSGRTD DSIN, DCOS

Inouts; Data Sets NCONST. NELIPS, NTRANS

Ar guments: 110(4) — Zone Number , Zone Letter.
Column Letter . Row Letter

— EST — Easting
NTH — North ing

Ei . nttixi . So~ r~ es
Local Datum (N QAIDC ) N1XFRM
Delta Flattening (NELDLF) Block Data
Chang e in Semi Major Axis (NELDLA ) Block Data

Outputs: Arguments: LAT — Local Level Latitude
LON — Local Level Latitude

Processing;

N2MOQP is called from N2NVIN for initializ ation if

inputs were in  militar y grid coordinates or from N1XFRM when

way points have been entered using m i l i t a r y  grid

coordinates. The latitude and longitude outputs are

considered to be local datum la t it ud e and longitude. The

military grid Column letter, Row letter, Easting and

Northi ng are first converted to UTM Ea.~tin g and Northing and

then to Latitude and Longitude .

A local e c c e n t r i c i t y  squared is first computed by the

follow ing equations:

f • f’ + NELDLF(NGA ISP )
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where
f’ • WQS—72 earths rlatten ing
N GAZ SP i s  t h e  loc ai sp her~~od id
NELDLF is difference between local flattening

and WOS—72 flatten ing
2

EC2 • 2f — f The local eccentricity squared

Th e following is u sed to compute the UTM Easting:

• (1) East in g — (NBR(M0(3)) — 8 ((M0 (l)—l) mod 3)) 100000 + EST

whe re

NBR is a s t a t e men t function that maps the letters
A to Z less I and 0 to the numbers 1 to 24.

MG (1) • Military Grid Zone Number
* MO (3) • Military Grid Column Letter

EST a M i l i tary G r i d  Easting

The UTM Northing i-s computed by the following sequence of

calc ulat ions:

N — Row offset identifier c omputed in N2OSMO

IBOT (NBR (MO (2)) - 13) 8.8956
If IBOT is ( zero then add 99 to IBOT

IROW a NBR (M0(4)) — I — N + ((IBOT + N) mod 20)
If IROW is < t h a n  IBOT then add 20 to IROW

(2) North ing IROW 100000 + NTH

where

110(4) • Military Grid Row Letter
MO (2) Military Grid Zone Letter

NIH • Military Grid North ing

The UTM Easting and Northin g are first converted to

cartesean coord inates relative to the equator by ;

X — (East ing — 500000 ) / - 9996

V — (Northing — 10000000)/.9996 if NBR (MG (2)) ( 78

V • Northing / . 9998 otherwise

The Latitude and Longitude i n  radians are computed by the
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I
follow ing seq uence of comç,utat ions :

~ ‘I S = (1 — sqrt (1 — EC2)) / (1 + sqrt (1 + EC2))

U 
a a ’ + NELDLA (NGAISP >

where
a ’ is the WGS—72 Semi Major Axis
NELDLA is the difference between (408—72 and local level

I a is the local level Semi M:jor Axis

I - V / (a (1 — S)(1 + 5/45 )

• I w is the Recti- fing Latitude

I PHI = w + S(3/2 sin (2w ) + 21/16 S sin (4w )
—I I PHI is the Footprint Latitude

2

~ I R a I sqr tU — EC2 sin (PH!>)

I R is the Radius of Curvature Norma l to the Meridian

ETA2 • EC2 co-s (PHI) / (1 — EC2)

Z — X / R

LAMBDA = 6 110(1) + 183
LAMBDA is the Longitude of Central Meridian

- I t • tan (PHI) the tangent of PHI
C • cos (PHI) the cosine of PHI

1 2 2 2
(3) LAT = PHI + (1+ETA2) t Z (— 1 + Z  (t /4 + 5/12))

I 2 2
(4) LON = LAMBDA + Z/c (1 — Z /6 (1 + 2 t + ETA2

I 
2 2 2

- + 1 (1/4 + t (7/5 + 6/5 t ))

I

- I
i
I
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5.3. 16

Mn mon ic: N2MOLD

Title: M o lodensk y Latitude and Longitude corrections

Prjprjtu : 640 ms~ 320 mc or Back groun d

Invoked kJLi... N1XFRM, N2NVIN

Invokes: none

Inouts: Data Sets NCONST, NELIPS. NTRANS

Arguments: LAT — Latitude
LON — Long i tude

Paramettrs Sources
Local datum (NOAIDC ) N1XFRM
Delta Flatten ing (NELDLF) Block Data
Delta Major Ax is (NELDLA ) Block Data “

.

Delta X (NELTDX > Blo ck Data
Delta V (NELTDX ) Blo ck Data
Delta Z (NELTDX ) Block Data

Outouts~ Ar guments: DELAT — Delta latitude
DELON — Delta longitude

Proces sing :

N2MOLD computes the Molodensky adjustments to convert

(409—72 Latitude and Longitude to a local datum Latitude and

Long itude or vice versa. Each local datum has a different

center of the earth location , and the 46 d ifferent local

datums are mapped to 11 d ifferent spheriods . Each spheriod

has a different eccentricit y~ sem i—major axis, and a

flattening. Appl y ing the difference between WOS—72

sph.riods and the local datum sp her iod . the delta latitude

and longitude are computed to be added to the local datum

latitude and long itude or subtracted from the (408—72

latitude and longitude to get the other.
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Th. follow ing s~jmbols are used in the equations below;

NOAISP a Local Spheriod number NELISP(NQAIDC )
DX • NELDLX (NGAIDC )
DY • NELDLV(NOAIDC )
DZ — NELDLZ (NOAIDC)

DX.DY,DZ are offsets of x, y. z of t he  center
of the earth.

DF • Change in Earths Flattening NELDLF(NGAISP)
DA Change in Semi Major Axis NELDLA (NQAISP )
EC2 • Eccentricit y Squared
a • Semi Major Axis WOS 72
f • Earth Flattening WOS 72

A The equations are as follows:

tl — —DX sin (LAT) cos (LON ) —

DV sinCLAT ) sinCLON > +

DZ cos (LAT)

I t2 = 2 (a DF + f DA) cos (LAT ) sinCLAT )

2 3
RM • a (1 — EC2) / (sqrt (1 — EC2 sin (LAT)))
RM is the Radius of Curvature in the Meridian

I 
(1) DELAT — (ti + t~~) / RM

- 
A ti = —DX sinCLON ) + DY cos(LDN)

2
RN = a / sqrt (1 — EC2 sin (LAT))
RN is the Radiu of the Prime Vertical

(2) DELON t i  / (RN cos(LAT))

I
I
I
L
L
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5.3 17

I Mnemonic; t~2MSLH

I 
T i t le :  Mean Sea Level Altitude Correction

Prioritu: 640 ms 320 mc or Background

I Invoke d ~~~~~ N1XFRM, N2NVIN

invokes ; none

I I neu t s :  Data Sets NCONST, NELIPS. NTRANS

Arguments: LAT — Local  l eve l  l a t i t u d e

I LON — Local level longitude
UI

Parameters Sgurces

I Table of Corrections (NELITN) Block . Data

Outouts: Arguments ; HCOR — Altitude Corrections

I Processin g :

N2MSLH computes an Altitude correction that is the

I d ifferenc e b etween Mean Sea Level and WGS—72 geodetic

I altitude. The correction is computed in meters from a

g r idded database which contain -s the corrections for every 10

I degrees of latitude and longitude. Given a latitude and

longitude , N2MSLH will interpolate the four points

I surrounding them. The first step is to compute the indices

in the table. Let RLON and RLAT be longitude and latitude

in 10 degree units and let ILON and ILAT be the truncated

I values of RLON and RLAT.

i For longitude indices:

II = ILON + 19

I 12 = Ii + I If  l o n g i t u d e  i s p os i t ive
12 Ii — 1 If longitude is negative
If 12 is equal to 37 then 12 = 1

I

- 
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For latitude indices:

• ILAT + 10
‘S

J2 = JI + 1 If latitude is positive
= JI — 1 If latitude is negative

Interpolation offset is computed by:

X abs (RLON — ILON )
V = abs (RLAT — ILAT )

where

abs is the absolute value.

WWW is a statement function that is used to apply a weight

to the four points in interpolation where

2 2
WWW (X~Y) 

a x V (9 — 6(X + Y) + 4XY) 
p

Then the correction is computed as follows ; L
HCOR a WWW (X .Y) NELITN (12,J2)

+ WWW (1—X,V) NELITN (I1 J2)
+ WWW (X .1—Y ) NELITN(12,J1)
+ WWW (1—X , i—Y ) NELITN (I1 J1)
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- 5.3.18

1 Mnemonic: N2NEGS

Ti tle: Propagation of User State

I Prigritu : 320 mc

Invo ked ~~~~~~~~ N1.MI TK

Invokes: none

I Ino uts: Data Sets NCONST. NINNER

Parameters S9uTc0$

I User Position (NGACPS) N2NVIN. N2NEQS, N1MITK
User Velocity (NOACVL ) N2NVIN. N2NEGS, N1MITK
User Acceleration (NOACAC ) N2NVIN. N2NEGS, N1MITK

I 
Rang . Bias (NORBIS) N2NVIN, N2NEGS,

N1MITK , N2MCNI
Range Rate Bias (NGRTBS) N2NVIN, N2NEGS,

N1MITK , N2MCNI

I Cutouts: Data Sets NINNER

I Parameter-s Destination
User Position (NOACPS) N2MCNI. N2HMTR, N1MITK
User Velocity (NGACVL ) N21ICNZ, N2HPITR, N1MIT~
User Acceleration (NOACAC ) N2MCNI. N2HMTR, NIMITK

I Rang e Bias (NORBIS) N2MCNI. N2HMTR, N1MITh

Processino :

I N2NEQS integrates the navigation equations of m o t i o n  to

I 
propagate user position . velocity , acceleration and range

bias forward 320 ms in time. The equation that N2NEOS uses

I is ~ PHI ~ where ~ is the vector with 11 en t r i e s  of f i l t er

states to be propagated and PHI is the constant state

I transition matrix.

I
I
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= NCACPS (1) x posit ion
NCACPS(2) y po siti on
NOACPS (3) z po sitAo n
NGACVL (1) x ’ velocity
NOACVL (2) y ’ velocity
NGACVL (3) z ’ velocity
NGACAC (1) x ’1 acceleration
NGACAC (2) y ” acceleration
NOACAC (3) z” acceleration
N ORBIS RB range bias
NGRTBS RB’ range rate bias

1 0 0 .32 0 0 RA 0 0 0 0
0 1 0 0 .32 0 0 RA 0 0 0
0 0 1 0 0 .32 0 0 RA 0 0
0 0 0 1 0 0 VA 0 0 0 0
0 0 0 0 1 0 0 VA 0 0 0

PHI — 0 0 0 0 0 1 0 0 VA 0 0
0 0 0 0 0 0 AA 0 0 0 0
0 0 0 0 0 0 0 AA 0 0 0
0 0 0 0 0 0 0 0 AA 0 0
0 0 0 0 0 0 0 0 0 1 .32
0 0 0 0 0 0 0 0 0 0 0

where
RA = . 04942709324
VA = . 3035243056
AA = .8988252315

N2NEGS does not store all of PHI, since only 4 constants are

used t h e r e f o r e  t h e  f o l l o w i n g  equat ions are b r e a k d o w n s  of t h e

above formula.

Position:

NOACPS (I) = NGACPS (I) + .32 NOACVL (I) + NGACAC (I) RA

Velocity:

NQACVL (I) = NOACVL (I) + NQACAC(I) VA

Acceleration:

NQACAC (I) = NQACAC (I) AA

Range Bias:

NQRBIS = N ORRIS + . 32 NQRTB S

I goes from 1 to 3 for the 3 coordinates x .y. z of the earth

fixed , earth centered coordinate system.
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5.3.19

1 Mnemonic: N2NV IN

I 
Title: NAV Initiali zation

Pripritu: At power up or when update button pushed

I Invoke d ~~~~~~~~ NIINIT. NIMITh

In v o k e s :  N2MQOP, N2MOLD, N2MSLH, DCOS, DSIN

I Inputs: Data Sets MNXXXX , NCONST

Parameters Sources

1 Wa ypoint Number (MNCWYP(16)) M1ADIS
User Heading (MNCWYP (t1)) M1ADIS
User Speed (MNCWYP (12)) M1ADIS

I User Altitude (MNIWYP (9. 10)) M1AD IS
User Position (MNIWYP (l—8)) M1ADIS
Loc al Datum ID (MNCWYP (13)) M1ADIS

I Outputs: Data Sets NTRANS, NOUTER. NINDUT. NINNER

Parameters De~~tinatipnI NAV Initiali zation Flag (MNCNAV (1) N2MCNI
Computed Range (NORNOC ) N1MITK, N2MCNI
Computed Range Rate (NQRTCM) NIMITK

I Range Bias Rate (NGRTBS) N2MCNI
Alt itude (NOBALT) N1XFRM
Speed (NOVTAS ) N1XFRM, N2WPCM

I 
Heading (NOPSIT) NIXFRM . P42WPCM
WOS—72 Latitude (NGLATD) N1XFRM . N2IONO, N2WPCM
(408—72 Longitude (NOLNOD ) N1XFRM, N2IONO, N2WPCM
Mean Sea Level Altitude (NOALTD ) NIXFRM , N2IONO, N2WPCM

I Waypo int Latitude (NWPLAT ) N2WPCM
I Wa ypo int Longitude (NWPLON ) N2WPCM

Wa ypoint Altitude (NWPALT) N2WPCM
1 Rotat ion Matrix (NGTROI) N1XFRM . N2NVIN, N2FOTP

I User Position Earth—Fixed (NGACPS) N2MCNI. N2HMTR, NIXFRM
Iteration Parameter (NOAGGO ) N1XFRM
Altitude Hold Position (NXVZSV ) N1MITK

I Acceleration Earth—Fixed (NOACAC ) N2MCNI. N1MITK, N2NEGS
I Velocity Earth—Fixed (NOACVL ) N2MCNI. N2HMTR

Covariance Matrix (NGCOVP ) N2MCNI. N2COVR . N2FCPG
I 

Average Range Residual (NOSUMS ) N1MITK
I Average Range Rate Resid. (RDSUMS ) NIMITK

Fudge Factor (NGFFCT) N2MCNI , N2FOTP
Iono/Tropo Corrections (NODELA ) N2MCNI

I Sv Clock Corrections (NQZCLK ) N2MCNI
Lever Arm C or r e c t ions (NGLEVR ) N2MCNI
Doppler C o r r e c t i o n s  (NGZDOP ) N2MCNI
Innovation Factor (NOINVM ) N2MCNI
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Range Gains ~NGRGNS ) N1~~~TR, N2MCNI
Range Rate Gains (NORTON ) N1N1TR, N2MCN
Altitude Hold Gains (NAL~4ON> Nl1~ TA. N2MCNI

Processin g;

N2NVIN is the initialization rout ine for the navigat ion

data sets. The initialization sta ’~e flag is set to 3 for

the first step in initialization - The computed ranges and

range rates a r e  set to 22000000 and 0. The in itial user

states are set according to the operator inputs. Altitude.

speed and heading are taken from operator inputs and scaled

to meters , meters per second and radians. Position is

either in military grid or latitude and longitude, both of

which are relative to a local datum. N2MGGP is called to

convert the militar y grid to local datum latitude and

longitude. The latitude and longitude inputs are converted

from degrees minutes seconds to radians. Then N2MOLD will

compute correction s to convert the local datum latitude and

Longitude to WOS—72 latitude and longitude. N2MSLH is

called for the altitude correction which is added to the

mean sea level altitude to get the WOS—72 altitude. If the

waypo int switch is not in position zero then the WGS—72

latitude . longitude and altitude a~ e saved in the waypoint

position array.

The rotat ion mat rix is c omputed as follows :

NGTRO1(1, 1) —s in (NGLNGD )
NGTRO1 (t.2) • cos (NOLNOD)
NGTRO1 (1.3) = 0
NQTROI (2. 1) —cos (NGLNQD) sin (NQLATD)
NOTRO1 (2.2) = —sin (NQLNOD ) sin (NCLATD )
NQTROI (2.3) = c os(N GLAT D )
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NGTRO1(3, 1) = co ’~ (~~GLNGD ) cos (NGLATD)
NOTRO1 (3,2) = sin (NOLNGD cos~~NGLATD)
NGTRO1 (3.3) sin (NOLATD )

The earth fixed u ser coordinates are computed by:

2 2
R a / sqrt(1 — e sin (NQLATD))

0 = R NOALTD cos (NOLATD) I
NOACPS (1) = 0 cos (NOLNGD )
NOACPS (2) a Q sin (NGLNCD )

2
NOACPS (3) = ((1 — a ) R NGALTD ) sin (NOLATD)

where

a Earths Equatorial Rad iu
e = Earths Eccentricity

The iteration parameter used to convert earth fixed

coordinat es to latit ude lon g itu d e and alt itu d e is set t~

eccentricit y squared. The east and north ve locities are

-
~~~~~ computed from the input speed and headiai g as follows:

East Velocity — NGVTAS sin (NGPSIT)
N o r t h  V e l o c i t y — NOVTAS co~~(NOPSIT)

Up v e l o c i ty  and t h e  ea r t h  f i x ed ac c~~lerations are set to 0.

The altitude hold position is c pied from NOACPS The earth

fixed velocities are computed f rom the east and north

ve l oc i t i e s  and the rotation matrix:

NGACVL (i) = NCTRO1 (1,i) NOAVES + NOTRO1 (2,i) NOAVNR

a 1.2.3 => (x ’.g ’.z ’)

The off diagonal element -s of the covariance m atrix are

set to 0. while the diagonal elements are set as follows.

The (1.1) (2,2) and (3.3) elements are set to 1.0 ElO . The

(4.4) (5 ,5 )  and (6,6) elements are set to 10000. The (7.7)
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- (8.8) and (9.9) elements are set to 100. Th~ (10, 10)

I element is set to 1.0 E10. and the (11, 11 ) element is set to

I 
zero.

The r o l l i ng averages of norm alized range and range rate

I res idua ls  squared are set  to 50. The fudge fac 4 or is 1, and

all the c o r r e c t i o n ,  lono /Tropo.  SY Clock , Antenna Lever Arm

I and Doppler, are set to 0. The innovations for ranges are

I 
set to 25 and the innovations for range rates are set to

- 0 .2~~. A l l  the range gains, range rate gains and altitude

hold ga ins are set to 0.

1

~i.I
I

I

I

I
L

II.
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5.3.20

Mnemonic: N2OSMG

TiU.~ Row Of fset Ident ifi er

Prioritu: 640 rns. 320 ms or background

Invoked ~~~~~~~~~ N2QPMC. N2PIOOP

Invokes: non e

Inp uts: Data Sets NELIPS

Arguments : MC — Military Grid Zone Number and
Zone Letter

Parameters Sources
Local Spher iod ID (NGAISP ) N1XFRM

Outouts: Arguments: NNN — Row Offset

Processin g :

N2OSMC com putes the Row Offset Identifier for military

grid convers ion. NNN is computed depending on Zone Number.

Zone Lett er an d Spheriod ID. NNN is computed  as follows:

For the followi ng situations.

(I) NOAISP = 2 and 47 > MO (1) > 51
(ii) NGAISP 3 and 50 <a 110(1) C= 52
(iii ) NOAISP = 4 and 81 <a 110(2) and MG (1) <= 51
(iv) NOAISP 5 and 110(1) > 47
(v) NGAISP = 7

Then NNN = 0 If 110(1) is odd
NNN = 5 If 110(2) is even

For NGAISP 6

Then NNN = 10 if 110(1) is even
NNN a ~5 if 110(1) i-s o dd

For all o t h e r  c a s e s

NNN = 10 jf MG (1) iS  odd
NNN = 15 if 110(1) is even

I L
1 ’ ’
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5.3.21

Mn .lonic; N2SVEC

Title: Satellite Fit Coefficients or Ranges

Priorit u ; B a ckground

Invoked ~~~~~~~~ N1SVPN, N2SVSL

Invokes; DSGRT. DSIN. DCOS. X3REG, X3REL

Inputs: Data Sets NSVPOS. NCONST. MNXXXX. MMALRT, MIEPHM
MPALMC. NINTRF . NINNER

Arguments: ISV — Generic SV ID or SV ID
TIM — Time of Coefficients or Ranges
MDE — Mode for Coefficients or Ranges

Paramete rs Sources
Satell ite ID (MMSVID) N2SVSL r
Coeficient Buffer Switch (NOFITX) N1SVPN
Epheme ris Avail Flag (MIEVFL ) M2DBS2, M2DBS1
Ephemeris Data (MXEDAT (1—24)) M2DBS2, M2DBS1
Almanac Data (MPADAT(1—16)) M2DBPR, M2DBS3
Source Status (MM~TUS) N1SVPN, N2FOTP.

N2SVSL , N2MCNI
CT Positions (NOCOTX. NOCOTY.

NOCOTZ) Block Data
User position (NOACPS) N1MITK, N2NEQS,

N2NVIN

Outputs: Data Sets NSVPOS

Parameters Destination
SV Positions (NOXYZP ) N2SVEC
SV Fit 0 Coefficient (NOFITO) N2HMTR
SV Fit 1 Coefficient (NCFIT1) N2HMTR
SV Fit 2 Coefficient (NGFIT2) N2HMTR
Time of Coefficients (NOFITT) N2HMTR
SV Ran ges from Almanac (NOSVRN) N2SVSL
SV R ising/Setting Flag (NCSVST) N2SVSL

Proces sing :

N2SVEC will compute satell ite fit coefficients if the

input MDE is 1, or it will :ompute satellite ranges f r o m

almanac if MDE is 2. The choice of MDE = 2 is used for

automatic satellite sel ection only.

When  MDE is 1 the input ISV is the gener ic  ID having a
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I
value of 1 to 5. The actual ID is obtained From

1 MMSVID (ISV). The satellite positions are computed at time

TIM and 60 seconds before TIM and 60 seconds after TIM.

If MMSVYD( ISV ) is g r e a t e r  than 32. and there is no

I ephemeris available , then the source is a ground t ransmit ter

whos. position is gotten from NGCOTX. NOCOTY, NGCQTZ.

I otherw ise.  the ground transmitter coordinates x . y. z are

found in array MIEDAT, and mu -st be converted to meters by

I applying th e sc a le f a c t o r  7. 8125E—3. For CT’s the fit

i coe f f ic i en ts NOF ITO are  the x , y . z  components  of the 01, and

a l l  NQFIT1 and NQFIT2 ent r ies are 0.

I For sat e l l i tes  N2SVEC checks MIEVFL for ephemeris

validity. If there is no ephemeris , then almanac is used in

I data set MPALMC. When ephemeris is used . sole access is

requested f o r  ephemeris data by c a l l i n g  X3REG . Then the data

is co p ied  from MIEDAT to a local 24 word array. The

I ephemeris data is e i ther 16 o r 32 b i t num b ers , where one

word is 16 bits. The following table shows what the data is

I and how it is scaled.

WORD SCALE
NAME NUMBER FACTOR DESCRIPTION

—31
1. MMO 1 and 2 2 P1 Mean Anomaly

1

I 2. ECNT 3 an d 4 2 Eccentricit y
-18

3. BRA S and 6 2 Square Root of A

1 -31
4. 0110 7 and 8 2 P1 Right Ascension

—31

1 5. 110 9 and 10 2 P1 Inclination Angle
-31

6. 0110 11 and 12 2 P1 Argument of Perigee
I —43

‘~1
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7. OMD 13 and 14 2 P1 Rate of Ri gh t Ascension
4

8. TOE 15 and 16 2 Ephemeris Reference Time
—5

9. CR9 17 2 Sine of Harmonic
Correction to

I Orbit Radius
—43

10. DLN 18 2 P1 Mean Motion Correction
1 -29
1 11. CUC 19 2 Cosine of Harmonic

Correction to

1 Arg ument of Latitude

1 —29
12. CUS 20 2 Sin of Harmonic

C o r r e c t i o n  to
1 Argument of Lat i t ud e
1 -29

13. CIC 22 2 Cosine of Harmonic
Correction to

( Inclination
—29

14. CIS 23 2 Sine of Harmonic
Correction to
Incl ination

—29

I 15. CRC 24 2 Cosine of Harmonic
Correct ion to
Orb it Radius

where

P1 is 3. 141592654.

1
X3REL is used to release the sole access request of

I e p h e m e r i s  d ata .  I f  ep he me r i s is not available then almanac

is used. Again X3REG is used to obtain sole access of

alma nac data which is copied from MPADA T to a local 14 word

I arra y . The scale factors are listed below.

WORD SCALE
I NAME NUMBER FACTOR DESCRiPTION

—21
1. ECNT 1 and 2 2 Eccentri city

1 
— 11

2. SRA 3 an d 4 2 Square Root of A

3. 0110 5 and 6 2 P 1  Right Ascension

i 
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—23
4... 0110 7 and 8 2 P 1 Argument of Perigee

-23
5. 11110 9 and 10 2 P1 Mean Anomaly

12
6. TOE 11 2 Time of Almanac Data

—19
7. 110 12 2 P1 Actual Inclination Angle

8. OMD 14 2 P 1  Rate of Right Ascension

and DLN. CUC, CUSs CIC , CIS, CRC. CR5 are all zeros.

The positions at time TTK are computed as f o l l o w s :

3
NNN = sqrt (Mu ) / SRA + DLN

Correcte d Mean Mo t ion
Mu = 1405—72 Earths Universal Gravitational Constant

a 3. 986008E14 meters**3/seconds**2

TTK=TIM - 60 — TOE
Time from Epoch

1111K a NNN TTK + 11110
Mean Anomaly

EEK is set initially to MIlK
Iterate four times using the equation:
EEK a sin (EEK ) ECNT + 1111K

Eccentric Anomaly

RRK — (cos (EEK) ECNT — 1)
Corrected Rad ius

COSV (cos (EEK) — ECNT) / RRK
2

SINV = sqrt ( — (ECNT — 1)) sin (EEK ) / RRK
Cos ine and Sine of True Anomaly

SINF = SINV cos (OMG ) + COSV
COSF = COSV cos(OMG ) - SINV sin (OMG )

Sine and Cosine of Argument of Latitude

SINH = 2 COSF
COSH = 2 COSF COSF - 1

Sine and Cos ine of Second Harmon ic f or Perturbat ions

SINDU a SINH CUS + COSH CUC
COSDU a — (SINDU SINDU) / 2 — 1
SINU COSDU SINF + SINDU COSF
COSU COSDU COSF - SINDU SINF

Sine and Cosine of Corrected Argument of Latitude

II..
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2
XORB = (RRK SPA + (CRC COSH) + (CR9 SINH ) ) COSU

2
YORB = (RRK BRA + (CRC COSH) + (CR9 SINH) ) S~LNU

X and V Positions in Orbital Plane

SINDI a CIC COSH + CIS SINH
COSDI a — (SINDI SINDI) / 2 — 1
SINI cos (IIO) SINDI + sinC IlO ) COSDI
COSI = cos (IIO) COSDI — sin (II0) BIND!

J Sin e and Cos ine of Correcte d Incl inat i on

011K = (OMD — OME) TTK + DM0 — TOE OME
Corr ecte d Lon gi tu d e of Ascen ding No de at SV
Transmit Time
OME a Earths Rotation Rate

C
NGXVZP (1.-j) XDRB cos(OMK ) — VORB COSI sin (OMK )
NOXYZP (2,j) a XORR sin (OMK ) + YORB COB! cos (OMK )
NOXYZP (3, j) a YORB SINI

where
j a 1.2,3 for the 3 sets of coordinates L
For j a 1 coordinates at time TIM — 60 seconds
For j  = 2 coordinat es at t ime TIM
For j 3 coordinates at time TIM + 60 seconds

Increment time TTK by 60 seconds and perform the above steps aga in.

Fit coefficient are then ready to be comp uted after 3 sets of

satellite positions have been computed. 
-

NOFITO (i) NOXVZP (i,2)
NOFIT1(i) = (NQXYZP(i.3) — NGXYZP (i, 1) ) / 120
NQFIT2 (i) = (NOXYZP (i,3) — 2 NOXYZP (i.2)

4 NOXVZP (i,1) ) / 7200

where

j 1,2,3 for the 3 coordinates x .y, z

When MDE is 2 then only 2 sets of satellite positions are

c omputed. The range to both positions are com puted b y the

sum of the squares of the differences between user and

satellite coordinates. The first range is stored in NCSVRN

for automa tic satellite selection. The second range is
I , ,

subtracted from the first to determ ine rising or setting.
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If the difference is negative then
set NQBVST to 1 for setting

If th. diffe rence is positive then

j 

set NOSVST to 2 for r ising

If MDE is 2 and the almanac d oes not exist then both

t
NOSYRN and NOSVST are set to zero.

I
1.

I
L

, 1

I-
I

- I

.Ii
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5.3.22

h 
Mnemonic: N2SVSL

Title: Satel i te Sel ect ion Rout ine

Pr ioritu : Back ground

Invoked ~ j~~j  NISVPN

Invoke s : N2SVEC , X3T IMM . X 3REO , X3REL

Inouts: Data Set-s MNXXXX , MMALRT, MIEPHM, MTTCDS, NSVPOS,
MPALMC S NINNER

Parameters Sources
H Active Sourc es (MMSVID) N2SVSL

Source Status (MMSTUS) N1SVPN. N2SVSL,
N1MITK , N2FOTP

Operat or Sources (MNCRCV) M1ADIS
Range to Source (NORNOC ) N1MITK
Ranges fro m Almanac (NGSVRN) N2SVEC
Source Movement (NQSVST) N2SVEC
Receiver Number (MMRECN) N2FOTP

Outouts: Data Sets MMALRT

Destination
Source Status (MMSTUS) NAV routines
Active Sources (MMSVID) N1SVPN. N2SVEC. N2FOTP
Ephemeris Avai l  Flag (MIEVFL ) N2SVEC
Clock Correct ions Avail (MTTVFL ) N2SVEC
Source ID (MNCRCV) M1ADIS

Processing:

N2SVSL w ill construct the list of active sources .

either automatically or from operator request- s . and keep it

updated. The sources can be either ground transmitters or

satel lites .

The automatic mode wi ll only select satellites~ and

will se lec t  four or less depending on the elevation and

availability of the source. The steps taken for automatic

sate l l i te  se lec t ion are as f o l l ows
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1. Obtain a source ID already in ~...se from the active
l ist MMSVID.

2. If the ID is zero and it is the fir-st ID that is zero
then look a t the next source.

3. If the ID is zero, and is not the f i r s t  zero ID. then
a search is ma d e of all 24 satellites to determine an
addition.

4. If the ID i-s not zero, and the range is g r e a t e r  t h a n
25233032 meter -s (less than 5 degrees elevation ), then the
source is marked as not visible and a search is made for
a re placement.

• 5. If the ID is not ze ro  and the range i-s less than
25233032 , the source is placed in the commanded array
MMSVCM.

The ste p s for searching the satellites for the best source

to add is as f o l l o w s :

1. N2SVEC is called , if needed, every two minute -s to
have ranges computed from the almanacs. The
rising/setting flag NGSVST is set to zero if no almanac
is availa ble , to I if the source i-s setting and to 2 if
the source is ri-sing.

2. A search is made of all 24 ranges computed and the
f o ll o w i n g  te s ts are performed:

A. Is the source ava ilable? If not look at the next
so urce.

B. Are we already using the source? If so look at the
next sourc e.

C. I-s the source higher than 5 degree -s elevation? If
not look at the next source.

D. On th e first search of the ranges we choose the
source that is rising and is the closest satellite to
5 degrees elevat ion.

E. A second search is made only if the first search
did not select a source. The second time through . we
look at  setting sources and choose the source with the
smallest rang e (ie . is highest in the sky ).

I “ When a source is selected t h e n  the r i -sin g /setting status i-s
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I
set to zero to indicate the satell ite ~s r~~w un~~v~~ilab 1e ior H
further selections.

If the satellite selection is manual. then the sources

d e s i r e d  ar e c h e c k e d for validity. If the source has a valid

I ID and an almanac exists, then it i-s copied to the commanded

SV array. If the source ha-s no almanac or the ID i-s

I invalid , then MNCRCV (20) is set for the CDU to respond.

The next step N2SVSL does is to construct add and

delete queues from the commanded sources array. If the

• active source s in MMSVID are not equal to zero. and the ID

is not in the commanded sources. then the -source is added to

the delete queue. If the c ommanded source is not equal to L

zero and is not in the active arrays then the source is put

in the add queue. All add itions that can be made are done

before any deletio ns.

To ad d a source to the active list , we find a slot in

MMSVID where the current ID i-s zero, and plac e the ID from

the top of the add queue there. The status is set to 1, the

I reciever number i s s et to 0 and the upda te flag i s se t to

— 1. N2SVSL will add as many sources as poss ible . until

e i t h e r  t h e  add queue is empt y or the active list has 5

I sources.

To delete a source we fi rst locate the source in the

I act ive  list that matches the top of the delete queue. The

source w ill be deleted if the status is less than 4 or the

receiver number is zero. The source will not be deleted if

there are less than 5 sourc e s with status of 5 (ie. MMNVSV <
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- 5). and the source to be deleted has a t at u  of 4 ~r 5. If

I the source can be deleted , then MMNVSV is set to 4. if it is

I
S. The ID is set to zero. The status is set to zero. The

epheme r is and clock correction -s availability flags are set

I to zero. and the reciever number is -set to zero. The delete

queue is updated to remove the deleted source. Then, if the

delete queue i s not empty. it is reordered , and the next

I 
source is processed for deletion.

C

1
I
U

I

I
I
I

. 1
I

I .~
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5.3.23

1 Mnemon i c : N2WPCM

I 
Title: Waypo int Calculations Routine

Prioritu : 640 ms

I Invoked ~j~~j  N1XFRM

Invokes: N2 CPMQ

I Inouts : Data Sets: MNXXXX. NIRANS. NCONST. NINTRF

Arguments : NB = Buffer switch for MNOWYP .

- P r  ame t e r Sgprce
Conver gence angle for waypo int caic. (NGCNVC ) N2GPMC
Present user earth—fixed position (NOXCPS) N2MCNI
Present user altitude (NQALTD) N2MCNI
Direction cosine matrix (NOTRO1) N1XFRM , N2NVIN
Waypoint switch number (MNOCDU ) M1ADISI Waypoint latitude (or northin g ) (MNIWVP ) M1ADIS
Way point longitude (or easting ) (MNIWYP ) MIADIS
Waypoint altitude (MNIWYP ) M1ADIS

H I Use r ground speed (NCACVO) II1ADIS
Earth eccentricity—squared (NCCNST) Block Data
Earth radius (NCCNST) Block Data
Horizontal approach angle (MNIWYP ) M1ADIS
Vertical approach angle (MNIWVP ) M1AD IS

Outouts : )ata Bets: MNXXXX

Parameter Destination
Range to waypoint (MNOWYP ) M1ADIS

I Bearing to waypoint (MNOWYP ) M1ADIS
Time—to—go to waypoint (MNOWVP ) M1ADIS
Horizontal crnss—track error (MNOWVP ) M1ADIS
Vert ical cross—track error (MNOWYP ) M1ADIS

I Wa ypoint—behind flag (MNSTAT) M1ADIS

Processin g

I N2WPCM calculates -several waypo int parameters . range.

bearing time—to—go . horizontal cross—track (steering )

I error. and vertical cross—track (steering > error for use by

the QPS user/operator via the Control /Display Unit (CDU ) for

local—level , real time navigation.
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The p rocessing flow for N2WPCM is as follows: (1)

Determ ine if earth— fixed coordinates have already been

calculated from a previous call ; if not, do this conversion;

(2) Convert earth—fixed coordinates to local—level (east.

north~ vert ical) with origin at present user position ; (3)

Calc ulate range from the users position to waypoint ; (4)

Call subrout ine. N2OPMQ. with arguments: “2. lat itude,

long i tude ” to get convergen ce angle correction for bearing;

(5) Calculat, bearing to waypoint ; (6) Determine if waypoint

is “before ’ or “behind” user; (7) Determine time—to—go to

wagpoint~ (8) Determ ine horizontal and vertical cross—track

errors.

I
t~~
i
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5. 4 EXECUTIVE SOFTWARE MODULE DESCRIPTIONS

5.4.1

Pinemonic : 819L10

j Title: Slave bus I/O service task

Prioritu : 10 ms

Invoked ~~~~ RIMRC

Invokes: X3ERRA, X3WAIT. F*RQMV

Inputs: From data set  XCOUNT . BCRVRT, BUSDTA; bus message

pointed to by BUSDTA

Source

10 ms count, mod 2 (XCOO1O) X1IT1O
Message dest ination address (BCRVRT) BCRVRT
Message source address (BUSDTA) BUSDTA

Outeuts: Bus message (po inted to by BCRVRT)

Processino :

BISLID prov ides service to the slave serial bus

interface module (SBIM) in the receiver subsystem. It may

either receive a 14—word mes sage or transmit a 15—word

message clocked ser ially into/out from memory .

Upon p ower—up . the bus is emptied (the contents are. all

clocked out). In norma l operation . the task will execute

onlç~ in the latter half of a 20 ms period. If this

cond ition is satisfied1 the hardware status register is

— checked  to see if a message is present. If so. it is taken

off of the bus and placed into memory starting at the

location po inted to by BCRVRT. The correct offset into

4 BCRVRT ii determined from the routing indicator passed as

~I1I 
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- the first word of each message. If no messa~ e is pres..~nt~

the bus message beginning at the location po inted to by

BUSDTA is put onto the bus. The correct offset into BUSDTA

is computed from the FTF count . mod 16, passed as th e first

word of the message.

BISLIO will log an error on input if the bus does not

reply when expected if a timing error was detected in the

hardware or if a parity error was detected. These errors

are d etecte d by reading the hardware status register.

L

• 
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5. 4.2

1 Mn.monlc~

‘ 
Title : Maste r STDM BUS Inte r fa ce Routine

Prioritit : 20 Milliseconds

1 Invoked k~~ M1CMSC

Invoke s : (none )

Inouts: From Data sets: AMNXXX . M~ X X X X

I 
Parameter 

______

Hardware FIFO status re g ist e r . at address F9FA (hex )
Hardwar , shift register bidirectional ,

se rial to/from parallel. 16—b it .  at address F9FA (hex )
Hardware FIFOI 16—word, ~t address F9FE (hex )

I 
Vector of BUS I/O flags ( MNBSCN ( 1— 10))  MICMSC
Victor of BUS routing indicators MNBSCN(11—20)) M1CMSC
RCV3A — output BUS meg (MNBSIO (313—328)) M1CRNC .M1CMSC
RCV3B — output BUS meg (MNBSIO (329—344)) M2BUSO.M1ADIS

I RCV3C - output BUS msg up bfr (MNBSIO (345—360)) M1CRNC
RCV3D — output BUS meg . Jo bfr  (MNBSIO(361—376)) M1CRNC
RCV3E — output BUS msg . up bfr (MNBSIO (377—392)) M2STIN

l RCV3F - output BUS M eg lo bfr (MNBSIO(393—408)) M2STIN

Outnuts : To Data Set.: MNXXXX

I P4rameter Destination

Hardware shift T eg i st e r , b i d i r e c t i o n a l .

‘ 
serial to/from parallel , 16—bit, at address F9FA (hex )

Hard ware FIFO. 16—word. at address F9FE (hex )
RCV2A 1 — input BUS meg (MNBSIO (14~ —158)) M1CMSC .M2STIN.

• MIDBPR

I RCV2A2 — input BUS meg (MNBSIO (1~~~— 172)) MICMSC.M2STIN.
M1DBPR

RCV2A3 - input BUS meg (MNBSIO (173— 186)) M1CMSC.M2STIN.

I M1DBPR
RCV2A4 — input BUS meg (MNBS IO( 187—200) )  MICMSC ,M2STIN.

MIDBPR
• RCV2A5 - input BUS msg (MNBSIO (201-214)) MICMSC ,M2STIN,
I M 1DBPR

RCV2B — input BUS msg (MNBSIO (215—228)) M2STIN
RCV2C — input BUS meg (MNBSIO(229—242)) M2STIN

1 RCV2D — input BUS meg (MNBSIO (243-2~6)) M2STIN
RCV2E - input BUS msg (MNBSIO (257—270)) M2STIN
RCV2F - input BUS meg (MNBSIO (271-284)) M2STIN

1 RCV2Q — input BUS msg (MNIISIO (285-298)) M2STIN

I PAGE 187

r
• ~~~~~~~~~~~~~~~~~~~ 

,
~~~•-‘ •.1

- 
_•__.___l•~—’ ~�:a1~I

_ _ _ _  
—



I

- I
I 

_ _ _ _ _ _‘I

I 
B2MSTR is the Serial Time Division Multiplex (STDM )

master bus c ont ro ll e r , residing in the MSCP. It implements

I the following functions: (1) supervises the STDM bus

input /output eervice i (2) provide s STDM bus hardware tat .~

I checks ; (3) provides m odulo—16 Fundamental Time Frame (FTF )

count synchron ization checks between the RCVP and MSCP

subsystems.

The processing flow for STDM bus service i-s as follows:

Array. MNBSCN (of Common, MNXXXX ), contains two parts — I/O

1 fla g s and select words. I/O flags are scanned and

interpreted to find the bus message to be handled during

I current FTF. For input message processing~ the

First—In—First—Out shift register (FIFO ) is set up to

receive. When it is empty the select word is retrieved,

I and d ata is moved from FIFO to array. MNBSIO. For output

message proces sing the FIFO is set up to transmit. When it

I Is empty . the routing indicator is retrieved , the message

I 
source buffer address in array1 MNBSIO. is calculated. the

select word and length. me ssage is retrieved , the FIFO is

I loaded repeatedly , one 16—bit word each time , until the

message transmi ssion i-s completed.

I
I
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I
:n::nic; DATAN2

I 
Title: Double precision arctangent

Pi ioritst: Re entrant ut ili t y

i Invalid ~~~ N1XFRMI N2WPCM

Invokte~ X3ERR , F$RGMY2. F$R ITPI FSXRER

I Innute : X, Y from argument list

Parameter Spiprce

I Argument passed CX ) Calling subprogram
Argument passed (Y) Call ing subprogram

I Qutaiite~
Parameter Desti nation

Arctangent of X/Y in rad ians (DATAN2 ) Calling subprogram

I 
_ _ _ _ _ _ _ _ _Proc.essina~

J DATAN2 computes the arctang.nt of the value X/V and

returns it as the val ue DATAN2. It requires the floating

1 point arithmetic un it. X, V. and DATAN2 must all be

J declared REALCB. DATAN2 will log an error if X and V are

both equal to zero. The rang . of returned values is —P 1 to

I Pt .

1
I
I
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54. 4

[. Pineagnic: DCOS

Tit le:  Doubli precision cosine function

Prioritu: Reentrant utility

[ Invoked ~~~~ N2QPMG. N2MOGP, N2MOLD. N2NVIN. N2SVEC S N2WPCM

Invokes: X3ERR. F$RQMY. F$R ITP. F$XRER

Innut~~ X from argument list

Parameter Source

1 Input angle in radians CX ) Calling subprogram

I Outøuts: DCOS

Parameter Destination r

I Cos ine of spe ci f ied ang le Call ing su bp rogram

Processing :

DCOS computes the cosine of a given angle X in
1 

radians. DCOS and X must be declared REAL*8. The range of

I returned value-s is —1 to 1. DCOS will log an error if X is

outside the range —4*PI to 4*PI.

I

I
I
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5. 4. 5

Mnemon ic: DEXP

Title ~ Double pr ecisi on e** (X)

Prio ritu: Ree ntrant utilit y

Invo ked biL. N2IONO

Invokes: X3ERR, F$RQMV, FSR ITP, F$XRER

Innuts; X from argument list

Parameter Source
p

Input value C X )  Calling subprogram

Outøuts: DEXP

Destination

Returned valu e of e** (X) Call i n g  subprogram

Process ing :

DEXP computes an approximation to the value of e**(X).

DEXP and the input value X must be declared REAL*8. If X

exc e eds 174 673. DEXP w ill log an error . The returned value

is alwa y. positive.
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I
5.4.6

Mnemon ic: DSIN

Title: Dou ble precision sine function

Pri.oritu: Reentrant utility

Invoked ~~~~ N2QPMO. N2MQCP. N2MULD, N2NVIN. N2SVEC , N2WPCM

Invokes: X3ERR, FSRGMV . FSRITP. FSXRER

Ineuts: X from argument li-s t

Paramete r Source

Input value (X ) Calling subprogram 
p

Outnuts : DSIN

Paramet er Dest ination

Returned value of sin (X ) (DSIN) Calling subprogram

Processino :

DSIN c omputes an approximation to sin CX ) . DSIN and X

are declare d REALII8. Output values for DSIN are in the

range —1 to 1. DSIN will log an error if the input value is

outs ide the range —4*PI to 4*PI .
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5.4.7

Mnemonic: DSGRT

Title: Double precision square root function

Prioritu : Reentrant utilit y

Invoked ~~~ N1XFRM. N2FOTP. N2OPMO. N2HMTR. N2MOCP, N2MOLD,

N2NVIN, N2SVEC, N2WPCM

Invoke s : X3ERR, FSRQMV, F$R ITP, FSXRER

Inputs: X from argument l ist

Parameter Source

Input value CX ) Calling subprogram

Outoutjj..

Parameter Dest inat ion

Returned square root value (DSGRT) Calling subprogram

Processing :

DSGRT computes a double precision approximatio n to the

square root of input value X. DSGRT and X are declared

REAL*8. DSQRT logs an error if X is less than zero.
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5.4~8

Mnemonic: EASHFT

T i t le~ Extended Integer Arithmetic Shift

Priorit~.j None (Executive service routine)

Invoked ~~~ M2DBS1, M2DBS2. M2D1363. M2MOVE

Invokes: X3ERRA

Innuts: From data set XIMSK . from argument list

Parameter Source

Input number (NUMBER ) Calling subprogram
Shift count (ISHIFT ) Calling subprogram
Interrupt mask (XIMSKS ) XIMSK

Outo uts:

Parameter Dest ination

Shifted number Calling subprogram

Processin o .

EASHFT i -s a utility that performs an arithmetic shift

on an extended integer argument. Passed as inputs are the

number to be shifted and the shift count. Interrupts of

level 6 and below are mask ed off . If the hif t count is

greater than 0, the number is shifted to the left and vice

versa An error is logge d if the absolute value of the

shift count is > 15 or if the sign bit changes during

shifting. The shifted value i-s returned in registers 0 and

1 of the calling program

I ..
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- 5.4.9

1. Mnemonic : IASHFT

Title: Integer Arithmetic Shift

Prioritu : None (Executive service routine )

I Invoked ~~~~ M2DBS3

Invokes :  X3ERRA

Inouts : From data set XIMS~ . NUMBER . ISHIFT from argument list

Parameter Source

Input number (NUMBER ) Calling -sub program p
.

Shift count (ISHIFT ) Calling subprogram
Interrupt mask (XIMSi’~S) XIMSV~

Outputs :

j Parameter Destination

Shifted number Calling subprogram

Process ing :

IASHFT is a utility that performs an arithmetic -shift

I on an integer argument. Passed as inp uts are the numb er to

be shifted and the shift count. If the shift count is > 0.

I. the number is shifted to the left and vice versa. An error

r is logged if the absolute value of the shift count is > 15

or if the sign bit change -s during shifting. The shifted

r val u e is returned in register 0 of the calling program.

I
I ‘ F
I
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5.4.10

Mnsmoniç~ X 1COMM

Title: MSC—NAV Executive communications

Priorltu : 20 rns

Invoked bi~~. 
XIIT2O (20 rns interrupt handler )

Invokjj.j,. X3WAIT

Inouts: From data sets XJOINT, XL AXMNAV

Parameter Source

X1COMN status (XJFINI) X1COMN
FPAU status (XJFPAU ) X1COMN
Update command (XZUPDA ) X1IPOW, X1IT2O

Qutouts:

Parameter Destination

Update command co py (XJUPDA) X9JOIN

Process ing :

X 1COMM is res p onsibl e fo r the execu t ive c ommun icat ions

between th e master -state and navigation processors. On its

initial execution s it initializes the FPAU status and

exclus ive access flags. along with the MSC/NAV communication

flag. It then che ck-s to see if X1COMN has run, checking the

f lag XJFINI for 1 millisecond.

The update command information is checked to see if the

command need -s to be moved to common memo ry. The command is

J copied unless it is also a re-start command.

1
“1
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5.4.11

Mn emoni c XICOMN

T~ t1.: Navigation /master c ontrol execut ive  commun icat ions

Pr iorituj 20 ms

Ij~vo ked p.
~~~~~ . 

X1IT2O (Nay 20 ms interrupt handler )

Invokes: X3WAIT

Inouts: From data set XJOINT

Parameter Source

FPAU status (XJFPAU ) F$RITP

Outouts:

Parameter Destinat ion

X1COMN status (XJFINI) X1COMM

Processing:

XICOMN opens the FPAU for contention if the Nay

processor was using it in the last frame. Upon completion .

it signals X1COMM by setting X~)FINI to —1.
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5. 4. 12

Mnemonic: X3ACT

Title: Process ac tivate utility

Prioritu: None (executive service routine )

I Invoked ~~~j.. X1IPOW . M1CMSC. N1INIT . R1AID. R1MRC . R1PCK,

R 1RNO. R1ARM , R1SRC

I Invokes: X3ERRA

Inoitt s: From data sets XOPRC . XOLEV . XOTSK, XACRUJ XIMSK .

XWORK, XDATAI XINT, XCOUNT e from argument li- st

I ZOYYYV , RNUM

Parameter Source

X3ACT workspace C XWORKS) XWORK
Non—erro r interrupt mask (XIMSKE ) XIMSK
Pointer to XLEVEL block (OTSKPL) XOTSK
Pointer to XPROC block (OTSKPR ) XOTSK
Maximum num ber of rcvrs (OTSKMC ) XOTSK

‘
~~~~~ Length of proc block (PRCBLK ) XOPRC

Pointer to next process in same
pr iority (OPRCNP ) XOPRC

Pointer to previous process in
same priority (OPR CPP) XOPRC

I Pointer to first process in
th is priorit y COLEVPF) XOLEV

Entry point to task (OTSKEP ) XOTSK
I FTF unit from which priority XOLEV
I is formed (OLEVFU )

Process status (OPRCST) XOPRC
CRU ad dress for interrupt clear (XACRUC ) XACRU

I CRU address for interrupt enable/disable
(XACRUE ) XACRU

Pointer to task block (ZOVYVY ) Calling program

I Receiver number (if any) Calling program

Outouts ; To data sets XOPRC . XCQUNT

I Parameter Destination

Po inter to next p ro ces s A n th i s pri ori ty
I (OPRCNP ) XOPRC

Pointer to previous process in this
priority (OPRCPP ) XOPRC

Proces s prog ram counter XOPRC

I PAGE 198
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Pro c ess work space pointer XOPRC
1 millisecond epoch XCOUNT

‘1
I 

Processing;

X3AC T i s d esi g ne d to place a designated task into the

I process table corresponding to its a~is igned priority. From

information contained in the task block (priority level

I pointer process pointer . max number of cQ ncu r ren t

I 
proces ses , and task entry point ), X3ACT inserts the task

into the process block for its priority. The process block

is a doubly linked list which is pointed to by the variable

OLEVPF. The process block contains , for each entry. a

I pointer to the preceding and succeeding tasks in the

priority and the tasks work space pointer , program counter

and status register.

I Receiver tasks are handled differently. First, the

p rocess block is of variable size and must be computed.

I Also , the receiver number is passed as an extra argument.

If this rece ive r number exceeds the maximum , an error i-s

I logged. If the task to be activated is the 1 ms epoch task.

1 the 1 rns interrupt is cleared , enabled . and the 1 ins epoch

count is cleared.

I In addition to the case cited above, errors are also

log g ed if the requested task is already active , or if more

I than two arguments are passed to X3ACT.
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Mnemonic; X3CAMC

Title : Receiver process deactivation

Pripritu : None (executive service routine )

Invoked ~~~ RIAID, R1MRC, RIPCK. R1RNO. R1RRM . R1SRC

Invokes: X3ERRA

Ineuts; From d ata sets  XOPRC, XOLEV . XOTSK . XACRUI XIMSKS XINT,

XWOR~ ; from argument list ROVYVY. RNUM

Parameter Source

Pointer to task block (ROVVYV) Calling subprogram
Receiver number (RNUM ) Calling subprogram
Interru pt mask (XIMSKE ) XIMSK
X3CANC work -space (XWORKS ) XWOR~(
Pointer to level block C OTSKPL ) XOTSK
Pointer to process block (OTSKPR ) XOTSK
FTF on wh ich process was constructed

(OLEVFU) XOLEV
Pointer to next process in priorit y (OPRCNP ) XOPRC
Pointer to previous process in priority

(OPRCPP ) XQPRC
CRU address to clear interrupts (XACRUC ) XACRU
CRU address to enable/disable interrupts

(XACR (JE) XACRU - -

Outeuts;

Parameter Dest inat~ pn H

Bit map of enabled interrupt -s (XIENAB ) XINT
Pointer to next process in priority

(OPRCNP ) XOPRC
Pointer to previous process in priorit y

(OPRCPP ) XOPRC

Procestino :

X3CANC prov ides the means for process deactivation for

the receiver subsy stem. It remov es t h e can ce lled

subprogram ’s process blo ck from the priority level linked

l ist. If the cancelled task is a 1—ms task, the 1—ms

I-
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I
- interrupt is disabled • cleared , and removed from the bit

I map.

I X3CANC will log an error if more than two arguments are

passed. or if the receiver numb er pa ssed i s g reater than

I that allowed.

1

::~
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5. 4. 14

‘1 Mnemon ic; X3ERR. X3ERRA

Title: Error processing

Prioritu: None (executive service routine )

Invoked 
~~~~~~~ 

Seve ral

Invokes; X3ERR invokes X3ERRA H

Inouts : From data sets XIMSK . XHOME

Parameter Spy rce

Interrupt mask f o r  a l l  interrupts (XIMSKO ) XIMSK
Subsystem ID (XHOMSU ) XHOME
20 rns time mark —— -second word (XC0022 ) XCOUNT
Ne xt location in error buffer to be filled

(XEPTRF) XERROR
Location following last word retrieved

(XEPTRE) XERROR
First word in error buffer (XEBLJFS ) XERROR
Location following last word in er ro r

buffer (XEBUFE ) XERROR
Number of errors dropped (XEDROP ) XERROR

Ou teu ts ;

Parameter De tin~~tipn

Ne xt word in error buffer to be filled

~XEPTRF) XERR OR
Number of errors dropped (XEDROP ) XERROR

Processin g .

X3ERR and X3ERRA perform the error process ing function

for the three subsystems. X3ERR collects the arguments from

a calling FORTRAN program and passes them to X3ERRA which

does the actual work. First, the processor ID is added into

the first two bits of the error code word (1=MSC , 2 NAV .

3—RCV). Next , X3ERRA checks to see if t h e r e  is enough room

in the error b uffer to insert the error message. If not . it
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reports an error dropped. It then stuffs the error message

1 into the buffer and returns control to the calling task.

Note: Error messages can be up to 11 words long. If an

error message is passed to X3ERR that e x c e e d s  th i s limit, an

I erro r so noting is logged. If one is passed directly to

I 

X3ERRA . the message is truncated to 11 words.
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5. 4. 15

‘1 Mne monic : X3REL

Title: Relin quish sole access

Prioritu: Non e (E x cutive service routine )

Invoked 
~~~~ 

MIDBPR. M2DBSI. M2DBS2. M2DBS3. M2STIN. NIMCNS,

N2SVEC. N2SVSL

I Invokes: X3ERRA

Inouts~ From data sets XIMSK . XWORK~ f rom argument list SEMA4

Parameter S~ urce

X3REL workspace (XWOR ~~) XWORI4
Mask to d isable 5 rns interrupt (XIMSKP ) XIMSK
Mask to restore 20 rns interrupt (XIMSK7) XIMSK
Add ress of exclusive access semaphore

(SEMA4 ) Calling -subprogram

Outouts:

Parameter Dest ination

p
Address of exclusive access semap hore

(SEMA4) Calling subprogram

- Processing :

X3REL releases ex clusive access to the data set passed

as an argument. The address of the exclusive access

• se*aphore is p assed through the workspace in register 14.

The semaphore is -set to —1 and the 20 rns interrupt is

‘Ire—enabled. An error is lo gg ed i f the numb er of arg umen ts

p assed to X3REL is not one.
4 

~1
1

I
~I
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I
5.4. lâ

Mnemonic: ~~~~~

Title: Request sole access utility

Prio rit u; None (executive service routine )

Invoked ~~~~~~~~ MIDBPR. M2DBSI, M2DBS2. M2DBS3 . M2STIN . N1MCNS,

N2SVEC. N2SVSL

Invokes: X3ERRA

Inouts; From data set-s XIMSK. XWORK. from argument list SEMA4

E.ti~mtti.i. Source

X3REG workspace (XWORK ) XWORK
Mask to d i s a b l e  20 mc interrupt XIMSK

in X3REO (XIMSKP ) XIMSK
Mask to di s a b l e  20 ms interrupt

in calling task (XIMSKS ) XIMSK
Exclusive a c c e s s  semaphore (SEMA4 ) Calling task

Outouts:

Parameter Destination

Exclus ive access semaphore (SEMA4 ) Calling task

Processin g;

X3REG is design ed to grant to the call ing program

exclusive access to a specified data set. A semaphore

assoc i a te d with the data set is set to 1 when access is

granted. The 20 ins interrupt is disabled to en-sure

e x c l u s i v i t y .  An error is logged if access cannot be granted

within 1 millisecond of the request . Also. if the number of

arg uments p asse d to X3REO i-s not one. an error is logged.
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5.4.17

‘1 Mnemonic : X3STOP

Title: Process stop server

Prioritu ; None (executive service routine )

Invoked ~~~~ N1INIT . Rece iver subsystem

Invokes~ X 1DISP

Inouts: From d ata se ts XOPRC . XOLEV, XIMSK

Parameter Spu rce

Number of FTF ’s si nce start of process
(OLEVFA ) XOLEV

Pointer to next process in priority (OPRCNP ) XOPRC
Pointer to previous process in priority

(OPRCPP) XOPRC
Non—error interrupt mask (XIMSKE ) XIMSK

Outouts :

Parameter ~estination

Workspace pointer of preempted process
(OPCRWP ) XOPRC

Program counter of p re emp te d p roc ess
(QPRCPC ) XOPRC

Status register of preempted process
(OPRCST ) XOPRC

FTF count at process end (OPRCEC ) XOPRC
Pointer to process now running (OLEVPN) XOLEV
Pointer to next process in priority (OPRCNP ) XOPRC
Pointe r to previous process in priorit y

(OPRCPP) XOPRC

Processing :

X3STOP i-s designed to deactivate the calling task while

requesting the dispatcher to execute the next process in the

priority. The workspace pointer , program counter and status

register of the calling task are saved in the process block

along with the current FTF count. The pointer to the next

‘ 1 process to be run is set to point to the next process. The
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I
I

c a l l i n g process .s removed from t he  process chain. an~

1 finally the dispa tcher is called to transfer control to the

ne x t process.

I

1
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5. 4. 18

I Mnemonic: X3STOR

Tit le:  Stopping service for 1 mc task

Prioritu: None (execut ive service routine )

1 Invoked ~~~ RIAID . R1BSN . R1MRC , R1PCK. R1RNQ. R1RRM
1

invokes. None

inputs : From data set XACRU

Parameter Source

CRU address to clear interrupts (XACRUC ) XACRU
CRU address to enable /disable interrupts

(XACRUE ) XACRU

Outouts. To data sets XOPRC. XOLEV, XINT

j Parameter Destination

Process workspace pointer (OPRCWP ) XOPRC
Process program counter (OPRCPC) XOPRC

I Bit map of enabled interrupts (XIENAB ) XINT
Pointer to previous process in priorit y

(OPRCPP ) XOPRC
Pointer to first process in priority

(OLEVPF) XOLEV

I
Proce ssin o

I X3STOR deactivates the receiver ’s i ms interrupt task

and returns control to the task interrupted. The 1 mc

interrupt is cleared , di sabled , and removed from the bit map

1 of ac tive interrupts. Also , the proc ess chain is cleared

since there is only the one task in it.

I
I
I

PACE 208 

~~~~~~~



_Jr. - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 
-r~~- 

~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ,- o.L.aa -~~.~~~~~~ 
— ....- .

I -

I
~ Mnemoni c XZ3 T IME

Title : 20 mc count fetcher

I Prioritu : None (executive service routine )

Invoked ~~~~~~~~ MICMSC 
- -

I Invokes: X3ERRA

Inouts: None

I Outouts: From data set XCOUNT

I 
Parameter Destination

20 rn-s count . word 1 (XCOO2O ) RO of calling task
20 mc count . word 2 (XC0022) Ri of calling task

I
i 

Process ing .

X3T IME transfers the current time, expre ssed in 20 mc

‘1 units. to register -s zero and one of the callin g task.

I

‘
I
I
I
I
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5.4.20

Mnemon ic: X3TIMM

Title: Modu lo (X ) 20 mc time fetcher

Prigritu: None (executive service routines)

Invoked ~~~ XIIT2O, M1ADIS. M1CCIO . MICMSC, MIDI3PRI N1CMNS

N1MITK. N1NFLT. N1SVPN. N1XFRM J N2MCNI

N2SVSL

Invokes: X3ERRA
-k -*Inouts: From da ta set XCOUNT. from argument list MOD

Parameter Source

20 mc count — word 1. (XCOO2O ) XCOUNT
20 mc count — word 2 (XC0022 ) XCOUNT
Modulus for returned value (MOD) Calling task

Outouts: To calling tack

Parameter Dest ination

Mod u lo t ime RO of c all ing tack

Processing :

X3TIMM returns the 20 mc count in the m odulo of the I-
Ipassed parameter. The result is placed into the task’s RO.

An error is log ged i f more than one argum ent is pas ed or i f

the arg ument is negative.

1
I

.
-. II
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5 4. ~ 1
I.’)
I Mnemon.ic. XaW .A IR

Tit le . Wait -service for the 1 rns epoch task

Pr.ioritu., None (executive s e r v i c e  r o u t i n e )

Invoked ~~~ RIAID. RIBSN. R 1MRC . RIPC$.. RIRNC. ~ lRRM

Invokes : None

Inoutt : Non e

Outouts~ From data -set XOPRC

P rameter Destinat i on

Process workspac . pointer (OPRCWP ) 
~OPRC

Process program counter (OPRCPC) XOPRC

S .
Proce ssino.

X3WAIR stores awa y the work spa LsI po inter and progra m

counter of the 1 mc interrupt handler to ind icate the place

to return to when th, next interrupt occur s Control is

returned to the interrupted task upon complet i on of X3WAIR .

I
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5.4.22

1 Mnemonic: X3I4AIT

I Title: Proc ess wait serv i ce

Prioritu : None (executive service routine )

I Invoked k~~. X1RPRT . XICOMM . X 1COMN. X1RPRT . MIADIS , MICCIO .

MICMSC . M 1CRNC . M1DBPR . MIIIUO. M1PDI3R. NIINIT . N1MCNS .

I N1MITK, N1NFLT, N1SVPN. N1XFRM . IJISLIO, RIA ID .

R1CC . RIDDT, R1FMT. RIMRC . RIMTM, R iNSE. RlPC~~. R 1PIN.I RIRNG. R 1RRM. R1SCH. RISET.

I Invokes : X ID ISP

Inouts~ From d ata set XOLEV

1 Parameter ______

Number of FTF ’s since per iod readied

I (OLEVFA ) XOLEV

Outouts : To data se t XOPRC

I Pirameter Destination

Process workspace pointer (OPRCWP ) XOPRC

1 Proces s program counter (OPRCPC ) XOPRC
Process stat us register (OPRCST ) XOPRC

I 
_ _ _ _ _ _ _ _Pracessin o :

I X3WAIT aves the calling task’s WP. PC, and ST. selects

I 
the next process in the priorit y , and summon-s the di spatcher

to grant control to the next process.

~1

- ‘II
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5.4.23

I Mnemonic: X9JO IN

Title: Allocat ion of data set XJO INT

Prioritu: None

Invoked ~~~~~j.. None

Invoke s : Non e

Inouts: None

O~ touts: None

Processin g :

X9JOIN allocates the global data set XJOINT . which

contains the flags responsibl e for executive communications

between the MSC and NAV ubsystem . XJOINT contains the

fo l low ing data :

Variable Value Sjq~~jfjcance

XJFINI —1 X1COMN complete
0 X 1COMM note d that

XICOMN comp lete

XJUPDA word 1 —1 Update cmd cent
0 Command received

word 2 — 1 20—ms count update
0 Resta rt

word 3,4 20—ms count

XJFPAU — 1 ‘FPAU last used by MSC
—2 FPAU last used by NAV
I FPAU now used by MSC
2 FPAU now used b y NAV

XJFPCN not 0 Priorit y running in NAV
cannot ga in e x c l u s ive
acc ess to FPAU

0 Priorit y running in NM’ can
ga in exc l us ive ac cess to FPAU

XJFPEX 0 NAV pri ority has go tten
e x c l u s ive FRAU access

— 1 NAV pr iority doe-s not have

-
. 

exclusive FPAU access
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5.4.24

1 Mnemonic: X9MCSP

I 
Title: Allocation of global data sets in MSC cub-system

Priority: None

f Invoked ~~~~~~~ None

Invoks.s~ None

I Inouts: None

Outouts: None

I Processino :

X9MCSP allocates all global data -sets residing on the

local PMM ’s and DMM ’s i-n the master control -subsystem as

I follows:

XQROUP —— Scheduling categories; contains number of

priorities per category (20—ms and background ) and po inter

to the highest priority.

X8TART —— Power—on table; include -s interrupts to be

enabled . number of prior ities, number of processes. number

of tasks to act ivate, and which one-s to activate.

XDATA —— Length of ut ility -storage space for RCVP

XNUMBR —— Lengths of tables and subblocks

XHOME —— Subsystem identity ; contains data elements

identifying set as MSC subsystem.

XARR —— Allocation of ROIl and RAM; contains ROM and RAM

boundaries along with allocations for ROM checksums.

XZ —— Pointers to commands and reports~ conta in-s . 
—

pointers to 20—ms update command , memory read/write command.

memory contents report . erro r report , and first update
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command received flag.

I XTASK —— Task definition table ; contain -s the following

for each t ask :

I word 1) Pointer to information block
word 2) Priority level pointer

I word 3) Process pointer
word 4) Max number of concurrent tasks
word 5) Task entry point

I XFTF —— Fundamental time frame table ; contains for each

pr i or i ty a b lock  formed as f o l l o w ing:

I word 1) FTF unit from which priority is formed
word 2) Pr iorit y period in FTF ’s

I 
word 3) Pointer to variable storage space for

utilities in the priority
word 4) Pointer to workspace for FPAU use

I AXOPRU —— 20—ms update command received flag

AXMNAV —— NAV processor error flag

. 1 XUTIL —— Reentrant utility variable storage space

XPROC —— Process tatus table. contains the following

informat ion for each process:

I word 1) Pointer to next process in priority
word 2) Pointer to preceding process in priority
wor d 3) Workspace pointer (WP )

I word 4) Program counter (PC )
word 5) Status register (SI)
word 6) FTF count when last given control H
word 7) Ending FTF count

I
I XLEVEL —— Priority level table ; contains following

I information for each priorit y.

word 1) Po inter to process now running

I word 2) Pointer to first process in priority
word 3) 0
word 4) FTF un it from which priority was formed
word 5) Period in FTF ’s

I word 6) Number of FTF ’s since period was readied
word 7) Number of FIF ’s priority took to run last

period
. word 8) Pointer to variable torage space for
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utilit i es in p r i o r i t i~
word 9) Number of ut ili t i..~s call ed — number of H

-

util ities returned
word 10) Pointer to work-spac e for FPAU use
word 11) Flag indicating if the priori t y is using the

FPAU

XXWORK —— workspac e -s for FPAU use

U
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5.4.25

I Mnemonic: X9MPMD

Title: Allocat ion of global data sets on MPM board

Priority ; None H

Invoke..d ~~~~~~~~ None
~~

Invokes: No ne

f Inout s: None

Outou ts : No ne

Processino :

X9MPMB allocates the 240—word RAM res iding on the MPM

board in each of the three processors. The following data

se ts ar~ included:

XW OR~ —— Common workspaces used by executive program -s

XCOUNT —— Interrupt counters . incl ude - s 20—ms and 1—ms

counts along with 20—ms mod (16). 5—ms mod (4). and 10—ms

mod (2).

XINT —— Interrupt status table , bit map of enabled

interrupts , processor interrupt mas k.

XERROR —— Error recording buffer . used b y X3ERRA to log r
program error -s

XPSTER —— Processor self—test buffer , contains

information on four possible proces sor self—test errors.

XS4CRU —— CRU addresses ; CRU bases to clear and

d isab le/inab le interrupts.

XIMSK —— Interrupt masks used by the execut ive .
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Mnemoruc. X9NAVP

Titlej Allocat ion of global data sets in NAV subsystem

Prioritu: None

Invoked ~~~~~~~~. None

Invokes: No ne

Ineuts : None

Outouts; None

Preces sina :

X9NAVP allocates all global data sets residing on the

local PMM ’s an d DMM ’s in the navigation sub -system as r
follows:

XQROUP —— Scheduling categorie s, contains number of 1’

priorities per category (20—ms and background ) and pointer

to the highest priorit y.

XSTART —— Power—on table. includ e s interrupts to be

enabled , number of priorities , number of processes. number

of tasks to activate , and which ones to activate.

XDATA —— Length of utilit y storage space for RCVP

XNUMBR —— Lengths of tables and subb lo c ks

XHOME — — S ubsystem ident it y. contains data elements

identifying set as NM’ subsystem.

XARR —— Allocation of RON and RAM ; contain -s ROM and RAM

boundaries along with allocations for RON check iums.

XZ —— Pointers to commands and reports ; contains

pointers to 20—ms update command, memory read/write c ommand,

memo ry contents report . error report . and first update
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I
command received flag

XTASK —— Task definition table. contains the following

for each t a s k :

word 1) Pointer to information block
word 2) Priority level pointer
word 3) Process pointer
word 4) Max number of concurrent tasks
word 5) Task entry point

XFTF — — Fundamental time r~ ame tab le . contains for each

priority a block formed as following:

word 1) FTF unit from which priority i-s formed
word 2) Priority period in FTF ’s
word 3) Pointer to variable storage space for

utilities in the priority
word 4) Pointer to workspace for FPAU u-se

=0 for NAV priorities which can have

f exclusive FPAU use.

AXGPRU —— 20—ms update command received flag

XUTIL — —  Reentrant utilit y variable storage space

XPROC —— Process status table ; contains the following

information for each proces s

wor d 1) Pointer to next process in priority
word 2) Pointer to preceding process in priority
word 3) Workspace pointer (WP )
word 4) Program counter (PC)
wor d 5) Status register (SI)
word 6) FTF count when last given control
wor d 7) Ending FIF count

XLEVEL —— Priority level table; contains following

information for each priority ;

word 1) Pointer to process now running
word 2) Pointer to fir-st process in priority
word 3) 0
word 4) FTF unit from which priority wa-s formed
wor d 5) Period in FTF ’s
word 6) Number of FTF ’s since period was readied
word 7) Num ber of FTF ’s priority took to run last

period
word 8) Pointer to variable storage space for
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utilities in priority
word 9) Number of u t i l i t ie called — number of

utilit ies returned
word 10) Pointer to workspace for FPAU use
word 11) Flag indi cating if the priority is using the

FPAU

XXWORK —— work sp a c es for FPAU u-se

L
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• Mnemoni c: X 9RCVP

Title: Allocation of g lobal data sets in RCV subsy stem

Prioritu : None

Invoked ~~~~~_. None

Invokes: None

Inouti: None

Cutouts; None

Processin g .

• X9RCVP allocates all global data sets re - siding on the

local  PMM ’s and DMM ’-s in the receiver sub - system as follows:

XGROUP —— Scheduling categories; contain -s number of

priorities per category (1-ms . 5—ms. 20—ms an~ background )

and pointer to highest priority.

XSTART —— Power—on table; incl ude - s interrupts to be

enabled . number of priorities , number of proce sses . number

of tasks to activate , and which ones to activate.

XDATA —— Length of utilit y storage space for RCVP

XNUMBR —— Lengths of tables and subblocks

XHOME —— Subsystem identity; contain -s data elements

ident if ying set as RCV subsystem.

XARR —— Allocation of RON and RAM; contains RON and RAM

bo und aries along with allocation -s for ROM check -sums.

XZ —— Pointers to command-s and reports. contains

p oi n ters to 20—ms update c ommand . memory read/write command.

memory contents report. error report. and fir - st update

command received.
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I
XTASK —— Task d efi n ition table. c~~r~tain~ th~~~ followi n g

~1 for each  task:

word 1) Pointer to information block
word 2) Priority level pointer
word 3) Process pointer
word 4) Max number of concurrent tasks
word 5) Task entry point

XFTF —— Fundamental time frame table , contains for each

priority a block formed as following:

word 1) FTF unit From which prior it y i-s formed
word 2) Priorit y period in FTF ’s
word 3) Pointer to variable storage -space for

utilities in the priority
word 4) Pointer to workspace for FPAU use

XGPRUP — —  20—ms update command received flag

XPROC — —  Process status table ; contains the following

Information for each process

word 1) Pointer to next process in priority
word 2) Pointer to preceding process in priority
word 3) Workspace pointer (WP )
wor d 4) Program counter (PC)
word 5) Status register (SI )
word 6) ElF count when last given control
word 7) Ending FIF count

XLEVEL —— Priorit y level table , contains following

information for each prior it y ;

word 1) Pointer to process now running
word 2) Pointer to first process in priority
word 3) 0
word 4) FTF unit from which priority was formedj word 5) Period in FIF ’s
word 6) Number of FTF ’s since period wa-s readiec
word 7) Number of FTF ’s priorit y took to run last

period
word 8) Pointer to variable storage space for

utilities in priority
word 9) Number of utilities called — number of

utilities returned
word 10) Pointer to wo rkspace for FPAU use
word 11) Flag indicatin g if the priority is ucing the

I ‘I 
FPAU
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5 4. 28

Mnemon ic: X9TR ’\f

fit le: Alloc ation and initialization of interrupt transfer vectors

Prioritu .~ None

invoked ~~~ Non e

Invokes; None

Inputs : None

Cutouts: None

Pro ce ss ino .
p

X9TRAP allocates the interrupt transfer vectors (WP .

PC) for the -seven levels of interrup ts in the processors as

follows.

Level 1 —— Memory parity error

Leve l 2 —— Unwa n t ed

Level 3 —— I—bus time—out

Level 4 —— FPAU increment or 1—ms epoch

Level 5 —— FRAU status or 5—ms time mark

Levei 6 —— 20—ms time mark

L evel 7 —— Unwanted
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6.0 HARDWARE MODULE DESC;~ IPTIONS

1 6. 1 RECEIVER LRU MODULES

I
6. 1. 1 WIDEBAND MODULE

I
6. 1. 1. 1 GENERAL DESCRIPTION

The pr..mery functions performed by the Wideband Module

(WBM) are those of RE signal . amplifying , mixing.

pr.—filtering. and automatic gain control. The incoming RF

is mixed down to IF for output to the NBM ’s. A

pre—fi ltering function allows the processor to select

between an Li or L2 path within the WBM which limits

interference from source-s out -side the stopband. The module

I is equipped with automatic gain control which is responsive

to both signal power and noise power .

6. 1. 1.2 FUNCTIONAL DESCRIPTION (refer to Figure 6.1.1—1 )

As shown in Figure 6. 1. i—i the WBM i-s a series of

mixers , amplifier -s and filter - s which process the incoming

si gnal. The module accept -s LI and L2 (154—Fo and 120—Fo

respectively ) from an exter -al source. The signal i-s routed

1 to an amplif ier of 15 dB gain. The input amplifier forwards

it -signal to two filters , one of which is for Li and the

I othe r for L2. Ea ch filter ha-s a bandpa ss of approximately

‘ 
25 MHz. The output of each filter is fed to a SPDT RF

switch which allows the processor to -select either an Li or

L2 path.
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The RF wi tc h outpu t i~~ t~~ -L: .~r . .d  to the  f i r s t

down—Conver sion mixer w h iL h accept s L .O  input of e i t he r

136—Fo or 102—Fo. This L.O. frequency is determined by the

d es i re d mode of operation (Li or L2) and is controlled

I e x t e rna l to the module. The mixer produces an IF signal of

18—Fo which i-s routed to a second 15 d~~3 gain ampl i fier . The

I output of thi s amplifier is fed into an 18—Fo Surface Wave

Filter (SWE) which has a band w ith of 15 MHz. The output

I from the SWF is forwarded to a 30—dB gain ampl i fier prior to

I input to a Voltage Controlled Attenuato r This attenuator

may be varied between 1. 5 and 40 dB a~ a funct ion of its

I input control voltage (AOC Signal ). The output of  the

a t t e nu a to r is inputted to another 30—dB gain amp 1it ~ier which

I f e e d s  a P u l s e  B l a n k e r  mixer. T h i s  m i x e r  p e r f o r m-s  the

I 
function of attenuating the 18—Fo signal if it e x c e e d - s  an

abnormally high power threshold as detected by the

I Detector/Comparator section which derives i t s  input from a

point prior to the SWF.

I The ou tput of th~ Pulse Blanker mixer i s  forwarded to

t h e  Automatic Gain Control ~A0C) section and a 1— code

mixer. In the AGC section the output of  the blanker mixer

is detected and is routed through a time constant control

circuit which allows the system processor to invoke either a

I 2—second or a 1—rn - sec time constant on the detected signal.

I 
The AQC signal is then forwarded to the Voltage Controlled

Attenuator. The 1—Code M ix er mi x es the 18—Fo IF with a

10—MH z signal which has bee n mixed with 1-Code I—Code is a

PAGE 226

I

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~ 
_ _ _ _



I -

I
- pseudo—random code c r eate d by an~p l in g the replica P—code in

1 t h e  s y s t e m  at a 10—KHz rate.

Tb. output of the 1—Code Mixer is an 18—Fo + 10—MH z IF

I s igna l  which is routed to a proces sor—controlled 20 dB

i attenuator. The attenuation options are either 0 dB or 20

dB, with the 20—dB option utilized with the SiTE signal

I which is normally 20 dB above the nominal SV signal at this

point in the system. The output of the attenuator is

I forwarded to a 3—Way Power Splitter which provides

18—Fo + 10—MHz to the NBM ’s.

I

Ii

I

I
I
I

I
- I

I

I 
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6. 1. 1.3 ELECTRICAL INT~.FLF ACE

I
I. Inputs

CATEGORY $ SIGNAL CHARACTERISTIC SOURCE
I NAIIE
I I I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I

RF I SV sig flal IL l and L2 carriers modu la t ed external
with P—code, C/A—code , preamp

I and data  (—95 dBm nominal )I
$ I I
• I I

RF L1.L2 Bu ilt—in test signal (—50 dBm) B u M
BITE I not used

in HDL~~

RF IBITE 18 Fol Bu ilt—in test signal (—30 dBm ) B u M
not used
in HDUE

I I I
RF I LOl 136 Fo or 102 Fo (17 dBm ) : FSN

RF 1 10MHz + mixer si gna l  I FSM
1—cod e I

PWR 5. 2 VDC 40 ma pwr sup

FUR 1 5. 0 VDC I 70 ma I pwr sup
I $ I

FUR —5.0 VDC 10 ma : pwr sup
I $ I

PWR I 12.0 VDC 100 mm I pwr sup

FUR —12.0 VDC $ 60 ma I pwr sup
I I 1

Logic I CLL 1L2 I IlL (to select either the Li cr1 OM
I L2) $

I I I
Logic I CLATT TTL (to invoke 20—dR 1 ON

I attenuator ) I
I I I

Logic I CLTAU 1 I TIL (to select the 2—sec tim. I ON
I constant for AOC )

Logic 1 CLTAU2 I TTL (to select the i—msec  time I ON
cons tan t  fo r  AGC )
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1
II. Outputs

I CATEGORY SIONAL CHARACTER ISTIC DESTJ.N.

I I I
RF I VHF 18 Fo, 10 MHz, P (or C/A) code, 1 NBM’s

I Signal I data, + 1—code (—62 to —251
dBm))

p

- 1
I

F
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1 6. 1. 2 NARROWBAND MODULE

6. 1. 2. 1 GENERAL DESCRIPTION

I The  Narrow—Band Module (NBM) contain -s the code

correlation circuitry followed b y a down converter to

I baseband to  o b ta in t h e loo p tracking error signals data

demodulat ion.

I 
-

p

6. 1.2. 2 FUNCTIONAL DESCRIPTION (refer to Figure 6. 1. 2—i )

I I. Code correlation and down conversion L
The  NBM module receives a signal of l8Fo + 10 MHz

I (Fo is nominally 10.23 MHz) modulated with P code

I 
(and/or C/A code ) . SV data and 1 code from the WBM.

The 10 MHz is used to off-set the IF from harmonics of

I Fo and the T code is used to aid in CW jamm ing

immunity. The -signal is mixed in the correlator with

I t h e  r e p l i c a  P and T codes (or replica C/A and T codes ).

I 
a m p l i f i e d , t hen  fed  th r ou g h a nar row b and su r f a c e  wav e

filter to give the carrier (18 Fo + 10 MHz) with data.

I This signal is mixed w i th  17 Fo and f e d t h r o ug h a

c r y s t a l  filter to give Fo + 10 MHz with data. The

si g nal  is t h en fed  through an AQC controlled amplifier .

I 
s p l i t  an d f e d to  two se p e rat e  ch an ne l s~ 1) an error

channel and 2) a data channel.

I
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Fo + 10 MHz from the ~requrnc j yn the~~ize r  module

is fed through a quauratrure hybrid to mixers in both

of these channel- s . with the data channel having a 90

deg ree  p hase  shift with respect to the error channel.

The -signals from both mixer - s are fed through Low Pas~

Filters (LPF ) leaving onl y data and error s igna ls .

Data is removed from the error si gnal by selecting an

inverted or noninverted signal with a zero crossing
p

d e t e c t o r  f ed from the data signal. The filtered out put

it the Phase Lock Loop (PLL ) error voltage.

The above metho d is used to remove data from

differentiated error signals. The resultant signal is

passed through an integrating circuit for the Frequency

Lock Loop (FLL ) error voltage.

II. Determin ation of existance and quality of code

l ock  L
Both error and data signals are passed through

absolute val ue detectors and compared. When the

absolute value of th e data signa l is 0.3V greater than

that of th. error , lock is declared on the DOLOCK

output.

The degree of correlation is determined by feeding

the  Error CE) and Data CD) signal -s through a circuit

t h a t  is an a p p r o x imat ion of an enve lo p e d e t e c t or . The

abso l u tes values of the E and D signals are fed through

a switch , a resistor divider network ano a summing
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cir cuit to ~n amp ii fier set up ~or a gain of 3X. Th.~

-switch is controlled by a comparator monitoring the

absolute val ues causing an output of 3 (D + 1/2 IE I )

for DI > IE or 3 (E + 1/2 D )  for E > I D .  This

value (correlation voltage ) is sent externall y to the

output module and internally to an amplifier referenced

to 5 VDC to develope AGC .

Because most of the useful information is in the

data channel when the receiver is in solid phase lock ,

a 0—switch was implemented to remove the error channel

input to the correlation voltage signal to noise ratio,

but subsequently discarded be :at,se of the inherent

complexity under marginal phase lock conditions.

To enable the processor to perform a qualit y check

of the carrier track precision the error signal is

applied to a comparator who -se output (HISLIP) goes to

t h e  out p ut  m o d u l e  f o r  an u l t imat e c y c l e  sl ip r a t e

a c c u m u l a t i o n  in the processor.
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I
6. 1. 2. 3 ELECTRICAL iNTERFACE

I. Inputs

CATEGORY 1 SIGNAL 1 CHARACTERISTIC SOURCE H
NAME

I
RF VHF 18 Fo. 10 MHz, P (or C/A) code. I WBM

Sig nal I data. + T code (—ô2 to —25 1
dBm )

RF I L02 1 173.91 MHz nominal (9dBm) I FSM
I I I
I RF 1 L03 Fo and 10 MHz (9d13m) : FSM p

a
I S $ 

—

Power 5 VDC RF I 25 ma 1 pwr sup
I I I

Power 1 —12 VDC 26 ma pwv sup

I Power 12 VDC 1 36 ma pwr sup

Power I SV logic 1 35 ma 1 pwr sup
i I I

Analog EXT AGC External AOC (n o t  used ) 1 OM

Co d e I Code 1 TTL (P (or C/A) code and COM
1 1 T code )

Logic I CLAOCTC TTL (AGC time constant control 1 ON

I bit) I —

- I 1
Logic : CLAGSEL1 1 TTL (internal! external AGC ON

i : 1 control bit)
I I I

Logic CLOSW IlL (0 switch control bit) ON

I Logic I Code TTL (replica correlation code SlIM
E n a b l e  : enable bit)

- I

I

I
~
II
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I
I I .  Cu tput -~

f CATEGORY 1 SIGNAL 1 CHARACTERISTIC 1 DESTINATION
1 NAME 1

Analog 1 EPLL 1 Phase L o c k  Loo p Er ror vo l t ag e : FSN

Analog EFLL 1 Fre quency Lock Loop Error I FSM
I voltage 1

Analog I CHxCOR 1 Correlation voltage I ON
I I I

• Analog I Data Data si gnal ON

Logic I HISLIPA TTL (slip detection bit ) I ON

Log ic I LOSLIPA 1 not connected in module 1 ON
I :

• Logic 1 DOLOC~ 1 TTL (loc k detection bit ) : OM

I
-
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6. 1. 3 FREQUENCY SYNTHESIZER MODULE

1 6. 1. 3. 1 GENERAL DESCRIPTION

I The Frequenc 1j Synthesi zer Module (FEll ) compr ises the

circu itry necessary to provi de local a ic il lator signals to

I various mixers in the GPS receiver. These local osc illator

signals are phase locked to the received signals.

I~~.

I 
6.1.3. 2 FUNCTIONAL DESCRIPTION (refer to Fi gure 6.1.3—1 ,

I. Voltage Controlle d Oscil lator (VCO) and it’ s

I internal c o n t r o l  l oo p

The VCO is a pus h— pull o sc ill at o r with a tank

circuit . whose frequency is controlled both b y t h e

voltage applied and b y the L1/L2 di g i t a l  input from the

1 digital control circuitr y. The Ll/L2 dig i tal input

causes a section of the tank circuit to be bypassed in

Li to produce 136 Fo. In L2 the full tank circuit is

in for an output of 102 Fo. One hal f of the output

frequency (68 Fo or 51 Fo) is tapped off of one side of

I the push—pull oscillator and fed through a d iv id e—b y—4

(or 3) circu it to pro duce 17 Fo For Li its a

d ivide — b y—4 and L2 a div ide—b y—3.

PAGE 237

, ~~~~~~ - -

- . 
- 

.-



- --
~~~~~~

-
~~~
- -

~~~
-- 

- . . . . -

I -

I
00 N3 NO
—1- -1- •±

A A  N

I N~~ NO~~I I iom ~i .
I 0> NI ~~~~> •0

— ———-

_ — —

I _ 
_ _ _

I 
_ _ _ _ _ _ _  

—.ø
~_ t~~

I U
I L I
I

— (,J

~ j a  a e m e  x x  x x

I 0 0 00  0 0  00
0 aa a 

~~~~~ 11.0
____________I 

______________ 
N W-v 0

I ~ 020
I,. U. —

I Page 238

- -  
- f ~~~~~

_ ___ - - 
•~~~~~~~~~ _~~~•~~~~~~~~



_ _ _ _ _ _ _

__
- -

I -  - -
~

I
The out put ot his L i v i d e~ ~1 I-o> i H d throug

I a d ivi de— b y—1 7 circuit to a phase detector The phase

detector is referenced to a Fo with a frequency

controlled by the SV -signal to allow for doppler shift

I and for reference oscillator drift , or by a

logic—g enerated calibrat ion /search ~,ignal The voltage

I dev e loped by the detector in comparing the phase

difference is fed through an active filter to control
p

the VCO frequency.

The  o u t p u t s of the internal loop are the 102/136 r

Fo an d the 17 Fo. The 102/136 Fo (the first L 0 ) i-s

sent to the wide band module to be m i x e d  with the RF.

The 17 Fo (the second L. a. ) is cent to the narrow band

mo~ ule to be mixed with the IF for the second

conversion and to the code generator module to be mixed

with the P or C/A code.

II. Frequency synthesizer portions of the carrier

- - trac king loop.

The Pha se Lock Loop (PLL). Frequen cy Lock Loop

(FLL) Narrowband Module NON channel 1 or 2 error

v o l t a g e inputs are applied to a switch. the positioning

of wh i ch is d e te rm in ed b y t h e  c o n t r o l  l o g i c .  T h e  e r r o r

selected is a p p l i e d  to a loop filter with a response

determined by the control log i c. The out put of the

ioop f i l t e r  con t ro l s th e f r e q u e n c y of ch e V o l t a g e

Controlle d C ry s t a l  Oscillator (VCXO)

~~~~ 
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The output o~ the VCAO (nom inally 14.72 MHz) i t~

divided by 64 giving a nominal 230 MHz. Thi mixed

with 10 MHz from the Signal Distribut ion Nodule (SDM)

(develo ped by the reference oscillator ) produces the

reference Fo (nominally 10.23 MHz) for the afore

mentioned interna l ioop.

The external outputs of the section just described

are 14.72 MHz and Fo. The 14. 72 MHz is -sent to the

output module. Fo is mixed with the 10 MHz and sent to

th e las t  mixer s tage  in the NON ’s

III. Doppl er search

Doppler search i-s accomplished by altering the

logic inputs to the control logic , in turn altering the

dig ital input to the Digital—to—Analog Converter

( DAC ) .  The output of the DAC, representing the di gital

input, is fed  through two amplifiers to the VCXO in

order to control the frequency . The frequen cy is

systematicall y altered to cover all practical doppler

frequenc ies until lock is established and the carrier

track ing ioop takes control.

L ’ ..
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6. 1. 3. 3 ELECTRICAL 1NTERFACE

I. Inputs

CATEGORY SIGNAL I CHARACTER ISTIC 1 SOURCE
I NAME I
$ I I

f I I I
I I I

RF 10 MHz I TTL (reference signal ) 1 SDM

Power 1 12 VDC 1 10 ma pwr sup.

Power 1 —15 VDC 1 55 ma I pur sup.
I I I

— 
I I I

Power 1 —5 VDC 1 6 ma 1 pwr sup.

Power 1 5.2 V RF 570 ma pwr sup.

Power 1 5 V Logic 1 102 ma 1 pwr sup.

Power 1 12 VDC I 40 ma (nominal ) 1 pwr sup.
Standby 1 1

Logic I CPDBO I TTL (decode address line ) 1 ON

Log ic CPDB 1 I TTL (decode address line ) 1 ON

Logic 1 CPDB2 I TTL (decode address line ) 1 ON

Log ic 1 CPDACLDAD I TTL (DAC load pulse ) ON

Logic I 500CRUOUfl TTL (CRU data) 1 OM

Log ic I SOOLO I IlL CL field lecode bit ) 1 ON

Logic 1 500L1 I TTL CL field decode bit ) I OM

Logic I 500L2 TTL CL f i e l d  decode  b i t)  1 ON

Code 1 1 co d e 1 TTL (5 KHz code  for CW 1 CGM
jammin g immun ity aid ) 1

Analog I EPLL A 1 Phase Lock Loop Error voltage 1 NON A
I U U

Analog 1 EPLL B I Phase Lock Loop Error voltage 1 N ON 8

Analog 1 EFLL A 1 Freq. Lock Loop Error voltage 1 NBM A

Analog I EFLL B 1 Freq. Lock Loop Error voltage I NON B
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I
II. Out puts

CATEGORY 1 SIGNAL 1 CHARACTERISTIC 1 DESTIN.
1 NAME I I

g I U I

U I I
I I I

RF 1 10 MHz + I TTL 1 WON
T co d e I

P I I I

I I  
I

I 14.72 MHzI IlL I ON
U I I
U I I

I RF I L02 1 2nd local oscillator——1 7 Fo NON A
I (6 dOm ) I
I I U

• RF I L02 1 2nd local oscillator—— 17 Fo I NBM 13

I (6 dBm) I
U I U
I I I

RF L03 3rd local oscillator——Fo NON A
I I 1 + 10 MHz (9 dlim ) I
I I I U

U I U

RF 1 L03 1 3rd local oscillator—— Fo I NON B
+ 10 MHz (9 dBm ) I

I I U U
I I U

RF I LOl 1 1-st local oscillator—— 1 WBM

I
I 102/136 Fo (7 dOm )
U U I
I $ U

RF I l7Fo 1 6 d Bm

I
I
I
I
1
I
‘I
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6. 1. 4 CODE GENERATOR MODULE

1 6. 1. 4. 1 GENERAL DESCRIPTION

The Code Genera tor  Module (CON ) is capable of

J generating a P—code and C/A—code replica under the control

of the s y s t e m  p rocesso r .  Codes  are ge nerate d in va ri ous

I versions (ear ly . late and prompt ) and distributed to the

I Narrowband Module (s ) to perform the correlation function.

The CON is primarily a CRU device which interfaces with the p

sy stem p rocessor  via the RNBL address structure. All code

cont rol is e x e r c i s e d  via the CRU interface and all responses

1 by the various functions resident in the module are read by

th e processor via this interface.

— 6. 1. 4. 2 FUNCTIONAL DESCRIPTION

The CON can best be described by the function -s that are

I p e r fo rmed  w h i l e  r e f e r r i n g to its functional block diagram in

Figure 6. 1.4—1. The fun ctions include: 1) code selection ,

2) co de initialization. 3) code starting, 4) code

I output/control , and 5) range data reading. A key item

Include d in the CON implementation i s t h e  T r a n s f e r  Re gi ste r

1 (IR ) utilized throughout various functions. This device is a

8—bit hold ing register (CRU latches ) which is p rese t  v ia

I processor  control to route data to various sections of CON L
I hardware. This is accomplished by executing load commands

assoc ia t ed  with destination functions-

I
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I
I. Code selection

I Cod. selection of C/A—code is accompli shed by loading

the appropriate bit pattern into the TR. The processor then

I executes a unique C/A—code load command via the CRU

I structure to load the bit pattern into the C/A—code

generator. P—code selection is accomplished by again

I performing a CRU operation in the CGM ’s CRU space. The six

bits are serially loaded into Tap Registers to define the

I phase relationship between the Xl and X2 registers of the P—

code generator.

II II. Code initialization

Co d e initialization is also a CRU operation. For

C/A—code the processor executes a singular initiate command

which forces the chi p to the C/A EPOCH state. The generator

remains in this state until otker c ommand -s are is-sued.

P—code is initialized b~”\
first initializing the

generator to the state associated with the beginni ng of the

I week via CRU operations. The four registors that form the

P—code generator must each be advanced to appropriate -states

I associa t ed with the desired P—code state. The advance

I operation is accomp lished by sequentially -selecting one of

the four registers to be advanced. The TR is then utilized

to define the number of clocks to be advanced by presetting

a P—Code Advance /Delayed Code Start Counter. The processor

I then  ena b les the advance function which runs to completion

‘ I  automaticall y in 0.8 mcc c maximum. The next register is
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thin selected to repeat th *~ oper dtlon .

III. Code -starting

Code starting for the C/A—code is accomplished by

executing a single CRU instruction. P—code can be started

with two method s . Both methods require that C/A—code be

initialized prior to P—code. The  f ir s t  m e t h o d  r equ i res

merely executing a CRU instruction to -start the code. The

second method involves a programmed delay start. The

programmed delay is executed by l o a d i n g  d e l a y i n f o rmat i on

into t he  P—code Advance/Delayed Code Start Counter via the

TR. Th. processor then arms the P—code generator via other

CRU command-s to start after the delay period has expired.

IV. Code ou tput /cont ro l

Code Output/Control deals with code alignment control

and output buffering and selection. Code alignment control

is intended to provide control over the code phase with

respect to the received code. The control exercize d is to

either advance or retard the replica code p hase in

increments of 1/17 of a P—code chip. The task is

accomplished by presetting the ADVANCE/RETARD Counter with

the number of increments desired via the TR. The processor

then executes the appropriate command to arm the Variable

Divide 5—Stage Counter to the desired modulus (16 for

advance or 18 for retard). The loading of the MSB ’s into

the ADVANCE/RETARD Counter also starts the advance or retard
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The C/A—code circuitr y generates an output pulse (C/A

epoch ) at the end of each cyc le. These pulses drive the

Divid.—By—20 Counter which generates a pulse output each

time the counter modu los. The processor must align the

occurrence of the result ing 50—Hz pulse w ith the data bit

changes. It accomplishes this al ignment by changing the

contents of the Divide—b y—20 Counter , thus changing the time

at which the next modulo occurs. The 5—bit counter value is

output to the TR and then to a CRU output to load the

Divide—B y—20 Counter.

Code output selection is accomplished via the Output

Multiplexer section which allows the processor to select

various code versions with CRU controls . The code generator

creates three version -s of C/A—code and P—code. These code

versions are early late. and prompt. The early and late

C/A versions are 38/170 oF a C/A—code chip before and after

prompt while the P versions are 4/17 of a P—code chip before

and after prompt. The processor may select one of these six

versions to be outputted to each of three outputs from the

Output Multiplexer section. The processor may also enable a

‘cod. flop function which involves arming the Output

Multi plexer with two sets of select commands to control

output code. The processor may then enable the code flop

c ommand which forces output control to be alternated on

20—msec time marks between the two sets of commands.

The CON provides a P—code output that can be enabled to
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~ or us~ in a se c u r e  environment . Tht~

I scrambled P—code, called TRANSEC. can be enabled to the

I output selection logic by perform ing the appropriate CRU

operation.

I During built—in— testing.the BITM will m odul ate an

X1— code onto the test signals. The processor commands the

I CON to output an X 1—code instead of the ful l P—code.

I 
To overcome mixer leakage p r o b l e m s  in the presence of

CW jamming the processor may en able the 1—code by performing

a CRU output. The 1—code will modulate the code stream (and

a 10—MHz offset signal) in a pseudo random fashion.

I
V. Range data reading

- 
1 Range data reading is accompli shed by performing a CRU

operation to obtain the contents of two counters resident in

the module. The counters in clude the Variable Divider

I 5—Stage Counter and the 19—bit Range Counter. The counters

count the number of 17—Fo cycles between the data clock and

a 20—msec timing pulse provided by the system master

oscillator. This information , is the pseudo—range.

1
1
I
I
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6. 1. 4. 3 ELECTRICAL ~NTE~E ACE

I I. Inputs

CATEGORY SIGNAL CHARACTERISTIC SOURCE
TYPE : NAME

I
RF l7Fo ECL FSM

I Power : 5.0 VDC l.2a pwr sup

Clock :2Oms Time TTL (Fundamental Time Frame CM

I Mark (FTF))

Clock 10KHZ IlL (1 00—ms Time Marks ) CM

1 Logic B0—B2 TTL (Bit field of processor MPH
address bus )

j Logic L0—L2 TTL (Latch field of processor : MPH
address bus )

1 Logic MODEN TTL (Module Enable ) OH
1

Log ic CRU CLK TTL (CRU Clock ) 11PM

] Logic : CRU DATA : IlL (CRU serial Data Out ) MPM
OUT

I Clock 10 MHz TTL (10—MHz clock ) 1 CM

Logic 1 1/5 Pcode Transformed Secure P—Code not used

J Logic : ADVANCE TTL (P—code Advance command ) not used

Logic RETARD 1 TTL (P—code Retard command ) not used

Logic Ext DHO TIL (External Direct Handover EIOM
1 Syn Synchronizatio n pulse) : (MVUE )

I
I
•1
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II . Outp.jts

CATEGORY I SI GNAL CHARA CTE R I S T I C  I DESTIN.
NAME

Clock 1—code TTL (10—KHz PRN sq wave ) FSM

C lo c k  Data Cloc k~ IlL (50—Hz pu lse stream, in OH
sync w ith incoming signal )

Data 1 CRUIN IlL (CR(J serial data ) MPH

Logic C/A EPOCHI IlL (C/A—CODE epoch ) OH, FSM
4

Log ic X1ACO 1 IlL (XIA register epoch) I BITM

Data Code 1.2,31 TTL (output multiplexer code NBM
ouput )
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6. 1. 5 OUTP~JT MJ. U....E‘-I
6. 1. 5. 1 GENERAL DESCRIPTION

The r e c e i v e r  Output Module (OH ) contai ns the circuit ry

that mod i i~ies the s i gna l s  b e t w e e n  the  p r o c e ss o r  and the

receiver RF modules. allowi ng transfer of information in

both di rections.

6. 1. 5. 2 FUNCTIONAL DESCRIPTION (refer to Figures 6. 1. 5—1 and

6.1.5—2)

The OH circuit r y may be div ided into four ma in signal

process ing functions. These functions are: (1) processor

control interface (2) range rate count , (3) data conversion ,

and (4 )  correlation voltage conversion.

I. Proces sor control interface

The OH deciphers informa t ion sent from the

processor thro ugh the CRIM and sends the results as

control signals to respective receiver modules.

RXSEL determines the receiver channel , H, B and L

fields determines the address , CRUQUT contains the

data , and CRUCLK contains the process ing clock
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II. Range Ra~~ Count. (RRC )

The RRC contains a mi xer . phase lock loop , and

counter. 10 MHz from the reference oscillator is

divided by 2 and fed to a mixer along with 14 72 MHz

from the frequen cy synthe si.ier module. This 14. 72 MHz

has a frequency shift on it caused by dopp ler and clock

bias . A low p ass filter selects the difference between

the second harmonsc of 5 MHz and the 14. 72 MHz to give

a nominal 280 KHz. This 280 RHi is fed through a

switch to the signal input of a phase detector.

The YCO output (a nominal 12 32 MHz ) is fed

through a divide by 44 circuit to the compare input of

the phase detector. The phase detector output controls

‘
“5...~ 

t h e  frequency of the VCO.

The VCO ou t p ut  i-s fed to a series of ripple

through counters which are enabled and preset at

predetermined intervals. The outpu t of these counters

is a p p l i e d  to a series of decoders whose outputs.

representative of the range rate, go to CRUIN. 4

For a counter test, 230 ~Hz f r o m  t he b u i l t  i n t es t

module is switched into the inp ut of the phase

detector , thus controlling the VCO at a nominal 10. 12

MHz.

III. Data conversion

Data  enters the OM from th4.~ NI3Ms and progresses

thro ugh a switch to an Integrate—and—Dump (I+D)
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circuit . which is controlled ~.g the Data ~ lock . The

I+D output is applied to a comparator which converts

t h e  signal to a TTL leve l and applies it to the D input

of a flip—flip. This data is clocked through the

flip—flop with t h e  same DATA CLOCK to a multi plexer ,

wh ich sends this data to CRUIN when selected.

For a histogram of the data the analog signal is

a l so  p asse d through a switch to a Sample and Hold (S+H)

circuit. Then it is fed through another switch to an

Analo g—to—Digital Converter (ADC ’I . The resulting

digita l  output.  represent ing  a h is togram of the SV

data. i-s fed to the multiplexer where it is sent out on

CRUIN.

IV. Correlation voltage conversion

The correlation voltages from the N$Ms is fed

through switches to the input of a sum circuit,

difference circ u it . and a switch. The processor

sel ect s one of these signals and applies i t  to  and  I+D

circuit. The selected integrated correlation signal is

appl ied to a S+H circuit. The signal is clocke d

through this S+H circuit with a selected timing signal

and appli ed through a switch to the ADC . The d ig it al

o u t p ut of the converter is applied to the multiplexer

an d is clocked out on the CRUIN line by the logic

signals from the processor.
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6. 1. 5. 3 ELECTRICAL INTERFACE

I. Inputs

CA TEGORY 1 SIGNAL I CHARACTER ISTIC I SOURCE
1 NAME

Power { 5VDC 160 ma pwr sup

Power —5VDC 27 ma pwr sup

Power 12VDC 25 ma pwr sup

Power —12VDC 2 ma pwr sup P

RF 14. 72MHz TTL I FSM

RF 1 1011Hz 1 TTL 1 CM
c I I

I S

Tim ing C/A epoch: TTL (1 msec epoch ) CON
I I a

Timing Data I TTL (20 msec e p o c h )  I CON
Cl o c k  I :

‘~~~~ I :
Timing 1 MHz : TTL CM

I a
Timing 1 5 m TM TTL (5 msec Timing Mark ) 1 CM

Timing : 100 KH1 I TTL 1 CM
I I a
I I a

T iming 20 m TM TTL (20 mccc Timing Mark ) 1 CM

Logic : MO TTL (CRU add ress )  I CRIM
I I S

Log ic Ml I TTL (CRU address ) CRIM

Logic 112 IlL (CRU a d d r e s s)  CR111

Log ic 1 BO TIL (CRU address ) 1 CR111

L o g i c  BI  TTL (CRU address ) I CRIM

Logic : 82 TTL (CPU address ) 1 CR111
a I I
I I S

Logic 1 LO 1 IlL (CRU a d d r e s s )  CR111

L o g i c  Li 1 TTL (CPU address ) CRIM

‘ S 
Logic 1 L2 TTL (CRU a d d r e s s )  CRIM
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Log ic CRUOUT T~ L. (CRU c.~sta f ,’om processor~ 1 CR111

I

i 

Logic 1 CRUCL~’. I TTL. (CRU clock from processor ) CR111

Logic 1 RXSEL I TTL (receiver s e l e c t)  1 CR111

Logic  1 DOLOCKA 1 TTL ( l ock  de tec t i on  b i t)  I NBM A

Logic 1 DOLDCKB I TTL ( l ock  detection bit) 1 NBM B

Logic HISLIPA TTL (slip detection bit ) NBM A

Log ic HISLIPB 1 TTh (slip detection bit ) NBM B

Log ic LOSLIPA 1 IlL (not connected in NBM) 1 NBM A

Log ic 1 LOSLIPB 1 IlL (not connected in NBM) I NBM B
I I S

Signal 1 CH1COR 1 Analog (correlation voltage) 1 NBM A - a

Signal 1 CH2COR I Analog (correlation voltage) 1 NBM B

Signal I DATA1 1 Analog (SV data ) 1 NBM A

Signal DATA2 I Analog (SV data ) 1 NBM B
I S I

II. Outputs

CATEGORY 1 SIGNAL I CHARACTERISTIC 1 DESTIN.
NAME

I S I
S a
I 6 II I I

Log ic 1 CPDBO I IlL (decode address lines) 1 FSM

Log ic 1 CPDB 1 I TTL (decode address lines) 1 FSM

Logic CPDB2 : TTL (decode address lines) : FSM
I I a
I I I

Logic 1 CPDACLOAD I TTL CD/A converter load pulse)  I FSM

Logic 1 11700 1 TTL ( d e c o d e  bit ) CON

Logic 1 CRUIN I TTL (data  out of 011) 1 CM

Logic : CLTAU1 IlL (time constant c o n t r o l  bi t H  WBM
a I a
I S I

Logic I CLTAU2 I TTL (t ime constant control bit fl WBM
I I I

Logic ; CLTAU3 I TTL (t ime constant  control  b i tf l  WBM
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Logic CLL 1L2 TTL (bandpass filter control I WBM

f bit )

Logic 1 CLATT 1 TTL (attenuator control bit) 1 14611

Logic CLAQCTC1 H TTL ( AOC time constant  control  NBM A
b it) I

Logic 1 CLACCTC2 1 TTL (AGC time constant control I NBM A
bit)

Logic I CLAOCSELH TTL (AQC control bit ) I NBM A

Logic ICLAGCHOLD1 I TTL (not used) I NBM A

Logic I CLQSWA 1 TTL (0 switch control bit ) 1 NBM A

Logic 1 CLAOCTCI2 IlL (AGC time constant control I NBM B
bit )

Log ic 1 CLAQCTC22I IlL (ABC time constant control : NBM B
I bit ) I

Logic 1 CLAOCSEL2 IlL (AGC contro l  b i t)  I NBM B 
. 

-

Logic I CLAOCHOLD2 : TTL (not used ) 1 NBM B

Logic I CLGSWB : TTL (0 switch control bit) NBM B

Logic CLANTCTL I TTL (antenna control bit ) I ANT SW

Logic I SOOCRUOUT I IlL (CRU data) I FSM

Logic 500L0 1 TTL (L field decode bit ) FSM

Logic 1 500L1 : TTL (L field decode bit ) I FSM

Logic : 500L2 I IlL (L field decode bit) 1 FSM

L 
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6. 1. -a CLOCK MODULE

6. 1. 6. 1 GENERAL DESCRIPTION

I The Clock Modu le (CM) processes and generates timing

signals to be used in the GPS receiver module s . The CM also

I contains a 6—t o—i data multi plexer for processor input data

(CRUIN) from the five receiver channels.

- I
6.1.6.2 FUNCTIONAL DESCRIPTION (refer to Figure 6.1. 6—1)

I. Process ing of timing signals

The CM processes 1011Hz to produce 10MHz. 1MHz,

100KHz. 10KHz. 200Hz, and 50Hz TTL timing si gnals.

sgchronized with the i n c o m i n g s i g na l f r o m  t h e  r e f e r e nc e

oscillator.

1 10 MHz from the re ference osc i l l a to r  is converted

to a TTL level , fed out d i r ec t l y,  and d iv ided  down in a

I series of 3 divide — by— lO synchronous counters to

J 
produce the 1011Hz, 1MHz . 100KHz and 10KHz. The 10KH z

ii fed throug h a divi de—b y—l O and a divide—b y— S

J -synchronous counter for 200Hz, and finally throug h a

divid e—b y—4 synchronous counter for 50Hz.

- I
I
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II. CRUIN mu 1tip le~ er

The CRUIN multi p lexer  is a TTL tn —state

mult iplexer that se lec ts  one of s i x  CRUIN data lines.

The mult ip lexer data selector  is control led by a three

bit R f ield and the mul t ip lexer  output is enabled by

the ROd and Rid signals. The five CRUIN outputs from

the receiver channels , using five of the six inputs1

are thus reduced to one for interface to the

processor.

F- -
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6. 1. 6. 3 ELECTRICAL iNTc~~r-ACE

I. Inputs

CATEGOR Y I SIGNAL I CHARACTERISTIC I SOURCE
I NAME I

RF 1 1011Hz 1 1 VRMS (lkohm Load ) 1 Ref.
I Ref.  Sinewave 1 Osc.

Power  1 5. 2VDC 1 135 ma 1 pwr sup

J Logic 1 CRUIN 1 1 IlL (channel 1 CRU data ) 1 011. COM

Logic 1 CRUIN 2 1 TTL (channel 2 CRU data ) 1 011. COM

Log ic 1 CRUIN 3 I TTL (channel 3 CRU data) 1 011. COM
I I

Log ic I CRUIN 4 I TTL (channel 4 CRU data) I OM. COM
I I

• Logic CRUIN 5 1 TTL (channel 5 CRU data ) 1 OM, CQM

Log ic I /R0 I IlL I 11PM

_ Logic I /Rl 1 TTL 1 11PM 4
Logic I /R2 1 TTL MPM

Logic I /ROd 1 TIL : 11PM

4 1
- Logic I /R7d 1 TTL I 11PM

I
I
I-
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II. 0~,tp .it•~

CATEGORY I SIGNAL I CHARACTERISTIC 1 DESTIN.
I NAME I

I I S

Timing 1 1011Hz 1 IlL I FSM1 OM .
I Clock : B u M
I I I I

Timing 1 111Hz 1 TTL 1 OM

Timing 1 100KHz 1 IlL 1 not used I

Timing 1 10KHz 1 TTL I COM

Timing 1 1KHz 1 IlL I no t  used

Timing 1 200Hz 1 TTL 1 011, MPM

Timing 50Hz TTL I MPM K
I I

Logic I CRUIN 1 TTL : MPH - .
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6. 1. 7 BUILT-IN-TEST MODULE

6. 1. 7. 1 GENERAL DESCRIPTION

The Built—In—Test Mo~~u 1e (BITh) generates seven test

signals which are distributed to other part s of the system

for ca l ib ra t ion  and fault isolation functions. The module

is capable of g e n e r a t in g  Li and L2 p s e u d o — r e p l i c a s  along

with other lower frequency signals which are compatible with

other inputs w i th in  the sy s t e m  to allow fault isolation. 4

The term pseudo—replicas is used above since a c omplete Li

and L2 is not generated.  The only c o d e  ava i lab le  is the

X 1—c o d e from the P—code  r e g i s t e r s  a s s o c i a t e d  w i t h  P—code

generation. Data for the RF carr ier is only the Barker Code

associated with the 50—Hz sub-frames.

The BITM is a CR1) d e v i c e  wh i ch  i n te r faces  w i th  the

sy stem processor via the RMBL address structure. The module

can be con t ro l l ed  via this in te r face  and is capab le  of

accepting TIL status information to be read by the system

processor for fault isolation.

6. 1. 7 FUNCTIONAL DESCRIPTION

As shown in Figure 6. 1. 7—1. the BITM is subdivided into

three major areas: 1) RF generation. 2) code generatio n. and

3) processor interface.
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I .  RF çJcr~eration

-• Th e RF g e n e r a t ion are a g en era tes a seri es of RF

signals for system distribution. The signals include

18—Fo for the Narrowband Moth~1e input. BITE Li and L2

for Wideband Module input , and 230 KHz f o r  Output

Modul e input. All B~~~E RF signals are sourced b y an Fo

generator which is derived by mixing an external 10—MH z

signa l (from the Master Oscillator in the system) with

a signal from a 230—KHz crystal oscillator. The sum

signal is filtered in a 10. 23—MHz crystal filter and

amp l i f ied in t h e  Fo~ bandpass filter. The Fo signal i-s

t h e n  r o u t e d to ,an impulse generator which is a squaring

amplifier ~p~~ov i d ing a signal rich in harmonics.

~_ - he squared signal is routed to three filter

—
~~~ section s. The first section i-s the 18—Fo section which

amplifies and filters the eighteenth ~Iarmonic. The

filtered signal is then mixed with iB—Fo code to form

the iB—Fo BIT signal for the Narrowband Modules. The

second and third sections are closely intertwined to

generat e the BIl Li and L2 s~ gnals. The second section

is the 17—Fo section which filters and amplifies the

seventeenth harmon ic. The filtered 17—Fo signal

vers ion i-s routed to a power splitter . One output from

the power splitter is forwarded to a mixer to be mixed

with L—Band code The third section is the 120—Fo

sect i o n  wh i ch invo 1~’es filte rin g and amplifying the

J4t~ ‘~•r~~~o n .  (24-Fe) and m u l t i p l yi ng by a factor of 5

I



0-

to obtain 120—Fo, wh ich is  in  t u r n  f i l t e r e d  and

amplified again. This 120—Fo signal is forwarded to a

mixer to be mixed with the second output of the 17—Fo

power splitter. The summation signal (137—Fo) is

filtered and amplified in the 137—Fo band pass filter.

Two key signals have been establi sh .id . They are the

17—Fo signal with L—Band code and the 137—Fo signal.

Each signal is routed to an RF switch. The control

signals to these switches can either enable or inhibit

the two outputs from each switch section. The output -s

from each sw itch section are routed to two mixer s which

g ene ra t e  sum and difference signals (120—Fo or L2. and

154—Fo or Li). The output of one mixer i-s routed out

of the module to th e Wideband Module, whi le the output

of the other mixer i-s forwarded to a power splitter

that provi de-s the Antenna 1311 signals. The latter

szgnal are used for calibration that encompasses any

hardware prior to the Wideband Module, such as

preampl i f ie rs  and cab les .

II. Code generation 
—

The code generation area is primarily di gi tal.

~~ The X1—CODE is generated under control of the system

processor. The processor exercises initialization

c o n t r o l  over t h e  co d e g e n e r a t o r to reset  an d arm t he

generator. The X 1—c ode generator is driven by an Fo

version clock once the Xl enable signal i-s activated to
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allow yenarator operution . The l3~~r k e r  Code Generator
I

’
is a l so  reset an d arme d v~ a th e processor . Th i-~

generator is driven by an external 50—Hz data clock.

The outputs of the X 1—Code Generator and the Barker

Code Gener ato r are  e x c lu si ve OR ’ed to form the L—Band

Code version that is mixed with the 17—Fo signal. The

L—Band Code and the Barker Code are routed to a

multiplexer. The output of the multiplexer (18—Fo

Code ) can be either L—Band Code or Barker Code

depending on the selection made via the processor .

III. Processor interface

The hardware in the processor interface is

primar ily dig it al to interface with the processor. The

RMBL Add res s Decode hardware is processor CRU output

logic designed to control the various functions within

the module. RF signal - s are enabled or disabled at

various points, and code generation control and

initializations are performed via this interface. The

CR1) input logic accepts status inputs from external

sources to be input to the processor via CR1)

operat ions.
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6. 1. 7. 3 ELECTRICAL INTERFACE

I. Input s

CATEGORY SIGNAL CHARACTER ISTIC SOURCE
TYPE NAME

I I I
I I I

Power 5. 2 V RF 125 ma pwr ~ up
I I - I
I I I

Power — 5.0 VDC 10 ma I pwr sup
I I I

Power 12.0 VDC 145 ma pwr sup

Logic X1A STARfl TTL (Xl—C ode Generator enable) COM
I I I

Data CR1) OUT TTL (serial CRU data ) I MPM
I I I
I I I

Data I fLO—/L2 TTL (Latch field of processor MPM
Address Bus)

I I
Data 1 /80—1132 1 TTL (Bit field of processor I MPM L

Ad dress Bus)

Logic RCVR gen TTL (RMBL address decode MPM
enable )

Logic 1 /CRUCL IlL (CRU Clock strobe) MPM

Logic 1 DATACLK 1 TTL (50—Hz Data Clock ) 1 CGM

RE 1 10MHZ 1 TTL (10—MHZ reference) 1 ref osc
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~ 1 II. Gu~ p ut s

I ‘1 CATEGORY I SIGNAL I CHARACTERISTIC 1 DESTIN.
TYPE NAME

I L- F Log ic 1 230KHZ 1 TTL (buffered ) 1 NBM

Log ic 1 Coda 1 TTL (Narrowband code enable ) I NBM

RE iSFo —30 dBm 1 WBM

RF BITE lS4Fo —50 dBm WBM

RF 1 Ant i + 2 1 1575.42 MHZ and 1227.6 MHZ ext
I I at — 15 dBm I preamp

I
1
1
I

, 1.
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6. 1. 8 SIGNAL DISTRIBUTION MODULE

6. 1.8. 1 GENERAL DESCRIPTION

The Sig nal  ~istribut ion Module (6DM ) rece~.ves signals 
. 

-

from both the clock module and the b u i l t  ~n test module.

ampl i f i es  them and d i s t r i bu tes  them to the f i ve  rece i ve r

channels.
p

6. 1.8.2 FUNCTIONAL DESCRIPTION (refer to Figure 6. 1.8—1)

The 6DM receives Li and L2 (154 Fo and 120 Fo) signals.

m o d u l a t e d  w i t h  da t a  an d the Xl epoch of the P code , from the

built in test module. These signals are amplified and split

five ways for u-se in the wideband modules of each receiver

channel. These signals are not presently used.

The 9DM also receives 18 Fo from the built in test

m o d u l e  and han d les i t  t h e  same a s Li and L2. These signals

a l so  are not presently used.

The SDM also rece ives 10 MHz from the clock module and

f e e d s  it through a five—way splitter for use in the

fre quency synthesizer and the output module of each receiver

channel.
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6. 1. 8. 3 ELLCTRICAL INTERFACE

1 I. Inputs

CATEGORY I SIGNAL 1 CHARACTERISTIC 1 SOURCE
1 NAME I I
I * I
• I

1 1 1
RF I L—Band I not pre sently used 1 BITM

(test signal ) I
I I 1 1 -

~~~

RF I 18 Fo I not presently used 1 BITM
(test -signal )

RF 10 MHz TTL (reference signal ) CM

• Power : 5.2 V RF I 120 ma I pwr sup
• S I

Power 15 VDC 27 ma pwr sup

II. Outputs

CATEGORY SIGNAL 1 CHARACTER ISTIC 1 DESTIN.

I NAME I 1
S S S
S I I

I S
I S S

RF I L—B and not presantly used 1 WBM (5)

- 

(te st signals) 1

RF 1 18 Fe 1 not presantly used I WBM (5)
(test signals )

1. RE 1 10 MHz 1 TIL (reference signals ) I PSII(S). 011(5)

i.

~1
S

S
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6. 1. 9 REFERENCE OSCILLATOR

6. 1. 9. 1 GENERAL DESCRIPTION

The reference oscillator contains the a stable 10—MH z

source an d associated circuitry.

6.1.9.2 FUNCTIONAL DESCRIPTION (refer to Figure 6.1.9—1)

I. 10MHz Oscillator

The osc i l l a t o r  is a HP10544A with a voltage

regulator on it’s input voltage. The output signal is

a minimum of 1 VRMS sinewave with an output impedance L
of 1 K ohm from an AC coupled (0.01 ~if) em itter

follower.

II. Voltage Regulator

I5VDC is reduced to I2VDC with two regulator

circu its. The output of one of these -supplies voltage

for the reference osc illator. The second supplies the

voltag e for the heater con troller within the oscillator

case.

Heater voltage for the reference oscillator is

from 2BVDC fed through a line filter.

- L
E..

PAGE 274

•* ~~. ~~~~~~~~~~~



I

I-
I- a.U, I-.w

U U 0
o ~ 0 N
> U >

0N U Z 0 c...+ ~ U ± — 0

__
N 

-

~~~~~~~~~~~

- 

I ••~•j 
2 

____

o~ 
_ _ _  

2~38

Page 275

— - - -.— -.~~ ..- j—. - .— .. -- - _~~~-~~~~~~L
’ t!J. — ~~~~~~~



I - .  -

I
6. 1. 9. 3 ELECTRiOAL ...NTERi ACE

f I. Input s

CATEGORY SIGNAL I CHARACTERISTIC 1 SOURCE

I I NAME 1
I I I
I I

1 1-r Power 1 15VDC 1 0.33 w 1 Pwr sup

Power 1 2BVDC I 15.4 w during warm—up 1 AC /DC Cony
I I 2.94 w after warm—up

II. Outputs

I CATEGORY 1 SIGNAL I CHARACTERISTIC I DESTIN.
I NAME I I
I I

I I I
I S S

RF I 1011Hz 1 1 VRMS sinewave 1 CM

I
Ft

I
- f
I

I F
I..
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6. 1. 10 LRU PREAMPLIFIER MODULE

6. 1. 10. 1 GENERAL DESCRIPTION

The LRU preamplifier sets the basic receiver noise

Figur e and provides the re Suired gain at L—Band (Li and L2

frequencie s)

6. 1. 10. 2 FUNCTIONAL DESCRIPTION

A LRU p re am p l i f ier i l oca ted  on each RF in p ut  l ine S

com ing from the GEE antenna and Preamp/PPDS front end.

These LRLJ preamplifier s each have 27 d13 gain , 4.7 dB noise

F igure1 and a VSWR of less than 1. 5: 1 at both Li and L2

4 
frequencies.

6. 1. 10. 3 ELECTRICAL INTERFACE

I. Inputs

CATEGORY I SIGNAL 1 CHARACTERISTIC 1 SOURCE
I NAME 1

I S I
I I

RE 1 SV signal LI and L2 carriers modulated I Ant. input
1 with P—code, C/A—code . and I connector -s

I data I
I I S
C S I

Power 1 12 VDC 1 83 ma max I pwr sup.
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II. ~ ut~~j~~

CATEGORY I SIGNAL 1 CHARACTERISTIC I DESTIN.

~:AME I
I 5

• S S

RF I SV signal Input 5ignal amplified by 1 Ant—switch
:27 dB I

M
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6. I. 11 ANTENNA SWITCH

6. 1. 11. 1 GENERAL

The an t enn a sw i tc h contains the c i r c u i t r y  th .~t a l l o w s

selection of either antenna b y the five receiver channels.

6. 1.11.2 FUNCTIONAL DESCRIPTION (refer to Figure 6.1.11 — 1 )

The antenna switch module i-s a 2 X 5 matrix switch that

directs received si gnals from two antennas to combinations

of five receiver channels. This is accomplished by d i v i d i n g

t h e  RF signals at each of the antenna inputs into five equal

si g n a ls presenting 1/5 of antenna A and 1/5 of antenna B to

two selecta ble ports of five SPDT RF switches. These

s w i t c h e s  ar e controlled by TTL logic from the output modu L e

an d they direct the selected signals in any combination to

the five rec.eiver channels.

I
I
I
I

I
I .
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6. 1. 11.3 ELt:CTRICAL iNTj F’FACL

I. Inputs

CATEGORY : SIGNAL : CHARACTERISTIC I SOURCE
NAME

RF : SV signa H Li and L2 ca r r i e r s  modu la ted  LRU
w i t h  P — c o d e , C / A — c o d e ,  and preamps
data

Power SVDC 3 w max.  Pwr sup

Power —5VDC 3 w max.  Pwr sup
I :

Logic Rx .  1 thru TTL (Hi for antenna A for res p .  OM
5 Control  1 r e c e i v er  channe l)

II. Outputs

CA TEGORY : SIONAL 1 CHARACTERISTIC 1 DESTIN.
NAME 1 1

S S

RF I SY ci gnall  Source  RE a t t enua ted  b~ WBM for res p
I 9 dB : RCVR chat , .
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6. 1. 12 RECEIVER POWER SUPPLY

6. 1. 12. 1 GENERAL DESCRIPTION

I A DC—to—DC converter provides the power req~u ir emen ts

for the RCVR—LRU. The power supply also prov ides internal

I monitoring of all supply voltages for operation within

sp .cif i.d tolerances.

I
I 6. 1. 12. 2 FUNCTIONAL DESCRIPTION

The RCVR—LRU power supply (Figure 6. 1. 12—1 ) consists of

I seve n sections: two sw itch in g regulators5 two DC—to—DC

converters a precision refe rence . an ov er /under voltage

I (OV/LJV ) monitor . and an over temperature monitor.

I. Switching regulators

1 28 VDC primary power for the RCVR—LRU is regulated by

one of two switching regulators operating at 4Ol”~Hz.

I
I

II
til
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I I .  DC-t o - -~)C ..onver~.ers

The output of each regulator suppl i es the primar y of a

DC—to—DC co nv.rte switching at a 2O—I”~Hz rate. These

transforme rs provide multiple secondaries which are

rect i fied and f i l t e r e d  to prov ide the voltages required by

th. rece iver. The two hi~jhest current 1oad~ o c c u r  on t h e

+5—volt an d +12—volt outputs. One of these voltages is

assigned to each converter . These outputs are sensed .

c ompared to a reference and feedback generated for the

sw itching regulator which supplies the respect ive converter
r

pr imary, thus provid ing closed loop control.

All other voltages roughly track the primary regulation

as a result of the transformer winding ratios. These

windings are designed to suppl y approximately 3 volts abov e

the d esired output voltage at the rectif ier/f ilter nod.. A

regulator the n drops each vo l tage  t o t h e d es i re d ou t pu t

level while prov iding increased regulation and ripple

filter ing at relatively high efficiency due to the small

regulator d rop and lower current requirements.

III. Prec ision ref~ cc

The +12—volt supply provides power to a precision

reference supply which establis hes the desired level of the

• output voltages and the OV/UV sense levels. This section

contains a 40—KHz sawtooth osc illator which modulat es a

+5—volt reference po int. Comparators sensing the +5—vo lt

output and the +12—volt output (d i v i d e d  down to +5 v olt s )
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I

produce d u~~y c~~c~~e m~~~.~~at ..�o ~~~~~~~~ :rains w ith ON time~.

proportiona l to the error between tie reference and the

output. These waveforms are coupl ed back to control the

duty cy c l e  of the switchi ng regula t ors. 13y t his means the

nominal 15—volt transformer primary voltage is adjusted to
4

correct for input voltage and output lc~ad variatiors.

IV. Over/under voltage monito r

• The OV/UV detection is provided by a window detector

whose inputs are multiplexed to sample the out pu t v o l t a g e s

in sequence. The level of each input is shifted to +5 volts

by either a resistive divider or an inverting amplifier

• (negative voltages ). These are sampled by an eight—channel

analog multiplexer which is driven by a counter clocking at

the sample rate of the window detector. Any output voltage

which deviates more then 
~ 

5. 3 percent from its specified

value causes the window detector to generate an out—of—limit

condition by causing the power good signal to go to a

1. logical “0” . Scann ing is performed on a continuous basis.

V. Over—temperatur , monitor

I In the event the internal temperature of the RCVR—LRU

exceeds a preset threshold . power is removed from the

1. switching regulators. This condition remains u n t i l t h e

I temperature returns to the safe operating limits of the

RCVR—LRU components.
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ELECTRICAL 1N ER~~ACE

I I.

CATEGORY I SIGNAL I CHARACTERISTIC SOURCE
NAME I

I
Power 28 VDC I 6. 3 a AC/DC Cony

I
I II. Outputs

I CATEGORY 1 SIGNAL : CHARACTERISTIC 1 DESTIN.
NAME 1

I Power .‘ 1. 5 VDC 1 500 ma 1 RCVR—LRU

Power : 5 VDC I 10. 6 a 1 RCVR—LRU

Power 1 5. 2 VDC : 3. 6 a RCVR—LRU

I Power 1 —5 VDC 560 ma RCVR—LRU

Power 1 12 VDC 1 2. 5 a 1 RCVR—LRU

I Power 1 —12 VDC 1 720 ma 1 RCVR—LRU

Power 1 15 VDC 20 ma 1 RCVR—LRU

I Power 1 — 15 VDC 180 ma RCVR—LRU

Log ic 1 PSPG I IlL (power supply good) 1 CRIM

I ‘1:
I
I H
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1 6. 1. 13 MICROPROCESSOR MODULE — 

-
-

6. 1. 13. 1 GENERAL DESCRIPTION

I Tb. Microprocessor Module ( M P M )  provide s computationa ’
~

ar-J functional control cap 3bi li ty for the HDUE. Information

I transfers between the microprocessor and memory for

I 
Instruction fetch operation s and data storage/retrieva l

C

operations is accomplished by a b i—d irectiona l memory bus

I under microprocessor control. Inp ut/output functions for

the microprocessor are accomplished by the direct

I instruction driven interface designated as a Communication

Register Unit (CRU) interface. A direct memory access (DMA )

I capability is imp l emented such that the microprocessor

i releases control and/or data signals to affect the transfer

b•tw..n th. external device and memory.

I
6. 1. 13 2 FUNCTIONAL DESCtsIPTION (refer to Figure 6. 1. 13-1)

I From the block .iiagram shown in Figure 6. 1. 13—1, the

MPM consists of a microproces sor . address decode logic.

read—onl y memory (RON), RON power switching circuitry.

I read/write random access memory (RAM). clock generation

logic , output bu ffer log ic , and input buffer logic.

I A complete list of the microprocessor instruction set

is shown in Table 6. 1. 13—1. Data and control interfaces are

I described as follows:

S.
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T ch)e 6.1.13-1. lnstruct ioo Set

A&JHA$BTIC LJST OF ASSEMB L~ LAN GL.AGE INSTRI.CIIIJNS 
A l  IIIABI [Ii LISI 1,1 ASSEMBLY I.A~ LL AI ,I

OP C.S1 K! C’ IONS ) 
~nI,n,.~dl

M~..o * O p i~di (o3. InsI,..~I,on 
1,1

(, 
~~~~~ A -riG AI.)D V.0K!.), Mn.,son,~ IJ ,,~ ,,nd. . ,,.2.s

.118 ~~~~~ 8 %  .1,!) .( T I ~.)( “I h~ . “‘~ ‘. 14)11) SIlO I ‘01 ,111 ( f l)  - A k
AIS I. . - L I)) A4l ’.Li : .  ~ ~~~ I “ ‘) .  ‘.‘B’ ~~~~ I~ I ‘).  S Ill) ‘1(00 1)1.04)

*8.. I 0:20 40111 I)~I) 0)11 Ti 
_ _
il I., - .N- , l 4 4 , ’ , -  ‘ s i  ‘~ k. I ROM 1’ . ‘ ]

ANIM *f1~~.J (01,. A ND I’4MLO IATL L iST V. k 2) 4 ~ - , 0  - (04 .S IL LOs ! I A

8 1. 0440 1,84”.) 
SIV.p K LA’  ‘.~ (ill ) . 4 i , OKSPA ,  )‘,.,,.\ 14

SI. C 0680 BRAS ’  I) AN) ,  SI, .1.,) ‘-‘~~‘‘  ‘ . ‘C I TA si .Y rI S
eL*p C 04 41) BRA ’. II . LOAD A UREISPACI POINTLI4 I. ) ,‘~

s ‘IT 10 S IT  / 1  <hi S CDVI I  T I 5 )51 . .0 -  RIo
C G o.. 8000 COMPA KI  5111)14 1), T / )  G ,C.i - b ul l  T i l/ ,  001 S CO RN) 0 501”. , 1.5). .
CI C,C 9’oOO COM PARL US TI ,  4 (Il L Il l-I TI .5 (41) o,: .50111 ~ ,

N U 451, XI
CI W 8 .I (051 COMPA R[ IMME D IAT E
cior - - - OICO (‘CX I. 0!! - b- sOil S 1 .3) SOP L .N(,T I 7 2( 00 ‘0! 5 ’ )  )o OPI.RATIO”.
CRON . --  0340 CLIX I. 1,5 5(1115 ) )) NOR U )11k<. 25)jO LXCLI SIVL UN C
CLP C 04C0 CLLAII OPIR 5”!) lNoI( sTi  S T i l l  ADLOI I SS IS T O ‘AhlI ( II I i KLSL L S 51( 1 . , 5(1 I) 511111 5COC G .WK 2000 COMP SIl L 0510 CORK ! SPONOI’O , 01) lIA StIS ARE Si’! CII II (3
(iC (,,Wf1 2400 COMP’.RL 1111401 S ( OUt SPONDISI,
UIC C 0600 DECk! %i INr  II ON!
DIII C 0640 011CR) ‘.41S T BY TWO
DIV G,W R <• 3C00 DI VII) )
IDLE — — — 0340 COMPS TI K lOLL 1,01!. 1 ,3)

NOTES
INC C 0 8 0  151. RI ME ST BY ONE
INCI C OSCO 114(141 4Il:NTBY TV. O I. PP.IVILL(,EI) I’s s T RI I ION - MU),) L ”III 0(NV 6 0540 1KV) Ri M O I ) L L . .  ‘(SI) iV. T i )  ‘TI’ :) P ’!iu\ U N )  V
Jill PC I 300 JUMP I ’. t O L A I.. ST BIT 2 I 1  3. SliT IMPLLMLV) I) IN THE TSIS “u~’JGT PC 1500 IUMP( .RIAT I R T h A N 1ST BIT I’ll 4 TIlE SECON DOPI -.R- \ N~, STI lL  NLMj I)  0 OF BITS 1(1 Ii) TN SN’,

PC 11100 lIMP ItC H S I  KITS O~ I AN!) 2 ’O) I’ ERREL) . 0 .15 0=10;
IHE PC 1400 JUMP 111(011 OR 1- Q1.A L (ST BIT 0~ I OR 2 — I )  5.  THE SECOND (WI KA”O SI’L( ’I) I: S A Si)  CONY TI ‘TI’ hi: .0 00
JL PC 1401) JUMP 01W (ST IIITS O.O A NEJ 2- 0) 6 T h E  SECON!) (ih’I,RA IS Ti lE SI IH - ~ (‘0) “T O. : 5 . V ‘TN’, TIll
ILL PC 1200 JUMP LOWOR EQUA L (ST 11110.0 OR 2 1 )  COUNT IS IN BITS 2 ) 5  OF \S )000Ps i  I k).Gh.ST) .R U SOILS (10 N I
iLl PC 1100 JUMP LESS T i lAb ’ .  1ST BITS 1 0  AND 2-0) =0 \ND BITS 1 2 1 5  OF WORKSPACE REGISTER 0 0 , SI)IFT CO~ Ni
IMP PC 1000 JUMP UNCONDITIONAL 

3-0) 7 . SECOND OPERAND SPECIFIES T i l t  I NTE NDED OPERATIO N . o IS

JNE PC 1600 JUMP NOT LOyAL (ST BIT 2~~) I~~SPOSJT iON OF T U E  RESULT MAY OR MAY NOT BE IN OPERAND
1140 PC 1900 JUMP NOOV ERI LOW (ST B1T 4 0) 8. NIIEN PRIVILEGED INSTR UCT ION BIT 7 1 OF THE STATLSJOC PC 1800 JUMP ON CARRY (ST BIT 1 REGISTER IS SET . (U-sLY BITS 0.6 ARE RETURN ED TO TIlE Si .51 OS
JOP PC ICOO JUMP000 PARITY (SI BIT 5-I) REGISTER BY RTW P
LDC R G.NOTL 4 3000 LOAD CR12 (NOTE 5 ) 5 1 1  9. WIllIS PRIVIL EGED INSTRUCTION BIT )7 ) OF TIlE STATUS
EDO C 07(0 LONG DISTANCE DLSTINATION (NOTE 1.2) REGISTER IS SET .CRU ADDRESSES GREATER TI-IA N  >EO0
LOS C 0780 LONG DISTANCE SOURCE INOTE 1. 2) (INCLUDING EXPANSION CHASSIS 7) ARE ILLEGAL
LI W R~~., I 0200 LOAD IMMEDIAT E
LIMI I 0300 LOAD INTl RRUPT MA SK IMMLDIATL NUll. I)
I_ Mr WR NOTE S 0320 LOAD MAP I-ILL 1,0111 1 .2,
LRI1X - -- -  0310 LOAD ROM AND EXECUT E (NOTE .3,
LWPI I 0260 LOAD IMMEDIATE TO WORKSPAC E POINTER
NOV G ,G~ C000 MOVE. WOR D
MOVI 1; .c..- 1)000 1111)50 ( ‘101
MPY ( .WR< . 31.00 MI 1.T IPLY
NI-U I! 0500 1,11.511. ITWO S COMPLI.MLNT)
OWl WR <- .I 0160 OIl IMMED IA II
WSLT - - — - 0360 RI - SIT A l (NOT ) 1 . 31

RTW P - . 0380 (II S RN I 8051 SUBROUTINE (NOTE 8)
S G.G<- 6000 SUBTRA CT WORD
311 (,,G<- 7000 SUBTRACT BYTI.
3 110 CPU 1000 SLTCMUJIIT TOONI- (NOT! 9)
SBZ CRU 11.00 SET C K U  BIT 10 ZERO NOTE 9)

SETO C 0700 SETONI S
SLA WR < ,NOTC 6 OA OO SHII I LIII ARITHMETIC
SOC G,G<. 1000 SET ONES CORRESPONDING (WORD)
SOd 6.6<. 000 SETONESCORRESPONDINGIIIYTIL I
SRA W*<- .NOTE 6 0800 SHIn RIGHT IMSB EXTENDED)
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~
o ac (oU’ , .Ssh an;fer~ between the

and nt~mo~~:, . th. nlc ropf l ’cu9sir 2rovod .; a lb—b i t

address on the mem ory ad dr ’~ss bu s alon c with the

neces

~~

ary memory contro l s.ignals Mem ory oata to or

from the microproc .o..or is  t ra n5 . f cr r eo . .  V U a  a ló— b it

b i— d i r e ct io nal data bu s The d i r e c t i o n  of the data

flow on the data bu s is contr ol l eC b y the

m icroproce ssor. The addresssed memor y is e ither the
C

memor y c o n t a i n e d  on the MPM or memor y external to the

MPM The memory interface also provides the c a p a b i l i t y

for the microprocessor to r e linqu i sh control of the

memory interface to an external de v ice Upon request

by the e xtern al devi ce. the m icropr oce sGor permits the

external d e v i c e  to control the memory bus such that it

transfers directl y between the external device and

memo ry. During such operations , the external de v ice

provides the necessary memory addre ss and control

signals. Upon comp letion of its transfers. the

extern al device remove; its request . and control of the

memory bus is reverted to the microprocessor

I I  CR 1.) in t e r fa c e

The m icroprocessor has the c a p a b i l i t y  of seriall y

trans ferring d a t a to or from an external device b y

u t i l i zing its CR1.) interfa c e The tran sfers are

performed under microprocessor instruction control.
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The 2h ’)struct :on ~~~~ d’. oermi nes t Ie number of bits to

be transferre d (from one b it to 6 bits) and the

direct ion o f  ‘hR’ data transfer To perform transfers,

th. microprocessor provides ~ unique 12—bit address on

the address bus for each b i t  to be transferred. If the

data bit (s ) is to be an output f r o m  t h e  m i cr o p r o c e ss or

t h e  microproce ssor provides the output data on the CRU F
output signal line and a clock pulse on the CRU clock

signa l line. If the data is an input to the

microprocessor . the addressed external device reponds

by plac ing input data on the CRU input signal line. No

CRU c l o c k s  are p r o v id e d  b y t h e m ic r o p r oce sso r d u rin g r
CRU input operat ions.

III. Mai ntenance panel interface

The microprocessor interfaces to the maintenance

panel (MP ) to permit MP user to input data into the

m icroprocessor or memory. or perform a breackpoint

operat ion. Input data is entered via switches on the

MP and read into the mic roprocessor or memory by

execut ing a CRU input instruction with the appropriate

address. Data to be di splayed on the  MP is ou t pu tt ed

to the tIP by executing a CRU output command with the

ap propriate CRU address . The breakpoint function

perm its the user to select . via switched on the tIP, a

breakpo int memory address or mode and upon coincidence

of these with the m icroprocessor memory address and
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mode, the mic roproc~~~sor stops e xecut ion and rever ts to

the execution o MP firmware . 1
IV. Interrupt interface

Th e m~ croproc essor has the capabilit u to accept up

to 1~ external inter rupts. Upor. receipt of ar.

interrupt request s~~gnal and a 4—bit encoded interrupt

code . the m icroprocessor performs a context switch,

provided the rece ived interrupt c ode i s less than or I
equal to the interrupt mask in the microprocessor. If

not, the interrupt request is ignored until the above

condition is sat isfied.

— it

t
I
I
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6. 1. 13 3 ELLCTINICAL INT . - .

I I. Inputs

CATEQORY SIONAL : CHARACTERISTICS SOURCE
NAME

0 —.

Power 5 VDC 1. i a pwr .~up

El Power 1 5 VDC 750 ma

Logic /MBHOLD IlL (to halt MPM for DMA ) DMM

LI Logic /OCRDY : IlL (memory ready status ) 0MM

fl Data MPCRUINZ Tn —state ( tIP serial input tIP

LI data )

Logic MPLOADZ TIL (non—ma skable interrupt to tIP
MP load routine )

Ii
Logic MPMRSTZ : TTL (zero level non—m askabl e tIP - -

interrupt to reset MPM)

Logic : /OCINTREQ : TTL (interrupt request ) CR IM

I Logic /OCIC(0—3H TTL (interrup t code ) CRIM

Logic : MDCLK TIL (MPM instruction c y cle : MPM

I clock )

I

I..
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II ~~~~~~~~~~~~~~~~~

CATEGOR Y SIQN~i. CHARACTLRIST lC~3 DE5TIN

_ _ _ _ _ _ _  -- . - . .— . .- -————— —-— -~

Logic UPA (00— Tn — state (~~emory address bus) 0MM
: 14)8 :

Logic : /UPMEMENB In —stat,’ ‘.\alid mem .’ry DM11
a d J r e s ~~)

Data TSCRUIN In —state (CRU serial input 11PM
data )

Logic /UPDBINB Trx— ~~tete ‘to d i s able out put 0MM
buffer; )

Logic /UPWE Op en—collector (write enable ) : DMM

Logic UP IAGS Tn —state (memory instruction DM11
fetch)

Logic IUPENDCY Open—colle ctor (end of present DM11
memory operation)

Logic : UPSEOC IlL (synchronized end— of—c yc le DM11

Logic /OCPAREN TTL—DR (parity enable For RAM ) DM11

Log ic UPHOLDA : Open—collector MPM hold : DM11
acknowledge )

Log ic /UPWAIT Op~~n— col1 p c t o r (MPM in WAIT DM11
state)

Data UPCRUOUT TTL (CRU serial output data ) 011. CCM

Log ic UPCRUCLK IlL (CRU data c l o c k )  OM, COM

Data UPA (00 TTL (tIP address bus) NP
—14)Z

Data UPCRUOUTZ TTL (tIP serial data out ) tIP

Logic UPCRUCKZ IlL (lIP serial data c l o c k )  NP

Logic /UPMEMENZ: IlL (MP vali d memory address ) tIP

Logic UPDBINZ IlL (tIP d i s a b l e  output buffer ) : tIP

Logic UP IAGZ IlL (tIP instruction fetch ) NP
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Logic. ~i~ :~~cv~ IMP ~- r - -~ ‘ - r — -.~~~c ie )  lIP

Logi c ~~~~~~ 
f l-  (NP r t , e t . )  tIP

Analog UPVCCSAM 5 VOC (status> tIP

Logic UPCLK IlL—DR (cloc k output source tIP

Log ic UP8.25 mh TTL—DR (cycle clock output ) 11PM

Log ic UPBDBIN TTL (outp ~~t bu ffer d~~sab~~e) tIP

Log ic UPRWRDY TTL (read/write ready) 11PM

Log ic UPRWOE TTL (enable RAM output) DMM

Log ic UPRWWE I TTL (write operation > I DM11

III. Bi—directional

CATEGORY SiGNAL CHARACTERISTICS I SQURCE/
NAME DESTIN.

Data I TSD(00—15)I Tr~ —state (data bu s) 1 DMM

.1
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6. 1. 14 DATA MEMORY MODULI

I
6. 1. 14. 1 GENERAL DESCRIPTION

I The Data Memory Module ( DM11) is a Random Acce ss Memory

I 
module with capabilities to both reai and write 4096 17—bit

words. The module can be programmed to respond to any 41k

memory space within a 20—bit address space.

6.1. 14.2 FUNCTIONAL DESCRIPTION (refer to Figure 6.1. 14—1)

I A~ shown in Figure 6. 1. 14—1 the DMM is designed to

interfac , onto a processor Data Bus and Address Bus . The

Data Bus is a 17—bit bus which either is connected directly

I to the 4096 Memory Array for write operations . or is

connected to the Out put Data Buffer section. These output

I buffers are operable during a read operation from the Memory

i Array under the control of the Data Bus IN/READ c ommand from

the sy stem. The Address Bus is a 20—bit address bus wh ich

1 is subdivided into three sections. The five MSB ’s of t h e

address bus are utilized to define which of 321k memory

I sectors this module is to be located in when system

i requirements are greater than 32K. The next 4 MSB ’s are

utilized to def ine where within a 32K memory space the 4K

I module will reside. The last 11 LSB ’s are ut i l i zed to

address the Memory Array itself . The Mod ule Select section

I generates all nodule enable commands derived from the 9

MSB ’S of the address bus . while the Address Buffer section
I .

j 
. 

drives the Memory Array.
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Th. READY and PARITY ena. .e siy s ge:i.~. - .~ted by the Module

Select se ction serve to in t erf a c e  w i t h  tne ~.ystem to satisfy

the proper h an dshake re quir emo - t ; The Bu s Terminate

section serves to allow interfac i ’ui with the I—BUS. This

section generates a terminate stat us wnen either a read or I -
writ , operation has bee n c o n c l u d e d  on the DMM . The Memory

Timing section is primarily a combination al logic block

wh ich controls read or write timing to the Memory Array.

r
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ELECTRIC.~L NT~ SE~IIE

I. Inputs

CATEGOR Y SIGNAL 1 CHARACTERISTIC I SOURCE
NAME

Power 5 VDC I 300 ma I pwr sup

Power —5 VDC 1 50 ma : pwr sup

Power 1 12 VDC 1 300 ma I pwr sup

Data I TLAD (O—14H TTL (system Address bits I 11PM
I ut ilized to address within

I a 32K bound ary ) I

Data MSS(0—3 ) TTL (Memory Sector Select system
I I inputs to def ine w h i c h  32K I s e l e c t s

I boundary a module is to I
occup y. )

I 1
Data I TLDAT 16 I IlL (parity Data bit ) I CR111

I 1
Logic I MEMEN or 1 IlL (indicates 1 11PM

TLOO I that a memory operat ion is
in progress )

Logic I TLREAD or TTL (de fines a Read operation I 11PM
1 UPDBIN I when a memory function is I

in progress)

Logic : UPSEOC 1 IlL (enables data onto output I 11PM
I I data bus. Signal is active l

I dur ing last cycle of 1
memory operation. )

Log i c DMLWR I TTL (enab les  data to be w r i t t e n :  11PM
I in to the memory array )

I

1.-’
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II. c.utpI~v~

1 CATEGORY SIGNAL CHARACTERISTIC 1 DESTIN.

Log ic : OCRDY I IlL (indicates that the 1 11PM
I addressed memory is ready

I I to read or write )

Logic I OCPAREN 1 TTL (inci cates that parity I CR111

I I I needs to be checked or
genera ted on the Parity I

I Data Line)

I Logic I TLTM I TTL (denotes when the memory 1 I—BUS
I I device h a s  co mp l e t e d a I
1 1 read or write operation) I

I III.

I CATEGORY 1 SIGNAL 1 CHARACTERISTIC SOURCE/
I NAME I DESTIN.

-~~~ 1

I
Data 1 TLDAT(O— I TTL (Data bus b i t s )  1 MPM

f 

i 
1 1 5  1 I

‘ I
I
I
I
II
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I

6. 1. 15 COMMUNICAT ION ~EQI~~TER INTERF ACE MODULE

6. 1. 15. 1 GENERAL DESCRIPTION

I The Communication Register Interface Module (CR111)

performs a number of processor related functions. The

I functions include interrupt enc od ing. processor CRU

decoding. address bus bu ffering , system reset control . and

I pa rity bit generat ion and verification for the sy stem.

I t~
.

6. 1. 15. 2 FUNCTIONAL DESCRIPTION p

I The CR111 is functionally shown in Figure 6. 1. 15—1.

I I. Interrupt encoding

I The Interrupt Control Logic is tasked with

accept ing a max imum of 8 external interrupt stimul i

I from the system and priority encoding the information

for th, system processo r . Via the CRU function the

I p r o c ess o r  may s e l e c t i vel y m a s k  of f d i s c r e t e  i n t er r u p t

- inputs when th. system warrants this feature.

I I
I I

~11
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II. Processo r CRU ~u~~odi nç

The CPU H—Field Decode section is tasked with

decodin g bits 03 thru 05 (R-F~~~~a of Addr ess Bus) to

define one of 8 CPU receiver spaces to be addressed for

CRU control. These de coded signals are uti lized in

sy stems having more ;han one receiver channel . The CPU

Funct ion Decode section provides a set of decodes for

special system functions. These special functions

inclu de IDLE, CLKON. and RESET which are special states

that the processor could assume.

III. Address bus buffer ing

The CRU Buffers buffer the system address to route

the 11. 8. and L Fields of the Address Bus to the

sy stem.

IV. System reset control

The Reset Logic section generates reset commands

for var ious applications. The Power Good input to this

sect ion results in a level 0 (unmaskable ) interrupt to

the system p r o c e s s o r  to initialize the entire system

(software and hardware). Software may also generate

reset commands via instructions dedicated for this

task.

-.1
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V. Pa rity bit  g~~ner~~.zo n a~~ verif icat ion

T~~e Parity v er if~ and çenerate section ge ne r a t e s

an odd pa ity b it as a function of bits on the Data

Bus The resultant Parity Bit is routed off the CR111

module to be stored in system memor y. During a read

operation when parit y is v e r ifieci a parit y error may be

generated to be routed to the system for d isposition.

The CR111 unit is also equ ipped with RAM storage for

parit y bits generated for 256 addresses in high memory

space

L
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I 6.1 5.3 ~T Y C ~~~~~CAL

I. In~.utsI
CATEGORY SI~~NAL CHARACTERISTIC I SOURCE
TYPE NAME

I Power I +5VDC 903 ma I pwr  ~.up

Logic 1 /OCPAREN O pe n— c o l l e to~’ ( in d i c at e s  1 syst.~m V

I I that parity needs to be I memory
chec ked or generated )

Log ic 1 UPSEOC 1 TTL (Memory End of C ycle. I 11PM 
. 

-

1 Active durin g last cycle I
1 of any memory operation ) I

Logic I UPDBIN I IlL (denotes when processor I 11PM
1 1 is executing a read

1 operation)

Data 1 11 (1—7) TTL (Interrupt stimulus input ) I system

Log ic I /ICAS (9)1 TTL (highest priority I sy s t em

‘1- 1 Interrupt) I

Logic UPWAIT I IlL (denotes when processor is 1 11PM
1 in wait state because of a

1 not rea dy condition from I
• : memor y ) I

I Logic I PSPG I TTL (Power Supply Power Good) 1 pwr sup

Data 1 UPA (O—14H IlL (Processor Address Bus) 1 11PM

1 Logic I UPCRUCLK IlL (Processor CPU Clock ) I 11PM

‘ Data 1 UPCRUOUT 1 TTL (Processor CRU serial MPM
-
~~ 1 ou tpu t  d a t a )

Log ic /UPMEMEN I IlL (Denotes when processor is I 11PM

I I e x ecut i ng a m emor y 1
I ope ration (read or wr ite )>I

I
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II. G~~~~ut~

CATEGORY I SIGNAL 1 CHARACTERISTIC 1 DESTIN.
I NAME I

_______________ I 4

I I 1
Logic 1 /CRPARERR TTL (denotes that a read parity 11PM

error has occured)

Log ic 1 /OC .~.NTREG I Open—co l~~~cto r (denotes that anl MPM
1 interrupt is pending) I
1 1 1

Data I /OCIC (1—3H Open—co llector (encoded 1 11PM
I : interrupt code indicates I
I code associated with 1
1 interrupt pending)

Log ic /OCRDY 1 Open—collector (delayed wait I system
from processor)

Data I TSCRUIN 1 Tn —State (serial CRU data) 1 11PM y
r

Data I /CRM(0—2H TTL (Module field of address system I
bus ) I H-

I I I

Data 1 /CRL(0—2)I TTL (Latch field of address I system
1 bus ) I

Data 1 /CRB (0—2) TTL (Bit field of address bus ) 1 system
I 1 I

Data I . /CRR (O—7 )I TTL (decoded Register field of I system
1 addres s bus )

I 1 1
Data 1 /CRA(3—5 )I IlL (Register field of address I system

I I bus) I
1 :

Logic I /CRSTORCKI IlL (gated Store Clock from I MPM
I I 11PM) I
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III. Bi— d~~’ec~ •.or....~

CATEGORY I SIGNAL I CHARACTER ISTIC I SOURCE/
I NAME I DESTIN.

Data 1 TSD(O0—15 )I TTL (System Data Bus) 11PM

Logic 1 TSPAR I Tn —state (Par ity b i~ generated 1 system
I by  the system as w e l l  as 1 memory
I the b i t generated b y th e 1

I I CR111 unit dur ing write
operation )
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I
6. 1. 16 SER IAL 13U~3 INTERFACE ~~~~~~~

6. 1. 16. 1 GENERAL DESCRIPTION

The Serial Bus Interface Module (SBIM) comprised of two

modules , SBIM 1 and 89111 2. provides the interface between

the Micro processor Model ..MPM) local .us a nc  the Sin ai Time

Division Mult iplex (STDM ) data bus. The 56111 has the

c a p a b i l i t y  to  serve  as e i t h e r  a ma s t e r  o r a s l a v e  i n t e r f a c e

— to the 81DM data bus. The interface is in accordance with

McDonn.ll Aircraft Corporat ion F—iS Digital Interface Design

Specification . Report HOO9C, Contract No. F33657—69—C—0657,

6.1. 16.2 FUNCTIONAL DESCRIPTION (refer to Figure 6.1. 16—1 )

As a STDM bus master interface, the SBIM receives data

and control from the local 11PM. issues polling commands or

data to the remote slaves, and receives status and data from

the remote slaves for transfer to the 11PM.

As a STDM bus slave interface, the SBIM receives

polli ng commands from the bus master and responds with

status and data. In the receive mode, it buffers up to

six teen words of data and sets a flag i nd i cat ing to th e

local 11PM when there is a word for transfer from the

buffer . In the transmit mode, it receives up to fifteen

words of data from the local 11PM and transmits this data

bit—s .r iallg to the STDM bus master. When the transmit

buffer is empt y the 98111 sets a flag requesting addit ional

d ata from the 11PM. The SBIM, when a master, contains a
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— c l o c k  generator tha t i S  1:~.~~d f~~ r th ~ ST DM 1—MHz c l o c k .

The c i r c u i t r y  to  p e r f o r m  the afore mentioned functions

is contained in two .~.)tj .Jles, 86111 I and SBIM 2. Basically

the 88111 1 module contains the control and SBIM 2 contains

the analog interface circuitry. A~ s~~own in the bloc k

diagram of Figure 6. 1. 16—1 , the 531M consists of the

following:

(1) bi—p hase Input/Output (I/O) bus communications

(2) cloc k circuitry

(3) control sh ift register

(4) error detect c ircuitry

(5) 61DM bus parity circuitry

(6) select word control b it latches

C 
(7) word count latc h

(8) controller with programmable read only memory

(PROM )

(9) First—In—First—Out (FIFO ) buffer

(10) status register

(11) memory bu 5 address decode

• (12) slave address compar ator

(13) microproces sor interface buffers.
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I .  Ui—ph a s e  I /O but, com mun i . :a t ions

The b i—p has e bus communications performs the b a s i c  •

bus dr iving and receiving functions for the 61DM bus.

II. Clock circuitry

The clock ci r~~uitr~~, whcr, t,i~~ 69111 ii, used as a

bus master , utili zes an internally generated 4—MH z

oscillator s i g n a l  to create a 1—MH z clock to be used a s

the basic timing unit w ithin the SUIM and to be used by

the b i—phase I/O bus communi cations as the bus clock.

When the SBI11 is a slave the clock circuitry buffers

th. clock received by the b i—pha se I/O bus

communications for timing within the 59111.

.1
III. Shift register

The sh ift register may be parallel loaded by the

11PM or the cont roller and PROM within the SBIM , or it

may be loaded serially from the STDM bus. The MPM

writes into the shift register to load the select word

only whe n the SF3111 is used as a master. This action

automaticall y causes the controller and PROM within the

SBIM to begin placing the select word onto the 51DM

bus. The 11PM does not return to read the shift

register as no bit pattern is guaranteed except

following an operation terminated interrupt for a

command select wor d. After a command word transfer is

completed th e original select word ex i s ts in the shift
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I
I 

r eg~~ster i f  t ra ns f e-~ j~~~; c~~’~p~~’t ed  u~~th no e r ro r t ,  The

shift reg ister is par.~llel load ed by the controller and

I PROM from the FLFO when the select word indicates a

data transfer to a slave.

1 The shift register can a l s o  be l oaded  f rom the

81DM bus. If the sh ift register is bein g loaded From

the bus , it is under control of the PROM on the SBIM

If the 11PM should address the shift register while it

is being seria ll y loaded, the 11PM completes its memory

I cycles and the 96111 does not change.

I IV. Error detect circuitry

The erro r dete c t circu i try mon i tor s the i n p ut

signals from the data bus and sets status bits 1 and

I 2. The bus timing error indicates when the no—data

time period between data words (8 usec) is not properly

I maintained.

The s e l e c t  wor d is as f o l l o ws :

I
I

~~

_
V
_ 

V V

I SLAVE COM— CONTROL T/R WORD PAR ITY
ADDRESS MAND COUNT

BIT

I

~~~ PAGE 312

C - ~~~. . — - -~~~ - 
- ..•



~1~ 
- .-

I
- V . l3us par itij c~~rcuit

‘I ‘
~he bus parit y c irc u it est ablishes parity f o r  d a t a

that i s t r an sm i t~~.d onto the bi”~ and c h e c k s  p a r i t y  of

words that ar , received f rom the bus .

VI, Control bit lat ch

Th e control bi t l at ch stor e s b~~t 4 and 11 f rom the

select word. These bits are used a l o n g  w i t h  the

• controller and PROM for proper d a ta  movement When t h e

SBIM is a master , only b i t  11 ..T/R ) is  used This

determines whether the master is  in either the transmit

or receive mode after the se l e c t  word is  transmitted.

During power—up . th is bit must be  logical zero to

I indicate that a master is transmitt ing or a slave i s

rec eiving. When the 58111 is a slave , the control latch

stores both b its . The h R  b it functions the same as in

the master. If a one is in the command bit and a zero

in the status b it 11, the slave loads the select word

- I into the FIFO and then transmits the select word

• ident icall y to the master as required by the F—15 bus

I 
specification. Control bits 5—10 of a command word are

I monitored by the MPM for proper action . Use of the

bit s  is determined by the software.

1.

t
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VII. Wo rd count latci

Bit s 12—1k of the select word are loaded into this

latch for use ~y the I ROM controller. The PROM

controlle r uses this latch as a counter for data

movement on the bus. The output of the latch is placed

in the status register bits 12—1 5 so that the MPM can

mon i t o r  t h e  p r o g r e s s  of t he 98111 in th e p r e sen t d a ta

transfer o peration.

p

VIII. Controller and PROM
r

The controller and PROM contains the microprogram

for all the data movement within the SI3 IM and the data

timing and the data transfer on the STDM bus.

IX. First—in—First—out buffer

The FIFO is used as a data holding register. This

register is capable of holding sixteen data words. If

more words an , attempted to be placed in this register

they will be ignored. Status indicators of FIFO empty

(SBBUFEMT ) and FIFO full (SBBUFULL ) are a part of the

status word. The FIFO may be loaded by eit her the 11PM

or the shift reg ister. In order to control which is

loading the FIFO. status bit 11 is used from the status

r.g ister.
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I

X. Status regis ter

Al l  s ta tus  register bits (see table 6. 1. 16— 1) can

I be read by the 11PM but onl y L’~~t 11 may be written into

by the 11PM. When writing into the status register . the

I 11PM must write with bit s p laced in the bit location i n

which they will be n~ ad. A write oper~3tion erases all

I previous data plac e d  in bit 11 .

I p

XI. Address decode

I The address decode circuitry decodes the address

lines from the 11PM in order to enable a c c e s s  to the

I FIFO, shift register . and status register.

XII. Address compa rator

I The address comparator circuit is used in a slave

88111. Th is circuitry looks at bits 0—3 of the select

f word to determine if this is the slave that is bein g

addressed. If address agreement exists , then the SBIM

I takes the ac t ion d i c t a t e d  b y  t he se lec t  word cont ro l

bits.

X III . Micropro cessor interface buffers

These buffers are used to guarantee that the SBIM

I wil l  only put one load on the li nes that inter face  to

i the 11PM, and that the S8IM is capable of driving all

interface lines going to the MPM.

“-
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Table b. ~ ~~~~~~ ~~~~~~~~~~ :L.t . ~~~~c rj ..ptioi

BIT NO~ DESCRIPTION COMMENT —

0 Logic 0 indicates SI3IM is active Set by 613111

Logic I indicates 69111 i s  not active.
and th e shift register may be read
properl y or written into.

I Log ic 1 indicates no reply to a Set by 613111
select word.

2 Logic 1 indicates bus timing error, Set by 913111
no d a t a  wa s on t h e  b us w h e n  i t
should have been.

p

Log ic 0 otherwise.

3 Logic 1 when operation is terminated. Set by SIIIM

Log ic 1 otherwise.
1_

4 Log i c 1 wh en th ere  was a p a ri t y error Set by SI3IM
on the data received by the Sf111.

Log ic 0 otherwise.

5 Logic 1 ind ica tes  that the FIFO is Set by Sf111
empty.

Logic 0 o therwise .

6 Log ic 1 indicates the FIFO is full. Set by 59111

Log ic 0 otherwise.

7—10 Hardwi red to a logic 1.

— 11 Log i c 1 i nd i cat es FIFO can be loaded Set b y SE3 IM
by 11PM and rea d by SBIM.

Log ic 0 indicates FIFO can be loaded
by 913111 and read 11PM.

12—15 Bina ry word count remaining in present Set- by 59111
operation.
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6. 1. 16. 3 ELEC SICAL INT .~ r~ACE

I .  Inp uts

CATEGORY SIGNAL CHARACTERISTIC SOURCE
NAME

Power 5VDC 1. ~ a pw r ~up

Power —SVDC 160 ma pwr ~up

Powe r 12VDC 70 ma pun sup

Power —12VDC 80 ma pun sup

Log ic SI3SENB TTL (to enable SLAVE—only 11PM
f u n c t i o n s  and d i s a b l e
MASTER—only functions )

Data MBAD(0—3H TTL (SLAVE address lines> 21DM

Log ic UPSEOC IlL (sync ’~-on ized end of 11PM
memor y cycle)

Data UPA (00— 1 TTL (15—bit address bus) 11PM

Logic UPWE 1 TTL (to indicate when memory 11PM
write data is available I
to be written into
memo ry)

Log ic 1 UPDBIN 1 TTL (to indicate output 11PM
buffers of 11PM have

I I b een d i s a b l e d  an d
data bus input of read I
data is allowed )
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CATEGORY SIGNAL : CHARACTERIST iC I DESTIN.
I NAME

—

~~ 

_ _ _ _ _ _ _ _ _ _

Logic I OCOPTERM I Open Collector (61DM bus 1 MPM
operation terminated

J interrupt ) I

Logic OCRDY 1 IlL (to indi cdte memor y 11PM
read J to read or write
during n e x t  clock cy c~~e) 1

III. B i—d i rect ional

CATEGORY SIGNAL 1 CHARACTERISTIC 1 SOURCE,’
I NAME 1 1 DESTIN.

Data 1 TSD I Tn —state (16—bit data bus for I MPM
I movement of data to and 1

from memory locat ions)

Log ic SBCIkKZ I *T~ DR (clock for transferring I STDM
I data between RCVR and NAV I

LRU’s)

Data 1 SBDATAZ I TR DR (communication data I STDM
I b e t w e en RCVR an d NAV

LRU ’s) I

eTR DR Transformer Drive

I
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1 6. 2 NAVIGATION L~~ M U ~ L~

6. 2. 1 MICROPROCESSOR MODULE

J Re fer to paragraph 6. .~3 f o r  a d es c r i p t~~cn of t h e

Microprocessor module.

I
6. 2. 2 DATA MEMORY MODULE

1 R.f.r to paragraph 6. 1. 14 for a description of the Data

J M.mory module.

1 6 2. 3 COMMUNICATION REGISTER INTERFACE MODULE E
Refer to  paragraph 6. 1.15 for a descripti on of the

Commun ication Memory module.

6 ~~~ . 4 SER IAL BUS INTERFACE MODULE

Refer to paragrap h 6. 1 . 16 for a descri ption of the

Serial Bus Tnterface mo dule.
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1
6.2.5 DRIVER/RECEIVER INTERFACE MODULE

6. 2. 5. 1 GENERAL DESCRIPTION

The Driver/Rece iver interface Module (DRIM> serves as
I

an interface to extend thu Communication Register Unit (CRU)

J of the Communication Regester Interface Module (CRIM) to a

remotely located CRU device*.
}
I p .-

*The CRU device in HDUE is the Control Display Unit (CDU )

f 6.2.5.2 FUNCTIONAL DESCRIPTION (refer to Figure 6.2.5—1)

In order to perform the above inface function the DRIM

I contains three ca tago n ies of circuitry: (1) drivers, (2)

receivers , and (3) stop—the—clock circuitry.

I - I. Drivers
I

The DRIM conta ins 14 differential signal drivers

1 that drive the CRU address lines /CRM(O—2), /CRB (0—2)

and /CRL(0—2) (which correspond to address lines

UPA (6—14), respectively )~ reg ister enable /CRR’16). CRU

data l ine /CRCRUOTB. CR1) strobe /CRST0RC~~, and two

spares. The desi gn of th e DRIM allows the omission of

1 devices if the respective signal is not to be used.

I C

~1
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II. k cijiv .~r,.

The DRIM contains 4 dific r . .~t ial signal receiver s

to receive CDCR’JINZ and .C~)CRUINZ (CR1) data from the

CRU device ) to drive TSCRUIN when enabled by register

enable /CRR~ o) or /CRSPARL1 . T~iu DRIM also has the

capab i l i t y  0f dif -~crentia~~li 1 re ce iv~ n~ three spare

differential pair s .

III. Stop Clock Circuitry

The DRIM provides the capability to stop the

sy stem cloc k  (MBCLK ) by a c t i v a t i n g  /MBSTOPC during CR1)

input instructions which use register enable /CRR(o) or

/CRSPARE1. t hat is , /CRR (6) is  assigned to HDUE CDU

funct ions. The clock remains stopped for su fficient

t i m e  to allow for transmission line propagation

dela ys. Although /MBSTOPC is activated by both CR1)

Input and CR1) output functions . UPCRUCLI~C is used to

reset /MBSTOPC on CR1) output functions causing no

stoppage of MBCLK. When /MI3STOPC is set by CR1) input

fun ctions, no UPCRUCL~4 is present to reset /MI3STOPC. In

th is instance , resetting of /MBSTOPC is  accomolich ed by

a timer circuit which will time out after a

predetermined period of time The timer c i r c u i t

time—out period is sufficient to allow for transmission

line pro pogation dela y . During the time /MI3STOPC is

active for CR1) input operations. /M9STOPC is used to

stop system clock

C PAGE 322
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6. 2. 5. 3 ELECTRICAL INTERFACE

I I. Inputs

CATEGORY SIGNAL 1 CHARACTERISTIC I SOURCE
1 NAME

I
Power I SVDC 400 ma I pur ~up

I Logic I /CRCRUOTI3I TTL (CR1) output data buffered) I CRIM

Log ic 1 /CRSTORC~k: TTL (CRU output data strobe I CRIM

I I buffered)

Log ic I /CRR (6) 1 TTL (Register enable line I CRIM

I I representing CR1)
addresses hex 1800 through:

I hex 1BEF )

1 Logic 1 /CRM (0—2) TTL (Module address code UPA I CRIM
I (6—8))

I Log ic /CRB (O—2)l TTL (Byte address code UPA 1 CRIM
I 1 (9—11))

I I

i Log ic I /CRL(0—2) IlL (Latch address code UPA : CRIM

1 (12—14))

Logic 1 /CRSPARE1I TTL (Spare enable line which is l CR111

I I OR’d with ICRR (6))

Logic 1 SPARD1 : TTL (Spare differential driver I GRIM
1 1 and inputs )
I I SPARD2 :

I Log ic I /CRRESET 1 TTL (CRIM reset signal) 1 GRIM

Log ic /UPENDCY I TTL (End of cy cle from I GRIM
processor which indicates I

1 I second half of CR1)
operation )

I Logic 1 /UP11EMEN I IlL (Memory enable indicating I CR111
memory is being addressed )

I Logic UPA(OO—02fl TTL (Most significant top three l CR111
I bits of address bus which I

indicate CR1) function
I whe n all three are low) I

~i 
I
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Logic ~~~~~ T~~. ~~~~~~~~~~~~ ~~~~ p r o v i d~~~ On CRIM
— I .~m ti ~~~~~~~ ) I

Logic I UPCRUCLK I T~ L (CR1) output data strobe) I CR111

Data I CDUCRUINZ *TTL DR (CR ~) seri al input data )1 CDU—LRU
and 1 1

I /CDUCRUINZI I

Data I SPAR IN 1Z I *TTL DR (Spare) I CDU—LRU
I t h ru  I
I SPARIN 3Z 1 I
I and  I
1 /SPARINIZ: I
I thru 1
/SPARIN3Z I

C

•TTL DR = From a dual line dr iver type SN55114 or equivalent.
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L CATEGORY 1 SIGNAL I CHARACTERISTIC 1 DESTIN.
I NAME I I

Logic I /MBSTOPC I TTL (Stop cloc k signal w hic h 1 CDU—LRU
may be used to stop MB CLK I

I a c t i v e) I

Data I TSCRUIN TTL. (CR 1) serial in~.iut data) 1 CR111

Data I DRSPREC I TTL (SPARE receiver output s I CRIM C

1 (1—3 ) I I C

Logic I /DRCRUOTfl *TTL DR (CR1) data) I GDU—LRU
I and 1 1
DRCRUOTZ 1

Log ic /DRSTRCKZI *TTL DR (CR1) output strobe) CDU—LRU

DRSTRC~~Z 1

Log ic I /DRMZ (O—2)I *TTL DR (Module address code I CDU—LRU
I an d I UPA(6—8))
1 DRMZ(O—2)

Log ic I /DRBZ (O—2 H *TTL DR (Byte address code : CDU—LR1)
1 and I UPA (9—11))
I DRBZ(O—2)I

Log ic /DRLZ (O—2H *TTL DR (Latch address code I CD1)—LRU
I and UPA(12—14)) I
I DRLZ(O—2H

Logic 1 /DRRZ(6) 1 *TTL DR (REGISTER enable line 1 CDU—LRU
I and repre senting CR1) addresses I
I DRRZ(6) 1 hex 1800 through 1BFE )

Log ic I DRPAR1Z I *TTL DR (SPARES ) I CDU—LRU
I and I
I DRPAR2Z I
I and 1 I
I /DRPAR1Z I
1 and I I
1 /DRPAR2Z 1
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6. 2. 6 INTERNAL 21)5 INTEi~FACE t~’C~A.~LE

6. 2. 6. 1 GENERAL DESCRIPTION

The Internal Bus Interface Module (IBIM) provides the

required interface between a Microproce ssor Module (11PM) and

a paralle l data interna.~ bus (l—Eu ~~). Th e 15111 and the 11PM . -

ar. the two elements used to make up an I—Bus MASTER

device. An example of an I—Bus SLAVE device is the Data

Memory Module (DM11). The I— Bu s is an asynchronous high

speed 16—bit data transfer bus and associated control lines

which serve to transfer data between these hig h speed sys tem

elements.

6.2.6.2 FUNCTIONAL DESCRIPTION (refer to Figure 6.2.6—1)

The IBIM is used to transfer data, prioritize and 
1

•

acquire I—Bus control, and perform I—Bus HOLD and RESET

functions. The functional block diagram for the IBIM is

shown in Figure 6.2.6—1.

I. I—Bus MASTER—to--SLAVE write cycle

When a MASTER devic e has access to the I—Bus, it

may accompl ish a memory (SLAVE > write cycle through the

following action. The 15111 asserts I—Bus GO (TLOO).

At the same time . it must assert a wr ite command with

I—Bus READ (TLREAD). The MASTER also at th is time

generates valid WR ITE DATA (TLDATA ), valid parity

(TLPAR), and a valid 15—bit ADDRESS (TLADR).
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TLPMEN ________
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-.-/ OCPAREN
TLAGOUT ___________ — .../OCTOI

I 
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~. ~~
. .  ..</UPMEMEN

Plu M <UPSEOC

1 — < UPDBIN
/TLGO — < UPIAQ

TIREAD </CRRESET

_ _ _ _ _  

~~ 
-- 

~~~~~~~~ IBCLX

I </MBSTOPC

I 
_ _ _ _

I 
\OPTIONAL JW~~ER WINES ON NODULE

A B E  - 6I ~~ B~~~~~~)E
f

E
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. 

_ _ _ _ _ _ _  . .
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< UPA(OO) IPA( 14)

d 

. 

.

I
I Figure v.2.6-1. Functional Bl ock Di agram 1-Bus Interface Modu le
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A ll SLAVE oevice’i ~nte-~~ace d to the I—Bus will

rece ive the GO transm i tted from the MASTER . The SLAVE

dev ices must decode the addTess to determine which

SLAVE is being a d d r e s s e d .  W.~en a SLAVE device decodes

the address as val id~ it must perform a write c y c l e  and

then assert I—Bus TERMINATE (TLTM). L
When the IBIM receives the relaese TERMINATE. ~t

may begin a new cycle or it may relingui sh the I—Bus to

another MASTER d eivce.
p

It. I—Bus MASTER—to—SLAVE read cycle

When a MASTER dev ice has access to the I—Bus. it

may accomp l i sh a memory read cycle through the

following action. The IBIM asserts 1—Bus CO (TLGO) and

a val id ADDRESS (TLADR). All SLAVE devices will receive

the GO transm itted b y the MASTER . When th is is done

and the address is decoded as valid , the SLAVE device

will beg in to generate read data. In the case of a

memory module , this means starting a read cycle. When

READ DATA is val id, the SLAVE device must assert

TERMINATE. If the address that is decoded by the SLAVE

during a read cy cle is that of RAM memory. then the

PARITY ENABLE signal (TLPAREN ) must be asserted by the

SLAVE. Th is  s igna l  must have the same timing that READ

DATA would have.

I”
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• W hen the IBIM receives t~~e rulease TERMINATE. it

may beg in a new cycle or it may relinquish the I—Bus to

another MASTER device.

III. Prior ity and acquisition of I—Bus control

The three signals, I—Bus ACCESS GRANTED t TLAG),

I—Bus ACKNOWLEDGED (TLAK). and I—Bus AVAILABLE (TLAV).

are utilized by the IBIM. Their purpose is to schedule

the next I—Bus MASTER during the data transfer

operation of the present I—Bus MASTER . All 15111’s are

connected cascade in order of priority. Every IBIM has

an identical ACCESS CONTROLLER.

C 
IV. I—Bug special functions

In add ition to the signals associated with data

transfers and I—Bus control, there are three signals

with special functions. These signals are: RESET,

I—Bus WAIT. and I—Bus HOLD. The IBIM does not

implement the I—Bus WAIT.

RESET (TLRES) is generated by the IBIM either

during a p ower—u p sequence or during the execution of a H

11PM RESET instruction. It is part of the I—Bus and

thus is available to all devices interfacing to the

I—Bus.

The funct. .on, of TLRES are to allow an I—Bus

MASTER to~ (1> reset all the I—Bus devices , except

it s e l f ,  in response to a 11PM RESET instructions or. (2)
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reset .~il —~3js devices, ~n c . udi -,~ itself, during power

turn—on. During power turn—on . TLRES w A l l  remain at

ground until after all DC power voltag es are stable and

within regulation.

I—Bug HOLD is asserted on an 15111 when its

associated 11PM is executing an ABS instruction for an

I—Bus operand. ABS is intended to be used as a

software “interlock ” . ABS reads a memory word . tests

it. and if negative, subtracts it from zero and stores

it bac k in memory where it was originall y read. In the

use of ABS as a software interlock in multiprocessor

systems. it is possible for one proc essor to mod i fy a

memory word wh ile another processor is performing ABS

on that same word. This interference prevents the use

of ABS as a software interlock. I—Bus HOLD prevents

the interference by holding I—Bus ACCESS from the 11PM

performing ABS.

si
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6. 2. ~ 3 ELECTi~ICA ~ I~’T ER FA C E

I. Inputs

CATEGORY SIGNAL CHARACTCR IST ICS SOURC E
NAME

Power 5VDC 350 ma pwr sup

Log ic /TLPAREN TTL. (parit y check enable ) I—bus

Log ic /TLTM TTL (terminate command> I—Bus

Log ic /UPMEMEN Tn —state (valid address MPM
status)

Logic UPSEOC TTL (end of i n s t r u c t i o n  c y c l e )  MPM

Logic UPDI3IN TTL (read/write control) MPM

Log ic /MBSTOPC TTL (used to freeze clock>  MPM

Data : UPA (00 Tn —state (address bus ) MPM

~~— l5) :
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II. Za utput s

CATEGORY SIGNAL I CHA RACTERISTICS I DESTIN.
1 NAME

I I
Logic TLREAD 1 TTL DR ( read c o n t r o l)  I—Bus

Logic I TLAG TTL ( I— Bus a c c e s s  g ran ted)  I I—Bus

Logic 1 /TLAK TTL.. ( I—Bus avdiiabie ) I—Bus

Logic /TLRES TTL DR (RESET) I—Bus

Log i c 1 TLHOLD 1 TTL DR ( I—Bus ho ld  s igna l)  I—Bus

Log ic TLGO 1 TTL (to  in i t ia te data trar s f e r)  I—Bus

Data TLADR (00 TTL (address lines) I—Bus
—15)

Logic 1 /IBCLK I TTL ( c l o c k  s i gna l>  I—Bus

Logic I /OCPAREN 1 Open collector (par ity enable ) I I—Bus
L

Log ic 1 /OCT01 1 TTL DR (non—existant memory ) I—Bus

Log ic I /OCRDV 1 Open—collector (ready signal) I—Bus
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XII.

CATEGORY SIG~~~ . CHARACTERIST ICS SDURCE/
NAME DEST:N

Data TLDAT(O0 Tn — s t a t e  ( I—B us  da ta  line s> I— Bus
1 — 15>

Logic  TL~ AR i n i— s ta t~~ ( i— J j s  ?~~~r~~~t~~~
) 1 I—E s 

I
Logic . TSD(0O 1 Tn — s t a t e  (d at a  Bus)  I 11PM I

1 —15 ) 1

Logic I TSPAR I Tn — s t a t e  (p a r i t y )  11PM L
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6.2.7 FLOAT ING ~ JINT ARITE-~~ETIC ~.IT

6. 2. 7. 1 GENERAL DESCRIPTION

The Floating Point Arithmetic Unit (FPAU) is a local

b u s  device which performs IBM :350/370 formatted single

precision and double precision fl oat A n g point arithmet ic and

conversion operations. The FPAU consists of 1) a local bus

interface . 2) a 60—bit mantis sa Arithmetic and Logic Unit

(ALU). 3) a 16—bit operand mon itor and exponent ALU . and 4)

a control unit.

6. 2. 7. 2 FUNCT IONAL DESCRIPTION ( r e f e r  to F igures  6. 2. 7— 1 and

2)

Th e FPAU is a local bus device that is capable of
.
~~-

proces sing floating point instructions fetched by the

processor contro lling the local bus . The FPAU is activated

by storing the workspace po inter at a f i xe d m emor y addres s

(hex F8FE). After successful completion of this instruction

the FPAU monitors the local bus control signals. When an

Instru ction Acquisition ( lAG ) c y c l e  o c c u r s  the FPAU c o p i e s

the a d d r e ss bus value into the FPAU Program Counter ( PC )  ano

the data b us value in the FPAU I n s t ruc t i o n  R e g i s t e r  ( I R ) .

The occurrence of the fir5t floating point operation code in

the IR causes th e FPAU to begin operation. The FPAU ther.

exerts HOLD, stopping the microprocessor operat ion . and the

FPAU reads the accumulator value which is stored in

Workspa ce 0 through 3 (WSO—WS3 ).
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H I

- The FPAU ti~~~ n L~~ 
-‘ ?€ . .ts ..~-e ..i i~~ ~~~~~~ mod e  .~~i ts  cf the IF~ an .~

‘1 performs the operand derivation tar ~~~~ source operand . The

I 
source ope ran d is read an~ t h e  f l o at~ ng point instruction is

performed. The HOLD signal is released and the micropressor

I processes the instruction as a NO—OP. The microprocessor

th en fetches the next in struction. Succe sd ing floating

I point instructions perform simil ar operand derivation and

instruction execut ion steps. The occurrence of the first

I non—float ing point i ns t ruc t i on  causes  the FPAU to exert the

HOLD s i g n a l  and res to re  the acc umu la to r  value to WS O—WS3.

Ta. execut ion of an XIT i ns t ruc t ion  causes the FPAU to

I 
restore the accumulator and to stop moni tor ing the loca l

bus.

The status of the floating po int unit is available to

be read by the microprocessor at the conclusion of each

instruction. The format of the FPAU status word is shown in

Table 6.2.7— 1. The word is accessed b y pe r f orming a read at

memory address hex F8FE. A floating point status interrupt

I is generate d each time one of these bits is set. (By

I 
altering the motherboard wir ing , the FPAU will not generate

t h is interrupt when an XIT instruction occurs. ) On an

overflow con d i t i o n , a floating point status interrupt is

generated. On an underfiow condition . the FPAU will also

I set the accumulator to tru. zero. Table 6.2.7—2 illustrates

the conditions that cause overflow and underfiow.

1
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TABLE 6. 2. 7—1 Floatiag E~jj i~ Status  ~~ rm a t

Bit 0 — Completion Bit

If 1 indicates that an XXT instruction has been

performed.

Bit 1 — Overflow

Ar ithmetic Operation — If I indicates that the result

of the operation cannot be represented as a va l id

floating po int quantit y.

Fix Operation — If 1 indicates that the result cannot

be represented as a valid f i x e d  point number. L

Bit 2 — Underflow

If 1 indicates that the result of the operation cannot

be represented as a valid floating point number.

Bit 3 — Illegal Op—Code

If I indicates that an i l legal  f l oa t i ng  point Op—C od e

was encountered.

I
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TABLE 6.2.7—2 Overflow 
~~~ Underfiow C~~nd~~t~~ong

Operation Overflow Conditions Underflow Conditions

Addit lon/ If Characteristic of If Characterist ic of

Subtraction Result > 127 Result is Ne gat ive

Fix For 16 Bit R esu l t  None

Input > 32767

32 Bit Resu lt

Input > 2147483647

Multipl y If Characteristic of If Cha ractenist~~c of

Resul t  ) 127 Resu l t  is Negat ive

Divide Division by 0 if Result  If C h a r a c t e r i s tic  of

Character istic > 127 Result is Negative

Fl oat None Non e

I
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I I
The FPAU pen- arm s t i .  f o l l o i i r g  r~~nctions:II

1 
I. Singl e precision (32—bit~ functions

Add (Acc umulator + Source Operand)

Subt rac t  (A ccumula to r  — Source Operand)

Mult ip li ~ (Accumulator X Source 0~ erand )

Div ide (Accumulator / Source Operand)

Negate (—Accumulator)

II. Double precision (64—bit) functions

Add (Accumulator + Source Operand )

- 
Subtract (Accumulator — Source Operand )

Mult iply (Accumulator X Source Operand)

- Divide (Accumulator / Source Operand )

Negate (—Ac cumulator >

III. All fixed point to floating point conversions

Integer to single precision

1 Integer to double precision

• Extended integer to single precision

Extended integer to double precision

IV. All floating point to fixed point conversions

Singl e precision to integer

Single prec ision to extended integer

Double prec ision to integer

Double prec isi on to e x t end ed integer
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The FPAU fixed and floati-’~ point f c ~-.~c~ a r e :

I. 16—bit Fixed Point Forma t

MSB LSB
1 131 I

b i t  ~~~~ 1;

15 15
range —(2 ) to +(2 —1 ) 2’s co mp l emen t

II. 32—bit Fixed Po int Format - -

I

MSB LSI3
I I II I I

bit 0 1 31

31 31
range —(2 ) to +(2 —1 ) 2’s complement L

III. 32—bit Float ing Point Format

MSB LSB MSB LSB
ISICHARACT; MANTISSA

bit 0 1  7 8  31

The char acteristic representation is:
(exponent + 64)
The mantissa is a magni tude—onl y fraction.

—65 —6 63
The range is 16 ~ magnitude ~ ( 1  — 16 ) X 16 r
IV . 64—bit Floating Point Format

MSB LSB MSS LSB
I SICHARACT : MANTISSA 1

b i t 0 1  7 8  63

The characteristic representation is :
(exponent + 64)
The mantissa is a magn itude—only fraction.

—65 —14 63
The range is 16 ç magnitude ~ (1 

— 16 ) X 16
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I I.

.1
The cir c u i t ry  to per--arm t~~e afor .~ ~u scr ii~~j operations

I is conta in e o on 7 pr in ted circuit b o a r d s :  1) FPAU Interface.

2) Control 1. 3) Control 2, 4) Processor. 5). 6) two Bit

slice and 7) Shift Register. (Refer to Fi gure 6.2.7—1 and

2.)

I. FPAU Interface

The FRAU Interface board (Fl) conta ins the

c ircuitry to communicate with two external processors.

I one at a t ime.  The communications circuitry consists

of tn —state buffers used for transmitt ing and

r ece iv i ng  th. local bus data and address. Logic for

d e c o d i n g  t he  a d d r e s s  in f orma t io n is a l s o  c o n t a i n e d  on

the F! board. Figure 4.2—1 shows the FPAU in a two

processor arran gement. - -

1 II. Control 1 and Control 2

The FPAU Control boards (FC) conta in the logic

I circuitry (mostl y PROMS) to interpret FRAU operations —

I 
and to exert HOLD on the external processor while a

FPAU operation is in progress.

I.
III. Processor

The Processor board (FM) has the circuitr y for

( address d er iva t i o n  and exponent ALU. In order to

perform th is function the board contains: 1) the

c ircuitry for a multiplex selection of the address.
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da ta. and process controi information. 2) an AM2901

ALU , and 3) an output register. The Processor also

contains bi—directional drivers for communicating with

the BIT Slice boards and enabling data onto the

tn —state data bus.

IV . BIT Slice

The two BIT Slice boards combined perform the

arithmet ic operations on the mantissa. Each board has -

a 32—bit capability in order to form one 60—bit word

with minima l round off error . For performing these r
operations each BIT Slice board conta ins an ALU, an

operand register . and an accumulator. The ALU uses the 1—

information in both of these registers to perform the

f l o a t i n g  p o in t  opera t i on w i t h  t h e  a c c u m u l a t e d  r e s u l t s

being stored back in the accumulator. The tn —state

drivers transmit the results to both the Processor and

the Shift Register boards.

V. Shift Register

Th. Shift Register board performs shift

operations. The circu itry to perform these operations

- consists of a bi — directiona l shift register feeding a

zero checker, a tn —state driver, and a 2—to—i . 1

multiplexer . The zero checker checks the data word for

zero. The 2—to—I multiplexer left or right shifts the

data in four—bit increments for normalization or
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po sitiona . ad justment s for arithmetic operations . The 
-

tn —state out p u t  of t h e m u l t i p l ex e r  a lso fe e ds  t h e da ta  -~~

bus. The output t h e  the tn — s t a t e  driver feeds the

data bus when strobed on.

p
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6.2.7.3 ELECTRICAL It’..TE~~ ACE

I. Inputs

CATEGORY SIGNAL 1 CHARACTERISTIC SOURCE
NAME 1

Power SVDC 1 5. 5 a pwr sup

Log ic /HOLDA TTL (to indicat e hold I MPM
ac knowledge )

Log ic /CRRESET I TTL (50—nsec mm low reset CRIM
p u l s e)

I p

Log ic UPIAG Tn —State (instruction MPM
acquisition )

Log ic /UPENDCY I TTL (to indicate end of 1 MPH
c y c l e )

II. Outputs

CATEGORY I SIGNAL I CHARACTERISTIC : DESTIN.
1 NAME 1

Logic /OCRDY ; Open—col lector (to I MPM
term inate transfer )

Log ic /OCHOLD I Open—col lector (to MPH
suSpend processor
op e ra t ion)

Logic I /UPWE 1 Op en—collector (write strobe ) MPH

Logic UPSEOC 1 Tn —state (to indicate end MPM
of c y c l e )

L 

Logic 1 /FPPLUS 1 Tn —State (PC 1 CRIM
increment  in ter rupt
( Interrupt leve l  4 ) )

Logic /FPSTATUS Tn —State  (FR s ta tus  1 CRIM
interrupt  ( Interrupt
level 5))
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111 . Bi— d i r~~ct i .na -

CATEGORY 1 SIGNAL I CHARACTER ISTIC I SOURCE/NAME 1 DESTIN.

Data ~UPA(00—14): Tn —State (address) 1 MPH

Data 1 TSDAT (OO—~ Tr~~—State (d ata) 1 MPH
15)

Logic I /UPMEMEN I Tr~~—State i to initiat e a MPH
memory transfer)

Logic UPDBIN : Tn — Sta te  ( memory  reao co n tro l H  MPH
p

-i
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6. 2. 5 DATA 3US EXTENDER ~ODUL E

6 2. 8. 1 GENERAL DESCRIPTION

T h e  Data  B us E x t en der M od u l e  ( D B E M )  c o n t a i n s  the

circuitry necessary to interface wit~ another DBEI1. via an

interconnecting cable . in order to per form a functional

coupl ing of one Internal Data Bus (I—Bus ) to a second

I—Bus. The DEEM shall also be c a p a b l e  of interfacing to a
p

TILINE* co upler instead of a second DEEM, using the same

interconnecting cable interface as for the second DEEM, in

order to perform a functional coupling of an I—Bus to a

TILINE. In order to effect either coupling, the DEEM shall

function as both an I—Bu s MASTER device and an I—Bus SLAVE

device on the I—Bus to which i t  i s  connected. d

* TILINE is a registered trademark of Texas Instruments

Incorporated.

6.2.8.2 FUNCTIONAL DESCRIPTION (refer to Figure 6.2.8— 1)

A typical operation uti l y zing two DI3EMS would be

commun ication between a MPH and memory on an external bus or

TILINE. (Refer to Figures 6.2.8—2. 3. and 4). In o r d e r  to

commun icate with external memory t~~e operation transverses

through DBEM 1 and DEEM 2. In this case address decode

logic of DEEM 1 determines that the memory address is within

its boun ds, sets itself up as a SLAVE dev ice , and sends the

p control logic to DEEM 2 for it to become a MASTER device
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DEEM 2 vies with t~~e external MPH for time to read or write

to the external memor y. For an operation in the opposite

direction the DEEM ’s would reverse roles A DEEM may assume

the role of either a MASTER or a SLAVE whichever the

situat ion dictate s .

The c i r c u i t r y  to perform the afor mentioned functions

is devided into 6 logical sections for description: 1)

address decode logic. 2) SLAVE cont rol logic . 3) MASTER

control logic. 4) driver control logic. 5) parity logic , and

6) address and data signal buf f ers

I. Add ress Decode Logic

This circuitry decodes I—Bus addresses to

determine whether the DEEM shoul d initiate a cy cle

through the remote device for that address. MBDEAS (OO )

through HBDEAS (02) dete rmines which segment of the

I—Bus address space applies to the DEEM. MBDEAUB (OO )

through MBDEAUB (03) determines the upper bound within

the selected segment of the I—Bus addre ss space for

wh ich the DEEM is a SLAVE device. MBDEALI3(OO) through

MBDEALB (03) determi,,es the lower bound whithin the

selected segment of the I—Bus address space for which

the DEEM is a SLAVE dev ice. These lines are set (i.e

hardwired ) by the mother board.

(Refer to tables 6.2.8—1 throu gh 3 for decode logic. )
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TABLE 6.2.8-3. REMOTE CYCLE AD[~~ESS SEGMENT DETERM INATION

Segment of I-Bus Address
CONNECTIONS Space for which Up pe r and

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
Lower Bounds Appl y 

_ _ _ _ _ _ _ _ _ _ _

?‘FDEAUB(OO) MBDEAUB (O1) MBDEAUB(02) TLADR (00) TLADR (0l) TLADR (02)

GNO GND GND 0 0 0
GND GND NC 0 0 1
GND NC GND 0 1 0

NC MC 0 1 1
NC GND GNU 1 0 0 rNC GNU NC 1 0 1
NC NC GNU 1 1 0
NC NC MC 1 1 1

NOTES

(1) GND means signal is grounded on mot herboard

(2) NC means No-Connection

4.

1.
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I I .  SLAVE Control L o g i c

This circu itry performs the functions of an I—Bus

SLAVE dev ice as required to initiate cycles through the

remote device for addresses des ignated by the address

decode logic .

III . MASTER Control Logic

This circuitry performs the functions of an I—Bus

MASTER dev ice as req~uired to perform cycles with a

remote dev ice. This circuitry also uses /MBINHWI to

prevent simultaneous b ilateral cycles between the DBEM

and its remote devic e. /MB INHW I is grounded at only

one device (either the “local” DEEM or the remot e

device) and is left not connected at the other device.

The DBEM (or TILINE Coupler . in similiar’ manner ) for

which /MB INHWI is left not—connected prevents

simultaneous bilateral cycles.

IV. Driver Control Logic

This circuitry controls the address and data bus

drivers in response to the SLAVE control logic and the

MASTER control logic.

V. Parity Logic S

Th is circuitry: (1) generates an odd—ones parity

bit when the DBEM is perform ing a write cycle as a

remote devices (2) checks the odd—ones pa rity bit on

~1 
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I
- the I—Bus , and gener i tes /DEMERGZ if the parity bit is

incorrect, if /TLPAREN is active when the DEEM is

performing a write cy c l e  as a remote device , and (3)

generate an odd—ones parity (va lid parity when /DEMERIZ

I is not active, invalid parity when /DEMERIZ is active )

when the DBEM is initiating a read cycle through th~

I remote device.

VI. Address  and Data Signal Buffers

Th is circuitry buffers and drives all data .
I r

parity, and address l ines .

I,
I
I
1~

-1.
I
i

I

S

I
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6.2.8.3 ELECTRICA . INTERFACE

I. Inputs

CATEGORY : SIGNAL I CHARACTERISTIC SOURCE
NAME

Power MBP5V 5 VDC 540 ma pwr sup

Logic /DEMERIZ 1 TTL (memory error for data remote device
read)

Logic /DESTRTIZ TTL (to indicate that the Iremote device
: DEEM is to initiate a

memory cycle on the local
I I—Bus)

Logic DEREADIZ TTL (read/wr ite~) ~remote devic e

Logic 1 /DEHOLDIZ TTL (to indicate that the 1 remote device
I—Bus a c c e s s  is to be
retained once acquired )

Logic 1 /DERESIZ I IlL (250nsec (min. ) asynchrono us remote device
low reset pulse )

Log ic 1 /DECOMPIZ TTL (to indicate that the remote device
memory cycle initiated by I
DEEM is complete )

Logic /MBINHWI : Level (left open or grounded mother brd
to d i f f e r e n t i a t e  DEEMS ) I

1 1 :
Logic 1 /MBDEAS I Level (left open or grounded mother brd

to determine which segrT~~nt I
1 of I—Bus a d d r e s s

applies to DEEM) 1

Logic 1 /MBDEAUB 1 Level (left open or grounded I mother brd
: to determine code upper I

I bound)

Logic 1 /MBDEALB 1 Leve l (left open or grounded I mother brd
to determine code lower 1
boun d )

Log ic TLAOIN 1 TTL (MASTER priorit y ) 1 TILINE
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II. Outputs

CATEGORY SIGNAL 1 CHARACTER ISTIC DESTINAT ION
NAME I

Logic /DEMOROZ 1 TTL (to indicate parity error remote device
was detected for the I

I d a t a  r e a d  f r o m  the i cc a l  1
I I—Bus)

Log ic I /DECOMPOZ I TTL (to indicate that the remote device
I memory cycle initiated by
I the remote device is

complete ) I
1 1

Log ic 1 /DERESOZ 1 TTL (250 nsec (min) asynchronous 1 remote device
I low reset pul se) I

Log ic 1 /DESTRTOfl IlL (to indicate that t h e  r e m o t e  dev i ce
remote dev ice is to I
initiate a memory cycle I

I on the remote bus) I

Log ic 1 /DEREADOZ TTL (read/write control) Iremote device

Log ic I /DEHOLDOfl IlL (to indicate that the Iremote devi ce
remote bus is to be
retained once acquired) I

Logic I /TLGO *DR (to initiate a data I I—Bus
I transfer from MASTER to 1
I I SLAVE ) I

*DR greater than 3. 2 volts high / less than 1. 5 vo l t s  low

I
I
I

I

I
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III ~3 i — o  ~rect ona~

CATEGORY I SIGNAL I CHARACTERISTIC I SOURCE,’
NAME 1 1 DESTINATION

* I

Data I DEDZ(0O) Tn —state TTL (data) Iremote device
I through 1
1 DEDZ(15) I

Data DEAZ (05) 1 Tr~~—state TTL (address ) :remo-; e d cv i ce
through I I

I DEAZ(19) 1

Data I TLDAT(OO)1 Tn —state TTL (data) I I—Bus
1 t h rough I
I TLOAT (15) I

Data I TLADR (0O)I Tn —state IlL (address ) I I—Bus
1 through 1
I TLADR (1SH

Log ic 1 /TLTM I DR (SLAVE to master , to I I—Bus L

I term inate data transfer ) I

Log ic I TLPAR 1 Tn —state TTL (parity ) I I—Bus

Log ic I /TLPAREN I Tn —state TTL (SLAVE to MASTER S I I—Bus
I parity enable ) I

Log ic TLREAD DR (MASTER to SLAVE read/write I I—Bus
I control) I

Log ic I /TLM 1 DR (MASTER to MASTER. to 1 I—Bus
ac knowledge access

I granted ) I

Log ic 1 TLAV I DR (MASTER to MASTER, to show 1 I—Bus
TILINE ava ilable ) I

Logic I /TLRES 1 Tn —state TTL (reset from I I—Bus
MASTER )

Log ic I /TLWAIT I DR (TILINE wait from TILINE I I—Bus
co uplers ) I

Log ic I /TLHOLD 1 D R  (TILINE hold from a I—Bus
I MASTER to a l l  o t her I

1 MASTERS) I
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6.2.9 NAVIGAT ION LRU POWER SUPPLY

6. 2. 9. 1 GENERAL DESCRIPTION

A DC—to—DC converter prov ides the power requirements - 
S

for the NAV—LRU. The power supply also prov ide s internal

monitoring of all suppl y voltages for operation within

sp•c ified tolerances .

p
6.2.9.2 FUNCTIONAL DESCRIPTION

The NAV—LRU powe r supply (Figure 6.2.9—1) consists of

seven sections: two switchi ng regulators, two DC—to—DC

converters, a precision reference, an over/under voltage

(OV/UV ) monitor , and an over temperature mon itor,

I. Switching regulators

28 VDC primary power for the NAV—LRU is regulat ed

by one of two switching regulators operatin g at 40KHz.

.1
I
I

I
‘ I
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II. DC—t*,--DC co vert~~rs

‘I ~hu OLI~~~~ Ut of eaLh r~’qul- ~~ u~ 
.~u p p 1 1 e Us th~ ’ pnim ar~

of .j DC—to--DC convert~’r ~w i  ~ iJ l i .it a .~~~~
- 
~‘Hz rat~ 

- -

I Th.~se tran:,.orrn.~~s p roU~t~~e i ,  ~~ lu ’c i ’ ’~~~ie~~ w h t c h

are r o ct i f i .~~: anu fi~~tert’J to p r o \ i d e  t~~~e ~- ol t age~

required b~.j the NAV5..L. .~U. The t wo  hi~.h~~~t c u T  r e n t  loads

I 
o cc u r  on the +5—vol t  .j nd + 12— a lt  out~’ut s .  One O r  t he s e

vo l  t~~~e-, i. -~~ss t g n~~ u t o  u a c h  cj n’~ J~ r t er . V he -~e out p~~~t ,

I are sen~~cd ,  c o m p a r e d  to  a re f e r .Un c e .  and + e t ~~b a c k

g ’ne rated  for  the ~~~~t c h i n g  re g t l a t i . r  L~~~Lct’ s u p p l . u~

the r e s p e c t i ve ’  c o nv e r te r  pn tmar ~j ,  t h us  pr~~~~d iug  c l o 5 e d

I loop con t ro l

A l l  o the r  v o l t a~~es -o ug h l y t r a c k  the p r L ’ rJ .lry

J r e g u l a t i o n  as a re ’~ult  o~ t h e  t rans~~u :~~~~i w i n d i n g  V
ra t io s .  T hes e  w i n d i n g~ a r e  d es i g n e d  to  s u p p l y 

S

a p p r o x i m a t e l y  3 vo l t s  a b a v ~ thu d u s t re d  ou tput  ~ u 1 tag u

a t t h~ r ec t i f i e r /f t  Iter no e  A “egu l- 3to~ hen i rO~ ~

ea c h  v o l tag e  to the de~, i ’ u d  o u t p u t  le ul L h i~~c

I ~r o e i d i n g  ~r~u reas ed  r eg u la t i n ~nd r i p p l e  ~ i 1t * ~ring a e

rel ai~~v eiy high ~‘~‘1c 1ency due to t:i ’ sm~~U ru~~ulat .,r

dro? ar.d low *~r c ur ra n t  ru~~ ut ’- ~~ ment’- .

III Precision rf . tier er 1c~~

The ~-t ~~—v o1t ~up p l~ p r~~v id es p o w~ i’ to  a p re L i s i o n

ref e ren ce ~upp ly whic h e ,tab lis he s t he ’  d es i re d  le v e l  of

the ou tpu t  v o lt .i~~e~ and the OV/ ~JV ~e nse l eve l- ~, T h i s

s e c t i o n  c o n t a i n s  a 40—k Hz ~~~~~~~~~~~~~~~ os~~t l i . i( ir w h i t h

~
1.\Gl - ~~~~

- , ~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~~

~,



J € . f~~reJ:cu 5* ) ’ Cumpar.*tor~

1 ‘.e~- -,i~ *:’ t r  ‘~‘ t .  ou tpu t  and ~~~~~~~ L. ?-vul t u u tp u t

‘ d i i - i’ .~-~ d o u - ’  ~~ -5 ‘‘ol t~~ p ’ - c t u t ~’ c i - r .  * ;t l . ~ ,
~~J , dJ 1 at t . iJ

I -‘ 
~

. H L~N ~~~~~~~~ ‘., r - ~~ a 
- - ‘ ~~~~~~~ c r r o’

I 
be twL ’ .~~ th~ ~~~~~ 

,.n~,.e ~ind ti’t’ o u v~~ u - 
~~~~~~~~~~~~ wave f o r m ’ ,

~re . uup T *- , l 
~ . * - . k  tc . o i t ol t - ~ i t  - c u e  Ic of tt’ u

- . t i ~~~~ i t r .~ * t . i , ~t vr . ,  By t n i - ~ i . , -  ~h e  nominal

1 5- - v o ’ t  tT~~~n~ ;~~ L T’cIeL ’r p r i Uru ‘.~ J l~~. - :)e ~~~~ .~~~~j U~~ t u d  t o

I L c * r T - o e t  i o J  i~ r u ~ \ c L t a ~~~ a~ *~~ ~~~J t ’ J J ~ .od \ o r 1 a t i J n~~

~~~
. Ovei . - ~~O L t .~~,e m on it o r

I ~ha ~ V , • ,  ‘~ -~~r a c~~~ion  is  p r  ~~~~~ b~~ a w i n d o w

•i r t~~~. t O ~ ~~~ L-~~ i : ~~’i i t . : 5  are mul ~~~~~~~~~ - t s amp l€  the

1 ~.1’ t ) * ~ ‘~ Li) qu e f l Ct5 TtJ I 1~’c ’’ ‘~~~ o.~ch ~nçiut

is, ~~ t ft c~~ ~ u ~~ volt’; b~ c i t h e i  •~* i i  .t~~v o d iv i d e r  c*-

on ~nv e r t t * ~~ -~ up~~.- f t e ~r ( neqc~t~~v *’ v~’ ’ ’-~~r, -’~~). The~~e ore ’

I ~
, j ’ ) ) ç ~), 

~) ~~ e 4)t-- *~~~.aflflf’1 ~~~~~~~~ ~ L J . L . A ,J C X t ~r * J t * i C h  is

• ~~~ 
* ‘ ( ~ ~ ‘~~~~~‘r i l u c k j n * ~ at t s -~~~~~u r ~~. t e o - ~ t he

u*~~n~~uw du~ ~e n y  o u t p u t  “ c - i ’ -~ : w~~~c I* dev i , i~~es

1i’r~~ (.u.~’n - ~ uret.~r’t ~ro)r i t -, s p e  - * . ~~d va lue  cj t se~~

I . ct~~ ’ to ~i i ’ner~~ t . * - *  out c f

~~u* i : t t~~ Ul ~ ,. u’~~nq t h e ’ powe r  y ’ ’  ~ - ‘  ~I T ~~1 ~o go  tr ,  a

~~~~~~~~~ (s  ‘ 5. . e ’~ -
~ inçj i~~. p s ’r~-i: r Jl . .:‘n a . c ’ n t i n . * o u . .

1
~ Over — t o ~ ~‘ ‘ ~‘a~ or e  me ’i  t n

Ic’ •f ~~ ~~ a~~t the in ternal  U’ . p e r ~~ture of the

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --
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