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I PURPOSE AND SCOPE

The Army is scheduled to receive both ground and airborne Tactical

Microwave Landing System (TIlLS) hardware in the spring of 1978 and will

evaluate this TMLS hardware for Army use. It is expected that this Army

evaluation will inciude:

(1) Measurements to determine Compliance with the TMLS
procurement specifications.

(2) Flight tests to det~ rmine the basic performance capa-
bilities of the TMLS equipment in fixed and rotary wing
aircraft.

(3) Flight tests to determine the performance of the TIlLS
equipment in the multipath environment of airfields likel y
to be used by the Army .

(4) Collection of operational experience data to determine
the reliability and maintainability of both the ground
and airborne components of the TIlLS equipment.

(5) An assessment of the TMLS equipment and performance to
satisfy the Army requirements for a landing system.

(6) An assessment of the suitability of TIlLS for tactical
deployment.

The purpose of this study is to define an airborne flight test

data collection system to accomplish (2) and (3) above . This system is

part of an overall plan , which includes the preparation of an evaluation

test plan for TMLS and the collection of data to document the operational

performance of the TMLS ground components. These two parts of the plan

are not included in the scope of this study .

I
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II BACKGROUND

The engineering requirements for the TMLS avionics , defined in

FAA ER-700-03, and the functional requirements , defined in FAA-ER-700-07 ,

have been used as guidelines for the definition of the data collection

system. However, the TMLS hardware to be evaluated is scheduled to be

delivered to the Army 18 months after the comp letion of thi~ study, and

equipment specification and other details may change in this period. Thus

this study has defined a flexible data collection system that can accom-

modate some change in the details of the TIlLS hardware and equipment .

The functional requirements specifications for a microwave landing

system (MLS), FAA-ER-700-07 , define a measurement methodology for the

evaluation of MLS (see Appendix A). This measurement methodology requires

an independent ground-based tracker to determine the true position of the

landing aircraft relative to the runway reference. The performance of

the IlLS is determined by comparing the IlLS-indicated aircraft position

to the position indicated by the ground- based tracker. It is ~-sumed in

this report that the Army will use the measurement methodology described

in the FAA functional requirements.

The FAA has ordered a Precision Automated Tracking System (PATS)
*

for the evaluation of IlLS. This is a laser ranging and tracking system

that is installed in a trailer. This portable system , with an inde-

pendent power suppl y, includes a digital computer for data processing.

(See Appendix C for details and specifications.) The FAA plans to USc

the portable PATS facility to evaluate IlLS at the National Aviation

Facility Experimental Center (NAFEC). The mobility of the PATS facilit.v

will make it possible to evaluate MLS, or TIlLS, at several airports under

different multipath propagation conditions. Similar PATS equipment has

*
Manufactured by GTE Sylvania , Western Division , Mountain View , Cali-
fornia 94040.

3
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been ordered by the Army for test ranges at Yuma , Arizona and White

Sands , New Mexico.

Initial testing of IlLS by DoD was scheduled to beg in in the fall

of 1976, at the NASA facilities , Crows Landing , California. A NASA dual

radar tracker would be used to determine the true position of the air-

craft. The Army , Air Force , and Navy are planning to install civil MLS

avionics equipment in representative military aircraft for preliminary

evaluation. NASA has agreed to provide the two way ground da ta  l ink

terminalt and digital data reduction facility. The Army and Navy will

provide airborne data link transmitters and will use identical data

formats to transmit flight test data to the ground terminal for pro-

cessing. The Air Force will provide an airborne data link receiver to

record all flight test data in the air for processing by the Air Force

later.

The NASA dual-radar tracker and data link is a unique permanent

installation at the NASA Crows Landing test facility. Thus it is assumed

in this report that the PATS optical tracker will be used for the TMLS

evaluation , since PATS can be moved to more remote TMLS sites as may be

required in the Army evaluation.
t

*
A Basic Narrow IlLS ground facility is currently being installed at the
Navy Landing Field , Crows Landing, California.
t
The three military services are each to procure the airborne data link
components to specifications provided by NASA.
*The NASA Crows Landing test facility is located on relativ el y flat
terrain with a few small buildings near the airfield; thus this air-
field is not considered representative of the mu lti path environment
like ly to be found at Army tactical airfields .

4
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III  DESIGN GOALS FOR THE TML S AIRBORN E
DATA COLLECTION SYSTEM

The Army p lans  to i n s t a l l  TIlLS av ion ics  e q u i p m e n t  in the till- i and

CH-47 helicopters and in the U-21 and OV- l fixed-wing aircraft . TML S
ground equi pment is to be installed at various Sites that are repre-

sentative of Army tactical and fixed base airfields. Flight tes t data

are to be collected to determine the performance of TIlLS and the adequacy

of TNL S to sa t i s f y the Army r e q u i r e m e n t s  f o r  a t a c ti c al  i n s t r u m e n t  land-

ing System.

The primary purpose of the TMLS a i rbo rne  da ta  c o l l e c t i o n  sys tem is

to facilitate the collection of data to document the performance of TN~ S

during the Army flight test. A secondary purpose of the TMLS airborne

data collection system is to provide a means for the in-flig ht assessment

of the level of multipath interference at various Army airfields. As

will be discussed later , a separate instrumentation package is recommended

to accomplish this secondary purpose.

The design goals to be considered for the TIlLS airborne data collec-

tion system are :

(I) Size , weight , and power requirements commensurate with
specifications for the four Army aircraft to be used for
the flight test evaluation .

(2) Turn-around time for the initial raw data processing
less than 24 hours.

(3) Simplified merg ing of airborne data with ground tracking
system data.

(4) Concentration on the collection of critical data
parameters.

(5) Use of photographic or video tape recording techni ques
where appropriate.

(6) Simplified electrical interface between the TMLS receiver
and the data recording system . 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~

However, a suitable interface unit IIJS to be dcv e l o o e d  to  or o v i d i
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(7 )  Rea l - t ime  on - l i ne  m o n i t o r i ng  of se lec ted  da ta  par ame te r s .
(8) Provis ion  for  the  manual entry of s u p p o r t i n g  documenta-

tion (e.g., flight number , run number , glide slope
angle).

.1
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IV D E F I N I I I O N  OF TIlE DATA TO BE COLLECTED

A. Introduction

The data to be collected during the Army f l i gh t test eva ltiit icn 0

TMLS may be d iv ided  i n t o  two c a t e g o r i e s .  F i r s t , i t  is n e c e s s a ry  to

co l l ec t  da ta  to d e t e r m i n e  w h e t h e r  the TMLS equi pment  s a t i sf i e s  t h e  per-

formance  s p e c i f i c a t i o n s  when i n s t a l l e d  in Army a i r c r a f t  and o p e r i t ~~d in

both a low m ult i p a t h  env i ronmen t  and in r n u l t l p a t h  en v i r o n m en t s  repre-

s en t a t i ve  of Army t a c t i c a l  a i r f ie l d s .  Second , i t  is desi r a b l e  to c o l l e c t

da ta  whenever  p o s s i b l e , to document  the level of the multi path

i n t e r f e r e n c e  at t h e  p a r t i c u l a r  a i r f i e l d s  used for the f l i ght t e st .

The f i r s t  da ta  set  i n c l u d e s  the  a z i m u t h  a n g l e  and d e v i a t i o n , t h e

e l eva t ion  ang le  and dev ia t ion , the  DME d i s t a n c e  and r a t e , and t h e  corn-

puted aircraft height information available from the TMLS av ion ics .  This

data set also includes the azimuth , elevation , and range information frt r.

t h e  ground t r acke r .  The a i r b o rn e  and ground t r a c k e r  da ta  a re  Lu be meroed

and processed to determine the TMLS performance as defined in Appen dix A .

S u p p o r t i n g  documenta t ion  should  be co l l ec t ed  to identif y the purpose of

the p a r t i c u l a r  f l i gh t - t e s t , the a i r c r a f t  used , the f l i ght t e s t  l o c a t io n ,

t h e  date  and run  numbers , and the pe r sonne l  p a r t i c i p a t i n g  in the  f l i g ht

t e s t .

The second data  set should  inc lude  d i a g n o s t i c  i n f o r m a t i o n  such as

the  TMLS rece iver  video waveforms and s e l e c t e d  s igna l s  f rom t h e ang le

processor. These data would not necessaril y be collected for all test

fli ghts at all airfields. The purpose of these data is to provide sup-

p o r t i n g  documenta t ion  of Army a i r f i e l d s  w i t h  s e v e r e  m u l t i p a t h  e n v i r o n m e n t

where  the TIlLS p e r f o r m a n c e  may not meet  s p e c i f i c a t i o n s .  W i t h  t h i s  k ind

of d i a g n o s t i c  i n s t r u m e n t a t i o n, i t  should  be f e a s i b l e  to c o r r e l a t e  air-

borne measu remen t  of m u l t i p a t h  a m p l i t u d e  w i t h  the  a c t u a l  measured 1ML~

per formance .  This i n fo rma t ion  is valuable in the d e v e l o p m e n t  of t e c h n i ques

to p r e d i c t  the  pe r fo rmance  of t a c t i c a l ly de p lo yed I N L S  at proposed s i t e s .

7
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B. Collection of TMLS Performance Data

The methodology for measuring the performance of MLS is described

in FAA-ER-700-07 (see Appendix A). To verify that the TMLS meets th e

performance specifications , it will be necessary to compare the TMLS

indicated azimuth, elevation , and range in the flight-test aircraft wi th

similar information obtained from an independent ground- based tracker.

The merging of airborne and ground data will be discussed later.

1. TMLS Av ionics Data

The specifications for the TIlLS avionics equipment , FAA-ER-

700-03, require that the TMLS processor provide output for azimuth angle ,

azimuth angle deviation , elevation angle , elevation angle deviation ,

range, range rate , and aircraft height. ’

Table 1 is a summary of the output data specifications for the

TIlLS avionics processor .

Table I

TIlLS OUTPUT DATA

Format Characteristic .

TML S Output Parameter Digital Analog

Azimuth angle ARINC_582t --
Azimuth  dev ia t ion  -- AR INC-578 ~
E l e v a t i o n  ang le ARINC_ 582 t --
Elevation deviation -- A R I N C - 5 7 8  ~
DME distance ARINC_568~* ARINC-578~
DME rate -- ARINC-578~
Heig ht tt -- A RIN C - 5 7 8~

-- Output not required

t
L SB 0.01 0 .

*Hi gh_ le v el  o u t p u t , 2 . 0  Vdc r e f e r e n c e d  to  g r o u n d .

Low- level output , 0. 150 Vdc r e f e r e n c e d  to gr o u n d .

** 3.001 n a u t i c a l  m i l e .

Compu ted  in the  a i r c r a f t  f r o m  range and elev.z-
tion angle data.

Computed in thc  a i r cr a f t  from range and e l e v a t i o n  ang le d at a .

8
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Table 2 is a summary of the ARINC’
~ characteristics indicated

in Table 1.

Tabl e 2

SUMMARY OF ARINC DATA FORMAT S

ARINC
Characteristics Digital Analog Fla~

568 6-wire (separate Distance: proportional +27 \ ,
clock , sync , data) to t ime between two 7- flag down ;
32—b it word; ~sec + 12 V pulse zero
11 ± 3.5 kj-lz clock ; pairs. Pulse pair flag up.
logic 1 = +12 V; rate: 5 to 30 per
log ic 0 = 0 V ; second when ONE is
load : 600-12,000 .~ tracking.

1000-12 ,000 pF

578 2-wire; h igh level: +2 Vdc +28 V ,
32-bit word; referenced to ground , flag up;
11 ± 3.5 kHz clock ; 200 ~ to open circuit 0 V ,
logic 1 = +10 V; load. Low level: flag down .
logic 0 = 0 V ; +150 mVdc referenced
load : 600-12,000 ~ to ground , 200 ~ to

1000-30,000 pF open circuit load.

582 2-wire; High level: +2 \‘dc 928 \T ,
32-bit word ; referenced to ground , fl ay, up;
11 ± 3.5 kHz clock ; 200 ~2 to open circuit 0 V ,
logic 1 = +10 V ; load. Low level: flag down .
log ic 0 = -10 V; +2 Vdc r e f e r e n c e d
load : 600-12 , 000 ~4 to ground , 200 to

1000-30,000 pF open circuit load .

Table 2 shows that the T~~ S digital data output is to have a

32-bit word format. ARINC specifications permit a 0.5~ variation in

the analog output with changes in load . An 8-bit dig ital work is c orn-

mensurate with this accuracy. Assuming t he  a n a l o g  d a t a  is c on v e r t e d

to a dig i t al  f o r m a t  f o r  rec o r d i n g ,  Table  3 shows t h e  number  o h  h i ts

and t h e  b i t  ra te  f o r  a sampl ing  r a te  of t en  per  r e c o r d .

*
A e r o n a u t i c a l  Rad io , In c . ,  2551 R i v e r  R d . ,  A n n a p o l i s , M a r y l an d 2 1 .4 0 1 .

9
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Table 3

TMLS DATA BITS

Numb er Typical
Data 

-
~~~~~ of Bits Update Rate

Azimuth angle word 32 lO/s
Azimuth deviation word 8* 1O/ s
Elevation angle word 32 10/s
Elevation deviation word 8 10/s
DME distance word (digital) 32 10/s
DME distance word (analog) 8 lO/s
DME rate word 8 10/s
Height word 8 10/s

Total 136 1360 bits/s

*
Analog data recorded to O.39L

2. Supporting Flight Test Documentation

It is essential that all data collected for the TIlLS evalua-

tion be identified in such a way that the data can be correctl y associated

with the flight test conditions. It is recommended that each data file

contain the following information:

(1) Data of flight test (day, month , year)

(2) Location of flight test

(3) Flight or run number

(4) Purpose of flight or run

(5) Flight—t est aircraft identification

(6) Aircraft pilot

(7) Observer/passenger.

Since these  d a t a  w i l l  no t change  d u r i n g  an a p p r o a c h  f l i gh t ,

t h e y  can be e n t e r e d  i n to  the  da t a  r e c o r d i n g  s y s t e m  by means of a nianua llv

o p e r a t e d  key board on t h e  c o n t r o l  panel  f o r  t h e  d a ta  collection system .

The use of p r e a s s i g n e d  n u m e r i c  codes to i  d a t a  entry w i l l  aT  low

a t e n — d i g i t  key board  to  be used r a t h e r  t han  an a l p h a n u m e r i c  key boa r d ,

t h u s  sav ing  spac e and weig ht in the  a i r c r a f t .

10



To interpret and evaluate the data , the status of all pilot

operated control and function switches for the TMLS must be known . These

switches can be equipped with auxiliary electrical contacts so that their

positions may be sensed and recorded during the test flights. Tli i~ will

document the status of the TIlLS avionics equipment during the data col-

lection. The status of the TMLS flag alarm , and other alarms that may

be provided for the pilot , should also be recorded.

Table 4 is an estimate of the number of bits required to record

this supporting documentation. From Table 4 it is seen that the data to

iden ti fy a specific run or approach can be recorded as a header ui appro>J-

mately 250 bits for each block of data. Monitoring of the function

switches , approximately 40 bits , should be recorded at a rate of one per

second to detect unscheduled events that may occur during a specific run

or approach.

3. Auxiliary Data

The signal format for both IlLS and TMLS has provisions for the

transmission of auxiliary data from the TMLS ground facility to the air-

borne TIlLS users. This auxiliary data channel may be used to transmit

such information as TMLS site data (e.g., split or collocated site ,

azimuth antenna offset from runway), runway surface conditions , and

meteorolog ical data. There is considerable flexibility in the auxiliary

data format , and it is possible that the military and civilian formats

may differ.

Because the auxiliary data transmission technique is identical

to that used for the preamble and basic data words in the IlLS and TIlLS

signal formats, it is felt that it is not necessary to flight test the

auxiliary data channel extensivel y. Thus , other than  observing t h a t

the data displays do function in the aircraft , there is no requirement

*F M_ E R_ 70 0_ 03  r e q u i res  t h a t  c i r c u i t r y  be p r o v i d e d  in t h e  airborne ri-
ce ive r  to a l e r t  the  p i l o t  to the  p r e s e n c e  of s u p e r f l u o u s  ui  i n t e r -
fering signals.

11 
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Table 4

SUPPORTING DOCUMENTATION

Number Typica l
Data Format of Bits Update Rate

Date (day, month, year) 8 ASCII characters 64 One per  a p p r o a c h

Test site code 3 ASCII characters 24 One per approach

Fl ight ID code 3 ASCII characters 24 One per approach

Approach number 2 ASCII characters 16 One per approach

Aircraft ID code 3 ASCII characters 24 One per approach

Pilot ID code 3 ASCII characters 24 One per approach

Observer  ID code 3 ASCII c h a r a c t e r s  24 One p e r  a p p r o a c h

Flight object code 4 ASCII characters 32

___________________________ ______________________ 

232 
____________________

Selected TIlLS channel Binary 9 One per second

Selected azimuth angle Binary 7 One per second

Selected glide slope
angl e Bina ry 4 One per second

Course width (AUTO,
FINE, COARSE) Binary 3 One per  second

Antenna selection
(AUTO, MANUAL) Binary 3 One per second

TT.ff~S power (On-Off) Binary 2 One per second

DME power (On-Off) Binary 2 One per second

TIlLS flag alarm Binary 2 One per second

DME flag alarm Binary 2 One per second

TMLS antenna relay Binary 2 One per second

Course width Binary 2 One per second

38

to record  messages  t r a n s m i t t e d  v ia  t h e  a u x i l i a ry  da ta  c h a n n e l  b r  flu ’

purpose  of m e a s u r i n g  the  a u x i l i a r y  d a t a  c h a n n e l  p e r t o i ~iwiti c . ’ . The d a t a

to be d i s p l a y e d  to t h e  p i l o t  a re :

*
‘l’hi’ output I o rmat of t he  aux i 1 i a r v  e han ru e 1 vi 11 he t he  saint ’ as t hat u s
f o r  t he  nix ii iar y  c h a n n e l  inp u t I at  t h e  rot und t em i ia 1 . At t h i s  t i n~ it
has no t been  s p e c i f i e d  as ASCII  or binar y code .

12
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• Runway heading

• Runway status

• MLS status or class of s e r v i c e

• Minimum glide-slop e angle

• DME readout

• Azimuth angle

• Obstacle clearance .

C. Ground Tracking Data Format and Rate

The PATS laser ground tracke r includes an o n - l i n e  di g i t a l  computer

processor for smoothing and ave rag ing ang le and range  data. Tu e PATS

data output format is determined by flue computer software arid can he

made compatible with standard communications modems.

The output data format of t h e  PAT S e q u i p men t  d e l i v e r e d  to FAA at

NAFEC is serial bit , approximatel y 2400 bits per second , 120 bits pi r

f r am e , w i t h  the  da t a  r a t e  s y n c h r o n ize d  to th e  P A l S  d i g i t a l  c o m p u t e r .

This da t a  ra te  is v a r i a b l e  and can be c o n t r o l l e d  by c o m p u t e r  st f t w a r ~~.

The PAT S equ ipment  to  be d e l i v e r e d  to  the  Army , at b o t h  W h i t e  Sands

and Yum a , w i l l  have a s t a n d a r d  2 4 0 0 - b i t - p e r - s e c o n d  modem s y n c h r o n i z e d  t o

the range c lock .  Da ta  are  t r a n s m i t t e d  at  20 f r a m e s  p e r  second . Each

f r a m e  c o n s i s t s  of 120 bits and has a five-bit sync word , azimuth , ele v,i-

t i on , and A ange da t a .  Each f r a m e  a l s o  c o n t a i n s  a u x i l i a r y  d a t a  i n c l u d i n g

the  t ime code , mission ID, event count , event marker , and PATS tracker ID.

It has not been established that the NAFEC and the Arm y da ta formats are

compatible. However , i t  appears  t h a t  any d i s c r e p a n c i e s  c o u l d  he c o r r e c t e d

b y changes  in th e  PATS c o m p u t e r  s o f t w a r e  p r o gr a m s .

0. D i a g n o s t i c  Data

In a low multipath environment , it is most likely t h at  t h e b I l L S

w i l l  perform as designed . Thus , in a low multipath environment , fl ue

TIlLS evaluation will consist of collect ing data to ve r i ly that tin 1Ml.S

equipment performs within specifications. h owever , in a moderat e to

strong multipath environment , typical of most Army a i t I  fo lds , t h e

13
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performance 01. the TMLS may be degraded. Under these conditions , it

is desirable to collect additional diagnostic data to determine both the

level of the multipath (or other interference) that is degrading the

TMLS performance and the effects on the TIlLS angle processor.

For example , o b s e r v a t i o n  of the  raw video output 01 the TMLS , be-

fore it goes into the angle processor , will provide information about

the level of the multipath and other interference. The raw video output

of the TMLS receiver may be viewed on an o s c i l l o s c o p e  w i t h  a sweep

synchronized from the TMLS receiver t ime gates. These data may be re-

corded and later viewed on a standard video tape recorder. As will be

discussed in Section V-E of this report , this recorded video may be

photographed at a later t ime to obtain a permanent graphic record if

de s i r e d .

1. Digital Data

The f l a g  logic in the  TMLS a i r b o r n e  p r o c e s s o r  m o n i t o r s  s e v e r a l

p a r a m et e r s  t h a t  cou ld  be used f o r  in— f l i g h t  d i a g n o s t i c s  of th e  TIlLS

angle processor  p e r f o r m a n c e .

These parameters confirm that:”

• The l e v e l  of received RF signal is adequate.

• The facility ID is va l id .

• The receiver synthesizer is phase-locked.

• ‘rho radiated signals are within limits (i.e., the
ground status bit reads valid).

• T h e r e  are only two dwell gates in each scan period .

• The duration of each dwell gate is within limits.

• The scanning beam envelope is stronger than the SLS
signals.

• Ih e “To ” and “Fro ” dw e ll  gates  a re  sy m m e t r i c a l  abou t
the  midscan time.

See B e n d i x/ B e l l  p r o p o s a l  to the  FAA for t h e  Common T a c t i c a l  IlLS con-
[ o i l  rat ion d a t e d  11 June 1975.

14
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A conf i d e n c e  c o u n t e r  in f l u e  TMLS p r o c e s s o r  is i n c r e m e n t e d  when

the pa rame te r s  are valid and decromented when they are invalid or missiIl~’, .

This counter goes to zero in 1.33 seconds without valid data and will

activate the flag alarm when the counter level falls to 60/. of the maxi-
*mum counter range.

Table 5 is an e s t i m a t e  of t u e number of bits required to record

t he above diagnostic data. These diagnostic data are very im p o r t a n t in

the development of a methodology for predicting t h e p e r b o r i n a n c e  01 a

TIlLS installation at a proposed airfield.

Table 5

D IAGNOSTIC DATA BITS

‘l’ypica l
P a r a m e t e r s  Format  N u m b e r  of B i t s

RF s igna l  leve l B i nar y
Valid facility ID Binary 2
Synthesizer phase lock B i n a r y  2~
Ground  s t a t u s  bi t  Binary
Two dwel l  gates per period Binary 2~
Dwell gate duration Binary
Scanning beam exceed SLS

level  B i n a r y  21
To-Fro  symme t r y  B i n a r y  2 ’
Conf idence  counter Binary S

2 ~)

N o t e :  An up date rate between 1 and 10 per second
is recommended.

t
T h is  parame t e r  can  be r eco rded  w i t h  one b i n a r y  b i t .
However , the  use of two b i t s  is recommend ed to
f a c i l i ta t e  the d e t e c t i o n  of m i s s i n g  d a t a .

At  t h i s  t ime , some of the  details of t h e  TIlL S a v ion i c s  a rc  sub ject t o
change by the  TIlLS contract Defini t ion S t u d y now in ~ rog u e s  s , ,il li!

t h e r e  a re  no c u r r e n t  r e q u i r e m e n t s  for liii ’ cent ractors to prov ide ox—
t e r n a l  t e s t  p o i n t s  to  f a c i l i t a t e  these measurements in f l i gh t .  T h u s
the equipment may have to be modified in flue I i c ld .

15
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2. Analog Data

The TMLS azimuth and elevation scanning beams have a half-power

width of approximatel y 30 and 20 , respective ly, and a scan rate of 50

microseconds per degree. Thus these beams will generate a pulse of

approximately 100 and 150 microseconds duration at the TIlLS receiver

video as the beams scan past the user aircraft. Four possible techni ques

for viewing and recording these raw video pulses are:

(1) Osci l loscope  and pho tog raph ic  r e c o r d i n g

(2) Osc i l loscope  and video tape recording

(3) Oscilloscope and analog tape recording

(4) Oscilloscope and digital tape recording.

Oscilloscopes w i t h  a b a n d w i d t h  of 100 kHz, or more , ar e a

readily available off-the-shelf item and provide an excellent means for

real-time monitoring of the TMLS receiver video signal. ”

Video tape recording, using a TV camera to view the oscilloscop~

p a t t e r n , has an a d v a n t a g e  over  f a s t  p r o c e s s i n g  photographic techni ques

(such as Polaroid) in that time duration of t h e vi deo r eco rd i n g  ca n hi ’

controlled by the operator. Thus , the video equivalent of single frame

or of movie films is available to the operator , as needed , to document

the  e v i d e n c e  of m u l t i p a t h  on the  raw TMLS v ideo o u t p u t .  Video tape

cassettes capable oIl 30 to 60 minutes continuous recording are readily

available.

Analo g t ape  r e c o r d e r s  a re  a v a i l a b l e  w i t h  d i re c t  r e c o r d  band-

widt h s of 150 kIlz at a tape speed of 30 incItes per second. lOo se

recorders typically have 3600— Iot t reel capacit Y , which provi de~ 2.~+

m i n u t e s  el recording time per reel oil magnetic tape  at 30 incItes per

second. ‘l’hue ieee ru ing t ime may he eas i I y ext ended i~ ~S mi iii t e s per

*
A handuid thu of 100 kiln. will p e r m i t  pit I s . ’ r i s e  t iuuics oh app tox I oat cix’
3. 5 ~s to be viewed and rice uded.

÷
h u t  exanip Ic , flue hlotueyw e 11 model 5600, or equ 1 Va 1 ~~iu t , I ht ’luevwt 1 1 ‘s t
Instrument l)ivision , D e n v e r , Colorado 8 02 1 7 .
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reel by selecting a tape  speed of 15 incites per second. However , t h e

recorder bandwidth will be reduced to 75 kHz and settle detail of t h e

scanning beam pulse rise Lime may be lost.

H a r d - c o p y  r ecords  may be o b t a i n e d  d i r e c t l y f r o m  t h e  ana log

tape b y making a hi gh - speed  s t r i p  c h a r t  r e c o r d i n g  of a reduced-speed

p lay back of the  ana log  t ape .  For  examp l e :  the  a p p r o x i m a t e l y 100 ~s

beam passage  p u l s e  r e c o r d e d  at 30 inches  p e r  second and p l ayed  bac k a t

15/16 inches per second is translated to a 3.2 ins pulse. This puLse

w i d t h  can be r ep roduced  by a h i g h - s p e e d  s t r i p  c h a r t  r e c o r d e r .

The ana log  tape  r e c o r der  has an a d v a n t a g e  over  t h e  o t h e r  tech-

ni ques i d e n t i f i e d  above in that the entire video data s t r e am  is recorded.

Thus o t h e r  TMLS f u n c t i o n s , such  as s ide  lobe  s u p p r e s s i o n , c a l i b r a t i o n ,

and a u x i l i a r y  da ta , a r e  also recorded and are available for postfli gli t

examina t ion .

Di g i t a l  tape  r e c o r d i n g  r e q u i r e s  a d a t a  s a m p l i n g  t e c h n i q ue i t ’

convert the analog video waveform into a t ime series of di gital woid s .

Each di g i t a l  word r e p r e s e n t s  the  s i g n a l  l e v e l  ,u t  a samp le  point en t h e

video p u l s e .  To record  the  v ideo  p u l s e  in f i n e  d e t a i l , i t  i s  ~ tn p o  rt al i t

to sample the pulse in I .~s t ime i n t e r v a l s .  F u r t h e r m o r e , to u c h t i e v o

0.5~ amplitude accuracy for each s a mp l e  p o i n t , i t  w i l l  be n e c e s s ar y  to

use at least an 8—bit word. Althoug h analog—to-di gital c o n v e rt e r s  s i t u

l— b ’fflz samp l ing  r a t e s  a re  a v a i l a b l e , recording t h e di gital data St ream

r e q u i re s  c a r e f u l  c o n s i d e r a t i o n .

The maximum di g i t a l  da ta  r e c o r d i n g  c a p a c i ty  of m a g n e l  ic t a p e

r e c o r d e r s  is c o n t r o l l e d  b y t ape  t r a n s p o r t  speed , l i n e a l  h i t  d e n s i t y  ot

the  tape , and t h e  n u m b e r  of t r a c k s . ‘L’hie s t a t e  of the ar t  el  e l f — t h e —

s h e l f  p o r t a b l e  di g i t a l  m a g n e t i c  t a p e  i e c o r der s  is chtar ac l e t  ized  b y  i

t ape  speed of 60 in ches  per  second , 600 b i t s  pe r  l i n e a l  inch densit y ,

For examp le , the Honeywell model 1858 liher — op ties usc ill eg i ap hu ,
equ i va t  cmi

For examp Ic , Ot t o 1 ritode I AI)C— I l — M B  has an 8—hit b i i i  r v  ou t  pm t w i t  Ii a
maximum s imple r i t e  of I. ~ 3 MHz (h).ite l Svsten is , I n c . ,  Pin t oi l , M n - ~- a —
c h i u i s e t  is 02021
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and 14 p a r a l l e l  t r a c k s . ” The application considered here is adequatel y

met  by an 8 - b i t  word for each data sample ; h u e  r e m a i n i n g  6 bits of each

14-bi t  word b lock  can be used  f o r  h o u s e k e ep i n g  f u n c t i o n s .  Thus , a maxi-

mum of 36 ,000 d a t a  words  per  second can be a c c o m m o d a t e d .

A number of factors have to be considered in o rder  to e s t a b l i s h

the adequacy of t h e recording techni que. These factors are:

• Beam passage  video to be samp led (AZ video consists
of two 150- , s pulses for each TO-FRO scan . With an
update rate of 13.5 Hz, 4050 ~is of video has to be
sampled each second . For the EL channel , each vide o
p u l s e  is 100 ~ s wide and the  up da te  r a t e  is 40 .5  Hz.
Th us , 8100 p.s of video r e q u i r e  sampl ing  each s e c o n d .
The sum of a l l  video samples  is 12 , 150 p.s per  s e c o n d . )

• M u l t i p a th  v ideo to be sampled  (Al lowance  m u s t  be pro-
v ided f o r  th e samp ling of multipath video trailing
beam passage v ideo .  A r e a s o n a b l e  a l l o w a n c e  wou ld  be
507,, of the video samp ling period.)

• Samp li ng frequency (If video is sampled at a rate lower
than the d e s i r a b l e  rate of once per microsecond , then
data  record ing  demands would be reduced.)

• Video gating (The video data stream has to be ga ted
for a period equal to the length of t he  beam passage
and the e x p e c t e d  multipath duration. If this is not
done , the  capacity of the data  recording will be
exceeded . )

The above shows that if AZ and EL beam passag e  and m u l t i p a t h

video a re  s a m p l e d  once per m i c r o s e c o n d , t hen  an average  of 18 , 225 words

would  have to be r ecorded  each second.  I’he 36 ,000 word per second c a pa c i to

of the tape recorder is not  exceed ed ~n this case. Since the data sam-

p l i n g  m u s t  t ake  p l ace  at peak rates higher than the nominal recording

r a t e , a buffer must be used to a l l o w  data  to be r eco rded  at a u n i f o r m

rate.

I t  is concluded t ha t  the di g i t a l  r e c o r d i n g  t ec h n i que c o u l d  hi ’

used for recording AZ and EL beam passage and multipat hu v i d e o , p r ov i d e d

the data collection interval is limited to 18,225 ~s in each s e c o n d .

For examp le , t he  Honeywell model 5600 , or e q u i v a l e n t .

18
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However , a s u i t a b l e  i n t e r f a c e  un i t  has to be developed to provide

synchron ized  t ime  g at i n g  of the  video , hig h - speed  a n a l o g  to digital

convers ion , and b u f f e r  s t o r a g e .  Hence , d i g i t a l  da ta  r e c o r d i n g  of v ideo

does not appear attractive when a suitable analog techni que is available

with the capacity to record the entire video data stream .

E. Data Rates and Recording Requirements

Table 6 is a sunmiary of t he  e s t i m a t e d  number  of b i t s  r e q u i r e d  to

record the TIlLS guidance data , the ground tracker data , and f l u e  s u p p o r t -

ing documenta t ion .  Assuming a d a t a  sample ra te  of 10 per  second , i t  is

Tab le  6

SUMMARY OF DATA RATES

Number
Data Type of Bits Bits/Second

TIlLS guidance data 136 1360’

S u p p o r t i n g  d o c u m e n t a t i o n
Run header  232 --
Avionics monitor 38 38

Dig i t a l  d i agnos t i c  da ta  29 290 ”

PATS tracking data l2O ’
~
’ 

2400

Assumed 10 upda tes  per second .
1-

120 b i t s  per frame, 20 frames per second.

seen f rom Tab le  6 t h a t  a 2400 bit pe r  second d a t a  r a t e  c a p a c i t y weuld he

sufficient to down-link the airborne data to the ground for recording ,

or to up-link the ground tracking data to the aircraft for recording.

A single—channel d i git a l  data recorder with a c a p a c i ty  oh 4800 hits per

second cou ld  be used on the  ground , or in the  a i r , to  r e co rd  a l l  i h t i ’ I~ 1L~
L l i ght t e s t  da ta .  However , b e f o r e  t he se  d a t a  can he r eco rded , i i  is it ct ’s-

s ,u r v  to i n t e r fa c e  the  d a t a  s o u r ce s  w i t h  t h e  data co l  l t ’ct  ion s y s t e m , c on v e r t

ana log  da ta  to d i g i t a l  d a t a , and to  p u t  t h e  d a t a  i n t o  ,i s er i a l  b i t  f o r m a t .

T h is w i l l  be d i s t ’u ’t s i ’d f u r t h e r  in t o l  lowing  s e c t i o n s  el  this report.

19 
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V DATA RECORDING OPTIONS

A. General Requirements

The performance evaluation of the TMLS r e q u i r e s  a i r b o r n e  c o l l e c t i o n

of TMLS angle and range data and the comparison of these data with inde-

pendentl y determined aircraft position data. The performance of the TIlL S

is to be determined by processing the airborne data with the ground data

as described in Appendix A. Although the airborne and ground data may

be recorded independentl y, they must eventuall y be merged for data pro-

cessing. The options for TIlL S p e r f o r m a n c e  data  r ecord ing  a re :

(I) Transmit , via an up-link , the independent ground tracker
data to the aircraft and record both the airborne and
ground da ta  in the a i r c r a f t .

(2) Transmit , via a down-link , the airborne TIlLS angle and
range data to the ground tracker and record both the
airborne and ground data at the ground tracker.

(3) Independentl y record the airborne TIlLS ang le and range
data in the aircraft and the ground tracker data on
the ground .

Options 1 and 2 provide real-time merging and allow real-time quick-look

assessment of both the data collection process and the TIlLS performance.

With  Option 3, it is not possible to merge the airborne and ground

data until the flight test is completed , making a real-time quick look

at the TIlLS performance impossible. It is expected that some flight

test runs will be interrelated ; i.e., initial conditions of one run will ,

in some cases , depend on Lhe success or outcome of a previous run. Thus ,

without a capability for a real-time performance assessment , i t  is not

possible to make an efficient use of the flight-test resources.

B. Option 1: Data Recorded in the Aircraft

Figure 1 is a block diagram of an airborne data cullection system

for fli ght testing TIlLS. In this option , aircraft Position data are

21
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t r a n s m i t t e d  f r o m  the  g r o u n d  trac ker to t h e  a i r c r a f t  v i a  a d i g i t al  d a t a

l i n k .  A z i m u t h  and e l e v a t i o n  ang les , range , and t ime  code data f r t l : 1  the

ground tracker are merged with the TMLS avionics data and recorded in

the aircraft as are all voice c o m m u n i c a t i o n s  and o p e r a t o r  c o m m e n t s .

The a i r c r a f t crew c o n s i s t s  of the  a i r c r a f t  p i l ot , t h e  i l i g h i t  t e s t

coordinator , and an instrumentation technician . ‘l’h4 instrumentation

technician manages the overall data recording so the test coordinator

can ’ focus on assessing the quick- look data and managing t h e test runs.

A continuous display of t h e  deviation of the aircraft from the desired

c o u r s e , as we l l  as t h e  d i f f e r e n c e  b e t w e e n  a i r c r a f t  p o s i t i o n  e s t a b l i s h e d

by PATS and by TIlLS , is p r o v i d e d  to the t e s t  c o o r d i n a t o r  so d e c i s i o n s

such as reruns can be made as soon as possible. The instrumentation

shown in Figure 1 does not i n c l u d e  s p e c i a l i z e d  i n s t r u m e n t a t i o n  ( d i s c u s s e d

in Part E) required for the  d e t a i l e d  e x a m i n a t i o n  of m u l t i p a t h  i n t e r -

f e r ence  da ta .

The a i r borne equ ipment  f o r  Op t ion  1 i n c l u d e s  an i n t e r f a c e  b e t w e e n

the TIlLS and the data recording system . This i n t e r f a c e  w i l l  have ho

accept  b o t h  d i g i t al  and analog i n p u t s  f rom t h e  TIlLS a v i o n i c s  and ge n e r a t e

a ser ia l  b i t  da ta  fo rmat  f o r  di g i t al  r e c o r d i n g .

The dig i t a l  da ta  f r o m  the  ground  t r a c k e r  and the  digital data front

the TIlLS interface unit w1l~ be compared in an onboard dig ital data

p r o c e s s o r .  The o ut p u t  of t h i s  p roces so r  can be used  to m o n i t o r  t h w

data collection and to enable a quick assessment of the ‘I’MLS performance.

The difference between the TIlLS and ground tracker position can be dis-

p l a y e d  on a m e t e r , or a s t r i p cha r t r e c o r d i n g  can be made o f  t h e  t i m e

h i s t o r y  of the TMLS e r r o r .  W i t h  a more so p h i s t i c a t e d  al g o r i t h m , t h e

airborne digital processor could develop the TMLS p e r f o r m a n c e  s t a t i s t i c s

as defined in Appendix A.

*
A t y p i c a l  da ta  p r o c e s s o r  w o u l d  i n c l u d e  a m i c ro p r o c e s s o r  s u c h  as i i i , ’
Intel 8080.
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A data link receiver and an interface modem are required in t h e air-

craft to receive and to convert the telemetered ground tracking data into

signals that are compatible with digital data recording techni ques.

Digital instrumentation tape recorders are a v a i l a b l e  t h a t  a r e  c a p a b l e

of recording up to one hour  of continuous data at a rate of 4800 bits
*per second.

The ground equipment consists of the PATS laser tracker and a data

link transmitter. Software will have to be written to program the l’ATS

PD? 11/35 computer to generate a digital data format that is compatible

with the airborne data system.

The PATS tracker facility has a digital data recording capabili ty

and can provide a digital record of the ground tracking data. This

dig i ta l record can be used as a backup in case of trouble with the data —

l i n k .  However , merg ing of the backup ground data with the airborne data

record requires additional computer processing , discussed under Option 3.

C. Option 2: Data Recorded on the Ground

Figure 2 is a block diagram of a ground-based data collection

system for flight testing the TIlLS. The TMLS a v i o n i c s  o u t p u t  d a t a  are

transmitted from the flig ht test aircraft via a d a t a  l i n k  to f l u e  g r o u n d

and merged w i t h  t he  PATS ground t r a c k e r  da ta  fo r  r e co rd ing . In t h i s

case , the f l i g h t — t e s t  c o o r d i n a t o r  is on t h e  g round  and the  a i r b o r n e

equipment is managed by an observer or by the copilot. VHF or UHF air-

c r a f t  voice c o m m u n i c a t i o n s  can be used by t h e  f l i g h t - t e s t  c o o r d i n a t o r

to d i r e c t  t he a i r c r a f t  o p e r a t i o n s .

The a i r b o r n e  e q u i p m e n t  i n c l u d e s  an i n t e r f a c e  be tween  t h e  ‘fIlLS and

the d i g i t a l  da ta  modem fo r  the  da ta  l i n k .  This  i n t e r f a c e  w i l l  h ave  t o

accept  both d i g i t a l  and ~u iu u log i n p u t s , c o n v e r t  a n a l og  i n p u t s  to  a di gital

f o r m a t , and i~i ’ iu t ’ r , i t e  a s e r i a l  b i t  da ta  fo rma t  f o r  t r an s n i i ss i o i i  by t h e

da t a  l i n k .  T h i s  j i l t  i I ,iei ’ is a lmos t  i d e n t i c a l  to t h a t  r , c 1u i r i ’d f o r

Opt ion 1.

For es u i t i p l e , t h e  I k ’w l e t t — l ’ ac kar d  M~~l~~l 7”iO’iA .
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Since thue ground tracker data are not available in the aircraft , it

is not feasible to generate quick-look TMLS performance information for

the  a i r c r a f t crew. Thus  the  a i r b o r n e  da ta  system monitor is compara-

tivel y simple and serves onl y to reassure the flight crew that TIlLS

data are being encoded and sent to the ground station.

Although not necessary, consideration should be given to t h e  record-

ing of the TIlLS analog outputs (azimuth angle deviation , elevation ang le

deviation , range, range rate , and he ight) on strip charts to provide  the

aircrew a measure of how the fli ght test was flown.

The PDP 11/35 digital computer and associated peripheral equipment

in the  PATS laser tracker trailer can provide both real-time quick-look

TIlLS performance data and graphic plots of the aircraft position history.

Furthermore , the PD? 11/35 has the capability for the data reduction

necessary to generate the TIlLS performance statistics described in

Appendix A , and the speed to process the TML S approach data while the

fli ght-test aircraft is being positioned for the next approach run .

However, the data must be defined in detail , and computer software must

be written. The FAA data-processing software for PATS should be examined

by the Army to determine if it can be used for the TMLS evaluation .

D. Option 3: Airborne and Ground Data Recorded Independentl y

Figure 3 is a block diagram of a system to record t h e  a i r b o r n e  and

the PATS ground tracker data independentl y during the TMLS evaluation.

This approach does not require a data link ; however , i t  does r e q u i re

the use of a common time base , such as a test-range clock , in order to

merge the airborne and ground data at the end of the fli ght-test day.

In this system , it is necessary to load both t h e  a i r b o r n e  and g r o u n d

digital tape’ records into a computer to generate a common r e c o r d  f o r

thue final data processing. Thus , real-time data processing is no t

possible , and quick-look performance data cannot be made available u n t i l

the f l i g h t  fists are comp leted for t h e  day and t h e  m a g n e t i c  t a p e s  a re

available for p r o c e s s i n g .

2 h

- -



_ _ _ _ _ _ _ _ _  — -- . -~~~~- --- -- . - - -- .
~~

ANALOG A N D
DIG ITAL TO ____________ ___________

PO~~TI ON 
DI GITAL —

~~~~~~ MON I T O R  
~~~~

rDISPLAY

_________[ GRAPHIC
RE CO R D E R

COMMUMCAT IONS FLER j~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ME

AIRBORN E SYSTEM

R A N G E

[

{~~~ EC~~V E R

~~~~~~~ K E R ~~~~~~~~~~~~~~~~ UI~~~
J

~~~~~ j_

DISPLAY

V O I C E  
F 

FPE
~~~

TOR ~~~~~~~~~~~~ L~ 
D~~~TA L~~~~

COM M U N I C A T I O N S  
___________ RE C O R D E R

(;ROUNI) SYSTE M
SA 44t , .Y

FIGURE 3 INDEPENDENT AIR AND GROUND RECORDING

27

_ _ _ _ _  -.-- ~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _



—‘. — - ~--~ - ~~~• - - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘---.-. . .~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~

The complexity of the recording equipment in the aircraft is almost

equal to that required for Option I, and an instrumentation technician

is required to support the airborne data-recording system .

Quick-look performance data are not available for the  f l i g h t - t e s t

coordinator either on the ground or in the air. Thus the fli ght-test

coordinator cannot effectivel y control the flight-test operations from

either location , and his location during the flight tests becomes

discretionary. Ground-to-air VHF or UHF voice communications could be

used to monitor the independent recording operations and to alert person-

nel to data recording problems .

In general , independent recording of airborne and ground data wit h

postflight data merging and processing is not recommended because it

does not provide  a means for the real-time monitoring of the  o v e r a l l

data recording process or the real-time assessment of the TIlLS per-

formance.

E. Specialized Instrumentation for Diagnostic Data

The three  f l i g h t - t e s t  i n s t r u m e n t  options discussed above will pro-

vide a measure of the TIlLS performance in the flight test multi path

environment .  I lu l t ipa th  i n t e r f e r e n c e  will degrade the TIlLS sys t em per-

formance, and if the multipath interferenc e is very severe it may cause

the flag alarm to appear. In moderate to strong multipath e n v i r o n m e n t s ,

typical of most Army airfields , the performance of th ie TIlLS may be’

degraded. Under these conditions it is desirable to  c o l l e c t  ad d i t i o n a l

diagnostic data to determine both the level of the  multipa th and the

effects of the multipath signal on the TIlLS angle processor. Correlation

may be found between the observed multipath level and the measured TMLS

performance. These data will be required to develop a tactical a ir h i e ld

e v a l u a t i o n  p r o c e d u r e  f o r  p r e d i c t i o n  of e x p e c t e d  TIlLS p e r f or m an c~ ’ .

The effects of the multi pa th on the TIlLS a n g l e  p r o c e s s o r  can hi’

de t e rmined  by r e c o r d i n g  the  d i g i t a l  s i g n a l s  used in t h e  f l a g  l o g i c  c i r c u i t

u s desc  r i b e d  in Sect ion III—D. The distortion oh the v i  ~~~ o u t p u t  I I

28 
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the TIlLS receiver by the multip ath is best observed by th ie U Se  c i i  an

oscilloscope with a recording system , as described below.

Figure 4 illustrates three techniques for obtaining multipath wave’-

forms (identified in Section IV-C) during a TIlLS approach. Each tech-

ni que a l lows the  g e n e r a t i o n  of a h a r d - c o p y  r eco rd . Tec h n i que ’ a uses  a

video tape recorder (VTR) , Techn i que b uses  a photographic camera , and

Technique c uses an analog tape recorder . A d u a l - t r a c e’  o s c i l l o s c o p e

display of the TMLS video signal is required for Techni ques a and b , and

is a d e s i r a b l e  m o n i t o r  f o r  Techni q ue c.  S e l e c ted  si g n a l  ga te ’s  of t h e

TIlLS ang le r ece ive r  are used to trigger the oscilloscope sweep t o  enable ’

the AZ and EL video signals to be separatel y displayed on the dual-trace

oscilloscope.

The VTR technique uses a TV camera, a VTR , and a TV m on i t o r  b r

d i s p l a y . A Po l a ro id  camera is used to p r o v i d e  h a r d  C Op i e s  of s e l e c t e d

images of the replay on the TV monitor. It is suggested t h at t h e \“l’R

sys tem be run con t inuous ly d u r i n g  the  c r i t i c a l  p a r t  of  an approach.

Hence, the TV camera must be mounted in an appropriate h ood in front of

the oscilloscope screen to permit simultaneous v i e w i n g  ol  t h e  CR’!’ d i s p l a y

by an observer. On rep lay after a run , specific T\’ I rami’s may be’ frozen ,

viewed , and photographed to  obtain hard-copy documentation of flue multi-

pa th phenomena.

The VTR technique allows the capture of all data d u r i ng  t h e ’ ap p r o u c l i ,

whereas the photographic camera techni que is limited 10 t h ìe ’  nu m b e r  01
1-

pi c t u r e s  t h a t  can be t aken  on each ap p r o a c h .  Thus  t h e  Op e l u t o r  must

a n t i c i p a t e  the  m u l t i p a t h  p henomena  to  be a b l e  to captur e ’ thi~’ iuiost int e rest—

ing aspects of a particular run. If a d e t a i l e d  r e c o r d i n g  ot  t h e  m u l t  i p u t h t

i n t e r f e r e n c e  e f f e c t s  is d e s i r a b l e , then  th e \ T R  I e’chn i que ’ i s  O h ) \ ’ I O C I S  I Y

the  best  approach , a I t h oug hu a d d i t i o n a l  i ’ q u ip m e l ut  m u s t  he c a r r i e d  in  f l u e ’

a i r p l a n e .  In e i t h e r  case , a manned w o r k  s t a t i o n  m u s t  he p r e~~’ie lee l  i i i  t h e

a i r p l a n e .

*
[lard— copy records are generated Ito s t 11 i g h i t  by st  r i 

~ 
e ’ h i a  r t r ec ord i t u g s  ol

a low— speed p 1 ayhac k oh t hue 111 , 11 og t ap t ’ .
-I.
A typic al [Urn pack consists oh ~ igh t  p i c t u re s .  I t  i s  t ’ s t i r I , I t e e l  ( h u t
pictures can be t a k e n  rou gh l y  10 t o  15 s e C O n d s  apart.
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‘l’he analog tape recorder tech ni que has f l u e  c a p a c i t y  to r e c o r d  i l l

raw video data during the approachu . Thus ti le ’ e n t i r e  l’MLS s ign a l  I or un a t

is available for post flight analysis. Playback from t h e  aii ,u lcg’ , tape’

recorder , and display on t h e  o s c i l l o s c o p e , p r o v i d e ’ a q u i c k -  look  c a p a b i l i t y .

In addition to the raw vid eo signals , f l u e log ic s ign a  is yc  i i e r , u t  m r
the  TMLS f l a g  a l a rm s h o u l d  he r e c o r d e d .  These si~’n ai s ir e  ehe ’ sc  ~~t h ed i0

Sec t ion  111—0. W i t h  s u c h  i n f o r m a t i o n  a l o n g  with V I E , AZ , and EL ~‘Ide ~~,

one w i l l  be ab l e  to  make a b e t t e r  a s s e s s m e n t  ed f l u e  p e r f o r m a n c e ’  o t  tile

TMLS in a multipath environment.

F. Discussion of Da ta  R e c o r d i n g  O p t i o n s

A comparison of the units required for the th r e e’ data— r e c o r d i n g ,

opt ions  cons idered  is shown in T~~h 1e 7. I t  c a l l  be’ s e en  t h i a t  Op t  l O l l  .1,

data recording on the ground , requires less e q u i p m e n t  an d  p e r s o n n e l i t u

the a i r c r a f t .  Th i s  o p t i o n  has o n — l i n e  a c c e s s  t o  the ’ POt ’ 11/35  d i g i t a l

computer in the  PATS t r a i l e r  and can  p r o v i d e ’ a r e a l -  t 1~~ e ’ q t u i c k -  l o o k

assessment of the TIlLS p e r f o r m a n c e .  F u r t h e r m o r e, a r e a t — t  u s e  gr

d i s p l a y  of the TMLS p e r f o r m a n c e  w i l l  p e r m i t  t u e  fIlL S t o  he’ ,!,mic l i , t  r o t ed

to both the flying and n o n f l y i n g  m e m b e r s  of th ue’ aviation col u i u u i l l i I Y .

I t  should  a lso  be cons idered  t h a t  t he  l o c a t i o n  of the I l i g i u t —  t e s t  ci ’-
I

ordinator in a quiet a i r - c o n d i t i o n e d  e n v i r o n m e n t  s h o u l d  Coot r i h e i t  ( c

increased flight-test productivity.

Video tape r eco rd ing  to document  t he  m u l t i p a t h u  c ’n \ i r o l u n i c ’nt  is i c c ’OSi

mended over c o n v e n t i o n a l  p h u o t o g r a p h i i c  t e c hn i ques hec ziii sc ’ d a ta  ruts  Lu

con t inuous ly  recorded d u r i n g  an a p p r o a c h  run  and imm eeh iat  e’ I v  r ep  I , I \ ’ ed .

Evidence  of mul t  ipa th  may then he p h o t o gr a p hued  and , i f f lecc  5 5 , 1  l v , F e —

p ho tographed  w i t h  a s i n g l e —  f r a m e  P o l a r o id  camera  to o h t , u  i n  .1 h a r d — c o p s

reco rd.

Analog  tape r e c o r d i n g  can be u s e d  tel eh o cu ment  f l u e  n iul  t i 1~i t  ii e t i v i  r , ’ i u —

m en t .  However , i t  is  necessar y to  r e p l a y  ( h u e  r e c o r d i n g  l it  a lowe r t , u 1 ’ e

speed and to r e ’re’ct’rd oI l  0 h i g h — s p e e d  s t r i p chart r e c o r d e r  t o  o h t , u h i u

h a r d — c o p y  r e c o r d .  A u i i l c ’g t a p e ’ r e c o r d i n g  I l l s  t h e ’ c a p a c i t Y  I c ’  r e c o r d  I i

ett t t i e ’  v Id eo  d a t . u  s t u  e , uS\ .

II
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Tabl e 7

COMPARISON OF DATA RECORDING OPTIONS

____________ 
Option 

____________

Paramete r  I 
— 

2 3

Airborne Equipment

TIlLS data interface Yes Yes Yes

Digital data recorder Yes No Yes

Data  l ink  and modem Yes Yes

System per formance  monitor Yes Yes Yes
(comp lex) ( s i m p l e )  ( s i m p l e )

Graphic  recorder  Yes Recommended Reconunendee l

VHF/UHF voice channel  Yes Y es  YeS

Range time receiver No No Yes

Air Crew

Flight test coordinator Yes No O p t i o n a l

I n s t r u m e n t a t i o n  technic ian  Yes Yes Yes

Ground equipment  at PATS

Data  link and modem Yes Yes No

VHF/UHF voice channel  Yes Yes Ye ’S

Dig i ta l  data record Opt ional  Yes Yes

Data processor  and d i sp lay  No Yes Optional

Range t ime rece iver  or
t r a n s m i t t e r  No No Yes

Ground Crew

PATS operator and
instrumentation Yes Yes Ye’s

Flight test coordinator No Yes Optional

Postflight data merging No No Ye’s

Quick-look performance assessment In aircraft On ground N o n e ’

Real-ti me demonstration
capabiliti es Limited Good Poor
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\‘l DA I’A PROCESSING

A. ‘l’MLS P e r  t o  ru lanc

D a t a —  r e c o r d i n g  Opt  i ons  I and 2 w i l l  e a c h  g e n e rat  c lie d i g i t a l  m a g n e t  i

ta pe record  t h a t  c on t a i n s  bo th  Lhe  a i r h o r u e  TMLS a i r c r . u t t  p o s i t ion  d a t a

and t h e  PATS ground  t r a c k e r  p o s i t i o n  d a t a .  Da t a  r e c o r d in g  Opt i o n  3 t i l l

generate  two di g i ta l magn e t ic  tape t e c c lr d s  (one t ape  w i t h  l~’Ii . ~ a i u c r a l t

p o s i t ion d a t a  and one ’ tape ’ w i t h  PATS gr o u n d  t r a c k e r d a t a ) . I h e s c  t o

ta pes w i l l  have to be c o m p u t e r  p r o c e s s e d  to ge n e r a t e’ a s in g l e  t . u g c

e q u i va l e n t  to t h u a t  p roduced  by e i t lue r O p t i o n 1 o r Opt  Loll 2.

The s i n g le  m a g n e t i c  t a p e  receird  w i t h  bo th  TMLS and PAT S I r a c k e r

d ata mus t  be c o m p u t e r  p rocessed  a c c o r d i n g  to the ’ IlLS m e a su r e l i leu i t  m e t L i e d e L —

o logy d e s c r i b e d  in A p p e n d ix  A. This w i l l  r e q u i r e  c o m p u t e r  s o f t w a r e  t e ’

compu te t h e’ f o l l o w in g  fo r  each TMLS a p p r o a c h :

• I’ii e [(MS p a t h — f o l l o w i n g  e r r o r

• Tl ue 60-second t i m e - a v e r a g e  e r r o r

• The RMS c o n t r o l- m o ti o n  n o i s e

• ‘ihie r a t e  d a t a  f o r  A u t o m a t i c  F l i g h t  C o n t r o l  Svs t e n t s ( A h cg )

‘l’lue performance ’ of flue ‘l’MLS in v a r i o u s  a i r f ie l d  e n v i r o n m e n t s  u i  11 i~e

evalua ted by comparing the computer— p r o c e s s e d  [1 ig ll t— t e s t  elli t Il t e ’ tiue

r re’r bud ge t I or the TIlLS sh own in Appendi x II.

ii. Quick— Look TMLS Performance’ Assessmen t

to cf I cc five ly control t h e flight t c’s t , a fl l e’llIi S shoulel b~’ P 1 e V  i ~L

to c’1i511 re t h a t  v a l i d  d a t a  a re  b e i ng  ce~ 11cc t e c h . ‘ I h i e t s , in  add it ion t i

time data c hu a n n e  1 m o n i t o r s  used to c o n f i r m  that si ‘na is are’ he l i t ’  r e e ‘ t i l e d

i l i m i t e d  tufle l t i lu t e ’I ~ rca 1—tim e data proc essing is ile ’e’e’ttSa !V . for 1) 111 i oi l . 1

*t,, lIl l d i i t  Cr  sot t w a re  u i  11 be r e q m i i r e ’d to r e a c h  ( h u e ’  two  i t u p t i t  tape ’s , and to
ge ’ l l c ’ l u te an , ‘it t p ut t tap e ’ w i t  h i t i i t ’  e ia t ~ ce l l l ate ’d by 1 cOllThlOlt 1 ) 1 1  ISle ’t e r
such us  r i l i g e ’ t i t t’

L ~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
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and 2, this can b accomplished by comparing the aircraft TMLS position

data with PATS position data. When the difference in position is within

reasonable limits , there is assurance that the systems are operating

properly and the data are valid. A simple stri p chart recording of the

difference in the azimuth, elevation , range , range rate , and he ight will

provide a first-order assessment of the TIlLS p e r f o rmance.

As was discussed in Section IV for Option 2, the compu ting power

available with the POP 11/35 in the PATS trailer will make it possible

to generate both the quick-look data during the approach flight and thue

statistical performance summary within a few minutes after the approach

is comp leted.
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VII PRELIMiNARY DESIGN OF THE ‘I’MLS AIRBORNE
DATA COLLECTION SYSTEM

The da ta  to be c o l l e c t e d  f o r  t h e  f l i ght  t e s t  e v a l u a t i o n  of I ’NLS I r e

defined in Section III, where it was concluded that a data rate of .~+OU

bi ts per second for the airborne and ground tracker sy st e m  ‘c o l d  he re-

quired . It was also recommended that separate multipath d i a g n o s t i c

i n s t r u m e n t a t i o n  be provided  to i n v e s t i g a t e  ai r f i e l d s  t h a t  are  t y p i c a l  o f

m i l i t a r y  o p e r a t i o n s .

In Sec t ion  V , d a t a  r e c o r d i n g  on t h e  g r o u n d  at  the PAFS tracker

facility was recommended.

The purpose of this section is to present a preliminary data-

collec tion system design based on t h e  i n f o r m a t i o n  and c e l i c l u s i e ns  t h u s

f a r  reached in th i s  s tud y.

A. TIlLS Performance Data Collection System

Figure  5 is a block diagram showing the ma jo r  components  f e ’i an

airborne TIlLS data—collection system. This system provid es a seri al bit

data stream for transmission to the ground-based PATS tracker faci1i t~

wh ere the  da ta  a re  r ecorded  and p r o c e s s e d  f o r  r e a l  t i m e  d i s p l ay .

The major components of t h e  a i r b o r n e  e qu i p m e n t  are’ an i n t e r f a c e

between the  TMLS a v i o n i c s , a da ta  sys t em m o n i t o r , a da t a  svst etu ope ’lO t l i l t ’

conso le , a d a t a  modem , and a data link transmitter.

fl~e interface acce’pts both the digital and analog o u t p u t  i 1 th e

TMLS a v i o n i c s , the di g i t a l  o u t p u t s  f r o m  (l ie  TMLS s e l e c to r  y , j  tel l sellsoj~s,

and d i g i ta l  i n p u t s  f r o m  the  data  s y s t e m  elp e r a t in g  c o t l s e d l e .  Th~’ u n i l

ehata are’ conve r t ed  to  di g it a l  and a l l  t h e  in p u t  e h a t , i  , l t c  I e ’ lThi.ll t ‘eh i lito

a s e r i a l  h i t  s t r c a n m .  A 2400 h i t  pe’r s econd  c l o c k  r a t e ’  i s  u s e d  feur

4300 h i t s  pe’ r second w h e n  t i l e ’ e l , i t  ,i ,u r e ’ m e r g e d .
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compatibility with a standard 2400 bit per second da ta modem . Ide use

of a microprocessor to control the data acquisition , conversion , and

f o r m a t t i n g  is recommended .  This  w i l l  p rov ide  a f l e x i b l e  i n t e r f a c e  t h a t

can be adapted (programmed) to accommodate changes in si gnal format or

in t e r f a c e  r e q u i r e m e n t s .

A da ta  m o n i t o r  samp les the  ser ia l  b i t  da ta  s t r eam inp L i t to the ’  d a t a

modem and displays the transmitted data both on the operator console’ and

on s t r i p  char t  recorders  in the  a i r c r a f t . T h i s  e n s u r e s  t h e  a i r b o r ne

operator  that  the data  c o l l e c t i o n  s y s t e m  is o p e r a t i o n a l .  D e p en d i n g  c e l l

the data  l ink t r a n s m i t t e r , a d e m o d u l a t e d  RF o u t p u t  may be a v a i l a b l e .

This would a l low the ope ra t i on  of l i o t h u  t h e ’  d a t a  l i n k  modent and f l u e  e la t ,i

l i nk  t r a n s m i t t e r  to be m o n i t o r e d .

The ope ra to r  consol t  has d i g i ta l  d i s p l ay s  f o r  a t i n t u i t h i  u n g i  e ,

t ion  ang le , range , and r a ng e  r a t e  and has an a n a l og  COl d i s p l ay  ‘I

az imuth  and e l eva t ion  ang le d e v i a t i o n .  A d i :.~i t al  d i s p l a y  and a d a ta

inpu t  se lec tor  swi tch  p e r m i t  f lue  o p e r a t o r  to ‘ L O W  t h e  s u pp o r t  i t i c  eic ’c u —

m e n t a r y  da ta  as they are ’  e n t e r e d  f r o m  the ’  1 0 — d i g i t  n l l n o r ic  k e y h i  u r d

The da ta  modem is a s t a n d a r d  2400 c i t  per  se-c nd iti od , i e ’ , i d j  ly

available.

There are  no s p e c i a l  r e q u i r e m e n t s  t e r  t h e  ei l td [ i l k  t r a t  . i t  L e t

o the r  than a r equ i remen t  t o  a c c e p t  t h e  m o d u l a t e d  s ub e . i tr i e r  ge ’ne l u t  e e l  hv

the  da ta  modem . ‘Ibis su b car r i er  , app re ’s itna te l v 2 . , L ) I I  l l , t  , i s i t  0 ii lint

l eve l .  An i n s t r u m e n t a t i o n  range ’ te ’lc’ llle ’t r v  u n i t  W i l l  a l i n e  I I re ’q ui e liev

of 400 mHz , 1000 mHz , or 2000 m h z  may be u se d .

Assuming solid—state ’ integ rated circuits ire used , ~ t j’ d t S t l t S , l t e , l

t h a t  the  i n t e r f a c e, t i le ’ data system m o n i t  ‘ r , and t h e  j ” r i  b r  iii i o l

The use of numer i c  codes f o r  the ’ sup p o r t i n g  d a t , i  e’ 1 f i t t  i n a t c s  t i t u  rc ’qu i  F e  —

ment  fo r  an a l p h a n u m e r i c  key boa r d , t i tu s  s l y  Lu g cons  I d e ’ 1011)1 C’ si’ lce  e ’i l
t i l e  c o n t r o l  console .

÷
Suc h as t h e Mode’ 1 2400 nio demuu man t i  f~t~ tu r e d  h’’ I n t i n a t  i t ’n a  I Conuntu n  i e~~l t  i ’ t l s

C e r pe r a t i e ’ i u , Miam i , F ’lo r i~1, t 3 3 1 4 7 , dl r e’q u l i v a  l e n .
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panel  could  be packaged in a volume of not  more than  one cubic foot. The’

estimated weight is about 20 pounds .

The estimated s ize , weight , and power requirements for the major

components shown in Figure 5 are presented in Table  8.

Table 8

COMP ONENT SIZE , WEIGHT , AND POWER REQUIREMENTS
FOR TIlLS AIRBORN E DATA COLLECTION SYSTEM

Size Weight Power
Component (incises) (pounds) (watts)

Interface and
da t a  sys t em m o n i t o r  8 x 8 x 12 10 20

Operator console 8 x 10 x 6 10 .10

Modem 4 x 8 X l 2  10 25

Data link transmitter 6 x 6 x 12 20 35

Strip chart recorder” 11 x 10 x 15 30 130

Total 3762 in.” 85 220

“For examp le , Hewlett-Packard Model 740A.

Typical weights for the data modem , data link transmitter , and

s t r i p  char t  recorder  are 15 , 20 , and 30 pounds , r e s p e c t i v e l y.

B. Data Format

For c o m p a t i b i l i t y  w i t h  the PATS t r acke r , it is recommended t h a t  t h e

2400 b i t  per  second data  s t r e a m  c o n s i s t  of 20 f r ames  of 120 b i t s  c a d s .

Each data  f rame should sti ’rt w i t h  an eight-bit code t o  i d e n t i f y the st a r t

of the  f r a m e  and to i ne tca t e  the  type  of da ta  c o n t a i n e d  in t i m e  f r a m e .

Three ’ d a t a  f rames  are needed to t r a n s m i t  s u p p o r t i n g  e l o c un i e n t a r y  d a t a ,

as sh own in F i g u r e ’ 6. Because  the documentary  da ta  do riot change  d u r i n g

an approach , t hey are  to  be transmitted at  t h e  s t a r t  of ea ch new TIlLS

appr oa ciu  by p r e s s i n g  a b u t t o n  on the  a i r b o r n e  ope r a t o r  s c on s o l e .
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F I G U R E  6 H E A DER DATA F O R M A T

The TMLS performance data are to be continuousl y transmitted during

an approach at 20 frames per second . The TIlLS data occupy two consecu-

t ive  f r a m e s, as shown in Figure 7, to give an effective ’ up da te rate of

10 per second .

I
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Figures 6 and 7 show that there are a number of spare bits in each

frame that  can be used fo r  sys tem growth , fo r  the  t ransmiss ion  of p a r i t y

bi ts  to detect  t ransmiss ion  errors , or bo th .  P a r i t y  checking is rec om-

mended; however , it is not discussed in de ta i l  in th i s  repor t  because i t

is pr imar i ly a sot tware problem at the  PATS t e rmina l .  P a r i t y  b i t s  can be

generated in the a i rborne TIlLS data system by adding one parity generator

chip in the logic system .

C. Mul t ipa th  Data Col lec t ion  System

Figure 8 is a block diagram for a data system that uses an analog

tape recorder to documen t multipath effects on the TIlLS signal.

DUAL-TRACE

S 4-4462 -12

FIGURE 8 BLOCK DIAGRAM FOR ANALOG TAPE RECORDING OF TMLS MULT IPATH DATA

The purpose of th i s  data c o l l e c t i o n  sys tem is to  provide a f a c i l i t y

to inves t iga te - -  and to document - -  poss ib le  d i s t o r t i o n  of the  raw TMLS

video signal  should the  pe r fo rmance  of the  ‘i’MLS facility be out of

to le rance .  An analog tape recorder  is used to record  the  raw v i d e o

si gnals  from the TMLS receiver. Supporting documentation is recorded on

separate  t racks  of the tape r eco rde r , w h i c h  w i l l  r e q u i r e  an i n t e r f a c e

between the  diagnostic signal , the range output signal , and ti le’ various

sys tem s t a t u s  i nd ica to r s .  The design of this interfac e ’ is straigiut-

t o r w a r d  s ince  dc c h a n n e l s  ( F M - r e c o r d )  are  ava i l ab l e ’  f o r  a n a l o g  t a p e ’

recorders  such as the  Honeywel l  model  5600 .

40
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The e s t ima ted  s ize , weig h t , and power r e q u i r e m e n t s  of t u e  m ajor

components  shown in F igu re  8 are p r e s e n t e d  in Tab le  ~

Table  9

COMPONENT SIZE, WEIGHT, AND POWER REQUIREMENTS
FOR MULTIPATH DATA COLLECT ION S Y S I E N

Si ze W e ig ht P o w e r
Component (inches) (pounds) I~~.’ t t t s )

I n t e r f a c e  u n i t  4 ,. 6 ,‘ 3 2 5

Osc i l loscope” 6 A 12 e 22 2(1 100
÷

Analog  t ape  r e c o r d e r  12 / 22 / 19 95 300

Total 6672 in.’
~ 123

For example , Tekt reinix it cde I ‘+ ~i U .
1- -For examp le, Honeywell model 5600.

Figure  9 is a block diagrams f o r  a multipath data ce’l l~~cti , ’ti sy stem

using a video tape r ecorde r  to record t i m e  o s c i l l o s c e ’p e  t r a c e  o h  t i c

a z imuth  and e’levation video signals . Supporting eie ’c d l i l i e i i t , t t  1 : 1  is als

recorded on the  VTR by i n c l u d i n g  TMLS range d a t a  and an a r r a y  ii  i t i  i e , l t O l

lamps in t h e  f i e l d  01 view of the  VTR camera.  Tile ’ a r r ay  o f  i n e l i c a t . ’r
lamps is used to d i s p l a y  a s i m p l i f i e d  ver s i o n  of t h e  TIlL S I i i :  I c ’  p r oe e ’s~~e’r

d iagnos t ic  data  shown in Tab le  5. This  t e c h n i que ’ ml  11 i de i i t  I f y tile ’ r , i l I t ’ c

at  which the  m u l t i p a t h  d i s t o r t i o n  is obse rved  and w i l l  p i e ’~~ide ’ a means

to c o r r e l a t e  the TML S angle processor operation dtiriig~ the mul t ip a thi

i n v e s t i g a t i o n  f l i g h t s  w i t h  the  proc e ’ssor o p e r a t i o n  d u r i n g  t u e  pe r t  e’nhianct

da ta  collection fli ght s.

A sk i l l ed  o p e r a t o r  w i l l  be r eq u i r e d  in t iu e ’ a i r c r a f t  1 ’  dee ’ ide ’ whe n

m u l t i p a t h  d i s t o r t i o n  is p r e s e n t  and when da ta  a r t ’  t o  he i e c e rdee i .

The audio channel  on the  \“l’R is t @ he connec ted  to t he ’ aircral t

i n t e r com sys tem so t h u a t  o p er a t o r  comm e’nts m a y  lie ’ r ecorde ’d w i t h  t i m e  r i d e ’
d a t a .
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Tu e C S  I j i i i a t  e e l , 1 ,~e we i g i l t  and powe r re’qu i r e ’is e l l  t s for I h u e ~u I

components shown in l i g ui re ’ 9 i r e  p r e s e n t e d  in ‘l a b l e  10.

Tab le  10

\‘I R COMI’ )NLNt S I Z E , Wi.  IGhl’i , AN U POWER
R E Q L I R E M E N T S  FOR NLL’f IPAT1I SYS’!’ EN

Size Weie h t l’owe’r
Component  I I nc  lie s ) ( p o u n d s I  (watts)

In t er  t a c o  u m m j  1 6 - 6 ~ 10 5 10

O scj l l o sc o p e * 6 12 ,‘ 22 26 100

VT R C) 2 3 17 70 130

‘I A’ cam er . t  3.5 ~ 
) / 12 5 1,

TV monit or~ L U / 10 ~‘ 11 12 25

Total 7203 in.~ 123 280

“For exam p le , Tekt ronix model 346.

For example , Sony type II VO 2600.

F o r  example , GE mode l TE-33.

~For example , Sony model CVM-950.

D. Typical In terface Considerations

1. TMLS A n g l e ,  Range,  and He i g ht  Da t a  O u t p u t

Table’ II shows tile ’ s igna l l e v e l s  f o r  tile ’ d i g i ta l  and a n a l e g

data outputs of flue ‘I’MLS avionics.

‘the f i v e ’  a n a l o g  o u t p u t s  of t h e ’ TIlLS ,iv j o l l i e s  a r e ’ in ti le ’ 0 to

+2.0 Vdc range. Anal og data acqem isition nlo dtmles ~ir e available ’ t h a t  will

convert an analog input ol 0 to 5 \olts to a 12— hit digital ou tput .
” ”

These ana log  da ta  modu le ’~, a r e  a v a i l a b l e  w i t h  8— e r  l b — c h a n n e l

input  c a p a c i t y ,  and m c  Iude  an a n a l o g  m u l t i p l e x e r , a sam p l e — i m e c l e l  c i r c u i t ,

and a 12— b i t  ana log  t o  d t g i l  a 1 c o n v e r t ’ r . T il e ’ a n a l o g  e’ i i z i i in e  1 t o  he

**For examp l e’ , DA ’I ’EI , S y s t e m s , Inc . , Lan tern , M,,ss,ie’ hiui s e t  t S 02021
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Table 11

SIGNAL LEVELS FOR TMLS INTERFACE

Parameter Digital Analog~
Azimuth angle 1 = +10 , 0 -10 V --
Azimuth deviation -- 0 to ÷2

Elevation angle 1 = +10, 0 = -10 V --

Elevation deviation -- 0 to +2

DME d is tance I = +12, 0 = 0 V 0 to +2

DME ra te  -- 0 to +2

Heig ht -- 0 to ÷2

*11 kHz (±3.5 kHz) clock rate.
1
~Volts  dc w i t h  respect  to ground .

dig i t ized  is selected by means of a digital address code generated by

the control  logic of the data collection system.

The dig i ta l  data ou tpu t  format  of the TIlLS avionics is a 32-

bit  serial word wi th  the logic levels  shown in Table 11.

The 0 to +12 vol t  and -10 to +10 volt logic levels may be

conver ted to 0 to 5 vol t  l eve ls , fo r  c o m p a t i b i l i t y  w i t h  s tandard  TTL

logic , by the use of r es i s to r  vol tage  d iv ide r s  and diodes .

Since tile bit  r a t e  fo r  the TML S d ig i t a l  da t a  o u t p u t  is 11,000

bits  per second , and the bit  r a t e ’ f o r  the  a i r -g round  da ta  l i n k  is 2400

bi ts  per second , it w i l l  be necessary  to use a shift register to hold a

32-bi t  TMLS da t a  word for  r e t r ansmis s ion  at the  s lower  r a t e .  This  can

be imp lemented eas i ly  wi th  ava i lab le  s t andard  di gi ta l  log ic  componen ts .

2. S u p p o r t i n g  Documenta t ion

Tile s u p p o r t i n g  d o c u m e n t a t i o n , key board entry data , and con tac t

c losu re  of sensor swi t ches  added to the  ‘I’ML S av ion i c s  c o n t r o l s  a re

b a s i c a l l y di g i ta l  i m u f o rma t .. Tile c o n t r o l  logic  I or ti le ’ a i r b o r n e  da t a

44 

-~~~~~~~ -~~~~~~~~~~ - - -~~~~~~~~~~~~ - --- ~~~~~~- — -



collection system can be designed to accept this input directly. How-

ever , it will be necessary to provide buffer storage Ilor tiie keyboard

entry data , since the data must be entered one character at a time by

the operator. This is not considered to be a problem area and can

eas ily be incorporated into the design of the airborne data collection

system.

3. Diagnostic Data

At the time of this stud y, there was no FAA or Army requirement

to make the parameters of the diagnostic data (discussed in Section IV-D)

or the raw video available outside the TIlLS avionics package. Discussions

with the manufacturer ’
~ about the feasibility of connecting temporary test

leads to the TMLS processor logic during flight test s were inconclusive

because: (1) the TIlLS avionics procurement is currently in a contract

definition study and the equipment details are subject to change; (2) the

TIlLS avionics hardware is not yet built ; and (3) the manufacturer is

reluctant to see equipment connected to the processor that might possibl y

degrade the TIlLS performance. Clearly, this is an area that the Army

will have to explore with the TIlLS equipment manufacturer.

Assuming the diagnostic data listed in Section IV-D are’ avail-

able, these da ta ar e digital in format and , with leve l converters , may

be directly interfaced with the airborne data collection system.

The interface of the diagnostic data with f l i t ’  multipath documen-

tation system is very simple since the binary data may be represented

by an array of lamps that are either on or off to indicate a one or ze ro .

Since these data will not have to be formatted and clocked into a serial

bit data stream , the interface can be accomp lished with level changers

and lamp drivers.

B endix , B a l t i m o r e , M a r y l a n d  21204.
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VIII CONCLUSIONS AND RECO1~1ENDATIONS

1. It is c o n c l u d e d  tha t  two categories of data should be collected

dur ing  the e v a l u a t i o n  of t he  TIlLS b y t h e  Army. First , data should be

collected to evaluate t h e  p er f o r m a n c e  of t h e  TMLS as d e f i n e d  in t h e  MLS

measurement m e t h o d o l o g y  d e s c r i b e d  in FAA-ER-700-07 . Seco nd , dat a  s h o u l d

be collected to document the  m u l t i p a t h  d i s t o r t i o n s  of t h e  TIlLS si g n a l .

2. It is recommended that two separate airborne instrumentation

packages  be dev eloped : One for the collection of TIlLS p e r f o r m a n c e  d a t a ,

and the other for the documentation of multipath. The reasons t or t h i s

recorrmlendation are these: W h o r e  mu l t i p a th  d o c u m e n t a t i o n  is not  r e q u i r e d ,

or where a i r c r a f t  space is l i m i t e d , s u c h  as in tiue OV-l , onl y one sy stem

needs to be carried in the aircraft. Two independent data colle ction

systems will result in smaller packaging that is more compatible ~.‘ i t h

the space and weight  l i m i t a t i o n s  of Ar m y  a i r c r a f t .  F i n a l l y ,  s i n c e  thi ~
m u l t i p a t h  d o c u m e n t a t i o n  s y s t e m  can be used  x ’ i t h m o u t  a gr o u n d  t r a c k e r

facility, there is the possibilit y that time multipat h d o c um e ’n t a t  i ’ll

system can be used to assess t h e  p o t e n t i a l  p e r f o r m i m i c e ’ of a t a c t i~~a l l v

dep loyed  TIlLS.

3. It is recommended t h a t  t i le  TIlLS p e r f o r m a n c e  d a t a  m c  l ud e

supporting documentation to  identify tile date’ , t e s t  c o n d i t i on s , Ic -st

objective , personnel , and aircraft i n v o l v e d  in t i m e ’  f l i g h t  t e s t .

4. It is recommended that 11cc p a r a m e t e r s  used in tile l,iy Ic c . i c

for the TIlLS angle processor be recorded w it h both TIlLS performance

data and the mul tipath documentati on.

5. It is concluded that t h e availability o f  th ~e’ se ’ p l r l m e t e ’ m - ~ . t o !

r e c o r d i n g  w i l l  have to he ’ c ’st a b l i s i u e d  w i t h  the ’ ‘f IlLS a \ ’ i e n i cs  m a r m u m l  mc t u m , - i ,

since there is no present requirement for th ese gala ters t o  he’ ,Iyai l a h l e ’

e x t e r n al  to the  TI’U~S a n g l e  p r o c e - s s e i r .
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6. It  is concluded tha t  a 2400 b i t  per second da t~ ral e is

sufficient to transmit the ground tracking data to t h e  fli ght test air-

craf t, or to transmit the TMLS data to the ground , for recording.

~~~. it is recommended that the TMLS data in the ilight test air-

craft be transmitted to the ground tracker facility fur recording. The

reasons for this recommendation are these: The personnel and equipment

requirements in the aircraft are less than are required for the other

a l t e rna t ives  considered.  The PATS ground t r acke r  f a c i l i t y  has an on-

l ine PDP 11/35 di g i t a l  computer  than can provide  r e a l - t i m e  q u i c k - l o o k

assessment of the TIlLS performance. The PAT S t r acke r  f a c i l i t y  has a

d ig i ta l  data recording system avai lable , and has a real-time display

capab i l i t y  tha t  w i l l  pe rmi t  the  TIlLS to be demons t r a t ed  to both the

f l y ing and nonflying members of the aviation community. Finally,  locating

the f l i g h t  test coordinator in the PATS facility, rather than in the

aircraft, should result in increased flight-test productivity.

8. It is recommended that either the analog tape recorder or the

video tape recorder tech nique be used to record the data for documenta-

tion of multipath distortion. The total estimated weight and volume of

equipment and power required in the aircraft to implement these two

recording techni ques are s imi lar .  Analog tape recording provides an

extra bonus in that the entire video data stream is recorded and is

avai lable  for  p o s t fl i g ht ana lysis.  The proposed video tape technique

records onl y the video waveforms of the beam passage.

9. It is concluded that  the es t imated  size , wei ght , and power

c h a r a c t e r i s t i c s  of the TML S pe r fo rmance  data  co l lec t ion  sys tem can be

made compatible w i t h  the l imi t a t ions  of the Army UH- l , (-21 , and OV- l

aircraft.

10. I t  is concluded tha t  the es t imated  s ize , wei ght , and power

characteristics of tile system to document multipath distortion are

compatible with the limitations of the Army Uh I - l , U-21 , and OV- 1 air-

craft.

48 



—--‘----.--—-----.---—— ~~~~ ‘ “~~~~~ ‘~~~~~~~~~“ ‘

11. It is recommended that the Army coordinate the implementation

of TIlLS data collection systems with tile NAFEC to ensure compatibilit y

of the airborne data format with the PATS computer , and to make maximum

use of PATS computer software that may be available f rom time NAFEC.

I
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Appendix A

DEFINITION OF IlLS PERF ORMANCE TERM S
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Appendix A

DEFINITION OF IlLS PERF O RMANCE ‘l’E RM S

The Functional Requirements Spccificatiens f o r  IlLS , FAA-ER 700-07 ,

define the following terms to express the angular and i an g e  r er f er m a n c e

accuracy of IlLS:

(1) Angular error—-The angular error is the dit icr ence cet\c ’een

the processed sample data output and the’ t r u e  p o s i t i o n
angle at the sampling time. The angular error b u d g e t  is
divided into two categories , bias and noise , and includes
the effects of the environment.

(2) Angle bias (includes receiver bias)--Bias is t h e  long-
term misalignment between a specific IlLS course and a
selected course , including the MLS ground system as well
as the IlLS airborne receiver mean errors which cannot
be reduced to zero by r ea l - t ime  calibration techni ques.

(3) Angle noise (includes receiver noise)--Ang le noise’ is
the spat ial  and temporal  p e r t u r b a t i o n s  in the  guidance
signal. It originates from ground equipment , airborne
equi pment , and the environment.

(4) Path-following noise--Path-following noise is that
por t i on  of angle noise  t h a t  can cause’ a i r c r a f t  mo t ion ;
it exhibits relativel y slow variations.

(5) Con t ro l -mot ion  no i se - -Cont ro l -mot ion  noise is the po r t ion
of angle noise that affects control surface , whee l , column

motion , and aircraft attitude ; it exhibits moderatel y fast
var ia t ions.

(6) Extraneous  noise-  - Ext raneous  noise is angle noise  t h a t  e ’X

hibits variations too rapid to affect aircraft contre el and
guidance.

( 7 )  P a t h — f o l l o w i n g  e r r o r - - P a t t i - f o l l o w i n g  e r r o r  is t lu e  a n g u l a r
deviatioi~ from a predetermined course of an aircraft
p e r f e c t l y f o l l o w i n g  IlLS guidance commands. T i m e  e ’ m r e ’ r  is
t hus  due to ang le  bias and p a t h - f o l l o w i n g  n o i s e  in ti ’e
guidance s igna l .

(8) Range e r r o r — — l i m e  range e’ r c o r  is the ’ e l i f f e ’r en c ’ ’ be t w e e n  t h e
s u i t a b l y processed DME range ’ and tile t r u e  d i s t a n c e ’ at  a
spec i f i c  t ime.  DME bias and n o i s e ’ e r r o r s  have t i m e ’ same
general  d e f i n i t  ion as , m t i c j e  gi tid ,lil c ’ .
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The above d e f i n i t i o n s  w i l l  be used in the  f o l l o w i n g  d i ,-,c i i s s ions of da ta

to be co l l ec ted  fo r  the  performanc e evolution of TMLS .

The functional requirement specifications also define a measurence’nt

methodology for MLS errors (see Figure’ A-I). It is important to note’

that the raw sample data output of the IlLS receiver is filtered with a

10 radian per second low-pass smoothing filter , and that this smoothed

IlLS output is again filtered to obtain tile bias error , t u e control-motion

noise , and t ue path- following error. Thue characteristics of these

filters are based on a wide range of existing aircraft response properties

and are believed to be representative of the response properties ecf arm s’

foreseeable aircraft. The filter configuration and corner frequencies

for the various IlLS guidance functions are shown in Figure A-2.

FAA-ER-700-07 , 25 Februa ry  1975.
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GU I D A N C E  
CORNER FREQUENCIES (Radian s/Sec )

FUNCTION 
~ 0 ~~l ““ 2 “~3 ““4 “ 5

AZ 0.5 0.3 10 2 4 0.05

EL 1,5 0.5 10 2 4 0,05
FLARE 2.0 0.5 10 2 4 0.05
DME 0,2 0,5 10 2 4 0.05

F I L T E R  CON F I G U RATI ONS

Li
2SMOOTHING FILTER:

~ +

PATH FOLL OWING FILTER ; = 1 , = 064  cc

+ 2~
’w S  +

Li0 
= Li ~~~1 - 2~

2 
+ (4 ~ - 4~ ~ 2)~~

CONTROL MOTION FILTER: —~~-—-

S + Li1

S ‘ ~ 0)
4RA TE FILTER: j _ . ‘

~ ~

k~~”3 i k~~~”'4

PATH FOLLOWING CONTROL RATE SMOOTHING
CUTOFF BAND PASS BAND PASS FILTER

-

~

Li
1 Li

3 
Li
4 Li2 Li(IPS)

FIGURE A-2 FILTER CONFIGURATIONS AND CORNER FREQUENCIE S
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Appendix B

ERROR BUDGET FOR TIlLS PERF O RMANCE
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Appendix B

ERROR BUDGET FOR TIlLS PERF ORMANCE

The er ror  bud get fo r  the TMLS equipment is shown in Tab le  13-1. The

spec i f i ca t ions  fo r  the to ta l  p a t h - f o l l o w i n g  e r ror , i n c l u d i n g  bot h tile

Table B-l

TIlLS ERROR BUD GET
ANGULA R DEVIAT ION (;)

Ground A i r b o r n e
Subsystem Subsys tem Total

Elevat ion Guidance

Bias 0 . 0 2 4  0.010 0 .026

Noise 0. 018 0.018 0 .026

Total  0. 030 0 .021  0.037

Environmental effects 0.089

Tota l  p a t h - f o l l o w i n g  e r ror  0.096

Azimuth  Guidance

Bias 0.16 0 .02 0.16

Noise 0 .07  0.036 0 .08

Tota l  0.17 0 .041 0 .18

Environmental effects 0 . 2 2

Tota l  p a t h - f o l l o w i n g  e’rror 0 .286

Bias 32 ’ ——
Noise  24 ’ —-

T o t a l  40 ’ 40 ’

Tota l  p a t h - f o l l o w i n g  e r r or  
_____

( w i t h o u t  e n v i r o n m e n t a l  e f f e c t s )  
__________- __________ 
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ground and airborne equipments and environmental effects , is 0.096° for

elevation guidance and 0.286° for  azimuth.  These are 2~ v a l u e s .  The

total 2c~ DME ground and airborne equipment error budget is 57 feet ,
*excluding environmental e f f e c t s .

To ver i f y that the TIlLS meets the performance specifications , it

wil l  be necessary to record the TMLS indicated az imuth , e leva t ion , and

range in the f l i g h t - t e s t  a i r c r a f t  and to compare the da ta  w i t h  s i m i l a r

data recorded wi th  an independent  ground-based t r a c k e r .

I

FAA-ER-700-03 24 February 1975 .
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SYSTEM SPECIFICATION S FOR PATS
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Appendix C

*SYSTEM SPECIFICATION S FOR PAT S

Table C-l System Spec i f i ca tions

Table C-2 List  of Equipment  Inc luded  in the  PATS de l ive red  to NAFEC ,
Jul y 1976.

*Prec i s ion  Automated Track ing  Sys tem
M a n u f a c t u r e d  by GTE Sy lvan ia
E l e c t r o ni c  Systems Group- -Wes te rn  Div ision
P. 0. Box 188
Mo u n t a i n  View , C a l i f o r n i a  94042
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Table C-I

SYSTEM SPECIFICAT IONS~’

1. Acquisition Dynamic s (manual ’ using joystick and TV monitor)

Maximum angular rate (azimuth and elevation): 100 mrad /sec
Max imum angular accelera t ion (azimuth and elevation): 25 mr ad/sec 2

2. Acquisition Dynamics (aided with 100 sample per second coordinate data)

Maximum angular rate (azimuth and elevation): 500 mrad/ sec
Maximum angular acceleration (azimuth and elevation): 80 mrad /aec 2

3, Autotrack Dynamics

Maximum angular rate (azimuth and elevation): 500 mrad/sec
Maximum angular acceleration (azimuth and elevation): 80 mrad/ sec 2

4 , Angular Coverage

Azimuth: ‘170 °

Elevation: -5 ” to +85 ” (dynamic specifications # 1 , 2 , and 3 app ly for elevation ang les between -5 ° I-u +45 °

5 Absolute Accuracy t

Azimu th :  ‘001  percent of range (0 , 1 mrad) ( for  target ranges of 2 13  to 19 , 812 meters)
Elevation: ‘0. 01 percent of range (0 , 1 mr ad) (for target ranges of 213 to 19 , 8 12  meters)
Range - t0 . 3 meter for targe t ranges of 213 to 9 , 144 meters

°0.6 meter for targe t ranges of 9,744 to 19 , 812  meters

€ .  Range Coverage : 30 5 to 19 ,8 12 meters (system accuracy maintained)

Expected maximum range 13 , 048 meters
Expected accuracy for targe t at 13 .048 meters

Azimuth:  4 4 )  3 mrad
Elevation:  ‘0 3 mrad
Rang e : 1. 5 meters

7. Leveling accuracy: ±0.025 mrad

S. Operator Displays

Range: Digi tal  in 0.3-meter increments
Azimu t h:  Digi t al in mi) I irad ia n s with 0. 1-milliradian resolution
Elevation: Digital in mi ll iradians with 0. 1-mi llir a dian resolution

9. Eyesafe Distances (refer to text for descri ption):  1 ,067 meters , 107 mete rs . I i  meter s , depend ing on laser
p ower setting

10. Viewfinder F iel d .o f-View: 5’
~ to 20 ’ wi th  zoom control ( 1 0 : 1  300 mm max imum)

11.  Acquisition Fie ld -of.Vi ew: 3 mrad

12. Data Samp le Rat e- 100 , 50 , 20 , or 10 sample sets per second , selectable

13. Power Requ irement s : Direct line or motor generator

14 . Environm ental (‘c,n dition s (Operat ing) :

Ambient temperatur e : -20 ” to +120 ” F
Wind .  O t o  50 knots

15 .  Setup Time. I hour

‘Based on u s,’ of 7 6-centim eter-diameter 4-a r c.second r et ro r eflect or
t Aft er computer smoothing, a weighted averaging technique is used with a sliding windo w of 0 I second an d a samp le

ra te of 100 per iee,,nd. 
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Table C-2

LIST OF EQUIPMENT INCLUDED IN THE PATS TRA ILER
DE LIVERE D TO NAFEC , JULY 1976

Desc r ip t ion  Model Number M a n u f a c t u r e r

Telemetry  Cont rol 02-1204545- 1 Sylvania

Communication Unit 02-1204581-1 Sy lvania

Range Computer 02-1204579- 1 Sylvania

TV Monitor 02-78 8263-1 Sylvania

System Control 02-787800-2 Sylvania

Laser Power Supp ly 02-787840-5 Sylvania

Computer Interface Unit 02-1204550-1 Sylvania

Power D i s t r i b u t i o n  Panel 02- 1204799- 1 Sy lvania

Optical  Package 02-1203 948- 1 Sy lvania

Laser Transmi t t e r  Box 02-1203 901-1 Sy l v an i a

Heat Exchanger  02-1203995 -1 Sy lvania

VTO5 A/N Display VTO5B , M47 Digital Equipmen t Corp .

PDP 11/35 CPV PDP 11/35FL Dig ital Equipment Corp.

DEC Pack (Disk) RKO5 Digital Equipmen t Corp.

DEC Expansion Box BA1 IKE Dig ital Equi pment Corp .

7 Ch. Mag. Tape Unit  (2 units) TU1OFE Digital Equipment Corp.

DEC Card Reader CR11 Digital Equipment Corp.

9 Ch. Mag. Tape Unit TU1OFE Dig ital Equipment Corp.

Mag . Tape Cont ro l l e r  TM I1 EA Dig ital Equipment Corp.

Oscil loscope 5l03N Tektronix

Tekt ron ix  Display  R-4010- 1 Tek t ron ix

TEK Hard Copy Unit 4610 Tektronix

AZ Servo An,p . 800PRA CSR Corp.

WWV Receiver WVTR Mark IV Kinemetrics Inc .

Time Code Genera to r  8150 Systron l)onner

Encoder Control  Uni t  ICU 8O/ 12 0-O SBN- l 8/ l 8  S e q u e n t i a l

Pape r Tape Punch RP SIO 7 SBH Remex

Paper  Tape Reader RRS6500 R em& ’x

V e ’ t s i t . - ,~ P r i n t e r  LP— D1150 V , ’r s i t e ’c

HP P L o t t e ’r ~ (2  units) 7045A H.P.

S c c n y  Video Tape Recorder  AV3b OO Sony

1c ’ l e t y p e ’ 33TU Tele typ ’ ’ Corp .

(~ ) ‘t  icti A cquisition Aid 3790 S e i  c u t  i i i ’ , At 1,iti t ,, C o r p .
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