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This effort is concerned with the development and implementation of a set of di-
gital computer programs that will augment the RADC digital computer radar sim-
ulation model procured under Contr F30602—72—C—03 93 (01707201). The computer
programs shall consist of a sequence of subroutines that correspond to se-
parate functions such as a chaff model, target model, propagation effects and
clutter model. The original radar simulation model will be expanded to include
a bistatic capability and will include ECY1 and phase coded pulse compression
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receiver techniques. In addi tion, an interactive system has been designed for
the simulation . Using an interactive display, an engineer would be able to
understand wha t is hap pening by being able to observe results at several in-
termediate points in the problem. A picture is worth a thousand words. For
example , an antenna pattern or waveform response to a target is more meaning-
ful tha n a long table of numerical listings. Parts of the simulation were
used by RADC for Deep Space Surveillance Radar (DSSR) waveform analysis, gen-
erating antenna patterns and tradeoffs involving phase shifter bit—size for
the Advanced Space Defense Program (ASDP). The RADC radar simulation model is
being used to support Seek Sill, Cobra Judy, Digital Coded Radar and Seek
Sentry.
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Thi a report contains a large percentage of machine—produced copy which
is not of the highest printing quality but because of economical considera-
tion, it was determined in the heat interest of the government that they be
used in this  publication.

This report contains Vol 1, Pt 1 (Sections 1—7 and 9—10) (Page. 1—1
thru 1—5, 2—1 thru 2—2 4 , 3— 1 thru 3—33 , 4— 1 thru 4—23 , 3—1 thru 5—6 , 6—1
thru 6—39, 7—1 thru 7—30 9—1 thru —3 and 10— 1 thru 10—2).

Vol I, Pt 2 contains Section 8 (Pages 8—1 thru 8- 174).

Vol I , Pt 3 contains Section 8 (Pages 8—175 thru 8—418).

Vol II , Pt 1 contains (Sections 1—8 and 10 & 11) (Pages 1—1, 2—1 thru
2—24, 3—1 thru 3—15 , 4— 1 thru 4—137 , 5—1 thru 5—16 , 6—1 thru 6—44 , 7—1, 8—1
thru 8—26, 10—1 thru 10—4 and 11—1 thru 11—2).

Vol II , Pt 2 contains Sections 9 and 10 (Pages 9— 1 thru 9—234 and Pages
10— 1 thru 10—4).

Vol III contains Sections 1 thru 6 (Pages 1—1 thru 1—2, 2—1 thru 2—22,
3—1 thru 3—53, 4—1 thru 4—141, 5—1 thru 5—3 and 6—1).

Vol IV, Pt 1 contains Appendices A—1~ and Appendix N.

Vol IV , Pt 2 contains Appendix L.

BECAUSE THIS DOCUMENT IS A COMPUTER SOFTWARE
PROG R AM MANY CONSECUTIVE PAGES CONTAIN ILLEGIBLE
AREAS WITH VERY MINOR (1, 2 or 3 LINES) CHANGES
FROM ONE PAGE TO TUE NEXT . FOR THAT REASON THE
OVERALL VALUE OF ThE PROGRAM AFTER CONSIDERING
THE LOSS OF THE ILLEGIBLE PAGES IS NOT DEGRADED
TO ANY DEGREE AND THE SOFTWARE PROG R AM REMAINS
CLEARLY UNDERSTANDABLE. FOR CLARIFICATION OF
ANY PORTION , CONTACT RADC/OCSA.
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G L O S S A R Y  O F  A B B R E V I A T I O N S

A N D  S Y M B O L S

CARDIN - TSS subsystem which allows submission
of batch jobs from a remote terminal.

CFC - S~mulat ion configuration

CPU - Centra l Processor Unit. The central
and arithmetic portion of a computer.

o (t- t
~ ) 

- Dirac delta function. Unit impulse at
time equal to

DFT - Discre te Fourier Transform

DSRN - Data Set Reference Number

ECM - Electronic Counter Measure s

ECCM - Elect ronic  Counter Counter Measures

EDITOR - TSS subsystem which f ac i l i t a t e s
modif icat ion or correction of TSS fi les

-r [ ] - Fourier transform operator

~~~~~ ] - Inverse Fourier trans form operator

FFT - Fast  Fourier Trans form algorithm

GCOS - Honeywell Gene ra l Comprehensive
Operating Supervisor

GHz (Cc ) - Gi gahertz

H [ ] - Hu bert  transform operator

HIS 635 - Honeywell/GE 635 computer sys tem

IF - Intermediate Frequency

LSB - Least Significant Bit

A— i
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LTI - Linear Time Invariant

MCC - Module Classification Code

MRN - Module Reference Number

MSB - Most Significant Bit

MTI - Moving Target Indication

ns (or NS) - nanosecond (lO~~ second)

PASS - Pass through a simulation configuration

PRMFL - Permanent disc storage file

RADSIM - Radar System Simulation Model

RCS - Radar Cross Sec tion

- Radio (Radiated) Frequency

RV - Reentry Vehicle

STF - Stimulus/Transfer Function

s*(t) or S*(f) - Complex conjugate of s(t) or S(f)

s
~ (t) 

- A function composed of samples of s(t)

S (f) - The Fourier transform of a sampled
* func tion, such as s(t)

- Hu bert transform of s(t)

S (f) - Positive frequency components of the
— + signal s(t)

S (f) - Negative frequency components of the
signal s(t)

s (t) - The function of time which corresponds
+ to the positive frequency components

of s(t)

A-2
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s_( t )  - The function of time which corresponds
to the negative frequency components
of s( t)

s1(c) 
- In-phase video channel representation

of the bandlimited signal s(t)

• SQ(t) 
- Quadrature video channel representation

of the bandlimited signal s( t)

TSS - Time-sharing system

-4
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A P P E N D I X  B

S O F T W A R E  M O D U L E S  U S E D  I N

T H E  R A D A R  S I M U L A T I O N  M O D E L

The software modules used in the radar simulation module
are li sted herein by module name and by reference number .

B.l SOFTWARE MODULES LISTED BY MO~)ULE NAME

The following table includes all of the software modules
listed in alphabe tical order by module name. Column headings
in the list are defined as follows :

1. Module Ref. Number: This is the number by which
the module is called in any system model program .

2. Input: Locations where input data to module
must be located before execution.

3. Output : These are the locations where output
data is placed.

4. Subroutine Name: This column contains a list of
subrou tine s used by module .

5. Subroutine PRNFL : This column contains a list of
the permanent file where the subroutine is
located. This file must be loaded in any system
model program that uses module.

6. System Parameters : The system parameters are
constants that are used in the module and are
defined by module number 301, (SYS). Parameters
are described in Appendix C.

7. Module Parameters: Module parameters are constants
that are used in module and are defined in a
namelist immediately following the module call in
the system model program .

8. Comments: This column is provided for a short
term description of the module.

B-I
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B. 2 SOFTWA RE MODULES LISTED BY
REFERENCE NUMBER

This table includes all of the software modules listed
in numerical order by module reference number.

100 SERIES: Basic transfer and input/output
operations -

200 SERIES: Basic mathematical operations

300 SERIES : Ini tialization and outpu t configuration
routines

400 SERIES : Radar block simulation modules (black
box models)

500 SERIES : Radar sys tem modules (radar system
models)

B-I S 
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Table B.2-la 100 SERIES MODULES

101 RRAND Parame ter I n it i a l i z a t i on
102 RRAND Parameter In it ial izat ion

- 103 RTOPDB
104 XYTODB

- 
105 XYTOM

- 

- 
106 XYTOM2
108 XYTODB
110 RTOPM
Ill RTOPM2

I
I 113 PLTFMT

114 (DATA XFER)
115 (DATA XFER)
116 ERGYRE
117 ERGYRE
118 ERGYCP

-
5 

-‘
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Table B 2-]-.b 200 SERIES MODULES

201 DFT 231 RSHFTS
202 ZFFT 232 RSHFTS
203 ZIFFT 233 DFTRF
204 CONV 234 DFFFØ
205 CONVMP 235 ADDRND
206 DIVA 236 ADDRND
207 ADDA 237 ADR~JDC
208 CUMDIS 239 ADDA
209 CIJMDIS
210 OUTCUM
211 OUTCUM
212 PDF
213 PDF
214 RNDARY
215 RNDARY
216 ATOD
217 ATOD
218 DTOA
219 DTOA
220 DTOA
221 WEITRE
222 WEITCP
223 WEIThP
224 SHIFT
225 SHIFT
226 SHIFTS
227 SHIFTS
228 DTOA
229 RSHIFT
230 RSHIFT

B-20 
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Table B,2-lc 300 SERIES MODULES

301 (SY STEM )
302 CLINT
303 PTLIST
304 PTLIST
305 PTLIST
306 PTLIST
307 PLOTTR
308 PLOTTR
309 PLOTTR

• 310 PLOTTR
311 (BISTATIC ANTENNA INITIALIZATION)
312 SPCAVG
313 SCANNR
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Table B, 2-Id 400 SERIES MODULES

401 NONLIN 438 HLIM
402 NONLIN 439 HLIM
403 CDIGFL 440 DCFAR
404 CDFNCL 441 DCFAR
405 RDIGFL 442 IHLI14
406 RDFNCL 443 IFILIN

407/408 FILT 445 IHWDET
409 INGTOR 446 IHWDET
410 INGTOR 447 IFWDET
413 ANTARY 448 IFWDET
414 HWDET 449 ISQDET
415 HWDET 450 ISQDET
416 FWDET 451 RECF
417 FWDET 452 RECFTF
418 SQDET 453 CGENSF
419 SQDET 454 PXFRN
420 FGENXY 455 CGEN CW
421 FCENMP 456 LAMPRE
422 DIGTFL 457 LANPRE
423 DIGTFL 458 LANPCP
425 CGEN 459 CFAR
426 TSARY 460 CFAR
427 TSARYI 461 DIGFIL
430 MTIFLT 462 DIGFNC
431 MTIFLT 463 DICFSF
432 MTINCL 464 DIPOLE
433 MTINCL 465 DIPOLE
434 SWPINT
435 SWPINT
436 NCSWPI
437 NCSWPI
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Table B .2—le 500 SERIES MODULES

501 TAR G ’~T
50.? TGTNCL
503 CLLFTTR

ANT PAT
505 TSRPAT
506 PHENC
507 PHENC
508 P1-{DEC
509 PHDEC
510 WVGL~ID
511 IONOS
512 ECM
513 SCYL
514 CHAFF
515 CHAFF
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A P P E N D I X  C

V A R I A B L E S  U S E D  I N  T H E

R A D A R  S I M U L A T I O N  M O D E L

This l i s t  include s a l l  the system and module parameters
used in the modules in Appendix B. Column headings in the
lis t are defined as follows :

1. NAME : Name of variable used in the system
mode l program.

2. SYMBOL: Symbol of variable used in text.

3. UNITS: Dimensions of variable used in module
program .

4. LOC: Location of variable in module program .

5. MODULE NUMBER and NAME : Modules that use
variable .

6. NAME IN MODULE : Name of variable used in the
module program .

7. COMMENTS : Short descript ion, re strictions, and
defaul t  value .

Note that  the variable names in column 1 are the sys-
terr variable names , c.ihich are referred to in Volume 1. The
variable names irs- column 6 are the module or subroutine
variable name s, which are referred to in Volume 2. Table
C-2 lis ts in alphabe tical order those module names which
are different from their corresponding system names.
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Table C.-2 MODULE VARIABLE NAME/SYSTEM VARIABLE
NAME CROS S REFERENCE TA BLE

MODt ’LE V A R I A B L E  NA ME SYSTEM VARIABL E NA ME

A NTANG AZANC or ELANG
ANTP ANTAZ or ANTEL

— ARYDEL TDLINE
AZOOØ AZO
BSIT AZBST or ELBST
CODE ICODE
DELTHE ADELT
DIN DFTIN

~- EL000 ELO
FB FBCOEF
FBX FBR
FBXY FBI
FEXT SIMB~I1
FF FF COEF
FFX FFR
FFXY FF 1
FSTART FSTRT

1 FØ RFFØ or SIMFØ
FØXMT FSTRT
IC IFCODE
ICPLX F ICFOR
ICPLX I IC 1NV
I DMP I DDUM P
I DMY IDDUM P
I DMY1 IDDUM P
INO RM NORNF T
MAD 1 IADD I
NBITS NBITDF
NIXF NHIST
NP NSEC
NPT NPTA Z , NPTEL or
NPT S NRNDPT or NT FN
NPUL S NIMP
NSUBP NCGPLS
NTYPE NT?PER
N2POW N2
RNOØØ RNØ —
RTGTØ RTGT
ROØO RSIM
STARPT ASTRT
STOPT ASTOP 5

TCELL RNGCEL

~~~~~~~~~~ -- -~~~ - - k ~~~~~~~~~~~ - --~~~~~~~~~~ 
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Table C-2 MODULE VARIABLE NAME / SYSTEM VARIABLE
NAME CROSS REFERENCE TABLE
(Page 2 of 2)

MODULE VARIABLE NAME SYSTEM VARIABLE NAME

TI-IT SHPHA S
TNOM TCGNOM
TØ SHTO

‘ UEXT X UEXT
U IJEXT UEXT
WT WTX
XIVRN G RNG
XIVST ST

ADDENDA

A ACYL
AZCHFF CHFAZ
DIA DIPDIA
H HCYL
HCHAFF CHFHGT
RCCENT CHFRNG
RHO RHO D
THETA THETA D
TSHFT TSHFTD
XL DIPLNG

C-23
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T A B L E  O F

T I M E  S H A R I N G  F I L E S

The table contained herein is a list of the files in
s- the radar simulation model. In the left column, the file

or /catalog/file designation that includes the password
is lis ted . The files beginning with the Letter “5” are the

I Fortran—IV decks , and those beginning with the letter ‘O” —

are the object decks . In the right column is the list of
modules tha t are located in the corresponding f i le  in the
l e f t  colun~ns .

The Job Definition Files are those used to run the samp le

~roblerns in Section 8 of Volume I and Section 4 of Volume III.
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Table D-l TIME SHARING FILE S

~- EC F~GC~&1 FILES

* LC I : -~~E Xf~~JN  MFII 51
~~~~~~~~~~~~~~~~ FIFIINI

.c - I T 1f ~~
j .-

~ I F - ~ c:~: ; F~~FI~-JE £-E - L t- :- - ; -  E: L CI C~- CIFr FI

s- C I c -J F 11’ 5 H I F F sC : F , R F A U C -  ~- E L ~ - :~ E : LCC : I~ C lH T~~~

•SC LI NTfF ’J - i C:L]NT
‘ c l c L r ? V T f F j ~I C L I N T

11 ~- -~M T~ I t - F  JH FHE NC
+ C’X~1T~~1t~~JH F- HEN C :

~~~~~~~ S I ~~$~~J H  F~R~- I N
s-S rM E~:cPJH M A J N 2
4 ( 1 5 1  M EX I FJH rI F I I N 2

~ 
+s : F F r r -~~JH :FFT

~ 
• C ~~F~~T~~~JH F F T

. S t - F I  N$~~Jd ~ IC ; FR ~~~~; C~lC~T F L;  C:E~1 G F L ;  I!- 4 Ci T CR ; ~ 1 C t - , RE: I G~~L-
CI IC i F I L ;  ECM 1 C ’ IG FS F

* C I E F I  N$~~-JH C I C : F A F ;  C-’ I G T F L ;  C . C I IGF L ;  I N G T C ’ F 1  F T&C ’ .; Fr ’i ~FL 1

~ 
C I G F I L ;  Er,rl _i C ’ I 6 F - ~F

~ 
I S>i~p1 T F’ 2~:Rj H F3EN~<~~; F’ Ht:IE C: , FiE~C’ FT

~ *-O~~~T F 2 $ ~~j H FG EN;~~_i F H C E C ;  FtE: CIFT

~ S F L O T S f - F J H  F’TL I SI; F ’ L UT T F ~
~ 

+ C ’ F L O T S $ ~-JH F’IL I S T _ i  F L C I T T F

~- S M I S C ic PJ H  F l L T ~ WE I  T~~E; CONY ; ~HIF T ; (- FA F: . L~~~F- I:F- .; E~ us- c ~
-
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~ *~S T S ~~~iSPJH R E C F _ i  F’~~F~~P1; C: C i E NSF
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+ Ct T S RF~1f~-!JH R EC:F _ i  F-~I:F~~M; C :GENSF

~ *I / B L O C K j $ Rj H ( ’SM I  SC: 2 t- RJF-f NC’NLI N_ i HWC ~ET _ i  RUT! N T. . CIFI
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+- ELC IC : K i tRJH /O M ISC:2$RJH NC’NLIN; HW (~ET; R~~T I~~T~ CIFT

~ -~- - E1LtJC .K1$RJH .-’SLI F ’FT2 3- RJH RNC~AR~~; C:UMCI I 5; RTC I P C1 E~; A~~G A I t 4 ~ ELGFU U
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* C~ T Fs FE F’ R C’ i~~:AM IC’ ~5 EF- I F~ F- C: S ~1f ~3 TFi F- ES
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JOE: C IEFI~J IT C I N F I L E S

~~ !1JE II ~: W G C 1 IS F  1 1  E3~ 16
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r - r T F F ~E: I ,  E~ 4 C: HAFF M I~ &. 1-~
~.~i ?~LNF II 6- ~ E;1~- T A T  1. E: . 19
E:~~F EF~ I ~: ~ T~: C D C E  1, E: . 2~t
W E  T G T I 2 i~ ~ : ~

‘ CI E C: CI CI E I. 8- 21.
~JE : TG C. L I. E: . ,~: CIHF~~Cl E3 I , 8. 22
N E :TG C L I - 8 9 ~‘ F s I N F ’ B I .  8. 2 :
i - th PCC~ I ,E ;  ICi FI:~~~~~~~F ~~, E: 24
~INT N~~A i  I - C: j j  TS FsR E: F’ I I I , 4 1
I S A F E L  I, E~ 12 C:G ENCI T III , 4 . 2
EC - IOC I L I - ~ : j~: TSF $ 1 :TM I I I, 4. ~E I ~~F I ~ II E: . 14 TSRRJE: III, 4 . 4
C - FP F
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T C H E  B Y S C H E F F  F I L T E R

D E S I G N  D A T A

Given the Tschebyscheff approximation of a low-pass filter,
i.e.

5 IF(jw)1
2 

= 
1 + 82T~

2(~~)

where F ( j u) is the transfer function ,

~ is the ripple factor (i.e.,
1

1 - 2 ~ is the peak-to-peak
(1 + ~ )

2

ripp le), and

T~~(w) is a Tschebyscheff polynomial of
order n, i .e., -1

T~~(0)) cos(rt cos

= cosh(n cosh

then it can be shown that the kth pole, Sk, of the
transfer function F(jw) is determined as follows:

Sk °‘k ~ 
jwk

5 1 . -1 - (2k-1)ir
°‘k -sinh(~ sinh 1/s) sin 2n

1 . -1 (2k-1~ i~-

~
0
k 

cosh(’~ sinh 1/s) cos 2n
1

where F(jw) = 2 3- when w= 1.
(1 + 8 )

2

By se tting 1 + 62T~
2
(w) = 2 and solving for w , we can

determine a normalization factor for the poles such that

F2(jl) = i~, i.e., the filter response will be -3 dB with
respect to the ripple peak at w= 1. This normalization
factor is derived as follows:
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cosh(n cosh~ ’w1) = l/d~

Wi = cosh ~ cosh~~ 1/8

= cosh -
~~~ sinh J~~~~~.

If each pole is divided by this factor the response
will be -3 db with respect to the peak response. It may be
noted that,if the order of the polynomial is odd, the peak
response is identical to the response at w = 0. Thus, the
above formula will provide normalization to the DC response
of the filter. However, if n is even, the response at w 0
is identical to that at the lower limit of the ripple; and,
if it is desired to normalize the Tchebyscheff response with
respect to the DC level of an even pole filter, a different
factor must be used. This factor is derived as follows:

T~
2
(O) = 1 for even n

2 1 1

~ 
F ( j O )j  I 

2 2 = 2l+ 8 Tn (O) 1+ 6

5 2 ~ I
IF(.3w3dB)( = 2 2 22(1 + 8 ) 1 + 6 T~ (jw3dB)

solving for w3dB, 2
2 2(1 + 82)_i 28 +1

T~ ~~~~~~~ o2 
= & 2

-1 282 + 1
cosh(n cosh 

~3dB~ 
= 

62

1 
_ _ _ _ _ _

~
°3dB cosh 

; 
cosh 6

1 _
~~~ 
(1+6 2~~

= cosh ~~sinh 6

Table B-i contains the pole locations for Tchebyscheff filters
of order 1 through 10 for various ripple factors. The poles

are normalized for 
~~~~~ 

(l)~
2 F(Wpeak)~

I2.
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; 
F.l TIlE BILINEAR Z-TRANSFORMATION

The bilinear Z-trartsformation is a convenient means of
converting an S-domain transfer function into a Z-domain

— 

transfer function which is compatible with digital filter
design techniques . Of particular interes t in this appendix
is the use of the Z-transform to obtain high-pass or low-pass
digital filter designs from normalized (i.e., W3,~b ~.) S-

domain low-pass filter transfer functions . The bilinear Z-
transformation is defined by the following expression:

5 = —  

- 

1 
(F-i)

T l÷z~

where T is the discrete sampling interval. This transforma-
tion maps the entire left-half of the S-plane into the area
inside the Z-plane unit circle, and maps the right-half S-
plane into the area outside of the unit circle. The S-plane
iw axis becomes the unit circle with jwO mapped to Z +1
and j~~+co mapped to Z -1. This results in a non-linear
warping of the frequency scale according to the relation

: w~
T / w d T\

~~~~~~~~~ 

= tan
k .r’) u 

(F-2)

where w
~ 

is the S-plane frequency and wd is the correspond-
ing Z-plane frequency . For convenience, the parameter £). will

I wdT
be used to represent tan (

~ 
—

~~
—-) in the remainder of this

appendix. Compensation can be made for the warping effect
of the bilinear Z-transform by prewarping the filter cutoff
frequency. This is accomplished by solving equation F-2
for T/2 and substituting the resulting expression into equa-
tion F-i.

-1
S =l~~~~~~ ~~~ . (F-3)

£~ ~~~~

F-i

:._~ 
—
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F.l.l Low Pass to Low Pass (High Pass
to High Pass) Transformation

In order to transform a normalized S-plane filter design
(
~~~
‘) to a Z-plane representation with cutoff frequency

~~~d’ equation F-3 is solved for Z after 1.0 is substituted

for 
~~ 

The following equation gives the relationship between

the S-plane and Z—p lane poles (zeros).

1/~~+ S  —

Z =
l/cL .,

S 
(P-•. 4)

7.1.2 Low Pass to High Pass (High Pass
to Low Pass) Transformation

In order to transform a low pass S-plane transfer func-
tion to its high pass complement in the Z-plane, the follow-
ing complementary transformation in the S-plane is performed
first —

S = 1/S5 

(F-5)~ 

—

where S’ is the new pole (zero) location in the S-plane.
When the substitution specified by equation F -5 is made in
equation F-4 the following transform is obtained

l/~ + u s ’
Z 1/ f l . l/ SI

S
I 

÷ ~= s’ -a - • ((F-6)

F.2 DETERMINING DIGITAL FILTER
COEFFIC IENTS

Once the transfer function of a filter has been deter-
tnindd in the Z-plane, it is a simple procedure to determine
the feedforward and feedback coefficients of a digital filter.

Assume the Z-plane transfer functi~i is defined by the
following equation.

H(Z) = K K 
(z-z 01) (z-Z 0~) (Z-Z 02

)(Z-Z 0)
I 2 (Z-Z 1) (Z-Z 1) (Z— Z 2 ) (Z-Z~2 )

F-2

~~~~ - -~~~~~ - - - —----
~~~~~~~~~~~~~-— - -  -j
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where the asterisk indicates the complex conjugate. This
equation can be rewrit ten in the form

(Z-Z01) (Z-Z0~) (Z-Z02) (Z-Z0~)
H(Z)  = IK~ * 

. K * (F—7)(Z_ Z ~ 1) (Z_ Z ~ 1) (Z_ Z ~ 2 ) (Z_ Z~ 2 )

The second form of this equation indicates that any
physically realizable transfer function can be imp lemented
by cascading quadratic filter sections. Therefore, the
analysis can be limited to a single quadratic section with
no loss in generality. One section of equation F-7 is
expanded to give the following

S 2
z2 - 2ZRe~Z0~+ 1z01

G(Z) = K 2 
‘ (F-8)

z2 2ZRe3z~ + ~z~ f

where Re~ } represents the real part ofj ~.

Since this is a quadratic in Z, it should be possible to
implement the function by a double delay filter as shown in
Figure F.i-l. The transfer function for this filter will now
be determined and compared with equation F-8 above.

I’ i 1
E0 

~~~~~~~ 

E2 + 82 Z E2 + B1E2 C (P-9)

E2 E~~+ A 1~~~ E2 + A 2~~-~~E2 (F-b )

By solving equation F-b for E2 and subs tituting into equa-
tion F-9 , the following expression is obtained.

E3 B Z 2
+ B Z + l~

-:- = C  1 2 (F- il)
1 Z2 - A A - A1 2 •

If B1 is factored from the numerator, the following expression
results:

F-3
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(F-12)

z - A 1Z - A 2

By comparing F-l2 with equation F-8, the values of the feed-
forward and feedback coefficients shown in Figure F-I can be

-: determined from the Z-p lane pole/zero locations:

B1 
~~0

2 (F-13)

B2 -2B1Re(Z 0) (F-14)

C = 

~~~~

— (F-15)
1

A
1 

= 2Re(Z~) (F- 16)

2

A
2 

-
~~
Z
~~~’ 

. (F-17)

F.3 EXAMPLES OF DIGITAL FILTER DESIGNS

F.3-l Low Pass Filter Design

This example will demonstrate the design of a 2-pole
Tchebyscheff low-pass filter with a 0.5 dB pass-band ripple,
a 3 dB cutoff frequency of 10 Hz, and a pass-band gain of 1.
The sample rate is 100 Hz. The S-plane representation (from
the table in Appendix E) of the low-pass filter is

C(S) = (S+.5129091-j.7224659) (S+.5129091+j.7224659)

Substituting the above parameters into equations F-2 and F-4
the following results are obtained.

F-5 
S
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Rd 
X 180\

~l = tan ( f 1~ tan 18° 
= 0.3249197, and

\ 
S /

~
_ + S

zp = 1 = .6475996 + j.3315148

~2

z* = .6475996 - j.33 15148.p 5

The double zero at infinity is represented by

zol = zO2 
= -1.0.

Thus, the transfer function in the Z-plane is

(Z + l)(Z + 1)H(Z) = (Z-.6475996-j.3’15148)(Z—.6475996+j.3315148) ~

From the roots in the Z-plane, the filter coefficients
are determined using equations F-13 through F-17:

1
B1 =~~~~= 1

~~~ 

B2 —2 (l)(—l) = 2

A1 2(.6475996) = 1.295199

A2 _(.64759962 ~ .3315148
2
) -.5292872.

The impulse response of this filter is sho~~ in Figure F.3.l-l.

F.3.2 High Pass Filter Design

This example problem demonstrates the design of a 2-pole
Tchebyscheff high-pass filter with a 100 Hz stopband, 1-dB

F-6
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passband ripple and unity passband gain. The sampling rate
is 500 Hz. Using the table in Appendix E, the normalized
low-pass filter poles are determined:

G( S) = (S+.4507682+j.7351424 )(S+.4507682-j.7351424)

/50 180°’£2 = tan 
~~~~~~~~~~~~~ 

~~ ) = 0.3249197

Using the low-pass to high-pass Z-transform,

S + S 2z = 

~~ 
_ 

~~~

the roots of the denominator are determined to be

zp = .5586542 - j.4182765

~; = .5586542 + j.4182765 .

The two zeros of the low—pass filter located at infinity are
transformed to zeros at Z1 for the high—pass dig~ ta1 filter.
The transfer function in the Z-plane is the following:

— 
(Z - l)(Z-l)F1(Z) — 

(Z- .558654 2+j.4182765 )(Z- .558654 2-j .4182765 )

The digital filter coefficients are obtained from equation~
F-13 through F-17:

1

B
1~~~~~~~~

’
l

C2 -2 ( l ) ( l )  = -2

C = l

A1 
= 2(.5586542) = 1.117308

F—S 

~~~~~~~~~~~~ ~~~~~~~~ 
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A
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- .4870497 .

The impulse response of this filter is shown in Figure F.3.2-l.

F.3.3 Integrator Design

This example will demonstrate the design of a simple
integrator with a 3 dB cutoff of one tenth the sampling rate
and no Z-plane zeros. The S-plane representation of an
integrator is the following

_ _ _ _

Subs titu ting S~ -1 and s-Q- = .3249197 into equation F-4, the

Z-p lane pole is determined to be

z =0.5095254 .

Since no Z-plane zeros are to be simulated, the Z-plane
transfer function is

H(Z) = 
~~~ ~ 5095254

The filter coefficients are the following :

B1 0

B2 
0

C = 1

A
1 

=0 .5095257

A
2

0.

The integrator impulse response is shown in Figure F.3.3-i.
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R A D A R  C R O S S  S E C T I O N  T A P E S

The documentation and listing of the computer program
used in reading radar cross-section tapes is provided in
this appendix.

SUBROUTINE DATAIN

1. MODULE IDENTIFICATION:

Name Classification Code Reference Number

DATAIN Subroutine Not user ref-
erenced

2. PURPOSE:

This subprogram is used to read Radar Cross Section
data types generated by the General Dynamics/Ft. Worth
RCS measurement range .

3. INPUT PARAMETERS:

None

4. CALLING SEQUENCES:

CALL DATAIN

~Jhere : Data is passed via blank common.

5. RESTRICTIONS 1 REQUIREMENTS 5 AND MISCELLANEOUS DATA:

(a) Data read from the magnetic tape is placed in an
array INDAT. In addition, a status word IERW is

S generated to indicate errors during read , if any. -
~ -

The specification in Fortran of the blank conmion
area containing the above follows :

C-i

I:
L - - - I-- ~~~~~~~ ~~~~ - -- — ~~~~~ - - ~~ - — - 
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COMMON INDAT (309), IDUM (3), IERW

IDUM(3) allocates storage for status words used
by the subroutine.

(b) The character sets of the RCS tapes and the Honey-
well computer differ in the representation of
‘5= ,’ and t

~+
I
~ signs . Therefore, thi s routine conn-

ects all occurrences of the above 2 characters
into their appropriate representation in the
Honeywell character set.

(c) The following GCOS Master Mode Entry (MME) rou-
tines are used in this subroutine:

GEINDS and GEROAD. Reference GCOS manual 3R43C
for an explanation of these routines.

(d) The file code allocated for the magnetic tape
Is 13. If a different file code is desired,
the variable FA should be changed accordingly.

(e) This subroutine is structured to read records
that are 1850 characters in length.

6. ThEORY OF OPERATION

Upon entry to the subroutine, the necessary control
words for GEINDS are set up and GEINDS is called. GEROAD
is called to halt execution of the program until a record
is read from the magnetic tape unit. Upon completion of the
read , the status word returned by GEINDS is processed to
determine if an error occurred and a status word, IERR , is
generated for use by the calling program. The values of
IERK are the following:

IERR = 0 No error detected
= 1  End of file
= 2 Longitudinal parity error detected
= 3 Lateral parity error detected
= 4 Error detected but not one of the above
= 16 Blank tape on read

If the last word of the record is incomplete, the 10
is added to IERR. If the record is short by more than 1
word, then 20 is added to IERR .

G- 2
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2 0  IZE EUF END CIF F ILE D E T E C T E D
2 4 0  C i-1F’ A = 0 0 3 0 0 0 0 .  DII
250 T Z E  ~‘ A L R T  D A T A  A L E R T  ~IET ECTE D
260 L C A  4 . DL
2’8 T R F s ER RF L I J K N C I W N  ERROR D E T E C T E D
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4~~~ C ;-1PQ =1. DL
491j TZE SREC If Q 1; then ZERO 1
5~~, T P-J C ~ A RC . K If Q < I ; then CABRY 0
51 € $  L ( O  =20.  DL SI-~ f F T  F E C —  MOR E THAN 1 W C 1R C D E F E C : T IV E
5~~ T~; Fs  E N C E
5:~~ c~~

S ; -c K  ci-~~~ =2. D L :-
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5~ I E ~ R

-~~ €. T~4C SPEC.  If A < 2 ; then CA1~RY 0
5~

- .:- ~E~~T: . ~~1F- Fi =~~.D L
5.a - €• 1HZ C: HT L If A ~ 3; then ZERO 0
5E: s~ L C F s  =~:t DL
5::~O S T ~ IE RR
~~~~~ IF - A C H T L
~ : -: ~-~~EC LCI Q =10. DL S H O R T  F E C  C IF C ~— L A c T  W O R D  C~E F E C  I I V~~

G-3

T,-:--- : -:-
~~ ~ ~~~~~~~~~~~~~~~~~~~

~~~~~- ~ ~~- — —_S-, -s- — —---—h 
~ ~~~~~~~~~~~~ 

—
~~~~ — ~~~~~~~~~~~~~~~~~ 

-_S- —-- 
~~~~~~~~~-



r—~ ~~ 

~~~ - - r ~~--a-- - -~~~~~~~~~ - - - ~ —- —-~~~---- ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ~~ ~~~~~~~~~~~~~~~ - -- -~ - -~~~~~~---- - --~~~~~~~- - --- -- --

- 628 EMDE fiSO IERR COMBINE REC. LENG. TEST 111TH IOC STRT.
¶ 

~~~ CU lL LDXØ ~=@,D U CHARACTER TRANSLATE + AND = SIGNS
640 MWDRD CI~PXO =3E~95 DLJ SEG INN IPII G OF WORD LOOP

~ 6~~ TZE RT URN
~ Gee LDR INDAT , B Xø IS INDEX REGISTER

~ 6 ?S LDX I =6 . DU
I ~~ 

68w--— - - ‘- - -—- --- -- LDQ =Ofl?7?7?77?ee
- 690 TESTC NOP S EGINNING OF CHRR. LOOP

?85 - C~ K =O ILDL TEST RIGHT MOST CHAR FOR =

7ie T2E EDLIRL
?28 CJIJ( =032 .DI. TE ST R I G H T  MOST C H A R  FOR +

?30 TZE PLUS
~ 

— - 740 - - R O T R T  fi1R S 
758 SSXI =j~ DU
‘60 TNZ TESTC END OF CHAR. LOOP
??8 5T H INDRT, S

-
~~~ ?8S - 

~
- RDXØ =i .DU

?90 TRR NWORD END OF WORD LOOP
--  800 - - - EOURL ERR =O~ 8BO66 .DL CORRECT = SIGN

810 TRR RO T A T
1
~ 

828 PLUS ERR =0000052 . DL CORRECT + S I G N
8~ 6 IRA R O T A T
848 RTURN RETURN DF ITR IN RETURN TO CALLING PROGRAM
85~~ FR SCZ 1,080013
860 S T A I R  £855 - 2 - - -

878 DCIIII ZOTD !NDAT.309 BUFFER ARRAY , NUMSER OF WORD S XP1ITTED
880 DCbJ 855 1
890 END
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t qqq ~

2~ I ~ ~ ~ I - ~ 0 ~ tOO
:h~ - ~ x~ t ~X - S14n
:7~x-~~~(k ~ x; MSD OAe SlepIe
2~ 0 0 XI X ~ 0 I tn-p hase co..p.eer~t
10~ .k ~~~~~~ ~0 ~ In M t I 1 L ~~’lt. Aopeated I to 128 tIme.
‘_ ‘i 0 x x~~ IX ~ ~so (90 for tH, .pp ltoatlon)
n : ~ ~ ~ -< ~~x SLgn
32- X~ ~ 1~ X 1 X M OO Range Increoent per
11 It ‘ 0 0  

~ I X ~ Q..edr~ tor e ~ - p ~ ‘~enI AaA.ple (In Inch..) to

~
•
‘I ~~: ~ ~ \ -  ~ ~X ~ In M t)I t ’- ’It , be marked on each reel
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t e t
~~L
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I 4 t~~I X~ X~ X I X I 
~ ~X ~ l~SO

1 4 3 1 ~ I x 1 10 S hi-
j 4 3 0  X X~ X~ X , IX ~ MOD
tAY ~~X X~~~I X ~O)M ~~’v  0 1 0 1 0  I S I R ..It A n gle Is Troth~ Of t1e~ree.
)MXl~~4 x x k l I ,( ~
l S . I X  X I X~

5I i~ S I

lg4 t~~~ 0 - S  5
I I S I 100

184 . 1 ~ I 0 I 0 ~ St 4 n
141.51 5 X~ X I X  ~x ~ MOO
1~~~ - _ v S S I X  - ° i
~~~~~~ X- X  S ~ S Vat., A o1--- 1r0 , Ir ~~~~~ ~o Tenth . of Dogreco
tMI. A~~~ 1 0 0 ~
l~~~~ l ( X  X o ~~~~ ~
1M ~~~~~X 0 9h~ ~ x ~ ISO Note.

~ ~ 
H A l l  Rer~ rdJng, )~

- I 800 BPS in BID CodeC 
LX I~ ±0 ~ 0 ~~~~~ 

t -ng t tudtn ,t P-~, -lt v 2) I Pf .pd Porvn.t BIt.- - Fi m ed Pormat Zero- - I )/~ 40th g4p Aol., or Prenet
I~ - ~ ~ 3/. tn~h gap Bit Change.
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- Fig. 1 MAGNETIC TAPE FORMAT FOR SHORT PULSE DATA
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S H O R T  P U L S E  T A R G E T  D A T A

A printed-out listing of the computer program for im-
aging coherent short pulse target data is provided in this
appendix . The computer program documentation together with a
sample program is located in Volume I, Part 3 , Section 8.17.
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10 C~ FILE :IMA GP
2a COMMON INDRT (309 . IPEF . STA T~U2’i . IERW
38 CHFi~~R C T E R  II~L ’ A T 1 s 4 E ø .  I t ~f ’A T 2~~4 E ~€’ . l u c . R T:~-~-4 E:o. ~~DRT4*4 14
40 E D U IV A L E N C E  < I N L A T 1 . 1 U D R T j ) , ( 1 U t ’ H T ’ : E~1~~, 1 N D AT 2 ) ,
50 . ( I U C A T < 1 ~~1). lt4 DAT~~~. C INC ’AT < 2 41). INDRT4 )
6fl C O~tI1 CI~4 / E L C i C  ~ 1 / N P T S F .  1 TC .  KA Y ,  D E L T R~’. D RTA (  540)
70 C: CI~lI1OM / E I L U C K  / T HOL D. DRRI~IG, I A5 I 1)1, 1 CT R L
6” -3 COP1~T O H / C L O C ~( 9/  Z C T R O L  • RP ,  RN, SP. SN. I~~ET~ IIIEND, THT
90 CO PI1ION/E:LKI/SK1(500)
100 COMION/BLCKIi/X FI ( 40~ 250). XFQ~ 4C1,25E’), X FI I~ 64.258)
110 1.1 T I ,TC ’1.t EL I ,DD I~~XRI(i2&).ITQ .TOQ .DELQ . DDG~. XRQ (128)
12u  - DIMENSION IDATFt (548) • IDRT A1 540) • IDATAQ (540)
130 IIIR (2) • HEADR (3) • TRAI LR (3) I ITHETA (2)
14E1 2THDES (48) •IFSKP (20) •S~ 5ATT (4) • THMIS5 (30) •
l5Li 3TS IIINDOUO )
1E-€~ DIMEN SIO ~4 W (40).TGTID (i8)
t7~ CHA RACTER TGT ID -

180 ~~~ 
— - E Q U I V A L E U C E ( H2 .  BKI(1))

190 D A T A  P1. F 1 0 2 .  DTR .  RT D.’~~. 1,4159265. 1. 5 7 & ? 96~�. 1. ?45~~~E—0 2 . 57. 29578/
290 D IMENSIO N CTREL(5@)
2 t 8  D F 4 T R  C TFs EIL/02 13 , 028. 020. 052. 071. 070 . 06? .  066, 065. 064.  O63 ~228 • 06 2 .  (iSj , 050, 04 ’ , 046 . 045 .  044 ,  O4~~. 042.  041. 0C1, O30~
230 * 027 .  026 . 025, 024 . Cr2~:. 022, 021. 011. 010. 087.  086. 085. 004.
24 8  - 

41 
~~~~~~~~ O&2 , Oei. O&8, 013. 060. 032, 033/

250 U E L E T / C A F ~~i/  T G T I D . N E R T G T
260 N A M E L l S T / C F ~RC 12/ K R s ~. D E L T F $V ,  NIIINDCIS
:-~‘e NRflEL1 S T / C R R C ~~/ DPA N6~ C T 6 T ,  THING : . THC ’ LD. FREQ
288 NA MEL 1~~T /CRRD 4.- NF ILES .NRPS , IR€ i,LRST, INCJI SE. NTH .P12. INCX
290 NA7 ’ 7 E L1ST /CF ~~D5/ M 2 C .  NTHCi , ADEL Y
3e 0 MRJI EL I~~T/ C R RC ~6/ NFSI(P. IFSKP
318 ~4AP )EL IST CAR C8/ SYSATG! . TSWNDGI. IFSEP
320 5 READ •5 ,CA RD I.
no W R I T E~~~~2O~ U ) TGT ID ,NE :RTGT
34 0  2060 FCt F: MAT ‘ T A R G E T  = ‘ . 18R65 ‘ NBRTGT S ’ • 15)
350 ~‘EAI ’ ( 5 1 C R R D 2 )  -

368 WRITE (6.CARD2 )
378 IF ( N’IINDOS fiT. 0 ) GO TO 6

~388 W R I T E  c G I  1002)
3~ 0 1882 FORMA T ( MWNDOS IS INCORREC T ‘ )
40u C A L L  EX I T
410 6 CONT INUE
420 MWN DO = I
4~ & R EAD (5. CARD3)
449 W R I T E  ( 6 . C R R D 3 )
450 C
460 A LJIDA = 11. E / F R E Q
470 AK = (2,PI)/ALMDA
480 A K R  ~ A~~’DRANG
490 ACIG I  = A~. * C T G T
5i~0 TI-i CtLCi 20. ~*RLOG10 CTHOLD)
5t~ THTEST = 10. *THINC
520 CIII = 0. 5~~T H I N C
~~-:- e F’EFtC ,5, CAR D4)
540 W F I T E  (E., C~~RD4)
550 2~~S ° INO ISE
568 W F ’T S = L A S T  — I R O  + I
5 ’ 8  UF ’T ~.F = N PT S/ I N C X
580 N T H I  NIH + I
590 NTHN = 2**?12
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~~ T H I-S
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:
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~

I
~
I > : , T H  =

t~~:1’ .‘—i Cp~~io ‘ET r~ l .- 2
¶~:, -4 ’~I ., ~~~ r 

~TH / 2
,_ _ ‘; ,, - - ~~~~~~~~~~~~~~~ 

_ 
~~ i ( 5 ~~~)

.:,;~~1 ~ ‘~ -:~~F O ~: - . ‘4 1 2

r_ ~:- -~ c s , , . 
~ . id :: I -:~ ~ T I N G FU ~JC I I C ’ .  C E F  I ~-i 1 I I C’~4 $ * I 4 I4 I 4I *

•:-~. - -i C
_ ‘ •I?~•
- ‘l€ ~ ~~~ ~ i~~1 , N T ? • ~
_ I
~~~.) : T )-4 H~~) 1 4 ( ~4 T U 2 X — I )

- ‘,I t) C - T H  ° C C t S~~X T H )
_

_
4 Cl ;-

~~~ I -~ =0 ~ E + C t . 9 2 * C ) C T H 4 C X T H
;, ‘

~ lit 1, 7 C - ‘:i ~i I i u ii E
‘~~-€ , -~F~I T E ( h ,  7 6 7 6 )  U
:I_ ,

~~, ?E;~ ~C ’RMA T :- W E IG H T IN G  FII~~C- T= ~ I bFIM 5- ‘ -~~F1€’. 5))
/t ’~, i.

‘9? -~~ I T E  ( E  - . .  C~O .  NF l ’S.  N T HI  NS. N F ’ T S F
-
~~~ IC . ‘SCI ,:. F C ~~- M A T  C ‘ N F ’ T S  = . is . ~ - - NTH =‘ , 15. / ‘ z~ s = ‘ . F1~~. 3. •-‘

6- 10 ~ 
— N ? T~-F = ‘, 15 )

E:~~ C

~
‘:-

~ IF P4F ILES - CI T. 0 - AND. NFILES - LI. 10) ~O TO S
€ 4)) W 1 T E  (E-.1004)
~1~~ Fj t 0 C 14 F O R M A T  (~ r I F I LE S  IHCCs F~R E C T  ~ )
&6k) C R L L  E X i T
~;

;-‘ C’ ~: CO NTINUE

~~~~ H.-~ c~c = 9 ) 3* URPS
C;9~Tt N E : rt ~ 1852
900 1 F C NRPS - 01. 1’ - AND.
91~3 1 NkF S ~ LE~ 6 ) (10 10 18
9;~O I’J F - I T E  (6 , 2020 )

~~~ ~~~~~~ FC ~~~~)lFi T I: ‘ NRF’ S INCORRECT ‘ )
9 4 0  C - ALL  EXI  I
9 ~D ji 1 (1 C: C’ N T I N II E
9~:e C
9’e R E A d  (5. CARDS)
98 k)  ~ F’TS S = 2 * e r l 2 C

- ~ 991) I-a- i TE 6. 4001. NF ’TS S.  NT HN. MTH O. RO E LY
1 I~.~:~ij 400 1 F O F M A T  . ‘ CItJ UM E :ER OF F O  I PiTS T F :A t ~SF O F - ’t 1EC I ~ TI  rIE C ’ CMA I  N ~ • I 5. /
ig ’i o  1 ‘ N U ~1E: E~ (‘F PO I N T S  iN RPJ(~LE T~~Rfl SF C’~~M = ‘ • I ~~ , •‘ 

- 
~JL I~~E:E~ - -
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1
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3.:
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HCI L I’S IN RT I  ‘ . 15. .- E ;-:F ’EC T E:  ) 1A;-: I ) 1u~ ~ - 1 L I ~ -~~ E - ~ : ~~~~
1I:’:~

) :F~ 4 )
t ” - $ .) > - L~ ~

l
~~

i 5 € 1  ‘v L  ~ El Li
:
~ 

‘~~~- “  ‘•
_
~_ i a RL~~LY + N T H ? J * C I E L T A ~’

t - ’ 7F J ~ EF~C • 5 . C- F i F L ’ 6 1
1~~~Et ~i I iE E- 2 0 0 (  IFS)IF .;J , J=1,  NFSIC F’ )
~~~~~ 2~’:c’ FLI F-rIA T ., ‘ F I L E S  TO 8E E-K I F ’ F’ED ‘ . /~ ‘. 10 2X. 151 )
jj ( .cj C
1:~10 C
112 0 J M I S S  0

‘ i~t :o ZFIL E ~ I
1 , 4~) I S K F  = 1
~ i~~O C ‘ . ‘ ~ •. t - * s - 4-~~

- $ 4_ ,i * *i *4~.I~ 4 *

r ~~5Ct C
t • 1j :’~i ~ Et ~C ~ C f ~RDS )

1 ~ ~~ ~~Ir S ~
:1 I T (  1 ‘~~SVSAT Q

I_ i _ _ -. ._ t T 5- i-~?,. :‘. i . :TSWNDQ
i, ;T .:t) :i ~ r,- N T I N U E
~~~~~~ I T W F C ~ ~ 0
i;: :- €’ T~~ ’ E S .  1 1 T S W N D C ’ ( N W N C ’ O )
i : - :~~ E L I  4(1 ;= ~~~~, N T H  - -i- S

t ;_ -~~
, T H C E S J ,  ~ T I 4 D E S ( J — 1 ’  + TH IN C  ~~

~25€ ’ .0 ~ C’’4TI NUE
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~::t0 ~: 4 5  T H F I N  = T H I E S ( N T H )
1 ?0 iF ‘ T t i F I ’ 4  (t E ) 6 0  C’ )  I T H F G  = I

: i;~s~ ~1~~l T E  ~~~~~- ~~~ ict . ~ w~~cc ’ . S V S C ~T T ( 1  T H L E S ( 1) , T H C ’ E S ( N T H
: 2 — S t, ~

‘ -:~~:~~0 FC S - : F i T ( / ’  ISr E C T  W I N C O W  ~d 1 I H E 1 E R ’ , 12. / ‘ 5~~S A T T  ‘ . F 8 .  2 ./
t:~~ I ‘ W H~DCI U Fk’Cs Il ‘ ,F6. 1. - TO ‘. F6 . 2. ’ D EGREES “ )
‘_

_
~ 1_ ’j C

~~20 CC I 4 5  J = j ,  ~4 P T S F
13:~ (l It ~~~~ J J = L N T I I I
1:4a >:Fc’ (JJ . J) ° 0 _  0
:~:53  ~FI ( J J .  J )  m ~~
:;~:0 45 C C ’ NT I N U E
t: :’o C
:,;E;a I C T R L  ~ I
i;90 ICI~~T I
~~4€ ’ €l I O F R S M  = 1
1) 10  I t l ISS = 8
1420 NH ~ 0
j 4~~~ 1 1 1 W  = 8
1-140 I S P T S T  ~ 0 

-

1450 C
1-4 c:0 2~~ IF ’ F I L E NE. IFSKF ’(ISKF’ . ) GO TO 270
14;-’t:

~ 
w~- i TE C 6 .  6006)

~~~~ EC’~ t~~ F~CiF- !-1 Fo T C ’  F ILE  T E S T  S T A R T  ‘, )
14~~~ ~~~ C C ’ M T INUE
1500 C:FiLL DA TA1N
151, €~ IFCI E k’W EG’ Oi GOTO 251
t 5 2~i C A L L  ERRPRC
15~~O IF ’S ERW. EQ 1) GOlD 255
154~ 6 0 10 25 1
j S 5 Ct C
1~~;~3 255 W R I T E  (6. ‘@08) IfILE
15:’i, 7t’~

:’-) F C ’ F M F i T ( ’  6Y F ’ A S-S E D F ILE ‘, IS
15~~1 2~~5 IFI LE ° I F IL E  + 1
15:~U IF ’ I S~~F GE N F S K P  It GO TO 2 70
it ~~.:? .~t IS-I F’ = ISK F’ + I

~~~~ G O TO 25 0
1620 C
~E- :C’ 2?Ei IIJF.’ I T E  (6. 6007)

~~~~ t0~t ’ FOR~1A T 
/ ‘- FILE TEST END a- FiLE F’ROCESS 8EGIN ‘. 110)

11: 50 c
1E ~~~

cj I F ’ A S S  = I
t~~:’~ ICiER = 0
t,
~ ?-0 1GM = 0

~~~~~ 191St 0
iT’00 1K ~ 8
US

~~,e 2 ’ 5  IT H = IlK + 1
It 1:’~~~~~1 C-

t~~:~ 2 ?~: I S R T  = I
1:40 IHD =3
i_~

__
~~

. 2 E :~~l CCI~IT INUE
1’ i~0 C A L L  L~A T F s 1 N
1.

__
~~ 

2 9 2  IS - IP  = I S R T  + 89
~ $ i — _I a IF ’. ISRT - ED . 91 ) IHD = I ‘

f I  i~~~:’ IF’ I~~~T ED 181) 1HD 2
1-~~ 0 I~~ ( IE~’W EC I 0. O F . I E RW . EQ . 10. OR. IE RU.  ED. 13) f i OT O 52
.
-~~ - ~~ C-~’LL E~’ RF’RC
~ST- 0 IFII E F’W . Er 1) GOTO 318

~~ - :~~ IF~~I E ~~W GE 20~’ 6010 70
!I ~~~4 0  ~i O I O  ~15
1 : 0 0  C
i~~

_ 0  C
~~~ - 

-
~~ 52 IF ~ I H D  - EC ’ :‘ ‘ GO TO 290

~- : 0 IS~-TE~~ISRT+22:B.~.) C E C O C E C  I~~[ i iT 1 ,  ~ 71U ‘ < H E F 1 D R C J ) ,  J 1~ J ) ,
t~’’:~t~ e ‘ i C ~~T A I  ~J ‘ 1D ~~TA J ; .  J x I S c T ,  I S R T E )
lcI :,0 6 1€i FO M A T ( 3 A 6 .  2 X 1  2 : < ( 5x  2 1 5 .  5 X ) )
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GO T O  3~~O

14 ’ t~ C
: :5 I F  I P A S S  E Q .  2 GO TO 278

2 ~C’ 1(1 .~5O
:40 IF FiSS 2

2 itO SJ~J = NU + j
:5.~~ , C

IJ~: I T E  ‘~~~ 7€ i 2~i ~J N  I I H ,  ~HE RC .C :J .,J= 1, ~
,. I I F f : l ’~ ( T ~~A 1 L F ~~J ) . J = l , 2 ) ~

~54O 1. T F A I L F ( ~ :) . ITHETA (1 )
t~~~ ~ 1F r1F ~t (‘ ~‘~~~E E F ( ’. I~~. ). I H C E5 < ’ . 1~~
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I r i ISS  =
G C 1(1 ( 2~~~. ~5 5 .  IPAS S

: 5 ~~O C
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jp.  1K + I
JF = 8

0 DC’ ~~~ J =j .  H F 1 ~~, INCX
J F  = JF + I
J J  I R ( t  + J — I

= I ( F I T A I ( J J )

~ F I’ l~ J~- )  X I / 1 0 W 10 .
J f  = ; G’/ lOOOO .

: 5 -  C O ~J T I~~uE
IF T~i[’E~~ u N ’  LI T HF IN ) GO T.~ 2 75

:‘:~~ C
40’:i CC ’ !~T 1~JUE

I C I T E  ~~~. :~~O@)
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3Q00 DO 554 IKa 1. NTH
3910 TN • (IK-NTO2 )*TNJNC
3920 XCT H - CRA*COS ( TH*DTR )
3930 XI COS< XCTH)
3940 XQ ~~SI N ( XCTH)
3950 X FIX = XFI ( IK.J)
3960 XFQK = XFQ( IK,J)
3970 XRI ( 1K) z ( XF 1X*X1 — XFQX*XQ )*W ( 1K)
3980 XRQ ( 1K ) = ( XFIX *XQ + X~ QX*XI ) s N( 1K)
3990 554 CONTINU E
48e8 C
4010 IF < NIH Of. NTHX ) 60 TO 556
4020~ DO 555 1K-HINt, NTHN —

4038 XRI(IK ) = 8. 0
4840 XRQ (IK ) = 0.0
4058 555 CONTINUE
4068 556 CONTINUE
4070 C
4088 DELl—I :  0 —

4890 DELQ=1 . 8
4100 CALL IFT (XR I,XRQ)
4110 IK=NTHN
4120 DO 493 Il K = 1.NTHN
4138 XI = XRI (IK )
4140 XQ = XRQ (IK) - —

4150 XA = 5 D R T (  XI *XI + XQ*XQ )/XNTH
4168 IK=I K— 1
4178 IRDD = IFIX ~ 40. 0+20. 0*ALOG10 (XR)+0. 5)
4180 IF (IAD D. 61. 43)1RDD 44
4190 IF (IRDD . LI. 5)IADD=4
4288~~~~~ XFIJ (IIK. J)=CTABL(IA DD)
4210 492 CONTINUE
422e C
4238 459 CONTINUE
4240 WR ITE (6. 7518)
4250 7518 FORMAT (1HI. ‘AMPLIT UDE (TRANSFORM IN THETA DOMA IN ) • )
4268 c’o 468 J=1.NPTSF
4270 RJ = J*DRRNG
428e WRITE (6. 7528)RJ, (XFII (IK . J) ,  1K—I. NTHN )
4298 468 CONTINUE
4308 7528 FORPIAT (1H • F8. 5, 180RI)
4310 C
4328 JMIS S = 8

~738 E~~( P4WNDO ED. NWNDOS ) 60 TO 5
4248 NWN DO = NWND O + j
4350 READ (5.CRRDO)
4368 S~’SRTT (1) S?SATQ
4378 TSWNDO(NWNDO) TSWNDQ
4380 60 TO (599. 31, 418) • IFSEP
4398 599 CONT i NUE
4488 T E S T  = TSWNDO(NWN DO)
4410 IF ( TEST . LE. 380. AND. ITHFG . EQ. I ) TEST = TEST + 360
4420 J = 0
4438 600 J = J + 1
4448 IF U . 61. NIH) 60 10 686
4450 l F (  R 8 S ( T E S T  — THDES(J)) . 61. 0.1 ) 00 TO 680
4468 1K = 0
4478 DO 682 L=J .NTH
4480 1K = 1K • 1
4490 DO 601 LL I,NPTSF
4500 XFQ (ZK.LL ) = XFO (L,LL)
4 5~~8 601 ~:FUIK.LL = XFUL .LL )
4528 602 THDES (1 K THDES (L)
45:0 IL — 1K + I
4 54 k )  C’ C’ 5 8 <  L L L  NT I4
4550 60 THD (S (L) = THDES (L—1 ) + THINC
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~ r~~ .~~5 < L )  uE :~~ ‘ I T H F &  — I
~~~~ C C t . T 1 1 4 1( E
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4• 1~~’ I I . ~ 1K
1~~2 0 r~~r i , 4  c H I N )

1. ~ F ( 5F
4~ 4 . 1  t .0~ J LI. NIH
4~ 5.’ ~• .f ( JJ~ J ‘ = 0 0
4~~~ •~ I ‘ J J .  J~ 0 8

.:~,5 ( 1 k 4 T I ~4 1IE
4 6  60 t O  275
4t~~~ l C
4’~ ’.~ E.~ ’E r . I 4 T 1 ~PIE

• ~~
. 1 T E  1 .

r~~~ 6 F~~~~l~if  ( 
~~Ci III~TCH F~~ lNC. FO R F~NGLE ‘ )

~ r1L L E~~: i T
C

41k’ C O N T INU E
IF ‘~. lCrF1~SM ED. 1) 60 TO 415

4 . ’ 7 0  IC’ F~iSM j
6~’ t O  41 1

4 1 5 C~ ’ ’~T I~ 4UE
C~~LL t’F~T R l H
L~ IE~~ E~? 0 )  6010 410

46 20 (~ ‘ LL  ~~ F F R C
~~~~~cl I F . I E ~~W~ EC’ 1) GO T C I  411.
4 E’40 I T E ~~~. 7 0 : 1) I F I LE
4 5 ~i 601(1 410

70:1 RORII FiT •:‘ F~EA D I N G  TO EOF iN FiLE  ‘ . 15 )
4~~ ? 0 C

• 4~~~ O C
411 .~~ iT E  (5 70 C’4 i  IF LE
7~’ 0 4  F C R M F~1 ‘ C J H F L E T E C  FILE (’. 12, ’) ‘ )

F ’ , I F I L E  E Q .  N F I L E S  GO TO 610
49~R I~~ ILE  = I F IL E  + 1.

6(1 TO 31
494,5 C

61(1 ~~ T E 6. 76 2 0 )
4~~50 7 6 2 0  FO ~~t 1ATY F I L E  FC’ R N E X T  W I N D O W  DOES NOT E X I S T  ON T H I S  T A P E  ‘)

4 9 7 € ’  60 IC’ 5
4 9 6 0  ENC’
.1 4 ’~~l ~~UF:~~ ( IT 1 N E E~~~Fi’C

C C  1 C N  I N D F I T ( 09 ~~. I F E F .  £ T i ~T W ( 2 ) ,  Z E R W
~~~ I ~i I E L  E: . . /C ~~U€ ’C , Ct Cl C~C t 2 @ 2 0 /

50 20 I’~~T Fi l~~EFi L.’ . ~~~~~~ IE~~F 2 .  1EF’ ~~~. 1ER ~~4/ I1, €1. 0. 0. 8/

~-‘Tf ~ IE~~~5 IE F~~5.’Cl . C’,’, IN/6/

505€’ I F ’. IE~~ ED 0’ 6010 ~00
I ~~~~~~~~~~~~ ~0. 12. ST~~TW( 1))

S &‘ I ~E C L ~‘ ~ (1, 1 E~ I ~J C Fl I 3,’)
IE = l E~~4

F~ I E F ~ LI . 10) 6010 20
5 100 W c = I E R R — t 0
5110 :E~~f 1 = I E R c i + 1

I F .  I E ~~ LI 10. 6010 28
I E F R = 5

2~ ~~I1E’ .I~~. 100 11 J E R W .  I F E F .  IR EC .  Z S T A T
(1 . .j  t .~~~’ 1 H T ’  iN 1 2 ,  1X . N.. lI. . ~~~~ IX, 04 )
:~ ‘

j (i~~~cl~~~~~. ’~~I . 5 5 0 .  ~~(I~ 1. ~~5(1, 70€1 , 75c 1. E:50 , IERR
I T  ~ LC’ ’ 12. 12 IND~~T (~~O 4 ) )
F U 5~~ E~’ I E L E L )  R ETURN

If’ 1.4 10(11) ITE5T 
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5220 1003 FORMA T IN • ‘ITEST.’.04)
5 23 0  R E T U R N
5~~4 Ø 550 1R E A D = I R EA D - I
5250 W R I T € ’.I W. 1888) IRERD . IERRI. IERR2 . IERR3. IERR4 . IERRS. IERR6
5~~ee 1088 FORMFi TUH • ‘E ND OF FILE DETECTED’ . 1 . ’ RECORDS PROCESSED BY ‘ .
5278 ‘ ERR PRC E R R — ’ . 6 ( 13 . I *) )
5280 IF ( !ERR. EQ . 7) CALL ~~ ZT
5290 ZRERD B
5280 IERRI — 0
5210 1ERR2 0
5320 IERR 3— 0
5~ 30 IERR4=0
540 IERR5=0 -

55 8 1ERR6—0
5360 RETURN

608 I(RR2 1fRR2+t
5388 WR IT E (IW , t084) IREC ,ISTAT
5� 9 0  1.804 FO R $ A T ( I H  , ‘ L O N P C K— ’. R3 . 04 )
5480 GO TO 888
s c ie  658 IERR3=1ERR3+ I
5428 NRITE (IW.1085) IREC ,ISTAT
5430 1805 FORMFI T (IH .‘L.ATPCK- ’.R3,04)
5448 60 TO 800
5450 780 IERP 4=IERR4+ 1

~ 46 0 W R I T E ( I W . I886) 1 R E C . Z S T RT
5478 1006 FORMRT (IH • ‘UNXERR- ’,R3.04)
548e 60 TO 880

• 5498 750 IERR 5=IE RR5+ I
5800 6010 808
5518 sse WR1TE (1W.10I 5 )
5520 1815 FORPTAT (’ BLANK TAPE ON REA D— THiS JOB WILL TERMINATE’)
5530 GOTO 558

• 5548 END

‘i
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A P P E N D I X  I

T S A R  S I M U L A T I O N

R U N C A T A L O G U E S

Listings of all the computer program runs for the
TSAR Simulation are provided in this Appendix. A detailed
explanation of these tables is found in Volume 3 of this
series.
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1. 1..~~, 0’
C
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x T.I p

B -~ 0 0 0
• q c~~~~ c

C ‘• . . s  00 • 0
.4 q t.. u ,., -*4

0 ~~~~~~~~~f_I U
• I s

• .• &• LJ
• c c c
• 00 0

Z U IJ U U  Z Z
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‘—I 0 f_ ’

a’)C P. p— n e -
0 a’ _________________________________  a’90’______________ 0’• 0’ 040
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‘O
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A P P E N D I X  J

A N T E N N A  L O B E  S C A N N E R

O U T P U T  D A T A

The outpu t da ta of the Antenna Lobe Scanner computer
program TSAR Simulation runs catalogued in Appendix I is
provided in this appendix . The relative gain and direction
of the antenna pattern side lobes are given for various
absolute gains of  the main lobe. Listings are given for side
lobes , both in order of magnitude and in order of position.

Each page represents one run , which is identified in the
uppe r ri ght hand corner of the page . The snub number (SNUMB )
and the data ~e.g. 1-22) correspond to the first two columns
of the catalogue s in Appendix I. The pass number refers to
the entry numbe r’ for tha t snub number and date . For example ,
“SNIJMB=8902T, 1-22 , Pass #2” shown on page J-3 refers to the
second en t ry  of “8902T , 1-22” on page 1-2.

Plots i l l u s t r a t ed  in Volume III use these same
iden t i f i ca t ion  markings .
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6-’17,Pass#2

•,.r “a t ’  14 1” 13 r,5 3~
j ’~~ ’

,‘~~4 ) ’  i ’.: 7f L~~’ 3 V F  ‘4 ’, ~ 5’ ,. j ’ ( . 3 5 ’  3 “ i ’  4,’i,cs

.1 .~~ . ‘ a s s  A” ~‘ L 2
I )‘ e I C 01 1.,

~~ap3 
— “

~~~~~~
‘ . :  ‘—‘ 2.CO C ?D ;0

5 — ; . 54 6 3 15 7
2 .9 ,6~ 4~ j~ 9 32 ,50 : 4 : 3
3 - 5 , 3 4 ’ .’.’1 ?
4 • ‘~~,4335232
5 — % 9 4 0 7 ’ ,~~4
6 -~~.CF33177 33, 5~

,_ ;09;7 -

7 — 3 1 , ? ’  330’t. 2 29 ,3 9 9 5 9 4 ~
9 - 4 0 , 1 5 , 3 2 3 °
9 .4 ,75 .174 ,’ .,, 74 ,3 4 4 , 9 w
I’ — 4 3 7 9 5 3 7 6 5
1> , — 4 ’ 3 3 b 3 ’ 5 3 3
57 ’- - 

~
‘ ‘ . 4 ’4 4 ’ 4 c ”~~7 7 ’ ,7 4 ? 5 V 0 9

:5 — 4 ,, ,4 5 5 4 ? 3 P 2375 , ‘13’.
14 _ 4 3 ~~4j 9 3 1 7 7

-
‘ 1. 5 •4 ’ , 4 4 6 9 753 27 ,9199 999

.4’ ,4 5 7 ’ 4 5 1
— 4 346)7°:? 75 , 599279.,

— - ‘ “ 3, “3 .

13 —~~~. ~~~~~~~~~ — 4 , 55 ’7 l s
24,9499 990

• 
‘~~~‘ ‘ 9•” 35 ‘ 

~ 51 ~ ~~~~~~~~~~~~~ 
‘ “~~~~ ‘~~ CA

~~~ 13 3  j :9; 7 1 3’ 5 !’
—a t ’ . ‘.:i- . ‘:~, 

. — 
6 250’J301

2 .4 ,o 5 8 , > 9 5  6 ,34 99199 6 . 3 5 7 0 3 0 0
3 -I .9~~5 �6J 3 4 4 9 ’ 7 3 9 ’, 6,4550309
4 . ‘4 . t ’3~~~”7’ .‘,5~~:s,,70  6 55i1900
5 ‘“ ‘2 1,43, C’ ,35:07’: ‘ 6 6 5 9 0 0 3 0
6 ‘4 , .I”4~~3d: ~ 75: Q3 ’ , 6. 75 00 00 5
7 — 4 ;’15’3;3, 9,5999993 7.2000000
8 — 4 ; . . I ~~~~ 2 4~ 9 ,5999999  7 ,6 0 0 5 0 0 0
o — 4’ ..‘ ‘2 ~2J2 9.6999999 7.7056000

5’ ~43, 724~~’ ‘~ 9 ,4’~? 9 7  7.8005330
-433Qfl7~~1 9,5405? ‘

~~ 
‘ 4 950 1 9 3 0

‘ 3 7  .4 ’ , 3 . A 3 4 ~~7’. 154’3s’CC3: 8.Q900053
iS —5 .34 ‘l’~~ 16.199999’  j4 j99 996
5 4  ~7 , ; 4 3 i  57  ~3•5O9Q99’, j 4 ,5999999
15 - ‘ .9 4 9 , ’ ‘ 7 4  s7 .C 9 c~ 90f, j 5.~~999 9Q9

72.8499999 29.84)9999
22.94904ô 9 9 . 9 90998

Il’ 4 ,4 9 7 2 a 5 4  23 ,55104,, 21.0505000
19 - 4 , . 5 50 ,~~7.5 7 - ‘3.1°~~99~~o 71.1999996
7’ — 4 7, 576,935 23,301010’ 2t,300o000

‘a ’ ‘,/ s ’ “,“.: a’ ‘rT4”3 I 07’ ;’~ :~ ‘“ .~~~~ ‘
‘ sY’~~~V~’~~~ “ ‘ i E’’

LI • ‘1, 1’ ‘~‘7 
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0 ‘4  . 74 ’~~7’ -4 .50 . 4 . . —6 .55.’C:
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1-23 ,Pass#4
ONE 11*11 LOSE 0419 25 *5 ’, 3011359

LOcAT001 *90 9 15159*1 9* 14 00 410915? 23 SLOg £0553
lii i OI L , G *Z *

S II 5 1 DEs I

9*14 3 ,0 11,9999999
¶ 

~ ‘2,~~335224 5,6505030
a 12 .91360 17 *‘3300000
3 — 97, 1056086 49999999
9 — 1 7 . 1 3 1 0 9 1 3  3 .6000000
3 — 1 7 ,9 3 2 2* 5 7  6.9000900

3 4 11.80722 ’7 0 6 .6000000
7 9, ,33$83 19 3 .90 00000
$ —99 .38 9336 1 2 .0000000
9 — 19,5958404 3,1005000

90 — 2 0 , 0 7 $ S 4 9 S  6.SC05000
4 1  —22 ,165293 0  7.4499999
‘2 —23.3056 126 2.5503000
‘3 —�i. .O3o 152 5.6999999
14 —2 ,1 16 ,6919 1.3500000

—05, 6714816 -0.250400
‘6 —28 .0027361 91.0999999
I’S ~26 ,5O 33 ’ 0 *  — 1 4 50 4 0 0
‘S — 2 6 . 6 3 2 2 9 9 9  10 .3000000
49 —2 ’,3219093 —2. 9500000
20 — 247 051 313 12.1999999

~~a 0 p  1.39! NULl. *93  t Ipsy 20 5110—4515  90 lIGHT 3~ 1*10* 11 9*29  loS!
181€ 915 .  G A I N  9 9 1 1 €  A I S L E  I t : .  *961 .1

I DI I I 010 1 I DES I
pilli L o l l  ‘‘ 5355  5.~~50o 0oo

1 — 1 2 .5 3 2 5 2 2 4  5 ,6 5 00 000 0 ,65 000 30
2 —1 ~~~4 3 2 2 4 S ’  6 .1 000000  1.10000 00
3 —18.6072216 6.6000000 1.6600030
O .20.0160416 6.9000000 1.90000:0
S —22.5662930 7,~~999999 2.8500030
6 — 9 7.1068086 ‘49999999 3 .000003 0
7 —28.6381152 8.6999999 3.7000030
• —28.2117829 9.2500000 4,250003’
9 —29.0479912 9.6999999 8.7000000

10 — 2 6 .6 3 2 2 6 9 9  10 . 30 0 0 0 0 0  5 . 3 0 0 0 0 5 0
11 —26 .002736’ 11,9999999 6.1000030
12 —2 7.1065399 13 , 9 9 99 9 9 9  ‘4 2 0 0 0 03 0
13 —30 .1539753 13,8000000 8.80001’
14 .31 ,3~ 639l6 14.0500000 9.05000;’
15 — 35.1230998 149000’OOQ 9.9000071
16 — 3S.95552 4~ 15,8499999 10.050001
17 —34 .3419225 15 ,94 99 999  10.950061
IS •32.1579056 96,3999999 11 .80060:3
19 —3 7 .3018799 ‘7.2500000 ¶2.2500031
20 —3 7.2519552 17.7500000 12.7500611

9805 to Il 801.1, AND FOISt  20 S I D E— LOO tS  90 5109 0? (51504)  11811 LOS !
9 *8 1 515 , O~~II ?~~9E A N G S t  OiL , 5995!

5 Dl 1 9 989 1 C DIG I
9*29 505! “ l u lL  • 9.5500000

I .12 ,91550’7  8 ,3500000 .0_65 00030
2 17.1317913 3.9000000 1.1000030
3 —90.6368379 3-9000000 .1.6000039
11 !9.59544C3. 3 .9 0 0 0 0 0 0  —1. 9000 03 0
S — 2 3 . 3 0 5 6 9 2 6  2 .5 5 0 0 0 0 0  .2 .8500020
6 — 1 9 , 3 6 9 3 3 6 1  2 .0 0 0 0 0 0 0  .3 . 0 0 0 0 0 3 0
7 .20.8616910 9 ,3500000 —3 .6899999
S .26 .0159691  0 .7 500000  .8 .2899999
9 .29.0950566 0_3500000 .6.550010

10 —25.S719S66 —0.2500000 .5.2999998
11 26.5033’19M —1.0500000 —6.05000:0
13 — 2 7 ,3211093 —2.1500000 —7 ,1993999
13 —2 6 .6733954 —3.3000000 .6.3000030

—31’,293o599 —3,9500000 .5,9499993
15 —35 ,1461033 —8,7500000 .9,7691999
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II I 9 4 0 9  L O ll  G A l S  11 •S
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36 6275 7

LI C A t I O l  A l l  5 t L A T : . t  G A L S  O~ 419151 ~ 3I: t 1.3005
N I L . 6 * 19 A N G L E

I DI 5 I 3t3 I

¶ 16 65 3 . 0  11.5171:0
¶ ~ 12 . 91l3 693
2 — 12 .9567335 3.351:0::
3 . 16 .9 16 6 2 1 5  5 . 6 5 4 0 1 0
11 — 1 7 . 0 7 6 9 9 5 6
5 — 1 7 , 23 5 5 1 7 5  531 3 5 1 3
5 —18,6066890 2.4:5.6:0
7 — 1 6 ,7 5 7 9 9 2 2
5 — 19,5O~~777a 7.315:3:0
9 —2 0 . 096 75 6 5

10 —23 .399620 1
II — 24 .11 9 5 6 9 9  6 . — . 9 4 ? 9
‘2 —25.9 036933
‘3 — 2 6 ,20 0641:  — c . ~~ :.:::¶4 —26.3007996
‘5 —2 6.6671805 — 3 .c ’ : :c :c
‘6 — 2 7.4557 061

—2’.63~ 26’’
1, — 27 . 6 5 8 14 6 5  ‘ 0 . 6 1 3 . 5 3 1
¶9 •27,8421469 
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‘— i . i : c : c c c

20 ~ 2B. 175 4Ie9 9,4:0:0:5

961$ LOS! 471. 1. * 4 3  * 3 1 1 5 3  3 3  sIoE—:oB. ’s IC  ‘44? 31 ( 4 5 : 9 0 ;  7411. 1.511
5 * 0 1 1  Ii:. ~~ 3s t ’:t  A 5::t 551 . ,  A ’ : 4 E

1 30  I 5 3E~ 5 1 01 1
‘4 1$ L’ bE ‘‘ 451, “ 4 .4 5 0 0 0 0 0

- — ‘2 ,9’13693 4.65030:0 0.61344
2 —1 ’ ,2353175 5.10000:0 1 .133 4’
3 ~18,7574*23 5.63030:0 1.6:5::.:
o — 20 .096’995 5,9000000 1 ,9534  3
S — 24 .1185694 6.4499999 2.41:;:,:
11 — 1 9 ,5 5 4 ’ 77~ 7.350104 3•353: 1 . ’
‘7 — 2 5 ,9 0 8 6 0 3 3  6.33530:0 4 .3 :17:. :
N .28 , ‘ ‘ 5, 1 99  9 6 0 5 0  5 .~~:c I :  I
9 — 3 ’ . 6 9 2 5 ~~ 5 1 0 . 5 9 9 0 9 9 9  6.

10 ~2463026’S’ ‘C .0 99999 6.7714 1
II — 2’7 _ 6 s 6 ’ .~~5 ‘ 0 . 8 :0 : 1 : 5  e ,2::::.:
‘2  — 2 7 ,4 S 5 ’ O ’ ’  ‘‘ ,‘9 9 1 9 9 3  7 ,7 4 3 ’  1
13 _)3,97$3391 12,9999999 9.933I~~;
14 35 ,2’’~~956 ‘3 .9—9 9999 9,5.4,1-1
‘S —3 4 ,9 0 9 3 21 3  ‘ ‘.‘..C’40 -14:::’ ,:
16 —2 9 .62’’19 ‘5, 155460
17 — 38 ,.25)18 ‘6.1999998
• — 30 ,53 1353 ‘6. 6”999 ~9 12.6.999 ,9

¶9 ~ 35 ,3 7 5 3 6 1 5  ‘‘.050310 ‘ 3 . 6 5 0 : ’ 3
4 —42 ,8657665 ‘‘.5503000 ‘3 .5533:

P A S S  LOll ‘ U L L  *4 3  11*57 1 510 1— 138* 5  ~~ LIFt 0? 131:141 “aSp L 9 L
01. ;A1 6 9311 511.. *1.C

C 30  I !~ ) 1 2!;
‘*3 4  1.311 I lL  ‘• 3.5:0:0.0

— ‘ 2 ,9 6 6 ’ 5 3 5  3 .5533113 — 3 .6;:. :.:
— 1 7 ,0 7 6 9 9 5 4  2 . 5 :5 ; 3 : 0  — ‘ 3 : 1 : :

0 . 4 . 0 : 3 :5  — 1 . 4 : 3 4 , 3
0 —23 .399 423 ’ ‘ .551:3:0 — 4 4 5 4 ,5

0 , 6 5 0 : 3 : 3  —3.35:4.:
6 —26.2:c’.S: — :1350:5:0
7 —2 7 ,8421439 — ‘.3:3:3,0 —5 ,3::::.:
S — 3 ’.200’0’’ —2 .03C :o:0 — 5 ,99599,9
9 —26 ,3002996 —2 .74:0:0 —6 .7704.5

‘C — 2 6 ,66,1005 —3 ,030410
1’ — 3 1 , 9 5 9 9 3 5 1  o ,5 0745 — 6 .9:04_ I
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OIl 981$ ‘1.001 GA IN 2$

LOCATIQI A I D  J~~~A tZ Yt G A L S  OF HIGHEST 4 sz:: 0855
8*14 I L L , 5 *Z ’C L I S t!

I OS I I DIG I

4811 0.0 3 .5:55006
¶ .12 .80*16 49 2.3501370
2 I3,9315It9 .3,6800500
3 .17,220 171.4 4.1003000
* —17.6370646 1.9500030
5 .16,134566 7 7.699 9999
6 — 11.6211535
7 — ‘8,7666273 ,. .:c:~~;c5 — 1 9 ,9463053 • .900C000
9 .20 ,7959403 — ‘.7303050

10 — 2 6 ,07 1950 8 5 ,OSO C 000
~ 1 —2 6 . 2 9 8 2 2 6 7  0 . 55050 00
‘2 ..26 ,62~~3 I3 ’  6. 6999999
13 .23.237151 1. 5.9000000
18 —25.3 677363 ‘0 o503000
¶5 — 2S~7370615 —0.6500000
‘6 —2S ,talSO2I 0,1300000
Il — 2 6 . 01 6 6 30 2  ‘2 .6 999 99 9
IS —27,2o76 72’ 10.1999999
19 —28 ,289 166’ —4 .1500000
20 —2 9 ,36 5 9 1 15 17 .5500000

SAI l  LOB! lOLL A ND 1085 7 20 5 11— 1.1805 50 91040  IT ( A B Y C ;  ia::. L C ’ E
98* 1  UI. 0*311 

- 0 *4 0  Il. *1313
I 08 1 9 D ES 1 5 350 1

1816 LOB E •. lULL ‘.  3.OSOCC O
1 —1 2.93 15119 3.6S501:C 0.61.3413
2 — 1 7 .2209 748 4 . ’C 0 0 5 1 3
3 — 1N. 627i 539 o.6451:C 1.66:::::
o — ‘9.9063053 o.9 750O :C 1 ,955543
5 —24.0715500 5.41.350:0
6 ~2S.2 07l5 I8 5.913140 2.9504 C
7 —20 ,6273131 6.1.999999 3.55 04.0

• .193’36S607 ‘.6959 999 0.700043
9 — 33 ,902093 4 9.400375 6.003::.’
10 — 3’,N11$605 9 o’99999 6 ’.503’.C
11 3’ ,016309’ 9.550314 6.51.14.3
12 — 2 ’ . 2 8 1 6 7 2 ’  IC ,1 99G599
‘3 —33 ,1807375 ‘O,5~~450C ‘.9534 . ’

10 33.24S50 13 ¶ 1 4 4 9 9 99 9

15 —26.4766302 12.6999999
16 — 3 3 , 3 8 1 5 6 5 6  13 , 7 1 . 9 9 99 9  IC . ’1*99 44
11 —3 0 .60353 42 ‘4,11.50500
15 —36.0675902 10 .651333 1’ .65 7:1 3
19 — 3 3 . 6 8 1 66 2 3  1 5 , 1 5 9 C 5 4  12. 1 5 5 4 4
20 —3 0 .1877036 15 , 59 99 99 9  12,59999’9

4*21 1.08! NULL AID FOIST 30 5011—L OBES to 1.!?? 0? (3548) ¶1814 4*0
l A I R  I I I . 0 8 4 4  T’ U E  *5(1! I l L . L I S L E

5 06 I 1 015 1 5 DII I
1*11 LOb! l U L L  $ 2. SICCCO

—1 2 ,50 61689 21503009 . C . 8 5 0 0 4 C
2 1 ’7 .4373606 • .9005050 — . . ‘53 4 3
.9 “18 76662’8 1 ,4 . 5 5 5 3 5  — ‘.630113
11 — 2 0.2 9522 87 0 .s1 .oc c :o
S .25.0o1592$ 0.1505000 —49C04.C
6 • 2 5 , 3 6 7 1 5 93  — 0 , 4 5 3 0 3 5 0  — 3 . 41 0 5 0 : 0
7 —25. 737~~o’5 —0.6500063 —3 ,650040

• —20 .7159443 — ‘,‘:c:c:o — 4 .7000513
9 — 3 1 .5691590 —3,C50743 6,050001
‘0 •32.6192460 — 3 ,5 305013 —6.0999999
¶1 —21.269 166’ — 4 , I00000 .7,9699939
17 —30 ,08 03930 —o ,l50 5COO — 1 ,5500013’
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1, ’l ’ 9: ’~~ ’ ~ ‘ ‘ ‘ ‘ ‘  1—2 3 , Pass #1

IN N S O i l  1051 68 10  IS OS , j I ’ 5 5 a ?

Lnc 8T:oI LID 515 * 001 * 5 5 3 $  C,  4 4,L’7 ‘ 4 0  5 . 8 . 4
bill N IL . ~ 4

I 3$ I 4 11: 1

115 11 C 0  2.0:5.0:0
I _ ‘ ,9j ~~~96 7 , 6% 3 C
2 12 ,94,,101. 1,353.515
3 — ‘..S22692~ c ’s ’: c:~
o •16 ,.9bSo.il 3 .8551303

5 .,7 , ’ 3 . 9 1t .

• ~~ 7 ,75.93*5 .
7 — 2 1 ,55 936 .’ — ‘ .3% 3 :3
S —2 2 ,7038679
9 — 2 3 . 3 7 7 ~~1’6 —C .~~%.01

‘4 — 2 3 .7 t96~~9 — 4 . 8 5 3 3 0 0 5

‘2  ~ .95 ,oh9 5 5 ” 3  ~
‘3  — 7 6 ,7 o 3 7 4 I ’ 9  — j . ’s o :c : :

.27,20172 74 33,430301 ’
.5 27,2’725258 7 150
‘6 — 77 .6I584~~ 9 . 1 1 . 0:5 : 0

6 .2~ 995~ 9
‘S .28,0017*83 .21315 001

‘9 —2 5 ,1225495 4 7o95999
20 —25 ,12o0005 —5.10:050

Sill LII! 5 3 1 3  * 1 .  71* 5 7  1 5131—1.1355  3: 6 44  1* (*8 1 3 !, 04 13 S C O t
58 111 401 .. 0* 13  17:5 * 9 3 1 . 0  1113. OslO

5 3* I C t~ ) I 13: I

‘I II  LI’S! “ loLl. ‘• 2 . 1 l 1 .C’ C 1 3

—12. 9 3 6 2 5 65 2 .6IIC.0 3.61:34:

2 ‘ 1 . t3 s 9 ~~ ,. 3. ’CO C IO ‘ .‘4:1 .3

3 1 6 . 2 * 9 , 4 3 5  3 . 6 5 3 1 4 5
0 —23.7806594 4.45500 0 4,44 3

S — 2S.04955’3 4 .930554 2.9:0::..

6 — 2 2 ,7 0 3 8 6 7 9 5,oC’00C13
7 — 2 ’ .9 6 0 7 9 ’ 2  6 , 3 o 9 9 9 9 9  8 .2 5 : 1 3 1 3
I .26. 12 2 9 0 9 9  6 , 10 99919 .75 5 4
9 — 2 7,272 5 2 5 8  . 7 ,15003:0 5,iscc: ,:

‘C •30 .82h’932 8.0500020 6.0533 7:7

11 — 2 7 ,6 8 5 8 0 6 8  9 .1509000 71350113
‘2 .33 ,229402’ 4,3099999 813499999
‘3 32. 17~~3S3 ‘1 . 2’99999  9 .2 8 9 9 9~~9

— 35 .53393’S ~2.2095999 90.2*999,9
‘5 .33 ,18651.4 ‘3.0999999 ‘1.0999913

‘6 — 3 6 .000)290 3,555094 ¶4555:’ 3
:7 —3 6 .9695959 ‘‘.0999999 12.C:-999~~9

‘5 .30 ,71 Q* ~~S 3  4 , 59 9 9 9 9 9  ¶ 3 , 5 9 9 9 9 , 5
19 .3~~,9145 4o ‘ 4 , 3 49 99 4  1 2 , 6 o 9 9 9 1 3
20 —3 S .732.595 15. 4 0 0 0 0 0 0  ¶ 3 . 4 6 0 0 3  .3

SA Ul Loll OIL 841 *0451 4 5151—1.0355 IC Li?? 0? (85441 5151 1581
5 *9 0 l! G8~~I 11131 A DOL ! 111 , *5551

( DB 1 4 015 5 9 DI~ I

“*01 1031 •. $ 3 5 5  ~~ 1 ,559403
¶ — 1 2 ,9 0 0 1 5 1 4  1 .3500030 —0.650340

2 — 1 7 . 2 6 2 3 8 5 ’  1 .95 00000
3 — 14.63 2 652 9 0.351000 . .653413
0 —23 .377o ’’6 —Q.~~50004 

7.65003 I
5 —3 a ,9375,10 —0.9000000 —2 .9004,1

6 —2’ .S5536.6 — 1.3500000 —3.350004
7 —28 ,003 7383 —2.2500000 —40.2099939
S ~ 26 .7001015 —3 , 1500000 —5. 150004
9 —30 .3055691 — 8 . 0 5 0 0 0 0 0  —6.0 5000 13
‘0 — 30 ,6351359 -~o.550CC30 .6.55000:0

IC F010H ES SI!! 1.0315 05 045S 545
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3-06 , Pass# 1
,.s~ “i i ’. *3~~F ~,‘:‘ ~~

.‘C& ’,04 o.0 1L,. * h I V E  36 . . ‘1 ..!3’~~S’  7! 5 4 5
* 9 5 3 2

I C a I 3 4 •, I

M 0 4  0.0
O •12,933o 786 1.543000
2 •17,99 54999 s ,S oo 00*
3 •97 .3659 43 2 ,050000w
4 — 1 7 ,4 8 ’ 0463  — 0 , 1 5 C 1 0 0 0
I —O ~~,6719 839 2.5600000o •s~~.e’’epe’ —6 ,6550000
7 —2~~,94!743j — 0,9500000
• — 2~~,3 40302’ 3,409 1 0 0 0 3
9 —2 ’,639~~577 •L,5000000

57 — 2 5 , 3795 ~~52 ‘ . 4 0 0 0 0 0 0
11 —25 ,’656137 —2 .5005000
02 -25 ,’7’47~~9 4,64100*
13 —2 9 ,9462366 3,61.00000
14 —2 6 ,2947963 — 5, 4500900
.5 —2’,9813453 8,0999999
16 —28 ,9479355 6,2499499
57 — 2 9 , 5 2 3 9 9 7 3  54 , 9499999
16 —29,5283923 5,20t40000
19 —2 9 ,683:654 — 4 .3.900000
73 — 30 ,5541667 —3,3000000

‘oI’o 1.09! ‘.~4,o 
£ , ~ 1’~~ 50 4 S(50—4~~O 5 ~~‘ ~ ‘3 ’,~ ~0 ( A $ 0 ~~~) 118 5 ’.. LOSE9045  9 ,,, , - * 1  • ‘~‘13 * ‘,%~ ‘EL, ANG LE
:~ ) c D E S  I I UEG I

“a 5% ~,09i •~ 9..,: •.
1 — 1 2 . 9 ’ 3~~7!6 1,6c00009 0 . 6 5 6 00 0 0
2 —17 .3659 432 2,050005(0 0.0000000
3 —08.0779539 2.5510050 1.6000000
4 — 2 4 . 3 4 5 ( 1 3 2 7  3,’’~~oooo 2.45 00000
5 —2 5 ,946236 6 3 ,6550033 2.9000000
6 —25 .3 795252 ~ .‘~~3oo~~o 3.45 030 00
7 —2 6.5 784769 4 ,600000 9 3 .6590000
6 —79.5283973 5.2’09030 4.23000’C
9 •30. 4°339i6 5.6500310 4.1000000

—7613479351 6,2499999 5.3*00003
51 —32 .8916452 6,9999999 6.0300000
12 — 33.265277~ 7,4999999 6.5500000
13 — 27.55536 03 8,0999999 7.~~499999

-36.362 9227 9.350040 e.35000so
15 —33.35 42 3 85 9.8499999 8.9000050

10. 6 3 9 0 0 0 0  9 .10000 110
— 36,1671257 U.lSOn000 10.20000~ 0
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A P P E N D I X  K

I N T E R A C T I V E  R A D A R  S I M U L A T O R

D E S I G N  S T U D Y

K .l INTRODUCTION

This appendix documents the resul ts of a study and
investigation directed toward the design of an Interactive
Radar Simulation system . The Interactive Radar Simulation
system described herein will significantly improve the eff-
iciency of design engi neers in performing radar system evalu-
ations , in tes ting new concep ts , and in predicting the effect
of subsystem parameter changes on total system performance.
The suggested design includes features that will streamline
the process by which the RA DC Radar System Simulation Model
(RADSIM) computer program is used .

This streamlining consists of eliminating the menial,
time-consuming tasks which are associated with the present
method for submission of batch or time sharing computer jobs.
An example of this is the typing of simulation control and
module parameter cards on either a keypunch machine or a
time sharing terminal. At the output end of the simulation
process , the di ges tion of output data by the user is improved
by the use of a high resolution CRT graphics display . This
device will allow the plotting of output data directly from
the host computer. In addition, all information required
to convert a radar system block diagram into a form suitable
for simulation model usage will be stored locally on magne-
tic tape in a catalog form complete with index and cross ref-
erences so that it can be used in the same manner as a ref-
erence document. The hardware system for implementing these
improvements will be referred to as the Dedicated User Inter-
face (DUI). The Interactive Radar Simulator system described
herein consists Ci the Radar System Simulation Model (RADSIM)
computer program , the Honeywell 635 host computer (H635) and
the Dedicated User Interface (DUI).
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K .2  INTERACTIVE RADAR SIMULATOR
BACKGROUN D AND REQUIREMENTS

I n  t h i s  se ct i o n  the background and shortcomi ngs of the
existing RADS1M computer are discussed and the Dedicated
User Interface (DUI) is described in functional terms.

K.2.l Simula tion Model Usage

The RADS IM computer program in its present configuration
consists of two segments which are executed as separate ac-
t ivi ties .  These segments are referred to as the Simulation
Da ta Ini t ia l izer  and the Simulation Controller/Modules.

The Simulation Data Initializer serves as the interface
between the user and the Simulation Controller. This seg-
mentation of the simulation model computer program was nec-
essary since input data in a format convenient to the user
must be converted to a form suitable for use by the simula-
tion modules. The user defines the simulation via two types
of punch cards: simulation control cards and module para-
meter data cards . The term punch card is used here in the
sense of either a physical punch card or of a card image
if the job is submitted through the CARDIN time sharing sub-
system of the 1-1635.

The simulation control cards determine what operations
are to be performed in the simulation activity. This includes
the following: (1) scheduling of modules for execution, (2)
data transfer to and from temporary disc files, and (3) modi-
fication of parameters for multiple executions of a simulation
model configuration.

The module parameter data cards define the parameters of
the simulation modules to be executed in the simulation ac-
tivity . Each module requiring input data has a unique name-

- 
-~ list which contains the input parameters. Upon completion

of the Data Initialization activity , the Simulation activity
is executed .

At the present time the output data of a simulation job
- s written onto a permanent disc file or magnetic tape, or ‘

punched on cards. The user then picks up the output data at
the central site of the host computer or uses the time sharing
system to dump data stored on permfile to paper tape or to
listing paper.
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K . 2 . 2  Simulation Model Limi tations

In subsect ion K .,2.l the use of the existing RADSIM corn-
puter program was briefly reviewed. In this subsection those

-
~ a5 ;p ccts  of the computer program which res t r ic t  or o therwise

hinder the use of the simulation model will be discussed . In
performing a simulation job there are two phases which consume
the majority of the user ’s time , i.e. the operations of data
input and data retrieval. In other words, the major bottle-
neck is the interface between the user and the host computer.
Most of the time spent in performing these tasks is not en-
gineering design time, e.g. the keypunching of control and
module parameter cards or alternatively, typing the cards in-
to a time sharing file . In addition to the typing task, the
user must constantly refer to tables of module names, refer-
ence numbers , parameters, and units of measure during the pro-
cess of converting a radar system block diagram into a form
suitable for input into the RADSIM computer program.

At the present time, the output: of a simulation job is
written onto a permanent disc file or on magnetic tape, or
is punched on cards. This aspect of the process of accomp-
lishing a simulation is a significant factor in job turn
around and is probably the most expensive portion when the
manhours expended in the manual handling of data are considered.

In order to summarize the limitations described above ,
the following example of a simulation job is offered :

1. The user defines the block diagram complete with
the parameters of a system to be simulated .
(Elapsed time = 2.0 Hours, User Time = 2.0)

2 . The user converts the block diagram into a deck of
cards suitable for input to the data loader activity.
(Elapsed Time = 2.0 Hours, User Time = 2.0)

3. The user submits the job to the host computer and
the job is executed. (Elapsed Time 1.0 Hours,
User Time = 0.25 Hours)

4. The user retrieves the output data in the form of
punch cards or magnetic tape , transports the data
to an off line plotter system , and plots the data .
(Elapsed Time = 2.0 Hours , User Time = 2.0 Hours)

l (- 3
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In the above example the user spent 6.25 hours perform-
ing a complete simulation job of which only 2.0 hours were
used in performing an engineering design task. Approximately
607. of the design engineer ’s time was consumed by non-engin-
eering tasks. In the following subsection a system is des-
cribed from a functional viewpoint which will improve the
productivi ty of the radar design engineer by freeing him from
the menial tasks which must be performed in order to use the
current RADSIM computer program . In the example presented
above , if the data were dumped to paper tape via an ASR 33
teletype , the time required would be even greater since the
ASR 33 data transfer rate is only 10 characters per second
(cps). Since 10 to 13 characters are required to represent
one floating point number this corresponds to one point of
data per second or less. A plot of 3000 points would there-
fore , require almost one hour to punch on paper tape.

K.2.3 Dedicated User Interface

A Dedicated User Interface for the submission of simu-
lation jobs and retrieval of output data should , as a minimum,
have the following capabilities:

(1) Storage for all computer program data required by the
user for the specifcation of parameters

(2) The capability of producing block diagrams of the simu-
lation job

(3) Storage for the job definition file such that it can
be used in the construction of future simulation jobs

(4) A high data rate channel for communication with the
host computer. The upper bound on data rate will be
determined by characteristics of a voice grade direct
dial telephone channel

(5) A high resolution CRT display capable of plotting the
output data

(6) A device capable of producing a high quality paper copy
of anything presented on the CRT display .

With a system having these capabilities, the procedure
of job setup will simply be a matt- r of the user answering
a sequence of questions posed by the DUI. When the job def-
inition is complete , the user will have a paper copy of the
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simulation block diagram and a magnetic tape cassette Con-
tam ing the job definition file in a form compatible with the
RA DS I M computer program . The user then connects the DtJI sys-
tern to the host computer , selects CARDIN TSS subsystem , trans-
fers the contents of the cassette to the TSS current file, and
gives the RUN command . The DUI is then disconnected from the
host computer.

After the simulation job has been executed , the user con-
nects the DUI to the host computer . Again r question/answer
sequence is entered where the system asks the user what is to
be plotted and some parameters of the plots . The data gener-
ated by the simulation job are then plotted on the CRT display.
The CRT display can subsequently be reproduced on paper if
the user desires a permanent copy . In addition to immediate
plotting, the user has the option of transmitting the contents
of the simulation job output file to the DUI for recording on
a magnetic tape cassette . The stored data can subsequently
be plotted off-line . In addition , the data generated by the
host computer can be used as input data for programs executed
by the DUI as a stand alone computer system.

K-5
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K . 3  DEDICATED USER INTERFACE HARDWARE

A func t iona l block diagram of the suggested Interactive
Radar s imula tor  is shown in Figure K.3-l. The DUI subsystem
is indicated by a dashed line. Two hardware designs which
satisfy the DUI requirements delineated in paragraph K.2.3
are described in this section. The two designs differ pri-
man ly in the minicomputer selected for the communications
buffer. Design #1 is configured around a Hewlett-Packard
2lOOA minicomputer . Design #2 is configured aro’ind a Digital
Equipment Corporation PDP-ll/05 minicomputer. Design #1
offers performance superior to that of Design #2 in every
respect , but does so at a higher cost. The details of each
design are discussed and a comparison made between them in
the remainder of this subsection.

— K.3.l System Design #1

The block diagram of the Design #1 system is presented
in Figure K.3-2. The features and parameters of the sub-
systems which make up this design are discussed in the follow-
ing paragraphs.

K .3.l.1 Hewlett-Packard 2100A Minicomputer

The HP2100A minicomputer is a user microprogrammable
general purpose machine . A summary of the HP2100A parameters
is presented in paragraph K.3.3 which compares the HP and DEC
mi nicomputers .

The memory requirements for the HP2100A are de termined
by the combined size (13K) of the minicomputer Basic Control
System (4K), the DUI executive program (3K) , and the Simu-
lation Job Setup program (6K). Since memory is supplied in
ei ther  8K or 16K incremen ts , the memory size chosen for the

F mi nicomputer is 16K.

Eleven Inpu t/ Ou tpu t  ( I/o)  channel slots are required to
connect the peripheral devices and special processing modules
to the HP2IOOA . The required I/O interface cards and other
nrocessor modules are given by the following list:

1. 12587B EIA RS232 Asynchronous data set interface

2. l253lC Curren t loop in terface to operator ’s
console

K- 6
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3. 12539C Time base gene ra tor to provide timed
system interrupts

4. 12908A Wri te control store for user microprogram
development

5. C-I-lP2l Controller and interface to the Versatec
l600A pr inter/plot ter ( thi s i tem avail-

-
~~~~~~~~~ able from Versatec)

6. 12620A General Purpose interface to hard copy
interface uni t

7. 12531C-OOl Serial asynchronous interface to
Tektronix 4014-I graphics display

8. l2566B General purpose interface for fabricat-
ing interface to the Remex Cassette sys-
tem and to the HP9865A cassette memory
unit (2 cards required)

9. 12597-002 General purpose interface to the HP2748B
paper tape reader

10. 12901A Floating point hardware .

K.3.1.2 Anderson-Jacobson Modem

The A-J Model ADAC 1200 Data coupler transmits and re-
ceives data at 1200 baud over the dial-up telephone network
by wires through a DAA or acoustically via a telephone hand-
set. The ADAC 1200 is compatible with the Bell System 2O2C
Data Set. :

K.3.l.3 Teletype

Since the Tektronix display is primarily intended to be
a simulation data I/O device , an inexpensive teletype was in-
cluded in the system to act as an operator ’s console and also
to provide a low speed paper tape punch/read capability.

K.3.l,4 Remex Magnetic Tape Cassette

The Remex RCPOB1I/3 serves as the bulk storage device
of the DUI. By choosing a 3-deck device , one deck can be
permanently allocated for operating system and library stor-
age. The remaining two decks will, in general , serve the

K-9
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S IIfl( f u n c t i o n  as the paper tape reader and punch do in other
systems. That is , one wil l  normall y be the in pu t f i le  to an
f”/~~ ( ( I t  ~ I~~~ pro gram and the other w i l l  be the output  f i le .

K .J .I .5 I-I-I’ Cassette Uni t

In order to allow data t ransfer  be tween the DUI system
and the RADC HP9820A Calculator system , the following approach
wi l l  be used.  An addit iona l in ter face  for the HP2 100A must
be fabricated which is capable of driving a HP9865A cassette
memory u n i t .  In addi tion , a new software I/O driver must be
wri tten to properly format the data written to the cassette.
Once accomplished , this will allow the HP9820A Calculator to
read tapes genera ted by the DUI and vice versa.

K.3,l.6 Tektronix Display

The Tektronix 4014-1 graphics d isplay  is the primary de-
vice for information interchange between the computers and
the user. This disp lay is available with an extended graphics
mode which allows 4096 x 3120 points to be plotted on the
disp lay viewing area .

The Tektronix 4014 graphics display is based on a direct
view storage tube and requires no local mass storage for dis-
play refresh . In addition to the store mode , the Tektronix
disp lay has a non-store display capability which is called
the write-thru mode . Data presented to the user via this
mode is not stored on the tube face and appears only as long
as the computer commands i t  to be displayed . Da ta presented
in thi s mode must be refre shed approximately thirty times per
second .

A capabili ty is provided by Tek tronix for scanning the
storage tube surface and outputt ing a video signal which is
proportiona l to in tens i ty. This output video can then be
processed and printed by the Versate c printer/plotter .  The
time required to scan the disp lay face is ten seconds.

K.3.1.7 Hard Copy Device

The Versatec 1600A printer/plotter unit will provide for
the genera tion of paper copies of da ta presented on the Tek-
tronix display. The Versatec printer/plotter is capable of
p l o t t i n g  1600 poin ts across ten inches at the ra te of 120
scans/second . In addition to its capabilities as a plotter,
the 1600A is useful as a high speed line printer capable of

K- 10 
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~3OO lines/mi nute . The type font is a 16 x 16 dot matrix.
The 96 A S C I I  c h a ra ct e r  set is standard .

i~~u- - i l  t ( ’ rnat i vP  to speci f y i n g  the 1 600A would be to use
t h -  1 600 p l ot t e r  u n i t  and then pe r fo rm the ASCII charac ter to
dot matrix conversion in the DUI minicomputer . This approach
would be more expensive and would increase the processing load
on the DUI minicomputer .

The addi tiona l one l ine buff er op tion 4 s sugge sted so
that a new line of data can be transmitted to the pninter/
plotter while the previous line is being plotted or printed .

K.3.1.8 Hard Copy Interface Unit

The hard copy interface unit converts the video , pro-
duced by scanning the graphics disp lay storage surface , into
a d i g i t a l  form sui table for input to the Versatec printer!
p l o t t e r .  The opera tion of this uni t is described in the
following paragra phs .

The video from the Tektronix display is passed through a
threshold device which outputs a binary “I” if the video ex-
ceeds the threshold and a binary “0” otherwise . The threshold
setting is adjustable so that compensation can be made if
video noise level varies. Since the resolution of the Tek-
tronix disp lay is 4096 points and that of the Versatec printer!
plotter is 1600 points , a reduction in the resolution of the
Tektronix output will be required . Therefore , the output of
the threshold mus t be stre tched and then sampled at a ra te
which correspond s to 4096/3 = 1365 samples per scan line,
which is within the capabilities of the Versatec printer !
plo tter. The sampler output is accumulated in a 16-bit serial
in/parallel out shift register . When the shift register is
f i l led , the output word is passed to the minicomputer through
a Direct Memory Access (DMA ) I/O channel.

In the minicomputer , the incoming da ta words from the
hard copy interface are stored in a buffer area which is 1600
bits in leng th . After a scan line is loaded into the buffer,
the hard copy interface is inhibited for the next two scan
lines. This must be done to maintain the geometric fidelity
of the Tektronix display in producing the hard copy , i.e.
both dimensions are reduced by a factor of three. During the
dead time , the Versatec unit will request a new scan line
and the buffer will be transmitted to the Versatec at the
maximum rate of the DMA channel.
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The following is a brief analysis of the data rates an-
t i c ip a t e d  in  per forming the data transfer from the tektronix
graphics di sp la y to the Versa tec hard copy device . The time
required to scan the disp lay fa ce con taining 3120 line s is
10 seconds. Therefore, 312 lines per second are transmi tted
to the hard copy interface . The number of samples taken of
one scan l ine i s 1365 , therefore the 16-bit word rate out of
the har d copy interface is given by the following calculation .

data rate~ (1365 samples/line)’(31-2 lines/sec)f(16 samples/word)

= 26618 words/sec .

This data rate is easily hand led by the minicomputer DMA chan-
nel which is capable of over 1 million words/second . Since
every third scan line from the disp lay is passed to the hard
copy device , the scan line transmission rate out of the hard
copy interface will be 104 scans/second . The Versatec plotter
is capable of accepting up to 120 scans/second .

In producing a hard copy of the Tektronix graphics dis-
p l a y ,  the D1!I minicompute r is used simply for buffer stokage .

K.3.l.9 Paper Tape Reader

Since Hewlett-Packard software is provided on paper tape
a high speed paper tape reader is highly desirable. So an
interface should be purchased so that the HP2748B paper tape
reader currently in place at RADC (OCSA) can be used with the
sys tem.

K.3.2 Sys tem Design #2

The block diagram of the Design #2 system is shown in
Figure K.3-.3. The features and parame ters of the subsystems
which make up this design are discussed in the following
paragraphs. The descrip tion of those subsystems which are
common to both system designs will not be repeated.

Since the DEC CAPS-li operating system is resident on
the DEC casse tte uni t , a high speed paper tape reader is not
needed in this system .

K.3.2.1 Digital Equipment Corporation PDP-ll/05 Minicomputer

The PDP-ll/05 minicomputer is a general purpose machine
which is wide ly used in scientific applications . A summary
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of the DEC PDP-l1/05 parameters is presented in paragraph
K.3.3 which compares the DEC and HP minicomputers .

The memory requirements  for the PDP-l l/05 are determined
by the combined size (15K) of the CA PS-ll operating system
(4K) the DUI executive program (4K), and the Simula tion Job
Setup program (7K). The estimated memory requirements for
the DEC minicomputer  are larger because no microcode capabil-
it y is available . The memory size chosen for this minicom-
puter is 16K.

Nine Input/Output (I/o) channel slots are required to
connect the peripheral devices and special processing modules
to the PDP-ll/05. Four of the interfaces require a small
peripheral controller (SPC) slot. The remaining five inter-
faces require system unit (SU) slots. Since the PDP-ll/95
has onl y thr ee SU slots available , two I/o ex tenders are
requir ed to in terface all the peri pherals and special module s
to the PDP-11/05. The peripheral mounting box plugs in to one
SU in the computer mainframe and provides four SPC ’s. The
ex tension moun ting box plugs in to the PDP unibus and provide s
an addi tional six SU ’s. The required I/O interface cards and
other processor modules are given by the following lis t :

1. DCll-AB Serial asynchronous system unit
and clock

2. DC11-DA Full duplex serial asynchronous line
unit with modem control (pLugs into
DCI1-AB).

3. DL11-C Current ioop interface to operator ’s
console.

4. DDII-B Peripheral mounting box (holds 4
SPC ’s).

5. 8-bit parallel interface to TA11-AA
DEC cassette (provided with TA11-AA
u n i t ) .

6 .  DR11-C General purpose interface to HP 9865A
cassette unit.

7. ~~ 792-H Bootstrap loader.

~h 1 1 - A  Asynchronous in ter face  to Tektronix
4014-1 graphics disp lay .
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9. BAll-EF Extension mounting box (holds 6 SIJ ’s)

10. H720-E Power supply for BA11-EF

ii. DRII-B DMA general purpose in terface to the
hard copy interface unit

12 . C-PDP-ll/DMA Controller and interface to the
Versatec 1600A printer/plotter
(this item available from Versatec).

K . 3 . 2 . 2  TAll DEC Casset te  Tape System

The TAll DEC cassette tape system will serve as the
bulk storage device of the DTJI .

K . 3 . 3  Comparison of Designs

The important  d i f ference be tween the sys tems are the
mini compu ter chara cteris tics , therefore the remainder of this
paragraph will consider only the minicomputers . In Table
K.3- 1 , some parameters and capabi l i t ies  of the two minicom-
puters are listed . The ou t s t and ing  d i f ferences  be tween the
devices are the following :

1. The floating point arithmetic operations of the DEC
PDP 11/05 are performed by subroutines and therefore
are ext reme ly slow compared to the HP2100A which
performs these operations with a combination of
hardware and microprogramming .

2. The microprogram in the DEC PDP 11/05 is not access-
ible to the user . The HP2IOOA is user microprogram-
mable . The advantages of microprogramming are:
increased speed , reduc tion of memory space required
for the program , and flexibility to adapt the in-
struction set to a particular application.

3. The DEC PDP 11/05, as configured , can be programmed
only in assembly language , whereas the HP2IOOA can
be programmed in FORTRAN II and ALGOL as well as
assembly language . The ability to use FORTRAN will
signi fican tly reduce the programmi ng task and en-
hance stand-alone capability .

4. Hewle tt-Packard maintains a large library of HP con-
tributed and user contributed programs and micro-
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Table K.3-l HP2100A/DEC PDP-ll/05 COMPARISON

HP2100A DEC PDP-ll/05

Maximum Memory (16 bits/wrd) 32K 28K

Memory Cycle Time (ms ) 0.980 0.900

Fixed Point Ari thmetic (ms) -

Add 1.96 3.7
Multiply 10.7 4.3
Divide 16.7 4.8

Floa t ing  Point Ar i thmet ic  (ms )

Add 24-60 376
Mul t i p ly 33-41 1017
Divide 52-56 2169

No I/O Channels 14 3

— User Micr oprogrammable . Yes No

Programmi ng Language s FORTRAN Ass embl y Language
ALGO L
Assemb ly Language
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programs for the 2100 series minicompu ters . These
programs are available to the user for a small
handling charge.

5. The HP2100A is more expensive than the DEC PDP 11/05.
The cost of the system configured around the HP
minicompu ter is approxima tely 10% higher than the
system configured around the DEC minicomputer.
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K .4 DEDICATED USER INTERFACE SOFTWARE

The new sof tware  to be deve loped and the modification to
b(• r )(.rformed on the existing RADSIM computer program are des-
cribed in this subsection . Before proceeding with the soft-
ware description , it is felt that the philosophy which guided
the allocation of tasks between the DUI minicomputer and the
hos t  computer should be discussed .

K.4.l Allocation of Processing Tasks

The data processing task of the Interactive Radar Simula-
tor is performed by the DUI minicomputer and the H635 host
computer. The per tinen t fac tors to consider are :

1. More storage is available in the H635. However, it
should be recognized that although the H635 memory
is quite large , 256K , the percen tage of this avail-
able to a particular user during normal working
hours is usually less than 25%.

2. The Central Processing Unit (CPU) of the H635 is
faster. Although the H635 CPU is an order of
magnitude faster than that of the DUI minicomputer,
the H635 CPU is time shared by a number of users.
Therefore the difference in speed between the dedi-
cated minicomputer and the time shared H635 will
probably be less than a factor of three.

3. The data transferred over the phone line should be
minimi zed . Minimizing connect time should be under-
stood to mean not only the problem of obtaini ng a
channe l in to the time sharing sys tem , but also the
latency of the host computer in servicing the TSS
user ’s requests. Experience has shown that the best
approach is to move the desired data out of the
machine in the quickest possible manner. If binary
data (the most compact form) is transmitted to the
DUI this will , of course , increase the load on the
DUI mi nicomputer.

4. The DUI minicomputer is dedicated to the performance
of one function , whereas the H635 is time shared by
a number of users.
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5. Since the RADC host compute r is already installed ,
its resources can be considered to have a very low
marginal cost and therefore , in configuring a svs-
tern , it would be prudent to maximize the use of
these resources.

In view of the above factors , especi a ll y 1 , 2, and 5,

~‘ 

the portion of the RADSIM computer program which performs
the simulation, i.e., the simula tion ac tivi ty ,  should be
executed by the host computer . The functi~ n served by the
Simulation Data Loader will be moved to the DUI system . By
moving the data initialization function to the DUI, all pro-
cessing of user input data will be done by the minicomputer
off-line and the data in a compact form, will then be passed
to the host computer over the phone line. This will minimize
the amount of data passed over the phone line during job
submission.

In the case of the plot programs , the trade o f f s  are not
as clear-cut. If minimizing connect time is important , it
would be preferable to have the plotter programs executed by
the DUI minicompu ter wi th da ta fr om the hos t computer trans-
mi tted in binary form. The binary da ta would then be recorded
on magnetic tape cassette and processed for p lotting by the
DUI mini computer at a later time. The disadvantage of this
approach is tha t the Tek tronix plotter sof tware package s
(Terminal Control System (TCS), Advanced Graphics-Il (AG-Il)
and Cal Comp Preview) require more core space than is avail-
able in the DUI minicomputer. Therefore , a plotter program
execu ted by the DUI minicomputer could not have all the fea- —

tures provided in the Tektronix software package . An addi tion-
al advantage of this approach is that since job output data
are stored on tape casse tte , the data can be reused a number
of times in any manner desired by user.

On the o ther ex treme , the simulation output data would
be processed by plo t programs in the H635. The data trans-
mi tted to the DUI would then be in the form of commands to
the Tektronix display. The disadvantage of this is that
connect time to the host computer will be longer and the data
received will be usable by the Tek tronix dis p lay only. Rather
than comp romise be tween these two approache s , the system
should be configured such that either technique can be used.
If the user wants only a basic plot capability , the plot pro-
gram in the DUI minicomputer will suffice . For more compli-
cated work , the user will have the full Tektronix software
package in the H63 5 available to him.
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In add i t i on  to the above , a mode of operation should be
inc luded  whereby the user can have tabular data transmitted
to the DUI unde r forma t control and printed by the hard copy
device. This will be useful for retrieving tabular output
da ta or program lis tings . If the user desires only to view
the data and requires no hard copy , then the data can be dis-
played on the Tektronix display . The remainder of the sub-
section contains a description of the new software to be
developed or purchased and the modification to be performed
on the existing radar system simulation model.

K 4 , 2 Communications Buffer Executive

The communications Buffer  Executive program ( EXEC) exe-
cuted by the DUI minicomputer serves as a “data traffic cop.”
The EXEC supervises all input/output operations, provides
linkage to job set up rou tine s and plot programs , de termines
which tasks have the highest priority, handles user reques ts/
answers and system answers/requests.

K.4.3 Radar System Simulation Model

The modifications to be performed on the Radar Sys tem
Simulation Model (RADSIM) are the following:

1. Develop a new Simulation Data Loader computer
program which will accept the job definition file
from the DUI system and load the data into a
permfile .

2 . Modif y the existing Simulation Data Loader computer
program to write its output data into a permfile
instead of to system allocated public disc space .
This will be done so that RADSIM can still be avail-
able to non-DUI users.

3. Develop a new Da ta Re trieval compu ter program which
reads simulation output data from permfile, pro-
cesses i t  according to mode selected by the user and
then transmits the data to the DUI system. The
Termina l Control System and Advanced Graphics-Il
plot programs available from Tektronix should be
included in this computer program.

The portion of RADSIM which performs the simulation is
unchanged. Therefore, it is not degraded in any way by the
addition of the DUT system .
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K.4.4 Plot Programs

The programs for converting the simulation output data
to a form compa tible wi th the graphics display are available
from Tektronix.  Some modification of the Tektronix software
to be installed on the H635 will be required since it is
written for computers having 8-bit bytes and the RADC corn-
puter utilizes 9-bit bytes when operating in TSS mode.

The plot program for installation in the DUI minicom-
puter is also available from Tektronix . This program should
require no modification .

The program for generating a hard copy of the Tektronix
display will have to be deve loped. This program will issue
commands to the graphics display to star t the read scan of
the storage surface , accep t output data from the hard copy
interface and store it in a buffer area , and output the data
to the Versatec printer/plotter at the appropriate time.

Since the Versatec printer/plotter is essentially slaved
to the Tektronix graphics display for plot hard copy generation
there will be no plotter software required for the Versatec
printer/plotter.

K.4.5 Simulation Job Setup
Program

The computer program for the minicomputer which assists
the user in the setting up of a simulation job is, for the
most part , composed of four subprograms . These are briefly
described in the following paragraphs.

K .4.5.l Job Setup Controller

This subprogram serves as the supervisor of all opera-
tions performed during the job setup procedure. The Job
Setup Controller asks questions of the user, accep ts and
processes the user answers , and passes commands to the appro-
pria te subprograms .

K.4.5.2 Block Diagram Generator

This subprogram processes the information provided by
the user and outputs the necessary connnand3 to cause a block
diagram to be formed on the graphics display . The user pro-
vide s the tabular data for identi fication of module s through
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the  ~raphi cs dis p lay key board and the positional data for the
I o c : t t i o n  of blocks through the graphics display cursors.

K .4.S.3 Job Defini tion File Generator

The input data to this subprogram is basically the same
as that provided the Block Diagram Generator , but the output
is in a form that is compatible with the simulation program
executed by the host computer. The structure of this data
will be the same as the output data from the current Data
Ini tialization activity. The Job Definition File which is
the output from this subprogram is written onto a magnetic
tape cassette . The tape cassette will then be the user ’s
record of the input data for the simulation to be performed.
A pictorial representation of the recommended data structure
on the tape is shown in Figure K .4-l.  The simulation job
represented in this figure is composed of two configurations.
The first configuration is to be executed twice for two sets
of input data . The second configuration is to be executed
onl y once .

K.4.5.4 RADSIM Catalog and Data Retrieval

As part of the Job Setup Program development effort , all
data associated with the RADSIM computer program pertinent to
the process of job definition should be cataloged and stored
on a tape cassette . During the process of job setup, the
user may a t any time request that da ta from this file be pre-
sented either on the graphics disp lay in the scra tch pad area ,
or printed on the operator ’s console.
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K . 5  INTE RACTIVE RADAR SIMU LATOR OPERATION

The operation of the Interact ive Radar Simulator will be
described from the users viewpoint in the following paragraphs.
Four outstanding features of the system are the following:

1. No punch card handling required .

2. No voluminous quantity of reference material
required to set up a simulation job.

3. No trips to host computer to retrieve data from
simulation runs .

4. Pe rmanent records of input job defini tion data and
simulation output data are stored in magne tic tape
cassette s which are compact and easy to handle .

The operation of the system will be described in terms
of the phases through which a simulation job passes. The
phases of operation of the interac tive radar simulation are
shown in Fi gure K.5- l .

K.5.l Phase I-Simulation Job Setup

This phase is done off-line , i.e. the DUI system is not
connected to the host computer. The intent in this phase is
to have all information stored locally that the user must
know in order to set up a simulation job. The storage media
for the data will be the RADSIM catalog cassette tape . The
user can , at any time , call up various lists of information
which includes the following:

1. Modules available .

2. Input parameters for each module .

3. Data storage arrays used by each module .

4. The core required.

5. Input parameter units.

6. The default values of parameters.

During the job setup , the display area of the Tektronix
graphics display is divided into two areas, a scratch pad
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area for the ~~ ystern questions and iser answers , and an area
- 

- for display of the block diagram. The block diagram is
wr i t t en  in wri te  s tore mode . System questions and user an-
swers are written in write-through mode . The proposed display

— layout is shown in Figure K.5-2. In the figure a par tially
completed block diagram is shown. The module names and ref-
erence numbers are placed inside the blocks and the input!
output data storage arrays are shown over the lines drawn to
connect the modules. On the right side of the figure the
System has asked the user to provide a value for the parameter,

: LSB , which is associated with the ATOD module . The user ’s
answer , 0.0020, is shown below the system question . The a-
mount of data which can be simultaneously displayed in the
scra tch pad area is limi ted to approxima tely 32 characters.
This restriction is due to the need for refreshing the dis-
played information at a rate of 30 time s per second . The
maximum da ta ra te into the graphics display is 960 characters/
second . Therefore, only 32 characters can be refreshed at
the rate  of 30 times per second .

As the simulation job is defined , the information re-
quired by RADSIM for performing the simulation is written on
a magnetic tape cassette . When the user has completed th€
Simulation Job Setup procedure , the comple te de scrip t~ on of
the job will be on a tape cassette and can be reused or mcdi-
fied at a later time . The tape created during a job setup
phase can be replayed into the system and stopped at any
point. The block diagram will be re-created on the disp lay
up to the point at which the procedure is stopped . The user C

may increment this process one block at a time by granting
permissions o f :  proceed , proceed wi th wri te through, skip,
subs titute or insert steps. This will allow an existing job
tape to be used in creating a new job tape .

K.5.2 Phase Il-Job Submission

In this phase , the user connects to the host computer
via a telephone line and has the Simulation Data Initializa-
tion program loaded into the H635. The data on the cassette
will then be transmitted to the H635 and then written on a
permfile in preparation for execution of the simulation. A
simula tion job is run as a normal batch job. This Is necess-
ary because of its large memory requirements , 60K to 75K.
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K .5.3 Phase Ill-Simulation Execution

The simulation activi ty is performed in the same manner
as now , except the output data will be written to permfile
in binary form . The current technique is to output the data
under format control for subsequent card punch or transmission
to a remote terminal, typically a teletype . This will improve
the efficiency of the permfile utilization by at least a fac-
tor of 2, i.e. twice as much data can be stored per link of
disc file space .

K.5.4 Phase IV-Retrieval of Results

In order to retrieve the output data generated by the
simulation activi ty , the user connects to the H635 via a time
sharing channel and has the data retrieval program loaded.
This program can then be commanded to enter one of four sub-
modes which perform the following operations :

1. Transmit binary data to DUI.

2. Transmit output data to DUI under format control.

3. Process output data through the Tektronix software
and then transmit the data to the DUI.

4. Transmit output data to DUI under format control
for listing as tabular data .

The Dedicated User Interface , depending on the submode
selected , passes the incoming data to the appropriate peri-
pheral device or devices.

1. Convert from binary to formatted data and then
store on magnetic tape cassette .

2. Store on magnetic tape cassette .

3. Pass data to the Tektronix display for plotting.

4. Pass the data to the Tektronix display or the
Versatec printer/plotter for listing.

Submodes one and two are provided so that data is passed
over the communication channel one time and can be processed
and displayed in any number of ways by the DUI system off-
line from the host computer. The disadvantage associated
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wi th this is that the DUI plot programs will not have as much
capability as the H635 plot programs.

K.5.5 Phase V-Autonomous Operation

In  addition to serving as the user ’s interface of the
Interactive Radar Simulator , the DUI system can be operated
as a stand-alone minicomputer system . RADC personnel who are
familiar with FORTRAN can easily make the transition to the
computer system configured about the 2100A , i.e. the Design

~l system . The transition to the DEC 11/05 offered in Design
#2 will not be as simple since the DEC system will not support
a FORTRAN compiler and must therefore be programmed in
assembly language. The following two items available from
Hewlett-Packard would significantly enhance the stand-alone
capabilities of the Design #1 system :

HP129O7A - Fast FORTRAN Processor (Scientific
Instruction Set). This~board plugs into
an I/O slot and provides 13 microcoded
subroutines which greatly enhance the
through-put efficiency of FORTRAN and other
high level languages.

HP12892A - Memory Protect Fence. This board plugs
into the memory Section and aids the opera-
ting system in running multiple programs.

The addition of a 7 or 9 track magnetic tape transport
or a disc subsystem should be considered if the number of
autonomous progressing jobs are sufficient to justify the
cost.
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A P P E N D I X  M

H E W L E T T  P A C K A R D  9 8 2 0 A

C O M P U T E R  P R O G R A M  F O R  P L O T T I N G

F I L T E R  T R A N S F E R  F U N C T I O N S

M.l INTRODUCTION

The S-domain transfer function for a general filter can
be represented by the ratio of two polynomials as shown in
the following expression

H(S)~= 
(S-Z1)(S..Z2)(S-Z3) . . . (S-Z~~) SF
(S-P1)(S-P2)(5_p3) . . . (S-Prn,)

where :

Z~ represents the 
jtI~ complex zero,

~i 
represents the jth complex pole and

SF is a scale factor.

The frequency units used in the expression above can be any
frequency ; i.e., KHz, MHz, GHz etc. as long as all inputs
are consistent in the same units.

M.2 PROGRAM OPERATION

The filter program plots the baseband filter impulse
response based on normalized pole-zero locations. The pro-
gram can be used to plot magnitude in either voltage vs.
frequency or power in dB vs. frequency. The theory of oper-
ation is shown on page 4-61 of the RADSIM report Vol. II,
Part 1. The following are the user supplied inputs required
by the program:

1. BYPASS - Flag set to zero or one; a value of
one indicates that the user desires
to key in the plot parameters such as
frequency range and magnitude of im-
pulse response for plotting; a value
of zero indicates that the previous set
of plot parameters are to be used for
the next plot.
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2. FSTART - Starting frequency for plot (frequency
Hz, KHz, MHz, etc.)

3. FSTOP - Ending frequency for plot (frequency
Hz, KHz, MHz , etc.)

4. LOG PLOT - Flag set to zero or one ; zero indicates
the magnitude of the impulse response
will be plotted in units of voltage vs.
frequency; one indicates a plot of d~
power vs. frequency.

5. TOP - Maximum magnitude to be plotted
(volts or dB).

6. BOTTOM - Minimum magnitude to be plotted
(volts or dB).

7. INPUT - Flag set to zero or one ; zero indicates
use same pole zero locations as for
previous plot; one indicates that new
pole zero locations are to be entered.

8. NO~ POLES - Number of poles to be entered.

9. NO. ZEROES - Number of zeroes to be entered.

10. SCALE - Scale factor: used to normalize
magnitude of impulse response to unity.

11. POLE-R - Real part of complex pole .

12. I - Imaginary part of complex pole.

13. ZERO-R - Real part of complex zero.

14. I - Imaginary part of complex zero.

Once all the required input data has been supplied by
the user, the filter impulse response is plotted; however,
no axes will be drawn or labeled. All inputs are listed on
the HP9820 calculator printer so that the user may label the
plot if desired . Tables of normalized pole-zero locations
for Chebyshev filters are listed in Volume IV, Part 1,
Appendix E.
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M.3 SAMPLE PROBLEM

The following sample problem will be a plot of the im-
pulse response of a six pole Chebyshev filter with 0.1 dB
ripple . The HP9820 calculator printer listing which shows
user supplied inputs is shown in Figure M.3-l.

The output impulse response plotted in volts vs. fre-
quency is shown in Figure M.3-2 and in dB vs. frequency is
shown in Figure M.3-3. The axes and 1abe1~ have been done
by the user based on the input listing shown in Figure M.3-l.

M.4 HOW TO USE THE FILTER PROGRAM RESULTS
WITH RADSIM

The primary purpose of running the filter program is to
generate accurate input data for RADSIM and in particular
for Module FILT in RADSIM. This subroutine simulates a con-
tinuous filter which is defined by an S-domain polynomial
transfer function.

When executing F1LT, the user must use the impulse res-
ponse in terms of voltage vs. frequency . The amplitude must
be normalized to unity gain and the pole-zero locations must
be modified to reflect the desired bandwidth of the filter
to be used in the simulation job.

Suppose the input job stream , for this example , has been
set up to reflect consistent frequency inputs in gigahertz
(GHz) and time inputs in nonoseconds (ns). The frequency
scale in Figures M.3-2 and M.3-3 is now constrained to units
in GHz. Suppose that the desired six-pole Chebyshev filter
with 0.1 dB ripple has a 3 dB bandwidth of 50 MHz and unity
gain at the peak of the impulse response . The following
procedure would be used to modify the pole-zero locations to
reflect the desired 50 MHz 3 dB bandwidth and to calculate a
scale factor (SF) to normalize the peak of the impulse response
to unity. In Figure M.4-l the 3 dB bandwidth extends from
-1 GHz to +1 GHz. If a lowpass filter is to be simulated ,
the 3 dB bandwidth would extend from DC (0 frequency) to 1
GHz; however, for a bandpass filter, the bandwidth will be
measured symmetrically about zero. To modify the pole lo-
cations , the fol lowing procedure is used.
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(2 x 1O~ Hz)j3 50 x 106 Hz

/3 = 50 x 106/2 x

/3 .0250

Each normalized pole location is multiplied by /3 to deter-
mine the new pole locations which define the 50 MHz filter.

The scale factor , SF, is defined according to the
following expression.

SF = (l,A)(fl)
n

where

A = the amplitude of the impulse response

/3 = pole multiplication factor

n = number of poles

The scale factor for this example would be:

SF = (l/8.3)(.0250)6

SF = 2.9415 x 10
_li

If the filter transfer function contained zeroes, then the
scale factor would contain another factor as follows:

SF = (l/A)(p)’~//3
m

where

m = number of zeroes

These results are now used by RADSIM module FILT. 
—

An HP9820 calculator listing of the filter program is
shown in Figure M.4-2.
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