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28198 To: VLBP Project group.

po2p

Le388 From: W. D. Cotton and J. D. Censon

LBARE

oosSey Subject: Simulatfon of VLBI datia.

43300 f

BR780 In order to test various potential correlator designs by means
o8l of computer simulation we need simulated VLBl data with known

o3989 properties. In order to insure realistic data we imposed the

21008 following constraints:

21189

21209 1) Each station 'signal' should contain independent station and
g1388 source noise. The station noise should be independent for the
g1400 two stations but the source noise should be identical.

21504 .

giepg 2) The fractional bit delay error and phase difference of the

p1789 source noise for the two stations should be variable.

g18p93

g19p0 3} A1l notise should be broadband and fincoherent.

g2008

82198 4) The ratio of source noise to station noise should be known.
B22R09

2230908 Of the above criteria, #3 is the most difficult to satisfy.

92489 In order to satisfy this criterion we used a model consisting of

52508 18088 monochromatic, coherent oscillators covering the 2 MHz bandpass
226949 used which were incoherent with respect to each other. The time-domain
527889 data were obtained by a direct fourier transform of the oscillator
82809 values at a given time. Independence of the oscillators was obtained
g2908 by using a random number generator for the real and imaginary parts
B3890 of the initial state of the oscillators. The amplitude of the noise
3108 was set by the random number generator.

B3208 This model should be accurate for times short compared to the
83308 inverse of the frequency separation between oscillators.. Data for
23408 longer times can be obtained by occasionally rerandomizing the

B3598 oscillators although thts may cause minor problems near the change.
036808 In our implimentation we use up to 4888 #.25 microsecond time steps
23708 and the bandpass is assumed to be rectangular.

83808 In order to satisfy criterion #1 we used 3 independent nolise
B3SKY generators; one for each station and one for the source. The 'source’
P40088 data for the second antenna is rotated in the frequency domain by a
24180 phase corresponding to the RF frequency (typically 1% GHz) times the
04289 geometric delay assumed. In addition, the source data at the second
#4308  station were evaluated at a time which differed from the first station
24488 time by the fractional bit delay error. This protedure simplifies the
bASgY problem of aligning the data in the correlator simulator but should not
BABOE otherwise affect the results. After the data are generated they are
BA708 clipped to one bit.

fA8DY Since the above process requires a great deal of computing, it was
D490 implemented usimg the FPS-120B array processor on the VAX and the data
§2Y08%00) were written on a disk file to be read later by the correlator

B5108 simulator. This file contained, in addition to the time and clipped
85200 data, the unclipped data, phase difference and fractional bit delay
#5309 error for each time point.
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#5509 Foliowing {s the source version of the program.

25608 PROGRAM GENRAT

B5708 G e e e e e e e e e e e e e e
85388 C GENRAT simulates 1-bit szumpled 2 ctation interferometer data.
25908 c Data is written on unit B with unformztted FORTRAN writes in the
ooy c following format:

p6109 C Record 1: LABEL,NPTS (C"80,1%2)

26209 o LABEL {1s a description of how the data was generated.
p53920 c

6488 c Record 2: ITIME,IDELAY,IPHS,ISA,ISB,SA,SB

g6580 o ITIME time count, zero relative. (I*2)

peeoy C IDELAY is the fractional bit delay in the low order bits
26788 C in the range +/- 1/2 bit. 1*2

26829 c IPHS is the interferometer phase in the low order bits
B695Y c in the range (#,2%pi) (1%2)

B7080 c ISA is the 1-bit sampled data point station A (L*1)
g7189 C ISB 1s the 1-bit sampled data point statfon B (L*1)
872080 C SA s the real*4 unclipped value correzponding to ISA
27320 c SB 1s the Real*4 unclipped value corresponding to ISB
B7403 e e e e e e e —
7504 INTEGER*4 ITEMP

B7688 INTEGER*2 ITIME,IDELAY,IPHS,NPTS, JAPWRK,IAPSTR,IAPTIM,N1,N2,
877880 * NDBITS,NPBITS,LABEL(4Q), IAPHS

p7809 REAL*B DELAY,TDELAY,DMOD

27909 LOGICAL*1 ISA,ISB

2324373 REAL*4 SIGNLA(2982),SIGNLB(2029),TIMEA(2009),TIMEB(2828),
28109 bt PHASE(290%) ,FDELAY(2008),FREQ,DELFRE,SEED,FACSIG,FACNS,
82808 * RATIO,TWOPI ,TEMP

B8308 DATA N1,N2/1,2/,NDBITS,NPBITS/4,4/ ,NPTS/188/,

284086 * IAPWRK, IAPTIM,IAPSTR, IAPHS/9,12,15009,10808/,

28580 * RATIO/1.8/,SEED/.251637948/ ,FREQ/1.27E108/ ,DELFRE/2808./
28699 G s e e e e ——
o8788 o Statment function for delay

p8BAY DELAY(XTIME) = XTIME*2.5D-3

28988 C Set relative noise levels.

2oBey FACNS = 1.9/600.9

g9o180 FACSIG = FACNS*RATIO

09289 TWOPI = 2.8*3.1415926

89388 DELFRE = DELFRE*TWOPI

B340 c Generate time, delay and phase arrays.
29508 DO 5& I = 1,NPTS

9689 TIMEA(I) = (I-1)*P,25E-6

B9708 TDELAY = DELAY(TIMEA(I))

29808 PHASE(I) = TWOPI*DMOD (TDELAY*FREQ,1.9D@)

29989 TIMEB(I) = TIMEA(I)+TDELAY

1880889 ITEMP = NINT (TIMEB(I)*4.0E6)

12109 FDELAY(I) = (TIMEB(I)-ITEMP*Z.25E-6)

19209 TIMEB(I) = TIMEA(I)+FDELAY(I)

193892 SIGNLA(I) = TIMEA(I)

18402 SIGNLB(I) = TIMEB(I)

19509 592 CONTINUE
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180609 C Compute "signal"

18790 CALL NDISE (IAPWRK,IAPTIW,IAPHS,IAPSTR,FACSIG,NPTS,SEED,
1980 * DELFRE,N2,SIGNLA,SIGNLB,PHASE)

18904 o ‘Compute "noise" for each antenna.
11068 CALL NOISE (IAPWRK,IAPTIM,IAPHS,I..PSTR,FACKS,NPTS,SEED,
11189 * DELFRE,NI,TIMEA,TIMEA,PHASE)

112089 CALL NOISE (IAPWRK,IAPTIM,IAPHS,IAPSTR,FACNS,NPTS,SEED,
11348 * DELFRE,N1,TIMEB,TIMEB,PHASE)

114082 C Write results,

11500 ENCODE (89,1100,LABEL) RATIO,FREQ,NDBITS,NPBITS

11689 1192 FORMAT(*® SIGNAL/NOISE=',F1£.5,' FRCQUENCY=',E15.5,
11798 * ' DELAY',I2,' BITS, PHASE',I2,' BITS ')

11809 c PRINTER OUTPUT

11906 WRITE(1,20088) LABEL,NPTS

12000 2008 FORMAT(1H1/,1X,48A2,' NPTS =',16/,

12189 * ' ITIME,PHASE ,FRAC DELAY,IDELAY,IPHS,ISA,ISE,SA,S8"')
12208 WRITE(B) LABEL,NPTS

12349 DFAC = 2.9**(NDBITS~1)

124285 PFAC = 2.9**NPBITS

12509 DO 188 1 = 1,NPTS

12692 SA = SIGNLA(I)+TIMEA(I)

12709 SB = SIGNLB(IX+TIMEB(I)

12809 ISA = SA.GT.0.0

12909 ISB = SB.GT.Z.%

1360882 ITIME = I-1

13189 IDELAY = NINT (DFAC*(FDELAY(I1)*8.QE6))

13200 IPHS = NINT (PFAC*PHASE(I)/TWOPI)}

13302 c PRINTER OUTPUT

13428 FDELAY(I)=FDELAY(I)*4.8E6

13558 WRITE(1,2081) ITIME,PHASE(I),FDELAY(I),IDELAY,IPHS,ISA,ISB,
13609 * SA,SB,SIGNLA(I),SIGNLB(I)

13768 2981 FORMAT(16,2F18.5,415,4F108.6)

138090 WRITE(8) ITIME,IDELAY,IPHS,ISA,ISB,SA,SB

139689 190 CONTINUE

140089 WRITE(1,2802) SIGX,SIGY,SIGXY

14100 2092 FORMAT(' SIGX,SIGY,SIGXY=',3E15.5)

142089 ENDFILE 8

14300 STOoP

14429 END
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14588 SUBROUTINE NOISE (IAPWRK,IAPTIM,IAPHS,IAPSTR,FACTOR,NPTS,SEED,
14680 * DELFRE,NTIMES,ARRAY1,ARRAY2,PHASE )

14709 O e e e e e e e
14889 C NOISE generates gaussian noise in the frequency domain and
14909 Cc transforms it to the time domain. Does 14,650 cells in the
15089 C frequency domain, single sideband (upper).

15189 c INPUTS:

15288 C IAPWRK [I*2 Base address for 5 element work array in AP
15399 Cc IAPTIM 1I*2 Base address for time/result array in AP
15408 Cc TIAPHS I*2 Base address for addittonal phase array.
15589 (o IAPSTR I*2 Base address of frequency array in AP

156889 C # = time & real part

15709 C 1 = time @ imaginary part

15809 Cc 2 = video frequency (Hz)

15900 Cc 3 = work

160204 C 4 = work

16189 Cc FACTOR R*4 Amplitude scaling factor

162458 o NPTS I*2 Number of tnput times.

16399 (od SEED R*4 Seed for random number generator.

16498 C DELFRE R*4 Video frequency increment.

16594 C NTIMES 1*2 Number of input time arrays (1 or 2)

166040 C ARRAY1l R*4 First array containing times

1670848 (o ARRAY2 R*4 Second array containing times.

16880 C PHASE R*4 Array of additional phases for second array.
169884 (o

179498 Cc OUTPUT:

17189 C SEED R*4 New seed for random number generator.

17289 (o4 ARRAY1 R*4 First result array

17389 C ARRAY2 R*4 Second result array

17408 e e e
17598 INTEGER*2 IAPWRK,IAPTIM,IAPSTR,N1,N2,N3,N4,N5,N6,N1QK
17698 REAL*4 WRK(S),FACTOR,SEED,DELFRE,ARRAYI{NPTS),ARRAYZ(NPTS)?,
17728 * PHASE(NPTS)

17808 DATA N1,N2,N3,N4,N5,N6,N1PK/1,2,3,4,5,6,1006008/

17998 G e e e e e e
18989 C Prepare work array for AP

18199 WRK(1) = SEED

18249 WRK(2) = FACTOR

18329 WRK(3) = -6.8*FACTOR

18400 WRK(4) = DELFRE

18508 WRK(5) = .8

18608 o Aquire AP

1874089 CALL APINIT (£,08,1)

18849 CALL APPUT (WRK,IAPWRK,N5,N2)

18909 CALL APPUT (ARRAY1,IAPTIM,NPTS,N2)

19099 CALL APWD

191909 c Set AP addresses

19208 IST1 = IAPSTR+!

19308 I1ST2 = IAPSTR+2

19403 IST3 = IAPSTR+3

19598 Cc Clear AP accumulators.

196829 CALL VCLR (IAPSTR,NS5,N1£K)

197249 CALL VCLR (ISTI1,N5,N10K)
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190589 C Use VRAND to create uniform distributed
19960 C values, then add 12 together and subtract
28T c 6.2 to simulate gaussian noise. Do sin
20108 C and cosine {indepcndently.

20209 DO 199 1 = 1,12

20308 CALL VRAND (IAPWRK,IST2,N5,N10K)

20408 CALL VRAND (IAPWRK,IST3,N5,N12K)

20507 CALL VADD (IAPSTR,N5,IST2,N5,IAPSTR,NG,N1OK)

20600 CALL VADD (IST1,N5,IST3,N5,ISTI,N5,N1OK)

20709 CALL APWR

20880 198 CONTINUE

28989 C Subtract 6.9 and multiply by FACTOR.
21988 CALL VSMSA (IAPSTR,N5,lAPWRK+1,IAPWRK+2,IAPSTR,N5,N18K)
21189 CALL VSMSA (ISTI,N5,IAPWRK+1,IAPWRK+2,1ST1,N5,N142K)

21209 c Put bandpass function here if desired.
21308 C Fill video frequencies.

21400 CALL VRAMP (IAPWRK+4,IAPWRK+3,15T2,N5,N1GK)

21500 c Zoro offset frequencies.,

21629 CALL VCLR (IAPHS,NI,NPTS)

21707 CALL APWR

218499 c Get new seed

21989 CALL APGET (SEED,IAPWRK,NI,N2)

228880 CALL APWD

221088 o . Call VFC routine to compute array.
22289 CALL NXFORM (IAPSTR,NS5,IAPTIM,IAPHS,NPTS,N18K)

223089 CALL APWR

22400 c Get results

22508 CALL APGET (ARRAYI1,IAPTIM,NPTS,N2)

22680 CALL APWD

22798 c See {f second array to be done.

22809 IF (NTIMES.EQ.1) GO TO 999

22909 CALL APPUT (ARRAYZ,IAPTIM,NPTS,N2)

230889 CALL APPUT (PHASE,IAPHS,NPTS,N2)

23188 CALL APWD

23208 CALL NXFORM (IAPSTR,N5,IAPTIM,IAPHS,NPTS,N12K)

23389 CALL APWR

234928 CALL APGET (ARRAYZ2,IAPTIM,NPTS,N2)

23589 CALL APWD

23609 999 CALL APRLSE

237889 RETURN

23899 END
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23828
24009
241089
24200
24300
24429
24589
246049
247028
24884
24990
25808
25100
25269
25300
254049
255900
25609
257929
25899
25909
26009
261049
26204
26394
26429
26509
26600
267089
26800
26929
27099
271089
27208
273949
27409
27509
27688
27708
278889
27998
28099
28100
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The following is a Vector Function Chainer rouviine for the
FPS AP-129B array processor.

DEFINE NXFORM (IAPSTR,INC,IAPTIM,IAPHS,OUTCNT,INCNT)

LOCAL IAP1,IAP2,1AP3,IAP4

" NXFORM GENERATES A RANDOM NOISE SPECTRUIM AND DOES A DIRECT
" FOURIER TRANSFORM TO THE TIME DOMAIN.
" AN ACCURATE REPRESENTATION OF AN INCOHERENT SOURCE THE RATIO
INCNT/OUTCNT SHOULD BE NO LESS THAN ABOUT 2.5

" INPUTS:

" OF

" IAPSTR BASE ADDRESS OF ARRAY.
%)

INITIAL REAL PART

1 INITIAL IMAGIWARY PART

M uwun

2 VIDEO ANGULAR FREQUENCY
3 WORK
4 WORK

" INC INCREMENT OF IAPSTR

IN ORDER

70 MAINTAIN

" IAPTIM BASE ADDRESS OF TIME/RESULT VECTOR
" IAPHS BASE ADDRESS OF ADDITIONAL PHASE VECTOR
" OUTCNT NUMBER OF TIMES/RESULTS
" INCNT NUMBER OF FREQUENCY RESULTS
" SET ADDRESSES
SP@9 = ITAPSTR
IAPl = SP@S9+1
IAP2 = SF@9+2
IAP3 = SP@9+3
IAP4 = SPO9+4

LOOP:

LOOP THROUGH DATA

CALL VSMSA (IAP2,INC,IAPTIM,IAPHS,IAP3,INC,INCNT) "COMPUTE PHASE

CALL VSIN (IAP3,INC,IAPA4,INC,INCNT)
CALL VCOS (IAP3,INC,IAP3,INC,INCNT)

“SIN(PHASE)

CALL CVMUL (IAPSTR,INC,IAP3,INC,IAP3,INC,INCNT)"ROTATE

CALL SVE (IAP3,INC,IAPTIM,INCNT)
UPDATE POINTER AND COUNTER

IAPTIM = TAPTIM+1

IAPHS = TAPHS+1

OUTCNT = OUTCNT-1

IF OUTCNT >= @ GOTO LOOP

END

“SUM



9 sHALLowA Y mol) TL cornR CARDS -
3) PMYLT JeArRD VSeo AT g0 mHZ

| > 3 % J
A A'Bf A'Dr A(t A(< - 32 ¢ }~ 3190 cH 30 c¥H

I
B RO oAb B b —] ] cd 39 i 12 M
¢ A ¢ A4 e BC :{—3_3_;1_7‘— 37 eH 37 C,/I
! : jz o o ' )
q,/f" LE"‘O % ‘_4[

Ad T,

Fpm FRE®QR <t /pAsctine Poct (NO X-PROQD) Poc
1 B¢ [6 mHE (R:7) 96 — -
5, A-D. * 7 MHZ 19 9¢ ~
¢, AL Yoy MK 3 %y I4 76
(S/B'c&

X A« pr ¢ OBm-3 LEver
IS AmT

Feamn FRER ¢ /D Poc2 (No x-prsv) _poc &

| € muz 14 X .= -

T MHZ Lo 0 —

-4 Mz 96 © 5o 7¢O



10 SHALLowA Y mobD 17 corr.  (ARDS
3d MuLT [cARD VS Ep AT 9 mMH 7
T 9 eH ’-_ 30 cH l
—-——] ]
T 13w 30 i ]—5(13} i 32 € H )
244
F;MQ FRERQ ctl /0hset mE PoLE (wo-J O0sp) Pl
h,bB c l6 mr 135 - -
18 A6 BC D x ¥ mre 256 19¢ -
A-G A e ¥ Y Mz S 256 127
_fpmo FRE®Q ¢H./afsnme Pot2 (Mo y PRP)  pui 2
16 mHuE ;Y — -
& My 51¢ )5 E ~
2oy s p 76 (o
X chAel D ;BT — etV



