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T0: VLBA Acquisition and Processor Group 6924764

FROM: Alan E.B. Rogers
SUBJECT: Fringe Processing - Mk III Algorithms

The Mk III fringe processing program "FRNGE" runs on the HP1000 F-Series
computer as a "quasi® post processing program. As soon as correlator output is
available on disk the fringe program processes the correlator output for each
baseline. The program is written in FORTRAN and uses a highly efficient microcoded
FFT Subroutine so that the modest computing power of the HP1000 is sufficient
to keep pace with the A-station processor. The program searches for the strongest
signal within a specified window in delay and delay rate. Having found the
strongest signal it "counter-rotates®™ the visibility data with the values of
delay and delay rate which maximize the correlation amplitude. The values of
delay and delay rate are used for astrometric/geodetic analysis while the
visibility data are used for hybrid and phase reference mapping. Algorithms
are as follows:

1. Normalization.
The correlator outputs are normalized and correction factors applied.
2. Derive Spectrum.

The correlation function for each video channel is transformed from delay
lags to video frequency.

3. Fractional Bit Shift Correction.

The fractional bit shift correction is applied for each accumulation period
(typically two seconds) over which many "bit shifts™ may have occured. (This
is a simple calculation and requires only a small amount of computing compared
with the FFTs which dominate the CPUD.)

4., Sideband Addition.

If data were taken with both sidebands the data from both upper and lower
sidebands are ocombined into one cross-spectrum for each pair of correlated video
signals or frequency channel.

5. Derive *Single Band" Delay function.
Each frequency channel is transformed back to delay. This is equivalent

to averaging over video frequency for several values of delay. This simplifies
the fringe search task for bandwidth synthesis over a wide spanned bandwidth.
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6.1 Transform to Fringe Rate.

Each frequency channel is transformed from the time domain to the fringe
rate domain. For example a scan of 500 2-second accumulation periods is
transformed to 512 fringe rate channels covering -250 milliHertz to +250 milliHertz.

6.2 "Grid™ Into the Delay Rate Domain.

The fringe rate axis is converted to a common delay rate axis appropriate
for all frequency channels. This step is needed to avoid smearing of the fringes
among frequency channels which will have residual fringe rates proportional to
the observing frequency. Reversing the order of transformation does not solve
this problem. If the data is first transformed to bandwidth synthesized delay
or multi-band delay then the delay resolution is sufficient to produce a smearing
in delay over the coherent integration interval. If axes are not *regridded"
or rescaled a fringe search with 1000 seconds coherent integration would be
limited to about +15 milliHz at 8 GHz for a spanned bandwidth of 300 MHz. The
phases are calibrated using phases derived from the coherent averaging of the
phase calibration signals over the same coherent integration period.

6.3 Transform to Multiband Delay.

All the frequency channels are transformed to a "multiband® delay function
for each value of delay rate.

6.4 Search for the Maximum,

The "pseudo™ 3-dimensional array of complex correlation amplitudes as a
function of single band delay, multi-band delay and delay rate is searched for
a peak magnitude and the values of delay and delay rate which produce the maximum
value are saved. Since the multiband and single band delay are not independent
quantities the array is really 2-dimensional and the separation into single band
or coarse and multiband or fine delay is largely a computational convenience
which greatly reduces the size of the FFTs needed to derive the full delay
function. For example, a window of +1 microsecond would require a 1024 complex
transform to cover a spanned bandwidth of 500 MHz while splitting up the delay
allows the same range to be covered with 16 64-point transforms if the minimum
spacing between frequency channels is 10 MHz. While the single band and multiband
delays are connected they may not be equal unless they are calibrated. The
single band delay depends mainly on the epoch of the sampling in the formatter.
While the multiband delay depends on the local oscillator phases in a system
without phase calibration and on the phase calibration phases in a system in
which delay calibration pulses are injected into the front-end.

7.1 Computation of Delay and Delay Rate.

In order to accurately determine the delay and delay rate the correlation
amplitude is determined for a fine grid of points around the values found by
the search procedure. In addition, the data is counter rotated with the best
fit values of delay and rate to obtain amplitudes and phases for time segments
of the full coherent integration.

The algorithms are now repeated in somewhat more detail and a sample FRNGE
output is given (this level of FRNGE printout is normally only used for diagnostic
purposes):



1904 AT 16:80: 20

1904 AT 168800

FRSR FILE *°FRNGE» 84 * WEXT REC o0 1 DATE = 1984.278 = TNUR 84 OCT.

[ Algor tthes used in FRNGE

2 d:v-uor—)uulon reut ine

3 1. Norselisation

4 fContk)mF*idogihli=c)/c

| J RS Intk)IsFe{2op(h)~c)/c

[ where sih)e® tne® output of the cerrelator

7 bikiesine’ eutput of the cerrelator

[] c=d of bite correlated in the accumalstion period

9 hogorreolatton 'u, index | to &
1 Fonorsalization factor
1 RCos=real component of the normalized cerrelation
12 18 units wvhere 18,088 = 189X correlation
13 lilnﬂu.lur‘ onent
14 Fo(P1/2)%13/74)%(P1/(4%costP1/8)) )01 /(1P eP /2881118 080
1] where ist factorectipping correction
16 Ind factoraratio # bite correlated to @ bits In accusulastion
17 poriodii/4 of the tise the 3 leve! appreximations
10 of the sine and cosine functions are zere)
19 3rd factorerotater correction from Wnitney et al
=’ Redio Science.vel 11,.pp 421-432.May 1976
24 4th factorecorrection for loss in making fractionsl
22 bl correction sutomstically within the correlator
23 2. Derive ?.“”. -~ vsing t6-point FFTs
24
26 t(v)-!uﬂ(ltoﬂl)~SIGI'|'IS|MH).:.( 2*PI% i (n-R)*w/16)
26 kel
144 where wel to Tefrequency indexiwvei=12.kEbandedge . w»7=87.5kbandedge)
20 SiGR=+] for positive fringe rate
29 S$)6N=-) for negative fringe rate - to compansste for the
3 correletors abtlity to perform only positive rotatien
3 1e*SORT(~-1)
32 3. Fractions) bit correction -if no bit shifts are made in corrslistor
33 during an accumulstion pertod
24 $'iwleSiw)(onp(-22P " (*w*FR/16) )% 1-PI®PLI/200) wel to 7
38 whare FlsApriort delay ainue delay applied through bit shift
3% at the center of the accumulation period
37 f8 ts 1n units of the sample i1nterval
38 Fractional bit correction ~tf bit shifts are mede 1n the correlator and
3 are accompaniod by 39 deg Jjump in rotstor phase
A8 $'(w)eSiw)anp (=220 [ 12 {u=d 1 (FReDD It 1-INT(ENI/SH)/1E€) wel to 7
41 where SNed bit shifts tn accusulation period
42 a positive floating point number
4 INTISH)e (w ¢ of shifts applied - a positive number
44 DD=eB. & 1f INTISN) 13 odd ane FOCS
46 DOe-£.§ 1f IRTI(SH) 10 odd and FB)S
46 Obell 1 INT(SH) ts even
47 4. Add together both sidebands
49 SusliwieSyiw) wel to ?
49 SurHw)oCONI(S1{-w)} we-| to ~Y If lower sideband present
s L weff (D.C.} and w)7 snd w<-?
4 i1s f1led out with zeroes
$2 where Suﬂ spactra) function
3 1ia tha upper sideband
4 l 18 the lowar sideband
g: §. Dertve ;.ho “stngle band® delay function - using 32-point FFTe
:z l(l)'SM,S(UHOQI-Z'Pl'|‘l¢°’)"lil))I?
1 3] where dedelay index } to 16 (deSacentra) taden)

FMNGR FILE ‘°FRNCE1184 * REXT RIC o0 o8 DATE = 1364.270 » THUR B¢ OCT.
[ 14 d has units of half the sasmple iInterval
1 {nots that the delay function ts s complex function and 1s NOT
82 the same as (Rcos(k)-SIGN*t*RSIntk}) )
&3 Sulc-frlnr seerch routine
64 1. FFT-to fringe rete domatin -using st wost 14 1824-point FFTe
(1] t*teex
:: PIL.G)I=SUNM Dl dlenpl-2°P1°(*(L~LD/2-1)% I -11/LD)

t=1
(1} where t*l to teax « tine sawple number
(3] tmen less than equal to §32
ki d Dit.d)vdelay function Did) for Lime sa-\o ”
14) Lefringe rate index nuamber !to LD
72 LO.LE. 182¢.00nd.L0.GE . tmax*2
73 f.0.L0 ts made as lur?. as practical for best intarpolation
74 DiL.d)e te band delay func. as & func. of fringe rate
75 2. Sortlor “grid°) tato delay rete domain and correct for phase ca! phase
76 0ln.L.d)=iDin.L " d)®(1-ael*)eDin L ¢) , d)%{a~L ) lexp(-1%Aln))
n .-WMH. LA/2-11%(Fin) /L1 1% ULO/LAI*LLD®3/2) 0D )¢}
" L'«InTia)}
73 where n*freq y €h 1 {nder -l 1 to ldlman)
. fin)epagnitude of tota) LO frequency of nth ch. tn NN
1 2] L=delay rate channal nusber from 1 to LA 1n wnits of
[ 14 1Z/(LA®f(1)*DT) aicrosec per second
L) LA.GE.tmex.and. LA.LE.LD
84 8Tet ime tnterval Detwesn time ssaples in seconds
(1] 1.9. 872 gccumuistion period
t 19 Atnlephase csl. phaseldtfference statton | ~stn.2) for nth channel
87 AMOCewoduio function
" 18T=truncate Lo Integer value
:; 3. Coalculiate m\u—uu dolay function -~using at sost $12 286-point FFTp
o td
:; Olk.l..l'd!. Bn,L . Gloxpl-2°P1%1oFS(n}*tk~N/2-1)/N)
ne}

3
L& FS(niotfin)-#i1)1/(1ergest common donominator in the specing
9% between frequencties)
% where d=fine dolay 'n units of
» 17(tlargest common spacing)®N! aicroseconds
2 Seaunber of points tn FFY required to cover 'l mpacings
” ] S$)(asninue valve of FSinl- sininue velue of FSin))
158 4. SEARC finde volues t,L and ¢ which saxtaize the asgritude of Dik,L.¢)
" where (in o full range search)
192 l runs from | to N (koli/2¢] » contral tndex)
19 Sl ° LAt=S12 saxiews)
184 ‘ M L B 1
108 IRTR- tntarpolation reviine 40 Tind Interpolated values of &.L and ¢
196 1. Calculate -ntl-bcnd dolay function at single peints by direct rotation
87 *nmss totmen
108 TR d)"lﬂ SN Din.L . d)*VROTIT A ¢.0.8)
199 e} tel

VROT(T . & . 0.V )meup ( ~2°P 112 (F (NI "R (DT"(¢~1)-Ela) ) eAln)
elfin)=fi11)°Te(g'~0)°8/0))
where Begalay rate 1n @icrosec peor sec
Tagu 1 -band Selay In microsec
Etn'eEpoch of Apriort cotculations relative to time of
1ot semple (te])
*ve S1gn Aplori caltcviated for o time sariter than
the tiwe of the ist saaple
é'ctaterpolored single band delay indes
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FIGRL FILE “"FANGE 1854 M NEXT REC oo 119 DATE = 1984.278 = THUR B4 OCT. 1984 AT 16:105:38 PAGE o0 3

ny B=+1 for upper s'!deband

120 8=-1 for lower sideband

121 8=8 1f both sidebands are added

122 2. A parsbola ts fit through 2 points (using the magnitude of D)
123 where the central point 18 the current

124 b et tmate of T.R and d and the other two points are equally spaced
128 on sither side of the centratl point.
126 To estinate the delay rete R the spacing between points &
127 tnitielly:s
120 L/7tLA*€11)°DT) (t.8.*spacing between delay rate points
129 tn SEARC)
138 and to estimate delay ¥ the spacing between pointe st
13) 17((1argest common denominator of freq. spactngl®h)
132 To estimats the single bend delsy the spacing betwean pointe 19
13 haif the ssaple interval.
134 3. INTR esttmates R,T and then d 1n two Iterstions and then s 2rd fteration
13% te perforesed 1n which the spacing between pointe for R end T 19 reduced
136 by s factor of 2.
13?7
1 ROTES:
139
e a) Constratned FRNGE procesaing
4
142 1f there ara fringes on 2 baselines of o triangle but none on the
143 third to detersine the rata, single and Bulti-band delays for the third
144 baseline and RE-FRNGE with constraints tn FRHGE parameter file. (A
145 progrea called TRGEN can be used to generste the FRNGE pasrameter file.)
146
147 b) Constratned FREGE processing in ths presence of severe atsospheric
148 phase fluctuations
149
188 1 there are fringes on 2 basstines of & trisngle but nons or wesk fringes
151 on the third deternine the approximate rate, singls and sulti-band delays
182 for the third baselins and RE-FRNGE. Then run FREERX on FANGE output to generaste
(1} sogrented complex outputs. A program celled AVPHS will then perfors the
164 following operation from the FRRCX “A° file output:
15
187 ANP (BC) exp 1P{SCI=CAMP(BC . t)axp TIPIBC,L)-PIAC,t)+P (AR, L))
3
188 ANPIDC) and PIBC) are optime) ostimates of the amplitude snd phase
16} tciosure phase) on the third baseline. The pegments should be made short
162 enough to sintmize 1098 dus to steospheric phase fluctustions. ARPLEC)
163 should be corrected for phase notse 1088 on baselines | and 2 according to the
16: loss factor theores (see sttached ssmo).
16
166 c) Global FANGE search on 3 baselines staultanscusly
167
160 FRAGE data with sxpected single bend delay luse calibrator desta te
169 dateraing) then run FRAGR on each of the 3 baselines (using sajecent calidretor,
18 scens for reference). Nap stze should be ch large gh o ac date
1%4] both position uncertainties and clock reate uncertant (translated nto
172 WA snd DEC). Run FRACT to add topether the 3 besetl! esither incoherently
172 or coherently. A coherent sedition is appropriste tf an apriori
174 reason to assume the closure phese ts cloee to 30ro. Incohereat addition
178 ts apprapriate 1f there 18 no constratnt on the closure phase. A significant
176 posh in the aap will (ndicate the prevence of fringes. Clock rate errors
n wti! produce an spparent position error while clock closure te constratned.

FRGR FILE *“FRNGE1:$4 N NEXT REC @@ 178 DATE « 1904.278 = THUR B4 OCT. 1984 AT 16:80:38 PAGE 00 4
17
l:: d) Clabal FRRGE sesrch on independent base!lines
1
181 Same ss 1n ¢! but add together all independent basetines from
’L:g 4% sany scane ss desired.
x:: ®) Phase raference mapping
1
186 Run FRNGR on FARGE output for a1l scans and 8l baselines with appropr late
187 coordinste offeets and map width. Run FRNGT on the FRAGR output to construct
108 the “dirty” pnase raference ssp. A clesn ssp can be genersted by running
H 1) any standsrd mepping pachage on the "offset’ complex smplituces from FRNGY.
1) Region dbatng aspped Bust be within one single-band delay beaswidth of the
191 reference or FRNGE sust be forced to run with appropriate single-band delay.
192 The reason 18 that the FREGE ocutput conteins complex amplitudes for ald
::2 frequency channels but for o only one value of single-band delay.
l;: L 4] “Export® interfaces
1
197 For gecdesy/setrometry the best Interfasce 1s via Lhe CSFC COP datsbase
190 gonerstor which runs directly on the FRNGE cutput files. The aoraa) astronomy
199 tnterface o via FRAGCK which generates visibility data for a selectabdle
20 coherent tntegration period from the FRNGE output files. One etnute coherent
28 integration tn norsslly selected and the data from al) frequescy chennels
282 are noraslly coherently added. For mapping which requires a flelo of view
283 greater than the stre of the sultiband delay beam the visibiities
204 from ssch frequancy chenne! can be used separately. The visibiliity phases
205 from the FREGK output are nocmally selected to be residual to the COREL
206 spriori valves which close so that ths FRANGE/FRUGX process Just Tilters
7 the vistbilities and CLOBAL fringe fitting cen be done tn the AIPS package
200 provided the fringes were strong enough to deteraine delay and rate filters
:’: or adequately precise control windows must be derived fros calibrator sources.
;l; Additisns ) notes:

]
13 1) Vithout constraints FRAGE searches threugh & rangs of delay end
214 dolay rete for & sanimus sagnitude. Statietice of u‘nltuﬂ. ts Rayletgh
21% and 2 "significant® detection dapends on nvaber of deley-reste Sosne
216 sesrched (see probabiVity of false detaction of FRNGE printowt). bet
17 runlly an SER of grester than ? fs required for high confidence. If
218 RAGE 13 run 1o o contrained mode 1t rotates the COREL output with
219 specifios dalay ond rate 1.0. It Geteraines the cosplexr amplituse within
g;.l a specifiod delay-rate besm.

)
222 2) FRECY forms o “dirty” map In which sach point has gausstan statistics
223 80 that signtficant detecliens can be made at SHR ‘s below ? howvever If
224 s v arge region is searched i1t should de resltzed that SIR _> 3 will be
225 280 ory 188 points. On the other hand there 135 an SR « ¥ 4t the expected point
3: 1n a sap will only ba & false detaction 15 of the time.
28 J) Transfer files esist to facilitate many of the special FRECE, FRNEX,
;:: FRNGR, FANGCT operations:
231 *Ch O0%€ transfor file for procesdure b)

232 TRGEs eonerstes transfer files for running FANGR
EOF on FHGR flle “FREGE sfter resding 232 records with approx 12088. chars

-l
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08 RECS OUTPUT 1m CRe 49 SEARCK ANP, INTR? ANP 112.216 Il) $71 ¢
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EXPLARATION OFf FRNGE PRINTOUT,

PLOTP! § supertaposed plote of1
1) Fringe rate ectrus-plot syabols 123486709ABCOEFC give ainglioband delay
[ si~] mtcrosec st 2MHI)

dela
nu“e-too & residus! single b-nd delay outstde
velue off top of plot
Plot center +*4 tnchae fream laft odge » § restduel rate
Plot full scale amplitude givern In units of §.81X correlation
2) Single band delay resolution plot symbels ¢ or = when outside search
Plot sterts at | point froe left edge and runs for 16§ points
3] Muitt-band delsy resolution plet symdols * or ¢ when outside search
Plot center *4 Inches from left hand edge =f res'dual delay
43 A1) points In I-dimensiona) search that have SNR grester than 4 stgms
Plot symbols 12345678%ARCOEFG
which tndicate the single-band delay as In the fringe rate spactrue
plot.The delay rate of ch point ts plotted on the same scale as the
suitt-band delay of each point ts not (ndicated
® the amplitude of sach point i scaled in units of F.513 the
points are NOT Interpolated and cen be as much as 36X low (n amplitude.
Pointe 1n this plot are plottad on a charecter replacement bas!s ¢ thet
ts 1T 2 points fall on the same point on the page the second point Is
plotted. However search points have priority and are not replaced by
pointe froe any of the other plot
§3] Crose-spectrus amplitude and phe
smptity ts grester than 188x8.
Plot syabols L:UP
L !ndicates lower sideband
» indicates D.C.

[ ]
9
6
X arch range
~

- only plotted 1f correlation
1

PLOTE2 superimposed time segmented plots of
1) Fringe amp'itude and residual phass for each frequency
Plot symbols 123486703VWKYL tndicating phass and frequency @
U indicates that upper sideband predomsinates
L tndicates that lower sideband predominstes
A tndicat that dboth stdabands are equally rapresented
Scale: phase -1 deg to +188 ,amplitude full scale=1fX full plot
(phase ts the restdual to sum of COAEL and FRNGE models, and has
been corrected for phase ca! phases)
2) Fringe ampltitude and phase for all fraquenciss coherent)y added
Plot syambols P tndica phase and T indicates amplitude
3) Phase calibration phases by station and frequency
Referance statton plot symbols )23488783VMNYZ
Reacte station pliot symbols ABCDEFGNIIKLMA
TIME SEGRENTATION for thase plats (s 85 segeents for a single frequency
procassed. || segments for 7 frequencles and € segments for (4 frees.
The first segeent for esch frequency.sll frequanctes coabtned and
phase cal phases is plotted on the relevant dividing grid.The first
segasnt starts at Lhe start time Indicated and the last segsent sLops
at the stop time iIndicated.

INFO ON SIDE OF PLOTS

RUR - day of year - heur heur ain ain FROC ~frequeancy group 2-letter nase
OATE  SOURCE

FILE '*FRAGP M3 * NEXT REC oo (1 DATE = 1904.277 » WED. §3 OCT, 1904 AT 28:16:12 PAGE o0 2

REFERENCE STATION - REMOTE STATION = 2-lettar basel)ine code
elevetion of reference station deg ELEVIDEG) elevation of remote statien
ont® & base!ine nusd:
rcsecond in direction of Increasing declination calculsted for the REFERENCE frequency
arcsec Iin ail)liNertz In dtr. of incr.dect.
BVI(FR/ASEC)® fringes per arceecond In direction of Incressing R.A.
BWIMNI/ASEC :»fringe rate/arcsec tn silliderty in dir. of Incr. R.A
EXP exper tment name and nusber
STARTTIME #MMMSS . SSS (time of stert of first eccum pertod-unless forced)
STOP TIME WNMMSS.SSS (time of start of last accum period-unless forced)
INTG.TIME affective integration time In saconds
SEARCH WINDOW WIDTHS full widths
SINGLBl+) width 1n single band delay search © sarks region outside search
MULTIS(®) width In mult- band celay search ¢ earks region outsida search
RATE (X) width 1n deley rate fn KT search X sarks region outside search
FREQ S8 INDEXeS CAL
freq.in MHZ(U=USH,L=LSB.bank=DSB) corre! USE index# LSS Indexd
nce station cal valtage remote station cal volta
cal emplitudes ere glven 1n unite of #.1X 1n voltege.T product of reference
and remote give cross-power of phase cal 1n units of §.8501%. Phase cal voltages
should be between LF snd 108x8.38 in voltage.
FAPRG frnge progrem date YYMMDD COREL® core) verston @
AMP correlation amplitude in units of §.01% corrected for sassring that

occurs during accusviation period st lerge restidual fringe rates.

for low SMRs the smplitude ts NOT but should be corrected for noise

by reducing the number by §.8*((1/SHR)**2) K.
SINGLBAND restdual single-band delay in microseconds (single band delay

19 coherently detersined by FRANGE from 311 fraquency channels!}
MULTIBAND restual auiti-band delay fn smicroseconds
FR.AATE restdual fringe rate for reference frequency in Herts
uncorrected for phaseca).
DC» percentage of data discargded -~ sctusl! duration of run (stop-start)
XPeaverage parity error rate for all tracks processed for ref.station
VPeaverage partty error rate for all tracks processed for res.station
XCRCefcyc 1 1c redundancy check errors for ref. X" input to correlator
total number 1n dats acceptped and rejectedibit § CRCNSK)
SUPReSaccua.por tods discarded @us to suppresston by correlatoribit 14 STATM)
VCRC##cyclic redundancy check errors for remote °Y* tnput to correletor
total nusber tn data accepted and rajectedibit | CRCMSK)

PPUPePaccum.poriods discarded ¢ua to no pareseter update(dit 7 STATW
TDIS* total nuaber of times decoded that were unexpected
YSLP=oeccum.por tods discarded dus Lo Y sync sliplidit & STATH)
TSLPedaccus .periods discarded due Lo Tapes out of syncibit 13 STATM)
or tods during which an error correction was Initiatedidit 3 CRONSK)
HD1S=total @ of sccumuletion records mot processed through frage
ASLPesaccus.periods discarded dus to X sync sliptdbit 4 STATM)
PEXD=faccum.periods discarded duve o high parity error rate In X dataiset by MAX PER)
PEVDs#accum.pariods discarded due to high parity error rate in ¥ dataiset by MAX PER)
STATM correlator error status sask(norss) 782828)
CRCMSK crc error mask (norsa) 4B)
SHR signal! te nolse ratio [n wnits of sigas-NOTE that runs with SHR

less than 7 carefull tests( Vthe comparing fringe deley and rate residuals

for adjacent runs) need to be made to be sure that fringes are res! ano

not Just nolse.
MODE correlation modes see correlator manua) for definitions
srded dwe to AP overrrun in correlatoridit 12 STATH)
rded dwe to large numbers from correlator
DAVS ref. and rem. tape drive &
STATs processing status for module of ref. track of FREQP |
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12 INFO BELOW PLOT o)

12}

122 RATE+/- half scale plot widthid inches on paper}) Iin Hertz and Aanosec/sec
123 OELAYe/- half scale width of sultiband delsy resolution plot {n aicrosec
124 SRCH WIDTHIRATE SBOLY )/~ half widths of reaglon 1n the sky covered

12% by the search windows used: width in RA due the rate window,due to stngle
126 band delay then dec widih due to rate window.dus Lo single baad delay

127 in ynits of seconds of erc.

i2e FRO® Fringe frequency number

129 FREQUENCY frequency in MHZ

138 EXTO(R,P) file extenté from which frnge found data for reference/partner sidebend

ation processing dates Yesr(18+1988) DAY® for reference/partner

132 sr ity error rate for reference stion ,Os!ip syncs sccepted

13) ity error rate for r te station ,fslip syncs accepted

134 error rate= 1SE-20 indicates 2ero error rate

135 ercor rate~ . SSC 89 iIndicates no date processed

136 PARTRER track@®=parity error rate for partnerinormally USS) trache

137 FROINO(R ,P) Carre) frequency tndex®y for reference/partner sidedand (-ve for LS8)

138 OACC.PERIR . P) Gof scculation periods proc ed through fr inge reference/p

139 CORROI(R P} correl ce/partner sideband

148 OFFSETIR.P) correlator delay offset for each ascdule in lags

141 OPOINTS SEARCHMED opoints searched tn frage search

142 PROS.OF FALSE DET. eetimated probability of a falee detection of fringes

143 PHASCAL RATES(MICROSEC/SEC) phasecal drift rates for reference,.remsote statns.

144 MAX PER parity error rate above which dats Is discarded

145 FS winisue frequency spacing -~group delsy ambigulty »1/F5

146

147 UNDER PLOTeE2

140

149 PRASE= phase in deg for esch frequency followed by phase for al) fregs.

158 NSCe number of segments used by FRAGE to calculate quality code

18) FR.AMPL fringe smplitudes for each frequency 'n units of B.518

182 CHA® greenwich hour angle for source 'n decimal hours

15) PCALPH! phasecal phases in degrees for raference statton

154 EPle time of first sccusulation processed through fringe In sec minus epoch

15% EP2+ apoch minus average time or center of the run

156 PCALPH2 pnaseca)l phases in degrees for reacte station

187 368 degrees indicates that s manusl phase cal has been used

188 whose velue 18 in PCALPHY

159 SIDA0KE single band delay box @ for independent sesrch In each frequency

168 at tha fringe rate detarained for the coherent addition of all

161 frequancies. These numbers are only meaningful tn the case of

162 fringss strong encugh Lo be detected 'n sach frequency )ndependently

183 Ve band width of each recordes trach 1n MMZ

164 PARAN FILE parsmeter fila used Lo set up the fringe search pacassters

168 RAMR .pointer numher

166 SRCH RNGE PARAMS saarch pa ters residual delay rate start,dalay rate stop

167 in microsec c.,multiband de) start, stop (n etcrosec, single

168 band delay start,stop In micrasec

169 GROUP DELAY USEC Group delay in microsec ambiguity selected closest

178 to APRIOR] detay (set equal to SWGLBAND DEL 1f only one freq. present)

17 SNCLBARD DEL VUSEC Single band delay determined from the coherent sddition

172 of al) frequency channels

173 PHASE DELAY USEC #n delay expressed tn microsec ambiguity selected closest

178 to APRIOR] de

(%4 PHAS DEL RATE US/S phase delay rate after correction for phasecsl. ratas

176 TOTAL PHASE DEC total chserved phase at EPOCH given below

277 Phase 19 positive when wavefront errives st remote statfon late
FMGR FILE °*“FRNGP (M3 . REXT REC 00 178 DATE = 1984.277 = WED. §3 OCT. 1904 AT 28.18.12 PAGE @0 &

178 this definition holds regardless of sideband and 1s consistent

173 with the definition of delay

108 EPOCH NHMMSS. apoch for observables number !n parenthes!s 1s central epoch

181 computed by FRWGE for eacceptec data - delay.rate and phase for

2 this epoch are in output file but not on printout

182 (17 there tf an *®*" in front of this time FRNGE was

104 with the option HOT to cal) VDELY and mean epoch

16% numsbers will not be In output)

106 eanthests is tots) phase for an epoch

187 t'we & wavefront pssses the reference

188 station and arriv at the center of tne reh at EPOCH.

189 Thus the epochs are defined by a particular wesvefront -

198 the same for all baveltnes - and not by universsl tiew

191 st the referance station,

192 RESTDUAL PRASE DEC phase resioual to the COREL model at EPOCH

193 corrected for phase cal phases - to uncal phaseuncals

194 phasesPCALPHL-PCALPH2 Pha in parenthests (s the

198 r aus! ph corrected to an EPOCH at which the

196 wave front ches the ce of the earth.

197 Anp correlation amplituge 1n units of I8SFF.Number in parenthesis s

19 the incoherent sus of fringe ampiitudes for each segaent

199 carrected for the theoretical noisa 1.e. reduced by the

248 factor J+1/(2% segeant SWR)**2)

281 QFe quality factor of the run.f= no fringes Je=poor ,.92good

282 1.0. highe~ numbers indicate better quality

283 Of quality factor starts st 3 and 19 reduced by:

204 1 point tf RMS PH/SES >1).46 and theoreticel AMS ¢ $.7]

295 2 potnts (f RMS PH/SEGC >22.92 and theoretical RMS (I} 4%

286 the factor 1s further reduced by:

207 1 point If RMS ANP/SEC )28 .882 and theoretices) AMS (I8 .E8X

208 2 points tf AMS AMP/SEC >48.88% and theoreticsl RMS (26._88%

209 the factor 1s futher reduces bdy:

218 } potat If RMS PH/FRQ > 11.46 and theoretical RNWS ¢ 5.273

211 2 pointy f RMS PH/FRQ D> 22.92 and theoretica) AMS (1).46

2)2 the factor s further recuced by

213 1t point 1f ANS AMP/FRQ > 28.88% and thecretical RMS <18 80%

214 2 points 17 ANS ANP/FRG > 48.0PX end theoretica)l RNS -28.88%

215 any error conditton sets the auality factor to letter code In which

216 Ae freqency sequence cannot be handied by FRACE

7 requires an FFT of more than 256 potiats

218 8+ (nterpolatioca error chech sesrch range fringes

219 way be on the edge of range

220 C» epoch error conditton all frequencies »ot at same

223 opOch

222 0= no phasecal or sanually entered phasecal values

223 € ningle band delay residual too large CAVTION

224 fringe amplitude may be more then 51 low

226 Fe no dota found~- duamy FRRGE output

226 OF »f= prodbed )ity of false detection grester than 1.8E-4

227 t.0. DO FRAGES () SHR below approx. 7)

228 QF»1= one or more ph 1 signals less than 13

229 QF e2+ one or more channels he amp i 1tude ss than half

218 the streangth of the coherent avarasge and SM .CT.28

2 Qb= r.m.5. variation between channels (n amount of data accerted 1n X

232 TAPEQe$ character tape qualit) code

231 Cnar leref.taps orror cste exponent t.e. Do) SENS 9+ .K-9

234 Char d=rem Lape @rror rate [}

23% Char

236 Cnar




FHNGR FILE *°FRNGP::M} M NEXT REC oo 237 DATE = 1904.277 « VED. §3 OCT. 1984 AT 29118112 PAGE o0 &

217 Char Jepercentage data discarded t.e. §=10% 9=1X

238 Char 6sfracttion of data processed 1.8. Be(S5X 9=)>958%

239 that Is INTC.TIME/schoduled run duration

248 REF.ST.CL.EPOCH MS reference stetion (ist station tn baseline ) clock

24) epoch. The epoch 1s corrected for the best spriorl estisate of

242 Lhe station clock -UTC,

243 RMS PN/SEGC DG r.a.9. phaselin deg) deviation of phasesiP symbols in plot}

244 RMS AMP/SEGC X r.m.5. amplitudelin %) deviation of saplitudes(T symboly)

268 s. phase deviation ssoung frequency channels

246 smplitude deviatton amoung frequency channeils

247 estimates for the 4 quantities above

20 followed by the FRNGE processing time YYDDD: HANM:SS

249

268 CALCULATION OF CLOSURE RATES DELAYS AND PHASES (for 3-stattions A.8.C)

251 {from numbers on frnge printouts!}

262

253 CLOSURE ratelin microsec/sec):

254

256 Closure~ rate(AB)-rate(AC)+rateiBCleacel (B} delayg®) . FE-

256 rate(AD)*rateiBCI*| . JE-6

257 rates In microsec/sec,.sce) in microsec/sec/sec,delay in microsec

268

259 CLOSURE delay(in eicrosec}:

269

261 Closure= deley(AB)-delaylAC)+delay(Bl)erate(RC)"detayg"] . SE-§

262 dulay th microsec, rate in atcrosec/sec

263

264 CLOSURE phase (In rotattons)

26%

266 Closure~ phass(AB)-phaseiAl)+phase(fiC)+rateiBC ) detayg®freq®! . .RE-§

267 phase in rotatlons,rate in microsec/sec,delay in alcrosec

268 reference freq in MHZ,

269 This ex asion omits aceleraion terms which can produce st msost

278 spprox. deg. error at 22GNz. Stnce observabies are used no

2n error results froe (ncorrect valwes of source pasition.baseltres

272 or Apriord clochs.

213 delayp* messured delay on taseiine AB (dalay(Al}) wminus APRIORI clock

Z;I on baseline AB (n microsec

27%

276 CAUTION:

L 217 1) ALy BASEL I1MES WUST BE PROCESSED WITH SAME EPOCH

278 2) FOR CLOSURE PHASES ALL BASELINES MUST RE PROCESSED WITH

279 SAME REFERENCE FREOQUENCY

208 31 IF MANUAL PHASE CAL PMASES ARE USED TNEY MuST CLOSE or phases

28 sust first be “uncalibrated® before deriving closure phase

202 MOTE

203 1} Stnce aprtoris close,residusls can be used In above axpressions

284 but totals wust be used for correction term, aprioris only

285 close It the same source pOSItions etc have been used on all basaltines.

206 That 13 baselines processed from same root file will have apriorts that

287 close while those proceesed from different root files msay not clase.

208

209 CLOSURE PHASES -alternate wethad of calculatton(FRNGE PRCRSSSSEY and later)

298

291 Closure phn.o-phn “(AB)")-phase(*tAC) " Yephasel “(BC)*)

292 eh sarth center epoch ph which are In

293 parenth fn printout.

294 Note that this sethod of cbtaining closure phase uses Apiort

29% information tO move the epoch and & | arcsecond error in
FUGR FILE "“FRNGP:N] ’ NEXT REC 00 296 DATE = 1984.277 = VED. #3 OCT. 1904 AT 28:18:12 PAGE o0 ¢

296 source position or beselines con result iIn approx. 1 deg.

297 error at 226Hs.

EOF on FMGR file *FRACP after resding 297 records with approsx 16944, chors
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