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The Kk III fringe processing program *FBNGE” 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 paoe with the 4-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 CPU.)

4. Sideband Addition.

If data were taken vith both sidebands the data from both upper and lower 
sidebands are combined 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 KHz. 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 may-imm 
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 conplex 
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 sa*>le FRNGE 
output is given (this level of FRNGE printout is nonnally only used for diagnostic 
purposes):
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1 AlgorIthea uaed fit K N I
2 MORHV-KoraMl nation routine
1 1. Nora*11 tatIon
4 RCealkl»Fal2ae(k>-cl/c
9 ftSlntkl-Fa (2ablk>-c>/c
I «twr« i U I * ’c* H m ' output ef tk* Mrr*)it«r
7 bCfc»a*etne* Mifgt of the c«rr«1itor
• «•# «f klti e«rr*l*t*4 In tht iccuMlitlon period
9 k*(«rf*litiw Im  l*4*« I u  I

If F»norae1Italian factor
11 RCoa*reel component of the Mratlliatf correlation
12 In unlta where If.lll • 1003 correlation
13 RSlna taegtnary caapanant
14 F«(Fl/2 l*l3/4)a(FI/l 4acoalPl/9) 1 >all/l I-PlaPI/299) >a10.000 
It where lat factor>clipping eorraction
15 2nd factor>ratlo t klta correlated to # bit* In t e c u H l k t l M  
17 period!1/4 of tha tlaa tin ) level approataotlena
II of tk* alna and coalna function* ara taro)
19 Jrd factor ■rotator corractlon fro* Whllnoy ot at
20 Radio Science.vel 11.pp 421-432.Nay 1979
21 4th factor»correct Ion for loaa In M k l n t  fractional
22 bit corroetIon automatically within tha corralator
23 2. fttrlv* Spactrua - ualng I (-point FFTa
24 k>0
25 Slw>*5UM(RCoa(k>>SI6N*iaRSlnU)l«jipl-2aFI*l*(k-t>*w/U)
2C h-1
27 vhara trl to 7*fre*uency tndeK(w*l*12.9Sbendedga,v«7>g7.9Xbendedge>
29 for poaitlvo fringe rat*
29 SICM**! for negative fringe rata - to coapenaate for tha
30 corralator* ability to perfore only poaitlvo rotation
31 l*SWT(-l>
32 3. Fractional bit correction - If no bit ahlfta ara aede In correlator
33 during an accuaulatlon ported
34 S ’ (w)BS<wHe>p(~2aPIa tawaF9/15) )•( l>PIaPI/299) w»l to 7
35 where F0*Aprlorl da lay aintia da lay applied through bit ah 1ft
35 at tha center of the accuaulatlon period
37 FO la In unit* of the aaaple interval
39 Fractional bit correction -If bit ahlfta are pad* in tha correletor and
39 ara accompanied by 90 dee Juap In rotator phaae
40 8* < w)«S( w)e«p(-2aFIa l*lw-4l*CF9*00)a(I'IRTISH)/SM)/I9) w-1 to 7
41 where SM“# btt ah Ift* In accuaulatlon period
42 a poaitlvo floating point nwaber
43 IRTISH)- i n t e g e r  # 0f ahlfta applied - a poaitlvo nuabar
44 DO-»0.9 If IRTISH) la odd and F9<0
45 00— 0.9 If IRTISH) la odd aed F9>0 
49 00«# If IRTISH) I* even
47 4. Add to gether both aldobanda
49 Eu*1lw»-Sutw) w-1 to 7
49 Su«l<wl-COHJ(SII-v>) w— I to >7 If lower sideband prevent
90 "0 w«0 (0.C.> aed w>7 and w<-7
91 I.e. reat of array la filed out with aeroea
92 where Su*1 la the coefelned croa*-apectral function
93 tv la the upper aldebend
94 SI la the lower * Ideaand
99 9. ftertve the "alngle band* delay function - ualng 32-point IfTa
9* w»7
97 Old)»SUM SlwHeapl*-2aPlaia(d-9)*w/32> )/7
99 w— 7
H  where d-delay Indea I to 19 <d»*-eentral indea)

FN8R FILE '*rRNCEitS4 K X T  REC 0* U  BATE • 1994.279 • TttUR 04 OCT. 1994 AT I9i*0<39

90 d hat unlta ef half the aaople Interval
SI (note that the delay function la a ceaplex function and I* MOT
92 tha aaae a* IftcoaCk >-S I6N* t*ftS m l  k I > )
93 SEAIC'FrInee aearch routine
94 1. FFT-to fringe rata doaain -uaIng at aoat 14 1024-point FFTa 
99 t«taa*
99 Oll.dl-SM* 0(t,d)expl-2aPl*IaIL-LD/2-1) *lt-1)/L0)
97 t-1
99 where tal to teai * tlea aaaple nwaber
99 taaa loaa than equal to 912
70 0lt,d)«de1ay function Old) for tlaa saaple *t
71 Infringe rata Inda* nwaber Ito 10
72 10.IE.1024.and.L0.6£.taa*a2
73 I.e.LO la aada a* large a* practical for beat Interpolation
74 OIL.dl-alngle band delay fwnc. aa a func. of fringe rate 
79 2. Sort (or *grld‘> Into delay rata doaain and correct for phaae cal phaae 
79 0(n.L.d>>ID(n.L'.d>*<l-a*L•>*D(n,L•♦!,d>*le-l')>a*pl- l»A(n ))
77 e»AN00IIL-LA/2-l)a(f<nl/f (11 >a<L0/LA)*(L0*3/2) .10)♦!
79 L'-IMT(e)
79 where n«frequeney channel lnde> nwaber 1 to I4(aa>>>
90 f ln)-eegnltude of total 10 frequency of nth ch. In MHZ 
•1 I “del ay rata channel nuafrer fraa 1 to LA in unlta ef 
•2 l/ILAaf11)a0T) alcroaec per aecond
■ 3 LA.C E .taa a .and.LA.IE.10
•4 9T>tlae interval between tlaa aaapla* In aeconda
•6 I.e. 9T» accuaulatlon period
*5 A(n)>phaae cal. phaaeIdifference atatton 1 -atn.2l for nth channel
07 ANOO-aodule function
09 IRT»trwncate to integer value
99 3. Calculate a«1tl*tan4 delay function -waleg at aoat 912 255-point FFTa

91 Olk.L.dl-SUN Ola, l. .d)exp(-2aH * 1aFSIn>a(k-R/2-l>/R>
92 n-1
93
04 FS(n)*lfln)-fll>)/(largeat coaaon danaalnator in tha apaclng
05 between freauoncloal 
09 wfeere k»f Ine delay In wnlta ef
07 l/lllargeet caaann apacleg)aR) alcroeeconda
00 g»aiiaear ef point a in FFT required to cover all apaclega
00 I.e. IXaaateea value ef FSIal- elnleue value ef FSInl)

100 4. SEARC fteda valwea ef k,L and d irfilch aaxlelte tha aegnttude of 0(k,L.dl
1*1 where I In a fall range aearch)
1*2 fc ruaa fraa I to R lk*R/2«l • central Index)
1*3 i • | • LAl-512 aa*Iawe)
104 d * * I • 19
109 IRTR-Interpolation routine to find Interpolated value* of k.L and d
1*5 1. Calculate aelt I-band delay function at alegle pointa by direct rotation
1*7 **naai t>taea
1*9 0IT.R,dl*SUM SUM 01n.t,d)aV*0TIT,9.d.a.t>
1*> M l  ta l
11* VROTlT.R,d.tl^eapi -2aFla la(f l*»l"Ra l 0Tal t-1 i-ECal )«Atn)
111 »lfla)>f(lll*T*(d,-d)*9/0) )
112 where 9«eelay rate 1n alcroaec per aec 
<13 T*aw!i-fcaad delay In alcroaec
114 El•>•Epoch of Apr lor 1 calculatleea relative to tlae of
115 let aaaple <t>! I
11* »ve a ion Aplori calculated for a tlaa earlier than
117 tea tlaa af the lat ae^le
110 d'a Interpolated alngle band delay Indei

PAGE *# 2
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11^ !•«! for upper sideband
Itl l»-l for lover sideband
1 1 1 (■* if both sideband* ere added
122 2. A parabola la fit through 1 point* (using the magnitude of 01
123 where the contra! point 1* the current
124 boat oattaato of T.R and d and the othmr two points aro equally spaced
125 on either aide of the central point.
I2i To estimate the delay rate R the apaclng between points la
127 Initially!
1 2 1 l/tlA*f(1laDT) (I.e.*apacIng between delay rate polnta
1 2) In SEARC1
ill and to eatlaete delay T tha apaclng between points 1st
1 ) 1 l/<Margeet comaton denominator of freq. *paclng)aN>
132 To eatlmate the alngl* band delay the spacing between points la
133 half the eaaple Interval.
134 3. INTI estimates R.T and then d In two iterations and then a 3rd Iteration
136 is performed In which the spacing between polnta for R and T Is reduced 
13( by s factor of 2.
137
131 IIOTESi 
139
141 a I Constrained FRNCE processing
141
142 If there ere frtngea on 2 baaellnea of a triangle but none on the
143 third to determine the rate, single end multi-band deleys for the third
144 beaellna and RE-FRNCE with constraints In FRNCE parameter file. <A
149 prograa called TRCEN can be used to generate the FRNCE parameter file.I
145
147 bl Constrained TRNCE proceaslng In the preaence of severe stmoapherlc
149 phase fluctuatlona
149
Ilf If there ere fringea on 2 baaellnea of a triangle but none or week fringe*
1S1 on the third determine the approximate rale, single and multl~bend delays
1(2 for tha third baseline and RE-FRNCE. Then run FRNCX on FRNCE output to generate
193 aegeanted complex outputs. A prograa called AVFHS will then perfore the
1(4 following operation free the FRNCX "A* file outputi
m
itt
197 AMF (tC> exp IP(9C>»<AHf<9C.t>exp 1(P <9C.t>-P(A C ,t )*P<A 9 ,t ) 1>
199
169
1(0 AMFI9CI and H D C )  are opt lea 1 estt mates of the emplltude and phase
1(1 (closure phase) on the third baseline. The segments should be mede short
1(2 enough to minimise loss due to atmospheric phase fluctuations. AHP(9C)
1(3 should be corrected for pheee nolee loaa on baselines 1 and 2 according to the
1(4 loas factor theorem (eee attached msas).
1(9
1(( c> 6 total FRNCE aeerch on I be so lines simultaneously 
1(7
1(9 FRNCE data with expected single band delay (use calibrator data to
1(9 dmteralnel then run FI NCR on each of the 3 baselines (using adjacent calibrator,
17* acans for reference). Mep alio should be choeen large enough to accomadate
171 both position uncartaIntlea and clock rate uncertantles (tranaleted into
172 HA and DEC). Run FRNCT to add together the 3 beaelInes either incoherently
173 or coherently. A coherent eddltlon is appropriate if there la on apr lor 1
174 r«eson to assume the closure pheae Is close to aero. Incoherent eddltlon
179 Is appropriate If there Is no constraint on the cloaure phase. A significant
17( peak In the mep will Indicate the preaence of fringes. Clock rate errora
177 will produce an apparent position error while clock closure Is constrained.

FNCR FILE '*FRNCEt<94 NEXT REC «# 179 DATE ■ 1994.279 • THUR *4 OCT. 1994 AT l(iMi3R

179
179 dl Clebal FRNCE aearch on independent beaelInes
III
191 Same aa in c) but add togat her all Independent baselines from
192 ae eany ecena as desired.
193
194 el Fhaae reference mapping 
199
19( Run FI NCR on FRNCE output for all acana and all baselines with epproprtste
197 coordinate offsets end mep width. Run FRNCT on the FRNCR output to construct
199 the ‘dirty* pheee reference eap. A clean map can be generated by running
199 eny standerd mapping package on the ’offset' complex amplitude* from FRNCT.
19* Region being mapped must be within one single-band delay beamwtdth of the
191 reference or FRNCE must be forced to run with appropriate single-bend delay.
192 The reason la that the FRNCE output contains complex amplitudes for all
193 frequency channels but for a only one value of alngle-band delay.
194
199 f) *E«port* Interfaces 
19(
197 For geodeay/aatromatry the best Interface Is via the CSFC C M  detabase
199 generator which runs directly on the FRNCE output files. The normal sstronomy
199 interface I* via FRNCX which generates visibility data for a selectable
2** coherent Integration period from the FRNCE output files. On* minute coherent
2*1 Integration in normally selected and the data from all frequency channels
2*2 era normally coherently edded■ For mapping which requires a field of view
2*3 ffreatar than the sice of the multlband delay beae the vislbilties
2*4 from each frequency chennel can be ueed separately. The visibility phases
2tS from the FRNCX output ere normally selected to be residual to the COREL
2*( opr lorl vetoes which close so that the FRNCE/FRNCX process Just filters
2*7 the visibilities and C10RAL fringe fitting can be done in the AIPS package
2*9 provided the fringea wmre strong enough to determine delay and rate filter*
2*9 or adequately precise control windows must be derived froe cslibrator sources.
21*
211 Additional notea■212
213 1) Without constraint* FtNCE seerchea through a range of detey end
214 tfmlay rate for a maximum megmtude. Statistics of magnitude is Rsyletgh 
219 end s 'significant* detect low depends en number of deley-rste beams
21C ee*rched (eee probability of falae detection of FRNCI printout), but
217 menarally en SNR of greater titan 7 Is required for high confidence. If
219 FRNCE is run I* a contralned mede 1t rotatoa the COREl output with
219 mpedfted delay end rete I.e. It determlnea the complex amplitude within
221 a epee if ted delay-rate beam.
221
222 2) FRNCT forms e *dlrty* mop In which each point has gausslea statistics
223 eo that significant detections can be mede at SNR's below 7 However if
224 a very large region is eearchmd it ahould be realised that C M  _> 3 will be
229 eeen every 1 H  points. On the other hsnd there 1s sn SNR • 3 at the expected point 

in • e*p will only be a falae detection IX of the time.
227
229 31 Trenefer file* ex Iat to fecllltate many of the apeclal FRNCE, FRNCX,
229 FRNCI. FRNCT operations!
23*
231 eCtOtE transfer file for procmedure bl
232   TRCEa goner ate* transfer files for running Ft NCR

COF on FNBR file *FRRCE after reeding 232 records with approx 12111. chars
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I FILE<6lB69> >49. 41 I 
I BNtFR/ASECi- 211 .66 
I BE(FR/ASEC >• -424.46 
I EXP POLAR-2 # 439 
I STARTT1ME 166960.0*0 
1 STOP TIME 190046.000 
I I NT6.TIME 6«.*00SEC 
I SEARCH VINOOW WIDTHS 
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*6** . 99U 
I B M . 99U 
667*.99U

I 41 St
* 41 67 
I 41 BB
I 3B 44 
0 3* (4
0 39 47
1 36 6*
0 37 64

1 FRPRCA40602 COREL# 4
I AMP 119.271X.fix
I S1N6LBAN0 .2B3604US 
I MULTIBAND -.036073US 
I FR.RATE .067926HZ 
I DC* 0.00X 6*.00SEC 
1 XP*.6*E-06YP-. 14E-03 
I XCRC* 0.YCRC- 0. 

Ul TDIS* R.NDIS* B. 
DRVS 41 STAT* 000364 
SNR 211 .9MODE4000] 
.i2iiE>n

•21*.99
1221.19 
•2 U . I 9  
131*.99 
1420.99 
•6**. 99 
•SB*.99 
•57*.99

*  *4271 , 7 U M  16*.4IE-*6
* B4271,71111 2*.1*E-IB
*  *4271,70000 1R*. 10E-1R 
■ B 4 2 7 1 .7 M il  4*.69E-*7
*  14271,71111 M *.33E>fl 
0 14771,71111 6*.I4E-06 
0 *4271 ,7M i l  22-.69E-06 
0 *4 2 7 1 .7 ****  R-.I0E-I*

•POINTS SRCNED .261IE*«6 PROB OF FALSE DET

REMOTE TRKS PARTNER TRKS FR01N#(R ,P *#ACC.IPER IR , P )CORR#IR .PIOFFSETIR.P)
16*.12E-03 2 0s .**£♦** 0>.MTE*00 1. 0 29 0. 10*. 0 0. *
2-.13E-03 2 0 » .**£♦** 0*.00E*00 2. 0 29 0. 101 . 0 *. 0
1«*.20E-03 3 0«.00E*00 0*.R0£*0* 3. 0 29 0. 109. 0 0. 0
4*.16E-03 2 0*.00E*00 0>.00E*0* 4. 0 29.. 0. 102. 0 1. 0

20-.17E-03 2 0* .**£■»*• 0 * .*0E *00 6, 0 29 *. 110. 0 0. 0
6 * .96E-04 2 * • .00E*0* *«.**£«** 6. 0 29 0. 1*3. 0 0. 0

22-.IRE-03 2 0*.00E *0* *-.**£•** 7. 0 29 0. 111. 0 0. *
*•.10E-03 2 0*.0*E *0* *•.**£♦** *. 0 29 0. 104. 0 0. 0

•00E*00 PCAL RATES(MICROSEC/SEC) -.1276E-06-. 349BE -07 MAX PE* .30E-01 FS 10.0*MH2
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FRIN6E PHASE (* IB* TO *1R0 DEC) AND AMPllTME AS A FUNCTION OF TINE RY FRO
FRO# I FRO#

57.3 91
na.t
-6S.7 
*9.7
11.3

1IB -7* 
-•1 11

E*03

PHASE •
FR. AMPL 
PCALPMl 
PCAtPH?
SBD60/#
PARAM I H E  #fR4391 164
CROUP DEIAv jrstc 
SNClRa r C DEL tfSFC 
PHASl 01 LAV W*ll 
PHAS DEL RATE US/S 
TOTAL PHASE REC 
EPOCH HMNNSS.
RA 122433. 24i DEC

.2 * * * E < .3000E< 6C W E *  . 7*00E <

2 FRO# 3 FRO# 4 FRO# 6 FRO# ( FRO# 7
I B9.4 BB.7 B7.2 BB.9 S7.7 
9 120.9 119.0 122.7 120.9 117 .S 
B 161.0 10.7 -131.0 133.4 171.4 
1 37.4 -166.7 76.6 -36.6 6 .*
4 11.3 11.4 11.3 I I I  II .?

* SRCH R K (  PAR AMS -.2M0ME-04 
. I 104966693690*06 APtlORI DELAY US EC 

- . 1 1 * 4 # 3 3 ? ? * * | 0 . 0 5  APR 1 0 * I CLOCK USfC 
-. ll*4M20*jl36D**fc APR 10* I ClOkt 

.7769793724616*00 API IOR I RATf VS/S 
-64.4 (-2*6.0) API 10*I PHASE REC
16696*. (*190019. > REF FREOWEKV MH2 

21943 470 1960.0 APR 10* I ACE l VS/S/S

.R000E'
CHANNEL

.9000E«

FRPRCA40602 COREL# 4
AMP 119.271X.*1X 

1 SINCLRAND .2*36*4US 
I MULTIBAND -.036073US 
1 FR.RATE .06792SH2 

PEXD- 0.PEYD- 0. 
STATM 702*2 CRCMSK04 

1 SUPR* 0.PPUP* 0. 
t XSLP* 0 .YSlP* 0.

0 ERCC- 0 
261.SAP 0 IN 0 
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1 EXPLANATION of FRNCE PRINTOUT.
2
3 PLOT#! I superlaposed plots ofi
4 1) Fringe rat* spectrua-plot syabols I234667B9AICDEFC glv* *lng!*band delay
5 I indlcat** a rasidual ttngl* band d*l*y of -4 laga(-l atcrosec at 2MHZ)
6 • indicates a residual single band da Iay of*0.6l*g*
7 9 indicate* a reaidual tingle band delay of I laga 
R 6 indlcataa a raaldual tingle band M l i y  of 3.Slags
9 X Indicates a residual alngl* band daisy outside search rang*
I* * value off top of plot
It M o t  cantor *4 Inc hoe froa loft adga ■ 0 residual rata
12 Plot full seal* aaplltud* gtwan In unlta of 0.01S corralatlon
I] 2) Single band delay reaolutton plot syabols ♦ or • wtMR out*Id* aoarch
14 Plot atarti at I point fro* loft odgo and run* for IS point*
lb 31 Mu Itt-band d*lay resolution plot syabols • or # whan outa Ida search
It Plot cantar *4 Inches froa loft hand *dg* »0 residual delay
17 4) All polnta In 3-d teens Iona 1 search that hawe SNR greatar than 4 alga*
1R Plot syabols 1234567B9AICOEFC
If which Indlcat* tha slngle-band delay a* In tha fringe rato apectruai
20 plot.The delay rat* of each point is plottod on the saae seal* as th*
21 frlng* rate spoctrua. Tha aulti-band delay of each point Is not Indicated
22 and while the aaplltud* of *ach point la scal*d In units of t.tlt tha
23 points *r* NOT Interpolated and can b* as auch a* 36S low In *apHtMd«.
24 Point* in this plot ar* plotted on a character replaceaent basis • that
25 Is if 2 point* fall on th* saa* point on the p*g* th* aocond point I*
26 plottod. However search points have priority and are not replaced by
27 point* fro* any of th* other plot*.
2R S3 Croaa-spactru* aaplltud* and ph**a - on1y plotted If correlation
29 aaplltud* la greater than !4>>0.01S.
30 Plot *yabo1 a L.UP
31 L Indicate* lower atdeband
32 • indlcataa B.C.
33 U indicate* uppar sideband
34 P indicates phaae on seal* -110 dag to *110 dog
35 PLOT#? supertaposed tlae segaented plot* of
36 11 Fringe aep'itud* and residual phase for each frequency
37 Plot syabols IZ34S67B9VWKVI Indicating phas* and frequency #
3R U Indicate* that upper a I deband predoalnstes
39 L indlcat** that lower sideband predoalnatea
40 A indlcataa that both *ldab*nda are aqually represented
A I Scales phaae -IR0 dog to *160 dag .aaplltude full scale>l0S full plot
42 tphaae la the residual to *ua of COREL and FRNCE aodels, and has
43 been corrected for phase cal phases)
44 2) Fringe aaplltud* and pha** for all frequencies coherently added
45 Plot ayabols P Indicates phas* and T Indicates aapittude
46 31 Phase calibration pnases by station and fr*qu*ncy
47 Reference station plot syabols 1234667B9WXV2 
4R Raaot* atatlon plot syabols ABCDEFCHIJKLMN
49 TIME SEGMENTATION for these plots I* 50 segaents for * slngl* frequency
50 proc**s*d, II s*ga*nts for 7 frequencies and ( sogaents for 14 freqs.
61 Tha first sagaent for etch frequency,al1 frequencies coabined and
62 phase cal phases Is plotted on the relevant dividing grid.The first
63 segaent starts at tha start tla* indicated and the last sagaent stops
64 at th* atop tlae Indicated.
55
66 INFO OH SIDE Of PLOTS
67
61 RUN - day of year - hour hour ain a m  FROC -frequency group 2-tatter naa*
69 OATE SOURCE

FMft PILE '*FRNCPiiM3 HEKT RCC P# 60 OATE • 19R4.277 > WED. 03 OCT. 19B4 AT 20>It>l2

60 REFERENCE STATION - REMOTE STATION * 2-letter bas*11n* cod*
61 elevstlon of ref*r*nc* station dag ELEV(OEC) *l*v*tlon of r*aot* station
62 FILE NAMR.frng* output *nt*nt# ■ baaelln* nuab*r
63 SN(FK/ASECi“ frtng** p*r arcsecond In direction of Increasing dec 1InatIon calculated for th* REFERENCE
64 BNIHH2/ASEC l»frInge rata/ercsac In alll1H*rt» In dir. of tncr.decl.
65 BWIFR/ASEC>• fringe* per arcsecond In direction of Increasing R.A.
66 BV(Hn2/A5ECI»frIng* rat«/arcsec In atillHertt In dir. of tncr. R.A
67 EXP e*per laent naate and nuaber
6R STARTTIME HHMMSS.SSS (tlae of start of first accua perlod-unleas forced)
69 STOP TIME HHMMSS.SSS (tla* of start of last accua perlod-unless forced)
70 INT6.TIME effective Integration tlae In aaconda
71 SEARCH WINDOW WIDTHS full widths
72 SINCLK*) width In alngle band delay search • aarfcs region outs Id* search
73 MUL Till#) width In ault- band delay search 0 ear Its region outstd* search
74 RATE IX) width In delay rat* In HZ search X aarks region outside search
75 FREQ SI INDEX#; CAL
76 freq.In MHZ(U-USR,1-LSi .blank«DSB) corral USB Index# LSI Indea#
77 r*f*r*nc* atatlon cal voltage reaote station cal voltage
70 cat aaplltud** ar* given In units of 0.IS In voltage.The product of reference
79 and raaoto fl l «• cross-power of phas* cal In units of 0.000II. Phas* cal voltages
•0 should b* b*tweon 10 snd 100k0.II In voltag*.
Bl FRPIC fr-nge prograa data VYMMOD COREL# coral version #
02 AMP correlation aaplltude in unit* of 0.0IS corr*ct*d for saeering tfcat 
B3 occur* during accuaulatlon parlod at larg* residual fringe rates.
B4 For low SNRs the aaplltude is NOT but should be corrected for note*
B5 by reducing the nuaber by 0.ia ((1/SNR)**2)S.
B6 SINCilAND residual slngle-band delay In alcroaeconds (slngl* band d*1ay 
B7 Is coherently deterelned by FRNCE froa all frequency channela)
BB MULTI6AN0 reslual aultI-band delay In alcroaeconds
B9 FR.RATE residual fringe rate for reference frequency In Herts
90 uncorrected for phasecal. rates
91 DC* percentage of data discarded - actual duration of run (*top-*t*rt)
92 XP»a**r*ga parity error rate for *11 track* proceaa*d for r*f.atatloa
13 VP‘average parity arror rat* for all tracks processed for rea.station
94 XCRC*#cyc1lc redundancy check error* for ref.'X* Input to correlator 
96 total nuaber in data acceptped and rej*cted(b1t 0 CRCMSK*
96 SUPR>#*ccua.per tods discarded due to suppression by correlator(bit 14 STATM)
97 YCRC*#cyclie redundancy check error* for reaote *Y* input to correlator 
9R total nuaber In data acceptad and rejected(btt I CRCMSK)
99 PPUP*#accua.par tods discarded dua to no paraaetor updat*(blt 7 STATM)
100 TDIS* total nuaber of tlae* decoded that were unexpected
101 ¥SlP*#accua .perlods discarded dua to V sync sllptblt 6 STATM)
102 TSLP*#accua.per toda discarded duo to Tapaa out of aync(blt 13 STATM) ___
103 ERCC*#atcua. per tods during which an error correction was I n 11 latedlblt 3 CRCMSK)
104 NDIS*total 0 of accuaulatlon recorda not processed through frnge
105 XSLP»#accua.per tods discarded du* to X sync sllplblt 4 STATM)
106 PEXD*#sccue.perlods discarded due to high parity error rat* In X data(*et by MAX PER)
107 PEVD»#sccua.P*rlods discarded du* to high parity error rate In V data!set by MAX PER)
10B STATM correlator error atatus aaak(noraa) 70202B)
109 CRCMSK crc error aask lnor**l 4B)
110 SNR signal to nols* ratio In antts of sigaa-NOTE that runs with SNR
111 l*ss than 7 carefull taatsl Ilk* coapartng fringe delay and rata r**lduals
1 1 2 for adjacent r u m )  need to be aade to be sure that fr Ingas are reel and
113 not Just noise.
114 MODE correlation aodes see correlator aanual for definitions
116 AP daccua.perlods discarded due to AP overrrun In correlator lb it 12 STATM)
116 LN Paccua.perloda dlacarded du* to larg* nuabers froa correlator
117 DRVS ref. and rea. tape drive #*
I IB STAT« processing ststua for aodule of ref. track of FREO# I
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1 1 9
12*
121
122
1 2 3
124
I 24
1 2*
127
1 2 1
1 29
I 3*
131
132
1 3 3
134
I 36
I 36
13?
131
139
1 4 *
141
1 4 2
1 4 3
144
1 45
14 6
147
1 41
1 49
It*
151
16 2
15 3
15 4
1 5 6
15 6
157
1 Si
1 5 9
1 6 *
U t
U 2
1 6 3
U 4
1 6 5
1 66
167
168
169
1 7 *
171I 72
173
174
175
1 7 6
17 7

I

17 1
17 9
t M
1(1
162
16 3
114
18 5
186
1 8 7
18 8
189
19*
191
19 2
193
194
195
196
197
19 6
19 9
2 4 *
2*1
2 * 2
2 * 3
20 4
2 * 5
2*6
2 * 7
2*8
2 * 9
21*21 1
212
213
2 1 4
2 1 5
2 1 6
217
2 1 *
2 1 9
2 2 *
221
2 2 2
223
224
2 2 6
226
227
2 2 8
2 2 9
2 3*
231
232
2 3 3
23 4
2 3 5
2 3 6

INPO 1CLOW PLOT #]

RATE*/* half «cat« plot w1dth(4 Inch** on paper I In Harti and nanosec/*ec 
DELAV*/- half scat* width ef eulttband dalay resolution plot In alcroaec 
SUCH WIOTHIRATE.S80LVt»/- half width* of ration in tha *ky covered 
by tha aearch window* used* width in RA due tha rata window,duo to *ln|1* 
band delay than doc width dua to rato window,dua to single band delay 
in unlta of seconds of arc.

FRO# Fringe frequency nuaber 
FREOUENCV frequency In MM2
EXT#(R,P) file extent# froa which frnge found data for roforence/partner aldoband 
PRC#IR,P t corrolatlon processing data* Vaar(!*•198*) DAY# for reforence/partner 
REFERENCE track#>parity arror r»ta for raforonco »t*t1on ,#s1lp aync* accepted 
REMOTE track#«parity orror rato for reaote station ,#stlp sync* sc cap tad 

orror r*ta* l*E-2* Indicate* toro error rato 
orror rate*.ME ** Indicate* no data proc***od 

PARTNER track#»parIty error rato for partner(noraa11y U S D  track*
FRQIN#<R,PI Corrol frequency index#* for reference/partner iideband l-va for LSI) 
#ACC.PER<R . P ) #of acculatlon period* proca**ed through fringe reference/partner 
CORR#(R,PI correlator aodule nuafeer reference/partner aldoband 
OFFSETdk.Pl correlator delay off eat for each aodule In lag*
•POINTS STARCHED Ppolnt* searched in frnge tetrch
PROS.OF FALSE K T .  oatlaeted probability of a falaa detection of fringe*
FMASCAL RATES!MlCROSCC/SEC) ph«*ac*l drift ratea for reference,reaote atatna.
MAX PER parity orror rate above which data la dlecarded 
FS alnlaua frequency spacing -group delay aablgulty »1/FS

UNDER PL0T#2

PHASE* phaae in dog for each frequency followed by phaae for all freqa.
NSC« nuaber of aegaent* uaed by FRNCE to calculate quality coda 
FR.AMPL fringe aaplltude* for each frequency in unit* of I.*11 
CHA« greanwtch hour angle for aource in declaal hour*
PCAl PHI phaaecal phase* tn degrees for reference atatlon
EP1» tlaa of ftrat accuaulatlon processed through fringe In *ac alnus epoch 
EP2* epoch alnus average tlae er center of the run 
PCALPH2 pnasecal phases tn degree* for reaote *tat Ion

36* degree* Indicate* that a aanual phaae cal ha* been used 
whose value Is tn PCALPttl 

SIDIOX# alngle band delay bo* # for Independent search In each frequency 
at the frtnge rate deteratned for the coherent addition of all 
frequencies. These nuebor* are only aeaningful tn tha case of 
fringe* strong enough to bo detected In each frequency Independently 

W *  band width of each recorded track In MHZ
PARAM FILE paraaetor file uaad to eat up the fringe search paraaatera 

NAMR.potnter nuaber
SRCH RNCE PARAMS search paraaetars residual delay rat* start,delay rata stop 

In alcro*ec/aec.aultiband delay start,stop In atcrosec, single 
band delsy start.stop in atcrosec 

CROUP OElAY USEC Croup delay in atcrosec aablgulty selected closest
to APR I0R1 delay (sat equal to SNCLtAND DEL if only one freq. present) 

SNGLtANO DEL USEC Single band delay deteratned froa the coherent addition 
of all frequency channel*

PHASE OELAV USEC Phaae delay expressed tn alcrosec aablgulty selected cloaeet 
to APR 10*1 delay

PHAS DEl RATE US/S phase delay rato after correction for phasecal. rata*
TOTAL PHASE SEC total efeeerved phase at EPOCH given below

phaae Is positive when wavefront arrive* at reaote station lata

FILE **FRNCPtiM3 NEXT REC ## 178 DATE - 1984.277 - WED. *3 OCT. 1 M 4  AT 2J'lti!Z PACE •# 4

this definition hold* regardle** of sideband and is consistent 
_ with the definition of delay 

E*0CH MilHMSS. epoch for observable* nuaber in parentheala 1* central epoch
coaputed by FRNCE for accepted data - delay,rate and phaae for 
thi* epoch are in Output file but not on printout 
(If there tf an *a * In front of thl* tlae FRHCT wa* 
with the option NOT to call VDELV and aean epoch 
nuaber* wt 11 not be in output) 
phase in parentheat* I* total phase for an epoch 
given by the tlae a wsvefront passes tha reference 
station and arrives at the center of tn* earth at EPOCH.
Thu* the epoch* are defined by a particular wavefront - 
the aaae for all baseline* - and not by universal ttae 
at the reference station.

RESIDUAL PHASE DEC phase rcsiauat to the COREL aodet at EPOCH
corrected for phase cal phase* - to uncal pha*euneal» 
pha*e»PCALPHl-PCAi.PH2 Phase In parenthesis is the 
residual phaae corrected to an EPOCH at which tha 
wave front reaches the center of the earth.

AMP correlation aaplltude In unit* of 1****.Nuaber tn parenthesis Is
tne Incoherent sue of frtnge aaplltude* for each segaent 
corrected for the theoretical nolae I.e. reduced by the 
factor I♦!/<;•Isegaent SNRf*2l 

0F» quality factor of the r«n,f* no fringes 3*poor.9*good 
i.e. hlghe' nuafeeri Indicate better quality 

OF quality factor start* at 9 and I* reduced by:
1 point If RMS PH/SEC >11.46 and theoretical RMS < S.73
2 point* If RMS PH/SEC >22.92 and theoretical RMS < I 1.4t 

the factor t* further reduced by:
1 point If RMS AMP/SEC >2*.M S  and theoretical RMS (II.IR
2 points if RMS AMP/SEC >4*.**1 and theoretical RMS <24.M X  

the factor Is futher reduced by>
1 point If RMS PH/FRO > 11.46 and theoretical RMS < S.73
2 point* If RMS PH/FRO > 22.92 and theoretical RMS C11 .46 

the factor Is further reduced byi
1 point if RMS AMP/FRO > 2*.M l  and theoretical RMS <1*.MX
2 points If RMS AMP/FRO > 4*.M S  end theoretical RMS '2f i l l  

any arror condition sets the quality factor to letter code la which
A“ freqency sequance cannot be handled by FRNCf 

requires an FFT of aore than 26t points 
>• Interpolation error check search range fringe* 

aay be on the edge of range 
C* epoch arror condition all Frequencies not at aaae 

epoch
#• no phasecal or aanual1y entered phaaacal vatua*
£• single band delay residual too large CAUTION 

fringe altitude aay be aore than 61 low 
F» no data found* duaay FRNCE output 

OF•*• probability of false detection greatar than 1.0E-4 
I.e. NO FRNCES (I.e. SNR below appro*. 7)

OF■ I■ one or aore phase cal signals less than II 
Of•?* one or aore channels have aaplltude less than half 

the strength of the coherent avnrage and SM.CT.2f 
01• r.a.s. variation between chennels In aaount of data accepted In I 
TAPEO»t character tape quality code

Char l*ref.tape error rate exponent I.e. *•].*£** 9»l.*C-9 
Char 4*rea tape error rata exponent i.e. *«1.*EM 9*1#1-9 
Char 2»ref.tape slip sync rat* I.e. *•!*> 9*11
Cnar 5-ree.tapa tllp sync rate I.e. *«l*l 9*11

- 7-



pmco rut • next rec ## 23? OATE • 1984.277 • WEO. *3 OCT. 1904 AT 20ilSU2 FACE M  ft

?37 Char ]>p«re*>itiy« data dlltird«4 I.a. I * I H  9>IS
Char (•fraction of data procaaaed l.a. 0*<5* 9*>9SS

23) that I* INTC.TIME/achadulad run duration
240 REF.ST.CL.EPOCH MS refaranca itation (I at atatlon In baaallna ) clock
241 apoch. Tha apoch I* corrected for tha beat aprlor I aatlaata of
242 tha (tat Ion clock -UTC.
243 RMS PH/SEC DC r.a.a. phaaalin dag) daviatlon of phaaaalP lyabola in plot)
244 IMS AMP/SEC S r.a.a. a a p m u d a l l n  S> daviatlon of aaplitudasIT ayabola>
2*S RMS Ph /FRO 06 r.a.a. phaaa daviatlon aaoung fraquancy channala
24t RMS AMP/FRO S r.a.a. aaplltude daviatlon aaoung frequency channala
247 Th .RMS theoretical aatlaata* for tha 4 quantltlea above
24 1 followed by tha FRN6E proceaalng tlae VV000■HHNMiSS 
249
2(0 CALCULATION Of CLOSURE RATES OELAVS AND PHASES I for 3-atatlona A.R.CI
2(1 (froa nuabars on frnge printout*>
262
253 CLOSURE ratattn alcroaac/aac>•

—256 Cloaura* ratatA#I-ratalAC>*rata(BC>»aca1(BC>*delayg*1.0E-(*
256 rate(ABi*rate(BC>*l.0E-(
257 rataa in alcroaac/aac,acal In aicroaec/aec/aec.delay in alcroaac 
268
2(9 CLOSURE da1ay( in alcroaac >i 
260
2(1 Cloaura* del ay (AB >-de t »y I AC > »delay( SC > «Tate( BC >‘delayg* 1.0E-(
2 ( 2 dalay in alcroaac, rata In alcroaac/aac 
2(3
264 CLOSURE phaaa (In rotational)
265
266 Cloaure* phaaalAB >-phaaelAC >♦phaaalSC >*rate(BC>*daleyg*freq*l.0E-6
267 phaaa In rotatIon*,rata In alcroaac/aac.dalay In alcroaac
268 rafaranca freq in MHZ.
2(9 Thla expraaalon oalta acelaralon taraa which can produca at ao*t
27• approx. 0.3 dag. arror at 22CHt. Slnca obaervablaa ara uaad no
271 arror raaulta froa tncorract valuaa of aourca poaIt Ion.baaattnaa
272 or Apr lor I clock*.
273 delayg* aeaaurad dalay on baaallna AB (dalaylASl) alnua APR 1 OR I clock
274 on baaallna AB In alcroaac
275
27( CAUTION:
.277 1) ALL BASELINES MUST BE PROCESSED WITH SAME EPOCH
278 2) fO* CLOSURE PHASES ALL BASELINES MUST BE PROCESSED WITH
279 SAME REFERENCE FREQUENCY
28* 31 IF MANUAL PHASE CAL PHASES ARE USEO THEY MUST CLOSE or phaaaa
281 auat flrat ba *wncalibratad* bafora darlvfng cloaura phaaa
282 NOTEt
283 I) Slnca aprlorla cloae.retIduala can bo uaad In abova axpraaatona
284 but totala auat ba uaad For corractlon tara. aprtorta only
285 cloaa If tha aaaa aourca poaltlont ate have baan uaad on all baaaHnaa.
286 That 1* bnalinai procaaaad froa aaaa root flla will hava aprlorla that
287 cloaa whlla thoaa proceeded froa different root fllaa aay not cloaa.
288
289 CLOSURE PHASES -alternate aathod of calculation!FRNCE PRC800509 and latarl
290
291 Cloaura phaaa*phaaa(*(AB)*)-phaaa(* IAC I’>*phaaa("(BC)*>
292 phaaaa ara aarth cantar apoch phaaaa which ara In
293 paranthaaae In printout.
294 Nota that thta aathod of obtaining cloaura phaaa uaaa Aplor 1
295 Inforaatlorv to aova tha apoch and a I arcaacond arror In

FNSR FILE *"FRNCPiiM3 NEXT REC P# 29( DATE • 1984.Z77 - WCO. 03 OCT. t«B4 AT SJilfttlt

Z9S aourca poaltten or baaallnaa can reault in appro*. I dag.
297 arror at 2 2 SHa .

(Of on FM8R flla *FRNCP aftar reading 297 racarda with appro* 1(944. char*

PACE Pd ft
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