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Scheduling

SKED, SCHED, etc.

Session Plan
skd, sched, vex

Observation
DRUDG, etc.

Observations
log, vdif, etc.
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Quick Review: Bird's Eye View

Correlation
DiFX, etc.

Visibilities

DiFX, mk4-3, etc.

Fringing
HOPS, etc.

Fringes
vgosdb

U.S. Naval Observatory — Washington Correlator

Analysis
vSolve, Calc/Solve, etc.

Database
vgosdb

Post-Analysis Users

International Earth Rotation and
Reference Systems Service (IERS)

Celestial Reference Frame (CRF)




Quick Review

Session Schedule
SKD

Experiment Definition
VEX

Procedure
and SNAP files
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- Observation

Control Systems
and Monitors

Sampler and
Recorder

Raw Observations
VDIF, VLBA, Mk5B, Mk4, etc.

Station Logs

Field System log
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Correlator...



Quick Review: Correlation
Session Schedule . ' Preliminary VEX

skd, sched vex

Experiment
Setup Scripts

Earth Orientation

Parameters (EOP) Correlation VEX
finals.daily vex

Station Logs DiFX Scripts
log and CALC

Stations

Raw Observations DiFX Input Files
vdif, mk5, mk4, etc. input, calc ..

DiFX Visibilities
difx, mk4-0/1/3

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator T —— D, —

DiFX Fringing...




Quick Review: Fringe Fitting

Fringe Setup
cf

Phases, Offsets, ! -
G Codes and Fringe Fitting

fourfit
H Codes, etc.

Fringes Clocks Script Correlation VEX Correlation Visibilities
mk4-2 fit-sbd vex DiFX .. mk4-0/1/3

Correlator Report Station Logs
corr log

Archiving VGOS Archive

Analysis...
vSolve vgosdb y
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EaWhat is correlation?

* Need the time lag between signals at different sites:

* Cross correlate signals together to overlay them

* Fourier transform from time to frequency domain
* [t's a virtual interferometer

* Inspect frequency spectra to estimate time lag

* Correct for instrumental effects at each antenna

* Order of operations is flexible:
* XF = (X) Cross correlate, then (F) Fourier transform
* FX = (F) Fourier transform, then (X) cross correlate (multiply)
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ﬁ What is fringing?

Basic steps:

* Correlator outputs visibilities

* Switch to frequency domain
 Combine channels with group delay
* Combine baselines with closure
HOPS Software does this fringing

* Haystack Observatory Postprocessing System (HOPS) has a
program for Fourier transform fitting (fringe fitting) VLBI
baseline data called Fourfit.
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Correlation and Fringing

1- or 2-bit voltage

N I L
. . radio telescope receivers

time time

Fast Fourier transform (FFT)
converts from time to

FFT
frequency domain
Radio frequency (RF)
RF Spectrographs amplitudes over time

frequency
frequency

v
v

time time

Frequency signals are
combined with a simple

Cross Multiplication
cross multiplication

Combined signals
(still extremely noisy)

RF? Spectrograph

frequency

time
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Correlation and Fringing

Integration

Visibilities

Fringe Finding

Single Band Delay

Inverse FFT

Multiband Delay

— United States Fleet FOrces mmm—

»
»

5

c

[

=}

o

o
=

N

time

. L 4
3 L

2| L i
s ||

£

© ! 1 .

>
delay (0t)

()

©

2

=

£

(]

delay (01)

U.S. Naval Observatory — Washington Correlator

Sum over time in
chunks to cancel noise with
destructive interference

Measure of the contrast
of the interference pattern

Find slope of frequency vs phase
(fringe rate) and correct

Peaks at the time delay with
the greatest common visibility
between both telescopes

Perform inverse fast
Fourier transform from
frequency to time domain

Sum of sine waves returned from
inverse FFT for each channel
(used for closure)
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M| HOPS Fourfit: Single Band Delay (SBD)

* Clock pass:

* relatively few observations

* measure SBD and SBD rate

* add SBD correction to clock offset(s) and clock rate(s)
e Update a priori clock offsets
* Production Pass:

* all observations

e apparent SBD = 0 (due to clock pass corrections)
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HOPS Fourfit: Single Band Delay (SBD) Cont.

* Clock pass makes apparent SBD < 20 ns, and ideally £ 10 ns

 Amplitude is typically a few hundred parts per million
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HOPS Fourfit: lonospheric fitting

* lonospheric fit in red

* Should be a single peak (solution)
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] HOPS aedit: Plot View

sbdelay (us)

\
us)

sbdelay (

Symbol
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Clock pass, before offset and rate corrections

AEDIT plot — Expt 4847, Freq X
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HOPS aedit: Plot View

Production pass, after offset and rate corrections

AEDIT plot — Expt 4847, Freq X

Baseline BJ at X—band Source: all sources
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3
o
gL J
3
—~
)
3 *
~ O am > * &
U o s 2 iy Py
é“o—%@ OO , f'.q"r =% * t’ﬁgt’('xﬂ
= * A -
o
o
W
o
g
S 4
1
+
2
ar i
1
1 " L ! L 1
20" 24" 28" 32" 28" 40"

Time (UT on day 118—172)

Baoseline BY at X—band  Source: all sources
T . T T . T

Q.04

sbdelay (us)
]
?éi
s
i
gt

gL J
7
S
1S 4
1
20" 24" 28" 32" 36" 4o .
Time (UT on day 118—172)
Symbol key:

shdelay {us)

shdelay (us)

004

002

—0.02

—-0.04

0.04

a.0z

—0.02

—0.04

Baseline vZ at X—band Source: all sources

2&)” 2:1” zé’ 3‘2“ 325” 45"
Time (UT on day 118—172)

Baseline W7 at ¥X—band  Source: all sources
T T : . . :

20" 24" ] 28" 3" 36" 40"
Time (UT on day 118—172)

0 = 17494096, x = 1502+036, 0 = 1636+473, & = 14094218, 0 = 1504+377, # = 1418+546
s = 17514288, ¢ = 20594034, » = 2227088, « = 2008—159, « = the rest, =

0149+218

U.S. Naval Observatory — Washington Correlator




Before Configuration:

e Lots of G Codes
(low amp. chan.)

* No H Codes
(low amp. pcal)

e But there could
have been!

e Some 0 Codes
(no fringe detected)

e Other quality codes
are spread out.

— United States Fleet Forces

A B C D E F G 0 1 2 3 4 5 6 7 8 9 *
AX - - - - - - 24 5 - - 5 31 76 156 548 127 158 1130
EX - - - - - - - 87 33 - 1 2 17 67 176 273 185 256 1097
H:X - - - - - - - 47 32 - - 2 3 20 50 138 237 741 12709
I:x - - - = =-"=- - 19 50 - - 2 6 21 609 134 199 440 931
KeX- - = =-=-- ==~ = - 12 14 - - - 3 28 44 98 47 224 470
M:x - - - - - - - 25 46 - 2 10 22 68 259 279 449 11660
N:X - - - = = - - 35 34 - 4 39 306 310 76 44 116 1095
o:x - - - = - - - 34 39 - - - 3 16 25 88 50 229 484
S X - - - - - - - 252 14 1 1 8 33 82 141 316 81 175 1104
= - - - - - = - 253 13 1 2 12 20 84 111 328 153 176 1153
vX - - - - - - - 8 19 - - 6 19 72 181 472 1606 96 979

A B C D E F G 0 1 2 3 4 5 6 7 8 9 *
*X - - - - - - - 398 145 1 4 39 141 397 661 1365 754 1527 5432
ek - - - - - - - 398 145 1 4 39 141 397 661 1365 754 1527 5432

U.S. Naval Observatory — Washington Correlator



ceeT—2il

q16ee—2ll

BlGET—24) - -
Exdarr s -- --

9Yee—dLlt

QSyeCc—2il

DCHTT—24 1 -- -- - -
azrez-24) il (| |
PZPEC—CL)
QPET—2L} - -
qaeee—2s |
Paree—24L1 -
_Brer—ol |

Lege-zs (|1l i 1

9red—dll

QUIT PSPLOT

ED oUT

UNFROCESSED

MINUS

Queez—241

LECCC—Z41 -- - -

aesE-—24)
LogEe—c/ll -- - -
1zeE-241 (1] ([ []]]]

¥ase—all

£ZeT—Tll -- ---

AN

LZee—241 --

0g2c—2il

2lec—24il --

Glez—2/l

FRINGE PLOT

eled—all

SZIET-CL)

Az LeC—24l

PLlEi—2aLl

OlZe—24l

08774 | il NIl

pLOTE—2L)

Q50sz—241

OGOSE-TL ) [ | [ ||

FOLc—dll

alosz—zL ! (LI

LlOge—2il

lew

8STZT-ZL1
1522-77 | N |
9527241

FCdE—2il
£5c—2i1 -
LEZC—2L1

062z—2/ 1 -- --

q8vac—2ll

bRYZT—2L1

LYZT—2i) -- --

9vac—dLl

Yyec—cil -- --

Evic—2il

VvZT—241 ANER REER

0¥Zc—cll

Re7z-24 ) ANEN 1ENR Innnnn

OCZi—2il

Before cf configuration file.

=
>
S
Alnu L
c §
m =
-
V)

Qv —2il

SrETE—2L i i mi

Zeie—=2all

lezz—241 AR°0 0D 'R

SEIZT—TL) -
q622C—241

QUALITY CODES:

KEY:

PGLaC—2aLlL

LZZC—CLL

QLLC—CTLL

GZac—all

gzac—cll - -

QZze—2il

612e-22) B0 0 ARD 0Nk [] ]

FREVIOUS PAGE

HOPS aed

SOURCE
SCAN
E'LINE




lew

=
-
©
-
-
-

N

HOPS aed

QUIT PSPLOT

FRINGE PLOT

Lt
]
=T
[
—
P
L
=

PREVIOUS PAGE

ceeT—241

greee—asl

DlGET—24]

BteT—2Lil

LA e

Qs¥ic—2sl

LEFLT—24 1

9Z+ee—241

PZ¥ET—osl

0+ee—241

qecee—241

DHECT—ZL]

8reT—2Ll

LECE—2L1

9rec—2all

Qeees—osl

LeeeT—241

aneee—241

BOeee—24l

LZET—TL

veLe—aLl

£Iee—2Ll

FAAN AN

Lage—241

Qzec—241

g1eT-241

9lee—241

eled—all

STIET-TL

gzlee—2s1

AN AN

0lee—241

9L0ee—241

LLOCE—2L)

q50¢e—241

bSOLT—241

YOLe—asl

qLogT—z41

CLOYE—241

66EC—241

LGEC—ZL1

9Ger—241

YEZT-241

£Gad—all

LGee—zLil

0Gec—2Ll

a8tec—<Ll

LE¥CCc—2s1

L¥EC—241

9¥cc—all

¥¥ae—csl

CteT—zL41

L¥ee—all

0FeT—2L41

8rec—2il

9cdc—241

areee—2sl

CFeer—osl

207 =241

Lege—2/1

SELTT—ZL)

q6Zcc—2il

DHECC—LL]

L2324

9ZEC—ZL1

SZcc—2Ll

| NAAAr AN

nzZer—z4l

6lec—all

'‘ED OUT

UNFROCESSED

MIMNUS

After cf configuration file.

QUALITY CODES:

i

SOURCE
SCAN
B'LINE



] HOPS Fourfit: Weak Channels

* Radio frequency interference (RFl), and/or signal chain problems
can cause low signal to noise (SNR) in one or more channel(s).
SNRgyg

10
* Correlator drops channels with excessive G Codes. LTI

Amp. and Phase vs. time for each freq., 6 segs, 5 APs / seg (5.00 sec / seg.), time ticks 5 sec SNR 106.0
abcdef gh i jJ kI mnopagr s tuvwxyzADBT CDTE F A Inttumezg:ggi

‘ vvvvv ‘vvv.v‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘ vvvvv ‘vvv PhaSe 1172
o . T
. b ®

PFD 0.0e+00
Delays (us)
"SBD -0.007682
MBD -0.006917
Fringe rate (Hz)
-0.001625
lon TEC 47.401
Ref freq (MHz)
6000.0000
AP (sec) 1.000

Exp. V04143
. Exper # 1234

U ,
B 10 L O R A A A A AR A A A A A AN AR A N 0 N NN R ey

............. Start 021558.00

* G Code error (weak channel) happens when: SNR 45 <

10
180

90

amplitude
5
7
0
phase

(@)

-180 -90

ooooooo
ooooooooooooooooooooo
..............

iy
100

jpeeceg

pcal 6

-
—-100 O

UV N U Uus! Sty PPos [ R N bownse|  Pogssiloe || feaes ] Stop 021628.00
................................................ ] FRT 021613.00
ooooooooooooooooooooooooooo . oo lboososss sssssgfeecece ........‘ soecee

IR PO O OO PO OO PO OOV IO EEIET: 22T TIE0%: S OO PO OO OO PO U OO POPO OO TOO PO v PLIIY, Sowt POORL OO : ’383?????38%33

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA CELL ]| S | e | e 11 1111 10eeeeell il i1 ilbesaggl . .

120.2 -163.4 1142 1102 1141 1173 1148 1193 107.0 1178 46.1 48.7 1246 1189 1175 1019 1202 129.9 1105 118.0 1372 1325 1374 90.5 121.0 1279 1100 103.3 1006 120.6 122.0 107.5 Phase 117.2 RA & DeC ('J 2000)
45 1.2 5.1 4.8 5.4 5.6 4.8 4.9 3.0 2.8 1.4 0.6 3.8 41 4.4 4.2 5.2 4.7 4.2 4.0 4.0 4.2 4.0 3.1 3.4 3.4 3.9 3.2 3.0 3.1 3.3 Ampl. 3.7 1'h57m031 792303
© 3

"""""" I K Corr/FF/build
3032.40 3064.40 3096.40 3224.40 3320.40 3384.40 3448.40 3480.40 5272.40 5304.40 5336.40 5464.40 5560.40 5624.40 5688.40 5720.40 6392.40 6424.40 6456.40 6584.40 6680.40 6744.40 6808.40 6840.40 10232.400264.40 0296.40 0424.400520.40 0584.40 0648.40 0680.4F req (MHz) All 2022 :353 :1 41 034
EE— ; —— : el
United States Fleet Forces U.S. Naval Observatory — Washington Correlator S — 2) ‘—



— United States Fleet Forces

¥s| HOPS Fourfit: Phase Calibration (pcal)

* |Injected phase calibration (pcal)

tones cause regularly spaced
spikes in the apparent power
spectrum of autocorrelations.

e Spacing is either 5 or 10 MHz
for VGOS observations.

 \Weak tones can be missed.

* Narrow RFI at pcal frequencies =
may cause spurious detection.

* DiFX extracts all pcal tones,
so a few missing tones can
be ignored, (e.g. due to RFI).

amplitude

10%  1.5%10%

5000

90 18

0

phase (deq)

U.S. Naval Observatory — Washington Correlator

—180 —-90

~20 ~10
Avgd. Xpower Spectrum (MHZz)

23_



* Here are two example power spectra from autocorrelations with
and without good phase calibration tone injection.

sufficient no detectable
phase calibration tones phase calibration tones

X F T ® ©

0 F T o —
O, | . I —8§ G 03 o
R N - 8

= L A a H o .‘E = 4 O
Q 5 :/ o % O w:‘,: ()
&g 1,/ Ml o O €9 1o ©
O w0 rv: C|D LQ O % i O|) LQ

O N S R % o Lo e e %

-30 -20 —10 0| ~30 —20 ~10 01
Avgd. Xpower Spectrum (MHz) . Avgd. Xpower Spectrum (MHz) -

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator ) /| —



HOPS Fourfit: Phase Calibration (pcal) Cont.

e Phase calibration (PC) amplitude corresponds to pcal SNR.
* H Code error (no pcal) happens when: Amp,,cq; < 100ppm

Amp. and Phase vs. time for each freq., 6 segs, 5 APs / seg (5.00 sec / seg.), time ticks 5 sec

a b c de f 1 J k I mn o p rrs t uvwxy z A B CDE F A 4
(-D;uy‘uu‘yuy‘Hu‘uyy"yuy‘.uu‘u.u‘Hu‘yyu‘uu{.HHMHVW.LH‘V‘LHH{uu‘uyy‘HH‘HH‘HH‘HH‘HHNHHNuu‘uu‘.yuv‘HHJuu{y.uy‘.uu‘uu OE
. . . . . ® e . oo of o° M ® . .o o | o . b
o . . .o lo® o © o 0,° .® lo ofe . o
o.......".'o. ... . '.... .'t .0 -. oo . oy o . .o -.. ...‘ o o . e ®loe * . . o ..'.o‘. oo o [, e o’e o . 0.‘. o .o ... "'.",
% . . . . e fo ° oo of °° ol e . . . . . . .
© * o% % M. 1o
St ~ | 8
* ] )
= . ol ” \ o °
pl— L o 0 od | %Y 0 14 o la ° N 1o O
[ - o o ?
O o 40 N — . N of e 6 ° . = P I N . ] AN * R i -
g I v ° VAN o ° o ® ey es 2 e |® ® s fo . o ¢ ° o . . e ° ° o a
= o |9 d e o/ ol of & of @ . PR e o ° ol s les®, %2
O o N T ° o d 0 . 4 p \ lo . lo ofe n, \ o ° " o 4 o o
° N ¢ e‘ R V ° N i ° N o (21 vk e9 v 4 o
o % o . d ] o © ¥ ¢ ¢ o o |
L e J v ° o 4
. 13
OU —
\
Validity
AR O T N R AR R HARED
v 0 v
seccee LTI AL LT ]
EEXET] 0000000000 e ° ®ceee |
() F sesccsfesccce soseceleeoee feces o jg
lo secee, a7
I THTH feseee o LT b
L 10
8 ...".""0- eoee Peces, eoososf®®o0s[scccssfesccce ...".......' .'...:“'".‘. ’ Feeete EO O H
S E e beeoos seevee ol feeens -o-noo.,,... {S
el e e PP Y SRR PSP N PSP PP P O S B ool i | b0 I N S 1 IR § P I S N P B P P E I
3032.40 3064.40 3096.40 3224.40 3320.40 3384.40 5272.40 5304.40 5336.40 5464.40 5560.40 5624.40 5688.40 5720.40 6392.40 6424.40 6456.40 6584.40 6680.40 6744.40 6808.40 6840.40 10232.4010264.4010296.4010424.4010520.4010584.4010648.4010680.40Freq (MHz) All
1209 1226 1166 123.3 1320 1378 1385 1448 1263 1352 136.0 1429 1464 1616 1238 1142 1169 1175 1167 1038 1007 118.0 1302 1144 1316 1365 1346 1328 1371 1271 Phase 128.2
17 2.6 1.4 2.0 3.1 2.8 22 22 2.2 2.0 18 1.7 25 23 17 2.7 1.7 2.6 2.6 25 1.9 241 21 15 23 1.9 17 1.6 1.8 1.4 Ampl. 21
256.5 2556 2553 255.8 255.8 2554 256.1 2559 2553 2555 255.6 255.6 2552 2553 257.0 2552 256.1 2549 2549 2552 2557 2555 2559 2558 2550 2552 2554 2549 2551 2549 Shd box 2555

UL  0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 APs used
o 777 715 722 723 70.2 73.7 72.4 69.7 715 715 69.8 69.8 70.5 70.3 43.7 54.0 447 491 51.4 50.8 46.3 51.9 28.2 28.9 28.9 29.8 30.0 271 27.1 30.3 PC X delays (ns)
O 723 74.9 773 69.9 71.3 731 70.8 70.5 723 70.0 723 69.9 70.9 69.7 422 494 46.2 49.3 47.9 48.6 41.3 50.4 295 233 30.1 30.2 31.6 29.4 28.2 29.7 PC Y delays (ns)
H -2047 -2069 -298.0 -300.1 -300.7 -301.0 -10.4 -13.0 -14.1 -158  -16.1 -16.7 -166 -149 -72 -8.4 -9.5 -129  -132 -129 -128 -114 -6.1 -8.8 -102 -127 -183 -136 -125 -111 PC X delays (ns)
H -297.8 -3006 -301.6 -303.7 -304.0 -3044 -104 -146 -158 -183 -186 -192 -188 -176 -8.6 117 -124 -149 -154 -1563 -154 -143 -94 -11.4 130 -144 -146 -157 -150 -135 PCY delays (ns)
O:H  172:-17921:-14 -99:169 134:-10550:180 10:-109 -86:-91 167:43 75:-168 87:156 -95:-16 -100:-4 -92:3  85:179 127:119 -73:-156 37:-60 -81:99 10:167 -38:96 -122:26 25:161 -98:-66 152:15 140:121 -144:-11347:-47 159:-12715:151 -47:-72 PC phase
OH 169-4 1626 165-4 163-1 170.0 171:4 183:5 181:0 194:0 168:0 1846 175:7 153:7 163:9 1716 165:-6 1586 146:-5 143:-6 135-5 148-2 143-4 198-9 184:2 135-7 148:0 196:3 210:5 199:5 196:6 Manl PC
o 99 65 95 57 48 51 59 27 48 50 49 38 43 34 24 19 22 16 16 1 24 16 15 PC amp
H 56 59 56 60 53 58 53 51 45 48 40 43 41 36 33 36 34 38 33 35 32 25 15 15 13 14 12 13 13 11

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator T ——————————————— ) O, . W—



HOPS Fourfit: Phase Calibration (pcal) Cont.

* After fringe fitting and phase calibration, the phases should appear
normally distributed around a single mean value.

Amp. and Phase vs. time for each freq., 7 segs, 5 APs / seg (5.00 sec / seg.), time ticks 10 sec
a bcdef ghi1 j kI mnopgr s tuwvwxy z ABT CTDE F A

o
— T — T T — T T o)
=
0 . . 1
. .®
o oo oo, * |, e o] L Chee e |, L el Foeo®od " 0% doega® ‘.".o,' AFRAL P P SEERLY PPN . ’ 00 -. e’ et *e o RN P .o'.'_ oo o o0 e e e L b eee fooeeesy =)
() 3 i . *o®e®, e b o o o LNT AR J off o . I . e oo’ ool L. g of e T o o eee ® o et 4 * oo’ = °r oo * o e 9 (&)
O o 1 . 1
5 © O
) 0p)]
4 ol
= r " ay o . b 1.7 o 1o O
o o ? L3 4
o4 | | . N A i | <
e o n‘*°=u o e vt ° . ¢ o | ¢ v v R I L I O T S . ° oo T (@)
4 . J N A 4 b 2 S e N N
o 9 A o 1 ° ¢ ¢ e of A 1 X des ol '\ 1
AN e v ¥ ¢ PR g 9 L |
. © ‘u‘ . o ¢ . 7
[ 1O
[v@]
OU =
|
Validit
Y LTI R N e T R N s N
s hoouoos oot TEPPPESEPLN DR hase®e ) o 3
D e peeeed 8
E bocosad JUUS TTYTRY lhoooeyd |
O e e TN I O poeeod L dOHE
F heseood bossood N OTTH . 18
O g .ot fooesed feecoeee vevene -1 <
[ . 3 oo lhosoe lo . Y ]
3032.40 3064.40 3096.40 3224.40 3320.40 3384.40 3448.40 3480.40 5272.40 5304.40 5336.40 5464.40 5560.40 5624.40 5688.40 5720.40 6392.40 6424.40 6456.40 6584.40 6680.40 6744.40 6808.40 6840.40 10232.400264.40 0296.4010424.40 0520.40 0584.40 0648.40 0680.4F req (MHz) All
910 848 831 834 870 896 840 765 898 873 892 880 894 873 868 829 834 843 812 8.4 815 849 828 850 859 874 8.0 871 8.1 8.1 911 846 Phase 85.7
26 31 35 30 37 37 35 24 43 42 44 38 39 38 33 36 38 36 39 38 33 29 30 28 32 28 28 24 21 23 22 24 Ampl. 3.2
256.0 256.3 2568 256.8 257.0 2569 257.0 256.8 2567 257.0 257.0 257.2 257.3 257.3 257.2 257.0 2565 257.0 257.0 257.2 257.2 2574 257.4 2571 2568 2572 257.0 257.3 257.7 257.1 257.5 257.1 Sbd box 257.0

U/L  0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 0/33 APs used
H -294.7 -297.0 -298.2 -300.3 -300.8 -301.1 -300.5 -298.6 -10.5 -128 -141 -157 -161 -165 -166 -151 -7.1 -8.4 -9.4 -132 -132 -129 -128 -114 59 -8.9 -10.2 -128 -133 -136 -127 -11.4 PC Xdelays (ns)
H -297.9 -300.7 -301.7 -303.8 -304.1 -304.5 -304.0 -302.3 -10.3 -146 -1569 -183 -187 -192 -187 -179 -88 -11.7 125 -147 -1563 -154 -155 -143 -94 -115 -130 -144 -146 -156 -156.0 -13.4 PCY delays (ns)
E -529 -530 -542 -55.7 -549 -553 -53.9 -553 -381 -382 -394 -388 -39.7 -389 -39.8 -39.1 -416 -416 -40.1 -424 -421 -418 -414 -420 -400 -413 -399 -405 -414 -41.0 -409 -41.0 PC Xdelays (ns)
E -585 -588 -59.7 -60.5 -60.2 -60.3 -59.9 -60.4 -39.1 -387 -396 -399 -396 -409 -415 -39.7 -383 -381 -37.8 -39.2 -389 -39.7 -400 -393 -362 -369 -376 -377 -371 -387 -372 -38.1 PCY delays(ns)

H:E 17:118 -137:9 87:-92 -15:-77 3543 -165:-133B:52 -115:-4153:-89 -166:-115:79 55:84 -40:12 17:-149 85:47 -71:139 111:-64 -138:54 -3:157 -104:-9544:-104 29:133 17:24 -176:14218:-32 135:78 -90:-175168:-129-52:-164-76:77 -106:-5954:48 PC phase

HE -53:4 -55:-11 -56:-8 -50:-12 -52:-1 -48:5 -50:6 -472 -46:15 -50:7 -51:5 -48:6 -43:9 -42:10 -44:18 -42:25 -56:-21 -57:-28 -56:-27 -57:-22 -58:-14 -56:-6 -53:-6 -58:-5 -56:-2 -46:4 -56:-7 -51:-2 -46:2 -45:12 -44.20 -45:21 Manl PC

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator T —————————————— ) (€, S—



 Measured pcal phase should be relatively flat within each channel.

* Slopes or curves in the pcal phase within a channel can indicate
a drifting or unstable phase calibration.

Amp. and Phase vs. time for each freq., 7 segs, 5 APs / seg (5.00 sec / seg.), time ticks 10 sec

LI LN S S s e B [ S S S B B

amplitude
4 6 8

2

3032.40 3064.40 3096.40 3224.40 3320.40 3384.40 3448.40 3480.40 5272.40 5304.40 5336.40 5464.40 5560.40 5624.40 5688.40 5720.40 6392.40 6424.40 6456.40 6584.40 6680.40 6744.40 6808.40 6840.40 10232.400264.40 0296.40 0424.400520.40 0584.40 0648.40 0680.4F req (MHz)
91.0 848  83.1

76.5 89.8

256.0 256.3 256.8

4.3

256.8 256.7
0/33  0/33

0/33 0/33  0/33
H -2947 -297.0 -298.2 -300.3 -300.8
H -297.9 -300.7 -301.7 -303.8 -304.1
-529 -53.0 -542 -557 -549

— United StatessFleet korees

LN S B s S [ B B B [ B B [ I S I s S I S S L S S S S S B

90 180

0
phase

-180 -90

-100 0 100

257.0
0/33
-298.6 -10.5 -128 -
-304.5 -304.0 -302.3 -10.3 -146 -
-663 -539 -553 -38.1 -38.2 -
e —

-16.5 -16.6 -151 -741
-19.2 -187 -179 -88

-132 -132 -129
-11.7 125 -147 -153 -154
-389 -39.8 -39.1 -416 -416 -401 -424 -421 -418

Naval Obsensaterys—=Weashiagton -Corselator ss -

-128 -11.4 59
-155 -143 94
-41.4  -420 -40.0 -413 -

-11.4  PC X delays (ns)
-144 -146 -156 -150 -13.4 PCY delays (ns)
-40.5 414 -41.0 -40.9 -41.0 PC X delays (ns)
-87.7 -371 -38.7 -37.2 -38.1 PC Y delays (ns)



After Configuration:
* Fewer G and H Codes

e Sometimes a few
new ones after
pseudo-Stokes |

* Fewer 0 Codes

e More 7—9 Codes

e Goal:
>90% 7—9 Codes

— United States Fleet FOrces mmm—

| HOPS Fourfit: Final Look

A B C D E F G H o 1 2 3 4 5 6 7 8 9 *
AX - - - - - 3 - - - - - 2 17 136 792 180 1130
EX - - - - - - - i3 - - - - - - 4 16 177 867 20 1097
H:X - - - - - - - 20 1 - - 1 - 2 45 80 198 559 364 1270
Ix - - - - - - - 17 1 - - - - 1 23 51 123 477 238 931
KeX- - === == -~ - 44 - - - 1 1 1 34 90 197 53 49 470
M:x - - - - - - - 16 - - - 1 1 17 28 112 689 296 1160
N:X - - - - = - - 2 - - - - - - 17 56 412 425 183 1095
o:x - - - - - - - 9 2 - - - - 1 20 45 122 126 159 484
S:X - - - - = - - 99 - - 2 5 17 36 81 23 135 633 82 1104
X - - - - - = - 93 - - 2 5 17 36 85 23 141 610 141 1153
v - - - = - - - 5 - - - - - - 4 19 111 763 68 970

A B C D E F G H o 1 2 3 4 5 6 7 8 9 *
¥X - - - - - - - 15 2 - 2 6 18 39 166 224 932 2997 890 5432
ke - - - - - - - 156 2 - 2 6 18 39 166 224 932 2997 890 5432

U.S. Naval Observatory — Washington Correlator



ﬁ HOPS Fourtfit: Multiband Delay

 Each channel only gives a single mean frequency:
We must combine channels to cover the whole range of frequencies.

* Fourier transforming phase differences between
each channel yields a representative sine wave.

* Different spacings produce different sine waves (some redundant).
 The sum of these sine waves is the multiband delay function.

H e A ¢ \/ ( C\
multiband delay (us)

vvvvvvvvvvvvvvvvvvvvvvvvvvvvv

2
amplitude

amplitude

1

LMMMMMMJ MW w"‘" MO

fO 08 —0.06 —0.04 —0.02 0.02 0.04 0.06 0.08

(@)

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator



| HOPS Fourfit: Multiband Delay Cont.

* Removing channels removes spacings and causes ambiguities.

multiband deloy ,LLS)

—0.02 —Q. 015 —O 01 —5><1O =3 5><1O 0.01 0.015 0.02
T T T T | T T T T | T T T T | T T T T | T T T T | T T T T

O | |1 O
o | | D
o L | ©
5 5
-~ - i -~
Eim) o Fay
- 17 &
o | | ©

O I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I O

—0.03 —0.0Z —O 01 0.01 0.02 0.03

delay rote (ns/s

8 channels, 28 spacings
— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator T ————————— () —



HOPS Fourfit: Multiband Delay Cont.

u mu\t\bond de\oy (}LS)
—0.02 -0.015 —0.01 75)(10 5x107° 0.01 0.015 0.02
T T T T T T T T T T T T T T T T T
ol 1 ° o
[ [ @
1 channel : 3 ¢ 5 channels
: s s s ,
cwor — Ewn o)
0 spacings s 10 spacings
/\\ 1
N el AVAVNA LY, ‘ AV VAsaN ok ~rnannf T WV AL A ]
-0.03 -0.02 —-0.01 0.01 0.02 0.03 -0.03 -0.02 -0.01 o} 0.01 0.02 0.l DB
delay mh~ (ns ° delay rate (ns/s) °
multiband de\oy (Ms) mu\t\bond de\oy (us)
—-0.01 —5x107° 5x107° 0.01 -0.02 -0.015 —-0.01 75)(10 5XWD 3 0.01 0.015 0.02
T T T T T T “V\ T T
e [ e
L Q [ \“‘ “‘\ ®
€ € |
2 channels ¢ I ¢ 6 channels
ing ¢ s | s ,
& [SCE | | 4
1 spacing = £ i\ s 15 spacings
Al
N/ /AT AVANS
N VAV AV ASAYE I WA AN e - Lo VTV AN~ I~ —
Z0.03 ~0.02 ~0.01 0 0.01 0.02 0.03 20,03 ~0.02 ~0.01 0o 0.01 0.02 0.03
delay rate (ns/s) o delay rate (ns/s) -
mu\t\bond de\my (us) mu\t\bond de\oy (}LS)
-0.02 -0.015 -0.01 75)(10 5)(10 -3 0.01 0.015 0.02 -0.02 -0.015 -0.01 75)(10 5x107° Q.01 0.015 0.02
: : \ ’ : : : : : : A \ : :
\ [\
2 2 er | ‘ 12
e [ e
||
L [ “ “ @
3 channels 8 8 m ¢ 7 channels
3 . b2 2, I .8 21 .
spacings 5 I\ A spacings
pacing : it : pacing
i
. /‘/\\»“ I\ “‘\\
VAV ‘ / ‘ Y T NN AV VA [V VYV I N~ .
-0.03 -0.02 —-0.01 0.01 0.02 0.03 -0.03 -0.02 -0.01 0.01 0.02 0.03
delay mh~ (ns/s) - delay yuh: (ns/s) -
mumbond de\oy (p,s) mu\t\bond de\oy (us)
-0.02 -0.015 -0.01 —5x107 5x107° 0.01 0.015 0.02 -0.02 -0.015 —-0.01 —5x107 5x1073 0.01 0.015 0.02
: : : ‘ : : : : ‘ ““,\‘ : : :
ol I\ 1o
=4 ° - | \‘ e
||
[ [0 [ “ “ [
4 channels ¢ g 8 | ¢ 8 channels
s s & Inn 5
[ € £ E°F ‘ 19 € [
6 spacings - °5 5 | s 28 spacings
LA~ TV N . e VAV VA ]
E— ; Zo. o, -o. - v v -o. :
United States Fleet —°~ S elay rote (ns/s)

y rate (

0.02 0.03 I 31 I



HOPS Fourfit: Fringe Rate and Delay Rate

* Fringe Rate (FR): Phase Slope vs Time

* Delay Rate (DR): Phase Slope vs Frequency

multiband delay (us)

N | ?
; LJMMMM | "‘hw“w l“wm‘ LAY h | *‘W‘uhwl

— United States Fleet FOrces mmm—

delay rate (ns/s)

U.S. Naval Observatory — Washington Correlator

amplitude

Fringe quality 8

SNR 132.4
Inttime 29.982
Amp 4.422

Phase -131.9
PFD 0.0e+00
Delays (us)
SBD 0.000148
MBD 0.001890
Fringe rate (Hz)
0.000207
lon TEC 15.865
Ref freq (MHz)
6000.0000
AP (sec) 1.000

Exp. V04143
Exper # 1234
Yr:day 2024:143
Start 185045.00
Stop 185115.00
FRT 185100.00
Corr/FF/build

2025:093:014228
2025:115:165746
2022:353:141034
RA & Dec (J2000)
h36m58.594810s
47°51°29.100000"

x 100ppm
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* Delay Rate (DR) window =

1
2:AP-v

e AP = accumulation period

* v = reference frequency

* The DR plot axes are confined by the DR window:

—0.015

—0.01

multiband delay (us)
—5x107° 0 5x107° 0.01 0.015

<

ﬁ M AAMMM il ‘l"»'w “

-1 <

3

—0.08 —0.06

A | : : |
—0.04 —0.02 0.02 0.04 0.06 0.08

delay rate (ns/s)

amplitude

Fringe quality 8

SNR 132.4
Inttime  29.982
Amp 4.422
Phase -131.9
PFD 0.0e+00
Delays (us)
SBD 0.000148
MBD 0.001890
Fringe rate (Hz)
0.000207
lon TEC 15.865
Ref freq (MHz)
6000.0000
AP (sec) 1.000

Exp. V04143
Exper # 1234
Yr:day 2024:143
Start 185045.00
Stop 185115.00
FRT 185100.00
Corr/FF/build
2025:093:014228
2025:115:165746
2022:353:141034
RA & Dec (J2000)
h36m58.594810s
47°51°29.100000"

* Lowest frequency (1 sec AP, 3.03 GHz): DRW = 1.65 x 101%ns/s

— United States Fleet Forces

U.S. Naval Observatory — Washington Correlator

x 100ppm
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We only see 2-station baselines and 3-station closures.

We can't tell which station
has a problem with only one baseline
(we need to use other information).

\

Correlator Report:

+CORRELATOR_NOTES
Aa-Bb: Removed channel(s) from
fringe fitting: SR1U

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator T —————

] The Baseline Problem:

34_



v The Baseline Problem:

We only see 2-station baselines and 3-station closures.

Adding a third

station helps:
Baseline BC is okay, so we conclude

that station B and station C are okay.

+NOTES

station note

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator T ————————— 3O, . —



ﬁThe Baseline Problem:

We only see 2-station baselines and 3-station closures.

We need at least one okay baseline
to tell which stations have a problem

from baseline data alone.

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator T —————————— 3 W—

+NOTES

Aa-Bb-Cc Removed channel from fringe fitting: SO3UR

What if two stations
have the problem?



ﬁaThe Current Washington Correlator

* Transfer

* 9 Gbps eTransfer

* Mark5 systems
 Hardware

* 6.45 TFLOPS (1,792 CPU cores)

e 4,17 PB storage (2.04 PB ingest + 2.13 PB internal)
e Software

* DiFX, HOPS, nuSolve, SKED, VieSched++, Python3

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator
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M| TLDR: What can go wrong?
Slow Data Shipping

Effects: Solutions:
* preliminary database * ship data ASAP
followed by re-release + always send the
e data aren't used for EOPs tracking number
(Earth orientation parameters) to the correlator.
* station dropped from session  « carefully fill out customs
e data are lost declarations / paper work

(too late to justify disk space) e use a reputable carrier

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator
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M| TLDR: What can go wrong?

Large Clock Jump
Effects: Solutions:
e correlator searches  always upload log file (wit

for new clock offset
* Osec £100 pus, and

+1sec+32ps the ivs-ops mailing list

* very time consuming start or stop message
(man hours and CPU time)

* clock may not be found in the signal chain

* data are lost * 1 nm cable shift =

n GPS)

* inform correlator of likely jumps
e put jump and jump size in

* do not unplug or reseat cables

(no fringes found) 1 nm observed position shift

— United States Fleet Forces U.S. Naval Observatory — Washington Correlator
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M| TLDR: What can go wrong?
Wrong Schedule Used

Effects: Solutions:

e data are lost e check for schedule changes as
(out of network) close to start time as possible

* split-release w/ e check all three IVS archives:

d |ffe rent subnets e https://cddis.nasa.gov/archive/vlbi/ivsdata/aux

* very occasional * https://ivs.bkg.bund.de/data_dir/vlbi/ivsdata/aux
(special circumstances)  ftp://ivsopar.obspm.fr/vlbi/ivsdata/aux

* smaller subnet usually * FTP timestamps may be wrong!
ignored after analysis  download SKD and compare

SCHEDULE CREATE_DATE

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator T ————————— ] () —


https://cddis.nasa.gov/archive/vlbi/ivsdata/aux
https://ivs.bkg.bund.de/data_dir/vlbi/ivsdata/aux
ftp://ivsopar.obspm.fr/vlbi/ivsdata/aux

M| TLDR: What can go wrong?

Bad Channel / Frequency Setup
Effects:

e correlator searches for
channel / frequency setup

* try other known
configurations first

* searching for unknown

configuration is very costly
(rarely done)

e data are often lost

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator

Solutions:

* double-check signal chain and
IF/recorder setup before session

* report incorrect channel / freq.
setup in SKD or VEX files to IVS

* |f something goes wrong:

* explain exactly how channels
and frequencies are set up in
Ivs-ops start or stop message

4] m—



%TLDR: What else can stations do?

* Double check:
* pointing control
* phase cal injection
* field system time sync (NTP)
* channel/frequency setup
* cable cal and weather monitor
* List missed / problem scans in ivs-ops mailing list stop message.
* Try to list why scans were missed too.
* The correlator may forward your message in the station notes.

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator
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o) How can we help you?

* We’ll notify you of...
* Missing or problematic data
* Clock issues (such as 1 second offsets)

* Correlator report!

* Provides feedback on overall and individual performance
(clock/pcal/RFl, etc.)

e Lets IVS know when a session has been correlated and ready
for analysis

* Read it please, or we will be sad ®

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator T ——————————————— ] 3 —



SESSION
VGOSDB
START

END
CORRELATOR
ANALYST

VERSION ’1—1\

Correlation
Pass Number

— United States Fleet FOrces mmm—

Correlator Report

R41083
20221229-r41083
2022-363-1830
2022-364-1830
WACO

Mike Dutka

Fringing
Pass Number

U.S. Naval Observatory — Washington Correlator




total correlated

Strong ringes 68.01% 80.13%
No mrnge foune ' 15.85% 18.67%
| @Frors i 1-4,A-H,N 16.14% 1.20%

Wezlk iringes ahe

Noit oloserwee removed 0.00% 0.00%

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator




station

— United States Fleet FOrces mmm—

Correlator Report

name mk4

BADARY
HART15M
ISHIOKA
KOKEE
NYALE13S
NYALES20
WETTZ13N
WETTZELL
YEBES40M

U.S. Naval Observatory — Washington Correlator




Correlator Report

Coule be station note

on@se cal, NI,
Kk Applied manual phase calibration
Kk Removed channel from fringe fitting: S©4UR

WeElrinn reCevel, ...

Ny No fringes

Coulel lae polnid e .
Could be peinting Wn Did not observe

prolbl@em, Cryo Issue,

wrong schecule, . Removed channel from fringe fitting: SO3UR

United States Fleet Forces U.S. Naval Observatory — Washington Correlator



EPOEN I$ both the
origin or the oITsets,
2he the startdng tnme

iror each cloclk i

Noi@ thei thelre aine

WO OF MOIreé ¢lockks

—

st cliferent @—mmﬁﬂw

or cloclk breaslks

United States Fleet FOrces Mmm—

Correlator Report

epoch used-offset

2022-363-1830 9.619
2022-363-1830 0.370
2022-363-1830 7.903
2022-363-1830 23.987
2022-363-1830 -63.386
2022-364-0540 -60.020
2022-363-1830 -4.385
2022-363-1830 53.621

U.S. Naval Observato

used-rate

.580000e-14
.570000e-13
.545000e-13
.884000e-13
.259000e-12
.059000e-12
.070000e-13
.257000e-12

raw-offset

.667979
.148675
.346932
.110163
.667153
.667153
.541582
.416536

— Washington Correlator

raw-rate

.010234e-13
.491744e-14
.665280e-14
.358000e-13
.259166e-12
.259166e-12
.070275e-13
.39123%e-12

comment

clock-break




Note:
ROPS channel hames
usuaily heve tls Tormet:
ti

<

(D)

v/ (AVE D

Correlator Report

channel id frequency

SOOUR
SO1UR
SO2UR
SO3UR
SO4UR
SO5UR
XO6LR
XO6UR
X07UR
XO8UR
XO9UR
X10UR
X11UR
X12UR
X13LR
X13UR

5D S HFAUW. HSSOM@OM DD QN C L

>S5
+

United States Fleet FOrces Mmm—

2225.
2245.
2265.
2295.
2345,
2365.
8212.
8212.
8252.
8352.
8512.
8732.
8852.
8912.
8932.
8932.

99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99

. Naval Observatory — Washington Correlator



Correlator Report

Ys SO3UR 4mmm Channel(s)
Kk S@4UR

steition D

United States Fleet FOrces Mmm— U.S. Naval Observatory — Washington Correlator



Correlator Report

o
)
S
aQ
I
~

2l

@
T
=2

84
75
44
55
0

0
172
173
194
194
182
56 258

N
O RPNOUIOODOOONON

)
X
)
X
)
X
)
: X
)
X
)
X

O OO OO OOPOPODOO®OO®O
O OO OO OPOPOOOOO®O
OO OO0 OPOPOOOO®O
O OO OO FRPR OO0
O OO OO OTOOO®GOOO
P PORPRRPFPOOOOOO
O OO NONOOOOOO
O O0OFRPROFRPROOOWORO®
O OO OO UTUITOO®OO®O
O OO OO

(O]
(O]
(O]
(O]

17 71 240 © © (%]
2 48 277 © © (%]
171 866 4028 18 57 1132

(O]
(O]
(O]
(O]
NN o
o ®

(W]
(W]
(W]
=
(W]
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Correlator Report

+SNR RATIOS
Low SINR ratlo

0.824748
0.632045
0.806562
0.868830
0.537841
0.751313
SNK redoe hear 1.0 0.806576
0.850378
MiE&E e "|ﬂ el chntEhning ©.535537

.698808
.575418
.655074
.395182
.717275
.721237
.966395
.603681
.687464
.332825
.883386
.612876

«unrﬂ-:“h‘ﬁﬁqumwg alre 0.482250

workdng as Intendee 9.573646
. 0.761767 .878315
0.783280 .512325
0.770276 -
Higlh SNR retio means thet 0.337093 -
1.035180 330 0.815098

OO OO0 OEOOOOOOO

il b is I isin

the antening’s enecitive
€ [EE i P e > Arfh p
SEFID weas higher than

{ o gt {
scinecullng exyoecieo

United States Fleet FOrces Mmm— U.S. Naval Observatory — Washington Correlator



Correlator Report

SOFTWARE DiFX
usee 1or ¢e WkﬂﬂLﬁmJlTWk¢m5, VARSI 20506
snd VGOSDE ¢ InE ALGORITHM FX
. NCHAN 256
FFTSPECRES ©.03125 MHz
SPECRES ©.125 MHz
TINT 2.0 sec

solftwalre ome setngs

SOFTWARE HOPS
VERSION 3.23-3383

SOFTWARE nuSolve
VERSION ©0.8.1

United States Fleet FOrces Mmm— U.S. Naval Observatory — Washington Correlator



Correlator Report

Conlguration e
Coniguration vile vex — 141083, vex

used 1or correlation maxGap = 180000.0
maxLength = 360000.0
singleScan = true

For DIFX, this will startserdes — 1
antennas HT, IS, KK, NS, NY, WZ, YS
e the V2D file
normalSetup
FFTSpecRes 0.03125
specRes 0.125
tInt 2

scansubset
setup = normalSetup

HT
phaseCalInt = 1
toneSelection all
filelist filelist

IS
phaseCallInt 5
toneSelection all
filelist filelist

United States Fleet FOrces Mmm— U.S. Naval Observatory — Washington Correlator



Correlator Report

mifiguration ile

8l for finging sb_win -256.0 256.0
mb_win -256.0 256.0
dr_win -0.030 0.030

L = al i ' pc_mode multitone

0@ the CF 1le
oA Lhk‘ LJ 11“‘ ref freq 2225.99
ref freq 8212.99

S pc_tonemask abcdef 16 16 16 16 16 16
X pc_tonemask ghijklmn 148 132 132 132 132 132 132 132

lsb_offset Q.
lsb_offset 0.
lsb_offset 70.
1sb_offset 0.
lsb_offset 0.
lsb_offset Q.
lsb _offset -20.

S freqs a b ce f
S freqs a b cdf
pc_mode manual
S pc_phases abcdef 20.79209 9.12735 90.70320 70.06696 135.72812 10.49509
X pc_phases ghijklmn 95.14771 38.72751 62.34361 30.12612 71.47699 93.45794 3.82575 78.31685

pc_phases abcef 8.7 -11.2 ©.1 0.0 2.5
pc_phases ghijklmn 0.3 -1.6 -0.6 3.2 12.2 -8.5 -11.1 6.1

United States Fleet FOrces Mmm— U.S. Naval Observatory — Washington Correlator



Correlator Report

sb_win -256.0 256.0
mb_win -256.0 256.0
- dr_win -0.030 0.030
Genersl 4v4~U[” pc_mode multitone
c_period 5
for all statie Pep

ref_freq 2225.99
ref_freq 8212.99

Plhase cal i 1 S pc_tonemask abcdef 16 16 16 16 16 16
rIESE Cel o X pc_tonemask ghijklmn 148 132 132 132 132 132 132 132

1sb offset 0.
1sb _offset 0.
L;,“anl amﬁuf|ﬂw Q\O fnnlﬁxl lsb_offset 70.
lsb offset 0.
lsb_offset Q.
lsb_offset 0.
lsb_offset -20.

pc_mode manual
Manual phese cz S pc_phases abcdef 20.79209 9.12735 90.70320 70.06696 135.72812 10.49509
X pc_phases ghijklmn 95.14771 38.72751 62.34361 30.12612 71.47699 93.45794 3.82575 78.31685
) [P e Iq\ﬁ“ @i pc_phases abcef 8.7 -11.2 0. 0 0 2.5
rnesE @ilig ¢ pc_phases ghijklmn ©.3 -1.6 -0.6 3.2 12.2 -8.5 -11.1 6.1

United States Fleet FOrces Mmm— U.S. Naval Observatory — Washington Correlator



Each notch consists of a start
and end frequency in MHz

notches

2225.

2229.

2245.

2249.

2265.

2269.

2295.

2299.

BE © aadk iz 2345.

RIF “hotches 2349,

‘ ‘ . 2 B 2365.
O CUt Out shareg RIFl 2369.

ror co-locetee antennes 8204.
8208.
8212.
8216.
8252.
8256.
8352.
EEEH
8512.
8516.
YEYN
8736.

United States Fleet FOrces Mmm— U.S. Naval Observatory — Washington Correlator



— United States Fleet FOrces mmm—

Thank you!

U.S. Naval Observatory — Washington Correlator



Quick Review: Correlation

Session Schedule . SKED ' Preliminary VEX

skd, sched vex

Experiment
Setup Scripts

Earth Orientation

Parameters (EOP) Correlation VEX
finals.daily vex

Station Logs DiFX Scripts
log and CALC

Stations

Raw Observations DiFX Input Files
vdif, mk5, mk4, etc. input, calc ..

DiFX Visibilities
difx, mk4-0/1/3

— United States Fleet FOrces mmm— U.S. Naval Observatory — Washington Correlator T ———————— O W—

DiFX Fringing...




IVS +

o,

Quick Review: Fringe Fitting

Fringe Setup
cf

G Codes and Fringe Fitting
H Codes, etc. fourfit

.

Fringes Clocks Script
mk4-2 fit-sbd

Correlator Report
corr

Archiving

vSolve

UNITEA STATES FICET FOICES |—— U.S. Naval Observatory — Washington Correlator

Correlation VEX
veXx

VGOS Archive
vgosdb

Correlation
DiFX ..

Station Logs
log

Analysis...

Visibilities
mk4-0/1/3

60_
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