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To:  UVLBI/DBE groups 
From:  Shep Doeleman, Alan Hinton, Mike Titus, Dan Smythe, Alan Rogers 
Subject:  Tests of 16MHz DBE 
 
Setup and Procedure: 
Tests of the DBE firmware supporting 16MHz wide PFB channels were carried out.  One of the 
goals was to test the compatibility of the DBE 16MHz mode with a VLBA4 backend.  The basic 
setup is shown in Figure 1.  The 1PPS signal, taken from the Haystack standards room, was of 
poor quality and exhibited a lot of ringing.  It was cleaned up using the Sample Clock/1 PPS 
generation board in the DBE, and one of the outputs was sent to the VLBA4 rack.  The station 
5MHz was input to the VLBA4 rack and one output from the 5MHz distributor was sent to the 
DBE.  The VSI outputs from the DBE were connected to Mark5B+ units, and the VLBA4 
recorded on a Mark5A. 
 

 
The Noise Source setup is shown in Figure 2.  The power levels presented to the DBE IF0 and 
IF1 inputs were -13dBm as calculated from measurements of the bandpass on a spectrum 
analyzer.  Each bandpass was flat to within a few dB.  The DBE 1024MHz sample clock is 
synthesized from the input 5MHz, placing the input noise signal in the 2nd Nyquist zone.  The 
frequency sequence and mapping of DBE channels to VLBA4 Base Band Converters is shown in 
Figure 3.  BBC01 was set to 792.00MHz and BBC14 was set to 1000.00MHz.  The Mark4 
formatter sampled the LSB of each BBC to match the effective LSB of all the DBE channels. 
 

 
Fig 1: Test setup for VLBA4 - DBE compatibility with 16MHz channels. 
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Figure 2: Setup for generating band limited noise for the DBE - VLBA4 test.  Power levels 
presented to the DBE inputs were -13dBm over the 480MHz band. 
 

The experiment was recorded with 2-bit sampling, and the VLBA4 rack used Automatic Gain 
Control to optimize the state counts.  The DBE had a single iBOB board, which was used to 
process both copies of the input IF.  Short recordings for each IF were made and corrections to 
the DBE digital gains determined and applied to optimize the 2-bit state counts.  Recordings 
were made for ~40 seconds on all three recording systems with start times within about 3 
seconds of each other.  The data were processed on the Mark4 correlator.  DBE(IF0) was given 
the station name HHT, DBE(IF1) is HHT2, and the VLBA4 units is the PICOVEL station. 
 
Results: 
The basic results are given in the attached fringe plots (Figs 4-6 are auto correlations and Figs 7-
9 are cross correlations).  A-priori, one would expect that the auto correlations would have 
amplitudes very close to 10,000 and have zero phase.  One would also expect that when the two 
DBE channels are correlated against each other the amplitude would similarly be close to 10,000, 
but with a delay offset due to unequal cable delays.  We note here a few characteristics of the 
fringe plots that contrast with these expectations, and which merit further investigation. 
 
1.  The HHT2-HHT2 auto correlation has rms phase variation between frequency channels of 

0.9 degrees, which is much higher than one would expect given the snr=105331.  This could 
be due to varying state counts in each channel, but this is probably not likely given that the 
sampler statistics appear to be set very close to their optimal levels. 

2. All three auto correlations have non-zero phase (HHT-HHT=-1.3 degrees, HHT2-HHT2=6.4 
degrees, PICO-PICO=1.7 degrees. 

Fig 3: Frequency setup for the DBE - VLBA4 test.  The DBE sampled in the 2nd Nyquist zone, 
resulting in an LSB conversion, so the Mark4 formatter was configured to sample the LSB of the 
VLBA4 BBC's.  Note that DBE channel 0 is bad due to aliasing. 
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3. On the HHT-HHT2 cross correlation, the amplitude is ~8500, 15% less than the expected 
10,000.   

4. On the HHT-HHT2 cross correlation, there also appears to be a dip in the phase across the full 
bandpass.  Channel 'a' is -136.7 degrees, while channel 'h' near the middle of the band is -
142.5 degrees, and at the far end of the band, channel 'n' is back up to -131.6 degrees.  Such a 
variation in phase could possibly be due to crosstalk between the two DBE IF DSP pipelines, 
or crosstalk in the ADC board.  This could be tested by repeating the experiment using 
separate iBOB boards for each IF.  Alternatively, at such high correlation coefficients, 
quantization errors could cause errors in both amplitude and phase if not corrected for.  Since 
there is no fringe rate a fixed phase offset in a given frequency channel can result in a constant 
loss due to quantization error. 

5. Part of the reason for the low HHT-HHT2 amplitude is due to the fact that 'fourfit' normalizes 
auto and cross correlations differently.  When the HHT station data is copied to another disk 
module and HHT is correlated against HHT but in cross correlation mode, the amplitude is 
also lower than expected (~9050).  Figs 10-12 show this test in which the stations labeled 
HHT and HHT2 are both actually copies of data from HHT (DBE IF0). 

6. On the VLBA4-DBE cross correlations there is a phase signature across the single bands that 
results in an asymmetric single-band delay function.  This is probably either due to VLBA 
BBC filters, or a “bit-slip” type problem in the station units of the Mark4 correlator. 

 
Next Experiments: 
To investigate further, a few tests are planned: 
 
1.  Introduce an LO offset by slightly changing the frequency reference input to the two DBE's. 

This can be done by sending 10MHz to one and 10MHz + 0.1Hz to the other.  This will 
produce a fringe rate that will average out the effects of quantization error. 

2.  The 'fourfit' code will be examined to find the reason for non-zero phases and non-zero 
delays for auto correlations. 
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Fig 4 Autocorrelation of DBE IF0 
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Fig 5 Autocorrelation of DBE IF1

 

Mk4 Fringe Plot 
multiband delay (w;i) 

NAA0150.szthru 1 219-2015_rev 1 II 
HHT2 - HHT2, fgroup C, pol LL 

0 
0 
0 
N 

-0.02 -0.01 0 0.01 0.02 0.0J 
Fringe quality 9 

SNR 1 05331 .0 
PFD 0.Oe+00 
lntg .time 39 .740 

g ~ Amp 1 0007. B56 
g :::, Phase 6.4 

i Stx:lelay (us) 
g !: 0.002236 

0 
0 
0 c, 

o ~ ..... ...:i.,,f,.= .... ..:,,"=~.s..!-==<1.M..,,,><:><:~ _£.11Co~--3pB .:......----1.o-'-..2.1:t:..~1:,r:a_:,,;3~"'-'""'i>.6J°""~"""""'":..1.4...,_...;.....,,...,,,.,;:i 

..,. o Mtx:lelay (us) 
-0.000000 

Fr. rate (Hz) 
0000000 

Ref freq (MHz) 
230377.0000 

AP (sec) 0.500 delay r~e (ns/s) o 
~~~~~~~~~~~~~~~~ o~~~~-~~~~~~~~~~-~~~~ID Exp. mm-mk5 

-0 .5 0 0 .5 

singleband delay (µs) 

a, 
""CJ 
:::J 

0 

.... 0 =o o. .n 
!: 
0 

,,.... Exper # 3194 
g g' Yr day 200721 9 
~ Start 201552 .00 

o Stop 201632 .00 
~ FRT 201612 .00 

g _g Corr. date : 
I 0.2007:219220736 

0 

O'----'--'------'--'--'---'---'--''--'---'---'--'--'----'--'-----'ro 
01 

Fourfil date : 
2007:219223013 
Position (J2000) 
03 h59m29.74 73s 

-15 -10 -5 

Av,gd. Xpower Spectrum ( MHz) 

Amp . and Phase vs. time for each freq ., 1 4 segs, 6 APs / seg (3.00 sec/ seg .), time ticks 5 sec .. 
0 

11a•1 11b•• 11c1• 11d11 11e•• 11f11 11911 11h11 11j1• 11J11 11k11 11111 llnll 

+50°57'50 .162" 
All 0 

"' 

0 
u 

Valdi'{_ 

I 

............ 

-~ . 
11111111111 

I I 

........... ........... 

............. -............. ......., -. ............... .-..,,.....-. 

11111111111 111111111111 

I I I I 

........... ............ ........... ........... 

......... -......... ._.... ..... -.- ............ ...,....,.... ..... _ 

111111111111 11111111111 11111111111 11111111111 

I I I I 

........... ............ ........... ........... 

- ~........- ..... -..... -

111111111111 111111111111 11111111111 11111111111 

I 

............ 

--

111111111111 

I I 

............ ........... 

_._ ............... ~ 

111111111111 11111111111 

0 

"' 
d> 

"' 0 CJ 
.J::. 
Q. 

0 

"' I 

0 

"' T 

Parily I 
I 

(SU 10l 
(SU 10 

. u 
Bas L 

u 
Lewi L 

<I> 

o 
u 
D. 

---

---

...... 
,,• 

I I 

---

---

-· ·--,• 

...... 
I I 

--- - -
--- - -

. . ..... 
····· .. .... ,• 

I I ·i 

--- --- - -
--- --- - -

··· . .. .. ····· . . 
•, 

I j · .. . i. 'j •, .. 

--- ---

--- ---

-·-.. .... 
......... ·· 

I I 

---

---

-. 
..... 

I 

I 

I 

§ 
0 1 
8 

' 23J377.0023J393 .00230W'I00=425.0023:l441 .0023:l457.0023047300=48'l.0023:l505 .0023:J521 .00230537 oo=5530023:l569.0023:l585.00Freq (MHz) All 
6A 

lo:YJ7.9 
65 6A 6.3 6.4 65 6A 6.5 6.3 6.3 6A 6.3 6.4 65 6A Ptase 
9926.6 101158 9925.9 10114.6 9931 .3 10114A 9927.9 9927 .2 9926.7 10114A 9928 .5 10113.3 99280 10115.3 A~I. 
65.2 650 662 66.0 65 .2 650 662 66.2 66.2 650 662 66.0 66.2 65 .0 Sb:J bole 

U/L 0180 019:l 0/00 0/00 0180 019:l 0/00 0/00 000 019:l 0/00 0/00 000 0180 A Ps used 
I :I -= :-200.l"COO :.,;>oo:m00:-2J002000:.200a'OOJ :-200.l"COO :.,2oo:l'C00:-2J002000:-200Q'000:-200a>COO :.,2oo:l'C00:.,2000'000:-2J002000:-2000'00J :.,2009C f18QS 
1:1 87:ffl I 59:159 9393 -I I :-1 I 42 :42 31 .31 154:154 -13:-13 .,26:-al -I 64:-164 -I 43:-143 124:124 I :I 49 :49 PC phase 
1:1 00 00 0:0 0:0 00 00 0:0 0:0 00 00 0:0 0:0 00 00 Mani PC 
1:1 00 00 0:0 0:0 00 00 0:0 0:0 00 00 0:0 0:0 00 00 PC arnp 

COL Cl L C2L C3L C4L C5L C6L C7L C8L C9L CAL CBL (X;L CDL Chern da 
32,33 30,31 28,29 26,27 24,25 22,23 20,21 18,19 16,17 14,15 12,13 10,1 I 8,9 6,7 Tra:ks 
COL C1 L C2L C3L C4L C5L C6L C7L C8L C9L CAL CBL (X;L CDL Chanda 
32,33 30,31 28,29 26,27 24,25 22,23 20,21 18,19 16,17 14,15 12,13 10,1 I 8,9 6,7 Tra:ks 

Gro'-" deay (usec) -I .09403800206&07 ¾>riori det,y (usec) 1 .73472347598&12 Raad rntdeay (usec) -I 09406E--07 +1-
Sbard deay (usec) 2.2361()812151 E-03 ¾>riori clock (usec) o.o:mCOOE+-00 Raad itideay (us<e) 22361 I E--03 +/-
Phase det,y (us<e) 7.738J271539JE-O!l ¾>riori ck:d<."'18 (usis) O.o:mCOOE+-00 Raad ptdet,y (us<e) 7.73585E--08 +1-
Det,y "'1e (usis) 4.1313173ro37E-14 ¾>riori "'1e (us/a) l .0587'lll8407E-16 Raad "'1e (usis) 4.12073&14 +I-
To13lph3se (deg) 6.4 ¾>riori a:oel (us/sis) oocooo:mcooE+-OO Raad ptase (d"3) 6.4 +/-

phl•"3 (deg) 
arnp/•"3 tr,.) 
phlfrq (oo;i) 
arnplftq tr,.) 

AMS Theor . Arnplitlde IC007 .856 +1-0.095 Peal rncde: MANUAL, MANUAL 
OD 0.0 S...ich (256X64) 9992504 Peal raae: O.COOE+OO, O.OOOE+OO (wis) 
OD 0.0 lnae,p. 9992504 Bitalssrnple : 2 Sarn~n1Norrn: enabled 
0 .1 0.0 Inc. seg. a,g. 1C007.849 Sample ia1e(MSarnpls): 32 
0 .9 0.0 Inc. ftq . e,g. IC007 .861 DBla iale(Mbis): 896 n~s: 64 

Control file: cf_31 Q4 Input file: ldatal/3194/219-2:ll 5_revlll..sz1hru Oul:>utlile : S~ras•ed by "es1 mode 

66.1 

2.3E-08 
3.36-07 
I .3E-11 
5.7E-13 

OD 



 - 6 - 

Fig 6 Autocorrelation of VLBA4 recording.
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Fig 7 Cross correlation VLBA4-IF0
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Fig8 Crosscorrelation of VLBA4-IF1

 

Mk4 Fringe Plot 
multlband delay (µ.s) 

0 

NRA0150.szthru, 219-2015_rev, Pl 
PICOVEL - HHT2, fgroup C, pol LL 

-0.0J -0.02 -0.01 a.a, 0.02 O.OJ 

0 bc=t:,,="'4""""==cee;:::>=,-=Co1::,d<,~= 'l&.~~~ _,__J____L..'..,Jm '...':i.l:,i:,:;;;:s:,.dl:,,,_._.L!'.l~=~""1,~==ciL.=;J 
-10~ 0 1 □-l 

0 
0 
0 

"' 

Fringe quality 9 

SNR 91725 .0 
PFD 0.Oe+00 

g lntg .time 39.42B 
g _:g Amp BB2B. 939 

:::, Phase -143 .1 
g i Stx:Jelay (us) 
~ ~ -0 .009771 

o Mtx:Jelay (us) 

delay rate (ns/ s) o 

-0.02194-B 
Fr. rate (Hz) 

0.000076 
Ref freq (MHz) 

230377.0000 
AP (sec) 0.500 

! ~~-~~~~~~~-~-~~~ ~~~~~-~~~~~~~~~~-~~~~"'~ ~:~er# mm;~: 

{; § ~ 0 , .,,. g g' Yr day 2007 21 9 
::J "' ::J o ~ Start 201552.00 

;'c'.' 0 ;'c'.' 2 o Stop 201632.00 
ci. § c. ~ FRT 20Hl12.00 
E o E 0 o o 
0 o O ~ m r. Corr. date : 

g . , , . , , . , . , , , . • • I <l2007:219220736 
0 1---+-~~-~-+--+--+~~~-+--+~-~-+- -+ ~ 2 Fourfil date : 

-a.+ -0.2 0 0.2 0.4 -15 -10 -5 
singleband delay (,us) Av{jd. Xpower Spectrum (MHz) 

Amp . and Phase vs . time for each freq ., 1 4 segs, 6 APs / seg (3.00 sec I seg.), time ticks 5 sec 
11a•1 11b•• 11c1• 11d11 1•e•• 11f11 119,, 11h11 11j•• 11J'1 11k11 11111 

o, 2007 219222947 
Position (J2000) 
03 h59m29.74 73s 

+50'57'50 .162" 
All llnll 

0 

"' I I I I I I I I I I I I I I 

• • A. .. .. , .,. .... . _ ,,__ .... rv. -.. •' . . --.. . ...__,,..,.. ...,..,. .. ,.,,,...._,,,. ..... ....,. __ ,...__..., ~.,....-._ .._,...,....,.-_ _...,.. ,.,.._-... ;. ... ,,,.. .. r,.. ..... _ ....... ......,.......'Ci----".,. _,.,.,>..,. ...... ·,,.~~- • ........... .,.. ......... c .._ ... _ _. .. _"~✓ .• , ;ra; "" .,. __ ..,__,. ..... , • 

.. •········· · ...................... ··········· ············ ............ ··········· ............ ············ ···········'············ ........... ....................... . 
Cl l----+----+----+----+---+-----i---1----+----+----+----+----+---+-----i 
u 

Valdil'.(_ 11111111111 11111111111 111111111111 111111111 II 1 11 II 1111111 11111111111 11111111111 111111111111 111111111111 11111111111 11111111111 111111111111 111111111111 11111111111 

Q.> 
[{) 

O 0 
.c 
Q. 

0 

"' T 

Parity P (SU 1) 
f----1----1------11------11------1-----1----+----+---+---+---+---+---+---1 1 (SU 10) 

. u 
B~s L~ .. -. --+---;----,e---+---+ _-----<---1----+---+ _-----< ~e---1----+----+---~ p 1 

u 
Ll>wl Lt---t -::_-::_-::_-::_-::_-:,-:,,-:,,-:,,-:,,-:,.+_-_-~~-=+-_-_-_-_-_-+=---, =---t---t----t---+---+ _-~~~=+_-_-_- _- _-+----I p I 

<t:, 

0 
'-' D. 

........... ....... .......... .-=·=····· 

23:Xl77.00230393 .00230409 0023:l425 .0023:l44 1 .0023J457 .0023047'3 0023:l499 .00 nl505 .002= 1 .00230!:fll 0023:)553 00 nl569 .0023:l585 .00 FfE<l ( MHz) Al I 
-139.7 -142 .4 -141.8 -141 2 -143 .5 -143 .6 -145.3 -146 .9 -1442 -147.3 -143 .9 -144.3 -1402 -136.0 Plese -143.1 
7450A 867'3.3 10370.5 7346 .1 10657 .3 770SU 7645 .8 10404.7 7468A 10792.3 10228.1 7624 .3 9004A 7484.2 A°"I . 88400 
32 .4 332 32.6 32.3 32 .2 31 .7 32 .1 32.7 31.6 322 32.5 32. 1 32.8 32 .2 Std boJc 32A 

U/L 0,180 0.00 0/00 0/00 0,180 0.00 0/00 0/00 000 0.00 0/00 0/00 000 0,180 A Ps used 
P :I 1 o:xl :-200J o:xl :~00000:...000 000:...000 o:xl :-200J o:xl :~00 000:~00000 :...000 o:xl :-200J o:xl:~00 000 :~00000 :...000 o:xl :-200J o:xl:-2CXXPC 1,-
P :I -155:87 1 51 :159 14493 133:-11 -71 :42 0:31 84 :154 135:-13 --85:-26 -43 :-164 -10 :-143 --97:124 -33:1 -40 :49 PC phase 
P:I 77:0 -142 :0 1270 111 0 121 :0 -40 :0 "'530 1000 104:0 133:0 166:0 1140 49:0 -137:0 Mani PC 
P:I 00 00 0:0 0:0 00 00 0:0 0:0 00 00 0:0 0:0 00 00 PC amp 

P ~.~~.8 f ~ ~2,14, 1~ff}~22,22J}&3.'l;ii.~~.9 ff~3,1 ~ 1~:~1,ZJ,2~}9,31 :iZ~,'l f~b -1, ,~;~,22.~£&3.'l:i~\9 f ?~3,1 ~ 1i~ as 
COL C1 L C2L C3L C4L C5L C6L C7L CSL C9L CAL CBL CCL CDL Ch,in ds 

I 32,3'3 3~31 28,29 26,27 2-1,25 22,23 20,21 18,19 16,17 1-1,15 12,13 10,11 8,9 6,7 Tra:ka 
Gro~ desy (usec') 7.7220516003.'JE+OO ~riori delgy (uaec) 7 .74399995862Ei-OO Rood mtdesy (uaec') -2.19484&02 +/. 
St<lrd desy (usec') 7.734220003446+00 ~riori clock (usec') 7.74400:X,Ei-OO Rood ,t,desy (us..o) -9.77136&03 +/. 
Phase delgy (usec) 7.743998233706+00 ~riori clockra1e (usl.s) O.o:x>Jo:xlEi-00 Rood phjelgy (usec) -1 .72493&06 +/. 
Deley ra1e (usl.s) 3.279396:0087&10 ~riori ra1e (us/a) 1 .0587911 8407&16 Rood ra1e (usl.s) 327940&10 +/. 
Totalplase (deg) 29.2 ~riori a:cel (us/sis) OOo:xlo:x>Jo:xlEi-00 Rood plase (d,g) -143 . 1 +/. 

phla,g (deg) 
ampfa,g ~) 
phlfrq (deg) 
ampffiq ~) 

RMS Theor. Ampli11>:le 8828.939 .w• 0.096 Peal mcde: MANUAL, MANUAL 
1 A 0.0 Saaich (256X64) 8!£7.503 Peal iaE : O.o:xlE+OO, 0.0006+00 (ual.s) 
2.7 0.0 lnErp. 8!£7 .503 Bii;/aample: 2 SamFGn1Norm: enabloo 
2 .9 0.0 Inc. aeg. a,g . 0031 .33.'l Sample ra!e(MSampfa): 32 
15.7 0.0 Inc. fiq . gvg. 8839 .900 Da1a ra!e(Mbl.s): 896 nt:,ga: 32 

Control file: cf_3194 lnpu1file: lda1a1/3194/219~15_rewPl.az1hru Ou1pu1file: Siwrooaed byteo1 mcde 

2.7E-OS 
3BE-07 
1.5&11 
6.5&13 

00 



 - 9 - 

Fig 9 Crosscorrelation of DBE IF0 - IF1
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32,33 30,31 2B,29 2£,27 24,25 22,23 20,21 18,19 16,17 14,15 12,13 10,1 I 8,9 6,7 Traoks 

Gro'-" deay (usec!) -6.339'17693251 E-03 ¾>riori det,y (usec) I .73472347598E-12 Raad rntdeay (usec!) -5.33998E-03 +/. 
Sbard deay (usec!) -3.83778969278E-03 ¾>riori clock (usec!) O.OOOOOOOE+-00 Raad aodeay (usec) -3B3779E-03 +/. 
Phase det,y (usec) -I .6766399623:JE-06 ¾>riori clockrate (usis) O.OOOOOOOE+-00 Raad ptdet,y (us<e) -I £7664E-06 +/. 
Det,y rate (usis) 6.17558436657E-12 ¾>riori rate (us/a) l .0587'lll8407E-16 Raad rate (usis) 6.17548E-12 +/. 
Toslptase (deg) -139 .1 ¾>rioria:oel (us/sis) OOOOOOOOOOOOE+-00 Aaadptase (d"3) -139 .1 +/. 

phl•"3 (deg) 
arnp/•"3 tr,,) 
phlfrq (oo;i) 
arnplftq tr,,) 

AMS Theor . Arnplitlde 849642£ +I- 0.095 Peal rnooe: MANUAL, MANUAL 
OD 0.0 S...rch (256X64) 8315.700 Peal ra~ : O.OOOE+OO, O.OOOE+OO (wis) 
OD 0.0 ln~,p . 8315.700 Bilalssrnple : 2 SarnF=CniNorrn: ensbled 
30 0.0 Inc. seg . a,g. 8496475 Sample rate(MSarnpls) : 32 
2 £ 0.0 Inc. ftq . e,g. =7 .556 DBla rate(Mbis): 896 n~s: 32 

Control file: cf_3194 lnpu,file: ldalal/31941219-2:ll 5_rev/Hl..sZlhru Ou,pu,file: S'-"pressed by~., rncdo 

2BE-08 
3.96-07 
I .5E-11 
6.7E-13 

OD 
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Fig 10 Autocorrelation for DBE (IF0)

 

Mk4 Fringe Plot NRA0150.szujvf, 219-2015_true_auto, HH 
multiband delay (µ.si) HHT- HHT, fgroup C, pol LL 

0 
0 
0 
OJ 

0 

-0.03 -0.02 -0.01 

-0 .5 0 0.5 

singleband delay (µs) 

<lJ 
cJ 
:::, 

..... 0 =o 
Cl. "' 
E 
0 

0 0.0, 0.02 0.03 

0 
0 
0 

"' 

Fringe quality 9 

SNR 1 04475.6 
PFD 0.Oe+00 
lntg.time 39.740 

8 ~ Amp 9922.373 
:'i :::i Phase 5.5 

i St:xJelay {us) 
8 E 0.001900 
~ o Mt:xJelay {us) 

-0 .000002 
Fr. rate {Hz) 

0.000000 
Ref freq (MHz) 

230377 . 0000 
AP {sec) 0.500 

Exp . mm-mk5 
,,..._ Exper # 31 94 

/' .''"'-....✓.-,,-• •. ..._,..,..,..--,~'> g i Yr :day 2007 :219 
/ ' ,., -o Start 201552 .00 ····rh .......................................... !•,,.,,J-•s-;•··· 0 ,_,. Stop 201632 .00 

1 \ :Jl FRT 201612 .00 
, g _l::! Corr. date : 
\ I 0.2007 :2201 91500 

0 2 Fourtlt date : 
~_~,-5~~~~~-~1D~~~~~-_~5~~-~~~01 2007 :2201 95853 

Avgd. Xpower Spectrum (MHz) Position (J2000) 

Amp. and Phase vs. time for each freq , 1 4 segs, 6 APs / seg (3.00 sec / seg.), time ticks 5 sec 
03h59m29 .7473s 

+50"57'50 .162" 
"a1• "b11 11c " ''d" 1,e'' ''f11 119 ,, ''h" 11i'' "j11 "k'1 1111, 

I I I I I I I I I I I I 

u ••• •• " •••• ............ ............ ........... ............ ........... ........... ........... ............ ............ . .......... ............. 
~ - -.-..---.· ,...,,.,..,..-~ -.-.... ------r""" ...-...-.-- ........ ....-.-.-,.-... -.--.-.·.-

llmll 

I 

............ 

llnll 

I 

. ........... 

All 0 

"' 
0 

"' 
~ 
II) 

O 0 
.c 
Q. 

0 

"' I 

0 

"' u 
Valdi1t_ 

111111111111 11111111111 11111111111 111111111111 11111111111 11111111111 11111111111 ' 111111111111 111111111111 11111111111 11111111111 11111111111 111111111111 111111111111 

Parity 

. u 
Br;is L 

u 
l.e'l/91 L 

Cb 

0 .., 
Q. 

--- -

--- -

.. ... ... ..... 
·;· ·i 

,----- ---

,----- ---
.. . ..... ...... 

. .. .... ..·· 
·; I I I 

---

---
..... .... .... 

.. ..··· .. . .. .. 
· 1 I I 1. 

---

---
. . 

····· 
·, .. , ....... .. ·•·-···-·· 

---

---

·r·······-, 

H (SU8 l 
H (SUB 

H H 

H H 

~ 
0 HH g 

' 23J377 .0023:l393 .00230409 .0023:l425.0023:l44 1 .002=7 .0023047'.l .0023:l489 .00Zl:l505 .0023:l521 .002305!37 .0023:)553 00 Zl:l569 .0023:J5!l5.00 Freq ( MH2) All 
55 

9922.4 
es., 

55 55 5.5 5.5 55 55 5.5 5.3 55 5.4 5.5 5.4 5.7 5.4 Phase 
10118.7 10121 .6 g77, .9 9774 .0 9773.4 9773. 1 10121.0 9Q22.3 9922.4 9923.5 9923 .3 9Q21.5 9924.6 9922 .2 Anpl. 
65 .0 65.0 65 .0 65.0 65 .0 65.0 65 .0 65.2 65.2 652 65 2 65.2 65.2 65 .2 Std boJc 

UIL a.so oai 0/00 0/00 a.so oai 0/00 0/00 ooo oai 0/00 0/00 ooo a.so A Po used 
H: H -2000 :-200il'OOO :-2o:mlOO :-al=xl0:-2:XlIDXXJ :-200il'OOO :-200Q>OOO:-al=xl0:-2:Xlrn:>J0 :-200a'000 :-200Q>OOO:-al00cl:J00:-2:l=xl0 :-=:-2ooec fr,:qs 
H:H -11 :-11 -54:-54 -116:-116 00:00 152:152 9595 -179:-179 -4:-4 126:126 -71 :-71 -56 :-56 -125:-125 -157:-157 -121 :-121 PC phase 
H:H 00 00 0:0 0:0 00 0.0 0:0 0:0 00 0.0 0:0 0:0 00 0.0 Mani PG 
H:H 0.0 00 0:0 0:0 0.0 00 0:0 0:0 00 00 0:0 0:0 00 00 PG amp 

COL G1 L G2L G3L G4L G5L G6L G7L C!lL G9L GAL GBL CCL CDL Chem i:is 
H 32,33 30,31 28,29 26,27 24,25 22,23 .0,21 18,19 16,17 1 4, 15 12, 13 10,11 8,9 6,7 Tra:l<s 

H ~~k ~~~, &i~9 ~~7 ~t~ ~i~ g;,~, f/~9 ~.~7 f:~5 ff~3 ft}, ~L f~L ~=-.,.,. 
Groep delay (usec) -2.075'39638202&06 ~riori delgy (usec) 1 .?3472347598&12 Aase mtdelay (uaec) -2.075'39E--06 +/. 
Sbard delay (uaec) 1 .00=723:l44E-OO ~riori clook (usec) O.OOOOOOOE+-00 Aase ,t,delay (useo) 1 .90033&03 +/. 
Ph!!ae delgy (useo) 6.614198.0154&08 ~riori clookrate (usl.s) O.OOOOOOOE+-00 Aase ph:lelgy (useo) 6.61402&08 +/. 
Deley rate (usl.s) 3.78'174000474&14 ~riori rate (usls) 1.058791184D7E-16 Aase rate (usl.s) 3.77915&14 +/. 
Total phase (deg) 5.5 ~riori a:cel (us/5's) O.OOOOOOOOOOOE+-00 Aase phase (deg) 5.5 +/. 

pWseg (deg) 
ampfseg ~) 
pWfrq (deg) 
ampffiq ~) 

AMS Thoor. Amplinde 9922.37'.l +l-0 .095 Peal mcde: MANUAL, MANUAL 
0.0 0.0 Search (251,X64) 9911 .356 Peal rats : O.OOOE+OO, O.OOOE+OO (usl.s) 
0.0 0.0 lntsrp . 9911 .356 Bi6/aample : 2 SampCntNorm: enabled 
o., 0.0 Inc. aeg. a,g. 9922.367 Sample rate(MSampfs): 32 
1 2 0.0 Inc. fiq . avg. 9922 .386 D8t9 rate(Mbl.s): 896 nla;js: 64 

Control file: cf_3194 Input file : lciala1/3194/219-2:l15_tnJe_auto'HH .. s2uj,f Output file: S[Wresaed bytast mcde 

2.4E--09 
3.3E--07 
1 .3&11 
5.7&13 

0.0 
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Fig 11: Auto correlation of DBE (IF0) using data copied to a separate file and renamed to 
station HHT2.

Fig 11 Autocorrelation of DBE (IF0) using data copied to a separate file and renamed to station 
HHT2.trtyrtyrty 
Mk4 Fringe Plot 

multiband delay (µ.si) 
NRA0150.szujvf, 219-2015_true_auto, II 

HHT2 - HHT2, fgroup C, pol LL 
b -0.03 -0.02 -0.01 0 0.02 0.03'6 

Fringe quality 9 

SNR 106331.2 
PFD 0.Oe+00 
lntg.time 39.740 

~ Amp 100B7.BOO 
0 :::i Phase -1.1 
8 -~ St:xJelay (us) "' E -0 .000364 

o Mt:xJelay (us) 

CJ i.::;...,-b,~~"'=""~"=-"~*=.d2.<b;s=eeS _= 1 o'.i~'.f'.-"!Y.._l\w__1_0--'-..:...!..~~ 1oc_,;;, ~="""6b=dl,;,;,_,,.....,~-~"'4a.,1....,;J 

0.000000 
Fr. rate (Hz) 

-0 .000000 
Ref freq (MHz) 

230377 . 0000 
AP (sec) 0.500 .,. delay n;ij:e.,-(T"n_s/_s ) ___ ...,... ____ _,,, ____ ,....., g 

0 ....... -- ....... --~.....,.--,......-r--~....,......, 8 Exp . mm-mk5 

CJ ............. ~ ..... -'="--"'--"-'-'.!...l.---"-"--'--"-'-'= ...... ~ ...... _.._. 
-1 -0 .5 0 0.5 

singlebond delay (µs) 

,,..._ Exper # 31 94-
g i Yr day 2007 :219 
~ Start 201552 .00 

o Stop 201632 .00 
:Jl FRT 20Hl12 .00 

g _l::! Corr. date : 
I 0.2007 :2201 91500 

0 2 Fourtlt date : 
~-~1-5~--'-~~~-~rn~~~~~-_~5~~-~~~o 1 2007 :220 1 95919 

Avgd. Xpower Spectrum (MHz) Position (J2000) 

Amp. and Phase vs. time for each freq , 1 4 segs, 6 APs / seg (3.00 sec / seg.), time ticks 5 sec 
03h59m29 .7473s 

+50"57'50 .162" 
... 
0 

0 

"a1• "b11 11c " ''d" 1,e'' ''f11 119 ,, ''h" 11i'' "j11 "k'1 1111, 
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I 
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llnll 

I 
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All 0 

"' 
0 

"' 
~ 
II) 

O 0 
.c 
Q. 

0 

"' I 

0 

"' u 
Valdi1t_ 

111111111111 11111111111 11111111111 111111111111 11111111111 11111111111 11111111111 

"'i" 
111111111111 111111111111 11111111111 11111111111 11111111111 111111111111 111111111111 

Parity I 
I 

(SU 10l 
(SU 10 

. u 
Br;is L 

u 
Le'l/91 L 

Cb 

0 .., 
0.. 

---

---

.. ... 
·;· 

-

-

... ..... 
·i 

,---- ---

,---- ---
.. . ..... ...... 

. .. .... ..·· 
·; I I I 

---

---
..... .... .... 

.. ..··· .. . .. .. 
·, I I ,. 

. . 
····· 

·, .. , ....... .. 

--- ---

--- ---

·•·-···-·· ·r·······-, 
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0 1 
g 

' 23J377 .0023:l393 .00230409 .0023:l425.0023:l44 1 .0023:l457 .0023047'.l .0023:l489 .00 Zl:l505 .0023:l521 .002305!37 .0023:)553 00 Zl:l569 .0023:J5!l5.00 Freq ( MH2) Al I 
-1.0 -1 .1 -1.1 -1.1 - 1.1 -1 .1 -1 .1 -1.0 -1.1 -1.0 -1 .1 -1.0 -1.1 -1.0 Phase -1 .1 
10105.6 10100.0 10105.o 10107. 1 1011 o.o 1 01002 10107.4 10068.1 10068.2 1 0069.0 10068.8 10067.6 10070.0 1 0068 .1 Anpl. 1 0087 B 
65 .0 65.0 65.0 65.0 65 .0 65.0 65.0 64.9 64.9 64 .9 64 .9 64.9 64.9 64 .9 Std boJc 65.0 

UIL OISO Ol!Kl 0/00 0/00 a.so Ol!Kl 0/00 0/00 000 Ol!Kl 0/00 0/00 000 OISO A Po used 
I :I -= :-200il'o:xl :-2o:mlOO :-al=xl0:-2:XlIDXXJ :-200il'o:xl :-200Q>o:xl:-al=xl0:-2:Xlrn:>J0 :-200a'o:xl :-200Q>o:xl:-al00cl:J00:-2:l=xl0 :-=:-2ooec fr,:qs 
1:1 -11 :-11 -54:-54 -116:-116 00:00 152:152 9595 -179:-179 -4:-4 126:126 -71 :-71 -56 :-56 -125:-125 -157:-1 57 -121 :-121 PG phase 
1:1 0.0 0.0 0:0 0:0 00 00 0:0 0:0 00 00 0:0 0:0 00 00 Mani PG 
1:1 00 00 0:0 0:0 00 00 0:0 0:0 00 00 0:0 0:0 00 00 PG amp 

COL G1 L G2L G3L G4L G5L G6L G7L C!lL G9L GAL GBL CCL CDL Chem i:is 
32,33 30,31 28,29 26,27 24,25 22,23 .0,21 18,19 16,17 1 4, 15 12, 13 10,11 8,9 6,7 Tia:l<s 
COL G1 L G2L G3L G4L G5L G6L G7L C!lL G9L GAL GBL CCL CDL Ghan ,is 
32,33 30,31 28,29 26,27 24,25 22,23 .0,21 18,19 16,17 1 4, 15 12, 13 10,11 8,9 6,7 Tia:l<s 

Groep delay (usec) 4.59656876050&07 ~riori delgy (usec) 1.7'3472347598&12 Aase mtdelay (uaec) 4.59655&07 +/-
Sbard delay (uaec) --3.63865250618&04 ~riori clook (usec) O.o:X>Jo:xJE+-00 Aase ,t,delay (useo) -3.63865&04 +/-
Phase delgy (useo) -1 .26009301226&00 ~riori clookrate (usls) O.o:X>Jo:xJE+-00 Aase ph:lelgy (useo) -126827&08 +/-
Deley rate (usls) -7.00597947221 &15 ~riori rate (usls) 1.058791184,07&16 Aase rate (usls) -8.01186&15 +/-
Total phase (deg) -1. 1 ~riori a:cel (us/5's) O.Oo:xlo:X>Jo:xJE+-00 Aase phase (deg) -1. 1 +/-

pWseg (deg) 
ampfseg ~) 
pWfrq (deg) 
ampffiq ~) 

AMS Theor. Amplinde 10087.006 +/- 0.095 Peal mcde: MANUAL, MANUAL 
0.0 0.0 SealCh (256X64) 10087.39:'3 Peal rats : O.o:xJE+OO, O.OOOE+OO (usls) 
0.0 0.0 lnts,p . 10087.39:'3 Bi6/aample : 2 SampCntNorm: enabled 
0.0 0.0 Inc. aeg. a,g. 10087.799 Sample rate(MSampfs): 32 
02 0.0 Inc. fiq . avg. 10087.006 D8t9 rate(Mbls): 896 nla;js: 64 

Control file: cf_3194 Input file : lciala1/3194/219-2:l15_tnJe_auto'll . .s2ujvf Output file: Suwreas<d by test mcde 

23E--09 
32E--07 
13&11 
5.6&13 

0.0 
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Fig 12: Auto correlation of DBE (IF0) but fooling the correlator into thinking it’s doing a cross-
correlation to see what the difference in normalization is. 
 

Fig 12 Autocorrelation of DBE (IF0) but fooling the correlator into thinking it's doing a cross-
correlation to see what the difference in normalization is. 
Fig 11 Autocorrelation of DBE (IF0) using data copied to a separate file and renamed to station 
HHT2.trtyrtyrty 
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:3l ~ Corr. date : 
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0 2 Fourrn date : ~_~,-5~~~-f---~rn~-f--~~-_~5~-----,-~~~o 1 2007 :220 :1 95907 
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03 h59m29 .74 73s 

Amp. and Phase vs. time for each freq , 1 4 segs, e APs / seg (3.00 sec/ seg .), time ticks 5 sec +50"57'50 .162" 
11a1• 11b'' "c'' ''d11 ''e'' ''f11 119 ,, ''h" 11j•• "j" "k'1 1111, llmll llnll All 0 

b I 
I I I I I I I I I I I I I 

ID 

X 

Q) "' 
7:, .
:::, 0 
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E 1:, 
Q - ~---- -- - ---- - -- -- --- - - --

0 +----+----+----+----+----+----+--------<+----+----+----+--------<+--------<+--------<+--------< 
u 

Val(jitt_llllllllllll 11111111111 11111111111 11111111111111111111111 11111111111 •lllllllllll 111111111111111111111111 11111111111 lllllllllll llllllllllll 111111111111111111111111 
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fl) 

O 0 
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Cl. 

0 
cr> 
I 

0 
ID 

T 

Parity H tSU8) 
+----+----+----+----+----+----+--------<+----+----+----+--------<+--------<+--------<+------1 1 (SU 10) 

. u Bt!!s L':_-:._-:._-:._--:._-+---+---t------1----+---+---+- _ -_ -_-_-_-+=====+_---+- ,-------+ _- _- _- _- _-+_:::_:::_:::::::::':._-:._-:._--:._--:._-iH I 

u 
L9v91L':=_-:::._-:::._-:::._--::__-+---+---t----;----+---+---+- _-_-_-_-_-+=====+----+- ,-------+ _- _- _- _- _-+====='=---=---=----=-----=----iH I 

.•·· .. ...... . 
..... .... 

·; I I 

.... . •· 

I ·, 

.... 
.. •·· .... 

I I ,. ·, ··1······· 

§ 
0 H I 
'8 

·•·------· ·r······•,;, 
23J377 .0023:l393 .00230W'l D0z,;)425_0023:J44 I .00230457 .00230473 D0z,:)489 _00 z;o:)505.002= 1 .00230537 D0z,;)ffi3 00 z;,:J569.0023:l585 .00 F ra::i ( MH,) All 

--OD 
9051.3 

33D 

-0.0 --OD --0.0 --0.0 -0 .0 --OD --OD --0.0 --0.0 --OD --OD --0.0 --0.0 -OD Phaie 
9048 .9 9054 .2 9048.6 9052.6 9052.7 9051.1 9053 .1 9050 .4 9050£ 9052.0 9051.9 9049.4 9053 .7 9050 .3 Anpl. 
33 .0 33D 33 D 33.0 33.0 33D 33 D 33.0 33.0 33D 33 D 33.0 33.0 33 .0 Std bole 

U/L 01130 0/!lO 0/00 0/00 01130 0/!lO 0/00 0/00 000 0/!lO 0/00 0/00 000 01130 APs used 
H :I -2000 :-a:l001000 :-2oom:l00 :-al00:000 := :-a:l001000 :-2=000 :-2000:000 :-200m:xl0 :-200a000 :-2=000 :-200.WOO:-al00:000 :-200ID:XXl :-200IJG fr,qs 
H:I -11 :-11 ~4 :-54 -116 :-116 00:00 152:152 95:95 -179:-179 -4:-4 126:126 -71 :-71 ~6 :-56 -125:-125 -157:-1 57 -121 :-121 PG phase 
H:I OD OD 0:0 0:0 OD OD 0:0 0:0 OD OD 0:0 0:0 OD OD Mani PG 
H:I OD OD 0:0 0:0 OD OD 0:0 0:0 OD OD 0:0 0:0 OD OD PG amp 

COL G1 L G2L C3L C4L G5L G6L G7L G8L G9L CAL GBL CCL CDL Ghan di 
H 32,33 30,31 28,29 26,27 24,25 22,23 20,21 18,19 16,17 1 4, 15 12, 13 10,11 8,9 6,7 Tra:k<i 

COL G1 L G2L G3L G4L G5L C6L G7L G8L G9L GAL GBL CCL CDL Ghan di 
32,33 30,31 28,29 26,27 24,25 22,23 20,21 18,19 16,17 1 4, 15 12, 13 10,11 8,9 6,7 Tra:k<i 

Group deay (uaec) -2.2618354D810E--08 Aprori deey (usec) 1 .73472347598E--12 A«id mtdeay (usec) -226201 E--08 +/-
Stand deay (usec) -7.184693051 27E--06 Apr ori clock (usec) 0.0000000 E+O0 A«id .tideay (uaao) -7.1 e469E--06 +/-
Phase deey (uaao) -2.2892108995SE--10 Aprori clockra,,, (ua/5) 0.OOOOOOOE+O0 A«id phdeey (uaao) -2.30656E--10 +1-
Deey ra,,, (ua/5) 1 .22096234402E--14 Apr ori ra,,, (us/s) 1 .0587911 8407E--1 6 A«i d ra,,, (ua/5) 121037E--1 4 +I-
To131 phaie (deg) --0.0 Aprori axel (us/sis) 0DOOOOOOOOOOE+O0 A«id phase (d9:;1) --0.0 +/-

AMS Theor . Amplitu::le 9051 .344 +/-0 .095 Peal mcde : MANUAL, MANUAL 
phls9:;1 (deg) OD 0.0 Search (256X64) 9051 .344 Peal raE : 0.0006+00, 0.0006+00 (ua/5) 
ampfs9:;1 C,:,) OD 0.0 lnErp. 9051 .344 Bitilaample: 2 SampGn1Norm: enabled 
phlfrq (deg) OD 0.0 Inc. seg. a,g . 9051 .396 Sample ra,,,(MSampfs): 32 
ampffrq C,:,) OD 0.0 Inc. frq. a,g . 9051 .345 Data ra,,,(Mb/5): 896 nl:l:ls: 32 

Control file: cf_3194 Input file : /data1/31 941219-al15_1rue_autc\l'Hl..a:zujvf Ou,put file : Suppressedby1'"'t mcde 

2£E-08 
3 £E--07 
14E--11 
6.3E--13 

OD 


