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1 Scope

This summarizeshe backgroundor thefilter groupdelaycorrectionin the EFW Isdat

senerincludedin WEC-Isdat2.8.0.

2 Background

EFWincludesseveralfilters. TheL (0 - 10Hz) andM (0 - 180Hz) filters arenormally
usedin the standarddatain the LX andHX telemetryareasj.e. for continuousmon-
itoring of probepotentials(LX) andelectricfields (HX). Otherfilters (H andU) are

mainly usedfor EFW internalburstsandarenot consideredhere.

3 Group delaysfrom ground tests

Filter characteristicas determinedin groundtestsare shovn in the figuresin Ap-

pendixA, andsummarizedn the following e-mail:

Frn: "Anders Eri ksson" <aie@rfu.se>

Till: "Per-Arne Lindqgvist" <lindqvist@l asma. kth. se>;



"CGeorg Custafsson" <gg@rfu.se> "Forrest Mzer" <nozer @sl . berkel ey. edu>;
"Mats ANDRE' <andre@pace. unu.se>; "Bjrn Lybekk" <bjorn.|ybekk@ys. ui 0. no>;
"Arne Pedersen" <arne.pedersen@ys.uio.no> "Lennart hln" <ala@rfu.se>;
<Jackv@l uster 1. ssl . berkel ey. edu>; "Tobia Carozzi" <tc@rfu.se>

me: Group del ays fromground tests (VxL)

Datum den 11 oktober 2000 17:44

Friends in space,

| have cal cul ated the group delays for the VxL quantities
fromLennart’'s calibration data on the WEC-5 units (no
boom el ectroni cs connected). The averages in the frequency
bands 0-2 Hz, 0-4 Hz, and 4-8 Hz are as foll ows:

SC P Goup delay [ns]
f<2 f<4 4<f<8

1 1 79.3 79.6 90.1
1 2 79.4 79.8 90.1
1 3 79.3 79.7 90.0
1 4 79.3 79.6 90.0
2 1 71.2 71.6 82.6
2 2 79.3 79.6 89.8
2 3 71.0 71.4 82.6
2 4 79.0 79.3 89.7
3 1 79.9 80.1 90.8
3 2 79.6 79.9 90.4
3 3 79.4 79.8 90.1
3 4 79.4 79.7 90.2
4 1 79.4 79.7 090.2
4 2 79.5 79.8 090.1
4 3 79.3 79.6 090.1
4 4 79.5 79.9 90.3

I do not yet know if the values for Pl and P3 on SC2 are real
or artifacts: | will check with Lennart.

The |ist above conpares well to what | found by in-flight conparison
in a previous mail today. If you really stretch things, they may
marginal ly agree with the observed 120 plus ninus 40 ns sunpul se
delay -- coments?

Plots of the anplitude response, phase response, and group delay as
functions of frequency are available at ftp.irfu.se/pub/ai e/ EFW gdel ay.



Very best regards,

Ander s

The plotsmentionedasavailableon theftp siteareincludedin AppendixA.

4 Group delaysdeterminedin space

Assumingthatthe L andM filters are identical exceptfor a factor18 in frequeng,
thegroupdelaysmaybe determinedy cross-correlationf simultaneoushsampled-
andM signals,e.g.V3L andV3M. A first determinatiorusingthis methodin October
2000(seee-mailin AppendixB) comparedv1L-V2L to V12M, without considering
the 3/450s = 6.7 msoffsetof the V1L andV2L signalsin Isdat. This meanghatthe
delaysderivedin AppendixB areexaggeratedby 6.7 ms.

Using datafrom 2001-03-31when EFW operatedn tapemode?2 for four hours
andthenacquiredv3M andV4M togethemwith V12M in HX while keepingthe usual
LX content(V1L, V2L, V3L, V4L, BP12,BPC), new comparison$iave beenmade.
Figuresl — 4 shov examplesof the unbiasecdtrosscovariancedasedon two minutes
of theL andM signalsoriginatingfrom probes3 and4, respectiely. The Matlabcode
for producingtheseplotsis containedin AppendixC. The plots shov time delaysof
33 and35 HX samplesandstudyof a few othersshow thatthe meanvalueis closeto
34 HX samples.AssumingthatM andL filters areidenticalbut a factordifferentin
frequeng, thetruetime delayin theL filter becomes

This valueis consistentvith the groundtests(seeSection3 above) andis takenasthe
nominalvaluefor thel filters. For the M filters, we thususe

tMm = tL/18 = 4.44 ms.

5 Isdat implementation

The generalpolicy of the EFW Isdat sener module have beenthat datashould be
tamperedvith aslittle aspossibleandascloselyresembléhe ADC outputaspossible.
However, asthe STAFF SC dataarecorrectedor the groupdelaytime by their useof
a frequeng-domaincalibration, this meansthat EFW and STAFF SC datahave had
differenttiming philosophies.Implementingthe groupdelaysinto the EFW sener is
the first order correctionneededtio make the datacomparableandit hasthusbeen
decidedo do so.

The nominalgroup delaysdefinedin Section4 have thusbeenintroducedin the
delaycalculationin thefile EfwLow.c in thelsdatsener (AppendixD), committedto
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the CVSrepositoryon 2001-12-12 AppendixE containglotsanddatafiles validating
thechange.

Notethatall LX quantitiesarestill treatedassampledsimultaneouslyat thetime
of the V3L V4L sampling. This meansthat the time stampedon V1L and V2L is
6.67 ms too high, while the time valueon BPC andBP12is 6.67 mstoo low. The
reasorfor usingthis timing presumablywasto facilitateroughcomparisondetween
thequantities.It maybethatthis policy shouldchangeaswell, giving the correcttime
stampsotonly to V3L VAL.



Appendix A
Ground testfrequencyresponseplots for L filters
Theformatof eachplot is asfollows:

e Topleft: Measuredamplituderesponse

e Topright: Measuredhaseresponseg( f)

e Low left: Groupdelayi.e. —% %, calculatedrom theunwrappecphase.

e Low right: Unwrappedohase(i.e. cantake any value)
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Appendix B
E-mail on group delay determination in space

Notethatthis e-mailis erroneousn thatit doesnot considerthatthe V1L/V2L timing
prsentlyusedin Isdatis off by 3/450s (seeSection4).

Frn: "Anders Eriksson" <aie@rfu.se>

Till: "Mats Andr" <Mats. Andre@rfu. se>;

<Jackv@l uster 1. ssl . berkel ey. edu>; "Lennart hln" <ala@rfu.se>;

"Per-Arne Lindqgvist" <lindqvist@l asma.kth. se>;

"Forrest Mbzer" <nozer @sl . berkel ey. edu>; "Georg Gustafsson" <gg@rfu.se>;
"Arne Pedersen" <arne.pedersen@ys. ui 0. no>

"Bjrn Lybekk" <bjorn.lybekk@ys. uio.no> "Tobia Carozzi" <tc@rfu.se>

me: G oup del ay

Dat um den 11 okt ober 2000 15:08

Friends in space,

| started by |ooking at already collected useful data from space.
Using the BML data from Sep 18, one can conpare V1L-V2L fromLx wth
V12M from Hx. The result is that over 30 seconds, V1L-V2L |ags Vi2M
by 80 - 84 ns (36-38 sanples at 450 Hz). This val ue shoul d be
corrected for the group delay in the 180 Hz filter, which is 1/18

of the 10 Hz delay, so that the resulting value for the 10 Hz del ay
is 85 - 89 ns.

The procedure for arriving at this was as foll ows:

-Use interpolation on the Lx data to get it sanpled at the sane
times as the 450 Hz data

-Filter the 450 Hz data at 10 Hz with a zero-shift digital filter
- Renmove averages from both signals

-Conmput e cross correl ation

-Find lag for maxi mum x-corr

Fi gures can be found at ftp.irfu.se/pub/aie/EFW files ts.ps and
XCOorr. ps.

I go on with the other approaches to the problem

Ander s

16



Appendix C
Matlab codefor crosscovariance analysis

The crosscovarianceis the crosscorrelationof two signalsfrom which the meanval-
ueshave beenremoved. Using an unbiasedestimatormeanghat thereis a weighting
introducedto correctfor the factthattherearefewer andfewer pointsinvolvedwhen
increasingthe lag time: this is the reasondor why thereare mary peaksof similar
heightin Figuresl and3, separatedby the spin period. The groupdelayis found by

studyingthe centralpeak(Figures2 and4).

% Matl ab routine for conparing V3L and V3M dat a

% Note that Isdat treats V3L and VAL tim ng correctly,
% while VIL and V2L are off by 3/450 ns (see file

% Ef w.ow. ¢ in the Efw server)

| oad V4L. d;
| oad V4M d;
V3L = VAL;
V3M = V4M
tl = V3L(:,1);
vl = V3L(:, 2);
tm= V3M:,1);
vm = V3M:, 2);

% Ensure that there are no M sanples outside the interval

% of L sanpl es:
tmn = mn(tl);

ind = find(tm<= tmn);
tm(ind) = [];

vi(ind) = [];
tmax = max(tl);

ind = find(tm >= t max);
to(ind) = [];

vi(ind) = [];

% Interpolate V3L to V3Mtineline (450 S/s):
vc = interpl(tl,vl,tm;

% Fi nd cross-covariance function for vc and vm
Xc = xcov(vc,vm ' unbiased’);

xl en = I engt h(xc);

n = (xlen-1)/2;

17



lag = (-n:n)’*1000/450; % lLag tinme [ns]

% Determ ne | ag of maxi mum
ind = find(abs(!ag)>400);

Xxcl = Xc;
xcl(ind) = 0;
maxu = find(xcl == max(xcl));

pl ot (I ag, xc);

xl abel (" Lag tinme [n8]’);

yl abel (' Cross correlation [arbitrary units]’);

titstr = sprintf(’ Maxi mum (unbi ased xcov) at % 2f nms lag (% Of sanples)’, | ag(
title(titstr);

18



Appendix D
EfwLow.c

Omissionsaredenotedby [...].

#i ncl ude "W h"
#i ncl ude "E. h"

Ef wLowDat a()

Gets one block of Efw waveformdata in normal and high bit rate.
(I'nternal burst data and sweep pl aybacks are handl ed separately.)
The start tine of the data is conputed and each data point

will be tinme stanped if requested.

L TR T R

/

nt Ef wowData(pOrbit, req, obj, sys, dest, tine)
ObitkPtr pObit;

DbDat aRequest *req;

DbDat aGbj ect *obj ;

Dat al nt ernal s *sys;

voi d *dest;

IsTime *tine;

{

int n;

int ret;

i nt use_hx;

int ptr;

doubl e del ay;

| sTime ist;

| sTi me packet Ti nme;

unsi gned char *hkBuf;
unsi gned char *i nst Buf;
static int initial_tnode;
static int any_data;
static | ndexEf wkmt *fnt;
static Layout *Ilayp;

voi d Ef wbataCal i brate();

[...]
/* Calculate the tine of the instrument packet */

packet Ti ne = WecConput eTi me(pOrbit);
pOr bit - >packet Ti ne = packet Ti ne;

19



/* assume 1.0 sec delay until it’s known */
delay = 1.0;
| sSubTi neDoubl e( & Or bi t - >packet Ti ne, del ay);

/* WecReadl nstrunent () increnents pObit->ptr at the end */
ptr = pOrbit->ptr - 1;
if (ptr <0) ptr = 0;
fn = WecGet Format Entry(pOrbit, ptr);
if ('fmt) {

pOr bi t - >pendi ng = DbBAD_TI ME;

return ERR ONLY_TI ME;
}
| ayp = Ef wGet Layout (pOrbit, req, fnt);
if (tlayp) {

pOr bi t - >pendi ng = DbBAD_CHANNEL

return ERR ONLY_TI ME;
}

/* recalculate the tinme of the instrunent packet */
pOrbit - >packet Ti ne = packet Ti ne;
if (layp->hx) {
/* adjust for HX sanpling */
if (pOrbit->efw tnmode) {
delay = 0.1 - 1.0/450.0;
} else {
delay = 1.0 - 1.0/450.0;
}
} else {

/* adjust for LX sanpling,
to do it exactly right we need to take into account that
V1V2 is del ayed by 26/450, V3V4 by 29/450 and BPCBP12 by 32/ 450,
to make it simplier we assume 29/450 for all LX quantities */
delay = 1.0 - 1.0/450.0 - 29.0 / 450.0;

}
/* Correct the tine for filter group delay (aie@rfu.se Nov 2001) */
i f(reqg->spec. channel == DbCLU EFWL) {
/* Group delay taken to be 80 nms for 10 Hz filters */
del ay = delay + 0.080;
}
el se if(reg->spec.channel == DbCLU EFWM {
[* Group delay taken to be 80/18 nms = 4.44 nms for 180 Hz filters */
del ay = delay + 0.00444;
}

/* end of aie contribution */

20



| sSubTi meDoubl e( & Or bi t - >packet Ti ne, del ay);

-
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Appendix E
Validation of Isdat implementation
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Figure21: Firsttestinterval, no groupdelaycorrection.

23



(¢'zz'2'2) Aue zHogT pezTd 3 D Z Jalsn|D = gb

sd'mau” T awn 9|4

0'6£:00:9T ZT-21-T00Z XIs@are

<iBr'1awn> €°¢ 161 1vas|

(¢'zz22) Aue zHOT peeTd 3 M TUa)SND = b ('zz22) Aue zHot 1d 3 M3 Z Jaisnj0 = Th (¢'zzL'2) Aue zHoT 1d 3 Ma T Jaisn|D = ob

fAe}

SO'ZCT ‘lenaalu]

‘rTige vtT:ge 8G:ET: 22 9G:gT: 22 rSieT g
L I L L

O'PSIETZZ LT-TT-TOOC Weis

r so
r T
F st E]
=
=
L z =4
3
=
r sz E]
I\ r |/ /
| r V
N {( A oo \)\ L e
OS [W/AW TTTSO E€'6TSTTE Ol Aue ZzHOS8T tre2Td 3 MYS 2 421SN|D
OS [W/AW TTTSO'E€'6TSTTE O] Aue ZHOT te2Td 3 My T 481SN|D
L L L L L L L L L
r SEeT-
r sz EeT-
/ / r €T~ F=%)
/ \ / =
=1
\ / \ / \ / \ / \ \ \ \ =
\ / \ y \ \ \ / r szzet- &
s N/ N Y N/ -
/ \ \ \ //\ gzt

Os [N 9562°2T-‘269°€T-]1 Aue ZHOT Td 3 M2 2 181SNID
Os [N 9562°2T-'269°€T-]1 Aue ZHOT Td 3 MyS T 4181SNID

uoNo81I09 Buln M43 yIm

Figure22: Firsttestinterval, with groupdelaycorrection.
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Figure23: Secondestinterval, no groupdelaycorrection.
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Figure24: Secondestinterval, with groupdelaycorrection.
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First testinterval, uncorrecteddata, 1 sec

# Data from | SDAT i gr
#
# Fi | enane: time_1 new. fl at
# Created date: Wed Dec 12 16:01: 14 2001
# Ver sion: aie@trix 2001-12-12 16:01:14.0
#
#
#
# Time start at: 2001-11-17 22:13:54.0
#
# Tinme fromstart , Cluster 1 efw E p1 10Hz any SC
# [s] [V]
0.142812778 -13. 04334
0. 342812778 -13. 28187
0.542812778 -13. 46181
0.742812778 -13.56434
0.942812777 -13. 51831
# Tinme fromstart Cluster 2 efw E pl 10Hz any SC
# [s] [V]
0. 146062555 -13.08736
0. 346062555 -13. 13736
0. 546062555 -13. 00194
0. 746062554 -12. 66649
0. 946062555 -12.58107
# Tinme fromstart Cluster 1 efw E p1234 10Hz any SC
# [s] [mMv/ M
0. 038368334 1. 020977
0.078368334 0. 9652172
0.118368333 0. 9433301
0. 158368334 0. 9908274
0. 198368334 0. 9034953
0. 238368333 1. 033056
0.278368334 1. 033629
0. 318368334 1. 055883
0. 358368334 1.061248
0. 398368333 1. 095409
0. 438368334 1. 094337
0. 478368334 1.07499
0.518368333 1.148853
0. 558368334 1.145806
0. 598368334 1.166799
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[cNeoNeoNoNoNoNoNoNolNo)

=
)

eNeoNoNoNoNoNoNoNoloNoloNoloNoNolNoNoNoNeoNoNolNoNo o by

. 638368333
. 678368334
. 718368334
. 758368333
. 798368334
. 838368334
. 878368333
. 918368334
. 958368334
. 998368333

fromstart

(2}

. 037178111
.077178111
. 117178110
. 157178111
. 197178111
. 237178111
. 277178110
. 317178111
. 357178111
. 397178110
. 437178111
. 477178111
. 517178110
. 557178111
. 597178111
. 637178110
. 677178111
. 717178111
. 757178110
. 797178111
. 837178111
. 877178110
. 917178111
. 957178111
. 997178110

1.151627
1.127183
1.198606
1.19854
. 157147
. 169763
. 228167
. 246764
. 235733
. 280239

PR RPRRRR

Cluster 2
[ mV/ i

. 417572
. 549442
. 390879
. 489325
. 613529
. 711571
. 644048
2.55168
. 754831
. 823378
. 885927
. 903241
. 974356
. 829762
. 933223
. 982813
. 039574
. 048294
. 011371
. 957516
. 965483
2.95766
3. 017627
2.964318
2. 965846

NNNNNNDN

NNWWWNDNNNDNNDNDDN
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First testinterval, correcteddata, 1 sec

# Data from | SDAT i gr
#
# Fi |l enane: time_1 old.flat
# Created date: Wed Dec 12 14:11:13 2001
# Version: aie@trix 2001-12-12 14:11:13.0
#
#
#
# Time start at: 2001-11-17 22:13:54.0
#
# Tinme fromstart , Cluster 1 efw E pl 10Hz any SC
# [s] [V]
0. 022812777 -13. 07054
0.222812778 -13. 04334
0.422812778 -13. 28187
0. 622812778 -13. 46181
0.822812778 -13.56434
# Tinme fromstart , Cluster 2 efw E pl1 10Hz any SC
# [s] [V]
0. 026062555 -12.91234
0. 226062555 -13.08736
0. 426062555 -13.13736
0. 626062555 -13. 00194
0. 826062554 -12. 66649
# Time fromstart , Cluster 1 efw E p1234 10Hz any SC
# [ s] [mv/m
0. 038368334 0. 9965656
0. 078368333 0. 9268022
0.118368334 1. 020977
0. 158368334 0. 9652172
0. 198368333 0. 9433301
0. 238368334 0. 9908274
0.278368334 0. 9034953
0. 318368333 1. 033056
0. 358368334 1. 033629
0. 398368334 1. 055883
0. 438368334 1. 061248
0. 478368333 1. 095409
0.518368334 1. 094337
0. 558368334 1.07499
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#
#

cNeoNoNoNoNoNoNoNoNelNe]

Time fromstart

. 598368333
. 638368334
. 678368334
. 718368333
. 758368334
. 798368334
. 838368333
. 878368334
. 918368334
. 958368333
. 998368334

(7]

. 001618110
. 041618111
. 081618111
. 121618110
. 161618111
. 201618111
. 241618111
. 281618110
. 321618111
. 361618111
. 401618110
. 441618111

481618111

. 521618110
. 561618111
. 601618111
. 641618110
. 681618111
. 721618111
. 761618110
. 801618111
. 841618111
. 881618110
. 921618111
. 961618111

. 148853
. 145806
. 166799
. 151627
. 127183
. 198606
1.19854
1.157147
1.169763
1.228167
1. 246764

PR RPRRRR

, Custer 2
[ mV/ nj
. 372681
. 417572
. 549442
. 390879
. 489325
. 613529
. 711571
. 644048
2.55168
. 754831
. 823378
. 885927
. 903241
. 974356
. 829762
. 933223
. 982813
. 039574
. 048294
. 011371
. 957516
. 965483
2.95766
3.017627
2.964318

NNDNNNNDNDDN

NNWWWNDNNDNNDNDNDN
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Secondtestinterval, uncorrecteddata
Data from | SDAT i gr

HHHFHFHHHHHHHFH

Fi | enane:

Creat ed date:

Ver si on:

tinme_2_old.flat
Wed Dec 12 14:31:04 2001

Tinme start at:

Time fromstart

oococoo—

OOOOOOOOOOOOOOOOOOOOOOO'_‘g

s]

. 147437889
. 345443667
. 545443667
. 745443667
. 945443666

fromstart

(7]

. 000771222
. 002993444
. 005215667
. 007437889
. 009660111
. 011882333
. 014104556
. 016326778
. 018549000
. 020771222
. 022993444
. 025215667
. 027437889
. 029660111
. 031882333
. 034104556
. 036326778
. 038549000
. 040771222
. 042993444
. 045215667
. 047437889
. 049660111

Cluster 3
[V]

-1.657677
-1.67616
-1.686428
-1. 75625
-1.928751

Cluster 3
[V]

-1.65725
-1.655176
-1.653103
-1. 655176
-1.642735
-1.659323
-1.642735
-1.642735
-1. 651029
-1. 640661
-1.640661
-1.644809
-1.648956
-1.646882
-1. 655176
-1.661397
-1.651029
-1.655176
-1.659323
-1.659323
-1. 655176
-1.661397
-1.655176
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efw E p3 10Hz any SC

efw E p3 180Hz any SC



# Time fromstart

#

[cNeoNoNoNoNoNolNoNoloNoNoNoNoNoNoNoNoNeNe ool oy

72}

. 000771222
. 002993444
. 005215667
. 007437889
. 009660111
. 011882333
. 014104556
. 016326778
. 018549000
. 020771222
. 022993444
. 025215667
. 027437889
. 029660111
. 031882333
. 034104556
. 036326778
. 038549000
. 040771222
. 042993444
. 045215667
. 047437889
. 049660111

Cluster 3 efw E pl12 180Hz any SC

[ mv/
-0. 4605743
-0. 4130016
- 0. 2940698
- 0. 2464971

-0. 05620632
- 0. 05620632

0. 0865118
0. 1816572
0. 2054436
0. 2530163
0. 2530163
0. 371948
. 4908798
. 5384525
. 5146661
. 5860252
. 6335979
. 7287433
. 7525297
. 7525297
. 9428205
. 9903932
. 9903932

[ecNeoNoNoNoNolololNolNoNe]
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Secondtestinterval, correcteddata

# Data from | SDAT i gr
#
# Fi | enane: time_2 new. fl at
# Created date: Wed Dec 12 16:01:56 2001
# Ver sion: aie@trix 2001-12-12 16:01:56.0
#
#
#
# Time start at: 2001-03-31 12:39:13.0
#
# Tinme fromstart , Cluster 3 efw E p3 10Hz any SC
# [s] [V]
0.067437889 -1.657677
0. 265443667 -1.67616
0. 465443667 -1.686428
0. 665443667 -1.75625
0. 865443666 -1.928751
# Tinme fromstart , Cluster 3 efw E p3 180Hz any SC
# [s] [V]
0. 000775667 -1.653103
0. 002997889 -1.655176
0. 005220111 -1.642735
0.007442333 -1.659323
0. 009664556 -1.642735
0.011886778 -1.642735
0. 014109000 -1.651029
0.016331222 -1.640661
0. 018553444 -1.640661
0. 020775667 -1.644809
0. 022997889 -1.648956
0. 025220111 -1.646882
0.027442333 -1.655176
0. 029664556 -1.661397
0.031886778 -1.651029
0. 034109000 -1.655176
0. 036331222 -1.659323
0. 038553444 -1.659323
0. 040775667 -1.655176
0. 042997889 -1.661397
0. 045220111 -1.655176
0. 047442333 -1.66347
0. 049664556 -1.661397
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# Tinme fromstart , Cluster 3 efw E pl12 180Hz any SC

# [s] [ M/ ni
0. 000775667 - 0. 2940698
0. 002997889 - 0. 2464971
0.005220111  -0.05620632
0.007442333  -0.05620632
0. 009664556 0. 0865118
0.011886778 0. 1816572
0. 014109000 0. 2054436
0. 016331222 0. 2530163
0. 018553444 0. 2530163
0. 020775667 0.371948
0. 022997889 0. 4908798
0. 025220111 0. 5384525
0. 027442333 0. 5146661
0. 029664556 0. 5860252
0. 031886778 0. 6335979
0. 034109000 0.7287433
0. 036331222 0. 7525297
0. 038553444 0. 7525297
0. 040775667 0. 9428205
0. 042997889 0. 9903932
0. 045220111 0. 9903932
0. 047442333 1. 085539
0. 049664556 1. 061752
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