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Basic Principles
* Treaupu of acardaioninafaarae isthevighlity
fudion For anonodravdic, daionary (wWithregoed tothe
agagngting 994, itis
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lbes ¢ prinad es(continued)

Exanmples for time deppendence

* Timesdefa apnesevaidionby 1° duetosourcesrudure
(pant sourced 100GHz, ?7? =10" ofsd fromphese
rdaaveoata, EWhesdined 180 mduingtrangt).

10minutes

* Timesdefa presevalaionsdueto anogohaic
paturbations (dgpading on coditiasad besdine):
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lbes ¢ prinap es(cantinued)

* Frddam caa ddingusharditudeframphese
* Hrg duion addaguate wavephesedift bfarethe

corddion
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les ¢ prinddes (cortinued)

Architecture of a continuum correlator
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lbes ¢ prinap es(cantinued)

If we want to recover spectral information, we have 2
solutions at hand ...

* guata wavepneedift far dl frequaaeswithinthe
iInemedaefrequacy rae sdedt ques - nonodTaTHiIC
dardswithafiltebak

* Dranedk nesd asgoardefiltarbaenk for dl besdines Ardag
covpoatsaeudddeaddfficut tometdn




besic prindiples (corti rued)

 Sodsduiot inada todgtizethesgd, wehaveto
sarpeit intime->ueFaunea tradomrdaiosbawen
timeand freouay.

* Used Faue tradomrdaiasindgta goedrosooy
becarepossdethakstotheFad Foua Traadam(H-T).

* Dirett Foea Trasdamd Nsanples proosssd ade N?,
' oo Nlog, N

 CRUtiNefa necoydecompuea ad22 sardes 0.3ms
VS 5?7 S




loes ¢ prinapd es (continued)

FX Vs XF cordlation
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lbes ¢ prinap es(continued)

e XFtedhndogy. neads 2 rooessss, ane(rgaid) withNred
mutipicaions(for threaosscordatian), orewthNIag N

covpexnmutigicaias(for theH-T, far eechbesdine.

o FXtedmadaogy: nests 2 prooesses arewlth 2xNlog N
corpex mutipications (far the H-T of eechateressgd),
crewithwith N conpex nutigicaion

= XFVvs FXIsatrace-df bawean the bandoess and nunoa of
besdines At theHaeaudeBure XFisthentoreeconanic
dace




besic prindides (cortinued)

Architecture of a spectroscopic cross correlator
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lbes ¢ prinaples(continued)
* Theaotinumaoardao cdadamnso

R(bs) = (V,(tV,(t) = 2E Eycosia) adlthesnepat.
* Thegoadrosogac cordaar cdadaes

Ribs,at) = (V,(t=aV,01) = JEEeosiosteasl  for aranged timelags? t.
o TheHT yiddstheaosspowa oadrum  r(bs,v) = S, (v}:S,(v)
(Weaw-Khndintheoram)

* Thered pat o theaosspona Joeadrumisthe T o theeven

conpoatd R(b-s,At) , theimegray pat that of theodd
oe




The correlator In practice

Nahngispafad...

Condicdias

* Digtization(i.e ssrding & dipang) leesstoa(dl) lossof
iInfarmetion

* Thesgdsaelimtadinfrequaxy.

* Thetimesmiesd theaossaardaionprodud aefinte
Thareisanaxdogntothelast wocondicaiosindasscd
qaics..
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Thecardda inpradice

Consequence of the finite intermediate frequency bandwidth

frequency goece: mutipicationwitharedanguar bangpessfundion
? ? Fone trandam

covdulionwithagsncfudion

— > Alarge bandwidth requires accurate delay tracking.



Theoardaoar inpradtice (cortinued)

Response of a aross carrelatar to a rectangular bandpass shape
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Theoardaar inpractice (continued)

Exanple: 1 %loss of sensitivity for a delay tracking error of 0.16 nsec
and 500 MHz |IF bandwidth.
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Thecordaar inpractice (continues

Digtizationgdhared a
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Thecordaar in practi ce (continued)

Snecase

Sgd 1 instatic regster, signa 2 in shift regster.
Disadvantage:

needs maxinumtine lag to get al channels.

Signal 2 1 2 3 4 5 6 7 8
Signalt 8 9 10 11 12 13 14 15

Al = 7



Theoardaar inpractice (continued)

Technical inplementation

Sgna 1 and 2 are in opposed shift regsters.
Disadvantage: every ather time lag missing.
Sgall 1 2 3 45 6 7 8

Poouct?T -7 5 -3 -1 1 3 5 7

Sguel2 8 765 4 321



Thecordaar inpractice (cortinued)

Technical implementation: bath signals are in shift regsters.
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Thecardatar in radtice (continued)
The products are evaluated in the follomng way




Theaordaar inprectice (continued)
The correlator's output then amounts to:

2n2(N —2N )+4n(|\| —N )+2(N —N
01,01 01,11 00,01 00,11 00,00 00,10

n"N +N

01,01 oo,oo)pzl

P,~

2

Clipping correction:;
calculate the jointly Gaussian probahility distributions as a function
of the continuous correlation coefficient, such as

_ _ X "‘y —2p%
I\Io1,o1 B N:)01,01 f f kg

1pvv <1p)

and tabulate the result ina Iook-up table, or fit a polynomal
function.




Theoardaar inpractice (cortinued)
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Theoarddar inpradice

The correlator efficency
IS defined as the signal-to-noise
ratio of the digital cross
correlation, normalized by that
of the continuous one:

Rk 1
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Theoarddar inpradice

Sgnal processing stepsina 3
level - 2 it correlator

Fromtop to bottont

* orginal time series
* dgtized time series
* dgtal corelation

® output spectrd line

Cantinuous Signal
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Thecardda inpradice

The frequency resolution of a spectral correlator...

* Tnesndingtheoremyidds
At= 1
2AV

* Thereadtingdamdsgaangisgven tyrtlfelargest timelag

1

oV =
2NAt
* |nprattice thedad sgparationdoesnat e thegoedird resduion



Thecardda inpradice

Consequence af the finite time lag

nmutipicationwitharedangdar timelagwindow

? ? Foune tracdam

frecpency soece covduionwithasncfudion

—— The effect appears inthe cross power spectrum



Theoarddar inpradice

Time lag windows and their Founer Transform
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Theoardda inpradice

The Gbbs phenomenon

Convalution of the bandpass with the spectral window for continuum signals:

convolution

Im(R) Im(R)

ﬁqxﬁ_A -

———  bondposs amplitude




Thecordaar inpractice (continued)
Main Lintations
.. o theand og part:

* The@lbsphaomanisacavdution Theindrumat-dgoadat factars donat canod out
aynoreinacdilralion Chamdsconcamed haveto beflagped

* Thesarehdasfar goedtrd lines donat dacethenogt inpartart part of your lineinthose
dards

. o thedgitdl pert (sdlers:

* Threnaselevd may dange dradticdly and nesdsto bead uted by iInedtinganase source

* Thredddvaiaionscan bedecomposad inanevenadanodd part. Theevenpat is
equvdat toaganvaiaionad canbecdilrated out. Theodd part canodsout by pariadc
ndf-wave drangesd baththelocd osallaor preseandthedgtized Sgrds(uchthet the
output Isnat concamed). Thetredddarascanod o withhighpreason



The correlator on Plateau de Bure

The third-generation carrdlatar has 2.56 GHz glabal bandwidth, and performs 9.8
TeraMutiplications per second. It has a flexible architecture conprising 8 indepencent
units. Each unit consists of 3 parts

* an |IF processor for the analog functions (frequency setting, lonspass filter selection,
osclllator phase contral)

* adgtal part, contralled by a mester processor (delay steps, dipping carrection, H-T,
sl delay corrections, bandpass correction)

* a satellite mcro processor, reading out and further processing the carrelations.

Each unit can be placed in the [100,1100] MHz IF band, in steps of 0.625 MHz (using a
third frequency conversion). Note that the receivers actually limt the bandwidth to
[100, 630] MHz.



Thecardao onHaeau e Bue




Thecordaar on Raeau oe Bure (cantinued)

The data are sampled at 320 M/ sec => 160 MHz bandwickh  (SSB mode).

Time mutiplexing means:
Instead of atime series 123456 7 8 (oneshft regster)
generate 2 time series 1 3 5 7 9 11 13 15
2 4 6 8 10 12 14
(two shift regsters)

at 160 Ms/sec each => 80 MHz banawidth, but 2 x higher spectral resalution.



Theoardaar on Hateau de Bure (cortinued)

Banowioth ~ Subbandof  Clockrate  Time ~ Numberof  Numberof  Channel  Spectral Resolution [MHZ]

[MHZ IRM [MHZ| MFu;tégrex fmeags gi??nﬂgl)fs S[pl\jcl-llg]g for apodl zatitgn according
Box Welch
2x 160 DSB 80 4 2x 128 2x 64 2500 3018 3975
1x 160 SSB 80 4 Ix 56  1x 128 1.250 1.509 1988
2x 80 DSB 80 2 2x 56 2x 128 0.65 0.754 0.9%
1x 80 SSB 80 2 1x 512 1x 2% 0312 0.377 0.497
2x 40 DSB 80 1 2x 512 2x 256 0.156 0.189 0.248
1x 40 SB 80 1 1x1024  1x 512 0.078 0.094 0.124
1x20 SSB 40 1 1x1024  1x 512 0.039 0.047 0.062



