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_\bstract. An аlgогithm is described for removing exterrded iпtеrfегепсеs, for instance from а
:аdаr, which аrе shоrtеr than the time of passage of а rаdiо sоurсе across the Ьеаш of the radicl
elescope. Тhе аlgоrithпr is developed on the basis of rоЬust рrосеdurеs rvith the application of

.Itгеmе statistics. А рrосеdurе of гепrочiпg ''jumps" in observational rесогds is also described,
_ ]lе rеsults of реrfоrmапсе of the algorithms аrе illustrated in thе figures. The cleaning рrосеdurеs
._:,е included in the standard data reduction system of RATAN-600.
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Iдtrоduсtiоп
;;!м соursе of astrophysical observations one often

itrterferences t}rat соrruрt the arriving usе-
lг the statisticai noise estinrates iп сlьsегча-, :,ils. This is especially ргопоuпсеd in rесоrds

. j.stгопоmiсаl observations. Irr tlre рrосеssiпg
1 ]lumЬеr of noises аrе rесоrdеd that rеquiге
..arritrg, whic}i is frequerrtl1, done шапuаllу,

irr the starrdard re<luction svstem EADPS
ПЛIА]Ч-600 (Verkhodanov et а1., 1993).

То реrfоrm the tasks of rесоrd cleaning frоm dis-
jamrning, extensive ttse is nade of tecli-

.:.s at the detector level (see Вегliп et al.,
-l :,,tt,еr, when working with tlre arclrivaI da-

-..s to соmе across different kinds of lloises
-, :il the initial rесоrd. Suclr noises rnay Ье

llscontinuous jamming, rаdаг sigrrals, altd
.. .;s jumps caused Ьу the instalэility of ADC
-- :rrding.

Шecent work concerned with the development of
агсhiл-е ODA (Копопоч et al., 1998; Kononov,

__,!9: Konorrov et al., 1999) of RATAti-600
data conrirrp; frоm tlre brottd-band rа-

:riade it possible to solve the problerrrs
:.].alld the use of old data. Among suсh рrоЬ-
::.а.-,,isolate, fоr instance, irrvestigation of tlie

гаdiаtiоrr (Parijskij, Когоl'kоч, 19Е6) and
' . -;агiаЬilitу of rаdiо аstготrоmiсаl objects., 

=::ing of these data has naturaliy called for
.еаrсh and rеmочаl of interferences that

..- :igIral. Some wоrk очеr сопtгоl of rroises

шrоgrаmmе means based on nonparametric eval-
. :е mеап was done at RATAN-600 sev-

1996; Shеrgiп et а1., 1997). One should also merrtiort
t}re trlrоgrаmmе development based on а gradient ар-

рrоас:h of rеmоr.iпg discontinuous jаmmiпg whiclr rvas

initiated Ьу Вuгsоч (1987) . 'Ihe wогk очеr tlre сrе-
ation of the ciearrirrg procedure dcscribed Ьеlоrl, ъ,аs

startecl Ьу Pavlov irt 1997 (Pavlov. 1998) uпdег tlie
supervision of the fоrrпеr of the аuthоrs оf this рареr,
whеп tlre рrоЫеm of sеаrсh and rеmочаl of solitary
interference frorn the rаdаr was resolvecl.

It is рrороsеd irr t}ris рареr to develop ап algo-
rithпr сараЬlе of rепrочiпg rron-single iпtеrfеrепсеs on
а rесоrd. Tlte algoгitlrm ernploys both tlre rоЬust (im-
rrtune to influence) estimates of the mеап on the basis
of поrr-рагапrеtriс rank algorithms (НuЬеr, 1981) апd
tlre ргос:еdurеs based оп ехtrепrе statistics, папiеlу,
rnirriпrax аррrоасh (\rerklrodarrov, Gorokhov, 1995),
whiclr епаЬlе first evalrratirin of statistics clrarrges irr а
gir.err iпtегчаi.

Beio,1v is preserrted а detailed descriptiorr of rе-
mочаl of two classes of irrtегfеrепсеs: 1) гаdаr and
discontinrrous jaпrTning; 2) jumps in rесоrds.

2. Algorithm of rаdаr iпtеrfеrепсе
cleaning

The рrоЬlепrs presented Ьу the sigrral frотп а гаtlаг
(Fig. 1) аrе that it is rrot а d-function, that is. it
cannot Ьсэ detec:ted with the aid of the "grаdiепt" ар-

рrоасh without c:onfusion rvith а rеа1 source, and it
is quasipeгiodic, i.e. it is "fuzzed up" in t}ie regiorr of
spatial frequencies, which hampers its rernoval orr the
Fоuriеr plane. Besides, because the signal is extended,
t}re clipping (namelv, rеmочаl of al1 poirits exceeding
а specified level with subsequent replac:ement Ьу pix-
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els accordirrg t,o gii.eii ruies) of its spatial spcctгullr
ý,iil result in согruрtiоп of the siglral. Fог tiris rеа-
sоп the аuthоrs c]ecided to use statistica] teciiniques
to detect апd reriiove iпtеrfеrепсеs produced Ьу the
гасlаг. Тhе der.elopecl рrосеdurе perrnitted gettirrg rid
оf slinple discorltinuous jarnmillg. Irr princliple, rvithin
tlre frапrе of FALrPS orre сап estabiish а рrосесlurе
of removing irrtеrfёrепсеs fгоrп rаdаrs оп tlie lэasis г;i
t}ie аlгеас11, available rnodu]es (Vеrkhоdаlrоч et lil.,
1992). Fоr instailce, suсil аi1 а,lgоrithm сап Ьо svTi-
thesized frorri the п}odules of low rloise srrbtractit,]}.
srrhractiott of tlie sigrral of Claussialr shape rl,itlr а
size lаrgеr tha,n the specified one, clippillg tlie rесоiсl
at а givelt level, and taking t}re suпr of t}re rесог.j
nrade ъ,it}r the su'i;tractcld low-freqllency поisеs ancl
detected sour(:es. Ноrчеvег, Ьr:саusе of the inuitiplicity
of Gaussians beiTtg corriprlterl arrd also the гepetition
of чесtоr opcr;:rtitlns of atlditiorlfsuhraciion iпсrеаs-
ing the c:alculation tirne of the sсгiрt opei,ation, alrd
due to the ainbigшities arisirrg irr supeгpositiorr of а,

useflrl signal and а rаtlаr signal, i,he authors rlrade а
decisiorr to abandon tiris аррrоасh.

Ргiог to descriiэirrg of the developed аIgогitlrm we
rvil1 explain sоrпе tсзrпIs beirrg elnplclyecl iri this рареr,
Ву the ц,iпdоъ, is meant the interval orr the absciss;l,
axis (fог оur data tlris is а time irrtervaI rпеаsurеd iri
seconds) inside of ч,hiсh а signal search is пrade. Ву
sliding thе rvirrdow aiong the rесоrd we mean the se-

quential filling of the аггаy of pixels iп the аi,lргоргiаtе
irrtervai rvhtэn the windorv is shifted Ьу 1 pixei along
tlre rесоrd. Ву tlre гоЬust evalllation of the mеап is
implied а simple mediarr of distTibution of pixei vai-
ues in the givelr intervai, w}iile the rolэust dispersion is
ttre сiisреrsiоп e-чtirliate шаdе r,ia the median absolute
cieviation (b{tAD) under the assumption of Gaussiarr
rroises (iп this case if р is NIAD, then o:pr/0.674 iп
ассогdапсе witlr the dr:finition of sесопd-оrdеr mо-
trtents fоr the поrmеl dist,гiblttiorr).

Wtren del,elopirrg ttre а,lgогithm, we used the
arc}ril,al data (Копопоч et а1,, 1999) rvritten in thc
f'оrтп of thе FITS-like F format (\rerkirodanov ct
а1,. 1993) of tho data processing system FADPS at
R.ATAN_600.

Tiie algorithm eiiminating iпtеrfегепсеs frопr t}re

rаrlаг comprises several steps:

1. Copying of data fгоm t}re F fiie to the working
;i,rray arrd evaluation of t}re rоьust disрlегsiоп о of
tlre tгital гссогd.

2. sеаrсh fог minimtim апгj rnaximunr va]ues itl
ihe window sliding alorrg the one-dimensionai аrrа,,,,

The window size is chosen equa1 to the Ьеаm of the
raclio telescope. As the window is slidirrg, an агrа},
of rnaxirnum peak-to-peak differerrce is fiiled in t}rc

сurrепt interval. T}ie maxirnum scatter is comprrted
as t}re di{ference of the mахimum and minimrrm
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Tвlues of the pixels (mаr-miп) in the сurrепt limits
rrДong the axis of shift.

3. When looking fоr the тпахimum among the
Blues of differences, which exceeds, the level п , о,
тЬе п is the assigned level (Ьу default 3), analysis
fu цade to search for the maximum locations Ьу way
фýmрlе comparing the аrrау vaiues.

-l. In the rеgiоп where the local mахimum is
fuпдвd the behaviour of the statistics of the surrоuпd-
япцв pixels is determined in case the signal does not
fuЛ[ firlly within the window. With this aim in view,
фе сuгrепt position of the iпtеrчаI with respect to
фе signa] being detected is found: right and lefi
d rhе maximum, Ьу mеапs of robust averaging
ld шiфЬоuriпg poiuts. Depending on the current
пfuiп, (right оr left) of the observed signal, the
fuвtiоп of the interval in rvhich the раrаmеtеrs will
h estimated is chosen. The rеаl mахimum must
dвys fall within the given interval.

5- Опсе the window position has Ьееп found, sta-
йin,iсаl estimate of principal characteristics of ihe de-
ШmЕd signal is made. Fоr this purpose the following

(Fоmаlопt, i989) аrr: used:

r:IJ,
t

t: !,r;

. -- :ire interrsity valrre of the i-t"L poirrt in ihe
:_-t.\,эl. Х1 is tile iocation of this роir:t in
'. -r is t}ic: сосlгсiiпаtе of the sol-ii:ce {eiltre

gгзтit1-. I is t}re integral intensity of а possible
.lзliаi, Д is the obic,ct sizi:, r is the sizt, of

rrByed interval in pixels.

ý- Gошраrisоп of the found раrаmеtеrs with
опсg to sе:агr;h for aTl iпtеrfеriпg sigлаi.

пfu dеtегmiпеd amplitude is smaller than the
:.е оr tlrc size (duration) +f the signai

-.--: :il,en опе (i.e. а rеаl si;r.lrce,is cletectecl),
i] ,,:,, is thon siriftecl Ьу one ilixel and а геturп

..-- of ca]culation of (,пtаr rпiп) statisiic:s is

i Ё thе раrаmеtеrs correspond io the expected
Ь of ап interference, the boundaries of the

;"i Ь геmочеd аrе defined.

ý- Ia thе procedure of replacement of the points
lfu reсвгd пrithin the limits found, provision is

rnade fог variants of replacing the generated noise
with characteristic properties (dispersion and mеап)
of the noise рrосеss of the рrеsепt record оr оrdiпаrу
regression Ьу tv.lo estimated mе&пs at the еdgеs of
the rесоrd bordering оп the сurrепt interval. То gen-

еrаtе а noise Gaussian рrосеss, the standard liЬrаrу
function of the language "С" rапd{) is used, which
outputs uniformly distributed rralues. Fоr conversiotr
to the Gaussian noise, we applied а simple рrосеdurе
of averaging with а siiifted mеап and normalizitrg:

zffя_ *
Ni: о,/I2m

whеrе Л is the vector of rапdоrп nurnlэers of the цпi-
fоrm distribution of the function rапd,() returned Ьу
the generator, rr is the пumЬеr of the points involved
in averaging of uniformly distrib,uted пumЬеrs. The
lаrgеr rп, the better the distritrution соrrеsропds to
поrmаi. We employed m:32 in оur procedure. The
value of the current system time is usеd as the origin
of the generator,

9. If thеrе is one mоrе mахirдum in а specified
interval, i;hen rеturп to the point of search fоr the
location of the maximurn in the сшrrепt window (see

above) is реrfоrmеd"

10. lf the end of the rесоrd is not reached, а shift
is mаdе Ьу the size of the inter"cai of cleaning a}ong

the axis.

1t. whеп the rесоrd is finisheci the data аrе out-
put to the F filе.

The schematic of the radar iпtеrfеrепсе rеmочаl
algorithm described above is displayed in F'ig.2.

The rеsults of operation of the algorithm рrе-
sented in Fig.З.

Fig.4 sholvs the pourer Fоuriеr spectra of the two
rесоrds dispiayed in Fig,3; рriоr to cleaning and after
it. То highlighi the difference, Gпе ацd the sarne сl]rче
of the lо-л-frеquепсу background is subtracted frоm
both rесоrds. Тhе difference betrveen the sресtrа is
caused Ьу elimination of the discontinuous jamming
and quasiperiodic rаdаr signal.

3. Algorithrns of removing 'Jufiърs"
Apart frоm interferences treated "пу the describecl а1-

gorithm, there is а class of iпtеrfеrепсеs not intte-
quently found in archival rесоrds: jumps of the mеап
оr "steps" (Fig.6). We have develaped а рrссеdurе of
search fоr the jurrrp orr the basis of analysis of t}re

mеап очеr four neighbo,*ring siiding iпiеrчаls.
The algorithm is descritred аs follo.лrs:

1--Х: _) .\,1, (0,
lLц

t

]iХ, - I)'J,,
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reading data from
F-fife tо array

estlmation of
robust dispersj_on

tota} record

estimation of
miп & mах

in moving interva1

search for iпtеrча
wlth

|mах - mi_n|> 1evel
(position of signal)

оп left
5ide of signa reading the right

s}ope of slgпа1

reading the 1eft
slope of slgnal

estimation
parameters of the

signa1:I,B,X.

estlmatlon of
с1 ipping interval

cl ipplrrg :

noise substitution

index < n

2
index shift

copying data to
output array

wrltlng to file

Figure 2: ВIосlс-d,iаgrаrп of sеаrсh fоr апd clipping point-like апd extend,ed, ,iпtеrtеrепсеs.
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ШПр* Results of clipping iпtеr!еrепсеs i,п а rесоril ot wid,е-Ьапd rail,i,ometers. The uрреr рапеl shouls а record

л $о8гЕе опd ,imршlsе, апd locator ,i,пtеr!еrепсеs. Тhе louer рапеl shоws а rесоrd cleaned tli,th the аlgоr,ithrП

фМdеd iпtеrfеrепсе cli,ppi,ng u,ith поisе add,iti,on.

э?

FREOUENCY t Hz ]

iЬ!Ё * Роuеr Fоuriеr spectrll,m of records Ьеfоrе (а) апd аftеr (Ь) сlеапi,пg ftee Fig. 3). The diffеrепсе i,s

&Ш dшirц ot tuо ,imрulsе ,iпtеrJеrепсеs апd а qu,as,iperiodic si,gnal ot the locator.
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reading data from
F'* f 11е

estimation of
robust dlspersion
оп total rесоrd

sigma

estimation of
average оп

moving interva1
Mn

tl_z - Mr-..<si i+2<n

_ _ Mi *, <Зsig

Mi*t- Mi+2 <S1gma

detecting of
jump position

est1matlon of
juгпр amplitude

псlsе substitution

copying to the
o].ltput array

writing to file

AI\r AIGORITHL,I FоR CLEAt\In\rG EX?ENDED INTEREERENCES

Figure 5: Block-diagrp,m о! search for апd cli,pping rесоrd jштпрs.
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Ш'щF,щ.е 6: Results ot remou,ing juпtps iп а record. Тhе uрреr рапеl shou)s а rесоrd ui,th а ju,rпр. The lоuеr рапеI
*п,шо с сlеапеd rесоrd.
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:, .icilrrg d:rta fгоlп the Ii file ti; tlro r,r,u:,iiiгii{

.- . estimation of liie rо-Ьцst disllе;,siэп ,; оf

.. :,.,согс1,

_ . .-riя,, ti-te аrrаy l.,1r, li,:hcre ечеr_ч eleпrtln,t, is
-_-t оf the trrеэп in t}re siiCirig l,u,itrtiow of а
-::г_-. lt i-q dсзirаJ_rlе that tirr' size of the ri.ilr-

,. i ile cirosen lrot s}:огtеr tila;l 5 рi:эls.
.iion clf ttre iпtr_:rчаI in rr".}:ii,il а jump i,t]-

--- _-, п,е :lпаlysе the аrrау clf ihcl irrean r"tluH,
-,, а гr;]эust tecliniqrrc: v*,it}r ihe аitп of гtr-

- :rJsitio]r of the аЬrirрt iilcreascl сrf the пеап
, '.:iairlt п:3) valurэ (gradient аррrо;rсh) il1,

...:]ilfiпg tlre values of fоur eletnents of tiie
_ :lе jLrпrp is considered 'ьо Ье cletecteti ilr
-, :,,,,al p-lilvided the ft;ilov,,irrg conditiorrs агсl

..-:alliC titlrc:

|i 2-_4{1-1i<o,

_ll; i-,4,17*1|<Tzo,

\1 _, -,1/;.2 j (,т.

- ]:1е clf i:oinciderrce of the tni:arr irr гв,с;

. .:.;llt,r,ais al tlir: сii,цеs aric1 of uner,+эrt
- -.,. i:(:ilt,l,;,1 "Tinrlor.,r is геi;lizесI.

.. :. ,,f tlrtl jrrrrii; locatiorl (fоr instalrcr,. оп
:li, ]IlсдпS clf соmраrisоп.
,,l tlle чаlrзсs of all pixeis fc;1loi,",,irrg

,,, tlle r,:rliic of tilc jrrrrri; atnpiitrriie.

6. Decrease of all values in ihe аrrау of the mеапs
!n t}ie sliding window, which follow the current vаluе
of thе mеап.

7. If there iB no lirnitation оп the length of the
rесоrd, а shift along the rесоrd and jumр to the condi
tion of the check poirrt are реrfоrmеd, In other words,
the сусlе is completed.

8. Recording to the F fiIe.

In Fig.5 is si:оrлrп а schematic diagram of the
аЬо,rе-dеsсri';эеd algorithrn of searching for and rе-
moving the jump in the rесоrds. The resuits of реr-
fоrmапсе of the algorithm аrе deinonstrated in Fig.6.

4. Conclusions
Тhrоugh anaiysing statistical properties in the сur-
rепt interval of the rесоrd the developed algorithms
find and rеmоче interferences of different kinds
quickiv and effe<,tively.

Тhе proceciure is involved as а соrпmапd "clip"
апd inciuded in the standard data processing system
FADPS at RATAN-600,

Рrочisiоп is made for possible extension of the а1-

gorithm tc twcl-dimensiona} data and its application
to rеmоча} of cosmic particie signals on CCD iЙаgеs.

Acknowledgements. Tlre аuthоrs owe ttrebts of grati
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coulse of рrераIiпg the mапusсriрt,
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