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IlocTanoBka 3agaun
TpebyeTcs OLEHUTH IUIOTHOCTH f (77) pacnpeneneHus B 00beMe V HCTOYHHMKOB, KXKABIA W3 KOTOPBIX

msmyqaeT curHan U(1) (t - Bpems). [IpHEMHHK, PaCTIONOKEHHBIHA B TOUKE f’] , IPUHUMAET CUTHAJ
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0=yt 1) = Al —— ut——|r, =7 f(r)r , ()

vl =71 Y
rac A- aMHJ’II/ITyIIHHﬁ MHOXKUTECJIb, vV - CKOPOCTH pacHnpoOCTpaHCHHSA CHUTI'HAJla (B 3ajgadyax aKTHUBHOM JIOKaluu, €CJIn
n3Jyvdareib U NPHUCMHUK COBMCHICHBI, MOYXHO HCIIOJb30BATH (1), yYMEHbIIag Q)OpMaHLHO CKOpOCTH B JBa pa3a).

Tpe6yeTc91 OIPCACIINTD f(;:) , UCTIOJIb3Yysl CUTHAJIbI JaTYUKOB, PACIIOJIOKCHHBIX, B HECKOTOPOM MHOKECTBE TOUCK.

3ajaya Takoro pojia BO3HUKAET B MEJUIIMHE - B YIBTPa3BYKOBOW U B ONTHKOAKYyCTHYECKOW JHarHocTHKe [1,
2, 3], B paauonoKaTopax MmoAMOBEPXHOCTHOTO 30HAUPOBaHUS [4], B paJHoJIOKaTOpax ¢ CHHTE3UPOBAHHOH anepTypoit
[5] 1 B ApyruX MpUIIOKEHUSX.

BoicTpble an1ropuT™Mbl 00pPATHOI NPOEKUUHU JJI IIOCKOI pelleTKH JaTYHKOB
Jns pemenns copMynupoBaHHOH 3azaunm  ucnonb3yercs [1-4] Tak Ha3bIBaeMBIH «aJIrTOPUTM OOpaTHOM
MIPOCKLIMMY», 3aKITIOYAIOMIMICS B CYMMHPOBaHMM B KaXIOHW TOuke oObeMa V CHIHalIOB OT BCEX IAaTYUKOB C
COOTBETCTBYIOIMMH 3aJIep)KKaMH U ¢ BeCaMH, KOMIIEHCHPYIOLIIMMH Ociia0JieHne CUrHajloB. B pesynbraTe nomy4aercs

g(M) =Y A7, =7)z(7, ~7|/v). @)

rne 7 j(‘L' )= Jy j(t)u(t —T)dT - pesynbTaT (GUIBTPAlMU CUTHAIA 1O BPEMEHM, A(r)- BECOBOW MHOXKHTEIb,
YUYHUTBIBAIOIIMIA OCJIa0JIeHIe CUTHAJIA C PACCTOSTHUEM.

OTOT pe3yibTaT MOXKHO MOJyYHTh C MEHBUIMMH 3aTpaTaMd IPOW3BOJHUTEIBLHOCTH, HCIIONB3Ysl OBICTpOE
npeodpazosanne Oypoe (BI1D).
TpexmepHoe peodpazoBanne Dypbe (2) ecTh

Z(K) = Z,(vK)exp(—iK 7)), 3)
Jj
47y
rne  Z;(vk)=———ImZ;(vK), ecmn pemerka mHaxomMTCcs BHYTPH HcCleAyemMoro obbema, M
K

21y
Z,(vk)=——(Z;(0) = Z;(VK)), eciu 5IeMeHTBI PElIETKN HAXOAATCs Ha Tpanuie obbeMa, a Z; (M) - crektp

IK

Gynkuun A(vt) vt zj(t). 3amada COCTOMT B TOM, 4YTOOBI INpeACTaBUTh (3) B BHJIE, JOIYCKAIOLIEM pacdeT ¢
ucnoisb3oBanueM bI1O.

IInockas pemierka. JlomonHMB (QopMalibHO peMIeTKy JAaTYMKOB N0  OJFbKadIieid mpsIMOYTOJIbHOM
SKBHUJIMUCTAHTHON pEUIeTKH M 3aMEHssl CUTHAjbl BO BHOBb BBOJAMMBIX DJJIEMEHTaX PEUIETKH HYJISAMU, MOXKHO
npeacTaBuTh (3) Kak pesynsTar Dypbe-npeoOpa3oBaHs MHOKECTBA CHTHANOB A(Vt) vt zi(t) CHauaga 1Mo BPEMEHH C

1
dopmmposarmem Im 7, (w)/\w\ W %[Z ;0)-72, (a))], a 3aTeM MO IUIOCKOCTH pa3MEIeHHs JATYHKOB.
1

2 2
OGo3HaumB o10T pesynbrar Kak Z(®, K ), nonyunm Z(K) =Z(v.[K| +K,,K ), e K - IpocTpaHCTBeHHAs
YaCTOTA MO HOPMATH K TUIOCKOCTH PEMIETKH, a K - BEKTOP MPOCTPAHCTBEHHBIX HACTOT B IUIOCKOCTH PEIIETKH.

Orciona g(7) nomydaercst o6paTHbIM TIpeodpasoBanueM Dypbe.

[pubnmxeHHast oleHKa TPeOYEeMOro Yuclia oneparuii (THIMa YMHOXEHUS + CIIOKEHHS KOMIUICKCHBIX YHCEI)
MMOKA3bIBACT, YTO JAHHBIA aJlTOPUTM TpeOyeT M’N logZMZN onepauuii (M — pa3mep pemretku, N — pasmep oobema V
110 Ka)/I0if KOOP/MHATE B SJIEMEHTax paspentenns) na dopmupoanue (3) 1 N° log,N’ Ha obpartHoe npeobpaszoBamme
Oypbe (3meCh M Jajee YYUTHIBAIOTCS TOJBKO TJIABHBIE II0 TMOPSAKY BEIWYMHBI claraeMmbple). JDTO TPUMEpPHO B
1,6M/log,N pa3 MeHbIIle, YeM MpsIMOe BBHIIOJTHEHHE oOpaTHOM mpoeknun. Hampumep, npu N=128, M=32 BemrphIm
COCTaBUT 7 pa3.
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B pabore aBropa [6] moOKa3zaHO, YTO B ciydae, KOTJIa JaTYWKH IUIOTHO 3allOJIHAIOT TUIOCKOCTD,
pachpenienieHie UCTOYHUKOB ONPEeIsIeTCsl ¢ TOYHOCTBIO JI0 JIF0OOH HEYEeTHOH OTHOCHUTENBHO IUIOCKOCTH PEIISTKU

GbyHKIHIA.

Konbueas pemierka. [IycTh 3ieMeHTBI PEIIETKH PACIIONOKEHBI PABHOMEPHO Ha OKPYKHOCTH panuyca R. B
9TOM CITy4ae

: 21
g(R)= sz(vK)exp — ik ,Rcos(p, _]ﬁ) , 4)
j

rae (. - yron Mexmy ocbio X B BEKTOpoM K » - T1epexost K IMCKPETHBIM 3HAYCHUAM STOTO YIyia M JIOMONHSS, IpH

HEOOXOAMMOCTH, PELIETKY /10 JOCTATOYHO IUIOTHOM Ha KOJIbLIE C HYJICBBIMH CHI'HAJIAMH B JIOOABISIEMBIX DIIEMEHTAX,
MOYHO IpeoOpa3oBaTh (4) K BUILY AUCKPETHOH KPYroBOH CBEPTKH U BBIYUCISTH CBEPTKY C MCTONIb30BaHKEeM BI1D:

1 2 2
K)=— Y C (k R)exp(i— U m Z. (vK)exp(i—U j), 5
g()M;uu)p(Mu );]<>p(Muj> 5)
rae m — uenast yacte M@ /27, a
2 2
C,(x,R) = exp|—ik, Rcos(-— j)—i~—pj|. (6)
M 14 - p M M

[Nonarast TOTIOTHEHHOE YHCIIO 3JIEMEHTOB PEIIETKH PAaBHBIM IEPUMETPY 00BbeMa (B 3JIEMEHTaX Pa3pelIcHust),
ToTydHM, uTo Ha hopMupoBanue (5) Tpebyercs mpumepHo 25 N log,N oneparuit.

Jdnst  Bu3yanm3aluu — paclpesielieHHss HMCTOYHHKOB TpeOyercst O0ObIYHO  (OPMHPOBATh  NPOCKIUU
MIPOCTPAHCTBEHHOT'O PACIpPEJEICHUs] Ha KOOPAMHATHBIE IUIOCKOCTH. YUTOOBI MOJIyYHTh IMPOCKLIHUIO TPEXMEPHOTO
pacnpeneneHusl HCTOYHUKOB Ha IUIOCKOCTh PEIIETKH, JOCTaTOYHO MOJIOKUTH MPOEKLHUI0 BEKTOpA MPOCTPAHCTBEHHBIX
4acToT B (5) HAa HOPMaJb K IUIOCKOCTH PELICTKH PaBHOM HYJIO M MPOM3BECTH JBYMEPHOE 00paTHOE NMpeoOpa3oBaHKe
®ypre. Uncno omepammii Ha oOparHoe mnpeoOpasoBaHMe ymeHbmHTCS B 1,5N pa3. Bemrpeim mo cpaBHEHHIO C
HETIOCPEICTBEHHON peanu3anyeil anroputMa oopaTHO mpoekimu coctaBuT mnpumepHo 0,15 MN/log,N pas. [pu
M=32, N=128 — 6osree uem B 80 pas.

OObBeKT HAOMIOCHUs B JlaNbHEW 30HE. PajMonokaTtop ¢ CHHTE3UPOBAaHHOW amepTypod. B atom ciydae
Ha0JIIOTal0TCST BHICOKOYACTOTHBIE CHTHANBI OT O0BEKTa B JalibHEH 30HE (pa3Mepbl 00bEKTa Mallbl TI0 CPABHEHHIO C
PaCCTOSTHUEM JI0 HETO) B HEOOJBIIIOM HAINa30HEe PaBHOOTCTOSAIINX PaKypcoB. BmecTo (2) nmeeM

d+jo
gd.x)=AY 7 [ 257125
J

rae d - MambHOCTh, X - KOOPIMHATA B TUIOCKOCTH W3MEHEHHS paKypca, 6 - pasHOCTh COCEIHUX PaKypcoB, A - ITHHA
BOJIHBL. BBIX0ZI0M pajmosiokaropa sBisieTcst kaapat Moayis (7).
Peanuzanus anroputma (7) TpeOyeT nmopsaka 2NM? omepanwuii. [lepexonas k cnekTpam, MOXKHO 3anucath (7) Kak

exp(—i 4; Jj0 x), (7

1%, 4 .
g(d,x)=— je”“’d;c-z K(— o +0 x| Z(k,E) =Y 7, . @)
2r 7, A F
Jlns peanusanuu anroputa (8) TpeGyercs nopsaaka MN log, MN® oneparwii. [lpu M=N=128 nomyuaercs
BBIMTPHIN B 12 pas.

OObekT HaOmoNeHUst B panbHel 30He. Tomorpadust ¢ HENONHBIMU JaHHBEIMU. B pesynbTaTe TpeXMepHOTro
dypre-npeodpasoBanus (2) npu r; >>L (pa3Mep UcCleyeMoro oobeMa) nomydaemMm

— 2 1 : (2)
g(R) =4m* Yy —2,(—vkp ) exp(ikF,)8 (K — (Kp,)p ). ©)
it
J

Cnextp mpencraBieH HaOOPOM AMCKPETHBIX IO HAMpPABICHUSM BEKTOPOB NPOCTPAHCTBEHHBIX 4acToT. B
9TOM CIIydae INepexoJ]l K MPOCTPAHCTBEHHOMY CIEKTPY HE JAcT SIBHOTO BBIMIPHINIA B dnciie omeparuil. OmHaKko
MO3BOJISIET MPOILE OCYLIECTBUTH MPOLEAYPHI PEKYPPEHTHOTO YTOUHEHHS paclpeelIeHIsI HCTOYHHUKOB ITPH HETIOMHBIX
JaHHBIX (KOTJa HaOOp HampaBjCHUH HEJOCTATOYHO IUIOTHBIM MM IIOKPBHIBACT AMANa30H MEHbIIEe 27 cTpaauaH (B
JBYMEPHOM CIIy4ae - T pajiuaH)).
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3akiloueHue

[IpuMeHeHHEe anTOpUTMOB, HCIONB3YIOMMX OBICTpoe TpeoOpazoBanne Dypre ¢ TpeodOpazoBaHUEM
KOOPJMHAT B YacTOTHOM MPOCTPAHCTBE, [JAET BO3MOXKHOCTh CYIIECTBEHHO YCKOPHTh MOJYyYCHHE OLEHOK
pacrnpeneneHnss HICTOYHUKOB TI0 M3Iy9aeMbIM HIIM PACCEHBAEMBIM UMHU CHUTHAJIAM.

OTO NMpEenMyIIECTBO SIBISIETCS MPUHOMINAIBHBIM B 3ajadax, TIe Ul yTOYHEHHs Pe3yJbTaTOB OOpaTHOM
MPOCKIMH IIPU HAIWIMM OrPAaHWYEHWH HAa HCKOMYIO (YHKIMIO HCHOJIB3YIOTCS PEKYPPEHTHBIE MPOLEAYPHI
(MaKkCHUMU3aIMK MTPaBAOTIOA00MS WM MPOEKIIUK Ha BBIITYKIIOE MHOXKECTBO [7]).

YacTb OnMcaHHBIX AITOPUTMOB peaIM30BaHa IPOrpaMMHO (ToMorpadus ¢ HEMOJIHBIMHU JAHHBIMH U CHHTE3
amnepTypbl). ANTOPUTM MJIsl KOJBLEBOM pENICTKM HAaXOMUTCS B CTaAWU MOJCIUpPOBaHMA. Pe3ymbrartel OymyT
IIPEACTABIICHBI B ITOJTHOM TEKCTE JOKJIAa.

Hacrosmiee uccneroBanue BBIIOJIHEHO YacTHYHO Onarogaps rpanty Ne RP2 — 2109 AGTP.
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FAST ALGORITHMS FOR ESTIMATION OF SIGNAL’S SOUTH’S DISTRIBUTION
Kuriksha A.A.

e-mail askurik @astroinform.ru

Problem statement
It is frequent a need for estimation of south’s density f(7)in volume V, every of which emit the signal

u(t) (t- time). The receiver (sensor) in the point ?j receive the signal

v,(0) = y(r,r3>=AJ?1_?-u(r—1f,- —r)- (P, )

where A — amplitude multiplier, , v — velocity of wave’s propagation. We need to estimate f (7) having the set of
points { f‘j }.

This problem occur in medicine — in ultrasonic and opto-acoustic diagnostics [1,2,3], in the undersurface
radars [4], in the synthetic aperture radars [S] and in other applications.

Fast back-projection algorithms for the planar sensor’s array
For decision of the formulated problem it is used [1-4] the back-projection algorithm consisting in summation
of signals (1) in every point of V with the corresponding delays and with the multipliers for compensation of signal’s
attenuation. The result is

g(M) =Y A7, =7)z(7, ~7|/v). @)

where z,(T) = J Y, ()u(t —7)dT - result of time-filtering of signal, A(r)- the compensating multiplier.
It is feasible to get this result with the lower requirements for computation’s capacity using fast Fourier-
transform (FFT) and coordinate-transformation in frequencies space. Three-dimensional Fourier-transform of (2) is
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g(K) = Z,(vK)exp(—iK 7)), 3)
Jj
4y , o
where  Z (vk)=———ImZ,;(vk) if array is inside of the researched volume and
K

2mv

Z,(vk)=—-—(Z;(0) = Z;(vK)) if array’s elements are on bounder of it, Z; () - specter of function A(vt) vt
IK

zi(t). The task consists in representation (3) in form what allows to use FFT.

The planar array. Padding the array to get the rectangular equidistant array it is possible to represent (3) as a

result of the sequential Fourier-transform of the set of signals A(vt) vt zi(1) on time with forming of Im Z i (w)/ \a)\ or

1
;[Z‘j 0)-z; (CO)] and on plane of sensors location. Designating result of this transformation as Z(®,K ),

became Z(K) = Z(\A/K‘i +K 12, R K'p), where K| - space-frequency on normal to the plane of array, and K =

space-frequency vector in the plane of array. Then the g(7) may be derived with inverse Fourier-transform.

The rough evaluation of the required operations number (type of multiplexing+summing for the complex
numbers) is M’N logZMZN (M — size of sensor’s array, N — size of V on every axis in resolution’s elements) for (3)
forming and N° log,N° for inverse Fourier-transform (here and farther only the main terms on the magnitude are taken
into account) It is about 1,6M/log,N times less then calculation with (2). For example, if N=128, M=32, the profit
reaches 7 times.

In author’s paper [6] it is derived, that if the sensors are disposed on whole plane with little intervals the
south’s distribution in semi space may be estimated exactly.

The ring array. The sensors are equally spaced on the circle with radius R. In this case
. 21
g(k)= ZZj (vK) exp[— iK,Rcos(¢, — j ﬁ) 4)
J

where @, - angle contained by yromn axis X and vector K » - At the discrete values of this angle and adding the array

by elements with null-signals it is possible to represent (4) as the discrete round convolution and calculate it using
FFT:

1 2r 2
K)=— ) C,(k R)exp(i—um)) Z.(vk)exp(i—U j), 5
g()M;ﬂ(p>p<Mu>;,()p<Muj) (5)
where m — integer part of M@, /27 , and

2 2r
C,(x,R) = zexp[— iK ,Reos(=— j)—i~— uj] . (6)
u 14 p
; M M
This calculation requires near 25 N* log,N operations.

Usually for imaging of south’s distribution the projections of it on coordinate planes are used. To get
projection g(7) on the array’s plane it is sufficient to substitute K. = O(x .- projection on normal to array’s plane)

and use 2D- inverse Fourier-transform. Required number of operations is in 1.5N times less then 3D transform. The
profit in comparison with direct back-projection reaches near 0,15 MN/log,N times. If M=32, N=128 — more 80 times.

The object disposed in far zone. Synthesis aperture radar. In this case high-frequency signals are received
from object with sizes small in comparison with the range to it in little diapason of the equidistant directions. Instead
of (2) we have

g(d,x)=A) zj(2d+J9x)exp<—i4Zjex), (7
: v
J

where d - range, x - cross-range in direction-change plane, 0 - difference of neighbouring directions, A - wave length.
Output of radar is square of the module (7).
It is required for algorithm (7) near of 2NM? operations. In spectrum representation

g(d,x)= ;ﬂ_J;e”(ddK : Z[:c, (—4/’{ +x)0 x:|; Z(x,E) = ;zj(x)e-ifi . (8)

The realization of (8) requires near MN log, MN? operations. If M=N=128 the profit reaches 12 times.
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The object disposed in far zone. The tomography with not full data. After 3D Fourier-transform (2) under
condition r;>>L (size of V) we have

1
2 . 2)
g(R) = 4nv 272,- (—v&kp ) exp(ikF, )6 @ (K = (kp,)P ). ©)
bt

The spectrum consist of M components which are discrete on directions. In this case Fourier-transform give
not the profit in number of operations. But it make available more simple procedures for the recurrent correction of
south’s distribution with not full date (if set’s of the directions density is not sufficient or its diapason is less then 27
steradian (for 2D - & radian)).

Conclusion

The algorithms using fast Fourier-transform and coordinates transformation in frequency space allows to
accelerate the calculation of the signals-south distribution.

This advantage is principal for tasks with the recurrent correction of estimations (by the likelihood maximization or by
generalized projection on convex set [7].

Part of described algorithms was realized as programs (tomography with not full date and aperture’s
synthesis) The algorithm for the ring array is on simulation phase. The results will be presented probably in full text of
this report.

The research described in this publication was made possible in part by award No. RP2-2109 of CRDF
(American Civilian Research and Development Foundation for the Independent States of the former Soviet Union)
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