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An Application of the CLEAN Algorithm in Airborne mm-wave
Synthetic Aperture Imaging

He Yun-tao Jiang Yue-song Zhong Yu

Abstract: The CLEAN algorithm is introduced from non-instant u-v coverage aperture synthesis in radio
astronomy to instant situation in 2-D airborne mm-wave imaging, to remove the bad influences of the
undersampled u-v plane coverage to image quality so as to eliminate the negative impacts on the image caused by
high side slobs. In this paper, the effects of the kind of “clean” impulse, the relevant FWHM and the scale
coefficient v to the quality of the modified image is mainly studied, and a conclusion is that: a Gauss “clean”
impulse, a relevant FWHM equal to the FWHM of system response and the scale coefficient v about 1/256 is

favorable to improve the modified image. This conclusion is valuable to the real airborne mm-wave aperture
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synthesis imaging project.

Key words: CLEAN algorithm; Synthetic aperture; mm-wave imaging; Deconvolution

1 351§
WL L FLAR AT LA 2 J 1438 31 KL /N i T
1, RAET R E A A Rk e Y T ATy

Ao, P ELER R 2 4 B O T 33) 50
k. B KB BRI A, I 20 kKB
BN SR TT UG N IR SOOI . TR I 22 AR R AT A SE
R WU K LR FLAR R R G (R A S L2 T8
R R EL W 51 & P 0 R e g sh ROk A H bRz s 22k
WA IR I HEMPRS X L85 B % R R I u-v 8 56 25 5 FLAR K
BT WS BRI 5 il o A 1 o B TR FLAR I
AN R T G A A0 u-v P T RR AR o A e 4, A SR Z&
FRMCHR 515 5 GO B i 2 FR AH S A B 2 5 | N e i 4
E, SALEI BB % 32 R0, R 2 22 AR AR w-v- T [T
(¥ 752 i AN 58 AR AT 1S P15 52 1 v 1) 55 e 45 DR 35 34 1k 19 9
SN, HA R FTIRE H bRz R T RE < B,

2005-12-13 Y F], 2006-08-16 /A
F s S AR 3L 4 (05F51073) R R A G158 3k 4 L 7] B B 5L

PN 2 S-S i i) =

CLEAN: 5 4] & B Hogbom T 1974 442 Y, A T%
A FLAR S H R SOWLIN R 1R B A, ) LAY ok PR 23 [ A
B AT A . b JG Schwarz T 1978 X%
CLEAN S:AE TN S B 0 AR L B guem],
CLEAN BVEAQUE — MR R, 16— AN I8 R O
I Fourier M 5 ), HAM & MEE LK. 1990 4,
Gorham %9 VK CLEAN S TG TWA, 58T K
SCXUE HARIG e e Ll B A SO, 4ok % Sk gk 15 51
FTRZ BN, B e A LR SR A AR D T Ak kb R 4 15
SZ HEREN S, CLEANSI B R Jsi 55 98 1) 52 0 LA
O3 LR AL (5 S 0 L ARIOER P RET s BE4h, CLEANST I
A IS FE A A FE b 3 5 R 00 8 T b R R H A R
G, 2000 4, EEMRFOMPIFRANRARRT 5
¥ CLEANSE T B Bk 424 fLAEMIRAS R 48 1) 3
W, B T CLEAN VAR SE R Al AT 4k . X B, FRAT T4 2L
F T BRI u-v 38w LB KR SR G LR R R e, FH LAV B
BT v T T R 78 6 N o 48 ot 1 45 3¢ B 1) 47 THI S 1



1758 BT 516G 8 %R

29 5

AT T CLEANSLIE B “I50 7 AObkph R0 L o
5 FEREAC A DR 7 o ek b3 4 e (1 5

2 CLEAN EZEK[EE

CLEAN SARFEA AR . — MU &5 SR (RN A 224
BRI “WE” B D) SESE i T, 5 M0 1% 1 S (BT <
JER B) R 27 “ME” SE AR AAT AAT AR AT 2 (K 58— i
T PR 22 T 3 A D 5 R ) 55 9 . PRIR G55, 38 ]
CLEAN 530l AV BRI 48 55 0 N (1) 5 0 o AT 7
2

(LM “BE” SEW B X “ME” B D BATWHAER, HEN
Ja “BE” VDB R RIS B T, A
M TH “BE” SR B#ATEPAI T2 5ok “HE” K

(2)H56 e AT I S BARTY U OGRS, RIAEAE
BN DR, HATERURAR T T B O BEE
X CESNERET B Cy, B CEST WSREAT, Y5
T R S BRI E].

LM b P
“M” B D=T,+«B, kAT =DB+"D
GHW B =TxS, “HIEE" B C,=T,*S (1)
SRS AN T, ERIA TSR, W g R g mJATIE
REM BB G — “EINEW” B O, « ASEkr LIRVEM 2
C, , MEHHALHE"E C 1ERX Cy B—AMlivt, BIA T,
MR R4 R . CLEAN S CHEM— 2 2l WA 26
koA T

3 CLEAN B :7ERIR u-v BEEXFEESFLIEK
& B

LB K 25 G LA R AN [F] T R SOW I it &

TE 3 IR 2 B 2 S I g 2R A0 A T(E ) AR 7E 3L — A B

MAESHE SIS, S A DS EAT P WIAE AR 2 T X1

SR I AR T AR, BT LS BRIV (w,0) » RETRE T

Tl B AR A (TR T) 5045 31 T ML el BE A A o 0 T(E,m)

(K S % 50 T(E,m) » VST IRKIh AT 6 (€,1m) » R
[ s IR AR A B(€,m) (RIUAE k),

T(&m) = 8(&m) * B(&m) (2)

AR KR SRS LR R R G, T Rk RS

2 (U Vi ) AP TR T(&,mp) {1 PR AT 2 010

B(&,m) = Sinc (27rumx (€-¢ )) x Sinc (271'11111,dx (n— 770)) (3)

R TAERT V (u, v) BISRFE T AF TR 20 T30 A7 T a5

Ky B(&,m) T — i Ak ik, i H B4 H Ak

(¥ R G LLUE (77 R, ORISR B0 T(&,m) MR

B, WA, BT AREBBERSHE T SR B B 2 A G

AbFR I N, R SR I R AG Al S e (3) T ZE

M5 B(&,n) VAR K 56 AR 5] (1) & ik ol B, (&,m) > WiE A

CLEAN Sk JA2 -
T'(€.n) = 6(€.m) * By(€.m) €

AR EARIG T, 3B R G5 Mg B R — A rs )R
BA%, 3B R T n) MBENK T BE,n) s X T(&n) 8
B(&,n) BEAT I B BIZZIR BE KA A P 8 (&,m) » Sl T 43
BT MG R, B B(E,n) VAR K 56 A1 TR ) = 357 ik
w By(&,m) 18 (&,n) WEAT R, 143 Lb B0 R (95536 4 A
(€ m) - BABB I F

(DX —WE R A G, 1930 — 08 T ZEA S “ Bt
EIT(&n) = 6(&m) = B(&n) 5

(2)¥ T(&,n) MALEAT VA —Ab, IR —AMFR L KL )
By WT(En) =T(&n) /s

(3)7E“ 7 B/ T(&,m) BB PR BB A AT B A0 AE (i, 5) 5

(4)7EFRVEARAE (4, 7) &K “HE” kot B, (E,m) » JFREIHAE
AT IH—1E;

G)HHT(En) =T(&n) — B,(&n) s

(6)E% & (&) BT T o1 8(&m,) = 8(&m,) +15

(T FE ST LIR(3)~ 2L 3R (6) H 2 F 193508 53 1) 5 K AE B Tl
S PR S PN, B TA B NMR B AR, X
—MHEERMIERE, WL 6(¢En) 7510

(8) T (&) = 8(€.m) = By(&,m) » EIHH)—A 258 CLEAN
ARG

TR AR e e 9 £ 22 B (3) ~ A B (6), A
JPUR ~ IR R EL SN, T H AR B LR AR E, UG ER
UECHIE R, SRR RO LR RS R TEiE N . 78
HARTIN A,y (P35 FB6 2 R0 T 7 2 10 AR 1) K B 2 A %
1), &t FIRCLEANAEL EMG I K EHM AL/ v ] e —
Tl R 7 0 2 S A0 25 B (3) 1 T (&, m) B KA R T 1
I, T LAYESBR(5) o B A4S N x B, (NN TS kofi), sk
] DAAROK b D TS ) s o —FivmT AR eI A [l i 1 7 ¥
RFERRIE R IENTE LI 5, I BAE— IR  Ab #x £
B AR TR E, Ty H 3K 8 X AR 43 B 1
TR In—2K,

4 HENGESHREERSH

AL ST, PR BRI “T” R
BES, & U BEBUE K SRS 25 MR AT AR AL HE 50112,
B 5T KL BARF N 1 R, HUOE Mo e AL mAg
S AR OB ST 07 2L AR 35 TR AR ) F 45
R 30X 30 G IEAAT SINEEE “A” itk K
WO £, = 3TGHz » & THLk AT 7
o PR SR AR O SRS, 5 R R B AR A B e
AR, FLERGON &7 10 (RS 5 5 B TE BURE il .
A% 477 L5 v o AT BN 84 BRAR O, 4 SO
Fo(r) =1, FEI “BE” EME 1 Fir. TP 1(a) Rt
SRR, ) 1(D) SRR T AL R L I B
PR E OB LS . B 1(b)h T LU

[ AR I B L o)



B

T 2 9555 : CLEAN SEEAENLAEE AR P L A ALAR IR H 0 N 1759

B, B A AR A S, AR I R A S u-v T T AN

SERCRPEE R, SRR 1(a) T L TS AN H

BB A7 RGN ITR M CLEAN B, X5 “JiE”

KT CLEANALFE,

F1 “T” BEEY)E 25 RRGLIRMGLE
ARFRA E (cm)

-25 -19 -16 -12 -9 -8 -3 -1 2
z 3 100 9 14 20 17
1 -5 2 -1 =2 2

AR A

-5 0
1 1

59 6 -1 77 4 5 8
6 -15 0 -3 -8 -7

() BUEL Bl 1L S (b) 2T

(3 sk
B 1 XS SO s TR RS
4.1 FIEEZE (FWHM)BI X/ CLEAN 238 5 B R8I
i
FEVEL A, ATLAAFRUME Bk, B R G W ok o ] v 2 e
TR E A Az = 0.6776, Ay =1.2251. K T /0H “iF
7R S B B R RN (AR alx,  aly )t
% CLEAN 4 # EE &M Zm, X B 755
a=051152. NE 2 PATLERZ o = 0.5 (WE 2(a))
NEGETZEEER, ZR A7 WEATIERW . 4 o H
0.5 HnE] 2 Pl AR, EHEWIZET T ORI A5k )
—ANIERE (A1 2(a)-2(d) 7R ) o 12K 3 R PR DAy I 5 Ik 5 11 44
K, 7F o BN, S (8) Hhil it B #3 BMG 10 R s
R 17, EBRARREE, (Ao d KRASGEREZAE
PR ABERIT o SRAE T 28 250 10 7 (14 Jk 5 AT [ ) e Sk v (e = 1.0)
A Be i IR

A

(a) a=0.5

(b) a=1.0

A

(e) a=15 (d) a=2

2 ANIF of R BB S5 AL

4.2 ERLEH) ~ 3 CLEAN b2 5 El& A 220G

TEF A CLEAN SEvkxt—1i@ “ME” BT A EN, A
ELAF] ~ 2350 PR B JBR P72 — S8 S . (EROe T B 1)
IRPESL, ARHREE 3 I A, LERE/NI 4, AF 3] b3
Ji 1 BB i o ey, BT PR GORRT AT o (H oy fELER ]S,
TR TAE RS AN K, S 345 R VB Ik i) KK i 2k
ZSEBR N AN BRAh, RGO S R JE VA i
CLEAN Skgmmy, e REMMEREvee s 1f7 HAER
i, BB IR EE S — MR 256(y = 1/256) )54 2% T .
St REREAT 07 FLUH 25 Rt f] 3 s :

A A

(b) ¥=0.01

A A

() ¥=0.001
3 FIHANFEREA L]y o5 5 B
I G B RE R I TEARY, s HIBE (R 1 L PSNR
R

(d) ¥=0.0001

PSNR = 101g — (5)

1 . o
S S ) - £

RGP A BERPIKBER KA, MX N 404 R 55
Fx,y) BRI M A 5345, f(2,y') 2 CLEAN &b
MGG B) M. VS 3 i 4 AR, AEA
v = 0.01 FFUA7E PSNR {HHEAAR T 403, B Pl 45 fe 50 A2
T, 335 T ) 43 BTt 2 — 0
4.3 “EE” BORZEAI CLEAN L8 /5 B 15 A9 &0

ik CLEAN $13:5% B ACTR cp A F 0 3535 kb
AL TRl (1P 4(b)FT7R), ENES 3 40T, BRARFKILE
LA RGN I KPR Sine BBk, Tk
Tl . AR I A R S FX PR 3 ko
P AL <7 B3ET CLEAN AbBE, 15545 &l 5 Fis .
M) LU B, SRR R8O8R I 2 ] Sine BRIk
(SRS, T AE 3L BRI B L T VR s, X 13
DRl TR KRR I R, A58 RS RIS 8 Sine
BB . T Sine IKMPETEVF 2 5500, XS0 G P EAE
eGSR S . Rk, 7EsE
B CLEAN (R H A sk £ . it kb S8
T3 BT



1760 BT SRR 5 29 4
1 1 [4]  Hogbom J A. Aperture synthesis with a non-regular
_j 0F | _E) 06 distribution of interferometer baselines. Astron. Astrophys,
i 0.2 : e 1974, 15 (2): 417-426.
= w L = w [6]  Schwarz U J. Mathematical - statistical description of the

J f.,*;; ~oo ““',uﬂ ' ;h{?; ~om “\mn\ iterative beam removing technique (method CLEAN). Astron.
) p ity u) X Astrophys, 1978, 65(2): 345-356.

(n) Sine #EKT P (b) Eilifar [6] Chick K M and Warman K. Using the CLEAN algorithm to
4 AFIFR K restore undersampled synthetic aperture sonar images.
MTS/IEEE Conference and Exhibition, 2001, 1(5-8):

170-178.
‘l'\‘ “\ [7]  Hai D. Effective CLEAN algorithms for
performance-enhanced detection of binary coding radar
signals. IEEFE Trans. on Signal Processing, 2004, 52(1):

72-T8.
() FIHI Sine s #kP (P (L) D v M e e e 2 [8]  Alam M and McClellan J H. Near field imaging of subsurface
Fl5 AUHA AR b targets using wide-band multi-static RELAX/CLEAN
5 ZERiE algorithm. IEEE ICASSP, Philadelphia, US, 2005, IV:
ACSCRAE I ey A% £ JLAR A F A SCU g e

) ) o 9] Ruf CS, Swift C T, and Tanner A B, et al.. Interferometric

CLEAN SETRRLFTSIMIN u-v B sl MDA — e 2R e synthetic aperture microwave radiometry for the remote

FAARRRI LI, AT T CLEAN SR REA 5T 1) sensing of the earth. IEEE Trans. on GRS, 1988, 26(5):

Femh b, N HABROE KR SERR L “T” I R&MEFIEAT 597-611.

TAACHES, IE LA B 51 R B AT T 255 FLAE A% i [10] Peichl M, Suess H, and Suess M. Microwave imaging of the

B, 4KMiEF CLEAN S&yEn RiA s “ N7 34T 7 b, brightness temperature distribution of extended areas in the

23 T AW I ES . e R 4P T CLEAN 22y rpe il near and far field using two-dimensional aperture synthesis

VK IS 5 (FWHM), %A 8]y 1“3 37 Tk with high spatial resolution. Radio Science, 1998, 33(3):

IR CLEAN SRR, @31 RN

Sz 0 [ Sy Sl s 7 sy \ AN AT LA - ARSI E LA PR :

T T R 0 R VAR AT AR SRR . P PR 2 U £ 5 SRIGAF T, R, 2005, 25(12): 16161623

BEI IEACEBIR T 5 Oy 1/256 oy L R Ay Chen Hai-ting, Jiang Yue-song, and Zhong Yu. Study of

Fik P A R T R TR AT, 85 e S BRI optimization and imaging characteristics of two-dimensional

BB KSR A LR AR I RO R AT R S % circle array for optical synthetic aperture system. Acta Optica

fH. Sinica, 2005, 25(12): 1616-1623.

715 ;-% i ﬁk [12] Cornwell T J. A novel principle for optimization of the
instantaneous Fourier plane coverage of correlation arrays.

[1]  Peichl M, Greiner M, and Suess H. DLR activities on IEEE Trans. on Antennas and Propagation, 1988, 36(8):

aperture synthesis radiometry. IEEE IGARSS, Hawaii, US, 1165-1167.
July 2000, 7: 2981-2983.
[2]  Harvey A R and Appleby R. Prospects for mm-wave aperture MEE: 5, 198244, Witrs, HNiigey i sk & hhk
synthesis from space-borne and aerial platforms. Proc. SPIE, WAL
2000, 4091: 27-38. AR 55, 195047, HE, WIESIE, LEMHHIRS
[3] Tsao J and Steinberg B D. Reduction of sidelobe and speckle Rl SRR WO AME B A . MG BRI S
artifacts in microwave imaging: The CLEAN technique. SRR T R
IEEE Trans. on Antennas and Propagation, 1988, 36(4): Bt 4, 198044, WL, HRTHIZCT et e i LR

543-556.

g



