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New Small Target Detection Algorithm via Zernike-Facet
Model and the Total Least Squares

Hu Mou-fa Chen Zeng-ping
(National Key Laboratory of ATR, National University of Defense Technology, Changsha 410073, China)

Abstract: In general, small targets always are the extremum pixels in image local area. Based on the feature of
targets, a new small target detection algorithm is presented based on the extremum theory for bi-variate cubic
function. In this paper, a new model is developed named Zernike-facet model, which is used to fit local image
intensity. And coefficients of the model are solved by the Total Least Squares (TLS) method, which performance in
resisting noise is better than the Least Squares (LS) method. Then the new small target detection algorithm is
proposed. The new algorithm used the Zernike-facet model and the TLS to fit image local intensity surface, and
then those extremum points are extracted as targets. The simulations show that the new method is better in
resisting noise than others. Several target detection experiments are carried out on visible /infrared image. The

results demonstrate that the proposed method is efficient.

Vol.30No.1
Jan. 2008

Key words: Targets detection; Zernike-facet model; Least Squares (LS); Total Least Squares (TLS);

Visible/infrared image
1 31F

g5/ H b5 H BRI ER B (Automatic Target Detection
and Tracking, ATD/T) & e Fe T2, 7% [A) IS 0 4T i %
BMEARZ —, FAlEEEH FEEETENNA, Fit—H
A E AT . SCER[1) 258 T 5 T Bo B4 Al — 448
AW, SRR, siARMRNE, xR
R T PR 4 (0 7 o IR B8 T7 VR AR SE A EIE
rhg e HARRE L s, AR5 FERF H ARAs 3 (1 1 S R R S
FIbR, THBREEMB H AR . E1o0F H bRk o (58 iaik, A0
T I T Zernike-facet A5 FI B A4 B /> — 3¢ (Total
Least Squares, TLS) #7772

FacetBi® I CLAESS /I HARKYIN Y, wess 2epp™ 3%,
FEGRI > O, LA SR I TS B T T
o BERY— it X =k 2 TR R, H A 2 A T
HaralickZ N2 HH B BOEA £ R, Legendre % it 3P

2006-06-06 Y F, 2006-11-20 &/7]

[ facet R AT HE « RIS SRR T2 1 e —
Fei: %(Least Squares, LS). Boomgard5#5 H LS & A Fafd
1, Frl ey BRI S il T RORIR 72, A2 8 T A i vy
SRAGHITEY, B T facet B TY S VIR MY . SR
R AR F face t B (= IR IEAS 22 100X A2 B AN AT
Ty 1) (@hily) 1R — 4 1EAZ 2 AR R AT 2 1), JEAN R IR
X EM g ERL 2R 5 ENAR, AR T Zernike
2 35T ML) Zernike-facet BERY, JK5 € NI 55 /1 H AR
Mk, i B, 5 3C#k[2—6] AR, ARSCRFATLS KA IS4,
B LS A i (A g Re vk

2 Zernike-facet £ RN & x

2.1 Zernike-facet 1E%!
Haralick % A 12, {503 1050 B AT LA b0 = 1 % 351
Eitipa
flz,y) = ay + ax + ayy + aza” + a,zy + agy’
+ agz® + a2’y + agry® + agy’® (1)



H1H

WIS BT Zernike-Facet SR AL A dg /s —3fe ¥ 55 /1y H AR KLl 195

Hera;, i=0~9, RASRIGBUSHL, W LLHLSTHE ., (Hi,
HEAMMH X (1)RESHOEHAT, Ak, Haralick$
BEHUEAS 2 WA (Haralick facet model), PAk/bilH &,
BT S R I AR L
f(z,y) = by + bz + by + by(2” — 5)

+byzy + by (y° — 8) + bs(z” — tx)

+0;(2" — sy +bsa(y’ —s) +by(y’ —ty)  (2)
Ho,, =0~9 Z2FRINERSH: S8, tHWEHE.
(2) W LASCE 2 4 EAL 2 I g2, o) PIZRMERN

y) = Zbigf(zv y) (3)

RPN gz, 9)}={1, o, v, ©*—s, vy, ' —s, &tz
(2 —5)y, o(y?—s), oy —ty} AT LASMFER B I7 T L 10— AL
Z O, e Ui E R ER 2 IR, A
REEREX B 4Bz miat. mH, SRR 775
SRAVIEIER X FRIFETE (T )

BT, ACHHZernikeZ i, #EH TZermke-facet
Bt ZernikeZ Wi SRR B HEEASZ IR,
HZ={Z;|j=01-}, ERHALIRRATUFRN

Z gyeni (P, 0) = L2+ 1DR"(p)cosmb ,  m =0 (4a)
Za;(p,0) = {2(n +1) R"(p)sinmf, m=0 (4Db)
P )7\;71"— Rr?( (4C)
‘ (njms2
RMp)= > (-1
k=0

K+ m)/2—k(n—m)/2— k)"
XMW p, 0MERENKEMAE, HL 0<p
<1,0<0 <27 . Zernike Z WG ERE, BENK
T A S AT ) T T R A SR e
Fh 7 119 facet B, facet 401 7 X 8K B i 5 /N 10 45 4%
Q:{xz+y2<R2}, TBR A b ZR 11 Zernike-facet A 7Y 2K

=Y aZp/R) (5)

HRIERIAIEAE, 0<<p <R0<0<2r; a ftfiRKp
BBH B G L UL E MR RN, T %
H2(5) 1 E M Ak bR RTE

f(z,y) Za

Zernike ZINAJTHHA AL M, 5 Haralick 270
[, ERTYEEARZ IS, KL, EReS AT RAT
KR AHARR R 2 M K AR, FRal 24 Gauss BT
Gauss [ 59 & B % (Point Spread Function, PSF)F#)i 5 I
15, RAIX 2R PSF & e ANZE) . Zernike 2 I 751
A — AN EERRSR R SRR B X FE EASH, MfER %
SERRRIEE RS, Sl I RS TR, WA
FEAAR A, AR REiw %, FIH Zernike 25

z/Ry/R) (6)

AT LA D X AR R iR 2
2.2 TLS KRk ARE

LA S B0 T PT DL S0 — AL 2R P 7 R SR A
W EARRLSY:, W ESMR(SVD)E, Rl b o
FITLSHED 100, -2y

Az=>b (7)
L A K mxn FiBE(m>n), £ nx1 WE, b mx1 [
o W T ALZA N BRI LU o S B v N R 2215
my, fEARA(T)FRRBGER: A S5IOHEA —ENRmE; W
W) b SZRNM RS, RS0 22 55 1952 M A 1 25 251
ﬁo WU, (7 ZEA IS TR AT S, AT AT

s SRARIEZETT R ISR 4T 7V TLS.

WP O 9 LS4y it (7) RO ARt 1,
)5 DAETE R I ZE ), LSHR R 22 AR ARl 7 vk ] UK
PUOFEAE AR ZE 5200, AR BB BE ) Z= L TERE N 75

S5EAIAEE, TLSHILIALE T nl LAHGHT ZR E BRI 1)
EEFTE M ZE R M, 45t X (7) LF iR
2.3 55/ BRI

9/ H bR (5 H BR) AT BLA R 2 AT IRk i e bR 2R
Ja g, EEMER LR T R IR 55 /N5t . B EGUR)
SRR A FT IAE A B AR IR IE 55, A ST B ARAS I AV e
MRYZIZAEF AR . BB (9, yo) WL, RAPEARAIR
TEABIRS={(2,y)|(2—10)*+(y— 1) "< R*}, 'BALH NAIMG HAE
A ri{f(x, y), i=1~N}, WSHBZ KT L] Zernike- facet
BRI A Ky

Nyl (7; JU (J yu ]+ ( wyi)? i=1~-N (8)

u Mw

KEK=10, ap2fiRIBMSE, =1-K,
AR, 8 Z(z,y) = [Zl(’“’“ Iy 7 (S Y.

R R R R
ZK(Z}Z",‘Z’;/“)], a:[a1 ay aK]T, WX =1~N ,
XE)THEEH
f(z,y) = Z(z,y)a + e(z;,y;) 9)

f(IvaN)T- ’
E:[e($17@/1) (T, 95) e(zN»Z/N)r ) G:[Z'r(xl’yl)

T g7 Toom
Z (2y15) - Z (xvaN)] , N

ot — 0, &F:[f(zl7yl) Sy, yy) -

F=Ga+E (10)

XL (7)FIE(10), TLS VESRAFAIY S H0n] DUHZE 4 LR 2D
L

T RN HMEB = [G-F]=UxV";

BB 2 MR S NRFE I R, A
TLS /iR S 8 ayy 5

W {ars ;b BF (7, yo) AR ME IR BE T LR
RA



196 HF5(F

SN S %30 4

flay) = ZGTLS,JZ][(LL' —x)/ By —wy)/R)] (1)

WEFERM, 0T b o =Rz, ), s,
y) A2 JR B AR R () FE B4

(et mesove, 2L\, 2o
T Y=Y 8y Y=Y
e N 0°f
(2) 1% B T 2BATHIA A KTF. D = el i
T |y=Y
82f 82]( D B
= T |z=x C = 5 |z=1y l}—]\IJ A= o % D /J\
0xdy |v=w 9y? [v=w B C

%, WSRO 2 DT, WA R
/MHL
— ettt SRR AR (N (R R () H bR e 4R,
ZAE (1) SRRV BB LLBOR, T BT ot IRk AL
S (L) SAME —, 2 Ao (2) BB A SR TR %518
BBV B AR RIL e, RIS Iiese, BAA %
FEHAT(2) » B L SR (2) I mAE A Bbsfit s, AR)EE
AT B BRI S IE R H A5
FUTAA SCHEH () Zernike-facet B AL, 75 55 (2, yo)ib, 55
fE2) el
D= QGTLSA +apgs A= 4‘1§Lsﬁ4 - Q%LS,S - ‘I%Ls,ﬁ (12)
FIEIE RS, BeA Ak DAL A RS T DA E H AR
ik fle SEBR, BB, TR AIEE R TR
A AR R M AR 4 e 4 1
3 {(FEMZLE
3.1 (FRMIRRI R A
AR SCHR (4] R 0 5%, A SO — 2 AN [R5 W L 1 )
FLER . BUERD 256 X256 53, 7 6 DA
Hbso B A0S ERAR SR v 357 2 1) e R O
AR R S5
t(a,y) = Texp{-{(z — )" +(y—¢,)']/2005c}  (13)
Hb (o, co) /N BARBIHOAIE,  opg N EYT BPAR, TiE
TBEE N 1pixel,  HFR AR LS LA bR T -
T = [0.62 0.2 0.12 0.4 0.3 0.5]; 7y = [30 140 50 200 50
120]; ¢, = [70 90 50 110 230 180
N T BN I8 SR (R B, A8 DA ) 1 v 07 1
P AN S T BN T 260 ol s MR TT 220 oy
ISR W LL SNR ks SNR = 101502, /o2, .
145 T SNR=-9dB A EERAI S & PTLAE B, A3
07 AR R U 1 T H AR 5k 8, i B O B S5 H
FRIESAEY) & RIF. BUR{iE Y, Zernike-facet HL7Y 141
Ik 4% R %k 6, Haralick B % F1 Legendre-facet #5574 )41
Bk 11X 11 5%,
H T B YA SO R B AR, R 1T
AT (New) 5 SCHR 4] 107575 (ML) ZEAR 7] SNR, R 21

(a) B A Y PG (b) A Sk i

1) H bkt 41
Bl 1 ARSIy BN H AR

() RSS2 i) L

®1 FEFZENBEFAENMEEE LR

SNR(dB) -15-14-13-12-11-10 -9 -8 -7 =6 =5 0 5
Ml 10571 50 44 13 11 6 6 6 6 6 6 6
M2 17314994 54 29 14 9 6 6 6 6 6 6
M3 5630 2310 8 7 6 6 6 6 6 6 6
M4 52302210 8 7 6 6 6 6 6 6 6
New 80 59 31 21 16 6 6 6 6 6 6 6 6

[ H bk sSSAE AL E - RN, EAS I, B4 T Zernike-
facet FEHUAI LS K% (M2), Haralick #%F1 TLS K% (M3),
Legendre-facet £ 01 TLS SR (M4) A5 K« & 1 315
SNR. A AL A 2R A 1R K 5EM . 7E-8dB 7KV K BE i)
SNR /K- I, 5 Fi v RE 0% IE AR U ) A fige 16 i 4
1E-11dB A EAKH SNR /K b, 5 B vkBR TR H B brfs
B AAESS, TR T AR EE, IWEmE, LS ki
R BB TR (ML, M2)77 B B B AR BcR EE T TLS
SKARAR I B0 792 (M3, M4, New), XEH TLS 28751t
LS 2577 2 e AR BT A T4 SNR -9dB Hi-10dB 7K
ERBEIEMEREIF IR IR A, K 1 I T Zernike-facet 1Y
FITLS WAt 7 vk s b . ZERBANE, Bk 5 Ry ks J
PRl AR H S5 TTRIEAT R AR R, B h
ERETTIROE AR, XA B S0 ZL s (0 LU VR g
3.2 TMEIRELWER

Kl 2(a) &R HO6 CCD %M B =, ElR 256X
256 1525, KA Z 14bit. Zernike-facet FE7 Fr AR 45 3%
60 Bl 2(b) RAI AR SR A H ek A, B 2(c) 2
AR s AR O bRiT . XFEEIE 2(c) RN 2(a), T LLE 2 JE G
Pl s R (V) S A AR U ok T o X R BAA LI 7 ik
fEA% Y 21 A BRI -5 00

(a) EPES

(1) b0 =0 i a2 5 02

(c) M3k nidlsps

2 ARICTTER I A A



H1H

BIEEAE  BET Zernike-Facet SR AL A dg /s —3fe K55 /1y H AR KLl 197

Bl 3 JRiEmEL AN H AR 7 . Jeds EHg AR
240X 320 BEMLLAER, 53 8bite BT ZLAMRNIZE 2
WA B bR RS B AR, BRI BR I H AR B IR R
TS A (LB 3(a)). B 3(b)4A T 3(a) RN 45
Ko WTLUEBIN AR M2, AT Hbs 2,
BRI BCSE AR AR L A I SR T o T AT,
A BE AR, AR ] DL — 0 B R SR

() W/ H bR R 6 S

(b) K W0 H brdik 54

B3 A R T SN /S R
4 LFERIT

A SCHIH Zernike 2 WA K JE T —HMoli i) facet AL, HP
Zernike-facet #7Y, SRR EGIKER M. RN, 4T 18
TR BT RE T, SR S SR> Z e (TLS) kK iR 2y
ZH, U, ARYE 2GR BRI, @ T /N H
PRI IS o RSO BT T R T A5 . (1 L4
W, 5 1 Hararlick BN LS SRARBLA S 407 1L L H
M7 VAR L, A SCHE B BT A AP R ), BB IR
FRTE /D (P R BRI s8R o T/ H AR, 2 PSR &5
S EAAIE S T A SCEERIA R . X R A SCHREAE T
SR ANI=R vy a1 AR SRt SR ER R /1=

AR, ASCENERN /N B AR IR AR > B AR H b
B, AR BARTEIRAG B (B> %1, B3 I5ik) sz s)
5 B (WS TEIRSE, AR IR B AR R ik F 2 A% 1,
DLSE T I R A SR B . X2 N — 2D I N 2.

£ % 3 Wk

(1] 285, R, B 12 sh&RIGHM]. dest: FEE;
oMbt RRAL, 1999: 57 7 .

[2]  Haralick R M. Digital step edges from zero crossing of second
directional derivatives [J]. IEEE Trans. on Pattern Anal.
Mach. Intell. , 1984, PAMI 6(1): 58-68.

[3]  JiQiang and Haralick R M. Efficient facet edge detection and
quantitative performance evaluation [J]. Pattern Recognition,
2002, 35(3): 689-700.

[4]  Zheng Sheng, Tian Yulong, and Tian Jinwen, et al.. Facet-
based star acquisition method [J]. Opt. Eng., 2004, 43(11):
2796-2805.

[6]  Eom K B. Robust facet model for application to speckle noise
removal [J]. Proceeding of 17th International Conference on
Pattern Recognition (ICPR’04) [C], Cambridge UK, 2004, vol
2: 695-698.

[6]  Van Weijer J and Van den Boomgaard R. Least squares and
robust estimation of local image structure [J]. International
Journal of Computer Vision, 2005, 64 (2/3): 143-155.

[7]  Roddier N. Atmospheric wavefront simulation using Zernike
polynomials [J]. Opt. Eng., 1990, 29(19): 1174-1179.

[8]  Noll R J. Zernike polynomials and atmospheric turbulence.
[J]. J. Opt. Soc. Am. A, 1976, 66(3): 207-211.

[9]  Golub G H and Van Loan C F. An analysis of the total least
squares problem [J]. STAM J. Num. Analysis, 1980, 17(6):

883-893.
[10] AR, SCERRME SR M]. st ERE Tk A, 2003,
W B, 1979 AR, B, BT RO BRI

ANAC K
B, 1967 4, #Eg, WA, EBWIOT RO
SR LR A ST, H AR



