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Detection of small space target by dynamic programming
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Abstract: An improved dynamic programming algorithm was presented to detect space small targets
from sequence images. Firstly, the development and current situation of the dynamic programming al-
gorithm used in small target detections were introduced. As the defocus was used to process common-
ly a project to obtain the sub-pixel center of a target,the recursive equation of score function was im-
proved. A multi-point accumulation algorithm with direction weight was presented to replace the sin-
gle-point accumulation in an original algorithm, and the original multispeed plane calculation was also
simplified. Finally, the key processes including state initialization, constant false alarm rate threshold
and track data structure were discussed. The analysis indicates that the computational complexity has
reduced about 50% as compared with that of original algorithm. Experimental results also indicate

that targets can be detected in 5th frame with the multi-point algorithm, while a number of fake tracks
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are found until the 10th frame with the original algorithm. Furthermore,the score SNR of 20 tracks

with maximum score in the 5th frame of multi-point algorithm is 0. 87 higher than that of original al-

gorithm. The multi-point accumulation algorithm with direction weight is able to reduce the false a-

larm caused by a speckle noise efficiently and to raise the detection ability of dynamic programming.

Key words: dynamic programming; small target detection; multi-point accumulation; space image

1 351 =

23 [] /1N B A ARG 00 2 AR i X000 1 e 91 el 4 %R
2 HAR AT R E N . X ER LIRS T 5
HH bR 5 AHALIE 2 A0 38 2 525 K B G AR e
DIAERMG R 55/ k. 5 — B/ B bR EEAH
Fo i 2 A% b H AR 18 2 R S R AE AR L. 9 B
HFAHPLRE T G s sh, S SERG T K aE A
WA Tz 22 b, B DAR AL G 00 /s B AR
2 ME LA 1H A H AR e TR XX 223 |/ B
P B 5 A 3404 A6 I T s

/N B AR A I D7 AR 20,1985 4F BAR-
NIV # H ) 35 24 # £ 7% (Dynamic Programming
Algorithm, DPAYM" g R EE A ek z —, %
D7 VR BT XA W L i 2 2R 0 U A R
3 o 3% AR B K AR R A AR A bR 8L 45 31 T ) 81
FIG b 5cA Tl RE i B bR 7= 42 1 B0, o B AR 55
ZE R R o Bes AL FR . TR 28
5 E& A5 BB R R 5 A (TBD) , 58 il T LA 5
Rl 5 R R TR A By B RAR B B o . 1993 4R
JAMES X3 — J5 36 E 47 7 2™ B A% A o 250
AR 2 LR oR BR0E 5k X BRI AR B R 4, 1
hn Ak B AR 2 H (A5 A bR B RE 8 B 4
b 3 7 I v T R AR R AR I R A AE AR R A e
7 G Al ST v T R S Y ARLAR R BT
i AT 5 05 R S E 2R B A I3 VA 1 T AL SR
LU R BCTE AR K2 B AT A7 A8 14 WA AF mT L 583 Akt S+
A, DA 36 0 2R S8 X bk oh R R )
JAMES £ 615 T Wiy DP 38 05 32 4l 1 F 53 s
BT —ANBR Y, 1996 4F TONISSEN % DPA
AT TR AR o I AR A AR A SRR A S T 3
PR 72 b 52 2 (0 56 7% pR BORVBLSR PR B33 il
4 0030 A T ARE 8 53 DAy — Gy 0 AR 5 RIA A A DU AR
BT 145 8 bR K B A% HOR A B MTECI
TH DPA 48 TR LIRS, 23005,

X F R m HARHLsh i Bl 24— A5 M e
(SNR) BRI, 2541 33 A4 B B JIC 18 dn ey 38 Jom 4k 341
ARt S AT BEAG I HE E AR 19 4538 5 9 40 FEMEBE 4y
BT I AR A v B8 =2 (8] 8 57 ] 43 A (TID) 5 7= A
BRIIRZE . 2000 4F JOHNSTON 28 A7 1 %
PR BE AN 0B TID F s 107835 R 75 4 52 B
500 o AR 3 T R 0 R RN A . B XTI
— 5] {5, JOHNSTON F] Fi #% {f 3 3& %} TONIS-
SEN 77 L B 47T 7 20 87, 45 81 7 DPA (45
T HEE 256 LR 5 3R 1) i BT . 5 DA SCHRAH e L X
— AT T R T AR pR AR TID R o A R
TR AR 17 L 43 BT 445 S b 500 A% 4 b 422 30 0 LS 56
%58 H A, BARNIV, JAMES #il TONISSEN
() 3 Fpy ik Je DPA 58 0y SE R How SCRRED 2 78
X 3 ROy kLA A R K

1995 4E CHk[10 1% BARNIV By 53551 A F
Py DB BE R A R B3R 85 357 43 A7 1R Sk B ik
SE T TR BE 5 M % R 2 8] 156 &R, AR JE Ok
Bl UE B3R 22 48 K AR S J oM B 98 B A THR AL T —Fh i
AR ) 2 B0 B vk . 2002 AE 2R R 4R MY
¥ JAMES (76 N H F 2 K3 5 b AT H bR
UL B B 5. 2003 4F BR 4 B R IR AR B 45
AP TONISSEN #0732k & 6l £ 33 )3 )5
RGN T 5 ) FR ROk /N TR R AR
X B B RS I 235 R B fn Y g3 O BB A A R A 50 Ak
B AE R AT AR T BTN H bR ]2 L i EL i [R] 457
MBI /IN (<1 pixeD A REARIE R L M PEBE . W]
A, SCHRC14 482 1 B AUSA 22 48 % JTAMES J7 ik 1
LUK L o AR 408 ot s 0 A A 22 A S F3 570 bR B CIR S
BMER) . Zr ik AR EAT —E M AAE A T
BT TAMES J5 3 33 U528 28 rp (4 48 8% L o $iat
7B, B = S2 K B RIS S B A M R oK LB
WAR . 2004 4R SCHRL15 I Ry B i 8 1 I [m) 13
WA 5 3 5000 5 m] S 6% HE B B0 LS £R0E il
I >fe $i e F500 7 1) ARG BE . 2008 AR SCERL 16 J7E
AR 10 5 T (R B 3 I T X A R R — B Y



gl Fp A A 23 )/ F AR sl 25 90 Sl A6 479
H W HiR R, W T BRE R R o SR Al KAy,

HHr ¢ T DPA By iFoT 202 LU S5 R
F . B JAMES F12= 4 [ 58 % SC ik ] 22 32 Je 52
FHEERA 8 DL T TR . A S0 TONISSEN
(8 5 9 7 T 1 2 ) /s H A A 0 5 4 6k T2
T I RGO AR Kb B, 6T 338 U5 5 R R AT O L ARG
TR ST 52 o5 ) BORRRE 32 3 Ak R AR 1 2
ST 8 U A R e B A T A U B B A
Bl 15 LA B Rl A ) A 45 S B 1z R e 3 3 1 1]
M, e S G B B A R
R 1 0045 % HE S 6 E BH A S 5 19 A R0k

2 DPA ®y#F#hik

BRAR R /N B AR A I 5 i 02 1 R P 4 B R
AT BE A BT L AR A 3% 2 1 A — Bk SR E s
FIAR. 1M DPA BYAS T2 F A AT A7 9 55 26 18 R L
Ny KR e Rl Ay B e A i Tk H bR AR
0 4 55 245 45 R )

2.1 HtriEzhEs

DPA H4 8 A G791 1y 18 R B2 5r y K A
Mo, B e Hbs 5 3 B 44z 3, H fr iz 3l i Al
s

X, =FX,, k=1, ,K , @)
Horp X, = (g o yesupsv) ™ AV BT TR B A % ) &
B B HARARZS 0] i ARESFE RS HE S F R

1 0 T 0
o1 o T
F= ’ (2)
0 0 1 O
0 0 0 1

Foep, T Sy oRH 48 5 B B i B ] 22 . 0 A R 3R OR
H
A tw,(iy5)
Zk(l,]){wk(z',j) . (3)

G390 AR AR A A R S I Y S, H
A R BFR KB w () ~ N, o) e S TID
FR T e ST MR
2.2 VEMY R Y3 FA E ¥

Sy 7R BT B b B S AR B
— VP pR B T AT B ST H bR X B bR AR

T8 5 R AL T 38 3o U1 SR A 2% A B B P A bR K 119
BORAERAS 3B IR 7 R R
IX)=max[ (X, DI+ =Ga) (D

</1k(Xk):arngax[I(Xk):| . (5

o (X)) FIR AT 5% 28 A~ B B 1) e R AL B3

XF i A 9 PG A TG 1 B B S R PEAN bR

BUE B PR A 2 B AR PLE R R ARYE ¢ (X)) [l

WA B Bl o5 . X5 2 B ARG 0 . R LLGE o 9

TR AT BT A R SR, R T 1B (E Y 3 A
HHbR.

3 AT ZEE B ARER  aE DPA

M T ARBL S H AR I 2 AR I . 75 550 E]
75 )/ AR R b (32 3 7T LAk 25 3 1 2R
Z g, RPEAHLUR B AR EE S8R B AR
K 1% v iz 3l 33 E 24 2 pixel/frame, i /2 DPA [
FEATIHE
3.1 BIAFERNKE

FETREN I h S T 3RA5 B AR AR 3 AL AR
0O B e AT A Ak B ORI 4y (4 A
80%0) Hiwfgtm 4 T 2~5 pixel. KM i A B 1k
(¥ 5 R vk &R H AR AR AR AR L L 7 EL XS IR
SR AR UKL RS R R E . BTN A
frfig it BRRUECR KO IR A R BN £
A5 AR [ B i 5 e 4 A L 90 B R
I(X,) = max[ 1(X, )]+ dir - Dzl 4 (6)

Hfr R 2 s R, dir B mALE,
WER B AT 2 R K 2™ 40k A T\ — B iR
WA IR S 2 2 mBE i Bl . il T H AR K 23 A
3T LUB E Ry A e A A O R AR R
JRBE S PR BRI BRI Ry X 8 BB PN R /)
TR s DR IE R — H b R4 — %5
fE 5 L

R={i.j}|i=i,—r, iy +r,
sjotrez (G )<z (o »jo) ) s

D)
Hor 2, Gosgo) G S EME . 7 AL dir &%

]':]'o—r’...



480 e KRE TR

518 &

it

dir=cos (M) , (8)
a

Horr 0,0 7RI & BBy Py 2 Y 3 7 150, K
k By BCIZBR B AR T ] R OB T 28
3.2 EEBESHITHIESEW
R 48 52 s 471 42 18] B o B ot S — A B B
7& TONISSEN J5 i thv, H A5 3 B2 o 4 i AN i 47
TR o DAL e X AN [ B P AT . T
TEAN BEAR SR VL R BB A BT 42 R w3 7
328 VA A R bR R RE G i R AT SR, NS T 4
1 o RS TR 4 36 g B 1 34 TR O3 R
(uk,w)Z%Zk;(u,,'vk). 9

15 H Ar 3B H 5 B - AE BERLIR 30 L T s
YA 0 o 2 o i O L SR R B BRSO R A
FH P s B B B . U IR S A EOh
MNKR, R, BFEZ A X538 X Wi < H AR HL 3 il
il < BE S R L A IS R AR S — ol 2
L A R RS A %0y MNR,R, +MNR,,
(K—D ZFAN R, +K—1D/(RK), MHE
T 3. WK 5w T F R R A IR
— o e B BE S5 RBTR

{PtrArray(X,) s I, su; v, ) . (10)

Hi, X, b HERIRES B &, PtrArray (X)) /8 H1
B AR 1) A R e BT AR . T IR ST
IPEM BREE . oy s v) RN RT £ B BE S JE
8 D7 52 KB
3.3 MIBRSHEBERESNTEH

FL4E SCHRL7 JTE Y & 000 SCER BT 45 IR 23
TR A AR R AR T W B 4R B X BT O A
WY R R A ST — AN RS T H bR i 3h i EE A
BBl 0 L P o B A 55— T ) e KPP AR (IR S,
AR HE ST — ZR 03 o AR 38 5 2% 00300 A I P
F18 TP A DR 285 A N7 2 R ) e B DB = T A gk
HIHE

DPA 358 UG » PEAN ek BUE R T3 (8 1Y
BBy R B X B E A AT

Tht:krz/lwﬁ—n NIz (11D
Horb ke R EG WU r 2 58 BALE 7B

Kon M SH h TRIE S HIE T HARHLZ)

T AL [R] — H b m] B8 7™ 2R 22 25 01 ek BUME 85
R HUIE L 3 B DL 5 5 d KOV ek B By
Z A MRS & K . & 9ok A AR B AR 2
EiBUN

4 HikHaear

HR A 20 (11D 3 7 19 M R 450189 mT DL 5
AR R Y . R R PR AR OO R R
7 I ALE dir 2228 1, JF BT A SRR DX 40 o M 75
BEHSERZB., BTFMEE/NFONEEES
S0 PRI A T 7 S BN TE 28 40 A N (e 562
H TID, B G AE ke WG T kX X MR R
AR M IEZS A NCkr? pr ok 62) s KF Tht A%
RO ) n] DL a3 2% 1 A5 o A R R A 5, Y
n=3 W} EEEF g 0. 998, X H H)BEREE L E
e b U S A S R R R SR B HE R
ok 2 18 5E 4 RS I ARE %6, b S R ) T A SR
FLEC MRS, R B AR AR RS E SR B Y m
MEE L BA BARR R K EE R ES 534 N(A;,
ol) s i=1y e om 78 b WIEMR T m A HAR R R A

P —m AR AR R I AT B N (R DT A, +

kGt —m)p, kriol) S PIGTEHY RECR T Tht 1
SEER AR DI RAGE], R Lk adr, &
S A R CR <R AN S0 HE R A A AT L AR

M N(k/iA, + Chrt — k' m) py ko) o EAEH
F8 G 0 L 8 15 T A o A 2 L SCHR L9

5 IR

S TR R 36 A AR S ) P R S 4 7S )
/AN B bR T B R AT S5 5 IR R 512 pixel X
512 pixel, K G WA~ HAs. £ CPU Jy P4 2.8
G NFEHR 512 M e A OB BL 1, R VC6 Xf
kgL, WA R M E R = M8 e DT
P IR TR A AR T L SR R 2 2 A AR Tt 22
o35 80 HAL & H AR RS 7 5 R . DL 1t
N1 ANH B, ST DPA 38 05 . )5 4 96 M A H AR
FEAELGE ., X EBEES IR 1.



gl Fp A A 23 )/ F AR sl 25 90 Sl A6 481

*x1 HESHERE

Tab.1 Algorithm parameters setting
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(b)The 1st and 4th frames of image sequence after difference
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(c) The 2nd and 5th frames of result image
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(a) The 1st and 4th frames of origin image sequence Fig. 1 Test images and results of algorithm
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Tab. 2 Track list of the first 5 frames

it L7
Bk 146 .->>(468,198)->>(466,199)4%4):5 608. 000 000,
B 2.->>(462,206)->(466,200) 843 :3 228. 000 000
Bk 39:->>(327,78)->>(326,78) 1543 :3 035. 000 000,
B 66.->(473,204)->>(467,200)45 4} :2 200. 000 000
B3 146 .->>(468,198)->>(466,199)->>(464,201)7543:8 103. 966 374
BT 66:->(473,204)->>(467,200)->>(464,199) 7543 :4 656. 999 670
3 Bk 39:->>(327,78)->>(326,78)->>(325,78)184) :4 580. 999 625,
R 2.->>(462,206)->>(466,200)->>(468,197) 4543 ;3 445. 994 685
B 0.->(472,192)->>(466,198)->>(463,202) 44} .3 193. 932 392
B 146:->(468,198)->>(466,199)->(464,201)->>(461,202)
543 :10 831. 942 400
B 66:->>(473,204)->>(467,200)->>(464,199)->>(462,200)
943 :7 274,984 614,
B 39:->>(327,78)->>(326,78)->(325,78)->>(325,80)
15943 :5 984,975 924,
B 146 :->>(468,198)->>(466,199)->>(464,201)->(461,202)
->(460,201) %45 :13 065. 941 226
B3l 39.->>(327,78)->>(326,78)->>(325,78)->>(325,80)->(324,80)
4% :7 447,975 549,
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Fig. 2 Results of the first 5 frames and the first 10

frames detected by original algorithm
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Fig. 3 Score columns of 20 tracks with maximum
score detected in the fifth frames by original
algorithm and multi-point accumulation algo-

rithms, respectively
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Tab.3 Consuming time under different accumulations

and different velocity calculations
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