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Extraction method for missile bullet multiple targets
of photo-electronic theodolites
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Abstract: An extraction algorithm for missile bullet multiple targets is researched. By OSTU method,
the numeral image is changed into binary image, and the center position and the target area are extrac-
ted separately. At the same time, the target area is marked and the threshold of area is enacted. Ac-
cording to target area,the conglutination and obstruction are judged. Then, in term of the variety of
grey histogram of conglutination region in wave peak and wave valley,the targets are separated to ob-
tain the grey average of target, and the middle axes of targets are acquired by adopting Hough trans-
forming and proximating. Finally, the obliquity angles of targets can calculated. In course of matching,
searching region of target matching is forecasted by using Kalman filter; the data association of serial
images and extraction of missile bullet multiple targets are accomplished by using improved eigenfunc-
tion after obtaining center position of target, target area, grey average of target and obliquity angles

of target. The experimental results show that the right ratio of extraction target reaches up to 90% .
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which shows that the article uses a correct mathematical model and a reasonable algorithm.
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Fig.1 Flowchart of multiple-target extraction

2.1 E®BZER
T o 35 IR R R 15 40 o H bR N L HOG
B AR B AR I, R R ) R AR 4y ) T ik



2142 P o

K% T

516 &

B EKRZEM T2 (RFR OTSU) 2 | fix K B8 72
&, LTy VAR R T H 5 B R a2 R A
PGB IR AT R B . A SR i ik 1) ok
KTy 2.

BTG R R A8 R i K BE AR AL ¢ 43 ISP 2
co Al crseo FRIEMETE O~ ZH R ZA K
R EEAEAE ¢ + 1~L —1 C L N ERK B R EO
Z IR R B ¥ (DI ¢ A1 oo Z A28
8] 77 2%
(1) =w, (1) Xw, (1) X (kyuy (1) —kyuy (1))7, (1)
K w (DR co FIIEETBREE w, (DH
T & R BB w (O R oo PRTABR RN
IR AR 3 wo (0O Ry oo T AR FRE T K
FEAH s R oo T AR 3R B Y- 35 K BE A8 R £
B GE L w (O 2/35k, 2 oo HITAE BRI
V-S4 JEE AL T R AR 38R By (O 2/3

S WO 0 d5c KT8] 5 22 P 9 IR FE AR 82 v
AE T 1Y 0 . A A A5 B B A BRI 2 1 i D
Hr. 55 B .
2.2 FEHEFHEIEPHELREN

T — AT LA A Sy g B 6 BR A 5 X AR g B
B UL TR X T RE R LA R R L B T
Hough A8 #4004 5030257 1w K 2 1 42 B0 s - 33 17
MAELREA A TR TR XA EL NS
o2, B R EMG S T0 E s By R e ny O B R
PAFE o B A5 B H AR A .
2.3 FIIEG&MIE S BIRKEK

AR E 0 EAZ B briz g5 5 B0 ok >k i
o 5 AR 932 23 s & AR 48 i (8] 52 3l H A AR
b R FRAE A T H B AC A R AU L oK 1 2 i vt o iz
Bl HARTE T — Wi rp 09 X0 J5 4k B Aw o g 57 S BK O
R OFHH ORI 3 B HbREE”

FRAEE AL R BB 35 B s W R 4 4
Rt

(a) ZBAFRE HARS T —mifA BHirgit
H bR BTCo A MR TG IR 825, B0 Je /N P> B AR A
S F—> HAR

(b) B IREE HAs 5 T — Wi Hirge it
H 5P B0 2 AR A B0 IR B AR A8/ s [F]— A~ H
i Al RE A K

(o) FIERFREE HAR 5T — Wi A~ Hirgit
H Fr 1 AUZ AL OO T BVZ A B )N L [8]— > H Aw ]
B R B K 5

(D ZEGFREHRS T —W&EA  Birgit
Hirfi /A CH AR P 4 5 « #ig sk m) 2k
1500, A A2 AR/ S Rl — A H AR AT REME B R .

F(i,j)=aD(iyj)+BIGj)+

YAGi,j)+ALG, ) (2)
Hopr,
D(i,j): ‘ (1l_f?2+1)2+7(y2_‘y7;+1)2‘ .
max , |/ (xp — 21 )P+ (v —yi)? |
D = e 1Gi—GL |
o ISi—Sial
A = TS — 51 ]
L(i,j): ‘()/e*()fs+1|

max , | O, — O+, |

DG W75 kWt B2 0 A HER S5 £+ 1 i
5 A BARBUCEE B RN TG ) BT 56 k
Wit 2 D HAR S 1 W EE D H AR
RERBACFEE s AGL ) R T4 kI 550 A
HAr 55 1 E55 5 A HARTE AR 22 10 B
LG, )BT 5 kil 550 DMHEPR S &+ 1 i
5B A B AR A AR B . A H R R )
PN HARA X OC R AT REE R . Ho ol B,
VoA NG 4 MMEZ AN 1,

HRAEE & Wit 55 ¢ A HAR B RRAE(EAE R R 2K
B A S AT B 0 BN S A R X
B RIGHESS k-1 WS T X3 A 48 4 Ak
WEH 5k +1 WiHg R X &4 Hism AR
Wi RRICMEL 4R de /B U BB H AR @ Y S 2k
BOHTIZ H bR YRR AE (AR S T IR IR 2 08 B s 10
Ao

W R 2 RGORDS X (B) 32 R G755
W (R)BRE)) 5 SCIRS TR

X(k+1)=¢X(k)+GW(k) , (3)
Hr.¢ Ry Ge— D2 £ BF 20— LB G
hy 2R 5 7 IR Bl B s W (k) Sy R 45 08K Dl MR 75 4
Ay e e BE ALY 50 LA % B O 22 53 901
Q) M A L ELXE X () A 5300 3 2 £ M 26 &R
T FER

y(B) =HX(k)+V(k) , 4

A H RV (R) N R FE S, V (k)

e W REAL Y 5 BB L B 25 R(R) I H
Ma T, H V(R 5 W) AL,

A T BE AR 1 55 3 o 1E N s Bl



9011 P

LA Ot G T2 H AR B0k 2143

B JE TR () (DB TR .

(a) HRWEDIT 2 Q.R MHIARIA;

(b) ARYE R IR 2 uE o WOMER £+ 1 WIAIR &
M. RIS B X G B R M R GRS T D
FEHAES ki H AR O AR SR A £ +1
W A H s a5 P U A A 5

(o) XFE A5 £+ 1 Wi B AR b 50 Ak
T FH 5 BT AR A% 11 o 0 30E 4718 GE S REXE H AR A7
BT RS B A

(d) ¥455 k41 Wi 18 1E AL AR B A 5 2 X
(3>, () gk 2 R — T, T RS T — i
H AR &

2.4 ZHIRMHESEELE

Z Hbiokh % % B 7 B 5 3 #4107 B
WVE RS B bR . R B AR R AR SR
TR IE S ANHESRAT B bR B S S8 1 B
EARIC AR

3 R
WICAE VCH+6. 0 BRI FR BT 5 BLZ S

PO BLEs 3 BIIRIEE 3 K1V PO R (E A ]
MG AT AL B . 18] 2 SRR AR IR 3

“EE i E A

(a)1 301 i
(a)Frame 1 301

(b)1 305 i
(b)Frame 1 305
K2 BT RS

Fig. 2 Simulative images of bullets
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Fig. 3 Binary images of bullets
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Tab.1 Result data
mie B Tt Pb2 wy B
wig gp B BR A, b
/pixel /pixel /()
1301 1 254.37  496.52 38  198.36  45.35
1301 2 40.35  509.28 26  188.49  44.38
1301 3 258.82  510.47 35  197.92 47.31
1301 4 486.54  511.23 39 184.01  46.34
1301 5 125.41  523.44 11  165.35 45.48
1301 6 178.33  536.48 43 207.27  133.43
1301 7 342,73 537.47 5 108.56 137.81
1301 8 946.64  743.39 50  204.63 81.25
1301 9 779.37 76144 21  117.97 36.77
1301 10 776.49  772.27 32 169.49 41,93
1305 1 255.45  495.72 36  196.75 44.89
1305 2 40.98  507.43 25  186.20  43.52
1305 3 259.70  509.83 35  196.84 46.25
1305 4 487.67  510.62 38  182.95  44.09
1305 5 127.07  522.48 10  163.57 44.28
1305 6 180.03  534.98 41  206.27 13485
1305 8 948,12  742.64 49  201.83 79,51
1305 9 780.61  760.26 20  121.68 34.53
1305 10 777.22  770.27 30  168.54 40,73
1309 1 255.60  496.03 36  196.93 45.17
1309 2 40.65  507.88 26  186.54  43.22
1309 3 259.29  509.83 35  196.21  46.53
1309 4 487.89  510.79 39  182.32  44.23
1309 5 127.32  521.68 7 162.66 44.36
1309 6 180.78  535.15 36  205.47 13215
1309 8 949.53 74171 46  200.59  80.21
1309 9 780.26  759.72 19  121.68 33.76
1309 10 777.96  769.14 29  168.33  39.63
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