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Abstract: An experiment platform for laser active imaging and recognition was established based on
the traditional laser active imaging system to investigate the target recognition after laser active ima-
ging. The working mechanism of the platform was introduced and the Hu moment feature based BP
neural network algorithm with double hidden layers and an experimental process were given. The tar-
get feature vector was consisted of seven invariant Hu moments. The BP neural network algorithm
with double hidden layers including 136 weight coefficients was trained by 240 original sample librar-

ies. The trained BP neural network algorithm was used to research a distance moving target in the
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dark condition, a model of 43 submachine gun, and a clear infrared laser active image was obtained.

Experiment results show that statistical recognition probability is 68. 87 % for 2 740 frames of images

at 450 m and 72.11% for 2 420 frames of images at 550 m. The corresponding recognition probabili-

ties from rotation transformation are 80. 05% and 84% , respectively,which is better than the results

by affine transformation.

Key words: laser active imaging;image recognition system; Hu moment feature vector; double hidden

layer BP algorithm; target recognition probability
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Fig. 1 Laser active imaging and recognition system
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Fig. 3 BP neural network structure based on double hidden layers
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Tab.1 Feature extraction range of Hu moment of target training sample libraries
Hu JE IR\ AR A E] 130 5K J5 4 H AR K 80 TR OL R 1#] 30 5K H#I19 R E
h; (min, max) (0.386 9,0.744 1) (0.161 4,0.182 5) (0.159 2,0.390 2)
hy (min, max) (0.097 8,0.468 5) (0,0.000 8) (0,0.047 3)
hs; (min, max) (0.002 4,0.059 3) (0,0.000 1) (0,0.053 3)
hy (min, max) (0.000 2,0.044 5) (0,0) (0,0.005 2)
hs (min, max) (0,0.002 3) 0,0 (0,0.000 1)
hs (min, max) (0.000 1,0.019 2) (0,0) (—0.000 1,0.000 4)
hz (min, max) (0,0.000 2) (0,0 0,0
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Tab. 2 Seventy weight coefficients between input layer and the first hidden layer
BYEES
Wiz 0.149 411 79 0.463 287 11 —0.672 740 06 0.121 595 37 —0.538 719 58  —1.430 767 48  —0.055 132 57
Wiz 0,357 445 48 0.067 107 97 —0.43 055 142 0.428 155 68 0.063 801 22 —0.02 570 774 0.488 159 56
Ws, 0,271 070 12 —2.303 993 18 1. 341 885 53 0.292 53578 —0. 330 332 56 0. 242 946 90 0.478 292 81
Wiz 0.065 563 16 1. 365 378 33 0.403 365 58 1.959 153 34 —0.570 673 83 0.314 352 50 0.064 953 26
W52 0.564 866 31 0.010 532 24 1.498 599 57 —1.627 645 25 —0.211 273 09 1.248 754 18 —1.213 745 42
Ws.z —0.051 436 25 —0.178 914 30 0.561 200 77 0.186 909 41 —0. 508 506 73 0.647 767 56 0.332 839 83
W:.2 —0. 223 909 26 0.142 047 27 —0. 314 303 86 0.218 157 23 —0.532 18307 —0.268 170 64 1.192 389 88
Wg.z  0.310 975 81 0.498 816 95 0.459 450 75 0.279 459 51 0.255 371 91 0.193 934 59 0.079 057 94
Wy.; —0. 341 054 54 1.736 875 91 0.372 697 47 —1.166 941 32 1. 083 085 06 0.248 61589  —0.277 460 16
Wio.7—0. 268 830 66  —0.234 680 18 0.015 644 67 —0.055 936 52 0.183 942 71 0. 340 902 22 0.183 890 78
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Tab. 3  Sixty weight coefficients between the first hidden layer and the second hidden layer
FUH 5
P11 0.615 966 90 —0.629 901 53 —0.674 806 47 —1.015 794 93 0.404 575 32
—0. 356 832 25 —0.161 594 30 0.233 406 66 0.533 093 11 1. 545 196 63
Ps.1o —0.374 806 14 0.461 284 88 0.719 916 07 0.149 077 87 —2.014 750 98
—0.083 465 31 —0.469 704 71 0.014 115 03 0.922 586 39 —1.182 635 72
Ps.10 0.469 155 74 0.626 271 30 —0.217 021 07 0.871 753 47 —0. 383 840 00
1.698 975 18 0. 381 621 06 0.236 120 00 —0.217 396 02 —0.466 339 58
Pi.10 —0.608 603 95 —0.034 493 90 0.597 535 74 —0. 399 804 68 —0.535 850 19
1.179 244 68 1.710 262 79 0.571 112 03 0.459 709 95 0. 348 183 80
P50 0.423 710 68 —1.425 450 68 0.361 879 77 0.685 438 42 0.701 727 71
0.253 469 44 0. 354 597 22 1.152 174 70 —0.773 339 44 0. 302 450 81
Ps.10 0.459 509 74 0.264 096 10 1.278 904 39 —0.734 572 05 —0.580 272 35
0. 851 160 85 0.675 341 24 —0. 069 400 01 0.293 814 08 0.191 718 79
*4 E_RAESPHEZEN 6 MUERH
Tab. 4 Six weight coefficients between the second hidden layer and output layer
Y
Qs —0.357 004 77 0.246 082 45 —0. 605 995 36 1. 158 766 93 0.250 223 00 0. 398 947 57
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Statistical results of target recognition at

450 m and at 550 m in the dark condition
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e 7 7% 4 1489/1 860  80.05%
450 m 177 55 722 4 398/880 45.23%
Wk 45 5 A5 1 887/2 740 68.87%

ik 7 A5 4 1260/1 500 84%
0 m 175 5 7% 485/920 52.72%
W+ i gt AR 1 745/2 420 72.11%
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Fig. 8 Recognition results of rob at 550 m in dark condition

AR SCFE G20 3 3 RN R SR AR
FEAE GO0 F 3 BUR H AR 1 B ailh I, 45 A H AR IR
BEAR FEH T — 6 #O6 SR IR B R G LR
o, XMEENATLEFER TAERE,
KT Hu FiRFE ) XU 75 )2 BP #2245 5
o Bt 240 5K IE R R B H AR I ZRREA R X
BT B B & B BPA it AT 1 Uk, IR I

S Rk

[1] DAYTON D, BROWNE S, GONGLEWSKI J.

Long-range laser illuminated imaging: analysis and

SR LR 5 2 BP Sk A i 6 R AT 450
m Ml 550 m Ab Yz h B 5 43 3 p A H AR
PEAT R A5 3 0 245 SR R AR TR e A AR
e 1 TH 0 RCR G T 05 SR A T SR AT Y BA 3k xk
450 m 1 550 m 4biz 2l H AR iR R 4 k8] T
68. 870 1 72. 11 % . BA% T B AF IR AR . 4
Je W Xt H AR B 05 SR AR R RE AR B T R TR AT
P e 2 ¥ - NI i B 371 s = il <0
SR AP B INITE G = 7 R TR =1/ M 7 =T

experimental demonstration[J]. Opt. Eng. ,2001,
40(6) :1001-1009.

(2] &=mA.4%FF.KRe#. 5. KEHLFEI G
ARG HARRWERE T[] osh btk T A2,



5 6 0]

FE S B TR R BP SR 0L 3 3 USRS R e

1647

[3]

(4]

(5]

[6]

2012, 41(9):2276-2282.

NIERJ, XUZH Y, ZHANG Q H, etal.. Analy-
sis on target acquisition performance of long-range
IR active imaging system [J]. Infrared and Laser
Engineering, 2012, 41 (9). 2276-2282. (in Chi-
nese)

T AR R F . BOG F SR R GO R AR B Y B
52[J]. k% M T4, 2008, 16(2):319-324,
PANG CH Y. ZHANG T. Signal-to-noise ratio
Opt.
(in Chi-

model of laser active imaging system [ ] ].
Precision Eng. , 2008, 16 (2):319-324.
nese)

ERLRBS RS, F. BOLTEI RN Z BT
AR SELT]. R F AR E A, 2007, 15(4):
615-621.

WANG ZH, JIA SH H, ZHANG X H, et al..
Multiframe post processing algorithm of laser active
imaging[ J]. Opt. Precision Eng. » 2007, 15(4);
615-621. (in Chinese)

mam. BAFRASREZEEZLIHNE TR
[DJ. HUHS: v FRHE R, 2009,

YANG H L. Research on target recognition and
tracking used in laser active reconnaissance [ D].
Chengdu:
Technology of China, 2009. (in Chinese)

B AL, R OEF. BP ME 2 1Y O 4 K B 5Y
[J]. FfeT X F$H, 2001, 28(1):67-69.

LU Y SH, ZHAO ZH Q. Optimization and applica-

University of Electronic Science and

EERN

FHUEE1987—) B Am e A AL
B FE A=, 3228 AT AsE =R 1) R Gk 3
FARWF S . E-mail: wej @ mail. ustc.

edu. cn

I

a7

7]

(8]

(9]

(10]

tion research of BP neural network [J]. Journal of
Beijing University of Chemical Technology.2001,

28(1):67-69. (in Chinese)

g, EaE .|k, R BT ORAEJE R BP W 4%

M B AR )], sk T F 53 A, 2011, 28

(3):63-69.

SUN H H, WANG H X, TIAN T. The recogni-

tion method of objects based on moment invariant

and BP neural network [J]. Microelectronics &

Computer, 2011, 28(3): 63-69. (in Chinese)

|, B ERN RS, ST AR K BP #22
P04 19 BB A AR LT ], 7 Jb K 5 5 4R, 2008, 28

(2): 214-217.

TIAN H, SHISH Y, ZONG X P. Pattern recogni-

tion based on moment invariant feature and BP neu-

ral network for image [J]. Journal of Hebei Uni-

versilys 2008, 28(2):214-217. (in Chinese)

x| R AT, BP AP 2 W % 6 st AF 2 % m A (D], W /R

B ARAEAR O R, 2011,

LIU T SH. The research and application on BP

neural network improvement [J]. Harbin: North-

east Agricultural University, 2011, (in Chinese)
Wi, AR B AR A ZOR IR AR AL [D].
W R« WG R TR R %, 2011,
GUO W L. Researches [or infrared image target
identification and tracking technology[D]. Har-
bin: Harbin Engineering University, 2011. (in
Chinese)

FDEA986—) . 55 . BRIGHEN .55
WF5E 61,2013 4F T oy [ B} 2 Bg K Ol
NG LA 5 B R 5T 9T AR AT A 4 2
AL, 32 2O IO Hl BR B A
FHAR BB 5, E-mail: wangweibingl10
@126. com

(RIETE REWWT FEEH)



