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FAT, B0 200 11 38 5 B 2R 4T CCD #t ik A& il
00 YA IR FE D, HSEBRIPAR I 52 52 e PR B8
SR, B AARAE o5k B O % 2 A B AG IR 2B,
43 CCD 455 A5 55 i R[] 388 58 2 R fi 91 2 199 OC 3=
5 ERFRA B, fFEEERAELIER R, B, @
i Z 5 B RE 1 Jr AT CCD SRS 2 A
WM Ir % . 25 BRl&HARU R X £
i B SO U8 AT 2 A LIS B B LAl T il A
FAT, G5 AR S R 0w 2 5 BRSOk a
KESR . A% -3 ) s LRI 3 22 R 2% . K4 (K-
Nearest Neighbor, KNN)!' iz b, {HAG 4EE0K
MR 2% - S FE ] AL (Kernel-Support Vector Machine,
K-SVM)! 4 95 g 32 B Al T ERS 8 &, A AFTE KNN
(1) 4 B I HE, fH KNN | K-SVM 17 75 3R 355 57 2% i %%
i 22 17 ) JT; MR R A 22 2% (Probabilistic Neural Net-
works, PNN)!™0 575 2 B 35 22 14 428 i) 6 A e P LS5 R
B EESR, B PRIELE, BRGUR H T 2 M 21 52 2%
P, s FEI R, B 2% 2 I gREdE .
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NI 11 DG B o N iy 7 i R | EZ T B [
R AT I3 AR B CCD I 35403 PF- 235 %, 365 BRUIE A
B I AR R UGS B SEBR VAR T . B oG, il
[7] Fsf i 41 1% 2% B, JF 8 T 808 nm 34 £2 0L X CCD
100 L SF 130 A A0 I | G B S R S s AR, S5
PR SE B 00, % = Fh 7 ik B AT T UNZR A f
XL T = RO E M IEAROR, 58] T —fid 65 A W
ST i o

SCHTE ST FE PR A A B A T
CCD 5 R A B BRI PRAR AR | a8 SR H 5 R RS i
22, AIEAR T AR LS SR 55 AN T
SCEC IR R G, TS | G B SR AR IR T T
SEUEAE, R VAL O v SR e A B SR = A
TSRV T s SR IR O AT T PPN DT ORI
Iy, BeAHERE T PNN LR A IREE I TAG ik .

1 B R ST R iE

IR TR R AR Al O B AT R, Y B
SRR B AR 32 B — R BOG IR I, 587 A —A
AERE T H A 18 52 5 H AR SR 09 [ 15 5170 A 4R
PRHERBENT ] — e MR TE AR [FPR ST A5 | ik
FrPEAE BT R,

[l 5 & (Echo Intensity, 1) /24 & [ D)% 14
FREL, 8 H i A IR [l D) R KR SR BT, TR Y
S AR B T ol sk, AR IR LR A 3R OEHE,
PIOGEER SR B 2R iR AR B Lo

[l 35 i 4% & (Echo Degree of Polarization, DOP) 5
A% [T 38 Ot P P02 B A B o, — B Ml i O i D A
/& (Linear Degree of Polarization, LDOP)R] £/~

Imax - Imin

Lax + Lnin
T L P o 53 ) 8 75 P AN TF 22 53 5 6 1o 19 e KO
5 A/ NG R o BRI IR A 2w IR OGN, FEA7E
A FH 3B 5 1 19 o0 08 D IR e P S B FR S (Degree
of Polarization, DP)*), t1 {4z B A% 19 S [=1 38 F1 P (1] %
A58 3 R 5 22 1Y OB R

I —1
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I+ 1
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(1

2

o IR A 0 3R 3 B 7 1)« K707 1) 4R 3h it
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CCD Wy HEA IR R, HEARZW KA 1(a)
JiR, B g R BRI, Sio, 4i%
JZ5REFILICM N . CCD 7 AR 1 J B 40 2 7k
SR 2, RIS b 2 BE, CeD g A
it . et fn Ao, i R R 25 CCD /Y
Tk 3L IS A REAS 2 BR A 2 1, LI CCD 3k 3| 58 245147,
SCHELIIRZS R 19 CCD #rid i “Hifsi”. CCD FKifAk
ALNE 1) s, K (b) H 2 DX 34800 X 5] 1(c)
H1 Nonl~6 7 75 b AR 451 15 X A8k, AU XF 1z 1] (b) 52
2510 121 ; Dam1~6 7R 7S b 451475 X3, AR UK iz

Incident light

V\k* Micro-lens

(a)

\ / |~ Color filter
|
- —Si electrode
e
n _ L Sio,
o p'| p il Pl p ||
11 <} Si-sub
Photosensitive area
p-type substrate
n-type substrate

Nonl | Non2 | Non3

Non4 | Non5 | Non6

Daml | Dam2 [ Dam3
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[ 1 (a) CCD BYBEARZE 15 (b) CCD HYF MRS (o) bric K&,
CCD ) =HEEAIENR; (d) ARG (e) 40477 X 18

Fig.1 (a) Basic structure of CCD; (b) Damage status of CCD; (c)
Marked area, 3D topography image of CCD; (d) Undamaged area;

(e) Damaged area
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Al (b) SCER I 235 o (a) PBS 808 nm optical filter
I 6T 95 I e T ML i B R Y Sy
PRSP TEAS, 1(d). (e) “h CCD B =451 K%, Cameral ! .
Camera2 z : :
I
I

i 22 Sq & $5 W I Wy 2 100 AEL R B2 i 25 2 7% 5 v T 114
YOrm e AR BEPLEERE 6 4> s J7 M40 22,
W 1 P, ROPIRA Sq (/N FHRIPIRES, B
T3 CCD 3 T HUARS JB2 5T 5, i 2 1A R R 2 23 3
M A4 T Sl P v gt R (11 90 F) i R D i K0
ST AT AR <38 IR [0 9 75 S X CCD 2 A feit i A7
PR

&1 CCD REMHARSH Sq
Tab.1 RMS parameter Sq of CCD surface

Group Undamaged area Sg/um Damaged area Sg/um
1 3.931 6.357
2 4.114 6.522
3 4.115 5.705
4 4.074 5.191
5 4.099 6.033
6 4.142 5.643

2 ZBRRHEHR

21 EREEEREBEGHRS

T FRHR R B R R T A, RESN RS
MR A K, HonZERINE 2) Bin. KRS
M 808 nm % ZE WOt Ay . B . AR (HAREH
25.4 mm, £ R 35 mm), FHERM H AR CCD i R 4
W R G CMOS AL, Bi sk (FEFE R 70~300 mm).,
o AR 43 ek B (B KA 620~1000 nm) LA K
HLE AR

WOLES B T2 AR 6 1Y 808 nm % £ I AR,
HOEH & WUA/NT 3 mrad; MIHL 2R COMS T B AH
ML, HARME815 25 K/ 4.8 umx 4.8 um, [l JE % &
R F HER B s B35 B A A R T Y2 A% B Gt B —3
g5, AL T IR B SRR, ASDOERI g SRR
PRI 2% 808 nm U8 i 11 57 HA% K 808 nm YUY,
S EREEG YT TR0 H A5 SR AT ) e % R ek B 1S v e
CCD .t A, A%t 5k 9.8 um (H)%6.3 pum (V), $2 /1
PRBR T CCD 25 B 35 LA B 5 47 (1 S0 50

- U

Attenuator

808 nm laser

(b)

2 (a) RGO RET GRS (b) L5, REsk
s () B IR (d) I AR

Fig.2 (a) Schematic diagram of optical system platform for
simultaneous polariztion imaging; (b) Experimental scene, system
device (c) Transmitting and receiving system; (d) Detection

system

2.2 KIGINE

S PRI A N E AR R R, an Al 2(b) e
7, FL e Ay s G S 5 R RS =2 132 BN AR
SEROR, B NI TR A — R =AM T
W B TR e B Dbk B B CHEE . LR
40 ) R 20 m 3T HE R 140 moaz B, & 2(b) A
S 2 RGARE SLWEL (o) MRS IR S,
(d) RHRI H A5
2.3 EWEIEST

DL B B S50 R 31, A 945 A AR, o 585
A AL, 360 ARSI 1L, AN 3(a) B, B AR
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#1473 45 Non, [BIE 45145 58 Dam, X 4l o4 13— 105 (19
S EEAR B, YA IR IR EE S B, t T CCD R 2I /Y
AR DX I P 558 88 A5 SR ST, 70 AR 1 s U —
SRIEAE 0.7~1 Z [0, RFF-HEIKF- 0.5, i s T
SRMAE CCD 2 17 DX 17 DL, 59 B 3% A 45 40 A58 54
JERMm IR L AR R, BORS 7 s s o 315 4.

0.5 * Dam

04 |«

03 | iy
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0.1 |
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05 ® =~
04 ,_'

03

DP

02 t 8. el
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Normalization of /

&3 CCD SBEFMRIREE . (a) JFIAEEE; (b) ALHERE
Fig.3 Iand DP of CCD. (a) Raw data; (b) Processed data

PR AR 400003 5055 0 0 B30 — 30, I 3R 1Y 315
AR 5 AT R FE 270 L LAPEAY Fir A A543 05, ik
A 1170 204, o B R0 I BE 43 A 4n &l 3(b) B
R, AR R IH — SR EE D 0.6~1, 4R B 0.3~
0.5, 0 mi AR B | AR BE 2. FR T4 0 s 3R T AN
¥5) 5L g B b, B0 SR B R MR A TERER
2555, TR B0 R B | AR BE 5 R

25 B RTIR, 32 PR O XHR I B AR5 05 IR A 1 R
fIE PR 2R 5% U7, GOt A B L BRI E AR AR 4R
I B 5 PR A TR 3R, 0T B A A o B i I 1
SRl CCD MR Gtk 2, L IR B0 58 15 2 1 PP Ad
i} 5 CCD 40 O RS AFTE S A AR Lok 56 &%, WO Tkt
XX — [A] HEA TSR

3 FEAE

B X S A A0 D R R AR A A R S R A
D3 a5, WFFE T = A0S A AR M OC R PSR 7 2] kXt
CCD KHARSHATIFAL, 735 KNN, K-SVM, PNN,
3.1 KiE&A*

AR S o B 2 S T 2 31 . AT 2 4 v 4k 3
TR A5 I A 1) K A%0E 57, AR 43 SRR 0 o
AU 50, A5 AR PR B TSR ARBLBE, I R o
K 354 B 3 28 R SR I Sy AR PR R A 1l ik o

R I 25 T e A A ST A5 5T P A 7 1 S A1)
ARRLFR B 1) B e, 5 FH I P R BRI
TEZS (0] X S n 4SRN I 25 IR, x, x5 € X, x = (0,
@, ,X,-(”))T, Xx; = (xj(”,x_,@,”‘ ,x_’_(m)T’ X, x_,-E@ HEES
W RL B N

n

1/p
L,(x;,x;) = ( |xi(/> _xj<z>|p] 3)

=1

Y p=2 WL LA

" 12
Ly(x;,x;) = (Z |xi(l> _xj<1>|2) )
=1

AR <3t R 1m0 e 8 Al I 2 £ B B - e s
(i), 33 00 3 SR 25 A 2 (o) ) LR MR S, — i KA
R A BN EUE, 73 PSR 2 B 521
32 Z-EHEENFE
) 8 P Y 00 288 3, 0 e A e S s i) 4 B H
L S 00 25 i, 30 A A 2 TR) P et o 25 2 VI 2580
Fia 2 2 4y 20k, DR BR Se A A i DU X A A 3k £
G ENSRAF R8T, AT A SR A R I B, DA A%
PREICH FEAR PR A 17 7 o
RRAE 23 1] 1, 4 @ (o) B R oKE x WGt 5 (0 RFAE )
22X (5) e Xl 43 87 180 v g g A 7
f) =wip(x)+b 5
R FH 5 /N bR SR A - T
1
min EIIWII , ©)
styweo(x)+b)=1(i=1,2,---,m)
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m(?XZa,-—% - Zaiajyiyj¢(xi)T¢(xj)
i=1 =1 j=1
m (7)
S.t. Za',-y,- = O,Q’i > O,l = 1329"' ,m
i=1
T @) (o) R FEAS x, Fil o B 5 B R AT 25 (8] Z 5 1)

PR, BRI ()" o, it 2 R ME £, R T 2 5
(8):

k(xi ) = (), (x))) = $(x)" p(x)) ®)
BV Rl £ 55 A1 225 T P ) A B 5 T A D R A 2
[ # 3 3 ko, x0) TH BB RR VR, BORE A K (7) B O
LURZa

max Z i — z Z a;yiyik(x;, x;)

i=1 j=1

©)
s.t. Za,-yi =0,0;20,i=1,2,---,m
AT A5
F)=wTo(0) +b = > aiyp(x) g(x;) +b =
i=1

Z%Yik(xi,xj)+b

i=1 (10)
T R B e I 5 . AR i

Hx =[x, X], ]ij’qik(xhxj)j‘]lﬁlw?ﬁ (c>0) A4 PR

tony = exp| =l
>N T p 20_2 (11)

3.3 HERMEMLEK

) FH J S0 AR 250 8 J00 28 31), LA DL it 347 85 /N XU
YDA SR, AR 0k e KR S ME S, LA ) i eR 45
AR BT 1

ER AN 22 2 A L B )2 L SROAZ Fnd
AR Hod, A2 S RRIE 1] i x =[x, X, L ]
B N 2%, n RonREAE 150 B El_r_l_ﬁﬂﬁ
i A M TERIR S U0 G v A S A A
JE, I T R (B g (), AT (12) 2 X

1 (x_xij)(x_xij)T
¢ij(x) = m) o exp(— P ) (12)
K i=1, 2, -, M, M RIS B S5 d

A2 AR B AR B 0, M AR O SR AG
SRR E AR M S JZ 500, X FI2EK 2 e

i HRASOIASCP- 2, BRIV [ 72 I

v,-=[Z¢,-,-]/ L (13)

e vl 55 R e s LA i R

B AR ﬂf,ﬁ;ﬁﬂzll\ﬂﬁm’ﬁiﬂlﬂFF'%'J;EE@%HI@/J E’J
SR o 1 2, i e DR SRR R BB AR R Y
Fil:

= argmax(v;) (14)
AR T30 W [ 90 56t 58 it 4 15 5L, JHCARR A 1) 4
N x =[xy, x,], PR i 307 R RO A28 1) i R 8, HF- 9

F o520 PNN PERE, Al MR $ig A [A] 37 5 e PR A 1R R f Ik
Mo,

4 TEFTEBRSN

4.1 HIEWAE

DA B8 776 o e ST M IEAG 7 2 A
mk 2 B, BAT h—4E0E, 56 1 5 R EE R, 5
280 KRR S B, 28 3 8 R FAR &, Hoh 1 A
T3, 2 M ARB o K Bl E£EECHE (1 75% Al 2R
25% IR 4 B4 A KNN, K-SVM, PNN 751, Jf:
WE A BENLEL, LB RN R R i X 45 7 vk
AR

R 2 AEBNEERX
Tab.2 Input data format of model

I Dp Category label
309098 0.112896 1
320810 0.102260 1
284051 0.095712 1
296661 0.145772 1
291796 0.084 086 1
387932 0.378391 2
370913 0.316562 2
392911 0.385240 2
396514 0.336255 2
396126 0.387806 2

4.2 FHiEXRIIEE

FIF KNN, K-SVM & PNN J5 % 43 51 %o 31 i 5
C B DL OR A R E AT PR AS , R KNN ) KR 3,
K-SVM 4% 0 & Wi 4%, PNN BSE 3 1ok DL & &
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A ARG B AR DR AE 0~1 (B 2 7], R & 88 0.5 | (a) xa
WAL . 326 B 5 5 SR R R L AV AT . S0 B g A s e
., ™ &
F 38 I e e, ..-j-,,!.:.-.: ”
LSRR 5 5 50 4 1, 364 T A BHL VAR ) 294 41 A1 rhwT
N e . . 03 | &% . =
PR SR, LR35 — NI 5 A9 PNN Y o 2685 0.096, N Gon e, *® . 1" e
. . NEra— Q . o ™
HART: & 67E 0~1 ZMLL 0.1 K FEE Lo, s | ot e
. - - SR = |
& 3T, 0~0.2 Z (B f7 76 BN 12 %, M1 7€ 0~0.2 S O
Z IRV L 0,01 0.001 i 52 = . o G 6 5 i or | . ek
N2z N N N N f— l:'s .
R OMEE R R TOIE AR, R YR o, WE 4 PR, . Wﬂx;ﬁﬁﬁﬁﬁ
I AR 1R R K 9.183 7%, Yo H 0.094. of . W% % * Wrong test
04 05 06 07 08 09 10
% 3 AF "i’g‘?aﬂ@%ﬁﬁé% Normalization of 7
Tab.3 Error rates for different smoothing fators o 05 (o) -
Smoothing fator Error rate s | ¥ ’ . l~ =. ol .
0.1 9.8639% . A -"," ',“ !xll_ "
0.2 23.1293% " .. .
: . s "0 % x
03 42.8571% 03 1 Sroie . = gw,
o - | ]
0.4 44.5578% g ; ool e
. aE
0.5 44.5578% 02 .o Wl x
: . oy
0.1 . : :."-. =¥
O .
17% + . » ':'..-. » - R}ght test dam
Lo SN = Right test non
16% A% ol z L' . * Wrong test
15% | 5= ' ' ' ' ' ' '
2 40 | g 04 05 06 07 08 09 10
‘g 139 | ;._".‘. Normalization of /
G129 | Ladh o e 0s
1% F o~ a-..! --o . -(C) Xm .
10% | ¢ A -d® N a a
9% | os * Delta 04 | N .:}qpi. n® =
0.05 007 009 0.1 0.13 0.5 I ' !_“-:r.l'.x
Delta o’ =z, , P
. n | ] *
03 F :‘ x - !f-" ."
4 A T o SRR & R L
xX X B

Fig.4 Relationship between smoothing fator o~ and error rate 02 + 5 o . -
. = Bl

I H YRR AN S B 7R, X VA — (R L :'f,.. gl
B YRR (5 8 T 7 T3 R E 9 R .
AR AS B B I e T E B0 5 R 2 ol L AR
S e PTG 0 3, S 2 S PRy Eve—
=, KNN, K-SVM, PNN KK A 39, 29, 26 1~ XL, Normalization of 7
KNN B2, IR BRI 2, T2 4 [ s S B 7R BIACR . (2) KNN: (b) K-SVM; (¢) PNN
,ff Iij(“ ¥IJ7\HE jj i'i:‘lﬁ ,f% » K-SVM q:‘ ;éu Hfﬁ‘ %I% E@ﬁ%ﬁ Fig.5 Predition effect of long-distance outdoor models. (a) KNN; (b) K-
5 3 R T BEFFAG, PNN o1 T B35 0 B B b SN (0 PN

T AT
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P 6(a). (b) 53 A~ BEHLIN R A A IR 2R | Tl
T E], X o BELEL, B KNN, N K-SVM,
[ JE 4 PNN, KNN., K-SVM 4 15 5 I 2l 115 [6 1 78
4%, PNN 5 15 3R I 201 8 5 A 2%, W03 4 19 1 6 XF
KNN, K-SVM Mk, (HARF M PNN RYRICR, HAgs

0, L
14% [ § o

13% +° » K-SVM
12% | 5 s PNN
11% |
10% | . .

9% t, :
8% I £

7% |

6% | =

Error rate
L

Random number

(b) + KNN
* K-SVM
*PNN

0.005 | °
0.004 | . .

0.003

Time/s

0.002

0.001

Random number
Kl 6 AIEBEHLE IR HEACR . (a) 5512455 (b) B H]
Fig.6 Long-distance predition effect of different random numbers.

(a) Error rate; (b) Predition time

R 0k B AL 38 42 465 2 11 F 249 4 L A AN [l 3
S PEAN R, U RE S | A i AR A B B A
R B TR RIAN 4 4 frR . 4 4
795 B B B AL RO, B IR RN 2%~3%; 1t i
BTG X R R RN T%~12%, K-SVM - 24485 5 iy
G, WO A [, (EURS 2 PR A5 TRA BRI - X 5
BN 10%~14%, PNN ~F- 34 5 152 58 J X, Foe R 4r,
(LTI s [70) 24 SRy HAt 3 i B A

it 5 T 3 I RN BRI AR A %, 45 T R R R
T4 1, PNN [ KNN. K-SVM 19 485 15 A%, & #e
U, s R TR 1 B b, B S ) K, L

B R AE Z2 AU 2R 500 s KINN R 1 s 2 3 B0t ) 2
B 5 PRI AT ZR N A A 22 5 K-SVM AR s 2 58 3t
A TR R G, R PR A IR AR 22, AR
JE, WURZERE T PNN R TAG 5% .

4 AEBENIXBENHTHE

Tab.4 Average of five random numbers in different

data
Different data ~ Mehod Number of Error rate P.redltlon
errors/PSC time/ms
KNN 5 2.13678% 0.081
Near-distance g _gym 6 2.73506%  0.101
experiment
PNN 5 2.13678% 0.169
KNN 35 11.9728% 0.044
Long-distance o gy\y 21 727888%  0.067
experiment
PNN 28 9.65986% 0.161
KNN 66 12.42424% 3.377
Mixed data K-SVM 73 13.863 64% 4273
PNN 57 10.7197% 7.751
5 % 'L/I:\.

) FH T) i 5 ok 15 206 ' 3R B T CCD 2 1T 19 A
0RO [l e o AR R I BB A5 A5, SIE B 77 e e 88 1 v
FE A5 Bl A = RS A AR S R IR, KRR
KNN. K-SVM, PNN, X} kb T3t | 378 I 5 52 56 ) Jr ik
OB, BT 45 3], PNN k2 S 1A ROR L T3
M Ty, HAELR & BB h R e M i o e
1, PNN S 50718 7 1 e IR 28 2 k45, Kok
A2 b8 A IS N R AT R A . AR R X O
PAOPIRAS VAR B —FPERE, AR T8 = X000 H A5y
PR AE T DL R RS0 BE AR B, AR 1 Ot
FEERMIFAEEARFEET R AR R G AP . 4T d5 R8T
PR BT 0

S 3k
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"Cat's eye" echo information assessment method of
CCD damage status

Yu Ting, Niu Chunhui, Lv Yong"

(School of Instrument Science and Photoelectric Engineering, Beijing Information Science &

Technology University, Beijing 100192, China)

Abstract:

Objective Charge Coupled Devices (CCD) is a common photoelectric sensor for acquiring image information in

photoelectric warfare. In photoelectric warfare, active detection, optical performance analysis and damage status

assessment of enemy CCD device are the prerequisites for effective implementation of photoelectric warfare. At

present, there are few studies on CCD damage status and damage grade assessment based on the detection echo

information, and the actual assessment is affected by the complex environment. The CCD damage status has a

complex nonlinear relationship with the "cat's eye" echo intensity and polarization degree which can’t correctly

judge whether the CCD is damaged or not based on the intensity and polarization value alone. Therefore, it is
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considered to use multi-source information fusion method to carry out research on CCD damage status
assessment, that is, combining the characteristic information of multiple CCD to obtain the optimal estimation.
Methods Combined with multi-source information fusion technology and machine learning, three models of
KNN, K-SVM and PNN suitable for nonlinear data classification and discrimination are used to study the
assessment method of CCD damage status. Among the three assessment methods, the KNN method uses the
category of the proximity point to predict the category, the K-SVM method uses the hyperplane to predict the
category and the PNN method uses a posterior probability density to predict categories.

Results and Discussions The near- and long-distance "cat's eye" echo detection experiments were carried out
respectively, and the echo intensity, polarization degree information and CCD actual damage information were
used as input data to train the three models respectively (Tab.3), and the assessments of the three models were
compared including the number of errors in the assessment points, the error rate and the assessment time (Fig.5-6),
which show that the error rates of KNN and K-SVM fluctuate within 4%, and the error rate of PNN fluctuates
within 2% during the five random test sets. The selection of test sets has a great impact on the KNN and K-SVM,
but the error rate of PNN is relatively stable which does not affect the PNN. The assessment effect of different
scenarios is compared by using the average value of the results of five random test sets (Tab.4), and the near-
distance experiment assessment effect is close, with the average error rate of 2%-3%; the average error rate of
long-distance experiment assessment is 7%-12%, in which the average error rate is the lowest and prediction time
is short, but the stability is not good as K-SVM; the average error rate of mixed data assessment is 10%-14%, in
which PNN has the lowest average error rate and good stability, but the prediction time is about twice that of other
methods.

Conclusions PNN model with the optimal smoothing factor had the lowest error rate in the complex outdoor
environment, considering the allowable time range of the actual assessment, the PNN model was most suitable for
use based on application of CCD damage status assessment of "cat's eye" echo information. The PNN model has
better comprehensive assessment effect than the other two methods and has the best stability in the comprehensive
environment. The research results are an exploration of laser damage status assessment, which is conducive to
improving the assessment ability of the detection target and the intelligent degree of the system, and provides a
new idea for the non-contact laser active detection and assessment technology and improving the defense and

strike ability of the weapon system.

Key words: damage assessment; PNN; CCD;  "cat's eye" effect;  polarization characteristics

20220537-9



	0 引　言
	1 激光损伤状态评估特征依据
	2 实验及数据特点
	2.1 回波信息采集硬件系统
	2.2 实验环境
	2.3 实验数据分析

	3 评估方法
	3.1 K近邻方法
	3.2 核-支持向量机方法
	3.3 概率神经网络

	4 评估方法效果分析
	4.1 数据预处理
	4.2 方法效果对比

	5 结　论
	参考文献

