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Moving target laser image acquisition and laser backscattering

suppression algorithm
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Abstract; Laser range-gated active imaging under atmospheric conditions for stationary target imaging has the advan-

tages of high resolution,long-range,etc. For moving target imaging, in order to track the moving targets, the distance

gate width should increase,and then cause backscattering. The active imaging system based on laser range-gated is

analyzed ,and the range information is introduced to track moving target in real time on this basis. The effect of back-

ward scattering caused by different gate width on image quality is studied. The lifting wavelet transform is adopted to

introduce homomorphic filtering, and the noise caused by the backward scattering is as the low frequency components,

and then the wavelet coefficients are processed by using high-pass filtering. The results show that, the algorithm a-

chieves good backward scattering suppression effect, and basically eliminates the backward scattering effect, which

makes the backward scattering noise ratio of the whole image reduce from 66% to 1% .

Key words : range-gated ; laser ; moving target ; backward scattering

1 5]

T R 0 P O T B B AR RO IR
BEBFTERR L (EUR RS B R I i 1k H AR,
TE UG S BB B8 (A B A 5 B bR 1R, )
T T LR A R B AR B AR 78 S8 B i T I
52 BRI BRI, Jok S AR A B R g, JEHZ
s Hbre SCPEFXHE SRRz 3l H AR, 16 12 ik
i A L, R LA PG R Bz 3l FAR , [R5

i

FROCHUR R SE, I A T AL DIRE , SEER AR

iz gy HFR 5 B, 15 AR 4R e i B 15 BB 1E 1k

A, i S B A 2l HAR O AR o
TEXIE 8l H ARG, i T IR 2R 22 & H

E&WH: EXK AR AL H (No. 61302183) ¥,

PEZE N AR (1987 - ), 0, w4, E2NGa 5 B AL B,
HWOGEMR AL 27 T 19 AFFE . E-mail :1ovel 93777 @ sina. com,,

¥ B EA:2014-04-28



1320 5 RS AN

B4

PRI AZ Bl PR S R T EESE e ] BE , LASE
Wiz gl AR e A vkl RIE I Z A H Y. T
G BT, I 16 TSRS F18 5 Wi Al s of i ™ . S
ST T I ) R o P55 PR S, 1 R 4R T
NPT | TR 25 DB 0 S5, SR T 8 I IR0 /)
A AT AL B, FEARR I 1o B AR R, 8 e ]
BRIFMRE
2 EBEHBERHMAEEHRE
2.1 BHEFBAEEHIKEAR

WOt I s g RGexiz gl B s g s, i
itk H AT AR (1) 32 30 H AR B AR Rz
i1 iz gl H ARz AL B e A W2 AL i, o't 3230
R ARG INIR 12 3 A b —ildis s A A ol fEgRAT K
% A T HOE SRR R LR M/ (—
L mrad) , H B B TGIE S RO IS B HAR I BRER , 24
2B B AR R G e AN 5 | 5 A4 RERT I BR BR 12
FHbR. (2)izsh HhrmEs i B0 hTis3)
HAREA BTz 3 f B B (5 SAE A Bt ez
111735 T B 30 PO T Bl R AR G b 2B T h
AR RE B (R S B R AR S RO T RE R R EH =
K EAIEM

UL B a0, 10T I8 3l H BR R AR BR B L 2R
FLLAMRAAE RIS A N A BBRER H AR, 1 X iz
2l AR B A5 S ARIBCR IO I B AL 2 AR H
PREFES (5 R o B RGELANIE 1 PR

EEHL

23
aﬂ%

K1 REamE

ARG TR  H 58,3 80 H e R
Gl I BUR 2L MR SRS 3 B AR, R B
Ja A HOE AR G, RS LRI R ST G 1T
e TRV, AL I 8 1 2 S8 A5 28 = pIL, 42l
ICCD 5 i (A9 BRI I s ] o0 26088 B 2, S B H
PRI AR . RGETNIE 2 Frs o

PE T E W 1ICCD AR ARG  MAROE R G %
WolesE R A AR R 5L oI R AR AL
F YR o S IE BRI A e T T AL DT BB A R
ANFIRY 1XC18/18WHS - G ¥EiE I ICCD, #otas H
1064/532 nm YU B SAAH Y YAG oL, H
Bk vh BE fE AT 9, 1064nm P I f KA

200 mJ,532 nm P f H R R R 80 m), H A AR
50 Hz, G RGN0 B S AR SO Bt , fEiE
1800 mm ., [74% 250 mm, OGMFE R4: 4 1570 nm
NHRZ 4ot as  FBEAS B R 2 m, SR B =
1 mrad, ZERE LEE KT 12 km BHEFHEE 5 =20 km,

>

B e b A

\
%
}' 3

I/\j:CD
bl o B
&R

K2 RE

2.2 J5 E A T B R E R AT

JHE TR R R B oL F S U, gk sUR iy
De s 22— B0 S 3] 5 1) O, B2 72 X 12 3l H bR A
Gy, PRI ] 98 LU 1k H BRI, i 1] R S i By
WIS . 18 3 gz sl H AR SR i, AR T 58 I A A
%o HbRN—EEAK, HFREEE 500 m, Hiz g
AR5 m/s,

(a)200 ns
B3 ARG

Pl 3 () 2L 158 200 ns, Ji5 [0 HUR 9 EFEA
BLUERR , 3 (b) il [ 9 1 s, A7 5853 A5 1] 15K
SPOEBEAZITIE AN . MIE AT LI )5 1 UG
X PGB S L i B LA T A B LS T
S HARI AT
3 RAFIENKSRNK
3.1 EAREK

7] 2 BN B R it P 15008 L BE I mT LK 1%
R B ASTE B AT 2 ) 8 o (e, y) R eRBSOR
FER TS 8] DX, BT LGP R AT 3R
fES AR A G IR i (x,y) 5 — A2
WIARTE SR I8 BRSO B r(a,y) B

(b)1 wus



e 5 4 Ah No.12 2014

WA RSE a3 BAsBOEE R I 5 15 O BE v 1321

fayy) =i(a,y) - r(x,y) (1)

— el BT S 1) B R R AR A AR Y, S
P4 A HE B -2 A — 30, 0 B TR0, 1T H AR
AR B () S5 B U 2 A i 2 A A2 A, o8 BT e AU
g3 QARREMS UL I £ i i W i, A R0
B IS I A H (u,v) 50RT LK B B ) B 52
M AEEAR o H(w,v) FEREFERT 73 LA TR 2 00 - i
BRI H(w,v) < 15 @R i H(u,o) > 10 3%
FERURENS B PG P AR A5 2 o [R) S8 Y
BARA 4 708

f(x.y)—>| In |-—| FFT |——| H(u,v) |——| (FFT) ! |——| exp |—>g(x,,v)
P4 TR 25 AR Y T AR 1A

P B RGBT In 278, SRk e 16 i 4
H(u,v) FR, MRS H FET 2R, {8 B
A — el (FFT) ~ HEF5 0%, 5 4 P4 1 o 53R
RN f(x,y), B )5 152 B R R g(x,
¥)o

TG BAE R A ], 23t BLIR R R, BT LA A 20
o P B A G A D 20 9 oA R A iR % 2580 1 1)
Wi, SCHSR S B A LR IR SR B R R
A REBE T BR IR A4 RAO0 s RE B8 S sl N R S
BIFERE . B R IR R B 1 A N T

=r -r 1
H(P/pc> =n 2[1 +2-415(P/Pc)4] (2)

Hep = [(u—uy)® + (v-2)" ] JZHR(u,v)
PEWE A O (g ,v) BIEEES. 2 (ug,0,) = (0,0)
.o =[u’ +0* ]2 p, JEBUEIASR, X p/p,>1 I H
rm=rM8p/p <UBf, G, =r -1
3.2 ®BADK

TSR B [ ZS U8, i 258 5T Fourier 28 4647
REAE 15 3 BRI RHE , {H Fourier A2 i 2 A 1R
Z A SRy, 19 30 B AN RE [ B E A7 I 8] =y 8 4k Ak
P BT A TENR B 530 SR S A BE A% W] IR 3645 T/
PG AEAT AN I S PR s T R SR AR R
REAE , PR A T ) 285 008 3 3 kK5 3k >R P /N 93 B
Tk o ARSI/ NI BT il A Bl 0 B AR 4, A ik
TERIEHEN Z R HE S0, RS RGN
SEF AL BREE S A AR R S

FLLE 1996 4F, Sweldens 45° 77 2 3 i i 22 42 1
T RN I TT SR AN B ORI B AR
(527175 %% (Lifting — Scheme ) , J il 42 55 — /N
A5 (SGWT) o ik X FE 2 14 b B RE 6% 3k B 7 A
BB, oo U R TR /MBS AN 5 22
St Fourier AR, F&AL T 32 8 . Dauhechies'® %

WA AR S FE , W SE 2 W] Mallat 5303 BEAE X /)N
P TA SRR T, X Bz 508 A REBE R R AR
TGe /N AR ) is S

SGWT 72 4 (1) AR i Bt — ey LLF =ASAN[F] Y
)

(1) o3fift o — MR & 0 ke 6 48 I R e 73 i
ARV TR, 73k I W IR v A AH L3 LAY 54
MR XA RS A AT A R B HOA Tk Y 1
RN 172, HEEDRZEE 50 W%
FPo e, Marfrs o, R

Split(s;) = ?eH 10, | (3)

(2) T R0 faed AR A AR AR Y, B A A
JE T BURMEEUT 91 Z [ AFTE R R , AT DL 3 75 250
J7 50 T H A SO 91 Bt S e (S 50 4 T s A
JP4 o SO AR FGA T

dj—l =05, _p(ej—l) (4)
0, RSB, p (o)) R TUE, BATZ
P22 d, Rox . TITU R &L p, KRR p, B
Bop, WTHON e, A p (e ) =ey, =5, B8 H
by PO IR 2 1) BRI

(3) BB . Zeaeh R I 1 23 24280 B8 7 A 1 1
SRR BRI EA R e 42— B0, T LR fe 5 —
B B ORUE U s i B AR A, R U
kAR, AR T

siy =e, +U(d_) (5)
Hrr,s, g s; ARSI o

AR T Y R R 58 A R Y, FE [ 22
o HF , ANBE T BT ) AR e Ry

ey =5, —U(d_ )0 =d_ +ple_),s =
Merge(e;_,,0,,) (6)

K S FoR e — IR f(x,y) S PRI
By i .

Column

HH

Line | 1

\TAD lsTm| le | [u]
Lo fon] o] [ © o
1

— —{seit] [ | [u]
1 LL

K5 PRI/ R B
5 p, fIRIRIR IR, 73k fe 25 AN R
g3 A HH L HL, LH, LL R BEFTR0R
3.3 ETRANDMAEASEREE S
WIS A b ] LU SRR {5 5 B o AR



1322 WOt 5 4 sk

w4

P ZRER, FEAA b ) RIS — IR R B 2 4
TR R A, TR AR /N O A Y e A A R &t /N
WMo i RO T on 9,25 = 1,2, ,n B,
LIS 8] LL, F1 LH, HL, HH, , Jrf iz il 54 4% 5
FE 53 A AR SR 4 I LL, o — M an R 2 AR
PG S RO RE B, ] LA P 3 1 AL B, DA TG
B3/ A i TN N = S NS b S 5 € e d U S
22 RN, BT LA AT L 3 53 Ff o vk 55 4k ) 1)
PR R REIE o, W TR R EM 5, IR IR SEL B e
B AT LA =y, I X ARA R BBOR FH 2k
P ¥ 1y, = (rp = 1y) (B(x=m) +m) fE IR IS
/NG B o, /N R B, m Sk /N RO
SEEME k(2 —m) +m SEROAT LL, R LM A
kR L EE T, Kl 2 1 =k=0,
BRI 6 Fis .,

_/(x,y)——| In |—>| SGWT |_.|H(Lt,v) |——|(SGWT)"|—>| exp |—>g(x,y)
K6 HikumfiA
4 ZRERS5H
I _E 3R T3 EE A5 Y — 20 S 50 MR A T ) 1)
BRSPS I SO = 4,r, = 2.k, =
18,k = 1, %t RER AT 3 JZ4R TN i, 16
[ sym3” /NI, (B 7 Dl S A

K7 kA A,

K7 (a) Al aa 1A 5 1 7 (b) jﬂ,L
P Ak BRR B, 1 i E%?ft \IE P, UE I
ot AR 0. 755 1 7 (o) A AL G/ INBE IR 25
IEBAEHE R G S Bk SR TN R 5 —
217 (d) A FRETHNE Y R A U B AL B 4R

RIS 5 5 A A B D5 I AR E BRI 2E )
B 7(c) J7(d) PIEBLR L T 7(b) o X F =%
pIRrN LSS EAE SURFE-SURZ I =B 8 S: DP i
B BEE R B A3, A5 B 2ok ok

L GE I 2508

TGRSR I 5 PRI 1800 EEJE IR HEZE 3, 36F FLJSE R o
ZEAERRIEFR , IR 1 72 25 S e B il o [
RIZUGEZ | PR 1 F- 2986 JEE B [T (5 20 5 2 4 5
3 P AR S W 4 R R 2R, G P At ol 2 U, i
T

il m = 3y 3 Y

FRifE2E :std -\/ NZ Z (gla,y) —p)

(EVSEER ][g(x }’)] =- Z:,)Pi
I

_L M N M 2

g_MN;::I ;\/[( 0x )
R

el = :ﬁVZ‘I Z'1 g, (x,y)" +g,(x,y)°

b AT EON M 3R R SVEUN N 3R, A 3
JE BT g (x,y) 2 BRIEN § IR ML
%N p,, G AL BE T35 g, (2,y)" Fl g, (x,
o BIEMEERIME 1 PR,

k1 BEGSIGTHEER

- log, (p;)

SECE

Tab. 1 The result of every image
original the first the second the third
image algorithms algorithms algorithms
m 29. 4656 6. 995 1. 9246 3.0118
std 477. 1101 292.783 168. 4446 321.7146
1 4.1115 2.5175 1.212 1. 8014
g 1. 0391 0. 4684 0.3411 0. 4985
el 10. 5724 4.7923 3.5072 5.1903
t(s) 1. 624 0. 8350 0.6213
A LA AL B B RS B K W R A T

XU IR T 40 e 1o FCO R OR  (H2 Ak B
RAPRIEDE A5 S P B0 5 T 2R AR L I ]
N R PRUEROEEHSANE T 8 28 nT WE RS, 730t
&, BB  RIB A 2 B AR, B )5 10 HUH
SR R T AR Z A0, b AR H AR > A S
BE, IXAE, BRI 2 B WD S B0 A e S e [
AR LI OL , I - — i S I i 1] FBCSS 32 M /)
MIZE &8 i G I A 45 28 , NI v AT LU
TE SR S T U s T ARR—FR 23, Ak B A
R T )5 [ HUIER Sy, AR T HARE o MU,
0P 1 O R R SR LR 2RO A



WOt 54 sb No.12 2014 WA RESE 123 BAREOG BUR SIS 1) 8O i S8 55 1323
PO s
; ),:Ig(x’y> B ;; yzlf(x’y> [1] ZHU Xiaopeng, LIU Jigiao, HE Yan, et al. Range gated
m = .

DIDWESY

Horr, g (a,y) FoR BRI GAT I G, M, N 53518
ERRIATRONANEL . f(x,y) 2o H AR T #E (67 B A ]
1% ,m,n 73 B ER TR R X, 07 e
i) RS A R 1T 5 vy 5 BE LA, B g A
BESEREMEL RN . X FERERS A ORI I 1) FC 7
RgE R R e fl . SRR AR IR 2 P,

© (@
I8 AZKKMEER(E8(a) (b) () (DA T(a) (b) (o) (d)RT)
k2 HHEEREAE

original the first the second | the third
image algorithms algorithms | algorithms
VAR CIRIER 0. 6688 0. 0544 0.0318 0. 0063

M2 AT LA Y, b FRUS BB E RN TR
P, IR 3 TS 1 B RCR . BSCHhSAE IR

TR
5 & i

SCHR HIZLAMAMB R B3 3l H AR, 1 T B
PLEm R Az 8 AR A EE R (5 B, S T x5z 8 H
PRI EBNE . FTXHEOEE B A s BUR alA
P9 i T SRS 5 A Sy T 5% 8 J ) A, 4 I 1 R 1 e
PR — ARSI B, $ i 1 2 TR TN I ) 25
DEWAE PUEL A XA U S T —FhPE M 2
Bo YR RERW], A BB A AU KBRS 1 HUR
ARSI, 3 I R B A — € G, MR 2 H
PR HTBAE T A

[2]

(4]

(6]

(7]

(8]

imaging lidar at wavelength of 532nm[ J]. Infrared and
Laser Engineering,2012,41(2) :358 —362. (in Chinese)
PrEms , XILkAF , BUA 45, 532nm BOBHE 2 e BUR #
Gi[J]. LA SHOE TR, 2012,41(2) 2358 -362.

GUO Huichao, SUN Huayan, DU Lin. Range information
calculation method for 3D imaging based on serial images
by time-slice technology[ J]. Infrared and Laser Engineer-
ing,2012,41(12) :3258 - 3262. (in Chinese)

SRR, PRI, HR I A 1] D)y e 900 1 4R B — 4
BURBE B R BT R IE LT ], 204 5306 TR, 2012,
41(12) ;3258 —3262.

SHEN Wenshui, ZHOU Xinzhi. Algorithm for removing
thin cloud from remote sensing digital images based on
homomorphic filtering[ J ]. High Power Laser and Parti-
cles,2010,1:45 —48. (in Chinese)

TESOK, JHT . kT [ 25 8 I 1) T SRR = 25 BR AR 1k
(1] 3RO SR F R, 2010, 1:45 - 48.

ZHENG Dongmei, SHI Junsheng, SONG Xiaohui, et al.
ICT image enhancement by wavelet based homomorphic
filtering method [ J ]. Journal of Changchun University of
Science and Technology,2007,30(3) :44 - 46. (in Chi-
nese)

Mg, AR RIGEHE, 55 6T /NI R S ug e
VAR 1CT B P A A [T ). AR R 22441,
2007,30(3) :44 - 46.

ZHANG Jinquan, YANG Jinhua, WANG Xiaokun. Re-
search on the weakening of smoke in images[ J]. Journal
of Tmage and Graphics,2010,15(12) ;1733 - 1737. (in
Chinese)

kR At Eeb RS 55 T kR AT
[ [ 4 E I 441 ,2010,15(12) 21733 - 1737.

ZHU Xifang, WU Feng, TAO Chunkan. A new algorithm
of cloud removing for optical images based on wavelet
threshold theory [ J ]. Acta Photonica Sinica, 2009, 38
(12):3312 -3317. (in Chinese)

KRBT , U, By bt BEF /N U I (L FRAE A Dl 23 [ 1R
B AF AL LT] 6 F =R, 2009, 38 (12):
3312 -3317.

Voicu L I,Myler H R, Weeks A R. Practical considera-
tions on color image enhancement using homomorphic fil-
tering[ J ]. Journal of Electronic Imaging, 1997,6 (1) :
108 - 113.

Sweldens W. The lifting scheme: A custom-design con-
struction of biorthogonal wavelets [ J]. Application Com-
puter Harmonic Analysis,1996,3(2) :186 —200.



