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Study about analytical character of laser

diffusion from sea surface

LI Ke'”,WANG Jiang-an' ,PAN Chen’
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Abstract: Aiming at the bottleneck problems of laser applications in the sea battle, the characteristics of laser diffu-
sion from sea surface is studied with the method of Kirchhoff Approach. The more accurate backscattering coefficient
and bistatic scattering coefficient are derived by analyzing and computing the laser scattering field from the rough sea
surface and by modifying the shadowing effect in the process of computation using shadowing function. Finally, the

relationship between the roughness of sea surface, incident angle and the laser diffusion reflectivity is obtained and

some results can be taken as the theoretical basis for other relevant studies.
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Fig.1 geometry of laser diffusion from sea surface
L1 R AR F B WORLRR I S5, K, 4350
AR RO R A ER 5 6,, 6, 7051
SR ANTBU A1 5 € At T e PR 6, ﬁﬁiﬁf\ﬁf

ax— +Z

a/‘_‘ # I‘L= =
FA 5 B T Jey A 1 1 R A Nvvavy a

8§(x,y) B= a§<x,y> ox Fly 435k & SRy B E

Mfgsa,y 1z 43 Uil Bh,y BhAD 2 B ) L A
Rt o o 1B 43,y J7 T BB R TR AR, &,
ey Zr 5 KA KN B AR
FEICH AT R =5, PRI ¥ 7K B A o i 805 4l 7K A
WL TH &, =4.9 +i0. 02"

WA BHEOCIETHRE, = 6,Epe™ 7 ATE BEHLHLEE
T I, AR Hueygan J53H) | 3 DI b A I
AT SE4 i X g 2 Erm RN

E(r)=]dS [axH()] +

V xG(r.r') - [axE(r) ]} (1)
Sk IR Green BB G (7, ) = (1=K £ -

TS R MRS B (7)), H (') 43 5 MUK ¥
I Lr' e S"AL A IRV FL 4
3 E,J\EE’EJ‘&M
FLIREE R L) ( Kirchhoff Approximation, KA) X

PR UIP- TR, B S MRS T b AT — A 1 ol i
FHYIPE A, 4K s B Y07 T E i B35 A
XU ARG 3 m 2, TSR AG- B 3 19— F i
U510 FEIR R J AT BN LSRR Th0 AH OGS B2 AR
T3 22 CEBIE AR R T A, gk ]
Tt

k0>6,k8> /10/(cosh, —cosh,) ,R, >A  (2)

Horb BBk, = (2m/0) e, 58 RMURE T 1 1Y 2 07

piesk =52 CCE T s %
m™ d £=0

Vi G(r,r') -

A%, 1E Gauss HBEI, R, A]15,1° >2.765)

T A SO A A A e, KRS Vi T 7 -3
PR AR KT UK, I n] DL 6 7R 28 R LY
T RSR AU . AR KA J 3, AU 4%
BE /(1

E( )_1/-:6

E,(I=kk)[dp'F(ap)e™ 7 (3)
Hrp,p' =22 +y'ye S, Ed =%- —% =k, 92+kd¢5’+

25 A SAPHEURE TG T 1 A G BE TR r R T A S
)ﬁ'@i‘i%)ﬁZlﬁJE’Jﬂﬁﬁﬁo

4 HAEENEEH R
MR U1 AU, B S B STl %ok B T RE

A4, 7 1T A SRR T ST &, 7 1) IR A
BRERI A no= —ky/ Nk, | o FE B k— o0 L4514

TR (3) R A B R AR
b=k, T =k whyy +kE(xy) (4)
m%m&#%zm@:m@ﬂ%:‘%,

% dy k,,
B —k,,
b=

F 2 F(a,B) T (ag,B) JETF:

(a_ao) +
ag

FaB) = (a0 + o0

F
%;;O(B_B()) +oe (5)

RS (S) AT — I AR AR (3) o, 755
EuwﬂeEu k) - Flag.B)l  (6)

I=[ dp'e™ (7)

LB 17 (1) H R HC 3 B, (7) 2 — B L3S,
f KA, WK 43 T 2435 £, (7) FR AR 3 4
a(r) i

E(r)=E (7) +&(r) (8)

H T OB S BOK S, R TS (BN i 4

oo, WG HDRE AT AR [R138 4977 2 i 3 1 i
B AR AR , (A R AR T4 sk, i
T stk %,

RO 2B PR 2875 MR R B e
AT B S 1 T S e B T SR . 4
U253 A0 5 25 M 057 35 7T 302 LA XL
5 B RS R RE He, B



B 6 5 4r 4 No.5 2011

% WS WOLETENRITE 527

- ik, 1t ky  k,
R e A B
" cos6, Lk, x b 145"\ ke dy

(9)

Hodr p (o, B) SRR e THT P 305 3 ME 23 52 158 R KR s p
q RBEAGHHOE AR B RIRRA S, I A GO
R S B R
X Gauss FEALAHAS AT, WA
2 + 2
ple.p) =2ms|cl"(0) |e"p{ 28 1C7(0) |}
(10)

Horpp =/ (% =x,)7 + (3, —y,)” FoRUET AT &
W Z (B8 3] « — y ST EEEES ; C(p) 24 Gauss
DAL, C'(0) =d*C(p) /dp’ .

45450 09) A (10) , ATFR R, B R BN

P kI 1

V(o) cos 1B, x B 141287 1€7(0) | '

ki, + K,
C2K.871C(0) | ()
T AR BNAS )T B0 T TR R A AT
DMB B AT T IR AN Gauss 434, M TSRS A (115
JrHE 6=0.03 m MK [ =0.6 m, A B
A5 5 8 =0. 05 m, MK 1=0.35 m, 24 A
SR BESY R 6, =30°F1 6, = 60°HF AR (11),
X AN [) e TR S 2R [ A S35 8 0[] — Vg T S AN [
NI A B B AR AL AR B AR OSSR T = AR 1
XU U 7 %% Rhh, Ry 43 31731550, 75 21 A0 25 51
e 2 s

exp

WOLHE T R (6, =30°)

15

5

B RE r/dB

—-45 i i i Pt
—60 =30 0 30 60 90

Hat 0,/ ()
P2 I AP 2 0 TSP 0 SO T A R
Fig.2  coefficient of the laser scattering on different
models of sea surface at the same incident angle

M 2 Al LU X AT — T iR, 7 i 17
BRI S J5 1), B 6, =30° , o't A & Bk,
Ul HTHICH J5 R BE R LUBE T S o 3=, R B 5 i S g
5 T BzE , W32 75 1) b A HBO BE BB . RN

A1 2% , Zoaed 1 TR RS I 1 RE BB EO IO % 78
BB A b b T RO D IR
I ARBON SR  TAE R Sh BRI A AL B |, 2
TR 2 ) S T (A B i A BE R O 23 B, X
5 PRI DURARTT 9 o

M3 Al LA B A B AR 16
X A SRS DI TR ) JEE 200 0t A A B S, S A A DR A
ASFEOLT (6, >45°) AR 2 h BB 2%
6, =60°HF, 24 6, > 60°HU RETFAME 0, 1
RSB, TR S5, S AR S R R 3, i 2 5 51
B DUANFEAT A, d AR 31553 i H JHE Al 0 %o A
Ot AR HER R AR TARK RS . DRI KA
ASARBUT , WeZ5TR FH 188 e e 00T 38 80wz i A A&
IEA RESRAT R R AT 500

OB HHUH 2 (h =0.05 m,1=0.35 m)

“— Rvv(9,=30°) \
-20 # |-—Rnh(8,=30°) o
Rvv(8,=60°)
Rhh(8 =60°) |

I,
-40 |/

B R% R/dB
[}

-50
-60 =30 0 30 60 90

A 6,/(°)
VL3 T e T RS T AN i) AT R 38 PO O T B 2R

Fig.3 coefficient of the laser scattering at different incident

angles on the same model of sea surface
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Fig.5 comparison between the modified and unmodified
laser scattering coefficients at §; =30°
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