FATE FHOM

2017 429 H LASER &

ot 5 2 s
INFRARED

Vol. 47 ,No.9
September,2017

X E RS .1001-5078(2017)09-1063-08

- R 5 -

3 HARBOE RO R 5T 2t

%?&,)ﬁ

K, X

WAk, IR E A

(ZEM TR Be 7 506% TR R WL A% )E 050003)

B EFFERAMARAFEEYMELERRENERZR R, T RIOCR S WER

R A OE IR e

AREZWEX . AXNET BRHOCHE A0y A&, K

BHEAFZRARNTFTEANB T M BN ER TR, oM T AR E R
AN EF B . M H ARk T AR BRDF 0 & 45 A2 A LRCS Wl & . E 52 B 47 LRCS Il & =
AT, 0T ERNEANE T E MANAURT —F RET @, NG S E ARt F

FRRBE L

KB O FEF AR HOLRA R X KA 2 B8 HOLE LB |

& 43255 : TN249 ;0439

XRRFRIRAD: A

DOI;10. 3969/j. issn. 1001-5078. 2017. 09. 002

Research progress of laser scattering properties for military target

GAO Yu-chen,ZHOU Bing, LIU He-xiong, CHEN Yu-dan
(Electronic & Optical Engineering Department , Mechanical Engineering College , Shijiazhuang 050003 , China)

Abstract : The laser scattering characteristics of military targets are a key factor of the equipment combat effective-
ness,and it has great significance for studying operating range of laser equipment and stealth performance of equip-
ment. The basic concept of target laser scattering characteristics is introduced, and the theoretical research results of
laser scattering characteristics from the theoretical model and the empirical formula were described,and then the ap-
plicable scope of the various models and empirical formulas was analyzed. The latest measurement methods, the latest
research progress and the research direction of the next research are analyzed from three aspects of the target surface
material BRDF measurement, the scale-model LRCS measurement and the real target LRCS measurement. This provide
a reference for the study of target scattering characteristics.

Key words: laser; military target;laser scattering characteristics ; BRDF ; LRCS

1 351 &

HABEOEH B , BOEI L 06F E 35 |
WOLWIEE % HOL 30 T 9045 B A 78 4 2 DT
T TZ BN o 5B AL A T I b AR
AR Se Rt e ) R G A H AR T,
LSBT e (05 Gl H S S o)
U R P ARG 00 2 TR s MO IR B BE T B E 4R

o MR T RLHOEIN R & Ot T shifil & 55

@ SROE R ST FECR G EOLRE f R UL, BOL IR B

FUAR B O C RO RS R i RO s PR RE AT —
AEEREY,

ZI—@CI%:%TXJ‘ SR AZ 2 F AR IO CHUN Rt

FIWPTE , MR BOCHUN R A S AT, i

TENERTTE LRI 2T ST H AR SEOL U R

EER N TR (1989 - ), B Wit os A, B AR, 32 ZE0F 5% 7 18] R 6 X HUBR3E S W B o E-mail : yuchenoptics @

163. com
%5 H #7:2017-02-27



1064 WOt 5 4 sk

B4 %

PRI, . 4 T BNE O 9T 0 2 SL R R BT i T
FERRL X S B £ T vk AR DU A T TR AT TR
e T DO =E= 20 ST N CIE /33 N = RN DU S 1
T BRI AR AR 0 R RYE AR — s R
CEEE
2 BB E R

s B R BOC U R R R AR 2 G H
PR AR G2 R L SNE 25 74 0 2 1H A B RS
BEAEDT S B B AR O BN R L B AR AN
TS 7 A T IR A RIS . B G, X F BAsm
@ e/ @I i SO 11 7 O £ 9. O 1 D M T
( BRDF) FHHOG TR A B 800 ( LRCS ) k4R
2.1 3 RA A 8 5

% — ME & BO7E 1970 4E iy e R R
(Nicodemus ) 2 1, 3+ F 1977 DL E B R 4n e 7
(NBS) [f945 SUHERERR T o 5 SN -
dL,(6,,4:36,,,;E,)
[0t ) = TGRS ()
Hrh, 6,,¢.,0,,¢, KR A EOCR I i fa R
T AR O T B R T 5 dE, R ETEAE
A BT TR T b R RRBE 5 dL, D oRE R Y S5 R
22 HAFABAET

IO TR TR T A AR A B WV T R 7 s K
STHEBL(RCS) 8 H 4TS o 2w, How LA
TR B E OB, EZA MR I E X
J:I:/;;T:t” H

FE S WO 1) B STARA Y, H BRI RS
RO 55 21 % 5 H bR AL B R S R BE 22 L ofe LA
4 8),

E 2
o = 41T1imR2 ‘ r(ar9¢r> ‘2 (2>
R~oo ‘Ei<aia¢i>‘

X SUR A —E B A T Y. B,
FUBRAS i A R BE 35 5 FLUR, H b 45 1) [ PR A S
g ah, bR R EE A0 T RIE H
PRER R GEZ M ARSI . X, H AR AT B
A S EAR"

E S WO R T B AT F AR B R H
PR RS R R AR E o BRI

o = pyGA,

Forp, po o FRRARTE BN 3R, ol A4 RHA o 1 Tk
E 3G o AR AR, A ARBORHEAR R IR 5L 7

FREYE A, L BRPg L, d B RIS Ty
ks
2.3 BRDF 5 LRCS Wy x %

i1 BRDF #5E A 41, BRDF & — o=, A
REEHEI &, 0 7E— € WS B0 HE NI & HA- 2
{H. BRDF ] DL H] T4 34 H ¥5 2% 14 89 55 8
AR % & B Ay JLTEAR . i, HA BRDF
KAk BARBOCHU R I A 2 . X T3 bs Hn
HIOGHURT B T, Wi 2 F H AR LRCS i
FESZ BRI A H, BRDF 34302 & % H A5 2 10 4 kT
FERRECE F AR YY) I 4 SR8, 1T LRCS )
FARAR AR SEBR H bR sl 458 280 (1) OGO R, 41 4038
s, AL AR

H4E BRDF I LRCS (147 S AT LAAS 3 5037 18
BULRCS 5 BRDF {56 R

o =4mf,(0,,b.;0,,¢,) cosd,cosb, (3)

3 BRDF 5 LRCS 1926 R A KW 5L br
H¥r LRCS & LA AR XER , it vl DL o H A5 25 1
T4 LA HHE) BRDF 1 H A5 JLAT TR AR 1 A A 35 =X,
fli% 1 H ARy LRCS,
3 MRHE

X T3 BR H AR OGO R R RIS, KA AT L
Waw T N7 ) S i Ve = QLA I R 7Y ] e o S
T PSR BRDF 25605 . PSR 5L
T % S O A A i R A, 15 B 0 i BT A
R 2060 SRR B R A O LG, A iR L
Fa 7 B RS AR A IR I Y B Xl
1B BCF A S S BUR AR ZS & 25 A XY
J& BIRE R BRDF

SEBRIN 3 S S - HARSKR AT EE BRDF 30
L4 LA ALY LRCS /9 I i D S SE PR B bR LRCS
&
3.1 ERHR

T O 5 0 [R) e R I8, BOG R R Y
AR5 A8 A AR D B R M O F ST IR o L
K RO K e LA G 9, 72 o By i A
W& AN ] o P THOGEA R, H AR 2R iR B |
TR )2 B EA R AR I B AR IEO G BUR R
.

TEFE IR Ty T H F AR RLRN 5 1 B %A

1963 4F, Beckmann /I Spizzichino 7EWF5Y & 14



W5 4 4 No.9 2017

H TR ER BAREOCHU R T ot 1065

AN BEATURLRE T8 19 5 B PR P51 T Kirchhoff i
WU XA R AR
U oA, — M T TR TS U 5/
S PRLURG RO o) AR A RS AR LB/ B O
TENS FA TR MR, FE S A ARt I, 34
WH S S g iR 22 Bk

1966 4F- Kodis &t T JLFEA 5, F TR E
ARDLEI TSR R TR A5 A B BN 3, 8 5 iR A A AR
AR A3 A1 KSR GHUR 375 0041 o X R 7 k3 1
BUED , FE8E T o R

4% (Full wave algorithm, FWA ) iy Bahar
20 20 70 AEARAR I L ROl R AR RN T
Wt At R o ZITEA SRR B EERARER IR
il , {E A H A T A e — 2 A BORDR T B — 4
SRR T A R T A

A 5 (small perturbation method , SPM ) f5 &
Hi Rayleigh $ H' 5:4) FH of i ple 1 5% i 1 A 75
PR ) B8, BB S5 M Nieto — Vesperinas 28 AW ik
Pk 51 A e RLRE T S A%k T
Rayleigh {5 , TA A HILEH 375 £h Y63 - 1T 4 B 534 3% 11
FERe 2 T8 512 4 BIC 37 38 k3207 2 AGE
TORERE T 5 B AR AR I /N T AR SN R RS
s L

Monte-Carlo 32 J5 0] _F- AT DA 3153 AT 3 Al o 4
PR 5T %) B A A% ik B . Monte-Carlo ¥ X}
VFZAROUER AT LLEAT AL, (ELG S 0 A7 A 25 ] L 55
PN 2 R A 1 11 I

TEL 5028 25 T T AR Jr ik E2A

Torrance-Sparrow L% 1967 4FE4H ) %4
T Py B T S A 70 18 S S5 73k 2 AL, AR SR 3
T FH 2R 5 Ie) 2 v 30 23 A 1) /N TG 2R, B 56 &
BARIEM R E R 5 ARV RL R I w2 245 AR
TR TR

Phong f 7 1975 4R 42 Y, J& 2k T3 B0 18
SSRGS SO = B, W TS
B2 b, TR A R mHOE RSB .

TBECEAR G P92l TR R R
PERART 2002 4E4E H , 12 B FL F Torrance-Sparrow
HRP HTFeEA4S BARENHRE, I
BRI GE R AT AR 1O R e g
TWRE G IR, TESLbs TR A, Gl H AR 484k

O EIGRANI THENG BEEER AN B R, LSO R ]
AR AL g =2 Hm -

Bt 5 1AL AR AW & THEALEDEEOR
A4 F A H AR LRCS 315 R, 2000 45, 74 22 1
B R 22 RO SRR T I B vy R A DR s i 3
(GRECO) J7#: #1 OpenGL $ ARz 2| & 42 HAn 1Y
POCEU A, AT AL T &2 4% B bRt JLAA
AR LRCS py PR3, AR AR KR &
27 BB REE IRELRY 5 LA AR A | H AR
P GEPHHBRACPRAE L TR, RS A 6 T AR LRCS, 7]
LIS B 4% AR LRCSPY
3.2 H#rk @A BRDF | &

XFF BARZR TR BRDEF I 75 7% , = N Ab
FEA G — I 7, B N T T 2R &
RGO A A BHEA FIBOE K T B BRDF #4717
IEN

20 fit2g 80 AR, 35 WA SR K 2E 24 ot
St T —% BRDF gy R4 . Wt &
G eI S RIS kAT R B RS
AT A R BRDF 4 2R 45t K HL R
TOXFPIEALER . 36 [ BUR TR Rl NASA $745
25 /RN TT I SR P R BHIF A B0 KA T 3
HAx . i 155 H bs 09 32 SO B ek T T
IS

1987 4F-, Mendez %5 Al & | Gray J5 ¥ il 45 19
SRR 2% T P O 3, IF kBT ) ) 1 i S B
%0 SRR TR R 2 T A B T AR R BR T R
TE 52 A R

VAR, AR Z WA E XS AN TR R AR 5, 1R HR
ZFp Pk}, FFR T BRDF [l 555

2006 4, BB L RO A B ML 5 B R 4
e ORS00 % 5K R A e I )
T hRERAR 5 HARAEAR A BRDF, FIF H S0 &
B4 TSI A A% B, WA A 5 55 H bR RE Al 1
BRDF #EATEAE . B0IE T 7 skl fErE .

2008 4, it G2EoRS 25 HLRAIT 52 o ok 7 b A A
5275 6] FARBOGCES R PRI, PE 23 6] H b T 9
PIRPAFRL : FIEIRJZ JF36 242 IR A RHRE
£ 1064 nm P K T BRDF, Fo047 T /Ml
5230 HAs BRDF Z [ E R . X THOCAN RS
A RBEHHR I T 2%



1066 WOt 5 4 sk

B4 %

2011 4 HLHL TR S 4] [ 5K 0 o S SE 0 =5 i 4=
FEEERT 21 A1 B B %5 R 2 TE 940 nm P KBOE T Y
BRDF 17 [l & >R =S58 T BRDF S48
b, 1580 T HFRFEHAPRE A BRDF FR

2012 4F B0 i oG B A 09 0 AR B .
Vi 7 TR R X6 VA T ) SO O R e AT T AF
U G2 2 RO AR HEE T O CEC Fe
WATERE, 5B HT T AR XGHE AN [R5 A B
T PR O G

2012 4, R AEAF I T PR 2 TE 1064 nm
KT B S 2 BRDF 4o A i) 5 2 e B 114 38k
SEWGR] AN R )2 I BE AN R BRSO B 1 — TR
JERER AT . At T PR RE TR JE XK Sl 1064
nm 36 19 W I BE Sy AR E 7 A Y O HE At
127 R

2016 4, [R5 K2 F N T3 It b A5 400 1T
XEARTRNRE I AR A T 1064 nm G HUR 51
HEAT T IR AT o A5t T B B T T 5 1) O G
BN TR] RS T B Y 2538
3.3 AN E

Xt LRI AR, G AL HL S, AT
KOS BARTEEE AR 23 0] 9 (RO O A 1
Rk s (] AT 25 0] A S BRSO AEATR 27 1l A
SPE O BRI & 1 B AR 7 e i sl o el AR
RHT IR EOE R G E, VIR O & S ik
FARE . SR, TEAN 25 F T B S Ak RS2 b A TR X
Bo BTl I HVEDE U, PR A T SE g =
TS BARBOC B I B E TRz —. ¥
AR B O R & ) 1 BB AR A
A] DIARAELSE B vy FH ot 4 i iR AL 2 1k H bR
A B YEBE RN o

1995 4F | 52 4k A% 58 A\ 28 BOJL AP & UL JL o] A8
BT IE T A B A O 45 H 06 R B
I, 1998 A ARIR I R ) BE 45 L T R L
ol 4 L R FE TR R RO R OB FE S 802 T
xR

2005 4, PHLRHE K22 4% [ S50 F A5 6L
1= 845 LB AL /) )5 1) OGBS A gk A T 1 &, 15
P8R SEUS TR S R AV A B UE T 46 ok
ZAHIIERTE

2015 4, o R 2S Tl 4 P 2 B9 BH G 4

WFTE T AR T 38 T 46 ORI 1) et 7
T LR PR R R o Bl LR DA S T ik LA
SO RS BE 5T

3.4 EAXHAFMNE

S S I O AU S s B AR O R
P o (Rl , A5 1% il VoS 2 o afe LR IE . 31X
L TR 2R ST S 0 2 AT BB R N 2 A AR — S Y
B FTLA, X TS B H AR A BE 37 I 12 K H s
WOLHAT R EE TRz —

TESE PR B, 500 F b 388 B OL A A R
FANBOCARMARGRGL . M H AR 258 il o sk
TR . B E H, JJn] B A U
TAEEDOL. WOER ST RS ORI R S i
FURRCE , W 2 im 5 1 F . ORI TR, 34
SIRRSS HbRRTE . e 1A R F R SOBOE A 4 R
AGE, AR HAREA FJ7 m#Oe g A7
RO RUBEST 1 H 1

2013 4, i RAT I B 5T B 1 S A S5 AR
FAS CHLRRO)E [ B R E BT TR ot
R HHE I R GEREES AL 200 m, 105 2R G007 B R R
AR MU e KB LA, R 30° 0 B —
HHE . R SA0ER A A2 7 kLA &
Bl B EIRZENT 7% R EE ™

Xt T RO B AR B 52 PRl A, i T 7R
FONELIAT, 2 BB R . HARE S
S BRI R Ge i, AR B 4 A
I8 5 114 S 20 45 77 A Y RIS A 2 X 0 7 A
W RRGE LRCS AR X, BER F bR 45
WRPE XS] e S bl e e v, Ot i R e
ARIYEI A o P L, 5 B R A rp I
LA T IS R BT AL P

2006 A, PY LB R 27 X BHE S R UGk
X AR THEREAR A F AR SR AR IEA T, A R T R
TEHUFIOE 7 HESR BB 3 e e 25 SR pi Sy

2011 47, i AR A B i TR S5 i 1O BERE X
Xt LRCS RS EEAYSEM o $82 R F OB AT s 5
JCBE AR LS &, LLAR R LRCS 48 2 GeAs i kg
JE o X FAESEES AR, A YRR X LRCS
WU RS BE G SR T T o7

2013 4, R AT IS U B 1 4 S AR S AT
S v SR DG B ) 0 2 e SRR



W5 4 4 No.9 2017

H TR ER BAREOCHU R T ot 1067

TE R G OB AR, $2 5 T IR,
BB/ T B X IR R

4 BERRE

4.1 B %

H bR ZEm A1 BRDF s A] DL B 3R R 1+
RHEF SRR A 5 A 6 A . {HL i
F LA AR BRI, 5 B ) o o 2 25 BOLAS [T 1 3
A I B Y S OGRS L
e LU A T i s, A 5 BRDF 2255 /0 sUAH 45
G, G0 S BUER R B A A BE R O 41 1Y
BRDF %45, 4= (2) #1=L(3) #+ BRDF 5 LRCS
MG 7 i85 H AR 2 m A4 L BRDF 045159 5] H Ar 5
HLHIAL LRCS, 456 B bR LT S50 5 52 Fr H AR
1) LRCS, 4k, B & T HALE AR 0 & &, (& BT
AUV T = 2 R G BB RS | H AR TE e
B0, 1] R R B A R AR A
[ PR LRCS i A A G5 iy S AL AT DL B 4545 21 B
Frig LRCS, FRE A5 H AT DA FAS 4 i 8, (HA 5
B SRR TR E

S RSF HERIMN7I 25 5 2 206 IR 3 55
FIRE o 32556 2 ey BR A, [R) R TG 2 7R B 4 T
HIOC RO Rr B o S50 S I 40 EL AR R 5t m LA
REARR IS X000 2 45 SR 1) 52 i), 8 I Y S 48L 512 o o7
HOG AR B R S A i a r O A i O, T
BT 37 i1 T B2 A IR 1, X LA 52 H AR A 201
PEATASEAL . [RIESE, ot 46 o B 9 43 BT 2 (il 45
FEADIR S PHISRRE AN 22 BR AR ] DL BR AN SE I A
AR T AR S S A ST (A A AR T B S I A A
PEATIAIE . BT LA, A JURN 5 AR 4S5 A RETE 42 1fT
HER AR AR H AR O U R
4.2 EEHRITEREE

IR E ) B AR BOGECR R 5T R A, S
RERBEFMILEAIRAZEE ., HiC g8y 7 H
B R e 0 2R S LRI R G, e R
HFREOE 1.06 wm F1 10. 6 wm S & 25 H
B4 ORI U AR B A 78 S0 86 2, 57 T H AR
S5IBARERR I . T — AR SE A
5 (1) FEGIET TS B G 00T, 42 8 52 B H AR
SERUF R TR R . Ak H AR R 1E 4 %} BRDF
FRLHT H bR e @ik, (2) #F— g im g
PRIOCHUR FEE B A, e A b 72 248 e A WO K

SRR PE R BRI 9 SE bR H AR OGHUR R¢
P AUAT LT i O 5 B a8 B BRI 2 19 7 R
SRE T O 7 SO6HR I % # O B bR R I AE
J7o R AN R AR A WOCHBUN R TR+
GrhEE . (3) INERSERR HAR LRCS HSMA I HEF 5T,
PR R . R A9 3 A v e R 1R R
BRDF & Fl LRCS BEHSE 7 1 , i 75 4k Lkt 173
SEAL 2% B BRI S I, 1 — 2B AR BRI B AR
FEHUGH R , 55 UE AT B A SR 45 R . SEBR H
FrAhg LRCS e, B A0 £ Ak 38 75 0 22 K 3%
FEERCA RO E A B, FE PRI, R
P S TN W A4 S N7 e A | K 73 AR A D8 3
SNV A MR AR IS AN, T RGO B Y
o TR T A 5N 2 e J O G o A 4 e AR
Rt B3k FUARAG O 6 o 7 S BRAR 14 = 20
TG QAT LT SRS B oy FH SO 6 A R
SHE O, X T4 5 LRCS AP ks 1 B S
o (4) 5 SR R O HOR R AR R 5 o
PR AE R GE ) B KA PR BRI 2 & A RO PAl
FERGEAT RS HAR AR R A FRE )

H bR G B R T SE ok & 1E AR
B, ST H R FE OGRS VR
DR BIHOCIR 2, & HERE A OB IR B Re 55 7 i 2
BT EENE L AR T F BArEot o
FRbE B AR T A ML m F B, AT
BRDF I LRCS % FEAS M & L O Bl 3R i 58 A
# BRDF 2855 /¢ 50 F& 1 #4 % BRDF Il & J5 1% 45
FLAR Y LRCS 5256 %8 ) & 7 7 F1 42 RSF H AR LRCS
SR 75 vk LRCS s B s e Ak 7 ik 4. o dr
BZE TR FIrE R AL, 2 TRAFER R R Z
Wb o XSG SRS T ) RN i B A R S5 T
T A XHF BERBEOCEO R AT
TR B A — B R

S 30k :

[1] YAN Yahui. Estimation of ultimate operation range of
semi-active laser guided equipment [ D ]. Shijiazhuang:
Mechanical Engineering College,2013. (in Chinese)
EIHEER. OG- T Bl il S 3 o i A FRAE B R PR A
[D]. AR TR B , 2013,

[2] WANG Yongzhong. Modern military optics technology
[ M]. Beijing:Science Press,2013. (in Chinese)



1068

5 RS AN

B4 %

(3]

(4]

(5]

(6]

(7]

(8]

[10]

[11]

Fo A BACERDE = HAR M. JE 5t Bl il iR
#t,2003.
ZHANG Chu,SHEN Hongbin,ZHOU Bing, et al. Study on
evaluating maximum range of laser range finder[ J]. Laser
& Infrared 2008 ,38(12) :1196 —1198. (in Chinese)
kAt , Prbk, J8 vk, A5 OG0 BE B g R I AR BT AL
B[] Mot 54046 ,2008,38(12) 11196 - 1198.
LIU Bingqi, YAN Yahui,ZHOU Bing. Measurement model
of the ultimate operating range for semi-active laser
guided system[ J ]. Semiconductor Optoelectronics,2014 ,
35(2) ;354 —357. (in Chinese)
XIFsF, FIAEE, K. BOGE F 305 R G RAE
JHEE B0 5 R [T ], 2F SOt L, 2014,35 (2)
354 -357.
HAN Yi,SUN Huayan. Advances in space target optical
scattering character research[ ] ]. Infrared and Laser Engi-
neering, 2013 ,42(3) ;758 —766. (in Chinese)

R, IMERE. 2 (A B ARG U R Sk R [T ]
LTHN S0 TR ,2013,42(3) 1758 - 766.
Nicodemus F E. Geometrical Consideration and Nomencla-
ture for Reflection[ R]. NBS MN - 160,1977.
YANG Yang. Coherence of two definition formula of lidar
target scallering sections[ J ]. Laser & Infrared,2003,33
(2) :153 —7155. (in Chinese)
M. WGk H bR B A 7 b AN [ i K — 3¢
PELT]. MO 5404h,2003,33(2) ;153 - 7155.
ZHANG Chengquan. Handbook of foreign military laser
instruments[ M ]. Beijing: The Publishing House of Ord-
nance Industry,1989:509 —514. (in Chinese)
SRR B AMNE IO AR T M ] Je st S48 Toll.
R, 1989509 - 514.
XIONG Huifeng, Lidar [ M ]. Beijing: China Astronautic
Publishing House,2009:28 —29. (in Chinese)
AENEF. WOLERBIM ], dbat . v B 54 s hitkk , 2009 .
28 -29.
WU Zhensen, DOU Yuhong. Visible light scattering and
infrared radiation of spatial object[ J]. Acta Optica Sini-
ca,2003,23(10) ;1250 — 1254. (in Chinese)
SARAR, SR AL 2 6] H AR T WO HS 5 2080 e A
[J]. 652417 ,2003,23(10) ;1250 — 1254.
LIU Jianfeng. The BRDF modeling technology of light
scattering characteristics of targets and earth surface[ D].
Xi'an; Xidian University,2005. (in Chinese)
XSUEE. H bx 5 b 4 ' BSR4 19 BRDF 46 4 R
[D]. P42 PG4 By TR R, 2005.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[20]

[21]

[22]

LIU Qiang. Measurement and optimized statistical model-
ing for laser BRDF of target with rough surface[ D]. Xi'
an: Xidian University,2010. (in Chinese)

X3 AR T OG X a] S 53 A1 R K50 I 4 5 10 Ak
GETEE D] P2 P9 TR R, 2010.

P Beckmann, A Spizzichino. The scattering of electromag-
netic waves from rough surfaces [ M ]. New York: Perga-
mon Press, 1963.

XIE Yan. Reflective properties of one dimensional rough
surfaces at large incident angel[ D ]. Harbin ; Harbin Insti-
tute of Technology,2013. (in Chinese)

e, —ZEREAURDRE 2 1 KA BE A B RRPEL D . i
IR < I R Al K, 2013.

YANG Yugi. Study on electromagnetic scattering from
rough surface based an BRDF[ D]. Xi'an: Xidian Univer-
sity,2012. (in Chinese)

Wk Ja7. RLRE T 5 19 BRDF 5 iE0F 58 [ D). P42 74
LR T RHR A, 2012.

Kodis R A. Note on the theory of scattering from an irreg-
ular surface[ C]. IEEE Trans. Antand Prop,1966, AP — 14
(1).77 -82.

CHEN Hongbo. Study on light scattering characteristics of
rough conical surface [ D ]. Chengdu: University of Elec-
tronic Science and Technology of China,2006. (in Chi-
nese )

Witk BEAUHLRS Bk 0 9 ' HOR AR PE DR ST [ D ] RS -
HL TR R ,2006.

Bahar E. Radio wave propagation over a rough variable
impedance boundary: partl-Full-wave Analysis, Part II-
Application of Full-wave Analysis[ C]. IEEE Trans. Ant
and Prop,1972,AP-20(3) :354 - 368.

Bahar E. Full wave solution for the scattered radiation
fields from rough surface with arbitrary slope and frequen-
cy[ C]. IEEE Trans, Ant and Prop, 1980, AP =28 (1) ;
11 -21.

TANG Lin. Study on light scattering characteristics of
rough surface[ D]. Chengdu: University of Electronic Sci-
ence and Technology of China,2011. (in Chinese)

ok, BEAUHLARS |1 OGBS R E RS LD . RS e
FH R, 2011,

L Rayleigh, NH Nachtrieb. The Theory of Sound [ J].
Physics Today,1957,10(1) :32 - 34.

Nieto-Vesperinas M, Garcia N. A detailed study of the
scattering of scalar wave fromrandom rough Surfaces[]].

Optics Acta,1981,28(12) :1651 - 1672.



ot 5 4 s

No.9 2017 H TR ER BAREOCHU R T ot

1069

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

ZHANG Shilei. Measurements of the backscattering char-
acteristics of typical lidar targets[ D ]. Nanjing ; Nanjing U-
niversity of Science and Technology,2011. (in Chinese)
s AT IR0 TE K HARS B R R D]
AL L F KA, 2011

TIAN Wei. Study on optical wave scattering from the ran-
dom rough surfaces[ D]. Xi’an: Xidian University,2009.
(in Chinese)

FES . BEATURLARS DGO R PEREFE [ D ). P52 P2y
TR ,2009.

Torrance K E, Sparrow E M. Theory for off-specular re-
flection from roughened surfaces [ J]. Journal of the Opti-
cal Society of America,1967,57(9) :1105 - 1114.
WANG Wanjun. Radiation and scattering characteristics
of aerial targets under earth-atmosphere environment in
visible and infrared BAND [ D ]. Xi’an; Xidian Universi-
ty,2009. (in Chinese)

FH. BRSO 5T AR AT WO/ 2150t
HUN SRS EL D] 9% P52y T RHOR 2, 2014,
Bui Tuong Phong. Illumination for computer generated
pictures [ J ]. Communications of ACM, 1975, 18 (6):
311 -317.

WU Zhensen, XIE Donghui, XIE Pinhua. Modeling reflec-
tance function from rough surface and algorithms[ J]. Acta
Optica Sinica,2002,22(8) :897 —901. (in Chinese)
SEPRAR WA , 5t . LR R I ROL B e
MR T]. 65540 ,2002,22(8) :897 - 901.

LI Tie, WU Zhensen, ZENG Zhengchao. 3-D BRDF statis-
tical modeling and optimizing of surfaces of various mate-
rials and roughness[ J]. Journal of Nanjing University of
Science and Technology, 2007, 31 (4) ;518 - 523. (in
Chinese)

R, RARTR, W 2 HARME ) BRDF =4E4t 11
AR AR A LT ], R a K 2 %41, 2007, 31 (4)
518 -523.

LI Tie. Researches on the simulation and engineering ap-
plication of the near-field laser scattering by complex tar-
gets [ D]. Xi’an: Xidian University,2005. (in Chinese)
K. 2% H AR BOL T 5 BlUH 09 TR B LS
[D]. P42 P42 B TR R A, 2005.

LI Liangchao, WU Zhensen, XUE Qianzhong. A fast algo-
rithm for LRCS of a complex object witha rough surface
[J]. Journal of Xidian University: Natural Science Edi-
tion,2000,27(5) :577 —580. (in Chinese)
PR, R BEHCL. — TR R 2 B O ik

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

B R PR B ()] P9 PR R E 4 A
SRR} IR ,2000,27(5) 2577 - 580.

XU Genxing. Optical characteristics of target and environ-
ment[ M ]. Beijing: China Astronautic Publishing House,
1995. (in Chinese)

TR, HARFIERE A # AR [ M ] db st o B 0
th Rt ,1995.

Sluder, Randall B, Villanucel , et al. Aircraft program for
target,, background , and sky radiance measurements[ R ].
AD - A095363,1980.

Smith, Sheldon M. BRDF measurements of sunshield and
baffle materials for IRAS telescope [ R ]. NASA TM-
84235,1982.

Guissard A, Baufays C, Sobieski P. Sea Surface descrip-
tion requirement for electromagnetic scattering calcula-
tions[ J]. Geophy. Res,1986,91 (C2) :2477 —2492.
Mendez E R,0’ Donndlk A. Observation of depolarization
a backscattering enhancement in light scattering from
gaussian random surface [ J ]. Optics Communication,
1987,161(2) .91 -95.

HU Xinquan. Experimental study on backscattering char-
acteristics of near infrared lidar[ D ]. Nanjing: Nanjing U-
niversity of Science and Technology,2008. (in Chinese)
BB ATLLAMBOL TR 15 H AR5 1] B 45 1 SE 3R F 5
[D]. 5t AT HL T K% ,2008.

ZHANG Baishun, LIU Wenqing, WEI Qingnong. Experi-
ment measurements and validating with the model of typi-
cal goal’s BRDF[ J]. Chinese Journal of Quantum Elec-
tronics ,2006,23 (4) :533 —536. (in Chinese)
SR, X SCH , BPCAR. JL B H AR BRDF 52 45 5
HAGEAEGE [T]. 4T T oA 4R, 2006, 23 (4)
533 -536.

ZHANG Leihong, YANG Yan,ZANG Huaguo. Reflective
characteristics of target in laser rangefinder[ J]. Chinese
Journal of Lasers,2008,35 (7):1001 — 1004. (in Chi-
nese )

SR L, A AR . bR S SRR X O I B ) 5
ma [ J]. O, 2008 ,35(7) :1001 - 1004.

LI Wei, TIAN Bo, CUI Dong. BRDF of infrared camou-
flage armor coating on 940 nm band[ J]. Journal of Detec-
tion & Control ,2011,33(2) :9 - 14. (in Chinese)

ZAh, A R RS IR)Z 940nm X fa) 52 4 70 A
R[] RIS 42440, 2011,33(2) 29 - 14,
ZHANG Shuang,ZHANG Xiaohui,SUN Chunsheng. Laser

reflection performance from the rough sea surface with ge-



1070

5 RS AN

B4 %

[42]

[43]

[44]

[45]

[47]

ometrical optical method [ J ]. Optics & Optoelectronic
Technology,2012,10(3) :28 —31. (in Chinese)

KA, RIS , VAR TR EOL SRR R LA
SFIREDIELT ] Ot AR 2012,10(3) :28 - 31.
LING Jun, ZHANG Shuanqin, WU Jianye. Measurement
and experimental study of laser reflectance characteristics
of camouflage coat[ J |. Chinese Journal of Lasers,2012,
39(3):1 —6. (in Chinese)

R kB, R DR TR R ROL RO R A I
SgtsEl ] EREOE,2012,39(3) 01 -6.

TONG Guangde, WANG Zhanshan, SHEN Zhengxiang.
Measurement and analysis of laser scattering characteristic
of sea surface under condition of super-low-altitude[ J].
Infrared and Laser Engineering,2016,45(2):1 —5. (in
Chinese)

FOOPE, L TR AR A RS T i O L U R
PEMA S 0L ] 25N 530 TRE,2016,45(2) <1 -S.
Zhensen Wu,Baoqian Liu. Electromagnetic similitude and
inconsistency of laser scattering of scale model[ J]. Inter-
national Journal of Infrared and Millimeter Waves, 1995,
16(7) :1249 - 1259.

LIN Xibo. Relationship between laser radar cross section
and geometric scaling[ J]. Aerodynamic Missile Journal
1998, (10) :55 —61. (in Chinese)

AR WO F IR LA 4R SRR LT ] L=
#,1998,(10) :55 - 61.

LI Liangchao. Comparison of the back laser rader cross-
section calculation of complex object with the measure-
ment of scale-model[ J]. Chinese Journal of Lasers,2005 ,
32(6) :770 =774. (in Chinese)

R, 2% H bR IS [0 O R 2 O O S 4 L
R e [T ] O, 2005,32(6) <770 - 774.
YANG Xu, LU Jian, HU Lei li. Measurement and evalua-
tion for laser scattering characteristics of complex large
object[ J]. Electronics Optics & Control ,2015,22(11) ;
104 —108. (in Chinese)

Wil , B, 54 0. 2 2K BAR O B AR D 4 5

(48]

[49]

[50]

[51]

[52]

(53]

WAL AR BF ST [T]. Bt 5 #2015, 22 (1) .
104 - 108.

YANG Tingwu, ZENG Xiaodong, WANG Hao. Measure-
ment and analysis of aircraft LRCS in outfield test[ J].
Acta Photonica Sinica,2013,42(2) :224 - 227. (in Chi-
nese )

WA, B R AR , Ei. T CHLIEOE F I8 HUR A &
St )] 6F244R,2013,42(2) 1224 -227.

BAO Xuezhi, GAO Wei, JIA Yangyu. Influence of back-
ground scattering on measurement accuracy of laser radar
cross section [ J ]. Journal of Applied Optics, 2008, 29
(4):590 —595. (in Chinese)

e, w1, IR T TR HUR X LRCS 0 58 B2 9
st ], DG ,2008,29(4) 1590 - 595.

LIU Kexiang, XU Rongguo, WU Zhensen. Measurement
and analysis of the outfield target’ s laser scattering char-
acteristics| J |. Chinese Journal of Lasers,2006,33(2):
206 —212. (in Chinese)

XUBHEE  VFZRIE , AR TR S0 HARBOL HCH 5 R
MR, HP O ,2006,33(2) 1206 -212.

QU Weidong, DU Zigiang, XUE Jianguo. Relative meas-
urement of laser radar cross section andits accuracy test
[J]. Infrared and Laser Engineering,2011,40(11) :39 -
44. (in Chinese)

i TUAS b s A R RO T K RS AR T £ LX)
BRI R [T ], 2040 5 #OE TR, 2011, 40
(11) .39 —44.

XU Fuchang. Analysis of laser scattering characteristics
and LRCS calculation of target material[ D ]. Xi’an ; Xidi-
an University,2013. (in Chinese)

TRATE. HAR RO 8O Fe 1 20 A7 5 LRCS 35
[D]. P42 P94 B TR R, 2013.

WANG Yuanbo. Theoretical and experimental research on
laser propagation in the atmosphere[ D ]. Xi’an; Xidian U-
niversity,2010. (in Chinese)

FITH. BOGCR TR LSR5 [ D] P2 1
LT RH R A ,2010.



