Chinese Physical Society
ME#!E Acta Physica Sinica :

€D Institute of Physics, CAS

ETEREXENXBMIESNZLESRIERE
KeM KEE EHRA KEAE xR

Inversion of regional range-dependent evaporation duct from radar sea clutter
Zhang Jin-Peng Zhang Yu-Shi Wu Zhen-Sen Zhang Yu-Sheng Hu Rong-Xu
5| 1% & Citation: Acta Physica Sinica, 64, 124101 (2015) DOI: 10.7498/aps.64.124101

1E28 1% View online:  http://dx.doi.org/10.7498/aps.64.124101
AP 4R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/112

AT RE RSB B A L&
Articles you may be interested in

[ B A 95 A 3R s R R T
Circularly polarized wave reflection focusing metasurfaces
YE = 4.2015, 64(12): 124102  http://dx.doi.org/10.7498/aps.64.124102

T P HTR HH 2 5017 Salisbury B it
Design of multiband Salisbury screen based on high impedance surfaces
YH%4.2015, 64(11): 114101 http://dx.doi.org/10.7498/aps.64.114101

FE TR AR B AR PRI TR T BSOS BT U G B R 1) R 2k
Low-RCS waveguide slot array antenna based on a metamaterial absorber
Yy 22422015, 64(9): 094102  http://dx.doi.org/10.7498/aps.64.094102

T AR LB R R T BT S SR ER g e
Design and verification of a two-dimensional wide band phase-gradient metasurface
YE = 4.2015, 64(9): 094101 http://dx.doi.org/10.7498/aps.64.094101

T 0 A MR I A R Rl DR 2k 7 T S A T A e s T
Radar cross section reduction of microstrip antenna based on wide-band metamaterial absorber
PP 27 4%.2015, 64(8): 084101  http://dx.doi.org/10.7498/aps.64.084101


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.124101
http://dx.doi.org/10.7498/aps.64.124101
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I12
http://wulixb.iphy.ac.cn/CN/abstract/abstract64458.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64458.shtml
http://dx.doi.org/10.7498/aps.64.124102
http://wulixb.iphy.ac.cn/CN/abstract/abstract64338.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64338.shtml
http://dx.doi.org/10.7498/aps.64.114101
http://wulixb.iphy.ac.cn/CN/abstract/abstract63978.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63978.shtml
http://dx.doi.org/10.7498/aps.64.094102
http://wulixb.iphy.ac.cn/CN/abstract/abstract63977.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63977.shtml
http://dx.doi.org/10.7498/aps.64.094101
http://wulixb.iphy.ac.cn/CN/abstract/abstract63891.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63891.shtml
http://dx.doi.org/10.7498/aps.64.084101

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 12 (2015) 124101

EFEiAE XM IEaREBEE
RERES

Kem KEaY

244

kEAYD HEmEY

1) (P EABBAEET T SO0, B 266107)
2) (W% - FRIBCR S8 5 s TREE R, V% 710071)

(2014 4F 12 A 2 Hlic3; 2014 48 12 A 19 HREMESHR )

M T AR A R R SR AN, e b 28 T AR R BE R I b 2 A PR I O DR R AR 34 2T 1, X
IR AR A A B T ) A TR AN AT 2 ST B2 i 3 A B DU B R AR, AL, BEAT DX A
Y ST i T RSB0 T B N P 5 A R RS S $8 i R A R G 1 AR PR R BT LR . B8 B SL b
JS2 P v 28 A e T A S BRI T B 2 R, R RUBE B < G 3 MIMS i 1) DX dslvk 28 inle 348 TE 41T A 3
SRR, St T — P& 25 50 15 B A DXAsRE A4 20 28 8 3 1) R AR I 2 R R A T AR ik
R 2 70 B Mot 28 A 3 KT AR S VE AT S8, AR i DU S B A2 IR 3T i R B T 2
KU SR IR ME A A1 L 5 IR AT AT BLAR BRIk AR, P T A i A e S L AR A I B T S B i K A B
R AT S 38 T ] AR T ) S e DX AR A 4 20 2% 8 3 S I, 2R A2 Y A8 LB ey A A 38 S

LD I AR 50 25 A T AR,

KR WA, KRBT, ARSI TR

PACS: 41.20.Jb, 43.28.We

15 =

FER BT — PR AR AU T J b2 0 i 2
R AR S S 5 SRR P AT S AR 454, RERS sk —
ST AR I RSSO0 1 PR PR R U8 T AR RV U8 A%
o, b AL TR LN TAEAEHE I KSR P
THIL BB E ST R G I TE R A M E 5
mi =3l — LR, AR T R R R R R
SRR &y 335 3 0RE2E S UR nY =N I pUR TS BUl
RIE . BT AR S S R A REE A
[ R, PRI 28 A il S AR R RUBE i T b 2 A P I e
& X 3 H 4B 2119, Goldhirsh Al Dockery 1] f#
FHAE A A s RS A8 IE 47 5 2 (M) 1) T 52 56 2
P VP4 7B 5 K SF 35 5 ML T B 5 2 1) A% B 45 A
RZE, A RRI, AR SRR AP b, M K

DOI: 10.7498 /aps.64.124101

S35 S AR V2> T B BB IR 1) A SR IRE 2 8] 3 AT
HHR R e 22, R B8RS E,
BEAT DX A5 S 34 50 708 U I8k T ML) T PR R0 s 0t
P SR E R IA RSN LA LA EE A= L.
SRR T R C Y LE i SUN e S NG B2 A - AL
M AF a8 R HRER, Bk, FH %
DR 3K i 2% I ABUHR R T b RS S R i
it I 2 U R I B T I B R B 01 2000 4R,
Rogers %5 101 ¥ Vi fd Fl Wallops 98 75 12 3 4% % 52 56
AR XK 5 il BRI S T TR, I
S3AT T TR AR A M A 2 TR] ) 9% RS BT
ZERFLMR. 2003 4, Gerstoft 25 [N H H 7 Fl 3k
A B0 DA TR 2 T 2% Y T A Ak KRR AT R
AT SRR TT . AR R AT B R A
J7 W 5 AN S B, K J7 A 6 S0

* [EFE RIS (HES: 41175012, 41205024, 41305024) B IR

T #{E/E#F. BE-mail: zhjinpeng@hotmail.com

© 2015 FEYIEFS Chinese Physical Society

http://wulizb.iphy.ac.cn

124101-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.124101
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 124101

B, [ T Wallops’98 S2I6 3515 /g _E /KPR 2]
RS MFEIE. 2006 4F, Yardim 25 12 2 H 74
A IR AT 9 % - 52 R R SRR R X ML T 2 5K
250 SRR, 3T 5 TR I 2% U i U0 A R R I T U
EXPRE B STV Z TR R g Uk S
M T P 5 A0 A Ao T A0 SO R B E Al . I E
S, SCHR [13, 14) 45 728 70t BE R Ak 7%, 26T
i [ B AT T i B AR R B S R E. Zhao
285 [15,16] 73 33 4 FH 135 £ 1 AR SUGR K Sk AT T
Wb K5 M ) 7R TR v 2 it S, 4R T R R
JE . DA_E R 5 T2 S A TR A T 2 U S A 1
Frt b R AR A AR T BoR I s b
L Bl L= | S N 1Y 1 i 11T 9 Y ]
e G R S R S A FE AN TR, R0 A3 P T S B i
RS Hp DX L 2 0 5 MR TR . o, B
TIRUE AL, IR I 7 VAR B A R A
NS BB RS R

FESERRIF A, o R ik v 2 AT X 2
P S AL, RS MBS BAE 2 A o
BB A R AR A7 ik 3R 07, fildm, R o
JPEE BB S S A5 2 MM R 2 11 75 3R] DL TR
AT R BP0 HE R 910 km R R E
FoA5 8, R0 IE I AT SR AR BRI R M
T 2 8] 3 b vk R AT AR AR I i Z
P T 00 MFITENE 2., (EH AT 0 BlA BT FUn
S E, B TR A 45 SR R TR o i
T TR IR A BRSSO R TR TR VA U I T
(1) 5 SR DL s e 5008 TR H /N RO BicHE R4k, gk
T2 R U Pl RS B, PR 2 — Fh LB R &

ST IR W A P R R D T R T DL R
—PPALE O RS A U D) A B AR T Al 7
% T M T B K ABLAR (B KR B A ) A 1
) 30, %o I AL SR B 50 K PR VI ) T 485 ) B A I 9 425
SRS R B S BRI IR B R 2R DT X 3K
e 5N, DR S5 IR ICTF B 2 ke,
R HUE A G 2 MM TR 1 X Itk 728 K 5 M
FITHAE NI B, $2l T —M iz B rX
Sok b Al 34 50 25 R 0k T 10 TR O 24 % 0 R A
BEAL. B AL S 3 BT VE R K AR
SINZE RS MBI T S5 SR 585 DL
ST EE R 7% i 5 M T 2 B0 S 36 R R 40 A
i Ak 2 0 A1 RS bR BBk R kT ok, ) FH TR A T 4
P SEILM FHTH S 300 e K E I MR A1, Tl R
] AR A 3 P X Sk {14 50 2 ke B IR, 3R

B 25 R AE 1 D) S B DX 3 A 24 ) 2K R 0 3 S
(Rt SR g S A TR A5 R AN e s
B, ARSI T RIS, B T R A HE L.

2 KFEHIRZKFNESEEBE

Y b 0L U T ML T 2 A ) S T R T
SR M SR X T2 KE SIS,
FL T M5 T 45 K938 5 A Paulus-Jeske A5 78 [19]
Fik:

M(z) = My +0.1252
—0.125hIn [(z + 20)/20] (1)

A, 2 T B IR B S 20 NSRBI
FERE AT, BHEL 1.5 x 10~* m; Mo N ALK
SABIETH 2, hRBE KB T .

R4 (1) ST LA K A1 28 R I S B M
R T 65 PR AT ST, AR, LG M TS A KT
SIVEIEAT SO, At R EEAE AT S S MR AR iR K
SO I E B, RILTE S R R RS
B M H 2 500] AR R 2 AR . EARAL K
SPAESS A) t ER ATE i ST T B M [ S L
FE A [ R B Ah ) 1 BH RS, SRR RS S e 4 )
IRE A A, SR, BRI E B E K2,
A4 I 3] THT 285 460 P S SR AR AE S B, AR SCAE T
Karhunen-Loeve 28 # 20 () 3 43 & #1i%:, $REUE
R v BE KT 1R AR A ) 32 3 R N A 4
ALbR F, 8 I A 4 RS 3 A A SE I ZE K
W5 M TH PO BB (4 KPR35 S R .
ey 3N

1) KPR 5128 5 v FERE AR 1) B JR AT R
e A=

SR e A 0D A A B I Wy AN R N B
WIS R ER DA, RS RBERN T RELES
BT 28R T AR K 7 ) (AR R, A5
&y IR Fe R FE P R

R T FE K AR Y A0 A8 4 AT i R
EVIGIPN 2 YO SiE

H = [hy,hs, -, (2)
hi1 = hg, (3)
hiv1 = hi +mn, (4)
1 ~ N (0,0727) , (5)

124101-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 124101

S, ho B0 by 43 AR UG BE 25 AL RN 5 i A BE B 20
REFZ& BB T R 2 BN 0, T7 2208 o f v i
oy ARBEALEL, T 3RAE 28 R T B e AR, e B
AR EGAERBES®EE R = 1,2, ) AL
(12 4EBENLAS & H Oy — /N ER A R EE. @
Z N5 RATREE, BT AR OK IR 5 28 R T
FERIFEARFERE, T /KPR35 S A R-IE 1 £ 7 &=
IIHT.

Bl 188 T 28 KT B /K1 I\ A2 A 50 ik
TR AT KA. Ho, ILRZE R3S = ho
20 m, FEECREEE RGN 1 km, 5 E AR AR bR
Z oy A1 m. WETRTEUE H, 50 KPR 15
FEAREE T T m TR A AR S, TESbR
BAT K AR CRFIE (1 2 oy AR EU» BT, — M 7 22
B 22 1) 5 JR AT A S AR 2 B IR L

40

£ sof

?ﬁ(

90

=

K/ 10f

EiS

0 . . . .
0 20 40 60 80 100
FEE /km

Bl 2RSS A B R T SRR S

Fig. 1. Markov realization of evaporation duct height.
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Fig. 2. (color online) First five eigenvalues and eigen-

vectors of the covariance matrix of evaporation duct

height: (a) eigenvalues; (b) eigenvectors.
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dependent evaporation duct height using principal

components.

3 B EHETMAERE LXK
5 A W IR
3.1 KFEHHELBESFHRRFE

HOAR 14528 s H KT 0450 2 e 5 M
HE TV, SR P A A B R
R KPS 2 4 28, S 1 T R Mt
A A A 2 D B A 450 2 S M
A . K2 R T

) XS A A M 4 T 5, 74
1 F bR A S B Pove,

2) b I ST P M B 45 H30E 72 H
B, A AT L M T4 R 2 M,
ST (1) 24 Hh 0 AT 6 e e B, 25 % B
o (UL R B BBl

3) HU4R 4 B M 3 T 2 B U 1,
P KT H S P R L 2 5, AT
3/ 1 5 ML AT 2 35160 B .

1) 5 1m0 T 5 2 KA T AR B AT 34T
SR, B T SR R g,
AR R M ITRUR R €. g F1H R ¢ 40
B 4 AT 1 O B 7 % 5 M T 2 B B
m = [Myy, €1, C2, -+, Cq.

{5 LA 0 BT, S A
BHERLI BT S A/ S A RIBHE 4

=1 j=1

/S, 7 U5 M T 2 4R 5T 0
S R IR . KA e S AR (A 2
1) ot 44 A5 e R BCUR B BT, R
R I S B TR A, UK 2 S 4
RIS, T 5 T — 2 2 B e H A R
PR AR B, (A5 O A A7 5 b, L
SR 2 28 SO AR R s T
N S A RAMOAD, B MR R R
/53 A7 5% 4 O,

RSO 4 R B A 0 SRR 1Y
B B 1 2 (R 1 2 B R B
S, T e F T 6 P2 R AT o, B

So= 5 3o D [T @)~ Lwein)

1=2 x=x¢

= (L(ei) = L(ci-1))], (13)
el o Al 4 B T SR P ABARE (o
TP W N KBRS L (2, ¢) 1L (c)

124101-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 124101

T390 o R e BB i T U I ) N Y R
o 0 AR B B AN S 4% o —ap BT EY
PRIk IARE; N NARB e BN EL 25, KT~
I FAE S I BRI 1% 28 B0 e R R 1) 3= 90 &Rl EA
T 78 J 085 L1 THI 485 440 S 5.

Bl 428 I T 20K T m BER T AR ST =
A0 B R B 51 ) % B B R B 1R R R AR

b, % 2B E AN, = 60. @il iZARLn L
HHLE % 502 R A BURTE. B (13) sk
1% 2 B BUR N S, = 359.66, S., = 126.15,
Ses = 25.73, A n FHEURYEE So 4 50.0, T E
SAESEBAHTIEY A RIS MH H Kk
B, FEMAMIKAME TS ENERES R E
c1 M ey,

ol
10 l
\ 5
5 \
g o ™ g o0
1/
-5 <—__
L -
—10 — f
el —10 {
, . —20 i
0 400 800 1200 1600 2000 0 100 200 300 400 500 0 50 100 150 200 250 300
Variation in loss/dB? Variation in loss/dB? Variation in loss/dB?
K4 &P S 5 A R AR R BURBRE 25 1 A e 2 i

Fig. 4. Variation of the slope in range of the path loss caused by the range-dependent property of evaporation duct.
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Fig. 5. (color online) The evaporation duct height (m)
of a part area of East China Sea predicted by MM5.
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Abstract

Because the weather conditions in different sea areas are different, the evaporation duct occurring over a large sea
surface is normally regional and range-dependent. This property results in the fact that the radio wave propagation
within the environment of this type is distinct from that within the range-independent evaporation duct environment.
Therefore, it is meaningful to perform the regional range-dependent evaporation duct inversion for accurately predicting
radio wave propagation and improving radar performance. From among the variety of ways of detecting evaporation
duct in practical application, we adopt the regional modified refractivity profile of evaporation duct predicted by the
mesoscale numerical weather model MM5 as the prior information, and propose a posterior probability estimation model
of the regional range-dependent evaporation duct on the basis of the radar sea clutter power. First, in this model we
use the principal component analysis method to model the range-dependent property of evaporation duct, and on this
basis, establish the inversion procedure of the range-dependent evaporation duct by using the radar sea clutter. Then, we
obtain the relationship among prior probability distribution, posterior probability distribution, and likelihood function
of the parameters of the modified refractivity profile by using the Bayesian theory, and finally realize the maximum
posterior probability estimation of the evaporation duct parameters. By estimating the real regional range-dependent
evaporation duct over East China Sea, it is indicated that the proposed model can perform the inversion of regional

range-dependent evaporation duct with a higher precision.

Keywords: radar sea clutter, evaporation duct, range-dependent, inversion method
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