0o g
ST

koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis

ZHBEMAANEGHMENBERILERTRAE

oA, BRE, 5 SN, £HE, B, ZHE
LW EMZRE, R MG 264001

2. ME KPR EBRFAHARERE, (WA MG 264000

B OE N T A O T U BT LA AN R AR AE B RUIR A L AR IR DL B R R S DX IS B AL A L
HRELR, JTRE T & T 2 3 BT LA 1 P 18 Rl & 10 o T8 % 5L 35 56730 5 i W 5E . SE o0 M 2 0 B
LLAMEMR Z 1) Y B AMAE AN 22 S0 Bt il A 2 D BEAT A BRI 5 B, . 8 A6 7 38 400 ) 1 T 2 6L 7 o O R R
A B AR BRRAE AR L LSS A A 00 B AR — o 0 O A TR ST ) T B A e 2 i B IR AR 4 i Ry
AR 17 A A L ST R B T IR R R AL H AR A S R R R
TR 5E L LA B XS P BE A5 8 0 T Tlf > 7 5 T i AR B 3 B A R A A5 B R R 5 TR S TEEE
AR R Y DX R Sk A e A0 PR 45 2 AT 9 o) LA o T A 1 00 2000 S T PR BRI AR A 0 A R
b FARAR A 30 3T P 24 3 A R TA  AS 1 B 9 AERAR  TT R A T Y A B s A X R A
il P RIER B30 i 0 R AT /0 0 508 70 49 75 300 16y S g [ 50 T Ay il PRTAR o % 52 B SR 48 ) 22 e B i AL 40 41 1A
BT O B2 K% iR SRR IR B . S IR L BB R S M L ARG AR A3 L XU A B O RN UR B U e 3t
6 R T M B IR AT R L . SRR W] FTER M A5 B A RO A G 2 B ER S R 6 2

Vol 40,No. 4,pp1120-1126
April, 2020

S Ak BRI 8 B 0 A P HEAT  RE B ARG 3t Y 3 A T R ML % 6L R O B M AR R LA E AR A S5 R L K LA
Loxt PO EAR B> ROCIE SR T LA B AR O AT 20 B 1, L PR 101 1 PR RE I T4 D X L By 6 BT i5 .

R ZUBOTILL NG s BGOF s /DB s S 1 BRI

hE 4SS TP391. 4 XHkFRIZAD: A

51 5

3T R LL S A T AL A R AR I AR )z B T
TANUTZE WL ZLAM AR ] . USRI S5 90, Rl R
UM L BRER LURORS 0 9T T B DA B AR A R R 10 LA
Sfe R Sk [ P A 2 3 56 T AT 58 ) A A ) . A T o T THT 4% 90
VAR it T 2 56 SO B TP s AR 5 00 22 T A 2040 S8 9 BE Y
JEARARI Ty 3 SO A A 0 1 B 2 52 AR K B S
15 50t 1) oAk AR 9 TR A% 90 LK D R TR i e S O TR T
AL 2L 1 P 5 33 A 965 T AL A s S 0y % 4 R e 119 ) e
—. At FATIT I T 3T 2 I B i ML 210 5h 5 R AR 4R T 55X
PEAT i AR B BRI B T 5 o A TR 20 S i B IR 1 AR i)
(51 51 e 0 A5 0 1 22 3 2 BT R TR e B TR Z IR TR BRI
RS2 . X T MUY B ARFT B AR B, TS A E AR AE 45
MBI RA BB LSME S T AR RS D
W B o i 21 A0 S AR BRI 22 5. FITT 2 B Br 41 A1 TR 4R

i B 2019-03-29, fEiTHHEI: 2019-07-16
HEEWMAB: R+ = H"H& B E (41415020106) ¥ Bl
EE B LB, 1990 &4, 1§ Zf s K Lk 4

DOI: 10. 3964/j. issn. 1000-0593(2020)04-1120-07

T8 22 TB] Y T A 22 S S B 22 U B R R R RLRE . AT DA
RGN PR SN P A B ERE SR E2 (/N =3/ )
M AR A ZE R . Ay G G0 A 43 8V DA AR H AR SR AL — 1
HECOTE L AR B AR B R A KR

PG Rl 5 2o R) — 37 BT 10 I 2 W Rl 4 2 — 2 1Y
S WA Ay R R SR e B AR A L 1 U I AR
Ho, BhA ER NS & )5 2 X B bRl E 3 ST LR
Bro ALEEY, k. ERE A TR . R AR
FREHE IR ER Ty . BT, ER e EERRE
WK ZIRAET Z RS IriE N, 8o R 1A hr % 5
45 1% (laplacian pyramid, LP)™) | 858 /N 28 # (discrete
wavelet transform, DWT)! | contourlet 7% 4t ( contourlet
transform, CT) | 9EF SR #kE contourlet 28 4 (nonsubsampled
contourlet transform, NSCT)' . 4 F R #f shearlet 4% #
(nonsubsampled Shearlet transform, NSST)! 595 4 |

PG 18 TR T+ 5 LR 5 1 IR b BRATUSR A 4 )™ 2 19 B
Ay, FEFZERT . — IR ER P B3 454 RE i X

e-mail: qrc_smile(@sina. com



543

Sl o 5615 M

1121

ek 2 LRk BRI BN A AT 2B ER T TR A
B BT AR ELE SRR o) AR ] A0 A A e BT T R R L
P, Wi, AMBEZi iRt TIF 2 iR s, CHm
G T R DL A P2, — KR R M ik,
. 2B F TR B L Ok Bk (bilateral filter, BE)!
1) U8 9% (guided filter, GF)MU A, 5y — 2 ) & 4 J) 5 3 1
Fk, Fln. Lo B f: /b (L, gradient minimization)'? |
A 4275 4y (relative total variation, RTV)M | XU 3 & B &
I (bilateral texture filter, BTF)M | 7 3 % % (rolling guid-
ance filter, RGF)M %, HH A £ (19 B4R F W 57 125 6 1 A 48
P HEAT . AEAETE T3 TRAR A Y R R Y [ I AR T IR 5
PG5 o ARMETE - T8 (R A0 T RO B8 B I % 46 4 22 ) 5K 3 —
TP

BTV R, =T —F T DWT S8 2 3 B4 5h
PR G W51 . DWT 935052 2 B B0 HL Ak & BOR B4
i DWT X 2 ik B 18145 3047 20 fi# 45 2R AT 3 B0OR0 3 900 &
B, i TR ZH MRS | AeALH 540 AR # AR P TR ER
I A R B e TR AR A R BT A R A SR
S 2 AL S A 4 5 B X T ARSUE B R 2 0 BB
SRR A 5 s s A T 16 U X R A TR AT T
AFE. BRI B EE ARG Z B ER N E R, IR R

1514 - i Ak L 4 0 A0 A Sl AT DA T B 40 o) AR
M ZRALAT 5 THBRTT R I A EE A5 8 T B R
Fr LA BBR 9 AR 15 L

1 FEAHIS
1.1 EFDWIHEEGRE

LT DWT BEAT BR800 S A J 302 A & A TR 181 48 0y
I 53 A B — FRIVIRAAF T A IR /)N i B A
SEH SR JE AR B G T XA [ 2 0 AN [ 30 3 AT Rl A
PGB/ 4 FIE G g5 5 0 AT /NI v A e B AT 45 F)
G EE. B 1 PR 3T DWT #t17 B G a4 0 R B, X)
TR BEAT 12/ A5 20 B AR AR 547 LL LA K = A
J5 1] b 88 OROF e i HL, 26 B & i LH,
XA AR HHD , o, AR 47 3% IR £ 2 6
W, ANER I AR . e XF LSRR R, T R (R
TR ER A E R, BRI & E R KBS
(7 By R R0 4 A 5 B R AT AL 3 B AT 45 3 Rl S5 10 AR
HFUR S 0T 45 s W B S 1 AR R AT /D R AR e
(inverse discrete wavelet transform, IDWT) &b 3158 3| (1) T 4
P {5 B A i P A

N LL1 HL1
SEEA >
LH1 HH1 >
il L HL | s e
i 1%
Fi oy
LH HH
NS LL2 HL2 >
P52 >
LH2 HH2
E1 EFDWIHEGRHMEEE
Fig. 1 Principle of image fusion based on DWT
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Fig. 2 Flow chart of multi-spectral FLIR images fusion
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Table 1

Multi-spectral FLIR images
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Table 2 Image fusion and smoothing results for each method
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Smoothing Method for Sea Surface Rough Background Based on
Multi-Spectral Forward-Looking Infrared Images Fusion

QIU Rong-chao', LU Jun-wei' , GONG Jian', LOU Shu-li , XIU Bing-nan', MA Xin-xing'
1. Naval Aviation University, Yantai 264001, China
2. School of Opto-Electronic Information Science and Technology, Yantai University, Yantai 264000, China

Abstract For effectively overcoming the influence of rough background including point-clutter, strip wave and highlighted area
in single-spectral forward-looking infrared (FLIR) image, a smoothing method for sea surface rough background based on multi-
spectral FLIR images fusion is proposed. The method makes full use of the complementarity and difference existing in multi-
spectral FLIR images. It aims at combining multiple images into a quality image in which the sea surface rough background is
smoothed and the feature information of the ship targets is maintained good. Firstly, the multi-spectral source images were de-
composed into low frequency sub-bands and high frequency sub-bands by discrete wavelet transform (DWT). The high frequency
sub-band mainly contains the detailed information of the background and the ship target while the low frequency sub-band mainly
contains the grayscale information. After obtaining the high frequency fusion image based on the maximum value of the high fre-
quency coefficient, the regional energy of each pixel was calculated to modulate the high frequency fusion image in order to sup-
press the details of the background and maintain the details of the ship targets simultaneously. Then the low frequency fusion im-
age was obtained by the average strategy and smoothed by the guided filter. Finally, the fusion image was reconstructed based on
the high frequency fusion image and the low frequency fusion images by inverse wavelet transform. When the simulation experi-
ment was carried out on the actually collected multi-spectral FLIR images to prove the effectiveness of the proposed method, the
proposed method was compared with the other 6 smoothing methods including bilateral filter, guided filter, gradient minimiza-
tion, relative total variation, bilateral texture filtering and rolling guidance filtering. A large number of experimental results
show that the smoothing performance of the proposed method is better than the other 6 methods. The proposed method can ef-
fectively smooth the sea surface rough background and maintain the structure, grayscale, contrast of the ship targets, which can
greatly enhance the separability of the ship targets. In the future work, the proposed method needs to be optimized to further im-

prove the timeliness.
Keywords Multi-spectral FLIR images; Image smoothing; Wavelet transform; Guided filter
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