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Abstract: Aiming at the problem of low ¢onirast;, lack of theydetails”and weakness of edge gradient retention in remote
sensing images, a new remote sensiig image’ enhancement method Based on the combination of Non-Subsampled Shearlet
Transform ( NSST) and guidéd» filtering, was proposed. "Fiustly, the”input image was decomposed into a low-frequency
component and several high-fréquency, components By NSST. Then a linear stretch was adopted for the low-frequency
component to improve the overall contrast of the imagéy, and the adaptive threshold method was used to restrain the noise in the
high-frequency components. After denoising, tlie high-{frequency components were enhanced by guided filtering to improve the
detail information and edge-gradient retentidrinability. Finally, the final enhanced image was reconstructed by applying the
inverse NSST to the processed low-frequeney, and high-frequency components. Experimental results show that, compared with
the Histogram Equalization (HE), image enhancement based on contourlet transform and fuzzy theory, remote sensing image
enhancement based on nonsubsampled contourlet-transform-and-unsharp -masking-as-well as remote sensing image-enhancement
based on non-subsampled shearlet transform and parameterized logarithmic image processing, the proposed method can
effectively increase the information entropy, the Peak Signal-to-Noise Ratio ( PSNR) and Structural Similarity Index
Measurement ( SSIM), which can obviously improve the visual effect of the image and make the texture of the image more
clear.

Key words: remote sensing image; image enhancement; Non-Subsampled Shearlet Transform ( NSST); adaptive
threshold denoising; guided filtering

AR DRI R R A R, B R R AR OB 2%

0 3= PR A3 7 045 5 6 P, R b 8 R R 16 AT L A b T
R R — T S SR KOS B SRR, ARBRRSZ R, U TR T B
LEARAL Rl R e S5 KL T IR 4R B 3 B3 0L PR R 7 o A i AR R 1 !
FE R Y, HF/MERE LD T 5B (Contourlet) FOF 1L 38
H T R (R U A s B B 2 B A FAE F R ABE# B B ( Non-Subsampled Contourlet Transform,

Woim B #1:2016-04-27 ;42 [ H i :2016-06-28, EEWmE  ZF MR SR IMKBIIE1E S5 ERAA #5759 B (DICE2014-2029)

EEEN: BER191—) , B WALRHA LB A , FEOSITN : BRIEE; TR (1964—) B WRBRAA SR, 8L, £%
TR OLEGE S SFERAE; B (1964—), 8, Bl A, 3R, B4, TEFE I BE M, B Nikola KASABOV
(1948—) , B BRINFIW R WA, 03R4, EEBFI7 10 - Frr BG4 BRI


http://www.joca.cn

% 10 4

b3

BE A TETRET A TREIFREALANERBREE 2881

NSCT) f 3 % Ft T BY 11 i ( Shearlet) B3 31 25, 2
FROBE W B G R 7R s TAUR B
BREAGHAYEEBAES EZLD . DA R iR S04
S FEAETT T PR 2 B TR, 75 PR ) 140 5 R s D s 5 TR
BOREH . Contourlet 28R BLA T B A, 5724
AL , 25 5 1 R B R 2k . NSCT! fpr 75X 4~
BB TR R s () R PR E A0 A 6, X R AR A R
R AIAT -ENHE, FEEEIRES BERA,
I, Guo 251 il g4 BB IKA75 B R Gu b i ) Shearlet 254,
Shearlet AE 4t — TR ARG SRS LR, A %1 5
M 7 18 MR AR A, O ELZE U b R 8 2 4l 2 B, o B R
RFREIEET RN, BERAE LR AN, TR
Bi491 3 35 e ( Non-Subsampled Shearlet Transform, NSST) ™ B
Shearlet B # ) FEAH , 34k b6, 1 Shearlet B4 T RAF LA, 1
T VRAZENE, AR AR T O AT, 3 B Shearlet 7%
PHCE AT B, A RBO R T TIs A, JREh T NSCT A 8%
Sito HAT NSST L) 2 M FEGMA" "  EHEE
Wl s AR R T s

G RUBPE MR R, A R WA W R
NGRRERIFRES . RIBIE ARG R 55| SIS B9
TR, TSR 405 R , FR R BT M 4n 0 R 5 -
Bl it —E B el e, RIS E B Bl 5. RIBRE
AR U R R B R LSRR L B I TR I R XL, A
KGR GAE R

el o, A SCIR N T —F & T NSSLAR 5 5] S
PR & B R BB A, REENHEA S
NSST HMIEATER 5, SR R B 35 R B (8 e P05 S o R 75
TGRSR AR B A, TR F 5 | SUa Xt 5 55 1 5 4
WA HEATHE SR AL P, SKU G5 R R WA CE W 5 H 5 AT
e A DL K it JLAE R i ) CT( Contonrlet Transform ) 2R
ISR B NSCT S BEAL T 5 Fil NSST S804k X 5 vARH T,
FR BB A, B TR AR W 8.
1 #Ebo
1.1 dETF3#¥¥F Shearlet 35Ha

Shearlet A2 4 258 1 & BU/NBBIEHEE - A 1, B —F0 A
MRaREBHITRRS, 5L £ RE SIS & AR
MR, B 8.,

WAERAET 2 i, KA I 5 RGP AT RoR R

My () = 19, (x) = |det(A) |1/Zt//(Blij -k);

jleZkelZ (1)

Hp:y e I(R) ;A M B X2 x 2 [ALSEFE A 26 Uik
HS R G o] PRI [, #5251 T Shearlet FYREE ;B 2
BB K B RSB B I E B, %) T Shearlet {175 4],
|det (B) |= 1,

X Vfe I'(R),%

2 |t I= 1717 (2)
W M, () WTTREFRA A BN

NSST )53 % F 40 F P~ 5R

DEREN . Ra@rEGRELIETRESTE
( Non-Subsampled Pyramid, NSP) #% 43 fi# 550 45 A1 =5 43 7 30

5%

2) Ty R, BT AS Y TR S 433 3o A O 99 4 0
BAIEAT I R e BURSCBRAL B N 2 a) y T AR HEAT TR
REAT L 4 DB AL A BRI B R L AR AR s b) MEAT £ R BE 4
i RIS 7 ) T4 R R o) X IR b) s B i R BCFY
HEAT ML AR, RS B BT I R
1.2 B|BRiK

B, S X — AR R A AR R B R, I AR e
5 RS 1L IR EIS p UEBUG EIR ¢ 3 h TH1 p BB
LY, T LA 0  FEA MR E A ROUE B 7T AR
S AR TR -

9. = 2 W, (Dp, (3)

Hopi, JAREBRET MBSO W, ; B—1XT5]
SRR TR A BB p W RS RS AT T p BRI,

TG UER, H G R B S [ REMR T R A KR ¢
BRI R MBRELMEE N kAT O o R E
JHERE oy g T B IEAR R, /]

= aly+d3 Vi e o, (4)
Hfa, b, BB LERE, TERBE o, THFHE B
TN 9= o VI(a N HERLE) XA R R RRAE T IE
HNEL R g RS | B R R R T 4, BRI ORI 1
HI L SRR AT

GRS 2208 g Wl s K 1

El= elp=q) +q (5)
Hov: poir B R 8 BB g R IETS R, it B A
B bt R BB AT EE o RIERSH, HEB KR E
P SR, B BCR R R B & HIRERE
B EIRA S £ BYEIR 3,
2 HESR
2.1 {RSRFH &SR

£ NSST AR A IR 41 , $ld T UG OYE I i # A
R, REBRMRHRE, SR EEGRYRENGEER K
W R AR PR R T R RN TR B B AT R AL PR AR
B A3 Xet PR ReR I 52 ) B Xt ELBE, IR DA S S 4R P AR 4
X EHATRLAR o %4 AT AKX L BE A 80 32
FHER I Z YRS

HERMABIT PR

f(x) =255(% = %0 )/ (Finax — Fonin) (6)
H 20y Fe TR T R B/ ME S BORE, 1A
Bor AR AN EOR BTE ST 210,255 ] I,
2.2 BEFHHBEENHEXRSSIRIKIEE

B I A AR B R ) B A B E R i
W, TR AE R T EE MRS, UGS T ER R
A5 B o A SCRBUEE T Bayes Shrink ) 538 7 B {H 1 590
e, Bayes B! 10T B

T, = Ao*/o? (7
A B AL TRIMIRIE R 0. 950° MR 22,
o MEBF %,

R ERAE S R 2 g P R

o= (median|di‘j|)/0. 6745 (8)


http://www.joca.cn

2882 3 5L R

%36 &

o, = \/max(#z Z"fdij(l,k) ) 9)

Hepd, ;(Lk) B2 E1 T 0 EHARL
HAREATT 18 LI R BRI IER R T

RS o
Hoefrs,, SRR AT R R S AR B
m=$;;% (11)
ST T RO
¢ = $5.;./5 (12)
3 L R B R«
T =T, (13)

AR FARE B 2 R B I 1) b I R B AR A T 0
T BRAL B .
& - {di‘j, ld, ;1= T

0, |di,j |< T

Zit R BN BERRE N T HEERISESURE A,
FEX &N ) B AT 5 R OR, B RUbR
E R AN5 TG M EE A LU, B B B 5,
2.3 ZHPR

IRLBEWT

1) XHE AR 2R E 15 $E4T NSST 20 , 19 2R S% R i
HhaYs

2) R4 (6) XHIEIH T 77 REGH TR LR

3)IRIE(T) ~ (14) X R 40 F 7 R G EE M ab

(14)

i1
4) BB R RN B S MR R SGE S (5) #1758 R iE
T ;
5) XoF LA A5 3 1R I A FT 5 450 2R BCEAT NSST B, 15
SR )5 R B R

'
| 1&5@% ||
[ &g |

'
'.%‘bFEl;EM} |

| BRI E 50

HRER
1 BEBESLHRE

3 SEBREERMH

BT BIE A SCAR B 1B SRR A SR A R AL A
AR BEPIR I/ 256 x 256 1512 x 512 By BREH
ERIRAEA . 7RSSR, A CHE B 5 B 7 E 45 (Histogram
Equalization, HE) & CT *ﬁ*ﬁﬁi’éﬁ‘gﬁﬁ%[s] NSCT R 4ifbE
% NSST SEULX R L™ PURMF AR T3 L, NSST
SHREEI R A )2 &R E DT R EE A [3232 16 16],
IR P E RECER 2 2, BN SH e 2 0.01,
NSCT 7243 )2 R =2, Brxd Bz 59 J5 15 % H 4350 8.

16,16, EWHEHFEH: CPU 2.8 GHz 47, HFEH 2 GB,
B A& o5 Matlab R2009b,,

A S0 BRI R AR PR 2 A B B 5 R
FEWIH R LB R AR S MRS NS R. &
SPEM AT LIS A BE2S : — 282 P2 (a5 B 5 47 68 1 W35
¥, A SCHEBUE B 1845 ; 75 — RN BE SIS E RN
FEIR , B BUEAE{5 1 kY, ( Peak Signal-to-Noise Ratio, PSNR) .14
Ji#R iR 2 ( Root Mean Square Error, RMSE ) Fi1 45 #9 AH f)
( Structural Similarity Index Measurement , SSIM ) X =547 .

BB RN EGEHEERENFN, HEBK, RAEZRA
BRI 5) , SO T TS W

PSNR R/ E RMA N5 A SR 75 2 (B Y Lo AR, FLH B
KRBT,

RMSE 2 & Wi 8 Bl 5 2 [H) R 22 , R, A iR 22
N EIRRUR LT

SSIM J&— i 2 79 18 R 45 S #a 1 EAH (BLBE o A, B
THBEZEAHEHE, BRERENEREHHRERE,
FAEM , 2o BLEE M/, S 9B SR M R T, R E O 1,

1 AREERENERIEM BRI L

Dl 8

3 ¥ = EHi/b PSNR/dB RMSE SSIM
SR BiRE 15 EH
HE B ¥ 5.96  28.94 9.11 0.705
» CT BE BE: 6.70  27.37 10.92 0.496
PRER L yoar FELER:  6.40 28.82 7.51 0.422
(256 x 256) : : : :
NSST2#%ufby:  7.21  27.14 11.21 0.759
FHE 7.81 30.96 7.22 0.753
HE 5.59  24.63 14.97 0.610
CT BRI B B: 6.04  27.13 11.22 0.743
BB 2 yoor FEgLER:  7.19  28.41 10.00 0.49
(512 512) ) ) ) '

NSST S¥rib & 7.28
ARCHE B 7.28

N T P IEAS SO R B, P 50 iR 4 -
KIS BAHEINE 2 Fis o
&2 50 IBEE MM ERE THE

25.50 13.54 0.701
27.48 10.77 0.839

=RV fZAM/b PSNR/AB  RMSE SSIM
HE & 5.50 26.78 12.27 0. 641
CT M B 6.18 29. 60 8.44 0.548
NSCT B éifbEs:  6.64 28.88 9.16 0.417
NSST &¥fhEs:  7.16 26.19 12.51 0.723
AXE 7.39 30.05 8.02 0.770

P 2 v NSST Z:${ 4% 58 Je B0 R A e o 3 98, 22 BE 1
5 GBI NSCT 8t fb 355 i R s o (53
GARCRATEW , A B RS 5 CT SRR 5 M B R
RIS, G RS2 B O F AR 5 R R R E
W HI G AN, B 3, NSST S 50ib 3858 J5 i B (o
R , 41175 130 AR AS I Wi 5 NSCT 2 BEAb 38 5 f5 1) B 5 52
BETE R, 40O, (L SO - CT TR 13 8 ) R 1R
B B B R S W B SR ER . SR, AR SR B
B2 ~3 R R RGE P, 415 B RGNS I, AL SR
Bt o

MR ER 1 B, A SCEE NS B
PSNR F5 PR #0 LAt 0 AP 3B 1k 0 7 SSIM 845 b, A CH &
Lt NSST S HUL B LI, LAl =Fh B #0E


http://www.joca.cn

3

% 10 4 BERF ATETRAH TR LTREFIFREALSNELBRIER 2883

&

(a) JRH (b) HEH %

() CT&*@E;%%

() NSSTE AL H Ak
2 RAEEAHIRER 1t i

(a) SR (b) HEELH:

d NSCT}i«’éﬂzﬁ %

() NSSTEHALH % () ASCHE
B3 RESEXAGRER 2 SRR

(d) NST&%%?Y -

MEITFHMRE® 2 TER, AXEENEERS
NSST S¥0ibE 1k —#E, o NSCT 2808 1 . CT RO 3 38 A1
BF I A RS 7E PSNR I, A S vk NSCT 2 844k
WA, Lt NSST S3Ub B B W Bk A LT
SSIM MR L Lb A B AR -

%t 50 IR RS E, W 2 AT LB, A SCE ERF
Y915 B L NSST S 80b 5 ke 55 , b NSCT b kg ®
11.30% , 1 CT HEM B 485 19. 6% , L B F E Wi e g
7 34.36% , U W AR SO vk B R AS- T 375 Wi A PRI 45 4 T N 20
1EV-3 PSNR |, A B b NSCT R GEALE B F1 CT HR &
ERE R, L NSST 28 B IL RS 14. 74% , LW E 5 B %
BEE 12.21% 7T LA B A SCE L B R e g R I 7 T 1
RMSE b, ASCE S ML MEE ML, W TIREE
N, BERRCR BN B 51y SSIM B AR S B b A
FINEETF 1, 7] A A SRR R TR BRMEHE
BB R s> T R S B, T hIE A ST B

4 4%

ASGE IR R AR AT ST, 2 T — BT AR R R AE
Sheatlet 728 b (14 22 R LR T8 Jr vk . X B ESE S BB DL
R G PR JE RS SRR 58 B R AT 5 8
TP GABIE . SRIREE R R, A SCE R AUE W B2k
P B L LA R , T B2 LA A5 v 1 PR 4 SR L PSNR AT
SSIM _b A O B B3R T, (EA SCREEE R B S X L3
PR IR G ERUR A B R Y, B T — ¥ xh R K A
pii XTI
SE Lk
[1}, LEEE, KIM S, KANG W, et al. Conirast enhancement using dom-

inant brightness level analysis and adaptive intensity transformation

for remote sensing images[ J]. IEEE Geoscience and Remote Sensing

Letters, 2013, 10(1):62 —66.

[2] MEN GZ, YANG JL, ZHAO J. Fuzzy contrast enhancement for re-
mote sensing image based on fuzzy set in nonsub-sampled contourlet
domain[ C]// Proceedings of the 2010 International Conference on
Machine Learning and Cybemetics. Piscataway, NJ: IEEE, 2010:
735 -740.

[3] DEMIREL H, ANBARJAFARI G. Image resolution enhancement by
using discrete and stationary wavelet decomposition| J|. IEEE Trans-
actions on Image Processing, 2011, 20(5): 1458 —1460.

[4] £EX, R, XNXP, F ETENEERABEOR
TBRERIMSRLT]. AL E 56, 2010, 18(7): 1602 -
1605. (WANG Z W, LISZ, LIUMZ, et al. Remote sensing image
enhancement based on orthogonal wavelet transformation and pseudo-
color image processing [ J]. Computer Measurement & Control,
2010, 18(7):1602 -1605.)

[S5] ¥, BPREE. T Contourlet ZSHHIBINI P LT A1 B {RIGIR
BE[T]. #Ye5404h, 2011, 41(6): 635 - 640, ( PENG Z,
ZHAO B J. Novel scheme for infrared image enhancement based on
contourlet transform and fuzzy theory[ J]. Laser & Infrared, 2011,
41(6):635 —640.)

[6] LIUL, JIAZH, YANG ], et al. A medical image enhancement
method using adaptive thresholding in NSCT domain combined un-
sharp masking[ J]. IEEE Intemational Journal of Imaging Systems
and Technology, 2015, 25(3):199 -205.


http://www.joca.cn

2834 it AL A

%36 &

[71 WANGJJ, JTAZH, QIN X Z, et al. Medical image enhancement
algorithm based on NSCT and the improved fuzzy contrast[ J]. IEEE
International Journal of Imaging Systems and Technology, 2013, 25
(1):7 -14.

[8] PUXT, JIAZH, WANG L], et al. The remote sensing image en-
hancement based on nonsubsampled contourlet transform and un-
sharp masking[ J]. Concurrency and Computation: Practice and Ex-
perience, 2013, 26(3): 742 -747.

[9]1 E##h FIRL, FHE, % 2T Shearlet LH AL R Ret-
inex B EFRRAE YT, HAEVLBIA, 2015, 35(1):202 -
205.(WANG JJ, JIAZ H, QIN X Z, et al. Remote sensing image
enhancement algorithm based on shearlet transform and multi-scale
Retinex[ J]. Journal of Computer Applications, 2015, 35(1):202 -
205.)

[10] DO M N, VETTERLI M. The contoutlet transform: an efficient di-

rectional multiresolution image representation[ J]. IEEE Transac-
tions on Image Processing, 2005, 14(12):2091 -106.

[11] DA CUNHA AL, ZHOU JP, DO M N. The nonsubsampled cont-
ourlet transform: theory, design and application[ J]. IEEE Trans-
actions on Image Processing, 2006, 15(10):3089 -3101.

[12] OLSHAUSEN B A, FIELD D J. Emergence of simple-cell recep-
tive field properties by learning a sparse code for natural image[ J] .
Nature, 1996, 381(6583):607 —609.

[13] GUO K H, LABATE D. Optimally sparse multidimensionalfrepre-
sentation using shearlets[ J]. IEEE Transactions on Imdge Progess-
ing, 2007, 16(4):918 —931.

[14] EASLEY G, LABATE D, LIM W Q. Sparse directighal image Tep-
resentations using the discrete shearlet transform{ J] ./ Applied and
Computational Harmonic Analysis, 2008, 25(1):25-46.

[15] YIN M, LIU W, ZHAO X, et al. A novel imagedfusion algorithm
based on nonsubsampled shearle®iFansform(J]. Optik, 2014, 125
(10):2274 -2282.

[16] KONG W W, WANG B H, LEI Y. Technique for infrarédvand vis-
ible image fusion based on non-subsampled shearlet trémsform and
spiking cortical model[ J]. Infrared Physics & T&ehnology, 2015,
71:87 -98.

[17] SINGH S, GUPTA D, ANAND R S, et al. Nonsubsampled shear-
let based CT and MR medical image fusion using biologically in-
spired spiking neural network [ J]. Biomedical Signal Processing

and Control, 2015, 18:91 - 101.

[18] LEI'Y. Technique for image de-noising based on non-subsampled
shearlet transform and improved intuitionistic fuzzy entropy|[ J].
Optik, 2015, 126(4):446 —453.

[19] GAO G R. Image denoising by non-subsampled shearlet domain
multivariate model and its method noise thresholding[ J]. Optik,
2013, 124(22):5756 —5760.

[20] R—%&, &K%, RiFE. T NSST FIARBAREARE
B BENIERT]. SEERF - 8o, 2015, 26(5): 978 - 985.
(WUY Q, MENG T L, WU S H. Adaptive image enhancement
based on NSST and constraint of human eye perception information
fidelity[ J]. Joumnal of Optoelectronics + Laser, 2015, 26(5): 978
-985.)

[21] PE7H, R—%. JET R4 Shearlet AL #e 5 2 Hfb 3] S B B4k
HARSE G B R R BOMSR[T]. LM, 2015, 44(8):884 -
892.(TAO F X, WU Y Q. Remote sensing image enhancement
based on non-subsampled shearlet transform and parameterized log-
arithifiic image processing model[ J]. Acta Geodaetica et Carto-
gfaphiea Sinica, 2015, 44(8):884 -892.)

[22]¢ HE'K M, SUN J, TANG X. Guided image filtering[ J]. IEEE
Tranfactions on Pattern Analysis and Machine Intelligence, 2013,
35(6) : 1397 - 1409,

(230, BB, 20 BT 2y 3R R A Contourlet R4 () 1 38 W
TR IR SRR, 2010, 30(5): 1351 - 1355,
(LEI H P 11 F. Image de-noising algorithm using adaptive thresh-
old based 6n multi-wavelet nonsubsampled contourlet transform|[ J] .

Jolinal of ‘Gémputer Applications, 2010, 30(5):1351 —1355.)

Background

This work is partially supported by the International Cooperative Re-
searchiand Personnel Training Projects of the Ministry of Education of Chi-
na ( DICE2014-2029) .

LYU Duliang, born in 1991, M. S. candidate. His research inter-
ests include image enhancement.

JIA Zhenhong, bom in 1964, Ph. D., professor. His research in-
terests include optical communication, signal and information processing.

YANG Jie, born in 1964, Ph. D., professor. His research interests
include image processing, pattern recognition.

Nikola KASABOV, bom in 1948, Ph. D., professor. His research

interests include digital image processing, pattern recognition.

(4% 2879 W)

[13] GONG H, ZHU S C. Intrackability: characterizing video statistics
and pursuing video representations[ J]. International Journal of
Computer Vision, 2012, 97(3): 255 -275.

[14] SCOVANNER P, ALI S, SHAH M. A 3-dimensional SIFT de-
scriptor and its application to action recognition| C]// Proceedings
of the 15th International Conference on Multimedia. New York:
ACM, 2007: 357 -360.

[15] ZRA#, BRI X RAcHRsE = r a0
K[J]. 45806 TR, 2012, 41(5): 1384 - 1388. (ZHU X
F, MA CW, LIU B. Aerial target automatic classification based on
improving bag of words model[ J]. Infrared and Laser Engineering,
2012, 41(5):1384 -1388.)

[16] KONG Y, LIANG W, DONG Z Y, et al. Recognising human in-
teraction from videos by a discriminative model[ J]. IET Computer

Vision, 2014, 8(4): 277 -286.

[17] PATRON-PEREZ A, MARSZALEK M, REID I, et al. Structured
learning of human interactions in TV shows[ J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2012, 34 (12):
2441 -2453.

Background

This work is partially supported by the National Natural Science Foun-
dation of China (61103123), the Program for Liaoning Excellent Talents in
University ( LJQ2014018, LR2015034) .

WANG Peiyao, born in 1991, M. S. candidate. Her research inter-
ests include video analysis, pattern recognition.

CAO Jiangtao, bom in 1978, Ph. D., professor. His research in-
terests include intelligent control, video analysis.

JI Xiaofei, bom in 1978, Ph. D., associate professor. Her research

interests include video analysis, pattern recognition.


http://www.joca.cn

