BHSRE

Control and Decision

1 SR 5 L FR B B R R
2%, WL

FIHIARSL:
A%, BISE. FE I EL AR 5 BT PRI BT (Y PG S S ). Fhl 5 BRS, 2021, 36(12): 2919-2928.

TEZRIR]IE View online: https://doi.org/10.13195/j kzyjc.2020.0845

BT BRSO HAB S EE

Articles you may be interested in

R X (R E L8 AT Maclaurin X FR SF-241 387 B ke 3 i

Probabilistic interval-valued intuitionistic hesitant fuzzy Maclaurin symmetric mean operators and decision method

PR S5 2021, 36(5): 1249-1258  https://doi.org/10.13195/j kzyjc.2019.1370

BET 00 53t SLL_ L $INE3E T8 1) A7 R UG ik SR
A battlefield image enhancement algorithm based on bilateral decomposition and $I._1$ dark channel prior

Fthl 53K 2021, 36(5): 1165-1172  https://doi.org/10.13195/j.kzyjc.2019.1213

FTFRCHEZR LIS ] WOC &Rl 5 0715
Infrared and visible image fusion based on FRC algorithm

Pl 5 HIK. 2021, 36(11): 2690-2698  hitps://doi.org/10.13195/j kzyjc.2020.0669

75 BN TR 91 B Sl A AN 2 R SR 7
Dynamic large group emergency decision—making method considering time series

P 53 2020, 35(11): 26092618  hitps://doi.org/10.13195/j.kzyjc.2019.0088

— TR B R BVC L T IR L 55k
An image dehazing method based on learning framework with sparse coefficient matching

Pl 5 HIK. 2020, 35(11): 2797-2802  hitps://doi.org/10.13195/j kzyjc.2018.1764


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0845
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1370
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1213
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0669
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0088
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2018.1764

363 5 128 = % 5 xR Vol.36 No.12
20214 12 Control and  Decision Dec. 2021

BENERRMERER BRI ERIEREE

z B RET
(PG 22 M b K2 A S TR B, 7% 710121)

o OF: XA BT P A R 5 S T RE A AE OGS b R R R L S AT AN SRR S BANR
A5 T A, 418 N SRR AR S LT PR R ) BB S S T LRI AR I “ BRI BN B SRR
HFELTT B RO S, R T R I R R R 0 (M AL B S RIS, M S 20 s o 2 v 5ont PG B ol ORI A 7 EL 7
PIREAT 38 RGBT, SR 70 B SR T 3 BY 5 10 B e OB AH 7 L7 B AT S AL AR BE. 5, ) B e R 2 (0
a2 R LR (R R R SR 2 1 513 B8 RAS B 41T R, AT DR B PR = s O 415 15 5. BET 3 RS 1 ]
&, B0 B SR E - MR I8 R 3 21 A B 0 S 96 245 SR AR W, P it B3k e M 3t v PR O 0T B E, O B TR Y
ATAE R, S IR E AR ML RCR, BGE R B B B VAN .

XEEIA: KGR, BRI, BRI STRREEREL MRETTE

FESES: TP391 XHERFRASAD: A

DOI: 10.13195/j.kzyjc.2020.0845 FHFRE (RiRBR %5) #RIRAD (OSID):

SIRME: 228, PSR, FOE N B BRI s B 7 P BT 1) MG s 0% (0. 42 5 3k, 2021, 36(12): 2919-
2928.

Adaptive intuitionistic fuzzy dissimilar histogram clipping image
enhancement algorithm

LAN Rong®, JIA Ya-wen

(School of Telecommunication and Information Engineering, Xi’an University of Posts and Telecommunications,
Xi’an 710121, China)

Abstract: Aiming at the shortcomings of the classic histogram equalization image enhancement algorithm, such as
excessive contrast, uneven brightness distribution and low detail information, an adaptive intuitionistic fuzzy dissimilar
histogram clipping image enhancement algorithm is proposed. Firstly, based on the “voting model” of intuitionistic fuzzy
sets, this paper defines the concept of an intuitionistic fuzzy dissimilar histogram to extract the spatial location information
of image pixels. Secondly, an S-type membership function is used to adaptively clip the intuitionistic fuzzy dissimilar
histogram. Then, a segmentation strategy is used to equalize the clipped intuitionistic fuzzy dissimilar histogram. Finally,
the hesitancy of the intuitionistic fuzzy set is used to characterize the unknown information of the original image, and
modify the detailed image obtained by the guide filtering, thereby the rich detailed information of an image is retained.
The experimental results for three types of images, namely natural images, MRI brain images and near-infrared images,
show that the proposed algorithm efficiently enhances contrast, retains the details, yields natural visual quality images,
and improves an image quality evaluation index.

Keywords: image enhancement; histogram equalization; intuitionistic fuzzy set; S-type membership function; dissimilar
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FAAEI BEIG 50 T2 K BEIERS 5 K FE 0T L 45 9T 4
5 5 5 5% ] .

N T AR G ) R, R )0 G 1 3 N T LB
f#74¥. (contrast limited adaptive histogram equalization,
CLAHE) 50k il 1 3 37 5. 77 KR By 1k BB 2 4
SR, B SR rp B B BT AE AN R & L . Vidya S50
HH R FH = A AR S R B2 o At D B BT 3 B
F i L, 2% BV T 2 A ) PRI 0 i R R B e, (LA
58 Ji 1) PR 8 B 93 A AN 38, ELoF B 9% AR 3 o 8 R
B, Paul 5O 2 BT & = H 7 B8 K
145 (plateau limit-based tri-histogram equalisation for
image enhancement, PLTHE) 5775, 1Z5L7A 5 H B 7
I3 BCBOR A4S 18 0 5 1 B AT R 55 5 R G AR A
S JE KV B2 5 1t BV G JR B AT &R, P AEA
SRIIANUL. B3R S OR BB K 45 B
BEAT 1Y 5, IR R AR 2R B A A AR AT 3 0 o
Ja BB A B 2R, ATF LS8R . O8RSOt
JE£ 455 (fuzzy-contextual contrast enhancement, FCCE)
SRRV 0] R RSORN S BV 312t RO A e L7 TR O R 2,
BEIEH EEE A B LR SO &R, AT 8 5 i ) R
HEREUN B AR ROR.

H TSR] B 10 S5 Ja FEE A PT 37m AR 30 AT AR
BRI SR S AR SCRFRE B 5 T A B, iR R R R
K5 B, AT BRI AH 53 BT BINHE B RR A 78 o,
H 95 5 B UG Byt I C R O 5 R 755 AN 9 2 LS 45 )
RO T L R R A D ROR SRR R HE S, A RE
g FRoR SR E I SRR, B W R R R S AR
R KRR EE B, T 3, AT H A
SE TR0 BRI AR S BT I AT 4, 58 SRR
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L7 BT 1 BRG0S0, i SR ORI A S LT
PRI ) 3 B ASOR0 A S B0 07 1. R, R S B s e
J B HON B AR AR 7 BT PRI EAT B T BT, FERT
T 5 B BRSO AR 5 BT B AT 2 Bes k. A
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i A5 AN 21 A0 R 3 0 20 i UG B AT 0
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1.1 EHiRHE®
WX A BRI, W X ) B AR A e X
N
A={(z,pa(z),pca(z)) : z € X}, (1)
Ho s pa 0 X — [0, IS pea © X — [0,1]
53 IR 9 S5 i FE R HOR R SR 8 B2 R B, H R Ve €
X,0 < pa(x) + pea(z) < 1.
TUER R BRI AR RN A
wa(x) =1— pa(x) — pca(zx), 2)
W0 < ma(x) < 1.
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% 18 B EHRAR R 12 A A7 B AE S, STk (71 8 H
AN R B BRI 14 v SR SR A S LT .
NI M x NHIEIE I, G
I ={L(p,ql0<p<M-1,0<¢< N -1}
H B RKBEL(p,q) = A € {0,1,...,L —
= 256.
b5, L3 x 3 % H R/ AR AR 2 R AH 1oL
JE BRI SR & R K
us(p, @) = max{l — |1,(i, j) — Lo(p, q)| /o, 0}.
HAi=p+m,j=q+nm,nec{-1,0,1}, o N
N BB IIFR T i 22 . 1208 R DR S & B2 A
1 1
i) =5 3 Y whrmatn. G

m=—1n=-1

HJi, ARV S UK R0, B e/ (p, ¢) = 1 —
i(p, @), FREER Lo(p, q) 5 HABBAR R M R,
A AR 5 BT B Hean N

Hiap = {htan(M)|A=0,1,..., L — 1}; “)

1}, L

M—-1N-1
hian(N) = D Y Ba(p, q); (5)
p=0 ¢=0
uc'(p, q), Lo(p,q) = N
Dx(p,q) = (6)
0, otherwise,
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,  R—min(R)
~ max(R) — min(R)’ ©)
, G —min(G)
¢ = max(G) — min(G)’ (19)
, B —min(B)
B = max(B) — min(B)’ (D
L =R +G +B. (12)
Hordr: min(+) Al max(-) 3 7 4 % B8 2 1) 5 B R

BRI S5 /ME RTSR ORAB, 1 990 €038 18 A 5 45 31 1
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FEAZ R A A BAE R, 51N B SRR 5 B
2, N EUG P AR L ASKE B (S S A, IR F AR
RIAH 5 B 7 BRI MR I 2 RS S

Lo ORI ER B S SR B IR HE T N, BE SE N HER
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7 RSO A 2 BT BIEATHE) T, 49 B B O A
B 7 BRI S, B E 5 .

FE SEFR B I AR v, SRR I SO 38 PR A
XA ELRE R, T = A2 T8 B 3L 3 R B AE AR 2
HSRJBFE 1(p, q) NCREE L — w(p, ) NI . #
SCHEE 2 B SO0 R, 2 PR AR, RN A
w(p, q) (1 — plp, q)); 45 RN 52 B SR 2 = A
W, WS N (1 — pp, q)u(p, q). I, AR

SR EI A

m(p,q) = 2u(p, ¢)(1 — p(p, 9)), (13)
PRSP 4 S RS0 4 1 S R 3 A 1 2 A
1 (p, q), (14)
ue*(p,q) = (1 — u(p, 9))* (15)

RS2 ) 5 A0 ., A3 TS S M S5 7L
¥l Hey, 79

1 (p,q) =

Hiy, = {hign(MIA=0,1,...,L — 1} (16)
M—-1N-1
i) = Y > P3P, a); (17)
p=0 ¢q=0
. uc*(p,q), Ii(p,q) = X;
3(p,q) = (18)
0, otherwise,
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S(z) <132 €{0,1,...,255}.
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F1 mTEERWRERSG B TNR, &g
SEACER S, 2 N KRS B VRIR, 8 T RN
T AR 1R 5 T 8 R Io B B R BIR 0 K FE AR 8 5 9
BB RN B B&/ME.

W 2 P, A SR F B AR AR (T4
VERIBIEDE 7, 7T DL 36 S b 35 55 P 4500 25 [X 455 1
T, MR R LA B 7K 055 B JInR
26 EERE
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Toidb
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HITH
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A

SR e
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SR 5 LT
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WHE
W

Beafin it
v

G RERE <

B3 AXEZERTE
T 5, B CRERLRL R E TAL B OB BB
) IFDH, $/& B 4 1 2 () 7 B A5 5. Ho ik, 55 T IFDH
BB EMIE S B SR @ L ek B S L E SO AE e B
77 B0 B 3E N AR ET; SR, % IFDH 3E4T 38 3 43 BE)
Ak e Ja , 3 A T4 R 3 i 5 A 1 4 21 i AR

3 SERERS5SHT

DB AIE S R, B 3 B 2 I I AR, 4
TSR 4 A B 3E R R B8 04 B2 2013 (tampere
image dataset 2013, TID2013)!51 432 3= W B 4% 5 &
(categorical subjective image quality, CSIQ)!'%!. RGB-

NIRU) 37 55 B4 2 R EL I I i 43 31 8045 4E (internet

(18]

Fi
AN

Hi
Ji &

brain segmentation repository, IBSR)
FH OGS b B AL 46 HE S0VAB) CLAHE BEM,
B MEME acoane = 50; N T IRFFREL, X E
7 Bk AT 43 B35 #5746 19 BPASHE 513519, 53k 2

&N H 77 B ¥ 4T 46 (triangular  fuzzy membership-
contrast limited adaptive histogram equalization, TFM-
CLAHE) H &P K EHUR 257 N4 BEAESK
TH N EBE 5@ 5l T el ET 2
2% 7 B R 23 # (multi-level  histogram  shape
segmentation, MLHSS) [ X} Lb J& 388 58 575201, 224501k
BRI SR g5 %) s D0 AR, I8 FH 4077 18 i Bk
FCCE &£, — 4t B J7 34 471k (two-dimensional
histogram equalization, 2DHE) &7k #1003 x 3
FR /N B A0 38 AR 2R TR 45 2 R FH AR A2 73 162 7Y
(1) [) B s 5 A ER B4 71 (simultaneous refectance and
illumination estimation, SRAIE) & y:221 2 ¥R #E J&
WE.
3.1 EfgIER e R T

3 Al 3% # TID2013 A1 CSIQ % 4 4 Hh % 1 1
1%+ IBSR #4542 1 RGB-NIR $48 £ % 2 1 & {5 34k
A7t Wi 4 ~ 18 6 Fror, i+ HE 3% A1 2DHE £
EE AN BT BT A R Y A A B, F EIOE 58 5
(¥ B 45 5% 5 AR5 4). CLAHE 59%. BPASHE 5% 1
SRAIE 5% 4b B 1 G B AR B I, 1 0 5 (1 B S
J5 PRI AR EEAUL B 22 51 N B 2. TFM-CLAHE 5723 56 1)
MRI i P78 558 o2 2650 v P DX 3 HH B0 o 3 i, 5 3 UM
H A AE 0, T B ARG 204 GO LL
ORI 722 . MLHSS SR A BE 5 1 G AR 5E R5CR B4,
{HAEA T UG 22 R AR R R A I &, ¥ 4(b) 28

7R E AT 7~. FCCE ik BAR 51 NG R S5 B3

51 MR OGT G FE AH 2 B S FE A AN &), 41 AN
BEIR . AR SCRR I SR AR LR, 0 bU P B v, 49 45 2
F5 PR TN E AR, R R I E R B D e
32 EBREFWITMNIER

N T BT AR SCE L VERE, SR 570 0E 245
Fr (5 B J&M (information entropy, IE)~ Jii & /8% 1 AH X
X LR
QRCM). 11 & (saturation, S)+ “F- ¥4 4 [ 3! (average
gradient, AG) Fl11 Z ff ¥F 2 £11**I(edge preservation
index, EPI)) X 44 5 J 1 AT 25 I 5T B VAN

1E # 3R G 40715 Je 25 10 3= 1, TE Bk K 3% B
FR AL 45 5 BB . QRCM A Y Jit 181480 4k 22
S PR ) efs P g 55 000 8 A X %o D o 2 A0 R PG o i
A4k, BUH 5 BB A [—1, 1], QRCM R K A% %6t Eb &
. S RN G R B [ B E, S B EUK RGBT bk
5. AG 7 BUR I 4871 & 2 B, AG 8K B85
SRR

[23](quality-aware relative contrast measure,
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(a) ill_17_5E#

TFM-CLAHE

(b) lake.contrast {5
4 TID2013 M CSIQ4ER

BPASHE 2DHE

TFM-CLAHE FCCE SRAIE

(a) IBSR 07 ana strip 127 %
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TFM-CLAHE MLHSS FCCE SRAIE A

(a) forest 0018 &%

TFM-CLAHE MLHSS FCCE SRAIE K

(b) indoor 0016 &%
Ee6 RLIIEIRER

B3 TID2013 B ¥R £ CSIQ AR AR T EH R YA, IR 2R3 FoR. HR 1~ R3 T H, AL
EUE IR 1 Fion. it TID2013 50 di S 125 M % . HE R EIFN $8 45 IE.QRCM. S\ AG FIEPI 45 R K £
CSIQ 4 4 7 150 T PG 5 B E VPN B AR 00 AR T b B2, UG I s P R R e

F 1 TID2013FCSIQ #iE&E P E R HI R EITM

K% Eiztan HE  CLAHE BPASHE 2DHE TFM-CLAHE MLHSS FCCE SRAIE AXHik
IE 7.437 6.664 6.748 7.403 5.853 7.163 7476  6.678 7.653
QRCM 0442  0.125 0.207 0.444 0.003 0290 0454  0.698 0.496
il1_17_5 &% S 0.092  0.095 0.096 0.094 0.095 0.248 0.093  0.094 0.255
AG 13.178  5.561 7.003 12.925 4.566 8.023  13.679 5322 17.084
EPI 3.249 1.383 1.741 3.178 1.178 2.005 3355 1273 4.216
IE 7.190  5.865 6.614 7.236 5.325 7390 7294  6.470 7.448
QRCM  0.509  0.024 0.331 0.516 —0.097 0.441 0521  0.724 0.561
lake.contrast {4 S 0.047  0.048 0.048 0.048 0.048 0279 0048  0.048 0.249
AG 17.662  5.020 10975  17.734 4.401 14.145 18770  6.829 23.610
EPI 3.811 1.080 2373 3.829 0.972 3.015 4047 1409 5.088

2 TID2013 7 125 iRE1G ST 5 MR EFEM ISR EIE

izt HE CLAHE BPASHE 2DHE TFM-CLAHE MLHSS FCCE SRAIE AR
IE 7.545 7.321 7.225 7.251 7515 7.221 7.237 7.067 7.421
QRCM 0.185 0.091 0.092 0.710 0.143 0.094 0.212 0.699 0.288
S 0.228 0.232 0.233 0.230 0.226 0.274 0.229 0.223 0.281
AG 12.590 9317 9.396 9.808 11.462 8.703 12.500 9.920 16.667

EPI 2.086 1.422 1.478 1.963 1.701 1.326 2.009 1.127 2.580
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#z 3 CSIQH 150 RE &) 5 MR EIF MBI EE
Ei=L7n HE CLAHE BPASHE 2DHE TEM-CLAHE MLHSS FCCE SRAIE AR
IE 6.846 6.266 6.482 6.872 6.112 7.042 7.977 6.317 8.266
QRCM 0.297 0.056 0.157 0.706 0.087 0.246 0.378 0.718 0.425
S 0.100 0.101 0.101 0.101 0.100 0.288 0.116 0.101 0.297
AG 12.083 5.933 7.269 11.523 6.649 8.820 13.448 3.104 16.761
EPI 6.918 1.365 3.013 6.814 1.497 4.870 5.796 1.250 7.227
#z 4 MRIEEGRETEN
Eg L7 HE CLAHE BPASHE 2DHE TFM-CLAHE MLHSS FCCE SRAIE A%
IE 3560 3.969 3726 3.756 2.202 3.968 3.843 4.485 3.974
QRCM —0.355 —0.002 —0.103 0.043 —0.380 0.047  0.079 0.538 0214
IBSR_07_ana_strip_127 %
AG 5894  5.241 5928  6.162 4369 5672 6071 5811 9.356
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