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Two Improved Methods Based on Histogram
Equalization for Image Enhancement

DONG Li-li, DING Chang,XU Wen-hai
(School of Information Science and Technology ,Dalian Maritime University , Dalian ,Liaoning116026 , China)

Abstract: HE (Histogram Equalization) is a fundamental method in the field of image enhancement, the research and

improvement about which is very significant. First, this paper analyzes the disadvantages of the classical HE algorithm and

summarizes five kinds of image enhancement techniques based on HE. Then,two kinds of improved methods are proposed

aiming at the disadvantages of the classical HE algorithm, the techniques of the peak clipping and the edge information fu-

sion are introduced. Finally, underexposure and overexposure images are selected to verify the algorithms’ properties, the

standard of efficient image objective quality assessment is selected to evaluate the experimental results. The assessment of

image subjective and objective quality shows the algorithms this paper proposes have the characteristics of better results, less

input parameters and so on.

Key words: image enhancement ;histogram equalization ; sub-histogram equalization ;maximum value searching ; peak

clipping dynamically ;edge sharpening ;information fusion
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tion ) 351 A5 B8 TR R B IE 1Y 1 TR 2 5 4k
AR g R I Gl L, 1L
FMEE 4 AHE ( Adaptive Histogram Equalization ) 55
BB SR AR R B A AR FE AT
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WA AR BT AR 40 358 AR
POSHE ( Partially Overlapped Sub-block Histogram Equali-
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TRBE AR (3) SRy BRI 3) 7 1 DL Xt T
SR MR Y BT B A 3 R 2 BB o BEs e
ATCHEE , 2B H I .
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h(v,))=h(x)xe[v, -8,v, +6] (1)
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ﬁa%”ﬂqt:(zl’tz'“tn’tn+1'“ts\‘¥1’ts\"’tj\wl)'fﬁ%‘%}%%ﬁ
WA i s, [ B 5 2 2% 1 3] IR Y i /DN JK L O R i
RIR BEARL 255 1 43 3 Ry 55— A Jay 8 068 1) 2 i s T 05
Ja — A JR FR A ) A i s, BV ey, = 0,2, =255 [X[A] R
3B BTGB (3) 5555 A5 . AH N L, D 1 AR 4%
R AU R T EBR (A X,) K (4).
TEAE R A R B AR B AR A R B — A I
S MG BT R BT DA — A S g A (A — A~
H A X [R] Y 34 45 Ak BY AT X A B IR 4 BPA-
SHE 83 [ 5 3| 8 it HE 829%, F R g is ) 748
KB 2D P WA A DL

v 1+U

[n_ 2 'L(n=2’3,“"N) (2)

[tl vlwn] = [tl vtz] U (Lz ’ts] ) -”(l;‘\“ ’twn] (3)
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— SR A5 o 3 58 P 1 BT P AR A HE B 4%, 6 v i
A R o e o LT B R A AR R 2, 6 AT
i PRI 6 =40 Al IR S 2

%2 BPASHE E#XER | ERRSH TERLERNRES N

Bl2(a) | 2(b) |E2(c) |E2(d) |El2(e) | E2(f)

SEYTIRE |53 65 65 65 86 127

EME 13.45 | 15.26 | 20.03 | 21.27 | 22.35 23.79

3 EfgETiEEs HEEF 5%

X T4 HE Sk 16 Q) A SO AR T T 5L T
N GAF B ElE B 4075 19 58 5209 (Histogram Equalization
with Edge Fusion, HEEF) , =% L & & Laplace 55394k
FREE R 28 i HE Bk Ab FEE5 54 FL B inA Al 4 105
S BLART B AEX R A 3 oA K. DA R E AT
PR BT 0 1 B S Ry 3 DX 8 14 285 R, I B A 3 S T AR
ST DL iy JE A
3.1 Laplace R EE LR EBED T

Laplace J§ i 53 105 2 38 40 24 Bl i %o [T 1 5 7y
TT7 i, F TR0 BAE A5 M d v xit
T EMGAY- X5 I B L A BOR i 5 5 J 1] R
S =ANJTTE 3 AT Laplace Y835 551 (4 1R RE.

K13 (b) /Ry T Laplace JEIE R E I, 5K 1
(O) XFEERT DA Y, iz sk S R 4 1 I MR L B Y
RARFEH £ 3 5 T Laplace 53k BV 4 K BE(H 5 K
FERAEL, AT E x5k 1G 1R 25 2 5 5 R - 3
PR EEAB AR HE00 ISR 1 JC 08 739 [ R ) 52 B, (R AT
DA IR 5t RGO FE A

(a) K% 1 ZLaplacelil ) (138 30 45 5

0.14
0.12
0.1
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0‘; 1
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IREEME

(b) Laplacell& )% Jq iy B

&3 Laplacel& i 45 X H Tl

#3 Laplace REERNBEBRES T

K1 & 3(a)
SRR 53 55
RGBT 249 256

3.2 #Z# HE %5 Laplace $i{t EiZ /IR
ST

AT ST 28 HE S50R0 Laplace £ 405 %60
PG JRy 0 X 358, 1) Jo o B2 1 00 A 1 76 B33 R R 34
e TR B R o B T S EUE T, B T an il
4(a) e i BEVEG, B R s R R A TE
PR IR AL AR B S D T % g T St 3 B Y A
DX 3, MG Y — 2 ] R 45— R, AR e )
08 DX 3 %) T ] R 38 X 3 ) 75 O ok e RN 36 b
RSy BT BRI 1) JR R 1 BE.
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0.14
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80 I 40, 3k 3200 MG AR s X T T LL @A & A5
TE L ICE KRG P B — 000, 5 B v DX I 6
HEFEIBRI: , B HERFE A9 —FB 0, 5 BE AR I DX I A
CHERIBRTE , BCE 3% T A — 3820, 52 BE Al i, XV
B EHE ARV, BCE BRI — &R 23, 5 B i K.

F AN TR G HE 53k 5 Laplace H7A 1Y
JRrd DX (7B R A 7 D e =), 76 AL
B J5 T AT AR @t 7 Y 28 i HE B3R DX T 0 IXC I,
IV RAE T R BB A0 e 2%, i DX T R 1) 6 4019 Y
2R DA IV RS I 2007 A k2K AELX T X I A X
WA A0 S THSCRAR B &, % U 2R 3 1 & A 1 5
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AR JFJIA S 5 FE R 10 A SR D 5 Xk L E i i R
5 G TR R R XA R B RETEAN 1R bR, A
AR SR T T XN JBE Y B DXV 2 B BE DX IO JBE 2%
AN BRI R4 T R A K380 7 WL PP A DX A ) ]
BT DX RE R B Ry DX 8N K RE B A T 1L, HL T
TR T 0 Ay, DX 3 249 K B B e T XS Y 5
JBE, DX 0P JBE A~ K50 e DX s B AL 94 = o 2 E, (.

K DX P19 . DX B e X
015 P R KR K DX A P g A
TS (7) M N SRR AL S (G IR0
fi, VBB 5T

2 2 v |

= M-DV-1) (7)

AG

g

e
(a) X3 T AKX T BUR (b)) DX IMANX K IV B HOR =
S DU R X I U = A
FT4 SLHMHE XS Laplace ESAERMXITRTR
X4 T X3 1T X311 X3V
»
JE
. 7
224 HE 5k
2 8
Laplace 5% | =
T 3 9
x5 4281 HE %M Laplace XM RIS RE N
1 2 3 4 5 6 7 8 9 10 11 12

RV | [135,249] [ [223,255] | [92,255] | [11,73] | [16,206]

[0,180] |[244,2557|[158,255]|[227,255] | [41,189] | [0,73] |[0,255]

SETIREE 196 240 196 26 119 27 252 213 252 90 9 92
IKREEFAEL 114 9 144 59 34 117 16 14 27 125 16 242
SRR 3.04 1.05 11. 02 5.30 31.83 24.06 0.69 5.97 2.25 14.83 6.45 74.53

5 RSB T S B R A R, 4598
L1

(1) % T DB B 3 B, 22 8 HE B9k 8 1 X
Sof TR f 6 R 0 T, DXk TR X8 IV 1 K 2 318 Bl 4
N JEE PRI 92 DI 1) R B (L o o AR 1 430 R AR, T
Laplace 53555 PUA™ X IR o] 461 74 J2.

(2) X T XBT- B K BEAH, 28 M HE 553k 45 5L nT el
78 JE DX 3 1) SF- 27 K AL, 17 Laplace 854053 125 (1) -4 K
BEAEFEAR 5 5 X B2 00T, Ok o8 1 it Xk 1y 2

(3) T DX B A~ B, 76 BT 38 DU AS DX 33 8 i

HE 53525 K BE A~ ¥R i 20, i Laplace B3 A 44
MBI T YA DI K BE AR

(4) 05 F DI A6 E , 224 HE S5 (LR T T X
Sl I IR R B L, DX TR DIV P £ 24
JE{ELUB/N. TT Laplace 53 3% $1 71 1 U A~ DX 380 - 249 466
JE {H.

i FaR AT LA, 2 HE S0k A0 w08 T Y
PG Jry s IX IR 52 8 ks A Jey 3 411 B3k 5. Laplace 55
IR R BT UG ) SO 40, Bl o AN Re i 1 1
T8 R XS By 5 2. 1 3 Rk B R mT A D[RR A0 1Y



2372 T O S 2018 4
TR A SO T A A FHEAE R A 8500 HEEF 53 R SCHCA =

3.3 HEEF EEmKIE5ERSH
HEEF L5 AIZAE SR G SOR 1 B 7 1
Tk it 2 3 HE S350 Laplace SiALF k1 113 R
PRSI HEEF S50 f Bop Rl n = (8) i AU Y
ME—ZHOT AL L], B 280D R e
IHEEk':/\]HE+(1 _)\)ILaplacc (8)
A (8) o A IS A A =0 %7 EIBML £ La-
place AL, 77 A = 1 iZJ7 LR fE 240 HE 5%, 24

0.2,1 =0.5,1 =0.8 =F A [RIS%fi HEEF 575 1) 52 56
S5, s 6 FlEl 7 iR, i E 6 fE 7 s E R
BERCR AT DA A BB K, o 5 Pl 450 fy 448 i At ik
AR ] et A T A R B 8 SR A Rk, 2 A
=0. 5 B SRACREAT, TV AIZ AL e 280, )
PR SO 2 HE 5235 F Laplace 5958 3 9055 LU 5] il
G S BT g g a5 B AEw £, JRE B
i DX ) 20 A AR 3 B 5.

(a) 1=02 (b) 2=05 (c .:0.8
Fl6  HEEFSEH TR | AERIR S50 st

(a) 1=02 (b) 2=05 (¢) 2=08
K17 HEEFS00 T BRI TER RIS H0 T a5 R

4 HERERNREITH

ARSCR T PR BE AR VAN SR 25 R0 T It 18 5
JEE PR SO o T PEAGORT 88 49 56 5 Pl 4 A0 3 8 o i
PR BEETE B P 249 0 B2 K BB A B0 AR B L1 2 4
JE EME™ 4[R2 PP 45 b L £ S0 B 1 B4 F- 1)
R MO PR 5 By T A R AN (9) , p,
Fr BUG K BEGIIRA N 7R B IK BE AR (iR
N0 MRS, FUGT R LR 0). X LEPEAN R bR AE

W MG T R A A I EE. N2t HE 5303 242 T P
BEEARP- IR Rl R 5 8 il & Hh 22 L HE
SR A DX T DIV P 228 B2 e, 2o il 2
REZE AR AL A

Entropy = - 2 p; log,p; (9)

i=1

I8 IO 81l T 17 FEAS A gk M
6 192 7 51l T RGRAE S0 [ 4 BV B

F6 WTEMK I FRHBEERNREZTIWITEN

El1(a) | EI8(a) | KI8(H) | E8(c) | EI8(d) | EI8(e) | EB(NH | EI8(g) | E8(R) Pl 8 (i)
B Y [1,249] | [0,255] | [1,249] | [1,249] | [0,255] | [1,249] | [1,255] | [0,255] | [0,255] | [0,255]
S48 B 53 127 58 82 58 55 125 119 65 91
KRB 249 50 195 138 200 198 255 256 192 256
15 B 6.59 5.57 6.37 6.29 6.38 6.38 7.78 7.93 6.35 7.69
SEHRR 7.85 23.81 9.73 19. 47 10. 11 9.77 21.72 22.64 10.87 24.78
EME 13.45 23.79 18. 69 26.90 21.55 21.20 15.55 27. 64 20. 02 28.43
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(b) BBHEH.1:

(d) MMBEBHES{ % (e) RMSHE$# % (r=2) (f) AHEF %

S Th

(g) 13 H’ﬁ/ B 1K/ ;17x7h) (h) BPASHEHik (6=40) (i) HEEFH (1=0.5)
8 ASCHR S A PRI AT S HEAH SC I A S5 R 2 ) e

| .mn!‘f
(b) BBHE®E ¥

e

M

(a) ZiH

kh‘l

(d) MMBEBHE® i

o byl
(r:2“)

E]

(e) RMSHE#&

o aiby®

(g) POSHEHR: (f HA/N:17x17) (1) BPASHER#: (9=40) (i) HEEFH: (1=0.5)
B9 AR SCHRE A PR R S HEA G MO B g IR 2 A Y L
S5 A RO R B, AT AR IR S0, e BB BRI RIS BRI T B, R AE T ORI K BE(E
HE $ak s R — R B 7RG B L (AAFAE K AaERs. BBHE $505" B M AR % 7 IR EHR I 52 5, 1
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2 HE BVE R B T £ 10 K B ANE B T G 40
W B B4 R N %, DSIHE 303k 45 5L B T 2k L
MMBEBHE 4 1" 55 L35 5] T $m B R A8 A R0R 1
XG40 194 5 A%, X F RMSHE 8k Ay
PEHCT B PRI r =2 fih T SE IR Y R SR AL T
MMBEBHE 5 125 S 4 E ) [ 1408 1 B Hk /K OF o 2
THA . AHE 5231 i 45 575 K 3 A SO {3 B0 07
T X JE PR A AR R R b et (EL ML 8 () I 9 ()
AT DA % BT IS R 0 X 8 Y 2k 2L, POSHE
P AR R 5 S AHE Bk LT AR R 0 R

JKEEGA B E B 23R THR 2 HI R4 R B T
W2 RO, ELJRaB DI A A 1R L AR 2 1 4R Y
BPASHE 534 (6 =40) Z5 R i 1& 8 (h) M 9 (h) , fEfR
FeBR B 9 58 BE AN T EME 35 45 P J7 1 A 0, nT T
PRAP B G 5 BE R B9 X G BE 1 5. AR S5 3 7 4R M Y
HEEF B35 (A =0.5) 45 R anfE 8 (i) A 9 (i) i,
MALSERCR E 7 385 45 R i 400 He R R E | T AR
Z MR R 15 S0 39862 5 EME $5 4532 T TR
Z, SHER AR AL A dE 5 W W, HEEF 53] 7
ERGEC S REN bR LS

®7 WMFEGISEFEEERNREZTWITMN

El4(a) | E9(a) | EI(H) | E9(e) | E9(d) | E9(e) | B | KI(g) | EII(R) 9 (i)

IR B [27,255] | [0,255] |[27,255]|[27,247] | [0,242] |[27,249] | [1,255] | [0,255] | [0,255] | [0,255]
S8R B 206 129 191 182 185 200 140 120 186 166
TR BEG AR 227 53 169 157 166 174 255 256 168 236
15 B 6. 58 5.46 6.38 6.29 6.30 6.36 7.03 7.27 6. 44 7.15

S 1) B 7.97 13. 48 10.23 10. 51 9.49 8.87 20. 34 20. 14 10. 38 20. 84
EME 2.77 11.99 4.38 4.62 6.16 3.77 10. 43 12.34 6.67 13.36

5 Zit5RE

RSO 2 L 7 B B A 7 A T T T A R
HE IR T A B R 0B R P 5 s L Bk
(A &tk BPASHE 553 al T RS S LR 4P T BORS LE
JRER S, W5 T 2 28 LT I VT R R . HEEF 5909k
AT AR A 40 3 5t P AD L R I B 2 80b
SRS AL, 1T AR i 0L T PR 5tk U

X7 B 5 B A G 3 55 R 4 I AT e
IS A& LR M5 T (1) BT BRI £ A 32 B
FELTT R ZR LG . AR EHR A BT AL 221, 4%
HE SRR i AE 5 A PO S AR PRI 7 1D, X
T RGO AR L 5 B A B s AR A
(2) ANE B TP m 0 HO7 AL S 42 )R B 5 1 34 4
W7 LR AT R PR R T B e 4 R
IO EE T R SR T A 1 i o, Rk SR A 5, (HAL
BREE RATAEION, 5 22 Joy B 7 R B A Ak BRASE 2R 1 4%,
Hox TR AT, Wi a] LUEL &, /T T AR 0 40 1
HEik.
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