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Ideal equalization of remote sensing images and
quantitative assessment of image quality

Meng Tianyou'?, Wang Yunjia'

1. China University of Mining and Technology Key Laboratory for Land Environment and Disaster Monitoring of SBSM, Xuzhou 221116, China;
2. China University of Mining and Technology School of Environment Science and Spatial Informatics, Xuzhou 221116, China

Abstract: The intensity distribution of most original remote sensing images concentrated in a narrow range, resulting in
unclear image details and low contrast of the image. Histogram equalization is commonly used to distribute the gray levels of
an image uniformg which can increase the contrast of images and enhanced the details. Through the elaboration of the
definition of comentropy, we draw forth the image enhancement algorithm of histogram equalization. Then, we put forward
an improved algorithm of ideal histogram equalization, which is based on piecewise mapping thoughts through the analysis of
the defects existing in the traditional histogram equalization. In addition, we relate and analyze the implementation of the
improved algorithm in this paper. Meanwhile, in order to do the quantitative analysis and comparison between the traditional
algorithm and the modified algorithm, we use synthetic average contrast, and details evaluation parameters, which are based
on simultaneous contrast, the contrast resolution limit, and fuzzy mathematics. Finally, we use simultaneous contrast,
synthetic average contrast, and details evaluation parameters as the indexes of quantitative evaluation and quantitative
evaluation of the improved algorithm. The results of quantitative evaluation show that the image enhancement effect of the
improved algorithm proposed in this paper is better than the algorithm of traditional histogram equalization.

Key words: ideal histogram equalization; simultaneous contrast; synthetic average contrast; details evaluation parameters
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1 Proj: GEOTIFF
Samples =400
ry Pixel; 30 Meters
T™ 1% Lines =400
3 Datum: WGS-84
Proj: UTM, Zone 13N
Samples =1 024
(0):3-7: 4 Pixel: 2.8 Meters
Lines =1 024
3 Datum; WGS-84
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Fig.2 The effect of TM Bandl image enhancement via the two different algorithms

3.0X 104 3.0X10* 4000
25><104- 1 1 25%104F : '\
; 30005 :
B bsigb || ) 0510t ] =
= 2.0X10*F & 2.0X10 &
xﬂ§15><1o4 ] & 15X10°F E £ 2000 E
LOX10' . LOX10*F | :
3 1000 :
5.0X10°F ‘ | ] 5.0X10°F || | i
”‘ ] "lw, N 0 I ‘ ‘ ‘ 0
20 30 40 50 60 70 20 30 40 50 20 30 40 50 60 70
DN{ DN{i DN{H
(a) BUMAR S L H T (b) HE G ST LIE TR (c) Ak ST iR

K3 Ol S SR BT A AL XT T TM Band2 2R A3 5RALCR

Fig.3 The effect of TM Band2 image enhancement via the two different algorithms
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Fig. 4 The effect of TM Band3 image enhancement via the two different algorithms
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Fig.5 The effect of QB Bandl image enhancement via the two different algorithms
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Fig.6 The effect of QB Band2 image enhancement via the two different algorithms
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Fig.7 The effect of QB Band3 image enhancement via the two different algorithms
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i KA, A R SRR G AL A5 A A e PR B E 737

SCH R L B B S R S Ak B TM AR LA
K QB AR, FrAE SR AT N 2 R

®2 HHBERLERBRRE BB E

Table2 The time of improved algorithm handles the two images

TBRGAR WeBL AR/ Ab BRI /s
1 3
™™ 4% ) Samples =400 3
Lines =400
3 3
' Samples = 1024 v
o amples =
QB 514 2 i 17
Lines = 1024
3 17

ARG 2 BB Al LA Y, SO o R A
Kb B[] — 32 SRR AR ) AN [ BEISS , e 46 2% 4 15 18] A
(7], Fy I AT LA o3 M A5 280 et 353k A Ak BHLAS [ ) 3 J
AR, £ BUZ B TE B9 22 3 0 AN 25 i B 5

BB TR ] %Liﬂﬂﬁ%ﬁiﬁ’i%ﬂ%’*ﬁ%%ﬁﬁ
AT B[R] A R ] ) e — PR O AR B KN,
BT G oT S E .

I FL AT 2 B 2 N AR
LS G oC R B 22 | B b AL BT 75 A st ()
AR TR E B HAER E R
B, G vk A AE A T B TRDRE 25 484 o LT L
B ZEE HRTE IS TR0R T A A AR S , A FF
i — 56 %

M 22— 4 R DU TR 2805 R i
GG IR B S A SR AR B R Y, AT R 350
TQRANTTANEIE I, X LA 38 T T B4 i Ak 3
S ARYER 3 (TM 52458053 i Eicls vl LI R
WAL DA R s Bk BB R B 32 T T IR
SRR LR, FLAS A ISR THIR B g 4 B .

®3 ERRURZKEERZGHEETNER

Table 3 The quantitative evaluation index of the original image and the enhanced image

AR B E BN R bR AR (S5 CR7R [UEGEERES
GBI C 1.7397 7.086 6 9.2274
1
51 S5 DEP 21.2821 20.198 7 70.000 0
™ B 5 BT ILRE € 0.3170 3.3823 5.7820
*}]—_.‘/
g 47 M 250 DEP 14.584 1 13.4198 46.0000
3 B YR R C 1.1149 6.5392 8.2607
51 S5 DEP 24.3730 23.3542 69.0000
B L C 14.387 3 14.548 1 19.7717
1
4175 S48 DEP 107.5620 84.000 0 256.000 0
0B 12 ) BT XS I C 15.1779 15.2109 19.6715
E!/
” N EM S8 DEP 177.479 0 96.000 0 256.000 0
3 B RO YR L C 12.7180 12.6540 16.864 3
4151V 285 DEP 175.962 0 96.804 6 256.000

x4 FWHAREEI TG L ENRFAEE

Table 4 The enhancement range of two different algorithms

PETH IR EE/ %

EEEAR BB
VA e 5% GRS
1 307.3461  430.4018
T™ 1% 2 C”C_ C100% 966.9716  1723.9748
3 486.5279  640.936 4

K4, Cy AR E TR B AL RS TM 24

A 0 FEBE 5 € S TM S48 K 1458 1T 14 2
SRR LR o

IR 4 TR T LA Y RORAE G Ik AN

PEEREAR T T RAR X BT, (E R sk B T

FAGOGT HCEE TR A B R A G A, Rt
i*ﬂﬁl&%ﬁ%‘ﬁjﬁ‘"’Eﬁ%ﬂ%lﬁﬁi‘éﬁxﬂl% FESEAGAT H
JE 5 T LR AR FAL G i By Ak

F]As 3 2 A3 HT 26 3 (T AR50 ) H A58 A
K 2— 4 h i BT R AR AS AT LUK R, A SR
B A A AR s i T B T
OYIKBE AR B, DR i 5 AR A (5 B O A
ANIREERY T B TSR i el B T JRURAR 1A%
TCAM AT R B IR G B R A, AR LAY 7 53
TIFRBA K EERAE D R (5 B S 58 5 1k
B 7 ERAE, W B AR T RAR AT S L
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RS MHBEENTREILEMETERNRAEE
Table 5  The enhancement range of the improved algorithm

FE TR %

2 Xif L I RTE S
1 430.4018  228.9149
1 —
T™ #14 2 CEC ¢ x100% 1723.9748  215.4120
3 640. 936 4 183.100 2
1 37.4247 138.002 3
’ D, -D
0):3-214 2 5 x100% 29. 606 2 44.242 4
3 32.601 8 45.486 0
5 L IC, R SCh AR R TM 5244
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Fig.8  The effect picture of true color enhancement processing with TM1, TM2 and TM3 channel
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