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ABSTRACT

Histogram Equalization is a traditional image improvement method for
enhancing image contrast. However, this image contrast improvement is unsuitable
for some consumer electronic applications since mean brightness of output image is
different from that of the original image. Nevertheless, when the average brightness
of the output image is close to the mean brightness of the original image, its contrast
is also decreased thereby reducing efficiency of contrast improvement algorithm.

in this paper, we propose a method that not only preserves the mean
brightness but also improves the contrast of the output image. By separating the
Histogram into Sub-histograms or Multi-peak histogram based on local minima, each
sub-histogram will be spread out in @ maximum dynamic range based on their gray
level interval proportions. Subseguently, the conventional histogram equalization is
independently applied to sub-histogram of each peak. To preserve the mean
brightness, positions of local minima will be finely adjusted by shifting them within a
certain gray scale interval. During each adjustment, sub-histograms of the two local
minima which connected to the new local minimum point are re-equalized again.
Finally, standard deviation will be normalized in order to improve contrast of the

output image.
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wagtn A = J‘ H(D"dD' \Wununwesisnw dusenseiildaalaunsuduauvunuyy
H ol L LY 3 é‘l’ o] 2/ P

vasamt1adilu (Probability Density) funisususalatiiuiivesnwliidunds e

1 1 o @ o <
Vm']LL'U'L!F’]'J']EJU'W%LUU‘UEJ\‘IQ(’]ﬂ']WIUi%ﬂUﬁWI'] D ean

P(D) = H(D) / A, (2.14)

o

fegevdalawnsuniledld uazdosdinead

AW € X aa -
NTEUWAFTNUIUA

DO = 2-2x  0=x<1 (2.15)

242x  —=1<x<0

v o &

A I 1 = 1 Qs L) HI
AimszAuamunnIwsawitusEauEvn D aglduidy 2 - D Tnedt
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—da
D = e = 1 .
H (D) (2.16)

M v = <
nnrafilinanutudalawnsulugud 2.6(0)

DA H A
2
b 1
X . R
3 DI2-1 0 1-D/2 1 o - 2 D
\s_____v_.___/
AD)

(@) (b)
< P B Y j 4 .
3UN2.6 JUnmniisiifiensdre (a) sUawludnuazaumaei (b) Salawnsuveiniu ()
Py o b aa 4 4 ’
nsdiiaduuuinifeu (Gaussian) #0957 e D(r, @) = exp () lpy 0<r <a uaz

Y] 1 4:4' a‘ e = -4 e‘ p 7 o
0<0 <27z szsivAned D asfursnaundlsadl D) = V—In D fuilnieluridendawns
MNAY A

A(D) = x(r(D)’s = -7 \InD (2.16)
oty
H (D) = /D (2.17)
sauamdluguiiz.7
H A _
T
1 . > D

JUN2.7 Salaunsudmsuineuiad
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ad o a I, | o o a4 v
Bmsiuliumsededeigaluminssyihuugalaunsuie  nsldnsudasuuuge
(Point Transformation) fynnamaeasnmae A(x, ) uae B(x, y) Ineaw B é5uanis

A o 7 1 = € Q) [ 5
WUaIUUANNTEYIIUUATI A IﬂamiLLﬂa\imﬂm'sL‘Uﬂu@g’lugﬂ‘umﬁdﬂ‘uu !
B(x,y) = f (Alx,y) (2.18)

1 1 a 1 & v e o r a v = )
LLMﬁ%‘i}ﬂﬂ"lW‘\J%QﬂLLUﬁQEJEJN’EJ?I'i%hJLﬂEJ’JWUﬁﬂU'\!ﬂﬂ']‘WE]‘U IﬂEJLQW']&"eJEJ’W\‘iENE‘I’] f UANTE

LY |

u e P [y w & a Y
fiu vuyngan e A Aiflenseivdmmiieusu faluanaums (2.18) asBeulwlld

Wy
Dsg = S/ (Da) (2.19)

o & 1 v o U v o o
\ile Dy iudsziudmveaninlag lunw A wez Dy Wueseivdimussganmii

aaanaeslunn B fegai £ iuladu aglein

DB = f (DA) = aDA +b (220)

o o a 174
JUN 2.8 MInTENILUULTILEY

leifuadurainsudatuunesiisnuasiuanduzui 2.8 lunsudsan a uay

b Wu dwn a )1 aglddanuuansnenielunwndinsulasezgealu udth a (0 azldl

123093
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atn Geflfnvazaseuiugi29e) sU2ouansuine BalaunsudilinwasBanues
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e @ v o | o 1 o o
niasnszanemgwssiuan  lngunemnnuidalawnsuniirnugainsegnagluguszaud

o A o P oo = So & o vadd 1 0 g ¥ a
svizeden  Funmindidnwusdalaunsauuuiiindunmidianauding  devilifna
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2.3 Msvsuupnwirematiamedalaunsa

ad Y] v a oo @ & 2 =
TmsvFuuanwdseneudemaiianiinsuiuupnwiueadiy W3eMSs
o 2/ P 1 o 3 =4 4 [ o o U
Waguulasnmlviegluguuuuimnsausensieseiloeuyed  wisniesdnsfiazyinling
fldmnzaufumsiltidnuamgnanimsléamduat lunsuduugnmasnenss
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I o 1 14 a L 5 L Vdg
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-] Y] ] < Qv o/
indewnnsuszananady 9 waSeaulunumudn
BrsuSuuganmasyiidiuauusnsnsessgunimauiialuudnunmitainmie
I 1 o d U/ ¥ 1 1 bl o s 1 o
dhainslutiinanils mvFuupdamduamuuanswesnmaziinuddgsanisivun
QU A t L2 U 5
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ad a . 1 o =2 o
uazAtvalauAImd (Frequency Domain) AU ANINEANIZUIUTDIFUAINYITIUTIM
9/3 LY 1 1 A 2/ ol
an el idwes lneagiimsusuugduaiuvesganinlaenss @umsamuauiozdedd
ﬂ’]iﬂ%ﬁﬂjﬂ&hﬂ‘ﬂ%‘]ﬂ’]'iLL‘lJa\‘iwu‘%LEJ%‘UENgUﬂ’IW
wallamsuTudsanwanusanseyinagisuuugenm (Point Processing) ¥4din1s
Uuugaisgivainivesgpnmdassannganiluuiialadifes  visauuuiBuihenganiw
i & o 1 1 . =
(Mask Processing) Mumm%ﬂi@umu%n’m%LLUGmWL‘ﬁuﬂ'IWEJaEJ (Subimages) @A
@ ° X dd
YHuugnanmagnszyhneluituineseuagy
Heiduvasismsudasnly arliBualaumuanslansaunis

687 = Tyl (2.21)

| = A ] a o d‘

e £ (xy) L*f]umwau‘vgw a(x,y) Li‘Jumwwmunism%mqgﬂmw waz T Wumsnsevi
nsgviiiu f Bedinsnssyiifuuinadiufesenaniwiiunds (y) T iunisnssviug
naugAnINveInWaUNY  lunmegey (Sub  image)innmidensaugan wEuMdL  (xy)
fnaglfilunseumieing Tneganmduvs (xy) Gushumisfiegnsinanssiauandlugud

< < o 1
2.10 Fudunmaanmiidausouganimsiumis (xy) wuie 3x3
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Image

v
X

< = 3 1
JUT 2.10 9N ceNsauInNIWAIMUR (xy) TUIR 3x3

° ' ' d P = ) =t v o
mLmuqmqnmwaqmwaaemzﬁmimaauwmﬂﬂﬂmwua‘waqqﬂmwwuaﬁ%amm
fiu TaeSuduanuuitevesgunm wasiimsnseviganiwsdummis (cy) Whduiledsu o
v 1 d’!l 4 d' @ a ei a‘ 4 L% 14
sUkUUTRINTa UM daNIoU B1aauiluienay dwdeuinda vise AvReurudnla
¢ o o o P o o I3 o
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dd” :’2’ (N7 1 o o ] | 5 [~ s 1
NIQUU g WVUBLNUAMBY f MIAUNUL (xy) uu wag T aznareiluiengdunisudasan

S8AUEW (Gray-level Transformation or mapping Function) fisaunns

) = T(r) (2.22)

oA <) 1 @ o s o o e ' o
Wa 1 wag s WuAszauAmvesilandy £ (xy) uag g (xy) Adusus (xy) audisu

o o 1 2 < (Y o Ly ¥
FmIUMIBE €1 T() Tguuansitluguin 2.1 (a) Haarnn1sudasimenssiismaegunmil e

P v ' v o 2 @ v o o ¢ | & 1 ol a4
Nﬂ?quﬂuﬁﬂfﬂ\iﬂqqﬂ']w%uauu(lﬂEJIUﬂ']WWua‘UUiEﬁﬂ'UﬂW]'Wm’]ﬂTT m  ENAULUUEIUNUA

1 [
& ado

wazssaud@vngand  m  asnmedudiuiadne  §3sURensamuANdR(Contrast

Stretching) ¥83a™ A1 r TN m azgniulpeierdunsuladdilien S waunanedu
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U o 1 A 1 Q dl
SEAURM wazen r figend m azlulunensed Aauanalugui 2.11 waves T(r) axlfdu
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JunmwassszAuiivie awluluud audendt Wuuuganw

s = T(r) s = T(r)
e - - - - — L ettt E Enn
]
) )
Light i Light '
T Ty !
! wron ] d
. [ 1
Dark : : Lark :
1 ! 1
: : '
pom > r - m— r
m

Dark < Light Dark <= Light
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(image Sharpening) matirlunisusuiiaunn Shvunefanssdsuuuntnmeavse nsnses
(Mask Processing or Filtering)

nnnMsUiulpnmlaenssadBuuuga selinsfiarsanmnndurone r uas s 3
\Wurdrneuuasvdenssuds awdu agiinmsihluldoussineg Wy nsudaseannudy
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@ | al & adda Iy P} a o \ da
nsUSuLesBalawnsaduAsnieulyiu \WesniinsivdeunUanguganiniil
seaudmiioutu Filade aeann Tesausawdadudalaunsudadulinear contrast

stretching) waznsUsuWhEalawnsu (Histogram Equalization) afunisu§uusamaedinu

e Wundnveaneilanisuuusenunmietuniad  wifinnuusnsinediu

U

o = a v 1 v o ' Y] 1 Y 1
asfnstadalaunsugaduasnisneassaudiniee q  Iissesvesusazseiuiniming

2/

Winqiu (A Floating Point) naaavadalauwnsy luvasinsuSuwindalaunsutiuazyinnig
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3.3 nsUTusBUgalnunsuLUULEndIUdDIdU(BI-Histogram Equalization)

o L4 4 A 1 ! o
fuuald X, Aernadeninuainuesnn X uas X, € {X,, X,,... X, } 9naade

mnuaeildbsudgunmiuatueenifiudesdiudes (2 subimage) Ae X uag Xy

Faduaglein
X=X, UXy (3.2)
il
X, ={XONIXE ) <X, VX(i,)) € X} (3.3)
way
Xy = X DX < X, VX, ) € X) (3.0)

) 1 ¥
dmiusunmees X; avdsenaume {Xo, Xy, -, X}
uasgunmdey Xy eUsenaume {Xpmeq, Xmaos o X1}

L 5 1 A a 1
Auauslunisfingnnmeesguninges X, waz Xyunuléioneg

k

PL(Xk) =%, k = 0,1,...,m (35)
k

B,(X,) =%, k=m+1m+2,.,L-1 (3.6)

=l o Ad 1 u L2
n.* uag n,* Aad AR mRdAsERuEiU X Tu X uee Xy

2 m L—1
g nyuas Ny, AednuganmnmneluX uas Xy e n => n" , n, = > on,t
k=0 k=m+1

[ ut-:l

wae n = n; + n, Wwilidunsuanuasazey (COF) 1o X uasXy, failfe
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c(x) = Z P(X;) (3.7)
j=0
Kk
QW®= ) R 8
j=m+1

W Xy =xc,Xn) =1 uasc,(X,—,) =1 auilew

oM sUsuseudalasunsuldmanununtuasanduieidunisulasan

seauamlagnenlulaazaiu azlein

f1(x) = Xo + (X — Xo)cp (%) (3.9)
naz

fu(x) = Xppy1 + Xpoq — Xim+1)Cyu (%) (3.10)

ynflaidumsudasuasmsinmisuuSeukenassahuluusiazgsunmees Idnmradnsues

wallansuTussusalasunsunuuienaodi Tuguves ¥ sl

Y ={Y@n}

= f, (X)) v f,(Xy) (3.11)

fuX)) = X )IVXQGD) € X1} (3.12)
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13t

fuXy) = (X NIVX(L]) € Xy} (3.13)

0<c,(x)c,(x)<1

£ (X, WuiidulunisuiuSeugalaunsuvesgunndesludiures X vesdas
(X,,X,)
fu (Xy) DuiadtulunisusuBevgalaunsuvesguningesludiunes X yveetas
(Xm+1 X 1 )
Tugudl 3.1 uanstiadnsimsusudsssunmehemaiinnsuSuseugalaunsiuuy
RGRNG)

3.4 A1S3LATIZHAIANETIVRINNEAR WS NAIN1SUSUSBUTdlALnSNLUULENEDEIY -

Avualdt X Wusuususuneu lasld L = oo satiu nsususeudalaunsuuy, ¥
@ & W v oW & o v = v o P
Adusuusuuuisuneusemuiu Wuinsiuiuainnasesnisususeudalaunsuazlaan
sgAUdTANUUILELNLENs (uniform density)

P(x) = —— (3.14)

X1-1—Xo

dwmiuXo < x < X4 PatuALAAEALEIBINNDWINVTLARINNTUTU
a = A o [y
Beudalawnsy AeARasusssauEin
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Hm=f p(x)dix (515
Xo
JXL_l X
= —dx
%o Xi_1—X, (3.16)
_ Xo+ X4 (3.17)
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| 3

A 1 .7 e = i 1 o=\ L7
We E(Y) uansmmianiomneads IngunfudiAnewinnvesnmisinudsnsusu
o a ' a | M v &, | o ' v o . a a P
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P 1 =3
Y30a7I19ANY
4 = =Y L7 1 L7 1
WeRasIsnNsUSuSeuddlawnsunuunenassdiy  logld X Lﬂumuﬂiqm
1 d' U A 1 1 dl 1
wuuseliles uasildnafenuainewesnnie X, au1sauaninIsmaledsninueinemes

am nmsdiudeudalaunsy lunsasdugesvaagunm 1w
EY)=E¥IX<X,)BX<X,)+EY|X>X,)P.(X > X,,)

= {E(Y|X < X)) + E(Y[X > X)) (3.18)

A o v 1 1 o
el P.(X < X,,)=P.(X > Xm)=5 Tapueedn X dnsnssanewuvansnng

59UA1 Xpp, :NaUN59 (3.16) is@ansaunulasoe

EY|X <X,) = (Xo+X,)/2 (3.19)
LLagy
E(YIX > X)) = (X + X,._1)/2 (3.20)

dlevhaunisit (3.18) uag (3.19) Wunuluaunsi (3.17) 9gln

E(Y) = - (X + Xg) (3.21)
e
Xg = Sofics) (3.22)
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zulaARisANaI B RNAE NS TN S ns U SeuTalaLnS UL UULE NABYEqy
ARARAYANAIBINWALAT UL FadunShwauainsuesnnlngdnedeiu
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(Multi-peak Linear Contrast Stretching)
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ABSTRACT

This paper presents the image enhancing using a mean separated histogram equalization method. To provide the
minimum mean brightness error after the histogram modification. It separates the input image’s histogram into n
(n=1,2,3,...) groups based on input mean before equalizing them independently. The image initially is separated
class by calculated threshold level and each class is histogram equalized to entire image, and gets lowest AMBE
(AMBE : Absolute Mean Brightness Error). The result found that AMBE gradually reduces when the separation is
increased. Therefore, the error threshold is assigned in order to automatically dividing the original histogram for
obtaining the desired AMBE. This process will be applied to remote sensing data by treating each region of
histogram independently. Also Tenengrad is employed in order to verify the contrast performance. The image
performance is considered higher if its Tenengrad value is larger.

INTRODUCTION

Image enhancement is one method to increase contrast of image. Digital image processing is widely used to much
field such as remote sensing, etc. One of algorithm applied is analyzing and interpreting data of satellite image. The
accuracy of that job is dependent on quality of such data in term of contrast. The better contrast, the more efficiency for
interpreting data is. Raw data must then be enhanced to get better quality by histogram equalization. This method is
simple and efficient when comparing with other method. Histogram equalization tries to distribute more concentrated
gray level, significantly. One popular method of histogram equalization is global histogram equalization based on basic
rule of probability distribution of original gray level. Disadvantage of one is some brightness saturation and shifting
mean. This is losing information. To solve that problem, having many reports (Russ, J. C. 1994, Conzalez, R. C. and
WinTZ, P. 1987, Sid-Ahmed, M. A. 1995, Wongsritong, K., Kittayaruasiriwat, K., Cheevasuvit, F., Dejhan, K., and
Somboonkaeaw, A.,1998, Kim, Y-T. 1997, and Chen, S.-D, Ramli, A. R. 2003) has been proposed equalization
technique by classing histogram equalization into sub-histogram calling local histogram equalization. Such method is
still not better enough because each region partitioned is not appropriate. The main key to apply histogram equalization
efficient is to class each region of histogram to give mean of enhanced image the same as original image by re-adjusting
peak point to class.

This paper is organized as follows. Multi-peak histogram searching is firstly described to get a number of peak
points. To obtain the enhanced image preserved mean brightness, many gray level of peak point is shifted by the
proposed histogram partition method described. Experimental results are described and shown as numerical result as
quality measuring criterion together with global histogram equalization method and visual image. The conclusion is
given in last section.
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MULTIPEAK HISTOGRAM SEARCHING

We will briefly describes multi-peak histogram searching (Wongsritong, K., Kittayaruasiriwat, K., Cheevasuvit, F.,
Dejhan, K., and Somboonkaeaw, A.,1998). The histogram of an image will be consisted as many peaks. Each peak of
histogram can not easily be detected since the probability of brightness levels are quit fluctuated and also some
brightness levels are disappeared. The linear interpolation is then employed to fill up the disappeared brightness levels,
while the neighborhood averaging process is applied to smooth the histogram. Nine consecutive probabilities of
brightness levels are averaged for the new probability of the central brightness level. This new probability value of the

k " central brightness level, defined as P,(7,) can be obtained by the following equation.

1N\? )
9 i 5<k<L-4
R,(rk)= 9z:i=1p(rk—5+l) D k
p(r) k<5k>L—4

The new probability p, (rk) is used only in the peak point detection process. In order to obtain the peak point of

each peak, the signs of the difference between two successive probabilities in the smoothed histogram are calculated.
However, the fluctuation of sign will be appeared. So the sign changing process is used when three consecutive signs is
swing such as the following examples, +-+ change to +++ and -+- change to ---.

After the sign changing process is applied then the peak point detection process is utilized. Each peak point is
smoothed, histogram is detected when four successive negative signs are followed by eight successive positive signs is
occurred. That mean, the peak point is detected only the downward path of probabilities, the histogram is composed of
N+1 region, N peak points must be detected.

HISTOGRAM PARTITION

Linear Contrast Expansion

Since gray level of pixel is concentrated in some narrow interval of histogram, such image is then low contrast.
Linear contrast expansion in each group of histogram is employed to solve brightness saturation problem. Based on
peak value calculated is used to class groups of histogram. Contrast of each of the grouped one is expanded linearly
by which maximum and minimum point of gray level is number of the previous calculated peak. The entire image is
expanded full range as 0-255 levels.

Let X . and X __ are range of original histogram expanded into Y .. and Y__ shown in Figure 1. Range of

gray level in image X is X, < X <X__ . To solve problem in calculation, if X is less than X min » X Is then
X, andif X is more than X'

max » X isthen X New gray level can be obtained from equation below.

n

Y= _(‘Xﬁ(ymax Nad
(Xmax —Xmin)

)+Y

in

v. ' ©® —

Figure 1. Linear contrast expansion (a) Original histogram (b) New histogram.
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Quality Measuring Criterion

The proposed method is trying to preserve brightness mean more and more possible by considering value of
absolute mean brightness error (AMBE). AMBE is calculated from equation below.

AMBE < E[Y]~ E[X]|
where E[Y] and E[.X] are mean of new and original gray level of image, respectively.

Generally, classing number of histogram region affects to AMBE value. The more one is, the less AMBE. Also,
suddenly hanging of slope of gray level in image indicates that contrast is either increase or decrease. Gradient is slope
between pixels used to detect image edge to verify image quality. The Tenendrad criterion (TEN) is based on gradient
magnitude maximization. The value of TEN is calculated from gradient of all pixels in image. The partial derivatives

are obtained by a high pass filter using Sobel operator with the convolution kernels I, and l'y . The gradient is given as

S(,) =\, *I(x, ) + G, * I(x,))’

where * stands for convolution, /(x, ) is enhanced image.

The Tenendgrad criterion is formulated as

TEN =% S(x,y)

The Proposed Histogram Partition

To preserve brightness mean of finally enhanced image, partitioning of smoothed histogram corresponding to
quality criterion is important. We will present the method to partitions histogram to get the lowest AMBE by shifting
peak point based on local minima both lower and upper. The shifting process is described as following.

Step 1 Using peak points which has got from the smoothed multi-peak histogram searching, let P,, P,, Ps,...,Py are
gray levels of each peak. Histogram is classed into N group N=Py.

Step 2 Calculating original mean,

ELX]=Y fe,/3.

where L is the maximum gray level such as 255, 7, is frequency of i” gray level, 2. is i® gray levl.
T gl

For instance, the number of peak point is of 3 (N=3), P;, P,, and P;. Histogram is grouped into 4 regions [0 - P],
[P1+1 =Py], [Py+1 —Ps] and [P5+1 - L]
Step 3 Calculating mean from the enhanced image,

EY1=Y fig/ Y. f;

i=0
where f,.' is frequency of i gray level via enhancement.

Step 4 Histogram mentioned in step 1 is expanded by using linear contrast expansion method together with getting
new peak P’,, P’,, P’;,...,P’y but the number of histogram groups is the same as step 1.

Step 5 The gray level of peak point P’,, P’,, P’,....P’y is shifted into both lower and upper with & shifting range
value and AMBE of both original and enhanced image by using histogram equalization based on such peak point to
group sub-histogram is calculated. If AMBE is still higher, the gray level of peak point is then adjusted by increasing
£ value until the lowest AMBE is obtained.

For instance, let N=2 and P*,=91, P*,=153. For & =10, P*;=91, that is, such histogram is composed of 3 regions [0
- 91], [92 ~ 153] and [154 — 255]. We will search to get new peak point around P’ following. Lower side values are of
90,.89, 88, 87, 86, 85, 84, 83, 82, 81 and upper side 92, 93, 94, 95, 96, 97, 98, 99, 100, 101 by which upper side value
must not be more then P*,=153. Firstly, to search lower side, range of histogram, [0-90] for lower, [91-153] for upper
and [154 — 255], is allocated and equalized firstly, together with calculating AMBE value for such range. The other
ranges consist of [0-89] and [90-153], [0-88] and [89-153], [0-87] and [88-153], [0-86] and [87-153], [0-85] and [86-
153], [0-84] and [85-153], [0-83] and [84-153], [0-82] and [83-153], [0-81] and [82-153] which are consecutively
allocated and equalized the same fashion as mentioned. A number of AMBE values are of 10. Secondly, to search
upper side, range of histogram, [0-92] for lower, [93-153] for upper and [154 — 255], is allocated and equalized firstly,
together with calculating AMBE value for such range. The other ranges consist of [0-93] and [94-153], [0-94] and [95-
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153], [0-95] and [96-153], [0-96] and [97-153], [0-97] and [98-153], [0-98] and [99-153], [0-99] and [100-153], [0-
100] and [101-153], [0-101] and [102-153] which are consecutively allocated and equalized the same fashion as
mentioned. A number of AMBE values are of 10. Total of AMBE values is of 20, one of them is the lowest AMBE
value corresponding with one of any gray level of peak point is obtained and assigned as new peak point. For other
peak point, the same style is performed. If such the obtained AMBE value is still higher, the shifting range value is then
increased. AMBE value is calculated again, so on, until getting the lowest AMBE.

EXPERIMENTAL RESULTS

The proposed method is applied to satellite image (LS001) shown in Figure 2(a). By using multi-peak histogram,
results of the number of peak points is of 2 peak points (P1=91 and P2=153) and local histogram equalization applied
with 2 regions has given AMBE and TEN, numerically shown in Table 1 and visual image and its histogram shown in
Figure 2(c), seeing that there are better than global histogram equalization surely shown in Figure 2(b). To get the
enhanced image corresponding with both AMBE and TEN quality measuring criterion, shifting range is finely adjusted
from 10 to 40 for this experiment until AMBE is the lowest value and TEN is the highest value. Figure 2(d)-(g) are
shown visual image for shifting range from 10 to 40, respectively. As shown in Table 1, finally, the new peak points are
P1=73 and P2=189, appropriate.

Table 1.
HE Method AMBE TEN
Image 46.0343 1.11x10*
Proposed = Method
Shifting Range Peak 1 Peak 2 AMBE TEN
(&) 1) (P2)
1 91 153 8.48836 7.76x10*
10 81 163 8.30481 9.45x10*
LS001 20 73 173 6.03268 12.17x10*
30 73 183 3.95550 15.00x10*
40 73 189 0.02863 18.96x10*
CONCLUSIONS

This paper presents a method for preserving mean brightness of original of enhanced image via histogram
equalization. The input image will be partitioned into a number of regions by detected peak point. Each region
independently will be expanded for full dynamic histogram range, then independently applied the classical local
histogram equalization to each region. In order to minimize the AMBE, the roughly detected peak point will be finely
adjusted by shifting them in a certain defined range. The results of AMBE obtained from the proposed method give the
lowest AMBE. Also the method presents the highest tenengrad of each enhanced image in order to show the quality of
enhancement.
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Peak=2, P1=73,P2=183 & =30 AMBE=3.95550 , TEN=15.
()

Peak=2, P1=73.P2=189 & =40 AMBE=0.02863 , TEN=18.96x10*
(2)

Figure 2. (a) Original image and its histogram, Results of enhanced image and its histogram by using
(b) Global histogram equalization (c) Local histogram equalization
(d) - (g) Local histogram equalization with adjusting shifting range from 10-40.
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Simplified method of high-resolution sharpening in fused image based on IHS
transform
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Abstract— The colorful and useful remote sensing image can
be obtained from various algorithms. One of the most essential
methods is known as image fusion. The fused image can be
accomplished by combining images from difference sources
since the great desire of remote sensing image is the image
which contains high spatial resolution and also high spectral
resolution. The most popular and widely use method for
achieving these objectives is the intensity-hue-saturation (IHS)
transform. The IHS approach is applied to fuse the low-
resolution  multispectral images and  high-resolution
panchromatic image since the successfulness of the fusion
process must be met the color distortion constrain. Therefore,
in generally, no enhancement of panchromatic image in
preceding researches is proposed. To emphasis some
information in the fused image such as the edges, here we
construct a high frequency enhancement panchromatic image
as an intensity component in the inverse process of HIS. In
order to maintain the color distortion criterion, the intensity
matching formula will be employed.

Keywords- IHS; fusion; smoothing; subtraction;

L INTRODUCTION

The sensors of the satellites are generally composed of
high-resolution panchromatic system and low-resolution
multispectral system. However, the high-resolution can
provide a few spectral band images (almost satellites give
only one panchromatic image), while the low-resolution can
generate more spectral band images. Normally, the
panchromatic image gives rich in spatial information, while
the multispectral images give rich in spectral information. To
integrate spectral information, the false color image is
created panchromatic by combining three bands of low-
resolution images as RGB images. But this false color
image will lose the high spatial information. So, to collect
the high spatial and high spectral information in the same
image, the fusion process via IHS transform is utilized. Since
some applications need to enhance the high spatial
information, we propose a method of high resolution
sharpening based on IHS transform as mentioned in the
following sections.

978-1-4244-8888-9 /10/$26.00 © 2010 IEEE
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1.  HIS FusioN METHOD

The most popular and broadly used for image fusion is
IHS transform. The IHS fusion algorithm will be converted
the red, green and blue of low-resolution multispectral
images into intensity (), hue ( H) and saturation (S)
components. Then the / component will be substituted by
panchromatic image ( Iw) with high spatial resolution. Then

this new intensity component and the previous H and
S components will be reconverted to new RGB images. The

resulting image is contained high spatial information. The
IHS transform can be expressed as the following equation.

{ 1 1 1
S BUNNRAAVELEY o (1)
% %6 V6 6
v, ) 1 B
&3 41} LEAS /)
L V2 2 |
Or
X R+G+B @
3
“H = tan™ (ﬁ] @)
v2
S = )+, @

For inverse process, the / component will be replaced
by 1,,, while the Hand S(or V) and v, ) components still

used the previous components. The inverse transform can be
presented as
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The new false color image is then obtained by the
combination of X', G’ and B’.It can provide a rich in spatial
and spectral information. Nevertheless, this image will cause
an importance of color distortion because of the intensity
component is completely changed from one spatial
resolution into another and also the difference in wavelength.
Therefore in [6], the tradeoff parameter ¢ is introduced for
reducing the difference of pixel intensity between the image
I and I, by using the following equation.

Iy — 7
I, +

pan
t

When the tradeoff parameter £ is 1, the image 7, is the

same as image / . But when ¢ increase to infinity, 7  will

be fully equal to Lo That means the increasing of ¢ will

cause the increasing of spectral distortion. In the same time,
more information of high spatial information will be
presented in the fused image.

The fused image showed that the high spatial resolution
is still not enhanced since it will cause highly in color
distortion. However, in this paper we try to present the HIS
fusion algorithm which can be able to enhance the high
spatial information, while the color distortion can keep as
less as possible by using the intensity matching
transformation formula.

For the problem of color distortion, some researches only
added high frequency component onto 7 , they did not attend
to change completely / intensity from low-spatial resolution
o], image. In [4], Zhang and Hong employed wavelet

transform in order to decompose the intensity component

from / to I, After that, only lower frequency band L, of
intensity component is altered to the band LL, of Ly The
, LH, ,HL, and HH, are used for

inversing wavelet transform to generate a new intensity
component | . This 7 with the previous H and

S components are used for inversing IHS transform to

I

new

&)

frequency bands LL,
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provide a fused RGB image. Also in [5] Ling et al.used
Fourier transform to decompose the intensity component and
then replace the high frequency by the high frequency from
panchromatic image. The new intensity component 7 is

retrieved from inverse Fourier transform of this mixed
frequency spectrum component.

III.  PROPOSE OF HIGH-RESOLUTION SHARPENING OF

FUSED IMAGE

However, two algorithms as mentioned above are
consumed high computation time. In order to simplify the
idea of injection the high frequency from panchromatic
image for replacing the high frequency of the original
intensity component, we propose the use of smoothing mask
convolution to achieve two bands of frequency. For
providing low frequency components, the smoothing mask
as shown in Fig. 1 is used to convolve with the original
intensity component 7 . The smoothed component will be
blurred because the edges or the high frequencies are
devastated so that only low frequencies still appeared in it.
The blurring process also applies to the panchromatic
image I, in order to construct a low frequency

image I PN For extracting the edges or high frequency
component in the panchromatic image, the original I,

v 10 obtain the
3 I8 back to the smoothed
we can emphasis the Lo ctge by
multiplying it with the parameter < to provide image I” .
The image [ " contains the high spatial information from

panchromatic image and high spectral information from
multispectral images.

image will be subtracted by I,

image J . Before adding |

pan _edge
original component 55282

1 4 7 4 1

111 4 16 26 16 4
L 111 —|7 26 41 26 7
’ I 11 o 4 16 26 16 4
1 4 7 4 1

(a) Averaging mask (b) Gaussian mask with g =1

Figure 1. Smoothing masks.

In order to minimize the color distortion of fused image,
the 7” component has to be matched to the original intensity
component J by using the following transform formula.

I = ( JI +m, — (ﬂJm,, (10)
oy o,

Where m; and 0, stand for the mean and the standard
deviation of the original intensity component / while m,.

and O are the mean and the standard deviation of the

intensity component I”.
The intensity component /” together with original H
and S will be used in inverse JHS transform to furnish anew
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fused image which contains high spatial information and also
high spectral information in the same image. The overall
schematic flowchart of our propose can be presented in Fig.
2

TABLE I. CORRELATION
o =2 o =5
R-R 0.99989961 0.99848938
G-G' 0.99988837 0.99917573
B-B 0.99979336 0.99649572

I'HS 10 RG'B’

Figure 2. Schematic diagram of the proposed fusion algorithm

IV. EXPERIMENTAL RESULT

The IKONOS panchromatic image and multispectral
RGB images as shown in the Fig. 3 are used in the proposed
algorithm. Here the smoothing of Fig. 1 (b) is used in
blurring process and edge emphasis parameter & =1. The
resulting of fused image in Fig. 3 is clearly presented the
image detail. The performance of the propose algorithm can
be expressed in the term of correlation coefficients which
stated in Table I and the absolute difference of standard
deviation is shown in Table II.

TABLE I1. ABSOLUTE DIFERENCE OF STANDARD DEVIATION
a= a =5
|SD, — SDy| 2.11950594 9.06728555
|SD, - SD,| 221577923 925598947
|SD, - SD,| 2.16779314 8.96890668

182

(©
Figure 3. (a) RGB Original (b) Fused Image ¢ =2 (b) Fused Image ¢ =5.

V. CONCLUSION

In this paper we propose a simplified image fusion the

high spatial resolution of panchromatic image with the high
spectral resolution of multispectral images. The algorithm
injects the high frequency or edges information of
panchromatic image into the low frequency of intensity
component which obtained by smoothing original intensity.
However, for more enhancing fused image, the high
frequency information can be increased by multiplying it
with emphasis parameter. The resulting fused image in Fig. 4
is shown that the quality of visualization will be improved,
while the color distortion is quite satisfied as shown in Table

1

(1

[2

1

3]

(6]

(71
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Abstract— This paper presents on Sub-region sharpening
with mean brightness preserving by the histogram equalization
method for local information accentuation in sub-region. In
order to segment each sub-region precisely, this issue has been
achieved by using smoothing mask that is able to eliminate
noise while still maintaining the edges of the sub-regions
without degradation. Then, the fuzzy-c means is applied to
smoothed image for sub-regions segmentation. To preserve the
original mean brightness, the histogram of the each sub-region
is divided into a certain number of the sub-histograms by
defining the cumulative distribution function (CDF).
Accordingly, each sub-histogram will be independently
equalized. The resulting image not only presents the
improvement of image quality, but the mean brightness of the
processed image is also preserved.

Keywords- Local histogram equalization, image enhancement,
Sub-image, Fuzzy c-means

I INTRODUCTION

Image sharpening plays an important role for
visualization improvement. To achieve the task, histogram
equalization (HE) method is then employed. The HE
method tries to force the distribution of input histogram to
be a uniform distribution. However, the process of HE cause
two defects. First, the HE method will transform the input
pixel’s intensity value into a new intensity without
regarding the spatial relation of its adjacent neighbor pixels.
The second, the mean brightness of output image will be
shifted away from the input mean. The mean shifting
problem is not suitable for some consumer devices as
mentioned in [1]. The first defect has been solved many
researches such as in [1, 2, 3, 4, 5, 6], and also many
research such as [7,8] has been proposed for solving the
second defect. That means each research is only solve for
each specified defect. Hence, in this issue, two defects will
be simultaneously solved by using FCM for segmented the
image into a number of sub-region in order to support the
first defect. Then, the histogram of each sub-region will be
partitioned by the thresholds which are defined by the
specified cumulative distribution function. After that the
HE method is applied to each partitioned sub-histogram
independently for overcome the second defect. The
procedure of the proposed method will be detailed in the
following paragraphs.

978-1-4244-8888-9 /10/$26.00 © 2010 IEEE
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1L

Let X = {X (i, j)}denote a given image composed of L

discrete gray levels denoted as {X,,X,,. X, }, where

X(i,) represents an intensity of the image at the spatial

location (1, ) and X(;, j)e {X,, X,,..X,,} . For a given

image X, the probability density function p(x,) is defined
as

HISTOGRAM EQUALIZATION

P

P(Xk) M

fork=0,1,...,L -1, where r* represents the number of
times that the levels X; appears in the input image X and N
is the total number of samples in the input image. Note that
plx,) is associated with the histogram of the input image
which represents the number of pixels that have a specific
intensity X, . In fact, a plot of n* versus X is known as the

histogram of X. Based on the probability density function,
we define the cumulative density function as

k
r.(x) = ZP(X;‘) )

j=0
where X, = x, for k =0, 1, ..., L — 1. Note that
c(Xx,)=1 by definition. Histogram equalization is a

scheme that maps the input image into the entire dynamic
range, (X,,X, ), by using the cumulative density function

as a transform function. That is, let us define a transform
function f(x) based on the cumulative density function as

f(x)=Xo +(X1,—1 "'Xo)c(x) 3)
Then the output image of the histogram equalization,
Y = {r(;, )}, can be expressed as
Y=7(X) @
= flrtivxt e xp )

For example of the histogram equalization is shown in
Fig.1, where the first image is an original image Jet and the
second one is the result of the histogram equalization.
However the mean brightness of output image from the HE
method is shifted away from the input image. So, the section
V will describe how to solve this problem.
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(a) Original. (b) Histogram equalized.

Figl. The original image Jer and the result of histogram equalization

III.  EDGE PRESERVING SMOOTHING

Image segmentation is an essential tool for object
extraction. However, in some images, there exist some
pixels which have intensity difference from their neighbor.
This effect will cause many holes in the homogeneous
region of segmented object. These pixels are considered as
noise pixels which can be eliminated by smoothing method.
Many smoothing methods are proposed, however all of
them not only remove the noise pixels but also destroy the
edges of object in the same time. Therefore, the
segmentation process cannot efficiently achieve in this
blurred image. To conquer this problem, Tomita and Nagao
in [9, 10] have suggested an algorithm which can remove
the noise pixels and can while the edges of object can be
maintained. This algorithm is known as edge preserving
smoothing. The method of Nagao [10] used 9 masks for
smoothing the image as shown in Fig. 2. Each mask is
contained the pixel coordinate (;, ;) which will be smoothed.

Raafei
i
[

The process of edge preserving smoothing can be
detailed as the following steps.

I. Calculate the mean and standard deviation (or
variance) of the pixels which are in each mask.

2. Find the mask which gives the minimum standard
deviation.

3. Replace the intensity of pixel co-ordinate (i,j) by the
mean value of the mask which gives minimum standard
deviation.

4. Move the masks over the image from left to right and
upper to lower.

5. Iterate step 1 to step 4 until the process reach to some
criterion such as the number of iteration turns.

wh

Fig.2 Nagao’s mask

331

The edge preserving smoothing process is applied to the
original image of Fig. 1(a) , the Fig.3 is the smoothed image
with only one turn of iteration.

Fig.3 Jet after smoothing by Nagao’s mask

IV~ Fuzzy C-MEAN FOR IMAGE SEGMENTATION

Fuzzy c-means (FCM) [11, 12] is used as a method of
clustering in~ this paper that a method is based on
minimization of the following objective function:

(6)

where m is any real number greater than 1, u, is the degree

of membership of x, in the cluster j, x; is the ;* of d-
dimensional measured data, v , is the d-dimension centre of

the cluster. While N is the total number of data, ' is the
number of clusters or sub-regions and |*|| is any norm
expressing the similarity between any measured data and the
centre. Fuzzy partitioning is carried out through an iterative
optimization of the objective function shown above with the
update of membership u, and the cluster centre v, by:

; o)

$ ]

v

5

u

i

m
u'x,

®)

Vj =
m
u’l

M=

This iteration will stop when{|utk+'> _ut“’} <e¢g, where g is a
U L

defined termination criterion and & is the iteration turns.
This procedure converges to a local minimum or saddle
point of J,,. The algorithm of FCM can be described as the
following steps:

1. Initialize ¢/ = [y, ]matrix, v

2. At k-step: calculate the centre vectors p(*) =[v]:| with

U™ in equation (8)
3. Update %, y**in equation (7)
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4. If "U("*‘)_U(")"< ¢ then STOP; otherwise return to

step 2.

The FCM process is employed to the smoothed image of
Fig. 3 by defining the number of cluster ¢ =3. The
segmented of these three sub-regions are shown in Fig. 4.

(a) (b) (c)
Fig. 4 Three segmented regions with the corresponding histogram,

V. MEAN BRIGHTNESS PRESERVING VIA SUB-REGION
HISTOGRAM EQUALIZATION

Let x, is the i segmented sub-region from the section
IV with its gray level range of 74 .]. In order to preserve

mean brightness, each histogram of sub-region will be
partitioned into A/ intervals. The thresholds 7! for using in

partitioning process can be defined by the specified CDF as
the following equation.

T = (' )=X\ for
o(L,) A
%)

When iis varies from 1 toC, which ¢ is the number of'
sub-regions. The partitioned histogram is presented in Fig.

5. Each interval /, will be consisted of gray levels as
shown in following equation.

[Ly+LL1e

+LL eI

[L+LLle o
[L,+1,Li]e I,

[Ly.+LL, e I,
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Fig. 5 M intervals of partitioned histogram.
For [ +1=1, and L', = L' . The CDF of m" sub-

histogram interval in the ;” sub-region can be written as

k=Y (;—)

=Ly, m

grayscale

(1m

n, stands for the number of pixels in the ¢” gray level while

N,, is the total number of pixels in »” interval. By
definition, we obtain the CDF
e (L)=1: for m=12. M (12)

Therefore, the enhancement in each interval of the i sub-
region, by HE method, can be obtained by the following
equation.

Yoli )= (L + D) +H{(L, +1) = L, Yoo (X' (. j)) (13)

For x (i, j) and ¥'(i, j) are input and output of the m*
interval in i sub-region.

For applying this method to the image in Fig. 4 with 3
sub-regions and the histogram of each sub-region will be

partitioned into 2 intervals. The enhanced image and its
histogram can be presented in Fig. 6.

(a) (b)
Fig.6 The result of sub-region sharpening via HE method
The performance of mean brightness preserving can be

presented by the absolute difference of input and output
expected value as

AMBE =|E(X)~ E(Y)| (14)
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By the proposed method the performance of mean
preserving is shown in Table 1 for various of sub-regions
and intervals.

TABLE L 512x512 JET IMAGE WITH 164.2718 MEAN BRIGHTNESS
No. of No. of intervals
Sub-
regions 1 2 3 4
1 23.2175 12,7363 7.6947 5.12230
2 15.3695 8.7548 5.8265 4.1675
3 129164 7.0892 4.8693 3.5825

VI. CONCLUSION

In this paper we have been proposed a method of mean
brightness preserving in sub-region sharpening via
histogram equalization. The proposed method is responded
two purposes which are sharpening the segmented sub-
regions and also preserving the mean brightness of the final
result image. The performances of the proposed are
presented by visualization of result image in Figure 5, and
for mean preserving in Table 1. This table shows that
increasing the number of sub-regions and intervals, the
AMBE will be decreased. However, the quality of
sharpening will be decreased for more number of sub-
regions and intervals, it cause by the narrow dynamic range
for applying HE.
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This research proposes a novel technique of preserving mean
brightness of original image as well as enhancing the image
contrast. Many previous researches studied only on preserving
meaning brightness, but very less works invested in improving
image contract. This research could minimize the Absolute
Minimum Mean Brightness Error (AMBE) to close to zero and
increase the Average Gradient or the Average Tennengrad (ATEN)
of images. The research aims for output image with highest image
contrast, complied with the preserved AMBE yet high ATEN:
Moreover, the standard deviation (SD) of the result image -is
almost equal to that of the image enhanced with Global Histogram
Equalization (HE). The presented result provided high quality of
output image to obtain the best contrast—image gradient—i.e.
close-to-zero AMBE and high ATEN, moreover, SD is close to
result of HE.

There were many investigations in the field of image
equalization; for example the very first brightness preservation
(BBHE) by Kim [1]; Wan’s [2] histogram equalization method
(DSIHE); and many others. Global Histogram Equalization (HE)
provides high contrast yet impacted in shift of AMBE value,
However, after equalizing by various methods focusing on the
AMBE value preservation, the contrast is disregarded; most cases
provide only AMBE preservation and ignore - contrast
improvement. This study attempts to maintain the value of AMBE
and also improves the contrast as it has been done through HE
method. Stages of this research are referred to our previous
research proposing methods of Multipeak Histogram Equalization
[3] that equalizes each sub-histogram identified by location of
appropriate thresholds. However, there are a lot of peaks in
histogram of an image with different objects inside. Therefore, the
appropriate threshold locations are calculated from each peak in
order to divide histogram into sub-histogram and then to equalize
the divided histogram independently. In our approach, the input
histogram will be segmented into an arbitrary number (AN)~the
amount of divided peaks that are generated and calculated from
sub-histograms depended on the input histogram shape— of
sub-histograms using different thresholds according to the input

/\,A,/ \/\ (a)
o 1, 1, o1 Tua Ty L-1
\/L ®)
o T, » 1 Ty L1
Fig. 1. The input histogram composed of M peaks

with M + 1 local minimum point. (a) Input histogram
(b) After the linear expansion

histogram.

According to the result images from above procedures, it is
found that contrast of the image is not satisfied as well as the
AMBE. Thus, the stretching out of the Dynamic Range of
Sub-Histogram is applied in order to expand each sub-histogram.

The image resulted from the previous step gets higher contrast
and preserved brightness. The higher contrast is proved with
contrast improvement by finding out the Average Tennengrad,
ATEN; the more ATEN value reaches higher, the more quality and
contrast of the images are improved. Sometimes, the selected
initial threshold value is not appropriate resulting in unmaintained
AMBE value. Thus, it is necessary to shift threshold again in order
to retrieve the AMBE value to be close to zero as much as
possible.

Table 1 shows the detailed result from the Baboon image.
Through the HE method, the original Baboon image has AMBE of
14.1076 and ATEN of 5.1681. This research computation process
starts with detecting thresholds of local minima; the threshold
position at 105 and 149 that provides the minimum AMBE at
2.0635 with ATEN at 5.0228. However, these values indicate that
the result image has a high AMBE and low contrast. The
enhancing process continues by employing the Shifting Range of ¢
to determine the new threshold, AMBE, and ATEN. This process
continues iteratively until the most suitable threshold is found. The
result image will has highest image contrast, complied with the
preserved AMBE yet high ATEN. Fig.2 shows the Baboon image
with the Shifting Range of ¢ = 40 and the AMBE and ATEN
values are 0.5661 and 5.3810 respectively.

Table 1. The enhanced Baboon image from the proposed
method

Shifting Threshold Threshold

Range (6) | (T\") (g | 4MEE | ATEN
- 105 149 2.0635 5.0228
10 96 158 1.5548 5.4840
20 86 166 0.7676 5.4367
30 76 169 0.6332 5.4222
40 66 169 0.5661 5.3810

(b) proposed method
Fig. 2. The original and the enhanced Baboon image
from the proposed method

(a) original
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Histogram Equalization is a traditional image improvement method for enhancing image contrast. However, this image
contrast improvement is unsuitable for some consumer electronic applications since mean brightness of output image is different
from that of the original image. Nevertheless, when the average brightness of the output image is close to the mean brightness of
the original image, its contrast is also decreased thereby reducing efficiency of contrast improvement algorithm. In this paper, we
propose a method that not only preserves the mean brightness but also improves the contrast of the output image. By separating
the Histogram into Sub-histograms or Multi-peak histogram based on local minima, each sub-histogram will be spread out in a
maximum dynamic range based on their gray level interval proportions. Subsequently, the conventional histogram equalization is
independently applied to sub-histogram of each peak. To preserve the mean brightness, positions of local minima will be finely
adjusted by shifting them within a certain gray scale interval. During each adjustment, sub-histograms of the two local minima
which connected to the new local minimum point are re-equalized again. Finally, standard deviation will be normalized in order

to improve contrast of the output image.

Keywords : Mean Brightness Preservation, Contrast Improvement, Mutti-Peak, Histogram Equalization, Tenengrad

1. Introduction

Technique entailing pixel modification of the input image
resulting in image improvement and enhancement might be
termed as Histogram Equalization. Proposing methods for image
enhancing and equalizing, many research papers have been
invested in the field to improve the image quality or to propose
approaches in mean brightness preservation of the input image
after the equalizing procedure; yet the outcome is sometime no
more utilized with some consumer electronics or types of
displaying monitors. Mean brightness preservation was first
proposed by Kim™. In (1), the input histogram is partitioned into
two sub-histograms (or sub-images) by the mean gray level of the
input image. This method is referred to as brightness preserving
bi-histogram equalization (BBHE). Each sub-histogram will be
equalized independently via general conventional histogram
equalization. Similarly, Wan® introduced a method which is
called equal area dualistic sub-image histogram equalization
(DSIHE). DSIHE uses the median of gray level of the input image
as the threshold for separating the input histogram into two
sub-histograms. Wongsritong® has proposed a method which
splits the input histogram into many sub-histograms depending on
input image type. Each sub-histogram will be equalized
independently. The splitting thresholds are obtained from local
minima in one dimension curve of input histogram. This method is
referred to as multi-peak histogram equalization with brightness

* King Mongkut’s Institute of Technology Ladkrabang, Department of
Instrumentation Engineering, Faculty of Engineering, Ladkrabang,
Bangkok, THAILAND 10520

** King Mongkut’s Institute of Technology Ladkrabang, Department of
Electrical Engineering, Faculty of Engineering, Ladkrabang,
Bangkok, THAILAND 10520

© 2011 The Institute of Electrical Engineers of Japan.

preservation (MPHEBP). Chen has proposed recursive
mean-separate  histogram equalization (RMSHE)® and also
minimum mean brightness error bi-histogram equalization
(MMBEBHE)®. Ibrahim has proposed brightness preserving
dynamic histogram equalization (BPDHE)®. This method®® splits
the input histogram into many sub-histograms based on local
maxima. Each sub-histogram is equalized and then all gray levels
are normalized to ensure that the output mean is close to the input
mean. Also, many papers have been presented for preserving input
mean such as”’®. Most of these methods tried to keep the output
mean brightness to be close to that of the input. So far, the
absolute mean brightness error (AMBE) is commonly used as a
performance indicator of the mean preserving method. In general,
when AMBE approaches zero, the contrast of the output image is
usually close to the original image and make an undesirable
outcome for histogram equalization because the contrast and
quality of image do not seem to be improved in a poor contrasting
input image. Moreover, the both mentioned BBHE and DISHE
method still imposed some limitations; the methods require higher
degree of brightness preservation to avoid annoying artifacts.
While HE method change brightness of the input image so that it
is not regularly applied to consumer electronics like television.

To eliminate the mentioned drawback, we propose a new
method which simultaneously preserves the input mean brightness
‘and improves contrast. In our proposed method, the AMBE of the
final outcome virtually approach zero; that means almost all of the
mean brightness of the input image is preserved. Furthermore,
enhancing image gradient (or image contrast) to be far superior,
the method can improve the contrast of low-contrast-scale image.
As a result, the output image can be use with the display of
consumer electronic products including televisions and mobile
devices: cell phone, tablet, etc. Through the equalization

2009
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procedure, the input histogram will be segmented into an arbitrary
number (AN)—the amount of divided peaks that are generated
and calculated from sub-histograms depended on the input
histogram shape—of sub-histograms using different thresholds
according to the input histogram. These thresholds can be obtained
by local minima. Then each dynamic range of sub-histogram will
be fully stretched out by its proportion ratio over the whole range
of the histogram and each sub-histogram will be equalized
independently. In order to preserve the input mean brightness,
each threshold will be finely adjusted. Whenever a threshold is
changed, the two adjacent sub-histograms of this common
threshold will be re-equalized, while others will not be changed,
and the AMBE is calculated. The thresholds which give the
minimum AMBE will be selected. Finally, to improve contrast of
the output image, standard deviation will be normalized to the one
which is obtained from the whole or global image histogram
equalization.

In this paper, global histogram equalization method (HE) and
AMBE for measuring the efficiency of mean brightness preserving
is described in section 2. Method for obtaining the minima of
AMBE by detecting the thresholds based on local minima of input
histogram is described in section 3 The dynamic range expansion
of sub-histograms is presented in section 4 and contrast
improvement method is mentioned in section 5. The result of the
proposed method is concluded in section 6.

2. Histogram Equalization and Mean Preserving
Evaluation Function

Let an input image X =/(x,y) consists of discrete gray levels
in the range of [0,L —1], where L is the highest gray level value
of the image. To enhance contrast of the input image, the HE
method is used to flatten and stretch out the input histogram over
the whole dynamic range. This can be accomplished by the
cumulative distribution function s, or Cn).

% % n
5,=C(r)=>P(r)= Zﬁ'
i=0 i=0

Where 0<r, <1, 0<s, <1 and £=0,1,2,..,L-1.
n; is the frequency of pixel in the * gray level and N is the
total pixels in the image. P(r) stands for the probability density
function of pixel in i/ gray level and C(r,) is the cumulative
density function,

The HE method gives a high contrast image. However, the
mean brightness of the resulting image shifts away from the input
one; therefore the processed result is not suitable for some
consumer electronic products. Chen® has evaluated the mean
brightness preservation performance by AMBE equation.

AMBE =|E(Y) - E(X)|

Where E() is the expected value, X and Y are the inputs
image and output image respectively.

It is found that the HE method gives a high AMBE value (mean
brightness is not preserved). This paper proposes a method of
multi-peak histogram (or sub-histogram) equalization to maintain
the mean brightness of the output enhanced image as most closely
as the input image.

3. The Thresholds Detection for Minimum AMBE

Histogram of an input image composes of many peaks which
correspond to objects in the image. However, each peak (or each

2010

sub-histogram) in the histogram of the input image is quite
difficult to detect due to regular fluctuation and disappearance of
some gray levels. To enhance the image, this research utilizes the
method of multi-peak histogram equalization (3). The histogram
needs to predict the lost gray levels before smoothing the regular
fluctuation making a smoothened histogram which is
uncomplicated to detect ecach peak of the histogram. This
smoothened histogram is a required step for the forthcoming
detecting peaks and stretching out of dynamic range in the
histogram. As presented in (3), nine consecutive probabilities of
gray level will be averaged to determine the central gray level in
the smoothened histogram. Thresholds are used to divide the
histogram, which is already smoothened, into sub-histogram by
local minima of the first derivative of the histogram. Nevertheless,
regular fluctuation might still exist; to avoid the regular
fluctuation of the signs, the oscillated signs will be eliminated.
Sign differential process is applied with three consecutive signs
for smoothing as shown in following examples.

+

+ + ischangedto + + +

is changed to

Local minima of thresholds are required to separate each peak
of the input histogram. These local minima can be estimated by
observing the fluctuating probabilities of the smoothened
histogram. The threshold is detected when probabilities vary from
negative to positive. The threshold from the local minima can be
detected by the succession from negative sign followed by right
positive signs. In this research, the fluctuating probabilities are
defined in the series of four negative followed by eight positive to
ensure that the detected threshold is the absolute local minimum
point. So, the input histogram is divided into M peaks by M+ 1
local minimum. The input histogram composed of M

These M peaks or sub-histograms are separated by M+ 1 local
minima which are 7,.7,.7,....T,,,T,, as shown in Fig. 1 (a).
Each peak is composed of a certain number of gray levels as
presented in the following equations.

0 7T, T 15 Z'z
o
f e
|
/ oy
i ; I
h !
0 T, ¥ o1, Ty, L
Fig. 1. The input histogram composed of M peaks

with M+ 1 local minimum point. (a) Input histogram.
(b) After the linear expansion
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X,={1(x,y); I, <I(x,y)<T, VI(x,y)eX}
X2={1(x’y); T]SI(x,y)<T2, Vl(an’)Ex}

Xy ={1(xy); T,y <I(x,)<T,,, Vi(x,p)e X}

Where T, and T, are the first and the last gray levels which
appear in the input image.

4. The Stretching Out of Dynamic Range of
Sub-Histogram

The dynamic range of existing gray levels in poor contrasting
input image is generally narrow. Hence, each detected range of
sub-histogram will be stretched out by linear proportional ratio
over the full dynamic range of encoded gray scales. As presented
in (9), the new expanded dynamic range of the sub-histogram
can be calculated by the following equation.

St 1 1 S N
rangei—(TM_nJ(L b)) %)

The mapping function (5) maps histogram of the input image
X=I(x,y) onto the new histogram of image Y=1I'(x,y) .
Moreover, the M+1 thresholds T,.7,.T,...T,,,7,, will be
linearly mapped onto 0,7.7;,...7,,,,L—1. After expansion, the
input histogram can be demonstrated as in Fig, 1 (b). Therefore,
the intensity at j* gray level will be changed to the %" level by
the following transformation equation.

th
K= ( 17:~—77;:-.l| ](7;'_ TL) AT, et ©6)

Where 7,,<j"<7, and 7/ <k”<T’, with 7T=0 and
Ty=L-1.

Each sub-histogram after linear expansion is then further
processed by conventional histogram equalization. Absolute
difference between expected values of the input image and the
output image (AMBE) is used for evaluating performance of
brightness preservation as shown in equation (2). In order to
obtain the minimum AMBE, initial value of M-1 thresholds,
N.T,...T;,_, must be finely adjusted in a certain intervals of &
as shown in Fig. 2. The finely adjusted threshold T can be
obtained by shifting it in an interval of [T/~ , T'+¢€] , where
1<i<M-—1. The final optimal thresholds 777y, ..... 77 must
satisfy the following conditions:

T/mESTIST HE woremreeeesessssssmmsmmsiiiinsssssssessessesessesnins (7)
I/-£>0 and Ty +E<L=1 i, (8)
I T T T T —
0 7 T, T, Tua L1
f— T——>
IL-¢ T, +& ,
. T, >l
T,-¢ T,+&
be— T;—FI
T,-¢ T, +& ]
be TM:H
Tya—¢ T, +&

Fig. 2. Adjusting interval for thresholds 7;,7},....,and 7},

T'~e>T.,

i

and T+ E<TY, e (9)

i+1

As a result of linear expansion and threshold adjustment, the
value of threshold 7;" is changed. Two sub-histograms around
this threshold will be re-equalized once again, while the other
sub-histograms remain unchanged. When 7, is changed, the
AMBE value will be recalculated and recorded to determine the
optimum threshold that gives the minimum AMBE. The process
repeats itself for each threshold until the last one, I}, is
obtained. At this point, the output image Y’'=I(x,y) gives the
overall minimum AMBE value.

5. Contrast Improvement

With other brightness preservation methods, their resulting
image closely resembles the input image with its AMBE value
close to zero. Since shape of the processed histogram is almost
unchanged; contrast of the resulting image is not improved. As
presented in (10), the Tenengrad (TEN ) value is proposed for
measuring the contrast enhancement quality of the resulting image.
For the image with higher quality, its TEN value is larger. The
TEN value of pixel at co-ordinate (x,y) of the image is
calculated from its gradient VI'(x,y). The gradient magnitude is
obtained by convoluting the directional gradient masks with the
considered image. The most common gradient masks are the
masks of Sobel as shown in the following equation.

-1 2 -1 -1 01
ii=[ 0 0 0 i,= 0 o2 (A B, 10)
I -1 0 1
The gradient magnitude at co-ordinate (x,y) is obtained by
' 2
M(x,y) = \/(ix ') +(,~y *] (x,y)) ................. (11
and the 7EN value is calculated by
TEN:ZZM(":J’)Z ................................................. (12)
x y

However, for more convenient comparison of enhancement
quality of processed images, we proposed to use average of TEN
value by the following equation

ATEN=% ............................................................. (13)

Where N is the total number of pixels in the considered image.

In general, an image with a greater standard deviation value
gives a higher contrast. To improve contrast of mean preserving
image of HE method, we need to match the standard deviation o;
of the image I'(x,y) (obtained from section 4) onto the standard
deviation o, of HE method while the mean brightness m, of
the image I'(x,y) is preserved as the mean brightness m, of
the original image I(x,y). The transformation formula to satisfy
the desired objectives can be written as the following equation.

1"(X,y)=ﬁ1'(x,y)+m,—&mi ............................... (14)
o, o,

Hence, the final output image Y"=/"(x,y) will satisfy the
desired objectives: brightness preserving and contrast improving,

6. The Result of Proposed Method
Fig. 3 (a) shows an input image of Baboon. In this case, we

utilized the Multi-peak histogram (3) to identify the threshold

IEEJ Trans. EIS, Vol.131, No.11, 2011
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positions. Four detected threshold positions (7, 7}, 75, T5) divide
the original histogram into three histogram peaks. Then, the
process was continued to find the lowest AMBE (minimum
AMBE) by adjusting the threshold positions in shifting ranges of
the gray level. Therefore, optimal threshold positions could be met

brightness preservation. Table 4 shows that the proposed method
keeps standard deviation close to the standard deviation obtained
from the HE method. Table 4 also shows that the proposed method
provides a higher ATEN image resulting in a higher contrast or a

by replacing those on both sides of roughly detected threshold Table 1. Baboon with some shifting range sizes
positions. Many shifting ranges, such as +5, +10, £15, +20, were AMBE =
used to finely adjust the threshold position to verify the lowest HE Method P T
AMBE. In each assigned shifting range, only the smallest AMBE

: L. P Method
and the corresponding threshold positions were recorded. To Toposed
improve image contrast, the transformation formula of equation Threshold AMBE and ATEN
(14) was applied onto the considered image. Improvement of Shifting Without equation (14) |  With equation (14)

3 Range

AMBE and'ATEN. values are sl.mwn in th.e Table 1 and 2. " () (1) AMBE | 47BN | AMBE | arEn

Another input image, F16, is shown in Fig. 3 (b). In this case,
five thresholds (7o, 7)., T, Ts, T;) could be detected. Therefore the - 105 149 6.568 5113 | 20635 | 50228
input histogram was divided onto 4 sub-histograms. Its result is 10 9% 158 5512 | 519 | 15548 | 54840
presented in Table 2. 20 86 166 3.837 5234 07676 | 54367

Our implementation increases image contrast as well as 30 7 169 3.678 5233 | 06332 | 54222
preserves the mean of the original image. Therefore, we obtain a 40 66 169 3458 5216 0.5661 | 53810
better resulting image than other previous methods, both in terms
of brightness preservation and contrast improvement, as shown in . n- g

ghess p P Table 2. F16 with some shifting range sizes
the results in Table 3, 4.

For the comparison of the proposed method with the previous HE Method AMBE | ATEN
methods, 8 input images from (4), (5) are used. As shown in 48.7 1.7879
Table 3, the proposed method gives high efficiency for mean Proposed Method

AMBE and ATEN
-8 Threshold
DAty Without equation (14) |  With equation (14)
Range
(s) LT B it | pRa AMBE ATEN AMBE ATEN
- 37 | 64 133 | 0433 2018 0304 22406
10 27 74 124 | 0298 2233 0128 | 23575
20 19 74 115 | 0093 2204 0068 | 22016
30 19 | 91 115 | 0091 2198 0018 | 22934
Table 3.  Absolute mean brightness error (AMBE)
AMBE
IMAGE Proposed
HE | BBHE | DSIHE | MMBEBHE | "
Method
Arctic hare | 7574 242 379 135 11.5819
Airplane2 65.73 15,89 27.80 283 23967
Clocks 13.81 5.97 13.96 5.29 0.0035
Baboon 1411 | 065 0.66 0.77 0.5661
Splash 1743 | 1014 11.45 0.95 09210
Pepper 5.58 4.96 499 0.74 0.0657
2
(b) F16 House 518 1337 8.63 242 0.0697
. T s 487 035 14 0.0 j
Fig. 3. the Original images and their histograms s ¢ 0 = poisl
Table 4. The result of ATEN and S.D. of each images
IMAGES Original HE BBHE DSIHE MMBEBHE Proposed Method
ATEN S.D. ATEN S.D. ATEN S.D. ATEN S.D. ATEN S.D. ATEN S.D.
Arctic hare 0.1256 52.7309 0.7479 883441 1.0445 78.1794 0.0703 79.0489 0.1861 59.0266 2.0319 88.2778
Airplane2 0.2511 33.0725 0.6553 74.9306 0.2481 77.1544 1.0775 73.1001 0.5689 72.0905 1.3874 74.9006
Clocks 0.0025 57.2497 1.0407 74.8019 03177 77.6743 0.2224 82.6133 0.2369 659124 0.8972 74.2717
Baboon 4.0982 43.3851 5.1338 74.8465 5.1788 75.3884 2.0456 59.0943 4.8100 73.5569 5.3810 73.9849
Splash 0.1220 50.6061 1.2717 74.8225 0.8543 75.9359 0.5033 59.3065 0.5347 73.5333 1.2393 74.7999
Pepper 0.1874 53.1518 0.7829 74.7900 0.7875 74.3659 0.1558 59.9039 0.1874 55.4147 1.9044 74.7800
House 0.0589 46.0225 0.4736 74.7876 0.0544 73.9551 0.3012 63.8661 0.0614 48 8687 0.6205 74.2756
Fl16 0.3974 50.1211 1.7879 74.8082 1.4129 76.2615 1.4166 733164 0.7788 50.9938 22934 73.9632
2012 IEEJ Trans. EIS, Vol.131, No.11, 2011
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(a) Original

(c) BBHE (d) DSTHE

(¢) MMBEBHE
Fig. 4.

(f) Proposed method
Enhancement results for the Baboon image

better quality (10). The image results from various methods are
presented in Fig. 4.

7. Conclusion

The proposed method tries to preserve the mean brightness of
the input image afier the histogram equalization procedure. First
of all, the histogram of input image is divided into many peaks
corresponding to the detected thresholds. Then the histogram of
each peak will be stretched out by linear proportional ratio and
histogram equalization will be done for each peak independently.
Next, in order to obtain the lowest AMBE, each roughly detected
threshold will be finely adjusted in a certain defined shifting range.
The result shows that a large ¢ range gives a low AMBE. To
improve contrast of the output image, the transformation formula
is used in order to force standard deviation of final output image to
be the same as that obtained by HE method. Simulation results
show that the proposed method gives higher ATEN value which
means a higher quality of enhanced image will be obtained.
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