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Abstract

In this article, a contrast enhancement algorithm using wavelet
transform is proposed to create natural enhancement in images
with various brightness ranges. In the proposed method, the
input image is first decomposed into 4 sub-bands by discrete
wavelet transformation. Then, in the LL sub band image, the
histogram cutting process is performed by the cutting threshold
level equal to the average intensities. Next, the cut histogram
based on entropy is divided into three parts with approximately
equal number of pixels, and before equalization process, each
sub-histogram is mapped to the new dynamic range. Finally,
we use the inverse discrete wavelet transform to create an
improved image. By controlling the enhancement ratio, the
proposed method produces an image with maximum details
and natural enhancement in the output image. Comparing the
performance of the proposed method with previously presented
methods, in terms of entropy as well as visual quality based on
the mean opinion score, shows the superiority of the proposed
algorithm.
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General Histogram Equalization (GHE)

Probability Density Function (PDF)

Brightness Preserving Bi-Histogram Equalization (BBHE)
Dualistic Sub-Image Histogram Equalization (DSIHE)

Recursive Mean-Separate Histogram Equalization (RMSHE)
Dynamic Histogram Equalization (DHE)

Brightness Preserving Dynamic Histogram Equalization (BPDHE)
Bi-Histogram Equalization with a Plateau Limit (BHEPL)

© N e oA w N e



&y&#)‘a:@»‘Lgtj;a&u))czjv\.m‘gﬁjw \L.»A.J;LS:W

g o0 plosl ouds @lad oSy 99 52 40 alSlaz 5k 4y Jaowi anld caled o 09
ey 5o L] o ashl Nagarme S L alS Loz sy pl S iend Jiowd pb 4y o3, dalsl o
ool ol 3lis allee ol el S5 0 ez 4 699,95 ol re DQHEPL
S e ol O] Sad g8 (Sl Bob eSS g 0 52 50 @B AL TS s 255 0
ly CBlSS aqaa sligy oagaome o @ plSinn 05 52 rass anl)8 plsl 5l S caled e
Bed oo bais olidy; (Sl L Glgie 4y pgs (gilulaz alal oS > )0 WS (oo

P IV as ) T Sile 5 ailo b pgal ) ot oS ] Syinn st (g, sldl
o ey 3 Ay o Lol ol Fgrn s yolie ailee ol s lazl 5 MMSICHE s,
o Cead oz 1) ol S g 5 90 0 0 Dol polie (il ly s 95 00
72 Ealed 50 59,5 oo el T Dok 98y Al Bl ]S gt el W] s 05
L el S g 5 hass by, aalsl )3 098 o0 plol haws ail 8 alilaz sk 4 Cuond
5o 4y ol al Sy vn Il EDSHE 3g, o [NV el oo a7 gl Lol
2351 btz 03l9 pl S gt 15 (il s 95550 el il (229551 b plS 5 25
Sl ) 05 g0 )85 (LS5l b 4 osllae slasi 4y Al ) g oo e SiSw 50 4
S (o0 o BS u sbgy 00g9ome Sy 4 ol S gt ) e rans an ]S plnil 51 L3

o sl Tsjaie yolie 4y g dteenS Srge o 5l esliiul b ol S )| s, cuiired
SIS 4 by o Sledbl i S>go o 5l osliiwl L DWT-SVD g, 5o [N Y] ws
2 i 9l 4 a5 (ol 05h0e polie s 9 00, oz | o LL i 5 50 &5 pgas
WS Szrge b osSoe 092 0 b 2oled j0 5 03,5 aige |y Sl oo pgal (oLt
9 S il by 5o Eoiie Slih nlad ln (he) (ol e oe Sl (29,5 poa
Al on (srlio W1 T1s ealy 00gume )3 0alh 55 pets ol Sotca b s glal sl LS

ooy slgidiy yioS wil oolinul Ll ggine lids, oogamee b sl o aiils a5 o,
bl i « Sge o 3l ooliiwl b Canl S 3gun oo G clie ol o [V Y-V 0l el
lanl coolpaiin gy 5o Cawload slpiing goiie olidg, oogae b polay jo ol )
W) pgal 30 G O9doo 4525 Wb 25 T 4 (609)9 pyal dnS Szge Jro vy
55 O9dsn bl pl S gics @b wnld daad (Sl b ply @l ailin] o alwgay LL
B 5 05500 el il JSoy S b (150 s &y (57531 ool oiedad o S g sl
Sl )0 S e o SIS waz iy eoguome & pl S st o (o w8 el
oS o0 ooliil Al S9ugy yigeal Slml sl esSae AT Sge oS

! Dynamic Quadrants Histogram Equalization Plateau Limit (DQHEPL)

2 Median-Mean based Sub-Image-Clipped Histogram Equalization (MMSICHE)
% Entropy-based Dynamic Sub-Histogram Equalizations (EDSHE)

* Discrete Wavelet Transform and Singular Value Decomposition(DWT-SVD)
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