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A review of twenty years histogram equalization methods
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Abstract:

Improved image contrast is one of the most important operations used in image processing and visual processing
applications. Histogram equalization is one of the most powerful ways to increase the contrast and improve the
quality of digital images. However, this method usually causes an excessive increase in contrast and a loss of part of
the image details. Many problems have been resolved in the past two decades in order to overcome the many problems
of histogram equalization. In this paper, we have reviewed, categorized and compared the methods proposed in the
field of histogram equalization for twenty years.

Keywords: review of methods, Histogram equalization, Histogram clipping, Contrast enhancement

”
A.el.vd..as L‘R.H“mjj/ﬂ
Psr mels ¢

Ol 3L pl) S 2S5 3 (i (o]
Yv YAV 3l /4 + 0 ylasdi/ andy Jlw


http://kiaeee.ir/article-1-173-en.html

[ Downloaded from kiaeee.ir on 2025-11-06 ]

il pgal ;0 S92 g0 Sl Sy S slaas
hx) ™

p(.'.’C) = Sl for x=0,.,L—-1

(Madoles Lasgi C(X) orazs Jloix! JBs 2l cp(X) 4 4z g5 b
33,5 o0 iy y25

c(x) = Zizop(k) for x=0,..,L—1 ™

3ol &y g0 ol Sgiacn iloJolate sl f (X) Jlasl &b
c(X) ;) oolaz_wl b [ Xy X|.1] Lo 00gama JS 1) (699,9 ygual
Sty (51 p(F) oo o £ JED! 2l Jgo 8 0iS o ol
oolaiwl 5 50 by oogamme o3l j0 29,5 L, Sad ol

DS e )l
fO) =% o+ & 11 =X o)-c(®) ®

Sildolite sl ol (29,5 paai (891 S sl b g0
& o,Lal ()] 5o a8 il oo (B) dolrs &jg0 4 ol Sgi i
2,0 (689,9 poal ;o Sy (S Cuadge

Y = {Y(i )} = {(fX@LNHIVX (L)) € X} ®

L_S‘)LdeLv.uo U’“?) )‘ oolai__wl Ls )45..44 k.A—MJ‘):-S Ogude )l ‘;LA
] 00l o0ls uLM.o.l o) Ji,.u 5o P‘;M

(84) (=)

HE (g, L a8 o gagn i guaii( o (Lol puse (A0 Y
Oyzeed (FMhe el Jgoms jsboas pl S gt (g 5lu Jolaie 59,
(olizdg; (mSile o> pac wojlasl o co ol iS5l
9 e 035 bl g mgal i, Sl Sis
ool 5 6,50 slagig, ol plo [VAYVYEYON O Flogs
Alwd go aS Cewl ool 4.")‘).'5..44 ‘5$L»_~45) u,j.aL..A Lhas> Gdun
P olyen sl T s (LS 5 €pl S el S S

2533 5 (o0 ol €S gt gl 2

P15 ot (Sl 1 (S sla gy ) -Y

9 by ad 2ol 5 s (sl (599 oS g (55LeJoleie
Silwdolin cwl paai ol Sein sloslatnl by gai ol pus
05 b g gy 0 (19 5 At 45 (sl yo pl T
‘;5 ! 00l g.i..&.’f U”‘ ASUT &:)&C ] J.».a-o J.a_.wl.’ )3.7
Seio Sl UK (2al5 4 e g 08 (o0 Cagi |y Ains gl
T kel 0 (Sl el S nl by 3gb s poa
Sloogis (593 oMt &3, Cg o LYV YY Y Flog 5 o sl
TS DR PR PURVISK SNSRI USPSCOR SO RPN (N 4
Alos @ b awd o2 Sla Sy (2lity) Db slagaiey S

doudo -

S laagi (gm0 0010 9S50 (Bl (Sxe 4 g Bjl0
b s (5500 oo )5 e DN el Jlusus Sgnls
SRS aiey 50 aed ;08 slo S aralS (S (B yre
145+ ans 3l 5 0 lad cLlas 5 L lesen 0 3y oo
Joo (2loojex 50 poal (B3l p SlaSSS SN AVE ans gl
Oizmen g () gl 5 @l 5l (5)l0 p S ((San (5)l0 p S
Ivlas oolizul pym yo oo )8

Bl Wby Db & pgal Ll 0je eyl 4 BYAFe Jlw ]
039,00 el 9 (Sd o) 50 059> (nl Slas )5 oMl el
2 63 gl jlosliinl aboz 5l (5 00 1S L slos )8
ool 5o I erten wals 1) s g Lol i o ollss wolio (pgas ple
o) stk s kol Sl (S gl sgge anl B L,
Blos pgeas 310

T2 9 (s—m 9SS GElil e pygal 05y 5l Bus
S5 S0 S cul by Shg 5l slaiws 59, »aSE g Laad
oS5 [¥lals gol; b il i s Laogs 90
29038 ol (ol S0 505 e Sl @Bly )0 pgai dgngp
P Baa 4 (e slp ) )5 Geld o Sbegl sla il
1) poas Sledbl cals a5 sgnte sLaSuss [flous
o S 5l s So » &Bly 40 LSS Gl amd ood S
el la Sy onl &5 0iS oo (s ti WSU (plidy) Jro g
10logs o p5as 250 2l

Sl g Sgn slapi ;68151 (S5 plF g (g5l Jolate
o5 T3o9 b ymglal Sl S (53 Vb (6l ed )08 (g oS
Ielast o

holos S 90 am pgal Sl S 050 Loty (S ok
s[4V - V] itns 8 sla s, ¢ [AgV ] puiis sla oo,
Sl S 50 Vb 2 55 500 podiinna (lagshy) 50 a0 S (o0
SBBs; ) sl Sgut jlre S (33, YU Gyl 5l ymga
Sl poal AL pohw (Sealud (50 nS peditne 8
890 Fdion gy (! 45 09— ga 00lo alp 8l el S 3g0ge
& 095 diann o (slatg, [V Y]l 03y o) Stagy Sl
DTy 5 Wb (sl 3 sloailgn yoais slosty, 09,5 ez
ol » sitee slaby, NS Jnas e sl s,
DVale s olubre 5 e slasig, s NFAVIAlRL S e s

ol 8 s (5 s alaia -
Fye g oolaw (Jgere slaghy, 5l (o plS g (g5lnJolate
awd 3l gy ol aewl Jluous palal [0 cewl S saue sl
anlol ;o 0Bl co paal ol S S5ge palis puf (slo b,
I¥ Tead ouds g 25 ol S s s loJobite S Jge 3
P00 pgai plidg) ad el S giscs (X)33L 50 pgas sy
el 00l Gy 25 (V) dolee

h(x)=n, for x=0,..,L—1 M

ol Ga s saal e Slads ol,\,.'i' L Slghs slassn o] o a8
Al (oo lidyy Dab ke (p STL 5 (X)i539,9 gai ;0 X

L))‘JA N Q‘ )Q aS a\>5.‘1 (Y) aJoleo )"‘J" p(X) ‘Slli> JLQ:\?‘ é_lla

»
ISR-E-R. muj//’
L

Aol uad
FoF mels

Ol 3Ll SS9 28 5 32 pmittes (102
YAV 5aals/\ v o jlack/anis Sl YA


http://kiaeee.ir/article-1-173-en.html

[ Downloaded from kiaeee.ir on 2025-11-06 ]

aoli bt
Psr mels

AL ails ) diaS 4 g el Ol gy Ban b Ko 5 (o
@ W gy S Bl Sgne 5 59959 9l Oloe (2l
b o550 99 plS g jlosliial b pl S gt (55l Jslaie ol
il o, o2l 50 sl 00 gl Uiy S S oy a8
DBl oS st g lslaz ailinl Glsiea; e jsboas bl ales
9y b alilaz g (oo &jgot el Syt ) jlelaS a0
ooliwl b (e s o0 (65l Jolaiin ol Saincn (o5l Jolee
Gl OS] Ly, S B3k slas,ad o naS s 5|
chaw 2150 05 00 055wl (T sl 5 drmslons oL,
OS85 90,5 oo Sl ol Sy (siluluz sl sl
Ol (@bdg) wal BB 3llas jad 0 e Jlre o 1) Hlade
S S pobal slp Ghg) (rl &5 e o0 (Lt (028 S e o
Oylee Ty ) p95 @l ojls Coeal Sl b, Laas Lyl jo
ddlyood (BB ol 4 ()3 pgal )3 Sl LS Sene Iy
Saa b (OHE) Ly ol S sind (g5l folate ol 6,503 9,
Ival ol ot slerins ( olidg, (puSilis Lais b ol 1S 590g0
2 599,9 29 oS g (b8 Gla g, wSlen e ol o
oS 098 Jolo liebl B 05— oo o pl S g 25 (g3lasS
S e DN 052y Lol Sy o lalal w25 e
ool arass pl T 55 ;0 4 Seels S pla
Silwdsles Alwsdy Wlgh oo S mlaw 2 a5 59 oo
ol yorr 4y ool U5 D9 o] Gy gl 0gd SIS Bl T g
e oe Gl 1) pgal olidy) Sk Lad>

25 g gl (A (sl il 5 6T sl sl Koo (I o
odguze 5l oolatwl b pl Seid (g5lw Jolee pb a4y g, « S,
RSP < I PP JUp A ) REREY g SRR R
Jolete g (ol pgai gload 5 oSU sl 40 S5, Jolis 3las
oo 3l ool b g, sl il o coliiasl o] Sy 0,8
Iy bg dahaie SLL ¢ olol csdse Adaptive End-In Search
g AS (o0 ol Coowd Ky |y 009050 (ol s 9 00,5 jadriio
oIl i Ebns S ool ) pl S s 5 52 0090
S sl b el lide )9S Sl ae (nl 55 a0 o
0> 5l G DS ialS g b eliie (Salins 03502
Ol 3l eaims L sdel Caway gl .l oals eolatul ( sl
Alos (bl eSilee Lad> b el S

W oo (i gz pl)S g (gl ol () )0
25587 4 @S ldie (13905 SISl esliiul b wles 5
Siledolaie Slles (b ngpal oliby) (Sl ol Sginnn
Sl lain S5 &8ly j0 a5 (s (nl SeS Iy os L
ol 1S gt 05 5lez 4 gl Bl o 45 lez pl S e
@i 00 S oo Jlosl pl S gtasn (55lu Jolate wie plaS 12 (59, 2 9
e ol 22351 oS Cal o0l i g, ol gt 02,28
oolil by i, Lii g pl S ol Joleie oSS 5|
S oo oo (A5 9 gl S gt (5luJolite

Syl pef oaid ol (,5ld ol ay S5 (B o e
PS5 g (g3llaz ailial (30 )5] Cewy sl gl 02,5501 5|
2 59939 235 LS g gy ol po LYY ] los S esliz ol
O o] 000 el ol Sei e 15 90 Ay gud] P COW W
095 M 9 39me J =55 sl S s ol ST
S 8 g9y » AT Aoy yo 5 oo osliiul 95T 0 YL
el s 55l Jolaie Sllas Aoz &)j50a lapl Ssn

el 3Ll SS9 280 32 pmitges (102
YA ATVl o ladt/any Yl

L oS gt S olasd 5 i Sl alads jo ba g,y ol 4!
.J.;)‘b usl.‘ﬁ o~

) al,8 gnn (o3leJolee OMSie 28, (gl a5 LMW painse
90 pl S s (oilu Jobie sl oolainl b Gl s by,
ey, Sl L b sl S (a3l ] Bas 4 09 i
289953 i3 oS5t (b9 nl o IVOla b s 5
25 3° 4 eal 5 (plidy) Dol (ke b plp lastin] ol
@ el S gad 5 5l plS 18 (69, 2 e 9 A0S ol Sginn
Cowdy gl 00 5 oo Jlesl pl Foinn (53le Jolae e I32xe 9bo
‘511.».».»9) u,».il.».o ‘515 uA...ulJGA wl)....S u,«...v|)5l OMQULHJ OMT
i) S mha w008 o i sollae SO pgas
OB amsslgaing ol (g0l Cawd 4y Sglas Lol gal 4y e
it 90 pl Seinn (gilw Jolee jloolainl b Hlisg, laas s,
e 5e3le alais wlwl 5 pl e glwlaz b as wlos S Lo
WSS OSG ol b pl)S g 5 90 @ poad ol S5
ol Iv8las 5 o) o8 an 5 Slg oy desl ol 4 54—5 o
Gilwolaie sl oolaiul b olisg, Jass S 28, (gl olaie
3l ool b A;M Gl oo g, sisu 90 ol S e
2yl LS g ol Sy po a0y Slerdey |, 490 g 5
Al g 105 g0 A e 0l @5}51139.&.&.0)“ oolawl b
2551 58 695 » g 09—diee 4SS (LS late s L
Jlesl plS s (g3l olite (b9, dizme &) p0n el Sgiann
Lo & o, oSl ol a5 s oo ylaid (g3lmdnds gl 00,8 oo
e pldy; aSh 0idu oo Sone Sge ysb 4 ) poal SleMb]
G i j0 Wl b o lo o a5 Lgame 85 ojlail s 1) Lol
oolawl lJ gs’l"—""ﬁ) Lo 09.»..: oola_ul w...B.._,.M )9.!944 SRR
Sl 5L Oyt (i sz el Fecs il ol |
plyS g (gilw Joleie jloslai_wl b olbs, Jaa> g, Squn
Rl (U (oxb 2o 35ete 9 0 51 ST 5l (6 Sl
Golmlaz gy opl 4o .[YV]qp)f ol el S a5l o
Lix wiile ol (s5lolaz abai g o0y (ST jl O g0 ol S gne
oobel i siso 90 pl e gile Jolaie sl osla wl b oLl
Okl 5o Bl pgal (lidyy Sad IS (:Sils il sl
Silodslie e Jiiae &yg0u bapl S 5 ples 55, 2
53l oo L sl s gl 00,5 o Jlesl ol Sei e
il pyal lids; L b coul S

255 5 3l eolaiul b pl Sgcn (g3l olaie ol ey (6,50 (b,
be Jolsie (o9) d9ete sl 255k ©)90 4 (RSIHE)&lEgo
Gl S oldl Bua L ailS g paal 55 5l eolaiwl b pl Sei s
by ol o IYAl el oas wl)l gas olidy, Sl Lai> g
Gilwlaz alads g 00y i8S 3b &g pl Tt n (gl
AlEgs pgal nj 5l eolaiwl b pl Seivcs (g5l Joleie g, aiilen
Slosliinl b rezs Jlois! JBo 2 ) 50 a5 glasben] L:,ul...JI e
lacolao b pl Sotas ) aiz 409l 0 plp (095050 porde
lopl S g 2 pled (595 2 ObL )0 9 oo ainSd (LSS
s 008 oo Jlesl pl Sgince (g5lu Jolaie e Jins & jg0a
‘511.».».»9) u,»iiL»A Lags> l) wl)....S LJ""")B| 0D L)L““" OJA] Cawds
2525 5 5l eolaul b pl S (gsluJolaie (g a4 S g


http://kiaeee.ir/article-1-173-en.html

[ Downloaded from kiaeee.ir on 2025-11-06 ]

Sl 2 5Sle el |y el S 5 g gl JSia
Shigy o3gaomo 4l )3 9 WaS (o0 B2 pl T gand (olidy) Db
9y » weled )0 wboo olaiBl ol Seiann n; e 4 o
Jlosl plF gt (5l Jolate (2 lopl S5t 51 S 52
s b cwl oS il saimslis sasl cwdy zlis 00 5 oo
Al or pyal Sl

bl sl 2 g s ol g (g5l Jolaio (39 5
OO =S Dgdtre g el S 35—pe Ban (EBSIHE) 20,4
by, i g Sl S l8l £ 5 S Gl ol S gan
albiw] el )bl oslaiul b by, ol yo Lo Josl oo g
Pl S gt o Sl oolital b g paseie pgai jo0 o (03,90
Oizee g saprlll gy 93 4 (S50 )50l (5395
ools by (B8l O ygody (g3loiiig ()l oolaiul b ol St
o2 plS g (nlple 0 S0 Cnl S 2l 2 5 B eas
O ool S 0gage Baa L (B O j0 4 9 g S0908 &0t
Al &)got bl Stn 51 a0 1 59, 2 e b
Ol (228 @S 09 S (o0 Jlesl pl Ty Lo sl (g,
oSl fg0 sl o5 £955 b bl 1y Sy, cnl 45 amo e
ORIPIE S 2 g WS (o0 Lad> 93 4] (9,5 oo 4S5 9k
iyl S il e |y e 15

i b (ehoe aiz gl S s (gloJolaie ob 4y Koo (I3 0
by, (el i b CohS 05y Bon ol S im0l
oS gts Css Al e 10 Uiy, cnl ,o [PV el oogy pgas
33,5 (o0 e plS g 15 93 @ idiloo el 12 (6999 g
dlome Lael S5 25 5l oS 2 (Silos g0 al o 30 s
el ;500 pl S g 05 99 @ pl T gtend 25 0 O bl
ool 2 ol Tt 5l PS50 pos Al pa y0 090 oo
r Al e 3 geadiosls Bp olity; Bad Sl 2 (il
Siludolite wie alSlaz jsboas bapl Seisn 15 5l plaS 2 55,
2] 5 ams o Bl (g 3lotend s ol o0t Jlat! ol S g
el 035 Joo yigp Sl LS 9t Jgene Sl bg, ple 5l G,

pl S giewsa (5 5ludalatio slagh gy (L), T

4 S 5 Gl Fgid (LS 09,5 55 (2Ll Hskae 4
L pl S gt 3l oleite Ghs, ez 5 €pl S g 5y ol e
[YA]WS)L Oygo by S8 3l O jgods paal w5l eolaiul
sailes plemieas [V ] —ise Jlea pl Seisn o3l Jolaio g
plS s g5l olite (g 5 ol S g (SO sla g
&l oleie [\“A]ﬁl)fwﬁf.,ls 5 ool ul b iy 9o
saisles plsreas [F+] ga0,55 il Galul 2505 25 1,5 s
Sl Owizren ol ool ol gt (5 g nSS oA w
Q)LA.VL»_wl ).03..@3)[.&9 )l sé\_u.ou.n S)90 LSLQU""ﬁ) Q)S.Lo.c )
Geios ol 5 ooliil 3 90 Cewliys (V) JSS 03,5 soliceul [Y]
U AR

S (bl e 4w laalio 5550 slahs,y (23] Hskaieay
byl ke g LY sl cals b3, dFY] g 4 Jus
el o oolizl [FF] 59000

039 g A JUKw G g 4 UK ;ﬁ._:..u bl lse
ol ol yoli 5 3ug8 2eS (6 A5 5 G e e)] YL e a5
G b 3,) Hlme 5loolatnl b s lin 0,50 sl g, 5l Jol>
Wiloads oals Hlas (V) Jeaz 40 g 4 JLKow

b sl 5 tgl8l oaimo sl (6l gl sl o plox
il pyai Olije Laa>

2 s S Gl ;o8 sl eslaul L (6,505 sla b,
PS5 g (3lslaz (sl Al alai oy Jaige (5,5] Sty
L aS el oo (35 da b, 5l (o o [FONE Y asles 5
Slere Sl oolat ol b abads (py Fasgs « S5 o 5501 5l ool il
ETTICHON | £ FPT-P RSP FOWRUETHS TRy [EL SONpCIN Jyr
295 oS g (S5 o )oNl s 0ad a5 e p2 50
0d—d g pgigag)5 y (sl g 00 Sy M )5 6999
Ao T2 4T gl aslbul jlade g0 jloslawl b pl S o
P E9) R o 93,5 (o0 e U3 s U2 WL gl Seicn 5
el g (55l Jolaie ailflaz &js0a lapl S e 5 5l plas
bl 050 py A LK coid Jlre b (295 pgal g Jlosl
e oy 2 45 0iS el asll Sl B IS ol o 1S e ),
=95 Ry 3 ng d JiKew S Wi cp 5YL b glasbiwl
2988 Cal IS 05 oaims LS sl Cewdy gl Laigd Sl
Ailoe pgal (bl eSle Lad> b

OM—te (53,5 Brb 5 el U gng B b (6,500 (09
OySe 5 6,5 Lawg ol Sgind (o5l Jolaie (hs) 50 99250
CHRNES Y CEURNP I PRSP SO | 213 PO PR
L g slene Sloul g oSl bl 32 (699)9 g ol S g
e A1) g 0§ Wiz 4 g8 JUSKe— S J 7S S
Aoz ©jpots ol S ghn 2 5l plS 52 (69) 2 e 29dise
25 oled 150008 oo Jlosl pl T gin (giluolaie b,
oo Sy 4Bl S5t ;g 9 S o0 L lapl Sin
G5l 5 i )3 39790 SNl Lii saims Lt 28 s
el 00y Sl S

P15 gmad (2 9 (Sl 2 (o S gy Y-

S g Y (P50 oS s il Jobio iy
 cl Sl S g b (250 9 e |y ol S
ST i peal )3 (b ST cpl S0 asS o 051k
(il o il gad Sgnte wslhae jsboar il )S Jal |,
ez bowl) Con a ]y plidy) Suld pl Fets 55l Jole
gh Sl pgzmed (St ticly &5 sos oo JUl pl Sy
E5 0055 09ame bl Sy G sloaie [YALog o gl
odle b b, sl 1o 5,0 |y YU My adé 45 ey
55 Sl 9y 2 oS s o (5 el S g (S
23,5 o pll

ol yo & o1, gists 1S 5l o0lial (sl by (it 5| (o
8l oslainl b (2 90 ol S e ilaJolaie (g o0
LS gas ol U3g, ol o [¥Ala—5L o (BHEP) 6l Sgx v
99 4 s limby) Sad sl albs el 1 (699)9 g
le ol 2 pl S g 215 10 g s Jis ol g
20k 5o 9 95—Bsm ools (A p b 1 p3 pl S (13
PS5 F (53l Joliie wio gl S5t 5l oS o (s
Ol b saimop s oleiin (b9, mls i Jlos!
b pga

sl S 031l 51 o Rl (0958 J ST sl s (I3 5o
Iralas 5l cisu ez Ly ol siae 55l olate b,
) 5 s (68955 pogead ailoe (bl soloiing o2 ,55!
L ablie jshate 4 o O3S (o0 oo o] S i 5 e @

»
ISR-E-B. mg}/
L]

4ol fad
ETE R

Ol 3Ll SS9 28 5 32 pmittes (102
AV G/ ) o jlabfpnin J ¥


http://kiaeee.ir/article-1-173-en.html

[ Downloaded from kiaeee.ir on 2025-11-06 ]

4ol fuad
P95 ~sele

993 25,0 s Sl ouliianl b Lagh g ) duaslle ¥ gua

5395 d JUSan Cuads jlans G ouldlianl b auusllo s 94 5o hg, glis N Jgua

RSIHE QHE BHEP EBSIHE RSIHE QHE BHEP EBSIHE

Moon 0.9558 0.9929 0.9613 0.9589 Moon 22.1401 21.9281 | 22.6974 | 22.5571
House 0.7709 0.6275 0.6706 0.7680 House 26.2890 22.5856 | 23.4059 26.4111
Bridge 0.7511 0.7059 0.6972 0.6882 Bridge | 27.3695 31.5368 | 41.0345 | 37.5704
Boat 0.6105 0.6283 0.6080 0.6029 Boat 22.5633 20.8578 215789 | 22.7651

Sl dolete sla g, o5 <L) liee (V) Jouo 4 425l
Silodslite 5 (E55L g0y pgal nj leslaiul L el S gisn
St (2Ll e (oLl e az g b pise Ly ol et
OIse (M) 5 (1) Jgozr ar azgi b ez jo ilod S e g
3 P b ol e pl S gand 5 sla by, o5 2L
Gl cal i a4 o9 o3 ¢ pel Bl «(Bud a5 (69,90
N e S | ol pgas
Sl 58 03lusl 51 iy 315110 15 oo plonil ol S i Sl 3
S8l ys plgioe (Mgaz 4z Ly Gizred W8S (o0 5 9l
Fomlio 68)lg0 lp it @l S it ol slagtg, oS
oS Sl a4l Bl el S 153 o a8 el
@S og dalss Hoad JuS (aldl ol oo jiien ol St wsa
S5 50 golening Cenls (59, 2 dnlie 390 sla g, 5l Jol>

Gl 00l 00lo UL‘"" \»)

» ).1‘)[5 -

S Saauis ¥

Bt Dol 5 s s sy S Pt 55 Jolai
Lol pigal pl)S i ookl b pgal Conl 1S oLy,
2yl 9>l e Sl 1S Cely Jgane jebay S5 0l Js
WS (oo Sl G5 ) e g Geiren g 0dd

5% plS s gilmJolaite slagty; (o) 4 dllie (ol 5o
Gazg bass o5 Cowl odd aisly y aldhdS Jlo cun b
S A 90 4y (6w Jolie la g, JS ¢ 3aios ilool

G €5 b ol jo al Soiwcn Sy 5 €pl Fon
ad o olis ol sle s 4 g5 b ol cwis b s

4 (63)l50 40 yila Sy olyed & pl S ind el sla s, o5

950 &l ydan ol )5 gt il o hg) g 009 SIS C
Al Ceol S iolidl cBas a5 cl g

el

[1]JAnnadurai, S. (2007). Fundamentals of digital image processing.
Pearson Education India

[2]Gonzalez, R. C., & Woods, R. E. (2008). Digital image processing.
Prentice Hall.

[3]Preston, K. (1976). Computer processing of biomedical images.
Computer, 9(5), 54-68.

[4]wang ,D .C ,.Vagnucci ,A .H & ,.Li ,C .C .(1983) .Digital image
enhancement :a survey .Computer vision ,graphics ,and image
processing.363-381 ,(3)24 ,

[5]Khan ,M .F ,.Khan ,E & ,.Abbasi ,Z .A .(2014) .Segment selective
dynamic histogram equalization for brightness preserving
contrast enhancement of images .Optik-International Journal for
Light and Electron Optics.1385-1389 ,(3)125 ,

[6]Singh ,K ,.Kapoor ,R & ,.Sinha ,S .K .(2015) .Enhancement
of low exposure images via recursive histogram equalization
algorithms .Optik-International Journal for Light and Electron

»
ASR-E-R mgj//’
L]

el 3Ll SS9 280 32 pmitges (102
) WAV sl /) o plac/ands Jlea

il ole sla gy a8 <l ys g oo (V) Jgoo s a =g b
Silwdoles g pl Sein ol sl oslainl b gisu 90 ol S e
e syl il g0 (2,55 Aol ool yr 2908 o pl S 5

.&‘oo)f J.o.:

Bridge

[FY] galgidiog cruling Y Jsib

)90 pyad LSl calll Glslw cal b oLl ke o
Bl PS5 St ane ol e 47 525 9,5 o )8 (o3
Jolo s 5)ls Lol pgal 4 (st b 4Bl 252 g
Sislo calas obs)l e sleslanl b awslie 090 slo g, 5l

iloads ools lis (V) Jgaz o
Shabes caalad (bl Jlaas jf ool s duslilo oy 9o slaghy) gulia Y gaa

RSIHE QHE BHEP EBSIHE
Moon 0.8961 0.9489 0.9044 0.8940
House 0.9450 0.9087 0.9732 0.9669
Bridge 0.9627 0.9837 0.9968 0.9954
Boat 0.8761 0.9095 0.9262 0.8938

Slwoleie (g, a5 CBl y0 Glgi oo (V) Jgozr a4z g L
e 145 S s el Sl oolizal b 5 33 1 Syt
Lol 00,5 Joe by g, plo ) s sl calls 20U b))
S or § S0yl pgal Sl SIS e ¢ Sguge (Dbl Jlre 5o
s S 33l oo s el i e cnl lme 4 8 g

Lol pgal o i


http://kiaeee.ir/article-1-173-en.html

[ Downloaded from kiaeee.ir on 2025-11-06 ]

histogram equalization based contrast enhancement techniques.
Digital Signal Processing.413-428 ,(5)14 ,

[17] Dhal K.G,.Sen,S,.Sarkar,K&,.Das,S.(2016) .Entropy based
range optimized brightness preserved histogram-equalization for
image contrast enhancement .International Journal of Computer
Vision and Image Processing) IJCVIP.59-72 ,(1)6 ,(

[18] Qadar, M. A., Zhaowen, Y., Rehman, A., & Alvi, M. A. (2015).
Recursive weighted multi-plateau histogram equalization for
image enhancement. Optik-International Journal for Light and
Electron Optics, 126(24), 5890-5898.

[19] Hashemi, S., Kiani, S., Noroozi, N., & Moghaddam, M. E.
(2010). An image contrast enhancement method based on
genetic algorithm. Pattern Recognition Letters, 31(13), 1816-
1824.

[20] Lee ,J .W & ,.Hong ,S .H .(2014) .Bi-Histogram Equalization
based on Differential Compression Method for Preserving
the Trend of Natural Mean Brightness .Journal of Broadcast
Engineering.453-467 ,(4)19 ,

[21] Wu ,P .C ,.Cheng ,F .C & ,.Chen Y .K .(2010) .Novel
histogram equalization for image contrast enhancement with
mean brightness preservation.

[22] Senthamarai ,G & ,.Santhi ,K ,2015) .February .(Dynamic
multi-histogram equalisation for image contrast enhancement
with improved brightness preservation .In Electronics and
Communication Systems) ICECS2 2015 ,(nd International
Conference on) pp .(1205-1209 .IEEE.

[23] RUI ,T J & ,ISA ,N .A .M .Intensity exposure-based bi-
histogram equalization for image enhancement .Turkish Journal
of Electrical Engineering and Computer Science3564- ,(5)24 ,
.3585

[24] Sengee ,N ,.Sengee ,A & ,.Choi ,H .K .(2010) .Image contrast
enhancement using bi-histogram equalization with neighborhood
metrics .IEEE Transactions on Consumer Electronics.(4)56 ,

[25] Kim ,Y .T .(1997) .Contrast enhancement using brightness

ol g g9l wio ol e § S

Moon

House

Bridge

Boat

Optics.2619-2625 ,(20)126 ,

[7IRad ,P ,.Agaian ,S ,.Roopaei ,M & ,.Sedighi ,S,2016) .
November .(Image Enhancement via Cloud Cascade Control
Based Sub-Image-Clipped Histogram Equalization .In Smart
Cloud) SmartCloud ,(IEEE International Conference on) pp69- .
.(72IEEE.

[8]Cheng, H. D., & Xu, H. (2000). A novel fuzzy logic approach to
contrast enhancement. Pattern Recognition, 33(5), 809-819.

[9]Polesel ,A ,.Ramponi ,G & ,.Mathews ,V .J .(2000) .Image
enhancement via adaptive unsharp masking .IEEE transactions
on image processing.505-510 ,(3)9 ,

[10] Kansal ,S ,.Purwar ,S & ,.Tripathi ,R .K ,2017) .September.(
Trade-off between mean brightness and contrast in histogram
equalization technique for image enhancement .In Signal and
Image Processing Applications) ICSIPA 2017 ,(IEEE International
Conference on) pp .(195-198 .IEEE.

[11] Ting ,C .C ,.Wu ,B .F ,.Chung ,M .L ,.Chiu ,C .C & ,.\Wu Y.
C .(2015) .Visual contrast enhancement algorithm based on
histogram equalization .Sensors.16981-16999 ,(7)15 ,

b olaie 5l oolaiwl b sl S a8s Sop? g5l (oo £ Slg ! yw [12]

¥ osled cpgal (A3lon 5 (ol (etle alome € gangs pl St o

NO-YYF asao AYAY s 5 50b

[13] Ahmed ,|.T & ,.Der ,C .S ,2017) .October .(Enhancement of
no-reference image quality assessment for contrast-distorted
images using natural scene statistics features in Curvelet domain.
In System Engineering and Technology) ICSET7 2017 ,(th IEEE
International Conference on) pp .(128-133 .IEEE.

[14] Bae, T. W,, Ahn, S. H., & Altunbasak, Y. (2017). Automatic
Contrast Enhancement by Transfer Function Modification. ETRI
Journal, 39(1), 76-86.

[15] Tang ,J ,.Peli .E & ,.Acton ,S .(2003) .Image enhancement
using a contrast measure in the compressed domain .IEEE
Signal Processing Letters.289-292 ,(10)10 ,

[16] Chen ,S .D & ,.Ramli ,A .R .(2004) .Preserving brightness in

»
ASR-E-R. mnj//’
L

Aol uad
FoF mels

Ol 3Ll SS9 28 5 32 pmittes (102
WAV juily/V o jlact/and Jus  FY


http://kiaeee.ir/article-1-173-en.html

[ Downloaded from kiaeee.ir on 2025-11-06 ]

aoli bt
Psr mels

Yedaxio jl aolsl <<

D oo aiiS ST Sli Ollae Ll s el 1o a5 54 0

Lacads ¢

1 Nervous System T

2 Central Nervous System (CNS)

3 Peripheral Nervous System (PNS)

4 Neuron

5 Afferent

6 Sensory

7 Efferent

8 Motor?/

9 Neural Interfaces

10 Action potential

11 Excitable Cell

12 Intracellular

13 Extracellular Recordin

14 Neural Action |ootentiaiJ

15 Local Action Potential

16 Selectivity

17 Silicon-Polyimide

18 Signal-to-Noise Ratio

19 Intra-fascicular

20 Extra-Neural Electrode

21 Longitudinal intra-fascicular Electrode

22 Functional Electrical Stimulation

23 In-vivo

24 Feedback-Controlled Neuro-prosthesis

25 Penetrating Electrodes

26 Microelectrode Array(MEA)

27 Passive

28 Selective

29 Neuroscience

30 Analog Front-end Circuits

&l

[1] "NF2, Informations and Services," 16 Nov. 2018. [Online]. Avail-
able: https://www.nf2is.org/peripheral_nerve_damage.php.

[2] Miller-Keane, Encyclopedia and Dictionary of Medicine, Nursing,
and Allied Health, 7th Ed., Saunders, an imprint of Elsevier, 2000.

[3] B. Gosselin, "Recent Advances in Neural Recording Microsys-
tems," Sensors, vol. 11, pp. 4572-4597, 2011.

[4] W. RL., "The future of peripheral nerve neuro-stimulation," Neurol.
Res., vol. 22, p. 299-304, 2000.

[5] J. R. Vallbo AB, "Properties of cutaneous mechanoreceptors in
the human hand related to touch sensation," Hum. Neurobiol., vol.
3, pp. 3-14, 1984.

[6] H. M. I. A. H. M. N. K. Sinkjaer T, "Biopotentials as command and
feedback signals in functional electrical stimulation systems," Med.
Eng. Phys, vol. 25, pp. 29-40, 2003.1 Analog Front-end Circuits

[71H.-G.R.D.R. K. a. M. P. F. Jongwoo Lee, "A 64 Channel Program-
mable Closed-Loop Neurostimulator With 8 Channel Neural Ampli-
fier and Logarithmic ADC," IEEE Journal Of Solid-State Circuits,
vol. 45, no. 9, pp. 1935 - 1945, 2010.

[B]P.T.W.R.J. K. R. O. L. D. J. B. B. G. a. F. S. R. R. Harrison,
"A low-power integrated circuit for a wireless 100-electrode neural
recording system," IEEE J. Solid-State Circuits, vol. 42, no. 1, p.
123-133, 2007.

[9] J. M. P. e. Marco Ballini, "A 1024-Channel CMOS Microelectrode
Array with 26,400 Electrodes for Recording and Stimulation of
Electrogenic Cells in Vitro," IEEE Journal of Solid-State Circuits,
vol. 49, no. 11, 2014.

[10] T. D. a. P. W. T. Jochum, "Integrated circuit amplifiers for multi-
electrode intracortical recording,” J. Neural Eng., vol. 6, no. 1,
2009.

[12]T. B. K. N. L. S. M. T. S. P. D. Xavier Navarro, "A critical review
of interfaces with the peripheral nervous system for the control of
neuro-prostheses and hybrid bionic systems," Journal of the Pe-
ripheral Nervous System, , vol. 10, pp. 229-258, 2005.

[12] D. G. H. K. Lawrence SM, "Fabrication and characteristics of an
implantable, polymer-based, intra-fascicular electrode," J Neurosci
Methods. , vol. 131, no. 1, pp. 9-26, 2003.

[13] A. S. al., "Biological application of microelectrode arrays in drug
discovery and basic Research," Anal. Bioanal. Chem., vol. 377, no.
3, pp. 486-494, 2003.

»

Ol 3L pl) S 2S5 3 (i (o]

vy

APRY 3aab /1 0 jlact/aay s

preserving bi-histogram equalization .Consumer Electronics,
IEEE Transactions on.1-8 ,(1)43,

[26] Wang,Y ,.Chen ,Q & ,.Zhang ,B .(1999) .Image enhancement
based on equal area dualistic sub-image histogram equalization
method .Consumer Electronics ,IEEE Transactions on68- ,(1)45 ,
.75

[27] Chen ,S .D & ,.Ramli ,A .R .(2003) .Contrast enhancement
using recursive mean-separate histogram equalization for
scalable brightness preservation .I[EEE Transactions on
consumer Electronics.1301-1309 ,(4)49 ,

[28] Sim ,K .S ,Tso ,C .P & ,.Tan ,Y .Y .(2007) .Recursive sub-
image histogram equalization applied to gray scale images.
Pattern Recognition Letters.1209-1221 ,(10)28 ,

[29] Abdullah-Al-Wadud ,M ,.Kabir ,M .H ,.Dewan .M .A A& ,.
Chae ,0 .(2007) .A dynamic histogram equalization for image
contrast enhancement .[EEE Transactions on Consumer
Electronics.(2)53 ,

[30] Park ,G .H ,.Cho ,H .H & ,.Choi ,M .R .(2008) .A contrast
enhancement method using dynamic range separate histogram
equalization .IEEE Transactions on Consumer Electronics.(4)54 ,

[31] Chang,Y .T ,Wang, .T,Yang ,W .H & ,Chen X .W,2014) .
June .(Contrast enhancement in palm bone image using quad-
histogram equalization .In Computer ,Consumer and Control
)IS3C 2014 ,(International Symposium on) pp .(1091-1094 .IEEE.

[32] Yao,Z,Zhou,Q,.lLai,Z,Ren,Z&,.Liu,L,2016) .December.(
Image Enhancement Based on Bi-Histogram Equalization with
Non-Parametric Modified Technology .In Parallel and Distributed
Systems) ICPADS 2016 ,(IEEE22 nd International Conference
on) pp .(1211-1215 .IEEE.

[33] Hoseini ,P & ,.Shayesteh .M .G .(2013) .Efficient contrast
enhancement of images using hybrid ant colony optimisation,
genetic algorithm ,and simulated annealing .Digital Signal
Processing.879-893 ,(3)23 ,

[34] Gupta ,A ,.Verma ,O .P ,.Amla ,S & ,.Varshney ,S .A,2017) .
November .(Brightness Preserving Satellite Image Contrast
Enhancement using Bacterial Foraging Algorithm .In Proceedings
of the9 th International Conference on Signal Processing
Systems) pp .(79-83 .ACM.

[35] Tuba,M,.Jordanski,M & ,.Arsic ,A .(2017) .Improved weighted
thresholded histogram equalization algorithm for digital image
contrast enhancement using the bat algorithm .In Bio-Inspired
Computation and Applications in Image Processing) pp.(61-86 .

[36] Sedighi ,S ,.Roopaei ,M & ,.Agaian ,S-citeneG .(6120) .
egaml| noitazilaugg margotsiH itluM rof sdlohserhT desaB
nrettaP ni gniniM ataD dna gninraeL enihcaM nl .tnemecnahnE
.mahC ,regnirpS .(094-384 .pp) noitingoceR

[37] Shakeri, M., Dezfoulian, M. H., & Khotanlou, H. (2017). Density-
Based Histogram Partitioning and Local Equalization for Contrast
Enhancement of Images. Journal of Al and Data Mining.ISO 690.

[38] Oai, C. H., Kong, N. S. P, & Ibrahim, H. (2009). Bi-histogram
equalization with a plateau limit for digital image enhancement.
IEEE Transactions on Consumer Electronics, 55(4), 2072-2080.

[39] Ooi, C. H., & Isa, N. A. M. (2010). Quadrants dynamic histogram
equalization for contrast enhancement. IEEE Transactions on Con-
sumer Electronics, 56(4).

[40] Singh, K., & Kapoor, R. (2014). Image enhancement using expo-
sure based sub image histogram equalization. Pattern Recognition
Letters, 36, 10-14.

[41] Yao, Z., Zhou, Q., Yang, X., Yang, C., & Lai, Z. (2016, October).
Quadrants Histogram Equalization with a Clipping Limit for image
enhancement. In Wireless Communications & Signal Processing
(WCSP), 2016 8th International Conference on (pp. 1-5). IEEE

[42] Miscelaneous gray level images.http://decsai.ugr.es/cvg/dbima-
genes/g512.php

[43] Hore, A., & Ziou, D. (2010, August). Image quality metrics: PSNR
vs. SSIM. In Pattern recognition (icpr), 2010 20th international con-
ference on (pp. 2366-2369). IEEE.

[44] Agaian, S. S., Panetta, K., & Grigoryan, A. M. (2000, September).
A new measure of image enhancement. In IASTED International
Conference on Signal Processing & Communication (pp. 19-22).



http://kiaeee.ir/article-1-173-en.html
http://www.tcpdf.org

