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Thesis Title Color Retinal Enhancement in Improved Nonlinear Hue-Saturation-
Intensity (iNHSI)
Author Mr Thani Jintasuttisak
Major Program Computer Science
Academic Year 2013
ABSTRACT

Color retinal fundus image is important for ophthalmologist to identify and
detect many retinopathy diseases, such as diabetes and hypertension. From an acquisition process,
retinal images often have low contrast and low dynamic range. In this thesis, we proposes a
method using improved nonlinear hue-saturation-intensity color model (iNHSI) to preserve
chromatic information of the retinal images. The intensity component is enhanced by Rayleigh
transformation in contrast-limited adaptive histogram equalization (Rayleigh CLAHE) algorithm.
The proposed algorithm can improve the contrast and increase the overall appearance. The
algorithm was tested by using standard public database for benchmarking diabetic retinopathy
detection of the fundus images. The proposed method can preserve the hue component, at which

ophthalmologist use to diagnosis process.
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2.5.2.2 Adaptive Histogram Equalization (AHE)
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2.5.2.3 Contrast Limited Adaptive Histogram Equalization
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2.5.2.4 Gray-Level Grouping (GLG)
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Nwlsenoun 2-29 Llﬁﬂ\iﬂ"l‘wﬂﬂullﬁ%ﬁa\‘lﬂiﬂﬂzﬂﬂ’w?‘ﬁﬂﬁ GLG

I~ 1 [
2.5.3 Piecewise Linear Contrast Stretch 11UN15139N8AAIANNAINNIVDI

9 I ] { . . 1 [} o a o
YoyaTlurIIMRNIZI91299 (Specific portion of data) IABUAAZHI®IVITMHUANTIUDING
H k4
dauanaeiull nanmsfe NdvuesszAaumaNuaINveItoyaRNdeIMIVeIeTiU 939N
[l I 1 1 [ Y 1 3 ¥ Y 'Y

utiseoniunarendie nazluudazyrsvesmsveeliiiuarlagnlanudesns uades
1 4‘ Y] [] % d‘ d‘ Yo 1 ] A [
aortieanu lJaunaoasae 0 - 255 asnmilsznoni 2-30 i ladmuauiiraveanistan

1 I 1
ANUAINoOMIU 4 ¥4

255

Output Brightness Value

N

0 1 L
(1] Original Input Brightness Value 255

ANUTLADUN 2-30 LAAINTIANIANUAINIUY Piecewise NHUUAFIIUDINTIN
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2.6 52UV RGB Ha 55UUa HSI

2.6.1 52UUd RGB

<

52UUd RGB (Red, Green, Blue) (Gonzalez and Woods, 2009) Wuszuvanl

Re

a =S S A

ana o == A = 3 a = a S A
TunmsugaananInaIna Iﬂﬂhﬁﬂﬁﬂﬂﬂ 3@ A9 UAN VYT HASUINU LAZNaNAYNY 3 d 1D

G

1A (Magenta) 11U (Cyan) azdivasd (Yellow) 53UUT RGB annsounuidly

2}

a o 14 = 4 4 1 [V
5$UUWﬂﬂﬂ1iﬁlcﬁﬂu(Caﬂesian coordinate  system) Llﬁﬂﬂﬁjﬁﬂgﬂﬂ1ﬁﬂﬂﬁiﬁuﬂﬂﬂﬂ

Mwalseneun 2-31

a a a

131N 2-31 Agugiivzegnyuuuuny aIuanAegiIzegnyNIEHIUNY

U £

Y A A

yasuilavesgnuInd (0, 0, 0) NUAIY dd1 uazyaegasstuiugasuila (1, 1, 1) A dv17

£
]

o 1 AaA = = 3’ a a A o ~ 1 £ g
HAgMUUUINUNITHANTLUAY 1V LU UIU 1uﬂiu1mﬂgw1ﬂu 8L38NI1 Gray scale GINHJ‘H
Y A 2 o v A A o J 1A 4 AA o @
mummwwmﬂﬂ1ﬂﬁm"lﬂmﬁsun WaugnuIAn RGB mn,mumﬁ%"lﬂmwvmaﬂymzm

nnilszneun 2-32

(0,0, 1)

Blue Cyan

Magenta g
ASFI ,-| White

!
Black 1,- Gray scale (0.1,0)
P Green

-
s

(1,0,0) L.Z
Red Yellow

R

7n1lszneuh 2-31 RGB Model (Gonzalez and Woods, 2009)

7MWl52NOUN 2-32 RGB 24-bit color cube (Gonzalez and Woods, 2009)
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2.6.2 STUVA HSI
= I = Av A 091’ A
seuud HST Wumsunuadlunda¥atl (Gonzalez and Woods, 2009) i
UsznoulUdie mad (Hue) ANNONAIVOIE (Saturation) 1ag ANNEAINVOULAT (Intensity)
[ Y
Famnalszneun 2-33 uazausoesuneusaza luszuud HSI Taaail
= o 1 1 a1 ' ° A o o w
1) mad (Hue) Lﬂumyu 11 Hue 32UATEHIN 0 — 359 LUDNIHUAAIAUNIT
1 Y
n/asuu)as 9nduad (Hue = 0°) T§adiden (Hue = 120°) way dwerlldadiudy (Hue =
240°)
A o = . 3 ' v 1 =
2) ANUDNAIVDIA (Saturation) 1WUAITZEzNINUAUNA TFRAunad
A o a1 dalre' o YAy Y Y @ A Y Aa dgl A o aA
ANNdNAIEIAInTUNIzI I an 14 lndiResdumadnufasauniy aAnududIveIdia

1 a A A o 1w <] & ad a =
"l,lllﬂu 1 IIDANUDUAAUNINDY 1 ﬂﬂ%ﬂﬁ'lﬂ!ﬂuﬁﬂﬂiq‘lﬂ‘ﬁ“llﬁ]\ulﬁﬂ

H £
1A J =S

3) ANNEIVBILES (Intensity) AD AINTLYI FUUTANNAINIVDILAININ

E]

v
2 A

' Y J a ) Y AaAy Y = d?
L‘Vlﬂﬂ 2101 ﬂ’:ﬂllﬁ’JNLLﬁ\ﬁJﬂHﬂﬂﬂJUﬂ%$‘VI11‘1/?ﬂ”Imﬂﬁﬂ]lﬂllﬁ’luﬂigﬂﬂUsllﬂﬁﬁ"lﬂ’nﬂﬂ"llu

v o Y a0 9 I ) Bldd'sldl A o d? [
11!‘1/]1\1ﬂaﬂﬂuﬂ”mﬂﬂ!ﬂEJENﬂ%gﬂﬂﬁﬁ‘ﬂllﬂllﬁ?ﬂﬂi%ﬂ@ﬂﬂ]@ﬂﬁﬂ?ﬂTﬂﬂluWuﬂl!

= o 0.75

Black

MnlsEnoun 2-33 nUVI180952VVE HSI (Gonzalez and Woods, 2009)

2.6.3 M3uasnszuua RGB M uiluszuua HSI
I Ao S A I Aa Z =\
Wumsulasonnszuunnaas ndeu ldluszuudain msulasannssuud

Y v
RGB Wuszuud HSI HTUAOUMIAIUIUAT Hue AIaUNITN (2.7)



H_{ 0, ifB<G
~1360—6, if B>G

Taen

| sir-6)+®-B)

0 = cos~ I
[((R-G)*+(R—-B)G-B)]?

fi1 Saturation MAUUAAIAUNITN (2.8)

3
R+G+B

S=1 [min (R, G, B)]

1 . o 9 A
f11 Intensity ﬂ”lu’Jﬂlllﬂi]"lﬂﬁllﬂ"liVI (2.9)

I=3(R+G+B)

2.6.4 msnlasanszuud HSI M uiluszuva RGB
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(2.7)

(2.8)

(2.9)

I~ 1 H @
Tunisualasnnszuud HSI Huszus RGB 9249411A1 RGB Naeanananu

1 1 d’ A w d? LK) U 1 1 d'
Tyaeamnmvouny Tagaunsmsuladazyuednual Hue 310814 section 1ol 3 section T

bl U

] I 1 -2
oo UFI9 120-1M1AU

RG sector (0°< H< 120°)

Y 1 1 . dy J o Y 1 dy
81811 Hue 8¢ 11 section 1 A1 RGB vzgnimuadigaumsae 1l

B=1I1(1-Y5)
R = 1[1 + Scos(H)
cos (60—H)

G=3—-(R+B)

GB sector (120°< H <240°)

(2.10)
(2.11)

(2.12)

Y Y
2171 Hue 0¢ 11 section T 92ApIaUA1 Hue A28 120° AoUITHIATRGB Amaunsae 1l

H=H-120

(2.13)
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R=I(1-Y5) (2.14)
_ Scos(H)

G=1 [1 + (60_H)] 2.15)

B=3I-(R-0G) (2.16)

BR sector (240°< H < 360°)

b4 Y
21711 Hue g 11 section T 92ADIaUA1 Hue A28 240- NoUITHIATRGB Awaumsae 1l

H =H — 240 2.17)

G=I1-9) (2.18)
_ Scos(H)

B=1[1+_ 220 (2.19)

R=31-(G+B) (2.20)

Y
o

= I =l ~

Tuaoumsulatninszuud RGB Tiidluszuud HSI euaumsn (2.7)-(2.9)

= Y o [ = A I
wazmsuaannszuud HSI IWndumneglussuud RGB amaunsi (2.10)-(2.20) (HJums

Aa A 1 a 9 9 1 1 Y

wlauFasvindanuy idlusadu Tasmsdounumanuainwesszuy RGB Tiegluunuy
S o ~ £ = . SOl [ 1A @
fa aammnilszneun 2-34 GagilaumagnaIn Black-White-Cyan 323A1 Hue (HuauagInu
A 4 =S A o = 1 U A A o = 1
11199910035 NPUVDIFU AL AAT TNadADA1 Hue Iz ANUOUAIT tay A1nL

ANVBILEI VDIUAATAWH UL A A NA1IN U

White White

i
!:Mug,cnla

Cyan

Blue

Black

{ a [ o J [
MNTLNOUN 2-34 LUIAATUNUTIZHINILUUE RGB 1agILUUF HSI

(Gonzalez and Woods, 2009)
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2.7 S2UUA Improved Nonlinear HSI (iNHSI)

ndJuszuuﬁﬁﬂ%’uﬂ;qmmﬂi:uuﬁ HSI 58UV iNHSI (Chien and Tsai, 2014)
ﬁmmﬁumzﬁauﬁ'ﬂm}mmnﬁﬂ out-of-gamut V843Z UV HSI 1Ay Mudavnmsulasdly
syuu RGB wiiuszund HSI ewnsalaeunlam I udnihwumundushlluszuud

o I s A A X o Y1 A A Y o
HSI wontasnavuntussuud RGB !,W'ﬂﬂﬂgiﬂfﬂl’uﬂ"lﬁllﬁﬂﬁwa WTiﬁﬂWﬁm@Qﬂﬂﬂ’]Wﬂqﬂﬂ']

=

ti‘ 1 = =W a 1 = A
M3asuudasmunanszuua HSI UARAUINTN (out-of-range) U®ITTVUH RGB AdUH

[
=S a

£ 1 s L an Y o T A A
GU’ENﬂﬂﬂu%)ﬁiﬂ@ﬂ@gu@ﬂgﬂﬂ"ﬂﬂﬁ %Q]‘ﬁllﬂﬂﬂgﬁ”ﬁl@ﬁizﬁﬂﬁ HSI wnvzimMsilamnny

9
Y

3 1 @ { o ' { ' )
(Clipping) I usgage danmilszneud 2-35 shldmanlaiuligndes uazilddoya

U

S a a
summwuuwmww‘lﬂmﬂmu

Cmy

RGB

(M) Original HSI Color Model () iNHSI Color Model

muilsznauin 2-35 uaainianailani out-of-gamut (Chien and Tsai, 2014)

A < v o J = a [ 1
MnNNsznoun 2-35 2 () uaNuduius lussuud HSTAY dunad
A~ A [ ] [ Y] o Y A 1 A o 1 ~
welimamua I ansgan Ly llszau L, dldge a adlusmanududrvesanuadnei
@ as/‘ { Y o 1 09;’ ' { <
szav Ly uulasunadldfaga b Sehildard@iueenuensae luvmenniw @) Hums
a £ < 9 a 1 @ @ v o
ulaaluszuu@ iNHST Feezidumsud lunmsifamsesnusnyaeTasdenssneinnuduiug
1 1 1 Ql 1Y [ Y &' = Q' 1 [y 1Y [
YOIAANNAWAZAIANWONAD dzduna Tadullelmaiua I minsza Ly Tdeszan L,
o { g 1 A o 1 : 1Y g// ! @ 1 {
wihldye a nilluamanududrvesnnuaieiiszay L, vunlasuudasldawszduar I ¢
v Y 1 v 9 v
mindulidaga b gz bimailygmnezi Idadiuesnuensie dremsisudrunnula
[ 9 1 A= =1 = ] A= I 1 A
ndueglugnunend Tasiiuudinalunsuisgnuiand RGB eeniluaedadiune Hygy e,
Q d'
1aE Hypper AMMsznouh 2-36
A10819M31AATlaYH1 out-of-gamut 1NN 2-35 (1) A a VA1 R=102, G=25,

4 Ao I A d Aw a o = 9
B=25 tweuasninszuviiamsnseuyuilunnagetiluszund HSI laglagasnisuilas
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v k4 [l 1 v
awanmsi 2.7)-2.9) I H =0, s=05 , I =02 nmiuldidougaa ludgab Fan
2 v
Auniaila I = 0.8 TagaamanuduAl s=0.5 Aunad H =0 uazuasninauain
Av A cf/l = o Ao I A = 9
sruunnada luszuud T Tdszuuidansideuluszuud RGB Tasldgasnisuiag
auaum I (2.10)-2.12) 1aa1 R=408, G=102, B=102 dang Idnannuainlunnud duaa
tiauiulan 255 Fufluszdumaruainngegauesnin 8 T Adesiimanuaiiegluse
] 9 [ k4 v
0-255 mannuesn lilszgnaadidiuininueenitildardiu ligndes Tuvazideaiuin
szuud iNHSI 1azin1sudilyn out-of-gamut 9100W 2-35 () A a UA1 R=102, G=25, B=25
A Ao S A I Av A 3 S, 9
wazianasninszuuiinamsnweu it luszuud iNHSI Tagldgasmsuilag
auaumsi 2.21-2.23) M H =0, s=0.5 , 1 = 0.2 1niulddoua a lifsga b Fan
Auniala I = 0.8 Tagaaminnudndl s=0.5 aunad H =0 uazuasninauain
szuuidali luszuud iNast lddsszuuidamsideuluszund RGB Tagldgasnig
ulasmnuaumsf (2.42)-(2.45) ennsanauou lvvesaunad H wagannueadng I 1dam
R=229, G=191, B=191 datna 1811 13ifiilayn1 out-of-gamut uazfansdaaruvesad Aauuun
amnafa denmilszneudl 2-36 uaasnwduntiutazlSsuisuaunadni NtAANTZUY

o HSI uagszuUd iNHSI

% 4
(") MNHAANTIINTLUVE INHSI

A =) ~ v J ' = a
Alsenaun 2-36 1TeuMeurNaanssEHI9TZUVE HSI 1az 52UV iNHSI
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nnnmtszneni 2-36 Midlunmmadngnnszuud HSI tagssuV NHSI
ﬁguﬁmﬁﬂﬂmmwmmmwﬁlﬁﬂﬂmum out-of-gamut (v) waznmii ifailym out-of-gamut
@ Tasl¥miianuamvesmanduiuisninauuud (Correlation Coefficient) AUATN
Funti dung 1@ hmanduiussznhauuudvesnmii bifiailam outof-gamut voszuY
& iNHSI fisunnnhaanduiugsznhaundvesnmiifailym out-of-gamut vesszuud

v [ 4 1 o Y A 9 o A
HSI IﬂEJf’]'IE‘T‘VIﬁ'll‘W‘Ll‘ﬁi%‘l’i’JNLLUUﬂﬂ'm’Jm"lﬂmﬂﬁNﬂ'li‘Vl (2.46) Llﬁﬂdllﬂﬂﬂﬁﬁ'lxﬂn 2-4

{ 1 v o d 1 J {
A15199 2-4 LEAIMANFUNUTTZHINWUUAYRIN N sENOUN 2-35

mwdszoeudl | szuvd R G B Avg
2-36 (V) HSI 0.9914 0.9949 0.9850 0.9904
2-36 (A) iNHSI 0.9974 0.9980 0.9896 0.9950

o

() HUVI1a09 HSI I RGAT

VUNUFIUE RGB

J 1 I 1 J o .
(m) gnugnauiseamilu 2 au (1) @MUNANET RGB (A) Tunnusaod iNHSI
Hlower Huas Hupper
A a a ' = 33|
AMM1)sznoun 2-37 LaAuUIAAYRIT LUV INHSI HagmMIUINgNNANT RGB ooy

2 @9 (Chien and Tsai, 2014)
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: J 4 o
1NNMNszneui 2-37 AW (1) UAAINIANE RGB  tazilioiinin 2-37
vo & A a = Y va & & ' A
(M wmyulidsruluunias Tagnyuandundgaumnudls w196y antuyuagan
[ o A oo <& Y @ 09/’ | ' 1
Wugalmeirganeddrdumnuais 0 Tagszeznieein o Tlds w uazidlumanuaing

I~ l

' &£ g ! a a Y
Nﬂ?@ﬂb‘lu‘v?\j 0-1 %QLﬂuﬁ’JUﬂﬁgﬂﬂﬂm@\jjgi_lllﬁ INHSI Iﬂfﬁh«ﬁgllllﬁ iNHSI hlﬂ’f]f’)ﬂl!ﬂ_lllln

U
A Y

I 1 A= I 1 A
Wounilayn out-of-gamut  1WUMTHUNGNIANTDBMNTIU 2 AIUAD Hygper UOE Hypper AN
- 1 Al 1 H (%] 1 1 (%] 1 % H 1 1 Y 4 o
SEAUMANNAIN T 198 Hypyper ISUUINTZAVANNEAIN [ INIA S FINAANUETINIHILDI
F) 9/3 [ qszl I ~ Y A A Y
msantduIaaaInfunny 1 1uaziluyuueIduaNUAIY R YUUBIFEMNUAIY G 1Az
~ Y] ~ it g a A A o ~ ~ '
yuvosdiwmudie B msizhyuie 3 diduusnaniisnnududivesd s gaigavesnn
1 Y 1 3 vYq ¥ a o @ 1 1 1A @
WA iy - niniu laldunAameadulumsuisdued Hy,,., Ineaziiianszay
1 1 o 2 & A 1 dyd' o Y 9}3 ] 3 I~
AN Ay S Fanamanuaieibieimsaindulddsnintunnu 1 duaziluyw
=\ = 9 s 9 =\ A 9 ~
WodieulomNud ¢ YUVBITFUINUAUNUAIY M HALYUVDITHADIUNUAIY ¥ INTIZN
nszl d’ld a A A o ~ ~ ~ 3 dyd a A
YN 3 WTUTHANTAINNUBVAIVEIT S ganga 1zyuIa 3 Tilluusnanimanu

A o 4 1 ] Y 2 @ { 1 4
DUAIVDIA S GINGAVOIAANUAIN T 1A S (@) NUAAINIULIGNNANT

< 1 o .
onlu 2 @31 LAy N ) meuwmaaﬂuswuﬁ iNHSI

271 msudasnnszuud RGB uuiluszuu iNHSI
=1 I S = Qg: ) [ Y
MIuadnnszuud RGB (Huszuud iNHSI H9UaoUMImuUIaaT Hue 19

Y
Faaumane il

H_{360—6, if B>G (2.21)

2R =6) + (R~ B)]

0 =cos™?! n
[(R—G)?+ (R—B)(G—B)]?

Y
A1 Intensity Mua ldnnaumsae 11l

I=3(R+G+B) (2.22)



f11 Saturation MHUUAAITNNIT

3xmin(R,G,B . 2
= R+G+B 3 180°
3(1-max(R,G,B . 2 H o=
| _ 30-max( )),lf1>__| moa120
3—(R+G+B) 3 180

| mod 120° _

35

(Hlower)

’ (Hupper)

(2.23)

o

60

2.7.2 msulasanszuud iNHSI 3 uiluszuua RGB

a & o ' &
lunisualaseinszuud iNHSI 1useuy RGB Huazuiamsulasoenilu 2

v
Yo A

. £ o
d7U Ao Hiower 408 Hypper Faruaa lanadl

2.7.2.1  msmlasszuud iNHSI

H lower

1Wuszuud RGB

=

=S v
nyadodlurig

4
Tagarumsmsuilasvziuegiua Intensity oAl Hue 310g 11 section 1o

2 |h—60°
RG section (0°< H<120° and [ < 3 | 180° l)

Y 2
Y . T . 1 o 9 ]
81611 Hue 1482 Intensity 8¢ 11 section # i1 RGB vzgnivuadigaumsae 1l

B=1I(1-5)
_ Scos(H)
=1 [ cos (60—H)

G=31—-(R+B)

h-180°
GB sector (120°< H <240 and [ S§_| 1;0" l)

(2.24)
(2.25)

(2.26)

E4
2161 Hue 1182 Intensity 011 section 1 92@09a1A1 Hue @28 1200 NoUIZHIA1 RGB A9

aumsan 11
H=H-120
R=1I(1-95)
Scos(H)
=1 [ cos (60— H)]
B=3I-(R-06)
BR sector (240°< H<360° and [ < Z_ —

3 180
9

(2.27)
(2.28)
(2.29)

(2.30)

2191 Hue Uag Intensity 01U section # 92@0IAUA1 Hue §28 240° noUITHIAT RGB A

Y
aumsae 11l

H=H-240

(2.31)
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G=1I(1-Y5) (2.32)
_ Scos(H)

B=11+_ 220 (2.33)

R=31-(G+B) (2.34)

2.7.22 msufasszuud iNHST1Iuszu0T RGB Nyadeglu e Hypyppe,

Y
Tagaumsmsuilassziuegnua Intensity 11azfA1 Hue 119g 1 section 1a

|H 120’
)
8191 Hue 1ag Intensity 01U section i o @mamh Hue A28 240° NOUIZHIA1 RGB A

YC section (60°< H<180° and [ > - +

dunsao 1l
H=H - 240 (2.35)
G=I1-5+S (2.36)
— 1 _ . Scos(H)
B=1-(1-D[1+—= e (2.37)
R=3I—(G+B) (2.38)
CM section (180 H <300- and I >3 +%)
8111 Hue 1482 Intensity 8¢ 11 section il 1 RGB vwgnhmuadigaumsae 1il
B=I(1-S)+S (2.39)
_ 1 _ _ Scos(H)
R=1-(1-D[1+ = — (2.40)
G=31—(B+R) (2.41)
M) r(0-< H<60° and I >~ +ﬂ)

180
iﬂ?ﬂ Hue 1a¢ Intensity agslu section i ﬂmmaum Hue ﬂ’JEl 120- ﬂ@uﬂ%ﬁ1ﬂ1 RGB ¢4

MY sector (300c< H<0° and [ > - +

aumsae 11l
H=H-120 (2.42)
R=I1-5)+S$ 2.43)
_ 1 _ _ Scos(H)
G=1—(1-1) [1 4 Seosti) (60—H)] (2.44)

B=3I-(R+G) (2.45)
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2.8 msilszalananna RGB
mydszuranannd RGB Nisznou lUdreunuauesmanuaneduad (Red
Y
R) UUUAMANNTINTT (Green: G) HAZUUUAMIANNAINTUUIU (Blue: B) NAtiAng

1 a 4 [ 4 1 1 o ]
Uszuranaegnareisiuednuyallszasfvesaazyanamimnldluauuaazlszion Tu

b4
Aav A

Y A = I A
el ldesuiemstszurananindoonilu 2 suvvhe

2.8.1 M3szaawamnd RGB Tagmsilszananamanuanauaaziive

Tumsdszuamannd RGB  Taensdszuiananianua i euodudastuug

3 I Aa { (Y] I o a o 1 ' 1 I {
W A lududen iumsduiumsdsulgsmanuainluudaguuudd R, G uag B 9
I a [ ] o 1 o 4 1 1 1 c'd' ] [ 9
Wudaszaonu taziiAwadnsvesninnuaIluudazuuuanmumslsulgaain
Y] I = @ ~ v A )=}
SN UdunWd RGB - asmnilsznoun 2-38  uaz 2-39  udasnaansiSeuneuns
Uszunawannd RGB Taon1513zu21anad 1975 Linear Contrast Stretch Tagldgasfiiuimas
AUMIN (2.2) 4azITAT Histogram equalization 47 lanaiuudrluiven 2.5.2.1 uaasld
A

3 v AN Y ' A A ' Y} v KX o A Y
lﬁu'l’]ﬂ’]WWﬁaWﬁﬂulﬂ%']ﬂllﬁﬁg PUU 3Jﬁ6U'ENﬂ’]WV]lLﬁﬂﬂ’]\?llﬂ%']ﬂﬂ'IWQUﬂ‘UU K uuﬂ@ﬂlﬂ@,a

[ b4
duesnmgnilasunasll dlddeyanimAaiion

o v J a v J a
(M) MNAURITL (V) MWHADNFINID (M) MNHABNTINID HE

Linear Contrast stretch

AMNUIZNBUN 2-38 LAAININNAENT RGB Tagm3lszuiananinnua s aztuuau99ls

Linear Contrast Stretch 41az3% HE



38

o [ 4 A [ 4 A
(n) Anduaiiu (v) NNNABNTINNID (!) NNNAANTINIT HE

Linear Contrast stretch

{ [ o 1 1 1 4 A,
MNU5ENBUN 2-39 HAAININHAANT RGB Taen151suianan1nnuanNauaaziuuavedld
Linear Contrast Stretch (i) 33% HE

= \l Al =
2.82 M3dszanananng RGB Jaamsiszanamamanuansluszuua
iNHSI

= 1 1 1 J
1AMIUszuIarNan g RGB Tagn131lszuianananuainauoauaasiuua

& g an A o { Y g
wunaasdimiuimstszuanadreds i lddeyadvesniminsaeunilaslyl Failu

(% d'cs o W a 4 1 Aa o dyd ad =
PJatenlanudiag lumsianziamoie TunuidelisuausisnmsszurananInd RGB
luszuud iNESI Tastlszylanammnizainnuadna I uazdsnaaunad H 1agamanuduaia
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Abstract: Retinal fundus image is important for ophthalmologist to identify and detect many vision-related diseases,
such as diabetes and hypertension. From an acquisition process, retinal images often have low gray level contrast and low
dynamic range. This paper proposes a method using improved nonlinear hue-saturation-intensity color model(iNHSI)
to preserve color information of the retinal images. The intensity component is enhanced by Rayleigh transformation
in contrast-limited adaptive histogram equalization (Rayleigh CLAHE) algorithm. This algorithm help to increase the
contrast and improve the overall appearance. The proposed algorithm was tested by using standard public database for
benchmarking diabetic retinopathy detection from digital image. The proposed method can preserve the original hue
component unchanged; because, the hue information of the input images is important to ophthalmologist in diagnosis

process.

Keywords: Gamut problem, improved nonlinear HSI color model (iNHSI), Rayleigh Contrast-limited Adaptive His-

togram Equalization (Rayleigh CLAHE).

1. INTRODUCTION

Digital color fundus imaging in ophthalmology plays
an important role in medical diagnosis of several patholo-
gies, for example, hypertension, diabetes, and cardiovas-
cular disease [1]. Computer-aided image analysis of the
fundus image or retinal image is widely used as a diag-
nostic tool for gathering important information from pa-
tient with retinopathy. The retinal image is very impor-
tant for the doctors to be able to clearly detect and rec-
ognize the lesions among the numerous capillary vessels
and optic nerve presented in the images. However, some
retinal images acquired from a fundus camera often have
low grey level contrast and low dynamic range as shown
in Fig. 1.

Contrast enhancement is a technique applied to a dig-
ital image to qualitatively improve the contrast of image.
This technique allows modified manipulation of the dy-
namic range such that the results are more informative
for human eye. The classical contrast enhancement is
Histogram Equalization (HE) [2] which has good per-
formance in ordinary images, such as human portraits or
natural images. However, HE is not a good choice for the
retinal images due to its amplification of the noise and the
absence of some brightness levels after enhancement [3].
HE has been generalized to a local histogram equaliza-
tion which is known as adaptive histogram equalization
(AHE) [2]. AHE is based on HE that the adaptive method
formulates each histogram of sub-image to redistribute
the brightness values of the images. AHE is therefore
suitable for improving the local contrast of an image and
bringing out more details. However, The problem remain

the same with the global histogram equalization because
of amplifying noise in relatively homogeneous regions.
In order to overcome this problem, contrast limited adap-
tive histogram equalization (CLAHE) was proposed [4].
CLAHE based enhancement was used to improve a
retinal image. Shome and Vadali [5] engaged CLAHE
to enhance the diabetic retinopathy image; however, their
methods had to remove noise by median filter. Setiawan
et al. [6] proposed a method to improve the contrast of
color retinal image by enhancing green channel in red-
green-blue(RGB) color model by using CLAHE. The ef-
fect of enhancing only the green band made the results
more greenness and destroyed the chromatic information.

ke

(b) Poor quality

(a) Normal eye

Fig. 1 Retinal images.

Considering a diagnosis of a color retinal image, chro-
matic information provides a major factor to identify the
lesions of the retinopathy images. This paper proposes
a method to preserve the chromatic information and to
improve contrast of color retinal image. The proposed
method keeps the chromatic data by operating the images
in improved nonlinear hue-saturation-intensity (iNHSI)



color model [7]. The intensity component was selected
to enhance by Rayleigh transformation [8] based on
CLAHE method to increase the contrast and to improve
the overall appearance. In our algorithm, the input image
was analysed the exposure status to declare some param-
eters of CLAHE. On the other hand, the noise in the back-
ground image was suppressed by a linear contrast stretch
of the transfer function of Rayleigh-CLAHE.

The organization of this paper is as follows. Section
2 describes the proposed algorithm to enhance the color
retinal image. The experimental results are presented in
Section 3. The conclusions are discussed in Section 4.

2. PROPOSED ALGORITHM

An algorithm to enhance a color medical image has to
preserve the chromatic information to support the correct
decision of a doctor in the image diagnosis step. In our
algorithm, color model no gamut problem, iNHSI, is pro-
vided to keep the chromatic information. To improve the
contrast of the color retinal image, the intensity compo-
nent is employed to enhance by using Rayleigh CLAHE.

The proposed algorithm is illustrated in Fig. 2. In the
algorithm, a color retinal image is transformed from RGB
to iNHSI color model. The chromatic data(hue and sat-
uration) are preserved and the intensity component, I, is
employed to enhance the contrast of the color retinal im-
ages. The intensity, I, is the analysed brightness levels
which are classified into two categories of exposure lev-
els: under-exposure, and over-exposure. The exposure
levels are used to declare a set of paraments of CLAHE
that consist of clip-limit value and « value in Rayleigh
distribution. Finally, new intensity, I’, which was en-
hanced, is provided to combine with the hue and satu-
ration components to invert the transformation to RGB

color model.

RGB to INHSI transformation

Divide the retinal image into
2 types
| Intensity (1)
-—Viln‘tensrty(f )
Enhance by Rayleigh distribution in
the local regions base on CLAHE
technigue

—~
—

¢ New Intensity

Hue and
saturation

iNHSI to RGB transformation

Fig. 2 Flow Chart of the proposed algorithm.

2.1 Nonlinear HSI color model

A perceptual color model, HSI(Hue, Saturation, Inten-
sity), is widely used in color image processing [9]. In our
color image enhancement, the intensity values are modi-
fied. When HSI is transformed back to RGB color model
for displaying, out-of-gamut problem is usually occurred
because some color pixel values are out-of-range of the
RGB color space. To avoid this problem, iNHSI color
model [7] is provided to preserve the color information
of the retinal images.

2.2 Color Retinal Image Exposure

An image capturing device is sensitive to light. If
the light is less than necessary, the image will be under-
exposure; vice versa, if the light is more than necessary,
the image will be over-exposure. Fig. 3 illustrates two
color retinal images, which represent the under and over
exposure as shown in the figures (a) and (b), respectively.
As seen in the histograms of the images, the red band of
the color retinal images usually has higher intensity levels
than the others. The under-exposure image does not have
an effect of out-of-gamut. However, the over-exposure
has this effect by the red band.

(a) Under-exposure

(b) Over-exposure

Fig. 3 Color retinal images.

According to both the cases of over and under expo-
sure, an image will have low contrast. In the color retinal
images, the intensity component is provided to measure
the exposure situation by analysing skewness of the inten-
sity histogram. The skewness is calculated in the region
of interest(ROI), which consists of the retinal area. Thus,
the retinal image is identified by the exposure status as
the following steps.

Step 1: Select the ROI from the intensity component
by using a threshold value of Otsu method [10]. Fig. 4
shows ROI of the intensity component of Fig. 3.

Step 2: Calculate mean of the ROI data in set A =
{a1,as,as, ...,a,} of n elements that is given by

1 n
== i 1
A n;a (1)

Step 3: Identify the skewness of ROI to define the
exposure stage of each input image. The identification
method is provided by calculating two regions of set A.
The region, Areay, consists of the intensity values less
than 4. Otherwise, Areap region has intensity values



(a) Under-exposure (b) Over-exposure

(c) ROI of under-exposure

(d) ROI of over-exposure
Fig. 4 ROI of the intensity components.

more than fi 4.

HA

Areay, = Mk 2)
n
k=0
L1
Areap = -
reag= 3y, " 3)
k=pa+1

where ny, is a number of pixels in set A having gray level
k in the range [0, L — 1] and L is total number of gray
levels.

The skewness of ROI is evaluated by comparing the
parameters, Areay, and Areag. If Areay, is more than
Areap, it means that the input image has majority of
under-exposure; vice vera, if Areag is more than Areay,
then input image has majority of over-exposure. Fig. 5
(a) and (b) show histogram of ROI from Fig. 4(c), 4(d)
which are defined as under-exposure and over-exposure,
respectively.

x10°
a
25
Areag
2 15t Area, Areag
15
i
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(a) Skewness measurement of (b) Skewness measurement of
Fig. 4(a), Areay, > Areap, Fig. 4(b), Area;, < Areap,
which obtains under-exposure which obtains over-exposure

Fig. 5 Exposure measurement.

2.3 Rayleigh CLAHE

In our algorithm, two parameters of Rayleigh CLAHE:
clip — limit and « value are declared depending on an
input data. Clip-limit value is used to protect the over-
enhancement. CLAHE method restricts the amplification
by clipping the histogram at a user-defined value called

clip-limit. The clipping level determines how much noise
in the histogram. It should be smoothed and hence how
much the contrast should be enhanced.

«a parameter in Rayleigh distribution is provided to
control the designation of the transfer functions in each
region. Generally, the parameter a endows to control a
shape Rayleigh distribution [11]. The parameter value
will result in more significant contrast enhancement in
the image while increasing saturation and noise levels.
Although the proposed parameter may generate continu-
ous local transformation under the proper conditions by
assigning carefully the parameter to an individual image,
the continuity cannot be proved and is not guaranteed. If
there are big changes between nearby local histograms,
the local intensity level transformation will be changed
abruptly. To reduce this effect, the output from transfer
function of Rayleigh transform is re-scaled using linear
contrast stretch.

In CLAHE technique, an input image is divided into
non-overlapping contextual regions called tiles. A num-
ber of tiles depend on the other parameters of CLAHE.
If the number of tiles is small, the clip-limit should be
quite small [12]. From our studies on the retinal images,
8% 8 is a good value to preserve the chromatic data.

The Rayleigh CLAHE to enhance the color retinal im-
ages consists of the following by step:

Step 1: Dividing the intensity image into non-
overlapping contextual regions. In Fig. 6, intensity com-
ponents of Fig. 4(a) and 4(b) are partitioned into 8 x 8
non-overlapping contextual regions.

Step 2: Calculating the histogram of each region.

Step 3: Clipping the histogram of each region by the
clip-limit value. The clipping rule is given by the follow-
ing statements:

l..f HTegion(i) > Nclip then

Hregion,clip(i) = Nclip (4)
Elsel:f(Hregion(i) + Navgbin) > Nclip then
Hregion,clip(i) = Nclip (5)

Else H’region,clip(i) = (Hregion(i) + Navgbin) (6)

where H,¢gion (%) is a local histogram of each region at
i-th gray level. HTegionchp(i) represents clipped his-
togram of the region, N.;, denotes the actual clip-limit
which is defined by

g [ I | ]

(b) Over-exposure

(a) Under-exposure

Fig. 6 Non-overlapping contextual regions.



(a) Sub-image at index row
1, column 2 of Fig. 6(a)
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(b) Histogram of the region  (c) Clipped histogram
Fig. 7 Histogram clipping process.

Nclip = M?:nclip"‘
Tound(Vclip * (Npix - Minclip)) (7

where V4, is clip-limit value in the range [0, 1] defined
by the user. N,;, denotes the total number of pixels in
the region. Min iy, is the minimum average of total pix-
els, Ny, per total bins, Ny;y,, in the local histogram.
Ming;p is defined by:

Mincy, = Tound(%). (8)
bin

From eq. (4) and (5), N, is provided to threshold each
of the local histogram. Thus, the total number of pix-
els, Ny, denotes the remain pixels from the clipped
histogram as illustrated in Fig. 7(b). The average of the
remain pixels to redistribute to each bin is calculated by
N, avgbin = % &)
The clipped local histogram at 1st row and 2nd column
has been demonstrated in Fig. 7.

Step 4: Enhancing intensity values in each region by
Rayleigh transform. The clipped histogram, H;.cgion_clip
is transformed to cumulative probability, Pj,pu: (),
which is provided to create transfer function. Rayleigh
forward transform is given by

1
= Ynin + 2a21n<> 10
y=y \/ 1= P () (10)

where ynin s the lower bound of the intensity value. «
is a scaling parameter of Rayleigh distribution that is de-
fined depending on each input image. The output prob-
ability density of each intensity value, y, can be derived
as

p(y)

o2 202

2
_ Y — Ymin ( (y - ymin)

> f07’ Y 2 ymin'(ll)

07 S 07
06 e 06 /

05 _— 05 -

%0 00 50 200 250 300

(a) Transfer function of eq. (11) (b) Modify transfer function of
eq. (12)
Fig. 8 Transfer function set parameter o = 0.4 and
Viip = 0.01.

A higher « value will result in more significant con-
trast enhancement in the image meanwhile increasing sat-
uration value and amplify noise levels. Fig. 8(a) shows
the Rayleigh transfer function from the clipped histogram
of Fig. 7(c).

Eq. (11) is used as a transfer function of CLAHE
based on Rayleigh distribution as shown in Fig. 8(a).
This equation will modify a gray-level value. If it
abruptly changes in the low values, it will amplify a noise
background of the retinal image as shown in the Fig. 8(a)
when the gray-level range of 0 to 0.2 approximately.

Step 5: Reducing abruptly changing effect, the output
from the transfer function in eq. (11) is re-scaled using
linear contrast stretch. The re-scale function still keeps
the original shape of the transfer function to compress
noise background and to design the color of output con-
tinuously. The linear contrast stretch is calculated by
Y= _ P Pmin (12)

Tmax — Tmin
where z is the input value from the transfer function, x iy
and x,,.x denotes the minimum and maximum value of
the transfer function.

Step 6: Interpolating by using bilinear of the neigh-
boring sample points from the center pixel of contex-
tual regions to form the enhanced in each region for the
whole image as the new intensity, I’. New intensity im-
age, I’, from the output of Rayleigh CLAHE is combined
with the hue and saturation components becoming to HSI
model. Finally, HSI is transformed to RGB color model
by iNHSI algorithm [7]. Fig. 9 shows the enhanced re-
sults from our algorithm by the input images from Fig.
3(a) and (b). In Fig. 9, we compare the efficiency of eq.
(11) as observed from the figure (a) and (b), for the figure
(c) and (d) are the results from eq. (12).

3. EXPERIMENTAL RESULTS

Our algorithm is tested by using the public retinal im-
age datasets which are DIARETDB (Standard Diabetic
Retinopathy Database) [13]. This database was provided
for benchmarking diabetic retinopathy detection from
digital images. The proposed method is compared with
the global and local histogram equalization techniques
that consist of HE method [2] and color retinal image en-



(a) Under-exposure (b) Over-exposure

(c) Under-exposure (d) Over-exposure

Fig. 9 Color retinal image enhancement of the proposed
algorithm by parameters o = 0.4 and V,;;, = 0.01.

hancement using CLAHE in green channel in RGB color
model [6], respectively.

3.1 Visual Analysis

The experimental results in Fig. 10 and 11 which are
illustrated for visual comparison to the proposed method.
The results from the proposed method give better visual
quality of the enhanced image. It keeps a good contrast
of retinal structures and preserved chromatic informa-
tion of the input images. HE results are amplified back-
ground noises and cannot preserve the overall appearance
of retinal structures. For example, in the optic disk and
retinopathy, it degrades the information detail by having
gamut problem of the red band of image as shown in Fig.
10(b) and 11(b). Fig. 10(c) and 11(c) show the results
in the local image enhancement from CLAHE method by
using green channel of RGB color model [6]. The re-
sults have a good contrast of blood vessels; however, this
method does not preserve the chromatic information. As
seen from the results, they have much of greenness. Our
proposed algorithm could preserve the color data and im-
prove overall contrast in the output images as shown in
Fig. 10(d) and 11(d). The parameter values are o = 0.5,
Veiip = 0.01, and 8 x 8 blocks for Fig. 10(d) and for Fig.
11(d) consisting of o = 0.37, Vi3, = 0.0075, and 8 x 8
blocks.

3.2 Quantitative comparison

In quantitative comparison, correlation coefficient(CC)
is used to measure the chromatic information, and en-
tropy is provided to inspect the contrast properties. CC
measures the strength of the linear association between
two images A and B. CC value ranges between -1 to 1
depending on the similarity of A and B. If they similar
and go in the same directions, CC will approach to 1. If

(a) Original image (b) Result of HE

(c) CLAHE of the green band (d) Proposed method

Fig. 10 Visual comparisons.

(a) Original image (b) Result of HE

(c) CLAHE of the green band (d) Proposed method

Fig. 11 Visual comparisons.

CC approaches to -1, it indicates that A and B are having
similarity, but they are in an opposite direction. On the
other hand, if they are not the same, CC will go to zero.
CC is given as:

CCap = ' (13)

’ M N oM N 9
\/zzmi,jA) > 3 (Bi,j— B)
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where M and N denote image size, A and B are mean
values of A and B, respectively.

Entropy measures the content of an image, with higher
values indicating more detailed in the images. With the
image, I, the entropy is defined by
H(I) == P(x;)log P(x;) (14)

i=1



where z; is an intensity value of I. m denotes the total
number of the intensity values. P(x;) is the probability
function of z;.

The Quantitative comparisons are illustrated in Table 1
and 2, which formulate from the under and over exposure
image of Fig. 10 and 11.

Table 1 CC values between the original input images and
the enhanced results.

Fig Method R G B Avg
10(b) HE 0.8855 | 0.8693 | 0.4398 | 0.7315
10(c) | CLAHE | 1.0000 | 0.9535 | 1.0000 | 0.9845
10(d) | Proposed | 0.9450 | 0.9641 | 0.9227 | 0.9439
11(b) HE 0.9458 | 0.8895 | 0.5854 | 0.8069
11(c) | CLAHE | 1.0000 | 0.9687 | 1.0000 | 0.9895
11(d) | Proposed | 0.9591 | 0.9678 | 0.9569 | 0.9646

Table 2 Entropy values of the enhanced results from Fig.
10 and 11.

Original HE CLAHE | Proposed
Fig.10 | 5.5161 | 5.4455 | 5.798 5.9846
Fig.11 | 6.1775 | 59750 | 6.1516 6.1790

4. CONCLUSIONS AND DISCUSSION

This paper was presented the color retinal enhance-
ment method in the iNHSI color model to preserve
the color information for visual diagnosis. The inten-
sity component was enhanced by using the Rayleigh
Contrast-Limited Adaptive Histogram Equalization. In
our algorithm, the intensity component was analysed to
classify the exposure levels: under- and over-exposure.
The exposure levels were used to declare the set of para-
ments of CLAHE that consists of clip—Ilimit and « value
in Rayleigh transform. The enhanced results has a good
property for visual inspection in diagnosis process. It
results provide a good contrast and improve the overall
appearance of the color retinal images. From the quan-
titative comparison, the proposed algorithm offers high
values of CC that is the enhancement method can pre-
serve the chromatic information; however, CC values of
our method are lower than CLAHE. Because the green
band of CLAHE causes the red and blue band to be un-
modified. On the other hand, enhancing only one band
of RGB causes degradation of the color information. The
proposed method gives the better visual quality of the en-
hanced images which represent a good contrast of retinal
structures when considering the entropy values as shown
in Table 2.
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