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Abstract

Because the conventional methods are not suitable for the post-processing of food image, we pro-
pose a color enhancement algorithm in food image. The algorithm is processed in HSI and HSV
color space, using designed correction curve of color saturation with parameter curve of hue,
which corresponds to the feature of food image, and uses designed correction curve of brightness.
This algorithm is targeted at color enhancement of food image and fills the blank of color en-
hancement algorithms in food image. Experimental results show that the algorithm can greatly
improve the subjective and objective quality of food image. The color enhancement algorithm in
food image that we proposed is designed with the characteristics of food image, combined with the
use of two color spaces, to get an enhancement result which is suitable for food image.
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1. 5|

B R ReFHLIE &, Bk AR I FAESE Bl o R4, BRI & 40 IR B RO AR KR
FE gz 7 FHUR P AL . BT B SAI  m #s S A PR RE B — LS R PR, LA A A B
BN REM RGO SRS, P o il . A G SR A A B & 4 o R 48 i S AT 5 A
H, AfDMRRHEE R m A i E, R E Rz . B, T e e EE, A
SE PRI 8 5 Lo

AR, R g S A TR AR B . S. K. Naik Al C. A. Murthy $2 1 1 — €8 B AR 45 11 %
R R EE, WTEBI Ry G B #FATZME R [1]. S. M. Murtaza % NFERCNEVEE R, 2
FERE R BRI T 5 — PP R B ORAE R E RGO LU S I B B0 (2] 27 B A R BIR 8 EE 1 5
JRiEH, BEIEEAE B AR E N ER T Y, @ T ENERRR [3]. BAeAERE TRT
Retinex P i 50 (0 {5455 (0 R (o PRG0S 435 [4]. Akira Inoue 53R H T e BMEI B 18 IE 50V, HSV 7
VER RGB 98357775 (5], 1Mi)&, Alvy Ray Smith ¢ H —F7E HSV 2= [A] X RGB 25 [8] (3855 7774 (6],
DA R R S5 H T HST A = 38 (R A 80 IR s UG s 5032: (7] #0210 T HSIT 3% HSV il 23 ] .
SHEEH T Gamma HIZRTE YUV B0 2 R €% A1 50 FE IR IE (1 S e R 385 757k (8]

DA [ R G sR FEFRRE I AN SR, (FR A X RN 2, X T B ER G, [F
i, BLAIPE HSI B HSV 25 B ) € 7238 i 8 R AR AR A 21 6 Fa B8 & B S48 52 A 9 75 5K - Gamma
it A2 IRREE BN R EORAR,  TEVEMS D) IR (5 R B FEAE &5 UE R T ROZ G i . DR SV E R IR
B, AR TRNE AN EAE. ik, AW 7 RH HSI A HSV PiFf e 2= MG A3, FIH
BCTH R B2 1 th AR & B R RHE I B A S 80t SO AU 1E, DA (R 5 B 1 it 4 b 21
I EPERR RS ZEEEN T RGN ERGE, —ERRE LR T IUE AR A

2. XXLEE
2.1. HSI F0 HSV Bita == E i &/t

1) HSI Zite 23 (o R ¥ N E R 4eidtit, KR € (Hue) 1A (Saturation) PA K 5% (Intensity ) K &
JNEIE [9]. HST Fita 23 [ A — N AR AL R R . B s 2 BEE K € i . AR R R R 8 B AR U b [X 49 F
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Ko BT EREE Ty U CORACBEMIRG,  RIAE R AC B A2 Sk, 2% R A HST R, e fiTw]
LA ST 4 73 5l Ak B T ANAH LS 0
M RGB Pt 75 [A) 1) HST 5 ¢ 47 1) 1 4 e A 0
R G B

r= , 0= , b= > ()
R+G+B R+G+B R+G+B
0.5-|(r— r-b
h=cos™ [2( 9)+( )] 7 he[0,n] forb<g,
[(r=9) +(r=b)(g-b)]
0.5-|(r— r-b
h=2n—cos™ [2( g)+( )] 7 he[n,Zn] forb>g,
[(r=0) +(r-b)(g-b)]
s=1-3-min(r,g,b); ie[0,1],
i=(R+G+B)/(3x255); ie[0,1], @)
H =hx180/m, S=s5x100, | =ix255 3)
M\ HSI i 75 [ 2] RGB 2t 73 (] {1 5L 3 A 08
h=H-m/180, s=8/100, i=1/255, )
. . s-cos(h) .
=1- 1— . =1- 1 ——— |» :3 -
x=i-(1-s), y=i { +_cos(ﬂ/3——h)} 2=3i—(x+Y)
when h<2n/3, b=x,r=yand g=12 5
when 2n/3<h<4n/3,h=h-2n/3and r=x; g=yand b=12,
when 4n/3<h<2n,h=h-4n/3and g=x;b=yandr=z. (6)

2) HSV it 2 8] [FI Rt A A — A B R flA, SRATE M WRAIRE LR A RERERBIE [9]. &
i YA AT R R R AR AP X 2 T ok, R W HER A T BB AL B A2 Sk . HSV B 23 [h)
LRI A AR A MR AR A, PR B A MR I A [ o AR A, D PR A A A T 8 S AT
TR BE BT AE 4 . AN RGB B 2% [0 B HSV e 43 ] i e 4 A 20

0°, if max = min
-, 9-b .
60° x —+0°, if max=r and g>b
max—min
o g-b o
h=:60"x——+360°, if max=r and g <b,
max— min
o b-r .
60° x —— +120°, if max=g
max— min
o r-g ..
60° x ——=—+240°, if max=b
max— min
0, if max =0
$ =9 max—min min )
=1- , otherwise
max max
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mod6, f :L—hi R
60

p=vx(I1-s), q=vx(1-fxs), t=vx(1-(1-f)xs), (8)

vt,p), ifh=0
q,v,p), if h=1

(
(
(pv,t), ifh=2
(
(
(

(r.9.b)= (€]

p’qav): if hi =3 .
t,p,v), ifh=4
V, psq)s lf hi :5

2.2. FEMpER & =B R EX & b TR

1 HSI A1 HSV 68 7% [B] REKs € %2 A FEAR I () IX 7 HA SR AR, WCR FRE RGB #4621 HST 8 HSV
R [E] B R AR TR, AR B HL ke P B R R

JLE HSI A HSV it 23 6], # i, A BRI B 2y B A =AML 40 &, S A& —RERR I
%, {2 HSI fil HSV A3 ERa —E X A0, Kk, 7E HSI Fitassia), S rigse, S
BERBIFE I, (HRERIIREASE W RGN, M7 HSV Bt (al, X s rsgsg, aafl
ERHIR BRI N, (HREE SR, EMBERAL . % T HSI A HSV B i AR ke, A
SCELI B — S SR F A P A I 2 (R 8 i (1 J7v:, DR B BE RE A R IR FERE Iin, SUAE C 2 52 11 24
Fe

2.3. YAFIEEHTIE fhLk

AL RS S R R 1 #2808t . Gamma #2845 5 1 eR BURR TC 7RG D)5 IR v R 2%
HUAH A s i g, DRHE A SORR B A0 AT B U e v, B AR SR IE #2486 . (RN BES HST A HSV BN
s (A L[] Ab 3, B DA AN B 2 [B) 0 A 25 I AR B A7 IR it 28

WRTRTIR, S EF/REEMAEE . 76 HSI. HSV 25 [a] it (o i 47 48 o vl DUAR 77 (58 4 B 230 K
FFE. S FEUEIA— A 0 & 1 X8, BUEM/N, WS, BUEBOR, WIMAERA. £ K25 E
Borb, YEAERUENT — 2B, EREREIEATE, SHB TEMERRE S E RO R, B,
YT RAERT —EEME R, AR mB/N . XF e T—EEREH s, REgasmmey
ERMRFERE . HSI 2500, S /&I R AR I ESEm, HSV 20, S Zr &3 Kfd Rk BE IR,
YRR R AT R EREN, 2005, 15E HSI B2 )R s
R IE IZksE 2 {(YT,T)) A

T, = {0.1500,0.3000,0.4500, 0.6300,0.8000} ,

YT, ={0.1500,0.3200,0.5000,0.6900, 0.8400} ,
I HSV 060 2 8] (9 YL R RE A7 T il 25 i {(YTLL T )} M

T, = {0.1500,0.3000,0.4500,0.6300,0.8000} ,

YT, = {0.1600,0.3300,0.4900, 0.6650, 0.8200} ,
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WX M 5 fUEEAT 2R MR AR, 43 045 I HST €8, 4% B] ) VR 52 5 1 it 22 R HS'V 706 22 1] F AR 32 2 1
28, REWSHUSECNEARMSE R, WERSRNMLL K1 fs.
R B E X AR IE I AR B, 6 T EARYR R R S AR H o TSRS il R Hp
Fe LX) RECGRAFIAL, A SRR TR — 15 3R s R MR AR E 2. MR Er AUl
S[i] = SCorrect(S][i],Hp,space _type), (10)

Hr, S AMIFIRE, Hp NG REL, space_type AZF[AIZEAY, SCorrect HP Ay ph 8 22 E0R B4 4 |] 3t
[ P 5 LRI B I 2

2.4. BRI

HST A1 HSV ZE[a 53 — AN E B B G H 408 A SRS = R R R o Y e RE
I 2 Eh 4, e BRI R R 2Rt S 4. ORG-S HST A HSV PRI (0 2 [A) L [R] Ab B
Fr AP AN 25 (] B A % 1 0 8 R 22

I REINE R R AR BUR AR R AT MR EE S0, ] DIARAR AR R A e, PR o A
LR 3 AT A FRR R . R KRB LA H 2 E A, B — MR RS Hp , A
F 5% L R R I H 2R A

RIE B AT BRI, W G RE LR AR P R, aaRld, miHE
TRV OR, MASESER, MECCRA L EEFREQWREaR, EES6aE. HAEE
M, R, AOMEEIG R EZ NS AR, RS2 H BUEM 0
Z 1 Rl R IR R ARYE LR E H A Hp MU OE R (A R B Hp BBl
H BAELL A, BERIER S A 5T Hp BUE TG —ME 0 & 3 Z08], o JF BT Ik th 4k 9k
BUXAMEH MR R, 2 UGAIASE), BB HSIFUE 7 A i i R ot 22 a7 {(YTL T M

T, ={0.0000,0.0500,0.1000,0.1500,0.2000,0.2500,0.3000,
0.3500,0.4000,0.4500,0.5000,0.5500,0.6000, 0.6500,
0.7000,0.7500,0.8000, 0.8500,0.9000,0.9500,1.0000} ,

YT, = {1.5000,0.5000,0.3000,0.3000,0.3000,0.5000,1.0000,
1.5000,1.0000,0.5000,0.3000,0.3000,0.3000,0.3000,
0.3000,0.3000,0.5000,1.0000,1.5000,1.5000,1 .5000} ,

FIHSV i #8026t 4 {(YT.T) b
T, = {0.0000,0.0500,0.1000,0.1500,0.2000,0.2500,0.3000,

0.3500,0.4000,0.4500,0.5000,0.5500,0.6000,0.6500,
0.7000,0.7500,0.8000,0.8500,0.9000,0.9500,1 .0000} ,

X e 5E p BEAT LA R, 20 1S 2 A HST Bt 4% 8] X € ] 2R H0th 2 A0 HS'V B0 60 2% 1] ) € ] AR M th £,
REM B A RSt X B RO, MEEERIR LD 42 s, BiREHp RENLWT:

Hp[i] = Hparam(H [i],space _type), (11)

Hep, H NI, space type NZAMEIZEAL, Hp NEIHARE, Hparam Jy it 43 6] ki 1 €1 2 5h
4. ROl RE Hp J5, KT L2 Rl M B, XA R SR R s B AN B A A
25, MITTIA BURRHEAR 2 A 10 C i I8 61 B AH B2 € 15 3R s AT AN TRV R FE R i ) E 11 o
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Figure 1. Correction curve of color saturation
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Figure 2. Parameter curve of hue
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2.5. SEHIE

ASCEER B R SR IE, B 2 o EEEH .

M HSI Al HSV Ziita =% 8] & R B A0 1 88 V 2 B3 H 5 =2 E, B L = B E A2 A
R, XA DR L7 M % (e G B T 2 P B

AR SRR A, B Rl S R I I 1 MG AT SR AL, XS R AR I R AN
BEARHE . B R X AT B EGE T SRR, BRI B R B R RS

BT R, E e S AINT,  FIWT AR LRGSR, DA T R R e
XIEFT E b, AP NT R MBMER, A 37 A, [, S8R RAMSEA,
B. f£ F—UHIFifirp, XEEE LRI A, B EMTHM. RERATFYRE. Hd, HAFER M
SN

X4B, x<A
y=1A . (12)

X-A ><(255—B)+ B, else
255-A

B EERTIE, RARYE O T R I R IE R, G ER TR IE . XN IE 2R AR AR
AN, A plE R EF AR RS, (B0 DL — @ FE R EH R mR R, R BRI R AR . AR
AR Gamma HIZE, 2K 75 Beth & ik RS Bk RN, 2 00X5e1e 8], wE SRR R doe
S{(YTLT )}
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=

T, ={0.0900,0.3600,0.7200,0.8000,0.9000} ,
YT, =1{0.0700,0.3900,0.7200,0.8000,0.9000} ,

R bl sg gt AT e A e, 3 BRI SE AR IR AL, BERS DU OB AR A0 LU FZ 3R R ACR . FliE )5 15
IR HEZean 141 3 fros. seBEERIER AR 0:
y = ICorrect(x), (13)

Horr, x AMINTEE, vy sEEE, ICorrect AL EARIERTZL
2.6. EiEIA

AR AR AL 4 Fros. ARG O84E HST 2 [FAT HSV ZS[a # s 0 Aab 2] . 78
HSI 2 [, FHAE IR0 H > Ead il R 54, JRaHESHap fill. WAE S 28
IS H Hp JERZ M ERIE -IZ, 15205 55 R AN S 708 . 2l 1 B PIA SRR IEAL 2,
BRI RE 128, =4 Hy Sy I EEFHHOY RGB 20, A5 HSV =[] LA,
HSV 3 [A]_EAC PR A 22 5 76 T-30H PR ST AR BE, RO 5 FE RO IE R 75 AT — IR BIW] . 21 PRIK
AL, AR AR .

SRR IE 28

0.5
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Figure 3. Correction curve of brightness
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3. LIRS
3.1, EWIEMS

5 R ISR R AR T e, @ R, (o) RSN 2 LA, (o) 9 s
INE 5y LE AR PE I o

VLRI FEZ 3N T 9 LU A P32 TR i 4 i P45 L it P e AL 2 08 00 B0 7 2 V91— [0, 255118 Uk 4
JG, BEMEROKEEG. HAR A log((S2-S1)/S1), Hrh S2 Asa)5 EUR WA, SUAKERH
R KRS, sefoii, NUHEmEE, Kz, WBEmEDs. A 5 5o hT AR, SEHE
BYXREI AT, S, 1A B XSSP R 6, SRR, DAY XA B ISR AR =, T
il DX IS SRR BE /N o A ML R I 20 €6 U AR MR R R ACHEAT DRI SR ORI R B R0
S SR B IR X 73 () Lo

SEREHAINE 43 PO A P BT F o P L D PR ) 5 38 0 B 7 3 1 — 4 9( 0,255 1 UK 207 »
WMFRIKEE G . H AN log((V2-VI)NT), Hrhv2 ARG IR MZERE, VIR EFERE.
BER R, sepiie, WIBMIRINEE, R, NEREER/N. A1 SoOFRTLVES], SEEBRRsE R
BLER Y3855 FROM IS IR, IRAE— R R T MR AR U o X AE HST 25 (A Rb RS R ) S
JERRTY, R e B 0 7 VA T A SR KT BB e P 4 2R

6 R R A RS LU IR Horr, () AR (0)A1XAE HST ZMBRIIECR, (o) A IE HSV
2 (ISR R, () IFERRIE 2 RIS AR AN EE R FTUUE S, (b)HIXS T (a), HEREE)LL G NS
Mo (YRARS T (a), HEARERIERTEIIE, (AR o 1 ()R T (o) Rl (o) AT SRR IR 1, REDS
PAF AN AR L HBLTHOLE R RN T AR B, EUREOXT LA — @ M3, IXA2 5 — Fhre B M 3ty
VEPTHE R KON P PR o 35S R PR I AL OR LR B IR 2

7 R SR TEXT L e, () R, () RS R . TLAE B, GBS R
FrlR T8 — Rhre BERBR TV, (AR SRR R T — A S ISR, SRR B

3.2. BYUFMH

THASCEER [ 8 FRIG 5 I EmE A, ST RS EIT

1) W, RIS SHOVHEAE HSY BEEA T, TS ARMNE. % 1 IR0 E G
WS

WU, A, BT 7.58%. EIRIERHKES Rt

2) KFELREAR T, X H e i {7 PR T LU, L AN 1 T8 2. K L
B B W R YGRS AT FUR 405 R R 2 LR 5 . R LU RS O 52 A Rt T
C=X6(i, i) Py (i) Hb (i, §)=[i—j| » ARSI, Py (i, ) FARABIRE N M ARIE %4 5
R ATER, AR A DA, 7 2 ot i) B R H

WLLES], ARSI, AR TR T 2.43%, EUR I LR — (5 .

4, Zhig

AR A BB G R EE, KA HSI A HSV B % 25 M A A0 3], R Bt 1A
JERR I Hh 2 AT £ B ) R R (R 2 Bt 2 AR 1, DL BT I SE BERR IR M 2 A0 2. Sis R
R, HREEGORIKIE I, ARG, SEX R, RYRHMEY B, SRR
B, —EREEEMR R BLA TR IA AL, TRk 1 BGOSR SRy T R ke
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Figure 5. Enhancement analysis chart
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Figure 6. Enhancement comparison chart
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Figure 7. Dark image enhancement chart
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Figure 8. Images in objective evaluation
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Table 1. Image saturation
=1 EgieE

i J5 it 4 0 Bt 45
1 0.477769 0.518247 8.47%
2 0.611117 0.661077 8.18%
3 0.293999 0.325028 10.55%
4 0.579663 0.616161 6.30%
5 0.38083 0.400514 5.17%

S8 0.468676 0.504205 7.58%

Table 2. Image contrast

= 2. BT E

i J ] ) B4 Hn Bt 451
1 54.21873 56.46385 4.14%
2 41.42133 43.7209 5.55%
3 64.11898 64.28288 0.26%
4 48.78968 48.94988 0.33%
5 50.10228 51.51724 2.82%

T 51.7302 52.98695 2.43%

e H

E % H 2R B3 4 (No. 61372068).
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