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Adaptive fractional differential
and its application to image texture enhancement

WANG Cheng-liang . LAN Li-bin, ZHOU Shang-bo
(College of Computer Science and Engineering, Chongqing University, Chongqing 400044, P. R. China)

Abstract: Optimal fractional differential order can be only specified manually by experiments. In order to
significantly save time of manually seeking optimal fractional differential order, a novel approach is studied
and proposed, which is based on window size, G-L. formula, image gradient and visual property to automat-
ically generate fractional differential order. The fractional differential operator masks are designed and real-
ized by employing this order. The evaluation parameters of image texture, such as information entropy and
average gradient were used for quantitative analysis and experimental verification. The results show that,
for any grey image, this method can obtain a successive enhancement result, which approximates the re-
sults of optimal fractional differential order and more satisfies human visual sense. It is an effective ap-
proach to enhance image texture.

Key words: fractional differential order; masks; gradient methods; visual property; image texture enhance-

ment

FHEZAE S8 14 PR A5 3 39 07 3% - 3 5B e i1 1
15 Ak PRS0 1] 5 i % W) S8 096 o | &1 5 S0 B 4 1 B
T T O EL AR 2R O B TR 8 A B Ky
Kl ooy AT AR AR BE L A B N AMER R 1 ST AR

I #5 B E7:2010-08-10

DR R L SCERL -4 0L R AR TR & H R/
22 RO B 0 B0 It o FEAE Ak BT A5 A 7 1
RONHIEE RE 5 BB 0o By i i 42 8 5 3149 1 e f
F14 P 5 i 8 AR o (ELIC 6 SR T R N oK

ES£TH:HE ARSI H (61004112) ; b F 1 5 B2 5k 4 98 B 350 H (20080430750)
EE B A (1975-) 5 H RO B B 1 4 2 R AL B0 LN D RE A 5 0 45 05 m T 9T

(Tel)18983055830 ; (E-mail) wangcl@cqu. edu. cn,



http://gks.cqu.edu.cn

N

%2

ERE S BE SRS

BT BAL S IR B 8% 6 i A 33

FE 53 BB Ay B B TR, R ) T B S92 R R
0K 38 3l 25 77 91 JE R g Ak B

S T TS o A 2 SRy o BB R 2 G
(Grunwald-Letnikov) % SCP° F0 3 Bl 18 43 B F 14 52
DU R L 2 T AT ARG 4508 BE A B G HR
PG R S5 B 1 RE % AT 4 B 300 B 8
Sl R BT 7 ik R B R T3 T A B B B
BB . 3% 5 AT DR S W) B AR
BB AN R K FE 72 A R AR B 3 N T 5T AR R
B &R RUR T N AR AR OR AL ., IR
JG RS 3 FhAS[R] () 0K B IS AR T 552 56 A B B o3 BT S
B 25 R R W2 07 6 B o A A R R R AR AT B
HbIZTT e 4 B Sk AL FRIER L AT LA A K R
LETI 7%  Y RTog R I R RO E B i 32 | PR
AT RE .

1 BHEMSHH BT EERNSEE

BRI M IE
o3 BB ooy R SCA 22 SR T AR B R 20 S0 13t
By G-L @, G- LB ikt

1.1

rl—a
,T]

6P« () — Tim L _1ym I'Gat+ 1)

Drfw = l/,larrolhqmzz:o( D Xm!F (a—m—+ 1)
f(t—mh) , [@D)

Forlt a0k NHOAN B K [ D em MU Bk o 1)

BREW oy D) Oy Gamma 88 a e 73 510 8 70 By
WP TR ER. FOMFFEAY € La,e] %

1 MXN G f(e.y) b mXn KN g
W dm wo Cs o ) AT Z A DR, W H 1 R g (e s ) W]
I RCE R R

glx,y) = 22‘f(1‘+s,y+t)w(s,t% (3)

s=—at=—b

Hipa=nm—1)/2;b=(n—1)/2;w(s.t) F N
R, RS B — R o R 2 3 D AL B AR
A OSEREG FBGREBEART M —

NI G R TR AT T A

W 8 PR s BT 49 5 DA B AP KT M—
ML N 5 R AR

2

MR C2) 0 T s BHR f A e A A8 v
B 43 B A2 FE AR L SR B o Bl TE 67005 1) 5 v b iE fA T
] o 22 A7 % F 2R 5 1) 3 8 AT ) 1 B A 4% 1) )k 1
A, Rl SR FH A RN Ry 3X3 1) s A Ak 2 BT 4%
X FEARE PN B 854 R B DL (8— 8a) » L AT 1T — b Ak
B, bRt R 1, f B 1 AT AR
O B BB 5 8 o B9 KN RGIE L T AR 3 R
BAE SR o BRI HIE R E R F IR L
LR RME 2. HIL X T AR o E, H
HRC A5 B A A8 A R S A ) o (R
ZEH O EERE ., SRR SR
A8 U 3 B T LA S TR] 108 #4047 Ak B R
205k PG IR B 2 A% X3 1 K B AL % B % AR 1k
G K FEA

il N—

a a a
ﬂ}‘lﬁ h=1 %ﬁ},ﬁ 8a—38 8a—38 8a—38
a 8 a
m =147 = [1—a], 8a—38 8—8a 8a—8
h, a a a
U — IG5 S (OB o B 24 kR 8“; T*;ﬁﬁ;rg
1 3X3
EID )+ (—o) fa— 1 + T et D
dee 2
L (—a+1) L
fle=2+ +7n!1“(—a+m+1)f(t m)s
)
100 0 100
— 8/(8- o *8)
a 80 ig i 80
& H -5 &
W% 60 N4 w& 60
iz p B
440 b= Q40
5 7 -10 £
20 = & 20
P = @
0 0.5 1.0 - 0 0.5 1.0 0 0.5 1.0

(a) RO S RBUS B a X R
& 2

(b) FRARHT R B S BE a IR FR
BEETZBENB oWXE

(o) FEBUPL R R B S BB R B KR



http://gks.cqu.edu.cn

34 TR K FFER

%34 %

1.2 HEN MEIHESTE

PP b BE B e T AR 1) 22 ) A2 Ak 3R 3R BAE [
BAS R b AR B 10 K BE S L ) HL R E e At AR
K5 MR IS AZ A 22 B B AR 5 /0N s 8 2 KB IX
S B BEAELIN O TR BB 3 X P 5 1) S0 4 il
SR AT AR B8 P45 PR T2 74 A 80 0 L B2 7 300 % 240 1Y
TR SN R — 48 R R oy N — 28 KL B
J17F RO BB 0 v 015 A A B (L2 TR] 19 R
TR O 2 DLE AR 3l PRI AR T R AR A 3 D7 M 2 R
I BB T B AR e

K& fAEHAR R (o ) BRI 14> 4k
5 1]

af
Gl F(x.y)] = [G} o 28
flae, )] = G = 2|
dy

E SCH AR
mag(G[ f(x,y) ) =G, +G,”* =
Ifye o (S e
[(EJ—I) + (£> 1.
T BRI SR R AR 2 G ROR B EEAE

mag(G[ f(x,y) D :W =
max{| G,” |, |G, |},
N4 7y ;)f af‘ \ NS . . -
'{j“ﬁﬂﬁﬁﬁa*ﬂ@ﬁfuﬁﬁﬁﬁj AS () A f (s
WA T My Jr I — B 25 0y R
G.=Af(x.y) = flx+1,y)— flx.y);
G,=Af(x.y) = flx.y+1)— flx.y),
Z L SRAGH B AE
mag(G[ f(xsy»)]) =max{| G, |, |G, |} =
max(| f(x+1,y) — f(x.y) |,
| flxoy+ 1D — fla.y) (5
WEE I T 256 Z BE AR . AR 48 A R A o8
PE 78 MG OK BEAR 2 FARAR 015 B0 T ACHR XK B (1)
SYHEIAR 2 . M AE EROK B 3dE v A AE SR . R
P PE R . TR 128 GO R I . IR AT DL B
2AIKIE R 25 . AE AR A B b R A =S UK
JEE AR A 1) R B e IR R B R R/ il it B R
BEEEME/NT 2 AR R SR K AR B A, T35,
F A HR A A0 0 R e T AR Al i B R A Y
XA 2 51 IR B9 T A AR T 22 1 X
MAGGIRER. MREEG S, AR EE
JIFE AR IR BEAE AR AR X3 #h ot X R s 3
0755 T2 A DB, S 2 X A DX K R [ B

a = 1
leax/(G)

XF IG5 98 A8 10 L 7 I a2 249 o5 A IXI K
JE TR B 1T % S 2% 1845 K RE A DX, B AR B OIK B (E
AR,
PRI I o AR A0 T 15 11 A HEASE R0 IR A 8 45 2 23 T
1530 3 B T B R o« 5 86 BE B AE mag (G) [ —F
B R
o {max/((liwel + mag(G) + {e;} »mag(G) > 90;
0 s mag(G) < 2,
(6)
X B max” T 15 38 AR B B A A e KM .
AT « [EAMT 1er MEEIER. N TR
A Lo O A1 48 2% w5 B I AT DA I — A ] 3k Y
EBMSH e e B0 L T AN

4 max(G) >90, % &1 =max’ (G), L ,<<0. 5,
e, =0.499, X 2<<max(G)<<=90,K%KH ¢ =
2max’ (G) . JIf L e,<C0. 666 6,H e, =0. 666, HIIX.
K F B 3 B0 3053 B B0 o 5 80 BE B mag (G) ) —
T o3 B 2 P pR B

1
JZmax/(G) )

+ mag(G) + 0. 666,mag(G) <= 90;

e < 1— » mag(G),

mag(G) + 0.499,90 << mag(G) ;

0 R mag(G) << 2,
D)

HRE = C7) ] LRI X & 500K RE {H € 728 1) 31 %
O BERLAE B R 2 BB 1503 B 5 o 38 2080 . X
T U AR 0 DX 23 B o B A o 3 R
Xof S R BE DX I BT 2% X 6 BE A R B ELE N T 2,
DU 3 B I 303 B B 2 R X R A7 A 3L O B TR
AR LK JEEEL
1.3 BEN« SN ESEBENSTHT

G =L A A LAZy faf kR 55

(541

E,;D,“f(t) = h*"Z(fl)m X ' (a«a+ 1D
m =0

m!\I (a—m + 1)
fCG—mh), D)
AN — e A h WA E AT AR R G -
L A8 F L7 (R 2 [a) 85 15 I 7 I A5 5 A sin ¢
PRI AN ) Y 500 43 B0 Bk o ) A BRASCRE Tl 3. |
TN a RN AR SR TR AN AR AR SRR Y
YR X RERRT TR o KT 1D AR 25 X
N7 PR @ B 0. 99, A BAEL o AR 1.
Syt 3 AT DA Y, B 3E N o B A BLT

-
A




http://gks.cqu.edu.cn

N

%2

ERE S BE RS R

oA B AR SRR B 5% o 4 ) 35

DUTBHIA BT @ Y B 25
55 398 T 45826 8 B (0
A

2) VLB 1 B o B B0 4R A 2 T
FE 5P HO BB (LR 1 T 69 1T 2 8 00 00

S o T ST PP AT 3 A4 U 65 & 3 AR D — A R L 40 o
TR TS MR ORRE T S g
oA

A LIE ] BT R S (o) € LF (RO,
Jir DL —4E R f (o) 19 73 BB o0 2 5 1 LA

1B A % 5 SR TR CIE = STiice gt 5y G E N8
3) HIE N o« Bk o3& 2 20 o) T i AR G Y B
10— a=0.0 20— a=0.0
— a=0.5 1.5H=— a=0.5
0.5[ ---- @=1.0 aee- a=1.0
—. a=adap } 1.0t - - a=adap }-
of </ 0.5 A
—_ é’-/ = 0 S— J - -
E-05F#- = OF : |
= = - -
S 05 v -~
-10 Y / o
-1.0} :
-15F sk ¥
_ 1 1 1 1 1 _2-0 1 1 1 1 J 1 1 ’ 1 J
2.00 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 L5 -8 -5 0 5 8

t

(a) B B EOS K PR S RIS RBCR

(b) & BB J5 PR 5 B3R AL

t t

() & BB sinc BREHIVE FIRUR

B3 FRMEXN—HESHERARE

L4 HEN MESEEZSNENEERE

EH PR FOE DL o B O I RO ER
FLIE BT o BOHA E A o B0 Xof B AR SO o 2 35
oo PRIIE X T 455 B — W R 5B TH A A aE
(4 o B K0 SR i A< 30 B2 1R S ASE A X P AR AH I 119
BRHFTTBA B R RR T

D A — W fF A B PR S D AR K ER
B FEE AL K B T 185

DIEER fAEA AR R SR A R KR
AR B8 i ) AL L SRAG XA R R A o
B %5

3R BT A MR R  BR f B B R
Fr Ak B X P50 S AN RE M AR AR AR F AR 45 38 s AR
B HOI BEAFL i o 5 )5 A AR g

LA NN 14 B8 A 1] 5Kk A J5E Lt 28 360 54>
BRIEAT 2 Whnkiz 5. B 2 2N oLz &
I 30X AHEARE AR . X R f AT Ak L X AR
ol s RS fRGRBEART N—1 &R
PEATBEA AL B, 5 B 29 ook is 5, R 22 9
(N=D" Whmikzd . W EERN o B idor 5% 0
MRS O (NS o B RAF %58 ik LA R AR
G I 1) 50 R DA AR Ao 0 KB Bl o BEAE RE 8 52 42 A
2l A A [ R A0 B L

2 KWE5SH

K3 A B «=0.3.¢=0.5 fll «a=0. 8

N

Uk IR & i O A T & i = B VA
B 535 46 2 43 B 104 1 TR AR 0 3G 5 RE T L X
3FPANTE I UGS T 3 Al bR S S R 4,
Bl A BEL, B3R o B 3o Xt 3 A AS [ AR 1Y Ak 3
proE S Y (S i I v | I N 1 SN N
S5 Bl Ak RN s Bl Ak B4 A A AT AL

T B WIEANY 45 Fh 5 vk 0 1R AR T KA 1 B
J TSP B A T A B Ay BT I A A s o X
B S A EAR BEAT A0 M. SR 1. B 4 Al
1 ATHEL EE N T A A B R S O
b BE R4S 3] T 42 s 0B A B0 B oy RT3 o AR
T OB B A R BT e . S N o B IR AR B T
Ppp R R ) 1~2 %5, BB E B E T o=
0.3F1 «=0.5 BB, XRU, AN o« Bl
43T LAAS S35 B R S A R R xR Y
Ab BT AR B — AR AR B T R R Ay
B o AT DA 5 S S S st Y . B 3G N a
Bt 45 20 045 SR TR R . X R, 3
a By AT LAWY I 1 o KR o 4 Y OF B TR
FEMBCT B BAERC R . X (b)) (o) 2 4S50 17 43
Br. iR BRI S5 e . Bk, AIE R o B idsr 78
HE R RR S A0 4w R I B R AN XS L B 5 T
BABAF YRR, OF AR B 8 58 5 B 42
F 3l Ak b Ak B AR, AT AR K 4 N TSR A



http://gks.cqu.edu.cn

36 TR X F FHR % 34 A

SRR B B I ] BT DL R B R MR I EEAT IR AR AR BT AR 9% A I R Al T — A S

2 A5 7 5 P BN 3 5 Ak B EEK g 2. BRI A H A v RE R Hl g
N TR B SR o B oo Sk aT A — @ R K b & N o B od o8 42l DU A2 R 3 3l 25 7 91 1R 48

Ak BEEA S PR R 10 R B A5 P A R AE Intel AR FHEIR,

(R) Core(TM) Duo CPU T6400 FJALAS I Xz &

4y

x 4
N b st
Ny o «'ﬁy
N A
AN %y ’,))(\ ’

, YWY 4 DY VAN
(c0) (cl) (c2) (e3) (c4)

4 3MABEGHAEMBRI R R
(a0) . (b0) F1(c0) K EE ; (al) . (b1) Fl(cl) K HIE M o B sk 43 s (a2) . (b2) F1(e2) Ky
0.3 B g (a3) L (b3) I (e3) g 0.5 Bridi oy s (ad) L (b4) Fl (ed) Ky 0. 8 i 43

®1 BEN«MMS5EESBH M E &K

BB NN EE LK (O HEMB
(a) HE % (57848 R Y E
T R T 0.0 7.419 4 10. 843
HiER o By 7.416 3 25.908
0.0 7.697 8 7.155 1
0.3 7.471 7 13.601
HIGNL a By 7.7295  12.616 0.5 7.5139  17.115
0.3 7.681 1 7.632 8 0.8 7.375 1 29. 819
0.5 7.671 3 9.209 3
0.8 7.790 6 16. 678 F2 BEMMEI 3 HAEBE G LEE
K% Bt a Kib Eifc
(b4 [ 4 /s 0.0470  0.0470  0.0470

i % fEEmM  FBE
A
0.0 7.638 6 9. 270 3 & B
HiER o Br 7.7811 17. 977
0.3 7.663 6 10. 230

B T S A e A A 52 B 45 R I A B

SV BCIIBUIR L 2 4 BF 509 52 1k T AT 1L fle 4 PR 4% 1)
o T 168 P £ R TR L5 P 45 B 10 R 11 30 2 1
0.8  7.8134 22.823 SRS DB o o R S T B




http://gks.cqu.edu.cn

%2

ERT.F AEESHN MY EBGLEEZ PG LA 37

J3E 45 PR SCRE 73 A 1) S 2 o 68 388 5 U 1 AT A8 A
TR . FRAIREY BE N o Bl il LA
I S AR A A 16 5 OR8] AT 0K AR 4L
PRI 5 L B 8 E 2 B By R T O RN SR
HR A 3 R B o3 B 8D I D AT ) T S I A
KA 79 B A 3 B oo BRie I T &8 H
PR R R AR B B AT RE . [ S 6 25 SR AL e B 1 X
Y T A B (R AT 23 B el o0 o B B 3 9 48 10 B e
I M B IE

B2 30k

[1]JPUYF, ZHOU JL , YUAN X . Fractional differen-
tial mask: a fractional differential-based approach for
multiscale texture enhancement [ J]. IEEE Transactions
on Image Processing, 2010, 19(2); 491-511.

C2 ] Bkteb, O 264 5 . 55, T 40 B i o0 1) PR 3

SRLTD. S UL A B i i 5 R 24 i, 2008, 20 (3):
333-348.
YANG ZHU-ZHONG, ZHOU JI-LIU, YAN XIANG-
YU, et al. Image enhancement based on fractional dif-
ferentials [J]. Journal of Computer Aided Design &-
Computer Graphics, 2008, 20(3) :333-348.

L3175k, B B o 5 gl AR IR b 30T ]

NI 2240 TARRLE M. 2007,39(3) - 124-132.
PU YI-FEIL. Application of fractional differential ap-
proach to digital image processing[ J]. Journal of Si-
chuan University: Engineering Science Edition., 2007,
39(3):124-132.

L4 1 75E, £ TR, BUr R Y 50 B8 oo MR K H B0l

BEHMT). A3 .2007.33(11) :1128-1135.

PU YI-FEI,WANG WEI-XING. Fractional differential

masks of digital image and their numerical implementa-

tion algorithms[ J]. Acta Automatica Sinica, 2007, 33

(11):1128-1135.

AR L BEAL A ARAE5 4r BT 5 AL 4 BB

WO I AP B S B [T, I R 224k TR

Bl2£ 1. 2005,37(5) :118-124.

PU YI-FEI, YUAN XIAO, LIAO KE, et al. Five nu-

merical algorithms of fractional calculus applied in mod-

[5

-

ern signal analyzing and processing[ J]. Journal of Si-
chuan University: Engineering Science Edition, 2005,
37(5): 118-124.

[ 6 ] LOVERRO A. Fractional calculus: history, definitions
and applications for the engineer [J/OL]. 2004 1-28
[2010-03-18]. http: /www. nd. edu/~ msen/Teaching/
UnderRes/FracCalc. pdf.

[ 7] CAFAGNA D. Fractional calculus: a mathematical tool
from the Past for present engineers [J]. IEEE Industri-
al Electronics Magazine, 2007,1(2) :35-40.

[ 8] MILLER K S, ROSS B. An introduction to the frac-

tional calculus and fractional differential equations
[M]. USA:.John Wiley &. Sons,1993.

[9]ZHANG W W , ZHOU SB, LI H, et al. Chaos in a
fractional-order rossler system [J]. Chaos, Solitons and
Fractals, 2009, 42(3):1684-1691.

[10] HUANG P W, DAI S K, LIN P L. Texture image re-
trieval and image segmentation using composite sub-band
gradient vectors[ J]. Journal of Visual Communication and
Image Representation, 2006, 17(5):947-957.

[11] FOUNTAIN S R, TAN T N. Efficient rotation invari-
ant texture features for content-based image retrieval
[J]. Pattern Recognition, 1998, 31(11):1725-1732.

[12] MAJUMDER A, IRANI S. Perception-based contrast
enhancement of images [J]. ACM Transactions on Ap-
plied Perception, 2007, 4(3):1-22.

[13] COLEMAN S A, SUGANTHAN S, SCOTNEY B W.
Gradient operators for feature extraction and characteri-
sation in range images [ J]. Pattern Recognition Let-
ters, 2010, 31(9):1028-1040.

[14] FATTAL R, LISCHINSKI D, WERMAN M. Gradi-
ent domain high dynamic range compression[ C]/Pro-
ceedings of the 29th Annual Conference on Computer
Graphics and Interactive Techniques, 2002, San An-
tonio, Texas. New York, NY, USA. ACM, 2002.
249-256.

L15] FEB, SR, —Fh i T R4 5 1Y 18 B ks o7 ik L.
K2 5 B FF# IR . 2009,34(7) :822-825.
KANG MU, WANG BAO-SHU. An image filtering
algorithm with image enhancement [J]. Geomatics and
Information Science of Wuhan University, 2009, 34
(7):822-825.

[16] TANG YY , YANGL H, LIUJ M, et al. Wavelet the-
ory and its application to pattern recognition [ M]. Singa-
pore: the World Scientific Publishing Company, 2000.

[177 UBRIACO M R. Entropies based on fractional calculus
[J]. Physics Letters A, 2009, 373(30):2516-2519.

[18] SHANNON C E. A mathematical theory of communi-
cation [ J]. Bell System Technical Journal, 1948, 27
(1) :1-54.

[19] GROENEWALD A M, BARBARD E, BOTHA E C.
Related approaches to gradient-based thresholding [J].
Pattern Recognition Letters, 1993,14(7):567-572.

[20] SOt oA B R, S kT i b 26 R [ R
JEARD AR BB BB R LT ] RAERE%¥4M: A
SRBL 24, 2010,31(3) :358-365.

ZHI LI-JIA, ZHANG SHAO-MIN, ZHAO DA-ZHE,
et al. Medical image retrieval based on gray level co-oc-
currence matrix and gradient phase mutual information
[J]. Journal of Northeastern University: Natural Sci-
ence, 2010, 31(3):358-365.

(R# & W



