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Design of automatic K-F ring measuring system
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Abstract: Automatic Kayser-Fleischer(K-F) ring measuring systems are able to help the diagnosis of
the Wilson’s disease. As traditional diagnosis methods for the Wilson’s disease ignore the influence of
illumination and the corneal arcus on the detection precision, this paper designs an automatic K-F ring
measuring system according to the (K-F) ring distribution in a color image. With the system., the
Region of Interest(ROI) of an iris image was extracted by pretreatment. Then, the boundary of K-F
ring was detected by the integral optimization of gradient algorithm and boundary tracking algorithm.
To reduce the influence of the illumination on the validity of the algorithm, an illumination detection
model was established to improve the robustness of the measuring system. Finally, the width features
and color features were defined to remove the effects by normal images and corneal arcus. 2 234 iris
images collected from our database were analyzed and the analyzed results indicate that the
classification accuracy of the proposed K-F ring measuring system reaches 98. 4%. It still has good
performance if the patient has the corneal arcus.
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Fig.1 Composition of K-F ring detection system
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Tab.1 Information of iris color image database

B e E 1 FE T
R 600X 800 600X 800
] P LA 462 1968

F1 555 4R 2R 52 352

K-F ¥ 6 34

() EJE 1 i K-F 3F
(a) K-F ring in database [

(o) FEPE 1L i K-F 3
(b)K-F ring in database |l



238 P

K TR

5 24 %

Lo AR

- = F LT
.

L
[ L

(D ffEEAFF T

(¢) Tmage acquisition equipment (d)Iris image with Corneal Arcus
Bl 2 EHER B MR KR

Image acquisition equipment and captured iris image

(O FMGRER &

Fig. 2
3 K-F ixréem H ik

3.1 BENmAE

AT RE Y KIS & L K-F 3 £ 38 1 7
W AN i B Ab L R T HET MRS I K-F BR L i S
PR DEAT AR B, 7904k B o 5 B 4 T A 22
7 R [X 385 43 1)

T B AR 0 BRI R K JR R L 1 T e
PUAH IR M G E LB D &R R £, Bl T
Hough 728 # (1 [ K 0 35075 L 36 T T8 28 2 0 0 Ji
DL IR AR D R T A SR A I P S Ay
F) T K-F PRE A7 a0 S 0 1 X3, AR SR
A SCHRCL6 1H 3 00 550k 58 AT B85 6 . (IR A it
B0 ) BT PR AR TR 2k A% Dl R o R DX 3R P [
el R, BN Ja R R O A SC#E X 3
SRR T A 5 0 T A X3 8 AT E B AR T 4G X 38
R 2R 5 (R'—R),

B3 HFXF K-F 347 Rl i X 8
Fig. 3 Detection area of K-F ring

3.2 ETHEMMEMR K-FHRiLFEN
3.2.1 K-F 2R JoHh & 4541
LR E N R AR RK-F 7B

PR AR 7 T M R 1) B0 3120 5 9 38 205 1) AL X HiE
fit, K-F #5055 i #4130 5 oL 5
HT T A2 UL R A4 2 W) PN SR BN DRt P AR
RS BEAR B AR AN [ B (% 25 6] T AF AR 25 5%
B4 7R T AR B oK A 5 1) 20 A 5 A

(a) BAT K-F 5 (193 43 E%
(a)Partial image with K-F ring

Horizantal gradient value

0 50 100 150 200
Position

(b) &l (a) RGB 2 ] 7K ¥ 466 B2 43 A1 45 28
(b) Horizontal gradient distribution of fig. (a) in RGB space

1.2 =
* U NUKCERES
LY — SIM RUK VBRI
g + I EARCEREE S
208 *
%
g 06 K-FIRpA L5t N
& +
5 04 %
g 0.2} «
= &
T O
- L L M
0-25 50 100 150 200
Position

(o) Bl (a) HST % ] 7K -6 J32 43 A1 7
(c) Horizontal gradient distribution of fig. (a) in HSI space
4 RGBZY HSIZs[HF K-F #0868 44
Fig. 4 Distributions of K-F ring in RGB and HIS spaces

HE 4 (DAL B A, £ RGB &= f Y
FHopth IX SR AR LY, K-F R 4030 5 0 86 1 43 A HL A
B2 ,.G HEAE K-F B oh Bk .
Bl ACe)af LLFE i, 6 HST (%28 il i K-F 334
T BE oA 5 Al X SRR L, B 22 5L H
Sy e K-F 50 0 9 i 00 8 5k B e k. 1 &



%13

SEERFL, A5 K-F B H s R 5 it 239

JE HR AEAE i I S AR IR AR DA B K-F 3
PG PR AR AIE (1 370 900 2 B3 b o A AR, U
AN T) LG FOR AR AIE 29 76 D9 S0 301 A 6 B e
I RAB B S5 /IMED JIn A 1 (0 R 38 T A7 7F 22 5.
X i 22 S M 25 X TR R B R AR (K-F 3R DL &% f
5 AR T ) 1 3 ) e R L, S T R X R T
AR SR A TR I 5 PR 1 1 52 B R PR AR 2
O SAUIN
3.2.2 HER R A E
HTEOQERGTEET REFRR . ORFER
DA B A A BE A L 5 33X 26 15 B AE H AR 1 34 5 b #5 AF
FE— B FREE Y 22 5 . 5 0 R DR €6 TR H A 114
1A RGO L B A DR PG e A A W
R, IR, R 2 2 5 H T F 5 R (8 R
(030 GG 7 1, IR LA T — 5 M SR . il dn e
BRC17-18 48 i A9 3 T DU o B LA K fn 25 4% L 2K it o%
e 55 kA A AT Oy . WAL HRS A Y H
PRSI DX 35k B T BATR AR AR 3 A 4 — 26 55 2% 1 i
58 25 B G A5 18 5 A B F O R i i 7 2R e
M7 L o K SR P M 7 R M ARG O T 1 A
Mo AR SCTE 53 M BROIR R AE 100 66 18 A1 LA 114 3
Bl = R R i 7 e B ) 9 2 R I R A A
T AT T A 5 A o 7 I A e S T R
R G DA B AR 3 AR
CL) 0 2 i 7 e 1 Ak S
EXBE R p= it itk g—
frm B |l =1, 3@k 135 40 4l A, 78 HSI
23 1) T AT LI R A B W I Y e (i s B B K-F 35
INILF . X TR AEB FCa y), BHR P ARAT
BEH AT LIFE HSI %8 1) FRRm A & (HCxs y)
SCxsy) s ICaxsy)) o Flas pAERE p FHEE N
PRELW (s y) o HiE LANF
Wz, y=p+ F(x,y)=
m HCxs ) +m SCxy )+ n Iz y). (D
M 1] o O [RE B 852 8 W (o,
V) 320 G i) By B S T . A Ak B A A E
K3 e, 3 B R BRI T B A0 A, R T e B R A
B 1) e s 58 SCAN 22X (2) Ji 7 14 B 2 1) 1 5
R M s y)

Jﬂ:a(m HCx, ) 4+ m SCas y) 4+ ng ICx, y)) 7

Mz, y) :H\ grad(W(zx,y) [*dady =
S

} dady,

dx

(2)

320 Bk e (A I £ (] rh AN [) 38 A R

BLIE S T X — 15 00, T 5 R M, )
Iie RABLINE BT X 7 A1) 1] e, fHT BB My )
KA, ) BT AT DLGE TR R EUR FE A

FAFAE AR T X 7 19 5 A1F 1) 8 %) 7 3 3 R4S 3
an Az ars
A= | ay dgo 23 | » 3

azy dzz  ds3

N 2 9

a :Jj dSv Qg — A1 — JJ\[
T(2S)* (JH a1

azz :JJ[EJ dssai; = a; = ZJJ[JI szs,

o aI 2 T QIQS
N (L P— EE
(6)

EERZ R E p 5. @l 00 Wa, iy
B A S A K-F BRA9 A 0 . 2 B8 3% 07 vk
[ A 0] LLAE RGB 8% 25 [ v 58 it K-F 34030 5
ARG

(2) T S0 #3540

o E W 1 S5 G e S 1 2o AR o, T B L
A JEE S0 A 2 B W ey ) S R BR T f IS
AT I 301 R 1) B {8 R A1 30 458 — S 2 ) 3 W A
B 4 4 FR, éal_ibfﬁﬁﬁﬂiﬁiﬂffﬁ
S5 P A5 P B R S0 R 2 F 00 R A U 7 A

JH

dx

< 5ads

X W, y) itk ﬁ_%m%¥%ﬁW%¢‘U1
FER & ST LI
w (xs =Wz, y) * G(xs7), D)
Hrr,
1 2+ 2
G(Jc,y):mexp *xT&L} (8)

B 5 s 1 2w P 0 DR S A R AR R
PN G i G 5 W 7 19 0 A1 R A



240 P

K TR

5 24 %

250
200
150
100
o 50 y
Ca) P 30 S 0B 0 [T 4%

(a) Filtered results of inner edge

(b) &1 301 5L 8 52 S
(b) Filtered results of outer edge
5 K-F U4 R
Fig. 5 Filtered results of K-F ring boundaries

i & 5 Al DLk B, K-F 3R g i Ah il R7E IR
PGP FR S T f KA, I HL S0 FE i & 1 40T T
NP LLIN

(3) i FHER B

R A5 A [ €007 25 6] T pl B 2 i) 7 e A0 530 9k
Ab PR AT K-F 55 04 N A8 31 50 5 A fe KA 1 43
A5 a5 T B R PR AR AR 9 A 1 S AR SCR
BAJ ) A0 R i S A AR L R R R Y
A e A R IR A e R AN 6 TR .

()

A

Bl 6 BRERBON SR 500 E

Fig. 6 Tracking template and starting point

W FUBRER TN Ry e w (2l y)
SR AN 6 BT AR IR s LUK AR S AT R R
FHAB A 3 AR Z b, 5B JE fe KR
HRZEAE R T =B ER ARG R EEE L
WA, HEIA S w (2, ) B —ITIR RS
B 7 R T K-F 5l A BR 45

K7 BREJE K-FRNMLRER
Fig. 7 K-F ring boundaries tracked by proposed method

3.3 RBRXEME LB IES T

TR K-F SRR I R P e 2 R,
A SCHTA BRI e AR 32 b 25 1 F R (H X KR i
T Sk 5 IR B 22 6] Y A B 22 L 2 R BUN
oy BG 2 32 6 e . 18 8 CR I WL 39 R L 5 WD)
R T R R BT 3 EOR 4R BB AP B A% Bl g
P o AERA K-F FRal 1728 4F BRI 31X Fl il
IR AR MRS A w (o, ) A B — 2R
PR (H 3K 28 J5 B AR (L R AE G Cew ) BYAE ]
B K R BR X K-F SR L
KA = R . X T A BAT K-F 36 a1
AR R 25 BB A AR DI B i I AR T
i w' ey ) (M AR PTREBE G ) P38 (H 2
PG w' Cos ) BB AR TR AR 7 1) EATI A DL
(H R A A o A SO0 S R e B v Wl
(O AL B 2 R A IR e A S BURA X IEF
FUGREAT 73 B BEERAR X I, 1] 9 WK T /&
G DX 3 BRI 7 A AR w0’ (s ) Y 3T
(ERUW

B8 LR W ™ AR Y R A

Fig. 8 Noise points produced by illumination



%13

SEERFL, A5 K-F B H s R 5 it 241

RILI B

7V SVIE S L N

200

100 140 180 0 50 100 150 200 250
F9 LB (7)) OB R B D w (s ) (5310

Fig. 9 Distributions of w (2, y) by effect of illumination

(left) and normal image (right)

B9 GRS UL 35 T |, 5 WO o] LA HY, e
FE 5 ) DX 3l P o JBRT B s  )  40)  HG A3 HEO {E
S w s ) (EAEKE D5 [0 1 B 8 R T SRR R AE
SURTSWINTT- A BUR 118 2 BTN E S € I N
IR B R A w' Cos y) 2 FRAR R AR 20 B4 B
(50 AR 22K 6 FIEH M ER, w' (o y) BEATIR
ES AN Syl M US|
OC R i 1 B ' (s ) BEATAR R B (B AR AE K
07 1) b R LA AR . IR L O T 4R
e K-F PR 28 40 i A 0 o o M, A SO LT ok
HERG I ASE Y, 20088 Y 1Y) 3 2 D) R A 4 KT 45 7 1Y R
OEGIEBZ BRI, AR BAAD B

Step. 1: 2 Q) AN X w (2. y)
FRIRR AL 520 A PR e (s ) 5

e,(xyy)=
1if(w (s y) =max(w (x, y) (2=1,.. width))
0 others ’
(8

Step. 2 : MHE AWK e, Cas v) FE K- T7 17

AT A R A pre( ) ;

Height

pre(a) = > (e,(xsy)). (9
y=1

Step. 3 AR/ 3 (10) T8 5 2 1 1 4 40 31
SR WL 0% 55 bR 5 40 a2 1 8 24T 1L OF
Y 2

width

W= > 82, (10
=1

1,ifCpreC ) >1)
0,others '

F 2 (10D TR i 25 1 6 1 ) W 98 B Sl B
R b i 2% 19 1) T8 A S B B, W BRI K
TR B w' (s y) TATIRER e (B 2200 53 A AH X B

o(x) = (1D

B, B R E T SR A
3.4 ENERERERTNIER

H TR R B R AT K-F ST R, A
SCEH W R AR 1Y IR bR S B HOIR AR AE (K-F
W A LA ), it AR SCE T B FE R AR
BT R T2 B B AR AE 0 B b 2 R
FA MR A R B SR AR SO e T B E S T
3.4.1 HEMNEALT

i 15 3k A SOV 1 1 1 BROIR R AR 1 1 32 B
K Ew (s y) s NI AN E, Cas y) s AN A S0
NECH n, WA SCE Y 58 8RR AR 7 an T 5C
f s

n

(] EpiCasy) — EpCaay) D
W: x=1

. (12

n
3.4.2 MEHIELT
T B FRARERAE (9 € [R5 B AT DL # R
AR AT DR K-F 3R, A T REE HERR A Bk
AR T8 7 SCOFIFH P R A IR AR AT 7 (6 R 36 B
RS E LT EERIER S TR R,

JZ%X PR (p—DX(p—1)X(p—/3),
(13)
/\I:P:
I=/M+M+M , (14)
I'=V(M—D*+(M,— D>+ (M,—1)?,
(15)
p:%(l—i—l'—i—@). (16)

A SRR AT B A FOIR K 8K, n R i A B Y
BENEM, M, M, R 5 E 5 AR X S
RGB % 25 [|] v, A el 6% 38 1B AR R 17 1 .
3.4.3 kRN ARAT

A SO A R R FAR, R 15 48 %
FRR,EH 45025 E LUK AER . P 4 DS
FERRIE M A SR Y K-F BRI 2 42 19 A bk

AN FIVEAN 8 A 0 o A 3R T 1

FAR=H7 13 H 5 I HE AR/ B A5

FRR = #5048 (R AR50/ SRR

E= CE 52 PR 31 B A A 550+ 5 D2 90 4 B A A~
BO /BB

P=1—E,



242 P

5 24 %

4 FB5LRH5H

4.1 IREFEBLEKRNE LXK

Ry T AE i SR B R €8 TR A v R AR ST R S 1Y
K-F Wil /I 3 i A7 7 S 9e or #r. XF B A
K-F 35 £y JI5 2 4 IR RRAE R 0 36 40 120 546 T 2%
RUWNE 10 fian, LREREREREFA 2 234 1@
PEIAG ) TR JE T 3 AR S ) BARDR AR AU A I B8 3 1 e 4% O
BRI 2R 98. 6 26 . 52 M A I o 4 236 119 32 2 it [
A2 R T IR G 1 7 SRR DA KOG BE T

(a) AN [ [ B i oA K-F 2R [EI50 00 6 D0 425 2R
(a)Detection results of iris image with K-F ring

TSR e Ch o N

(b) 1 JBE 22 4F B B2 0E 85 0T JIEE iy o ) &4
(b)Detection results of normal iris image with/without
Corneal Arcus
P10 766 8w IO e {0 B V6 A 0 31 SR 45 2R

Fig. 10  Boundaries detection results of proposed method

4.2 BRI SEIE AR5

R T AR IE AR ST R RS T AR TR (Y e T o A
Frw e B BAE 0, A SCiRIE T AT B — A
S 3 B T A A A SRS AR AU R R RE 8 IX 432
GBS e Y ER 5 OE R R 58 A S ]
T E R 0. DL 1 ARG A
45 15K IEH IR o1 5K HAT K-F 3R E{Z B
ELE TS AN E 11 FroR . 8 A SEE pE R
P2 vh 32 BESE Y 40 5K MR BEAT 40 #T L SE 0 45
R 12 s .

M 11 s TR IE R RS S B K-F
Wy EMR B W AE A7 76 W] I 22 S5, T [A) 25 AR Y
W AE o A 88 A . R W T UVE —
B 5 FE AR T o BBy s . B 12 \)
Y B R 0 7E 6~ 11 Z[A]IF, BE 15 A ) A A
F4) G 0 B I BT P R T I B Rk 97,594

25 T ;
B R M
-G —- 2GR I AR 53 Aii
20t
/] Qrmmmmm e O el ]
)
S
10f
5[3\5\8/5
I 2 3 4

Experimental number
BT AR R S

Fig. 11  Validity verification experiment

Accuracy
=]
~J

:

=
=N
T

0.5
0.4}
0 5 10 15 20
w

PR 12 e N B 4% 52

Fig. 12 Experiment of threshold selection

4.3 BHEWIERXR

N T2 B UE AR SO E R AR AR W
Ko J WA R0ME R 56 B REAE WA I PRI rp 2
HA FORFRAE , BR8240 A th e an i 13 FF R 5 F1
F T DO K-F 3055 ff 52 48 38, i 45 170 185 2 iff £
e 14 fios.

M 13 rha] DLW Y O A R i 2 S
HLAT PR RFAE (1 11 2% RE % B 8 43 JF , B3 2 AR SC
07 1% T4 BRI B B RE AIE B 08 1F R o IROIR R AE
W 2 5 A7 FE I B g

MEE 14 Rl DU R B RAE T eSS
X 53 K-F LUK AR 3R, KR 13 HE 14
il 2 22 [ F) 32 s X6 o7 B4 A 00 A Ry 3 285 B (6, D
W=0.33,]=0.156, 43 J7 k5 H A £ ¥ )7 ik
Z B X e S5 R 3R 2 o,



551 FUE B, 5 K-F ¥ [ skl R gk it 243
0.12f i ALV K-F SRR I & 48 an il 15 s,
0.1 | [ ST Y e v ] B P s 2 0 1 5 2 ot R AT AR IR A

0.08}

=
]
X

Data distribution density
(=3
=
(=)

e
<}
)

0

0 02 04 0.6 08 1
Detection result of W

Pl 13 i WX Pl {5 A7 G ) 9T A5 B 188 43 A il 2%

Fig. 13 Distance distribution curve by using W to detect image

. 03 ——K-F#f

= | | s AN ZAEIR

= 0.4¢

=

=1

203

=

2

B

Z 0.2t

L=

g --------

g 0.1
0 - i i 5
0 0.05 0.1 0.15 0.2

Detection result of
14 Jd3d J % EMRBEAT A I BT A5 BE 88 43 A it £k
Fig. 14 Distance distribution curve by using J to

detect image

Fx2 FAEAEEILLS LR
Tab. 2 Comparison of different algorithms
el e £ 5 WA FEIF
oAIlEERS K-F # Rl IRIE
B g
AR 2234 40 353 36 0 98.4 298
WHk[13] 2234 40 353 188 2 91.5 107

CHRL11] 2234 40 353 164 0 92.7 455

Wit 2 v VA L AR SO A K-F 3918
B BE 8 35 F 98, 4%, I I XS N FAR 2H
1.6%,FRR A%, LRI IUE T 75 R IEHK &
PR A S A 1A L A B AR SO R
RA BRI, FEO AL ) AT K-F & 4 # iR
{14 == 2 J5L R A 4 A T — 7 T AR SRR ]
148 J2: 7 A 2 fk T L e R B 2 MR 4% 15 I A IR
AR 5 R 3 R R R A 0 S & B T
WEILEZ ., Ji—Jr i, HAh 5 k£ X K-F 7
ARG 4 2o v AT 2 I A T AR R 1 T

PR ARG I 1) 45 3R e 28 8 W IE S5 L

vefR rAsEER | BIEER | RsEER

(Fanta | T

SETERI

BAMSMBEE
BRI

SR emEm | [ e | SR

EEEE:

K15 K-F 3 Al &g A m

Fig. 15 Interface of K-F ring detection system

MR AR K-F 3R 00 & Gt . e 228
BB IR T R G AR I B A 5 D) RERRBAT R L 4
O FAR SO B R AR I 25 . R AR
B MR 32 C IR A B2 R, O T DR GIE AR A VA A
Ao B CRERG . RET AN
LS 2 S 4 L O el AR O IR

5 TAEE MR AR T E,
5 & #

EFXTERA ik AR AT R K-F R A h s
2 L8 IR AR I A RIS R, AR SO T K-F
PRGN 22 G0 5 3 23 51 A ' ARG Y0 AR AR B o TG
T 22 30 1) 8 0 P L 2 UG v B ) I AE ) &R
GEAT EL A R v R O v G R L il 2 S8R o A &
L AERAR 2 234 i MR iz 7 15 1 R ) SR g
k%) 98.4%.,

ARSCEIT Y K-F ¥ A sh &0 &R 56 0] LLE N
JER R b FC G 1) 4 B2 W 5 0 JHG X 200 1 B A LA
Efiiz A HEEE X, ARSI K-F 37
H S I 2R G AR — S N 2 1 58 th T im
T AR R A B B PE T K-F O3 B B AN
JE 5 55— T MG S e A 5 IR S Y
TSP ARG K-F ¥R, 3 88 a] 0K 2 4
FHATEMR EEANE,



244 G R LA %24 %
. cations Proceedings,2013:101-106.

S % Lk - [11] MORELLOR, de CAPUAC, FABBIANO L, et

[1] ZRcE. BAAH[M]. AR BA B, 20073417, al.. Ocular biometric measurements to diagnose
LI F M. Department of Ophthalmology [ M]. neurological disorders due to wilson disease [J].
People’s Medical Publishing House, 2007: 3417. (in IEEE Sensors Journal,2013,13(9):3203-3210.
Chinese) [12] de CAPUA C. FABBIANO L. LIPARI G. et al. .

[2] GUSTAVO G.FRAUENS B J. Corneal copper dep- A web service-based mobile application for detec-
osition secondary to oral contraceptives [J]. Op- ting Kayser-Fleischer ring in eye corneal [J]. In-
tometry and Vision Science,2008,9(85) :802-807. strumentation Science and Technology. 2014, 42

(3] LIM MM, MD,ELISABETH ] C. et al.. Kayser- (1):95-108.

Fleischer ring as the presenting sign of Wilson dis- [13]  WEI Q Y.CHANG L, et al.. Venous congestion de-
case [J71. American Journal of Ophthalmology- tection method based on HSI color space [C]J. China
2002,133(6) :832-836. Conference on Biometric Recognition, 2013,88-89.

[4] SRINIVAS K,SINHA S,TALY A B, etal.. Dom-  [14] RaB#. Sifeak. 440, JEF /0 5 5 00 ir B0
inant psychiatric manifestations in Wilson’s disease: EAL T LT ] BB AR R, 2008, 29 (8):
A diagnostic and therapeutic challenge [J]. Journal 1704-1706.
of The Neurological Sciences,2008,26(1-2):104- WU J H,ZOU D X,L1J H. Iris location algorithm
108, 200. based on small-scale searching [J]. Chinese Jour-

[5] BENHAMLA T. TIROUCHE Y D, ABAOUB- nal of Scientific Instrument, 2008, 29 (8): 1704~

GERMAIN A, et al.. The onset of psychiatric 1706. Cin Chinese)

disorders and Wilson's disease [J]. Encephale Re- [15] #AEF, TR, THM. 2T RIHEFEYL Hough 4
vue de Psychia Trie Clinique Biologique et thera- e AT B LS LT ], AL ALK 4R, 2003, 24
peutigue,2007,33(6) :924-932, (5) :477-479.

[6] CHAKOR R T.SANTHOSH N S. Severe neuro- HU ZH P,WANG CH R,YU L N. Iris location u-
psychiatric presentation of Wilson’s disease [J]. In- sing improved randomized Hough transform [J].
dian J. Psychiatry,2011, 53(2):170-171. Chinese J ournal of Scientific Instrument,2003,24

[7] ANG M. WONG WL, PARK J, et al.. Corneal (5):477-479. (in Chinese)
arcus is a sign of cardiovascular disease, even in 161 L s, 4k b 4, fr . — AL T CHRZ5 4 R AE 11
low-risk persons [J]. American Jowrnal of Oph- BRI E fr Bk L) ] R e 2422007, 34C 1)
thalmology, nov,2011,152(5) :864-871. 112-116.

[8] ELLER A W. GOROVOY I R, MAYERCIK V A, YUAN W Q. LIN ZH H, XU L. Novel iris loca-
et al.. Yellow corneal ring associated with vitamin tion algorithm based on the structure of human
supplementation for age-related macular degenera- eyes [J]. Opto-Electronic Engineering, 2007, 34
tion [J]. Ophthalmology, may, 2012, 119 (5), (1): 112-116. Cin Chinese)

1011-1016. (170 B 40, ASR . B8R, 5. ool 5 % 6 Bl{&ih %

[9] ok, AR50 5 3 K REAL[) ). & 25 5 4% 42, 2005, HEULT]. 3 S LA 5, 2007, 34(1D) :212-216.
13(5):37. LANG F N,ZHOU J L. YAN B. et al.. Quaterni-
ZHANG L. The corneal arcus and cerebral arterio- on and color image edge detection [J]. Computer
sclerosis [J]. Medicine and health care, 2005, 13 Science,2007,34(11):212-216. (in Chinese)
(5):37. (in Chinese) (18] FR#A&. w LKA LA AYBGLIEY 6 AFRL

[10] ROSARIO M, de CAPUA C, FABBIANO L, et al. . (D] A : A HE Tall: KA - 2009,

Image-based detection of kayser-fleischer ring in pa- XING Y. Research on Quaternion and Its Applica-
tient with wilson disease [J7]. 2013 TEEE Internation- tions in Graphics and Image Processing [D]. Hefei:
al Symposium on Medical Measurements and Appli- Hefei University of Technology ,2009. (in Chinese)

fEEE T

SRFH (1960 — ), # %, 14 4 50
1982 4F T 1 M K 2% 3K 49 % 1 4 40,
1988 4F \1997 4F T 7 At K 2 43 5 3k 15
Tl 1 R =3 VAN S X T Dy 1 WS 4
P A U A A 8 AE R ). E-mail .
yuan60(@126, com

b

B R (1985 —), H HAF 5K 4. 2007
42010 4F T 20 BA Tl K 2% 43 i) 4k A5
2 B2 A FEAF ST 0] LS
A A A ES R 51 . E-mail: changle
1105@163. com

(AEB%E .20 FK)



