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An improved algorithm for subpixel edge detection using gray moment

LUO Jun, HOU Yan, FU Li
(College of Optoelectronic Engineering, Chongqing University 400030, P. R. China)

Abstract: Subpixel edge detection is an important research issues in image measurement. By analyzing the
algorithm for subpixel edge detection presented by Tabatabai, two shortcomings of gray moment algorithm
were revealed: difficulties in judging edges, and no consideration of the model effect. An improved
algorithm was presented aiming at remedying the shortcomings. Considering there were many false edges in
the image processed by Tabatabai’s algorithm, we improved the edge judging rules of the algorithm by
analyzing the influence of parameters on the result. The experimental results show that the improved
algorithm has good anti-jamming and edge thinning abilities, and high locating accuracy with an error of
0. 06 to 0. 08 pixels.

Key words: gray moment; edge detection; subpixel

iz FH T8 I 5 AR S5 B A 3 AR o IR SH
TELREN I i AR A AL E . AR & DL AR
Hefih A | RN BE AR U2 A LA T T
HR BT B0 AR G T Ak B A
BB T AR AF BRI L S8 . H . 2 5k
TR P A B SR RE R DG B . BE A TR R
i ZOR 9 AN BT 5 soblet™ s canny 4548 R 29 K
TIOR B © 284S BE 6 J2 52 B I 6 1) 205K L IR s 25

A% B H):2008-01-05

R R B AR B A TR P )
Tabatabai %48 1 T JK BE 405 W AR 2 30 % 2 (k" .
R JRE A 300 5 5 A7 15 1) 2 A i 3 Al 14 S B A v 1Y)
S i 2k 43 A 5 AR BR300 GBI B R R —
B, 2 I G FR Ok Al S B il Sk 4 . i
ST DT AR B B i GO BT LR ) N5 L 3
GENAUER . £ FH A% Tabatabai 8 3 19 A A,
PR TR o R B T R R 0 A U 1

A eom B BB 2 E B4 TR — TRV E A H (J102006B104)
AE & WA 2 81 (1963-) . 55 R B B0 1 4 2R T Bt U0 e R TT R 5 BFSE - (TeD023-65111472;

(E-maiD) luojun@cqu. edu. cn,

http://gks.cqu.edu.cn



550 ¥ K K F

TE AR 42 fl A 25 RO~ 0 ) AR
M.

1 RESEAZENELE

i JE 11 2 R I B0 I - Tabatabai 1 5642
HE ) — 0 ) P T = B 3 R R %o 3 5 i AT AR R E
(DAIUECR7 N

ZHE TR AS MERTH) L RE 1 iR
HEFF MU 5 b 15 52 38 20 30 R AG) B — > S A7 [ A o B3
TR o BT B S U Sy AR AR B R AL L AT
PUAN A — RV BAKE h 5 —R5HAKE
hy BIBR AR TLR A& 2 s o Ho — L i A
A4 D BEORGE NGALE o G TT ) 0S5
00 By R BEAEL oy A By » B

hysxcos 0+ ycos 0 < p;

E(Iyyipve) { (D
hy sxcos 0+ ycos 0 > p,

A —E RS

y
12 |3 | p
1/2/1110987

13|14 |15 16( 17 | 18 | 19

26-1 25 24 fa1o 30 o To Nl Mo X | 20
o

27128129 | 30(31(32]33

48[ 39| 38 | 37 | 36 35;4

42| 4p | 44 | 457

A1 FFaALmagits

xcos 0 +ysin O =p

B2 —mEDBEAR

AR GBI, py R p, RoRIKEE(E RN by
Ty, TEBRAE B N T 7 EE A1) DU = By K Ay (B = 1,
2,3) 12 -

(2

P +P2 - 19
m, = h/fPl thg])zo

F IR %31 &
R4 0] LA
_ 1 1
p1_2(1+‘ 4+s2)’
PR 1
Pz 2(1 \ 4+§2)’
(3)
hy =m —o %;
hy, = m; +o &
p2°
/\EF‘:
o= m, —mi ; (4)
_ (my + 2mi — 3m, « m,) _
= 5 o (&))
o

L3V S QNI PN AV N D S AL
WRIRT =B A . B TAERS MR R A LKEE
AR AT ALLE E U BT = B B RE R 1 SR el B AL Sy B
58 7 S 1) 115 3R D BE (L F) I A

m, = Zw . (6)

A I ﬁi‘%$ul$%i M%?ﬁﬂmﬂﬁ;@ R
R T G R SR AU

XFHEALE o L T7 18] 0 BYSK fFE L SCERL7 ]

o= cos a; 7

sin5=¢; (8)

Vs + v
— (9
Vb + i
Horp g Ly AL [R] YK BE FE O AR AR
FEAS B AL — AL BT Y 4 > S B0
BRI (xo sy TR AR

X, x cos @
=l ]
2 REEHEEGREZ A KT E
T KERE LSRR, B T IZE A7
A7 A8 31 25 4 W 25 1 A5 5 35 TR BE 25 R AR AR RN 1)

), EAT T AR L A et
2.1 %Ay P AR B

cos =

IERECEON2

(10)

EENGILIES
hy —hy = /7)? ﬁ (1D)
H b2
Ehjcﬁik[ﬂﬂﬁ%’@%%n:
| hy —hy | =26, (12)

R AR DA A Sy S 75 A7 7 300 5% 00 1 2 2% AR AN 5
HI L AR AR % AR T L

http://gks.cqu.edu.cn



%54

BEHE AR K % Fok 551

D AW 54X A2 S5 A o . B izt A
Pibe BREET /2 B A BEES T plpe AA
XORFE s 5T 0, X6 F s AATRESE T 0, 7
LR (12 S5 5 R R T . B 45 1o e oy

| hy —hy | > 20, (13)

DRI AE by T by FHER ST Y. Y
BRI PN BRI U R AR R A Y A L SR i
T U5 R

45 45 45
& = >wli— (O wl) « (Olwl).
i=1 i=1 i=1
45
12&); = 1?
=1

I = ICHED .
o =0, (15
MG AT AL Y 6 55T 0 I hy by prapo A
FETERY
AT W o S W T B N A SRR K
JEAE R AIRLEE 2 6 g O I, B B N & MR R UK
JEAE AR 55 MR A A REAF R & . Fr DL 7
(I3 FEAT H W Z 1 3% F6 I Wt o (.
o>t (c ARFOHEED,
XFFATE B EHR o (B A .
3)p (X Sk 5 B 52 ] 2 A (7D HLL o
fH 2D S S BB P PR B, 2 o MR o 8/, U
JREEAE R hy WAR R RUAE B R BT o 1) L 9] o 5 B
b, WAR AT B A2 MR 7S R JE AN AR AE S BRI % T L o
o A AE A W 1 45 RS B p<<6 (8 B KTF 0 MW
0.
2.2 HRHEE
TE R B 101 25 6 T B30 0 v oK RE 2% JE RS AR 80
A X QO TR A ER . PriE B  J& T8 B T
PR AR /N 1 A (] T {85 300 2% AR R A b 1 155
A 22 o R BRI FEAUE o, B P
B A JF B 0 KNS R B AR KA /D . Rk
M R N XN i F bk AR Z A A A =0 3 5 0
TR Z B T B8 0 2 AR S 15 N AT Y (B AE SE B
NG ER RS I SRR ETERL X
Fof AR 7 1 R AR O R NP SR R A (R
MR AR N/ 2, A 7 S 0 A S A7 I3 19 B S o i
KN/2 A%, B Z B WAR R AR 2 0k

(14)

(16)

x, x cos 0
GGkl am
[ bsf B 55 I L 17 4 o
0<<20/N, (18)

3 FxE

T AE TSR A AT LA ALAEL LA 7 X7 B AR
P 3 ) W X7 F TR AR 15 T 15 6 B
JTE R SR = B KA

[wo  wr wy, Wy W Ws W
Wiy Wiz Wi Who Wy ws wr
Wiy Wis Wi Wy Wig Wiy Wa

W7 W  Wys Wy Wiz Wiz Wy
Wyg W9 W30 Wz Wiz Wiz Wy

Wy Wy W39 Wi Wi Wze Wss

LWyz Wiz Way Wy Wy Wyr Wayg
B3 TXT7 K
Wy = Wi = Wy, = wys = 03
W) = W5 — Wy = Wiz — Wiz — Wy — Waz — Wyy —
0.009 137 672 35;
Wy =™ Wy — Wiy = Wy = Wag = Wiy — Wy — Wy —

0.021 840 193;

W3 = Wy = Wy = w5 = 0. 025 674 188;

Wy =Wy = wss =wy —0. 025 951 560;

HAMAE R 0.025 984 481,

PRI o AR AE R R B . 5 R R

RBBOR F I G KA EERS 3 — K 7250 (16)
T P AL T B3 — OO — A 2 5 P I X (13D A
(18) 2 A5 J L » W 2R e~y AT L (17D 3 3R R
LLY

FEXAD H L (s y) BB G FHY AR K A
Bi s (s ) 2 AR H o X6 L 1 AR 2R 5B Pl AR AR
PR AR 2 B MR R B Sl 1 B8 3 — U i A 0
G AR R AL R S AR AR A RS FS B 58
DU 85 3] TR BB L%,

4 RBLR

38 35 LA X B i B8 R B0 E BT ek i Rk . B —
AR R I o BT S AR I . BT F A S
S 256 X 192 1K 5 R, Rl 4 iR .

A AL B 25 R AT E L AE AT WAR R i S P2 L
B XF o m PARR 80 TR 2 i R S e A .

B TR S . AN T T
— g 128X 128 iy —fEH & &l 5 pros. Wk
AR R R T I E R X 301 2 B HCAY S i
SR A AR e e — B O R AT 2

http://gks.cqu.edu.cn



552 TR KXKFFER

%314

ymele

()R

(b)Xt o A BRI (c)o>15
A4 BB

JIv AR A v 19 B 102 D 1 S e ) 36l B
(ELXS 120 R 20 1) 2 0

(a) R—MEREB

(b)XF p AT bR (c)p>2T5
B/S5 —MMARAGZRR

IR A5 R R RXT o i LA BR i A 00 ) [ 45
BGARML L T gt e B SRk AR AE T %

5 =IO 1S IR SR A BT R, Se Xt
B 4 Ca) 73 31 S AR 3 P 75 T Bt BIL e 7 9% 0 T AR 5
EIEAT AL B S5 RN IE 6 o .

 mee

O

VUI:]QO

(a )HUER TS 1R (b)yAR B FEB
! )
(c)REHLISEFS EIR (d)AH AL TR EA

B 6 FikmisiE

5 R g e el IS g o = R 1 71 e 7/ 5 A
L

SR B RN T 56 UE 4R A WAR 3R AR BR A
o RN TR — I8 128 X128 i —(HEE
FEEIMERES 31 AT 255 70 477 FIZE 51 81 & 90 51 X 35 4
A1 EEA O NE 5(a), FEZ(13).(16) . (18)1E
BT ST a2 (L7 AR AR bR, X
TG IAT A BRI AE 30 4T A 31 47 o], B Ak R
NLFE 50 F A 51 1) v [a], B AR 2 Ak bR Ry (30. 5,
50.5) U5 35 47 R4 44 47 FIE AN 45 R 3k 1
Ji7s o THE B AR R AL AR 1Y 43 B RS AT L) Gk B
0.06~0.08 Mg %,

k1 SRR by 24 F A AR
PRI AR R AR A Ok B8R Al A

7,5 7,5
35.5,50.5 35.569 182, 50.576 551
36.5,50.5 36.569 182, 50.576 551
37.5,50.5 37.569 182, 50.576 551
38.5,50.5 38.569 182, 50.576 551
39.5.,50.5 39.569 182, 50.576 551
40.5,50.5 40.569 182, 50.576 551
41.5,50.5 41.569 182, 50.576 551
42.5,50.5 42.569 182, 50.576 551
43.5,50.5 43.569 182, 50.576 551
44.5,50.5 44.569 182, 50.576 551

5 % &

SR 18 B3 TE 23 M 45 2 O 45 2R R R 114 5 il
bR A A RE AT T I L 2 A A O
W TARZ R R S R I T R AR O L 1 Ak
TG AR R A bR 28 2 il EL S 57 B o A

S8R W A R B R AT 2 A A n] DA T
P SRR ML E S5 A L AR L5

(T 4% 586 ;)

http://gks.cqu.edu.cn



586 TR KXKFFER

% 31 &

overhang at replicative senescence [ J]. NatureGenet,
2003,10:1038-1127.

[ 6 ] HIYAMA K, HIRAT Y K, YOIZUMI S, AKIYAMA
M. et al. Activation of telomerase in human
lymphocytes and hematopoietic progenitor cells [J]. J
Immumol, 1995, 155(8).:3711-3715.

[7] BEIF, PR . Rok. AS 21 Rel EEA ML

Jo P v g K R R S L O P A AR AR LT ] o 2 2
JE, 2005, 21(1):61-65.
ZHAO CHAO-HUI, CHEN XIAO-CHUN, ZHU
YUNAN-GUI, et al. Roles of telomere and telomerase
in the process of ginseno- side Rgl protection against
tert-butyl h * roperoxide-induced senescence in WI-38
cells [J]. Chinese Pharmacological Bulletin, 2005,
21(1):61-65.

[ 8] ANISIMOV S V. Epithalon decelerates aging and

suppresses development of breast adenocarcinomas in

transgenic HER-2/neu mice[ J] . Bulletin Experimental
Biological Medicine, 2002, 134(2):187-190.

[ 9] BATLIWALLA F M, DAMLE R N, METZ C,
CHIORAZZI N, GREGERSEN P K. Simultaneous flow
cytometric analysis of cell surface markers and telomere
length: Analysis of human tonsilar B cells [J]. J Immunol
Methods, 2001, 247(1):103-109.

[10] RUFER N, DRAGOWSKA W, THORNBURY G,
ROOSNEK E, LANSDORP P M. Telomere length
dynamics in  human lymphocyte subpopulations
measured by flow cytometry [J]. NotBiotechnol, 1998,
16(8) .743-747.

[11] BATOIWALLA F M, RUFER N, LANSDORP P M,
GREGERSEN P 1 C. Oligclonal expansions in CD8"

CD28  Tecell largely explain the shorter telomeres dated

in this subset: analysis by flowFISH [J]. Hum
Immuno, 2000,61(10): 951-958.
(/3 ZE

PN IPNLPLPNZP NP LPNLDZPNLDN LN LDN LN LPNZPLNZDLPNZD NI LPLDN P ZDNLLPNZPLPNZD LN LD LD LPNLDNZZDNLDZPNLPLDNZD LN

(E#% 552 W)

[ 1] Tl , Bz £, X0 k. ik T IRHG 00K 4% 0 1 5 5 3l
M.t 5t B4 W i, 2002,

L2 x0EbE, A i PR 45 2T it Hough A2 4 1]
184 BTk L] 62K %5 TR, 2002,6(3) :257-260.
LIU GUI-XIONG, SHEN BO-HUA, FENG YUN-
QING,et al. Method of image segmentation based on
improved hough transform [ J J. Precision
Engineering,2002,6(3) :257-260.

[ 31 5keRZh. . o/ 45, ST 22 RO B2 58 1Y /N i
WG AN Jy B[], B PR R =24, 2005, 28(10) 1 62-65.
ZHANG QIANG-JIN. YANG DAN, ZHANG XIAO-
HONG,et al. Wavelet edge detection method based on

Optics

multi-scale fuzzy logic [ J]. Journal of Chongqing
University (Natural Science Edition), 2005, 28 (10):
62-65.

(4] KRB ILEEE. 3T Sobel 57 H AR F 5 % K W 7 %
LJ] mE L 2 Tk 2 B 2% 4R CH SR B2 10, 2005, 19
(2):100-102.

ZHU YING, JIANG ZE-TAO. A Sub-pixel

detection method based on Sobel operator[ J]. Journal

edge

of Nanchang Institute of Aeronautical Technology
(Natural Science),2005,19(2):100-102.
[5] LYVERS EDWARD P, MITCHELL OWEN

ROBERT. Subpixel measurements using a moment-

based edge operator [ J]. IEEE Transactionson
Pattern Analysis and Machine Intelligence, 1989, 11
(12):1293-1307.

[ 6 ] TABATABAI A J, MITCHELL O R. Edge location

subpixel values in digital imagery[ J]. IEEE Trans on
Pattern Analysis and Machine Intelligence, 1984,6(2) .
188-201.

L7 ] 5koka, 8484, kBl 5. JE T KB4 /) CCD B& 4

FALGA W Tk w5 [T, Sk H R 2004, 30 (6)
693-695.
ZHANG YONG-HONG, HU DE-JIN, ZHANG KAL
Gray moment operators for subpixel edge detection on
CCD images [ J]. Optical Technique, 2004, 30 (6):
693-695.

[ 81 MmAR . ks, BREA . 4. FIA Sobel-Zernike Ki%E

T PR AR R 3 S A Dy i L0 . Ot s AR L 2003, 30

(5):59-61.

QU YING-DONG, CUI CHENG-SONG, CHEN

SHAN-BEN, et al. A fast subpixel edge measurement

method based on sobel-zernike moment operator [ ] ].

Opto-electronic Engineering,2003,30(5) :59-61.

PR B R A S — R By Zernike IE 32

A5 28 0 2 K I B 3 [T ). D6 % 4R 2003, 29 (4)

500-503.

LI JIN-QUAN, WANG JIAN-WEI, CHEN SHAN-

BEN., et al.

L9]

Improved algorithm of subpixel edge

moments [ ] ].
Optical Technique,2003,29(4) :500-503.

[10] LIU XIANG-DONG, ERICH R W. Subpixel edge

detection using Zernike orthogonal

location in binary images using dithering [J]. IEEE
Trans. on Pattern Analysis and Machine Intelligence,
1995,17 (6):629-634.

(R & W)

http://gks.cqu.edu.cn



	0805-549
	0805-550
	0805-551
	0805-552
	0805-586



