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Abstract: An image filter called the pseudosphere filter is presented in this paper. An edge-preserving parameter
is introduced besides a scale parameter in the pseudosphere filter, and thus a better trade-off between image
smoothing and edge locating can be obtained by using it. A pseudosphere-based edge detector is built by replacing
the Gaussian filter in the classic Canny edge detector with the pseudosphere filter. Experimental results show that,
by comparing with the classic Canny edge detector, in the case of having the same smoothness, pseudosphere-based
edge detector offers a better precision for edge locating.
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f(x) =t(x)x f(x) = Tt(u)f(x—u)du (5)
t F 3
!
0
P
o 0 o =)(

Fig.1 Tractrix
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TF(x):éT(x),—oo<x<oo (10)

Hoob, S = [T (0 113

DL BR H (10) b 4% B0 S U R R O 1D P 2k 9k 2% 40 4 TR(tractrix filter). SHE A — 4515 5 £(x), JE I 2% TF
) A 5 2 A% bR $(L10) 5 F() B
F)=TF()x f(x) = TTF(u)f(x—u) (1)
EIEP A TF B AP I BB o5 e ofk W R ESH, e vhosE 71 s 500 3033 DX RN efk ol il
GRS E(—Y4E 5 L% R85 5 A S BB R K R K ), B e T W NAS 5 R R UG 5 1020 g
0724 £l 5 I, o, IR A 5 F (X) R 52 off] I, s/ WA A 5 (R R AL 2 (K Rk ) i (1 7€) 2 7 75%).

05 1 -1 -05 0 05 1 -1 05 0 05 1
(a) &=1/5 (b) &=1/10 (c) &=1/100
Fig.2 Tractrix filter (TF) (o=1)
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Fig.3 Shape contrast of kernal funtions of three filters
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Fig.4 Results of tractrix filtering and Gaussian filtering
Kl 4 JA Sk A 1 v T IE AR I E AL

© PEBREBAIHTUR  hupy/www. jos. org. en



808 Journal of Software #4+% 4% Vol.19, No.4, April 2008

2 {HTkEN 2D {HEkE RS2
2.1 fHEkEhE
Py kA gy 2 (5 (1)) 258 S R g e T 0 ok £ g i 1T (2 ) (@) 7 73%), HE 7 Py

P(x, y):alog[GJr Vo' _(Xz+y2)}1/az(xz+ y?),0<x* +y?<o? (14)

\/x2+y2

(a) Pseudoshpere (b) Its partial derivative in x direction  (c) Its partial derivative iny direction
(a) fhrk (b) X 77 1) L 1) i 5 £ () Y J5 1] L Py i 5 £k

Fig.5 Pseudoshpere and its patial derivatives
KI5 DBk A A 5 4L
PhBRA T iR o
(1) PhBkes Ko ho b TG e X N yl)iggo N P(X,y) =+o.

(2) Bl Bk B8 B A X IR G={(x Y)|0<X?+y?<c?} (4 %) AT BL LV = HP(X y)edy = T 19 g g ) £

PLAAR A oI ER A R (A R 174, TR, £h B oA 25 %Eﬁﬁm&iﬁu’ﬁﬂftue HJ JE AR
(3) DhHERER B X I G ={(x,y)0<x*+y* <o} FATAT BB i 4 20 (B 5(b)~ & 5(c) BT M LB 4> — W i
F40).
4) %ﬂ%)[th'rﬁmﬁﬁz*)uﬂﬁﬁ&ﬁ - 01 5 T R 2 4 -1/ P,
2.2 AEKIEIR RS
55 0 15 P 2 DB DR 7 AL, T R Dy 3R T A O 2D 55 5 DB VR 4% 100 A o 5, D0 G g i A 5 5 DR AR S Bk AR
AH ), AN RE SR AFDE P SR 25 LEPUA 2R DR 3 A% R BT TR (3R(9)) I B 4 1HT:

qsz + yz),0£x2+y2 < g?
PS(x,y) :TF(VX2 + yzjz t(,/xz +vy° ) e2<x?*+y*<o? (15)

0, X2 +y?>o?

S BT 0 —16, 4
PSE (x,Y) :%PS(X, v) (16)

Hrph K= ”PS(X, y)dxdy >4 I — 0 2L
)<2+y2<o'2
LR H0(16) - JC A% R B BE % B8R A O BRI 0k 2% (pseudosphere filter, {7 Bk PSF). XHTAT 2D 155 f(x.y), 3
A% PSF 1R RAE 5k

f(x,y) = PSF(x, y)x f (X, y) = jj PSF(u,v) f (x—u, y - v)dudv (17)
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55 1D uEyk#s TF A A 2O BRUE DL 25 PSF 1, 250 ofk Ky RUE 250, 2 B Pk Ry i G451 2 4002 el 52 1), ot
KRGS 5 (x, y) BT 24 ol 5 I, s, I A5 545200 22 1 il ) e (B ) 6 7 7%).

(a) &1/5 (b) &=1/10 (c) &=1/100
Fig.6 Pseudoshere filter PSF (0=1)
K6 fhEkugiids PSF(o=1)

2.3 BEEUABKIEIR S
5 s TR ) 4 U RN, B AT AT AR O 8 TR O Bk B U e A 3 A V1 R O BR U U B 4
{PSF;jli,j=1,2,...,.2N+1}& K [ = JuA% B BUPSF (X, y) 7£ X Sk [~ 0, 01 x [ o, o] P 1K 38 S il i BT
PSF;;=PSF(o(i-N-1)/N,o(j-N-1)/N),i,j=1,2,...,2N+1 (18)
DLLPSF 3 A BEAR 1 24 25 5 I8 38 K by 20 H0 28 Oh BR DB I 2 0 AT AT 4 s A5 5 {F11,j=0,41,22, ...}, B L
RO ERE B (K100 A5 5 I PS5y 28 U A (B PS4t H —1k):

2N+12N+1

f *PSF Xf 7(1”()2 ZPSFUV i—(N+u-1), j—(N+v-1) (19)

u=l v=1

k=%:iP$W%H~%ﬁM.
u=1

3 {AEkFN 2D {HEKIE R 28

3.1 fARKIRIKZFZBIRA S
PhERIES 2 PSF(X,Y) (2 (16)) 4k &b —Bhv] 3, HLAE XY P07 1) b e 3 B (FE AN 7 1) B 1A O 5 B8 8053
AU 5(0) &l 5(c)Fr7R) 23 Il i (CRAGERLRR WL R % 2):

4ax® + daxy® + 2bx, 0<x*+y*<g?

- ™ 2 2
PSX(x,y):aiPSF(x,y):%- ST YD) ey yep? (20)
X

X2 +y2
0, X2 +y?> ot

j PS(x y)dxdy .

x24y?s
day® + dax?y + 2by, 0< X2 +y? < &?
PSY(x,y):iPSF(x,y):i- —“()H—y) 0<x* +y?<o? (21)
oy K X2 +y?
0, X +yi>o
HA K= PS(x y)dxdy .
x2+y?<
L3 1' T LA 2% 1) J7 RS, R (20) QL) HEATHlRE, BRI AT 5RA5 P AN J7 1] b ()32 Sk M B AR -
PSX;=PSX(o(i-N-1)/N, o{j~N—1)/N) 22)
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PSY;;=PSY(o(i—-N-1)/N, o(j-N-1)/N) (23)
Hopij=1,2,...,2N+1.5X(22) . 2R23)FRA X,Y J7 1) b ) P BRI S AG 2%
3.2 EFABRnGENEF
Ze g (fCanny 8 I By 4 A5 Bl 1 2 H v 0 0 I8 i P15 1 T v 0 — B e 3 1A R 22 0y
Rt S0 BE TR AEL RN T 1) 2% 5 6 A 188 WA 3k AT Sl A% KA $H) (non-maximum - suppression, {8 #RNMS); 5 J& F W
Vo L BV A 0 R 2 1 5 O T R v BV R A G AR e T i N ), FRATT 40 ) P O B3R 0 8 4 R O R 2 A U
25K 0 07 A 0T R U8, B 26 P SERR PSFy (X (18)) % B0 A7 -0, 436 45 J1T 1 > Dl Bk 4k 5

PSXi;,PSYy(3X(22) 2(23)) v 5K & (M (5 AN J7 1) AR5 HEAT AR AR R AE A s 00 (A DU A 8 T 1 T Ty
BRIVIL AT AT

3.3 RIUEKKLE

5E B LU GRS W B (0 1 i, SCIR R C 4R TV 2 07 VAR ISR S0 25 Nguyen 7 SCRR[12] 0 42 H
75 1%, M HE A S 1) S e BRI 8K B AR SCHR[12] H Nguyendt g SCT 6 Mt 2 ok B4l B SR K PERE . A
T I LA, 2575 Nguyen ) 5 3,3 L SCIE I 158 72 5 AR 158 2 5K 23 i i - S5E3Ek A~ 3 R R Aok 2 BT 5 X
B ER ST X R TR T BT BEARA 207 () I AR R I 52 KNI DR (U B 7 () R A F 23 TR, 32
P D AN Y R S8 3R AT ROL GAR 37, I IR A TR0l S8 3=

PR 7 I G AR (R R S DN G I H 22 AN A G i 1] 7 (0) i s ) R 75 0 A% (S X 3k 4k
ARG 2%, U VL 7 (C) i 7s )  P 156 100 368 8. PR P gl 1 22 o S A G TU AR B 3 i TU AR AR 38 10 i B 5 AR
LZAGF BB

AL IR ZE A BRI G5 3R T R (FE AR R 1A STHE X A B AT AL I 3 % s, A 1B 7(d) P s ) A 2 5 3R A A
(RN Hh PR A% 3% 07 25 g B ARURE BB AT O 22, Q1] 7(@) P s ) P R A 0 368 e 1 38 25 IR I A2 AR 3% (10 R 22 58 SO SCHE X3
A% A5 AL N AR 3R K 58 2 SO G SRR I 7 . g AR A ) e AR 0 s o i 2 o SON R AR R R 22
RN AR 245 R RSB B A

(a) Ideal edge (the gray pixels denote the support region of one edge pixel) (b) Redundance of edge pixels

() AL 25 (B W 1) 3R 7R SCA X k) (b) HZITUA
i
(c) Noise redundance (d) Loss of edge pixels  (e) Displacement of edge pixels
(c) MEEILAR (d) BEER (e) BFEHNL

Fig.7 Definition of several errors
K7 LRl e S
S B AT R Nguyent BT 8 1) 4 1 B (1] 8(a) BT/ ), SE 36 o AN S4B 04 7 222 0.1 f i
MsE 35 (P55 22 UM V0 [ A — 408 [0,1]), B /I Ay 256x256. 4 it 22 3145 76 40,80,160,200,240 4b43 145 5
AN G MRS BN R AL IA % . B IL %, I G BRLIL S, RkoP iU %, 8 kot 28 00 S (LA WL
SCHR[12]). 26 B R AL 2 Al A
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c(l——e ulx L°°e"ge)j, x < Loc

C —u(x-L
Ee u(x chdge), X> Locedge

FEr LoCeage 2 Hl L 1 I B, a2 00 25 1D 5 WS 2 B o T30 2k 1) v 2. S B 2
Sk RN K b 78 3 5 ] PR AN B R B 0 43R A5 (xy) +al (x=4,y),a>0 R IR & il I’
%%;a<0 IR 7R fkpp il 2.

edge

1(x,y)= (24)

SEH 25 R R 9 S 45 LB B 9(a). BT 9(b) 43 ) 35 T IR i 2 M RE 7 15
7 b G AR b T R 72 B A R R TR o IR KK 10 AN SRAE SR bR 5 % T
2 i Canny 51, 6 B o4 S 1.0,1.2,1.4,...,2.8,%F T 3L T Lo BR 1 10 A I 55 1,
XN oar S 3.0,3.6,4.2,..., 8.4 P E H Y 4 4% il £k 3 i N 28 Bt Canny 8T 1
(classic Canny, {4 #k CC) ¥ 45 5 1 e=1072,1072,007 I JiE Oy B 119 321 8 K W 67
(pseudosphere-based Canny, & #}PsC) ¥ &5 Ft. W 4K, Bl 45 10 25 AR 5 2 B el i ik
T O BRI 0 SRS T 5T 1 58 A JEE AT T 8 v AHS 3 W 5 TR e 0 A T 1 B AR g

Fig.8 Synthetic image
K8 K%

EARZEA B OL T (B AR AR R T 6 1), T O 3R A3 ke B 571 10 7 ARG 52 W e At T~ 22 S 7y Canny 551

0.7 1.3
— % CC —+—CC

0.6 ~—+—PsC (=101 1.2l| —+—PsC (=107
05| —&—PsC (&=107%)| PsC (¢=107%)

1 ——PsC (¢=107%) —4—PsC (&=107%)
0.4 ] 1.1
03 1.0
0.2 AN
01 0.91
0.0

2 4 6 8 10 08 2 4 6 8 10
(a) Filtering errors (b) Locating errors
(a) VEP R (b) 5E 77

Fig.9 Performance contrast betweeen the pseudoshere-based detector (PsC) and the classic Canny detector(CC)
9 T PHERINILZAL NS5 (PsC) 5 22 it Canny 51 (CC) I TEfE EL AL
3.4 HXEGIE
sl 10()Fror ) — e G 18 10(b)~E] 10(d) 24 43 il I T Oh 3R i i ek I 62« 46 i e T Canny 51
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