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A New Algorithm for Fast Corner Detection Using Line Search Mechanism

ZHANG Lei' 2 ZHANG Zhi-Sheng® SHI Jin-Fei! FU Qing-Shan*

Abstract
tational complexity. A new line search algorithm for image corner detection is proposed in this paper. The new method

In image corner detection, classical approaches can not meet the demand of high accuracy but low compu-

employs a circle mask centered at the pixel in question, called the “nucleus” of the mask, to search all the straight lines
that pass through the nucleus within the mask. Then, a corner point of an image is defined as the point (nucleus) where,
among those straight lines, there is at least one straight line that does not cross the remaining part of the univalue segment
assimilating nucleus (USAN) except a given neighborhood of the nucleus. This paper asserts the practicability and neces-
sity of using finite search lines. To reduce the computational complexity, it employs dynamic search lines, finite points on
each search line, and the coarse-to-fine search strategy as well. A new non-maximum suppression for accurate localization
is proposed, and some new false response suppression measures are incorporated for good detection. Experiments show

good performance of the new algorithm in both accuracy and speed.
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. BEEANR T Z e G, ik MIC,
{z,y} = {(64,33), (64, 95), (48,64), (80,64)} SUSAN, Harris 512 P2 ) 1€ A7 D 25 X6F LU 0
te,y) = {(64,56), (64,92), (49, 64), (79, 64); T AR R B TR ST T B 0T
4.1.1.2 ATHEE AL (R5)
K 15 (a) LA — N MR IR N T g (ﬁj *)% Table 1  Localization testing of the four algorithms on
% @ﬁﬁ)’ K 15 ( ) (d) ARG T o? = 1, the artificial images with different variances of Gaussian
0% = 2, 0% = 4 PRI (R, KLl F K smoothing (pixe])
DR B B ) A R E AT RS . 255 (M LS A \ . s
(ZR7R MIC SUSAN Harris Bk
AR (12K K
AR (BRBUCT) X 02=0 0.1229 0.0597 1.3903 0.0
{z,y} = {(64,28), (64,100)} o =1 1.2715 1.1134 1.4405 0.6597
SHUCE T 14, BEENASS (0% /i ddeky 0 0 MR e Lesen Lo
3k o2 =14 3.7977 3.8108 2.5121 2.5064
{z,y} = {(64,28), (64,100)} S s P BCSIE AR R B A 5 EE N 1 A
{z,y} = {(64,28), (64,100)} MiAF 2, HAFA TPE. T R4 DR
(2,5} = {(64,28), (64, 100)} VRS, AT 1255 T 3k [9, 30] 3E T Ground-truth
vr= AT RN e 32k, 7t 52 B P4 P T 6 7 4
{z,y} = {(64, 29), (64, 99)} Y R K Canny 57, LLSR 3R 75 L BORS i 030 4,
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(a) LG

(a) Input image

im0 0 o o oo

(b) MIC AR
(b) Output of the MIC detector

(c) SUSAN iz # (d) Harris (Plessey) ik % (e) WBVEAL MR
(c) Output of the SUSAN detector  (d) Output of the Harris (Plessey) detector (e) Output of the new detector
16 MIC, SUSAN, Harris 158 55N T ISR EIOAR AR
Fig. 16 Outputs of the MIC, SUSAN, Harris and the new corner detectors given the synthetic image

XL SR T ) Ak B KRS T AR R
M2 2% RS, & 2 FISE 3 4a il T I 17 A& 18
IR KRN 02 = 1 #7118 42 MIC, SUSAN,
Harris Ly B 50EAT IS 912 ) i 8 AR 22 0 b
UL KRR G B2, BT LS o P R

JEE I A s R AN K
R2 A4 MM ERINEEAE T RAKIK
TR EALRZERT L (B H)
Table 2 Localization testing of the four algorithms on

the block image (pixel)

Bk MIC SUSAN Harris WL
02=0 0.935 1.183 0.987 0.856
o2 =1 1.652 1.486 1.215 1.206

R34 MM RN EEAE T D R
TR EALRZERT L (B H)
Table 3  Localization testing of the four algorithms on

the house image (pixel)

Bk MIC SUSAN Harris WL
02=0 1.055 1.164 1.367 0.881
0?2 =1 1.614 1.412 1.514 1.478

M3 ARG RERE KRG, L m e F e
SE P, Harris 6255 Br & & 678G BE R4, P
AT 8 R o U (SR o N < B SR e R P
BN MIC 58 17 K P52 Bt A v 17~ 1 R 1 A BB n
SRR TR S5 A, U0 P EL RS R XS AR TR AR 42 A
YUK, SUSAN Rt N T, B e 1 1 f i
(PN as, EATREFE R W I, SEda 1 A LN T SRR
PG I B 2 1) 5 07 A5 e T
4.1.2 HABRHIENR
4.1.21 ANILf=iLEE

Kl 16 Fros i N T3 Ay B )32 R ik
£ RIS 1316, 27-28] o Sl ik 4 PP
MIVER, LEERTASE L A2 EdhAT SR b 2L
BTG, BrEER S % USAN BIME ¢t = 10, HAH
B, AR SRVEM 2 800 8 S 1 W 2 B AR RUR,
AL i s Py PR AN R

M E ARG B, Harris §5954E “T7, “X7, “Y”
FTUI A AL A BR S8 w 22; HAA B0 L 3 SR IR
SENAEE RAfF. MR ZEE, MIC Sk T Nig
PPk ., G AR B BRI 2 A B AL SU-
SAN FLyEM UL K, Harris AT 20 & 1 O i .
RO, BiEL SUSAN (50U A B it (1.
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(a) E4HE (b) MIC R
(a) Input image (b) Output of the MIC detector

(c) SUSAN iz 4 (d) Harris (Plessey) Kz (e) WBVEAL MR
(c¢) Output of the SUSAN detector  (d) Output of the Harris (Plessey) detector (e) Output of the new detector
Kl 17 MIC, SUSAN, Harris 58 e AR FI4E AR
Fig. 17 Outputs of the MIC, SUSAN, Harris and the new corner detectors given the block image

(a) EaHE (b) MIC R
(a) Input image (b) Output of the MIC detector

(c) SUSAN il % (d) Harris (Plessey) Kz (e) BrEEihAS R
(c) Output of the SUSAN detector  (d) Output of the Harris (Plessey) detector (e) Output of the new detector
K118 MIC, SUSAN, Harris 15 i 550570 53 2 ] IR AR
Fig. 18 Outputs of the MIC, SUSAN, Harris and the new corner detectors given the house image



41 SRS ARSI I B A R ) AR R T T 519

4122 ABRES5REER

K17 R 18 Ao AR 5 5 2 K e #%) iz
FHSRCINR A R I 325 1 g TR s e ] 45 (589, 24,270,
VA P s i T S B AR B T R N AR R 1) A
o R 2) T IR B LgEE; 3) e
WEUANSA A A5 Pl P ot~ 560 B9 149 SI2 o B FH AR
FUATIR SR AR R .

ot T Pl R A, S A v 340 4 8 U 2 B
B 17 R 18 45 T A, MIC kAL b
(PIIRHL 2 AR 5 7= e O Y. SUSAN ST X 5K
B BB I BE D ANER AR, A7 S8 FUSRRHE R BER N, T O
Wi N5 % . Harris 5532 0 652 Br K% 6 E ) EL TP
Hoo, AT AT, AR IE WA 1 TR, g
T RN DL R B FEAS B 1 . BT I
L R AR B TR m A KT, AR
AN AR 4 B SR AE B W N, 1T HL DA i B A B

113 FHRNENGITER

AT e B E EEIRAE, TR RE T A
A SR 7 1 B AT B DA B At ' 35 o RO AR, 1E
T T RERNNE, Gt T 4 FhERm - F ek &
LR, 5 T& 4 .

45 R3&0], MIC Hyita 10, SUSAN iRk
R, PIMEERIER R AR AL, Harris 57
AR IERS S DA #S LU T 4, AR JFRIA B AN
AP TR AR E R R, R A, LB T
N R K E

K4 AMEDARZFEAT TR (%)

Table 4  Average detection rates and error rates of

the four algorithms on a number of samples (%)

ERGR MIC SUSAN Harris B
ER% Rp 72.7 68.5 78.6 87.5
R Rp 41.2 29.1 21.3 14.7

42 HEEMS T EMITHELEX

5 IR 2 STIRI I dRE % 40 1) 592 e A SR K )
R, BIFERBLUT K0T MIC Sk £ Mk ER
DA vk SR, S L Se I B HERE B A B v AT R
HOH AR 2 A S R 2 EATARRIE R TAR 6 1,
AR AR T SR A 2 T ARG A4 ).

AT HEEM T, JATH 4 R v S
17 TR, Hoh SISO [14], TR %
AL WA SR EGA M S AR 2. T4/ MESC
T W, IV e 2 i 383K 23 o T S ) AR L S e
AR TTEN, BA AN MRS %, 155 W
XK.

P 5 A B It 1) 2 DR ISHAG RSE N AR AR ] T
ANTA], RIS ) — Wi ], Pt I TR AN AR E 1,
ARIAER 3 Pag il TR FIEAARFR KBNS i —
ANITEEREL D TR, £ 5 Mgk 0z KRG
ReBRE RN ZETE. & 5 TSR R R LR
F R A 5 (Average operations) KR
K. GBS 256 B3R x 256 BERM), BATHE
T 640 B3R x 480 BRI SERR IR, WAL H]
& CPU 24 AMD #Je 1600+ (1.4 GHz) ] PC
L.

RS A METACBZREATT (AT I T
Table 5 Computational times of the four algorithms on

a number of samples

ik MIC SUSAN Harris i RUR
VIR 15 79 165 26
256 x 256 K&
% Sl 4~8 36 ~ 40 46 ~ 55 5~13

K] (ms)

640 x 480 [&{Z ¢
* AR 12~30 175~190 306~320 26~ 80

K] (ms)

& 5 W4, Harris 5% AT B 8] LRI
SUSAN $7yk AR JE B b faj &) (H AT I (R T AN 2D
MIC $ATI A9 e, X5 R F 1) CRF BL& I
T 45 /AT D¢, B SEVE I AT B[R] AR I 2 T
MIC, #I438X tt Harris 5 SUSAN /b Tl — /M4
. HANEEES MIC (3T Ta] Bt B N 751
ANTR] SR % Bl b At P R RV OR, I B AT )
TSRS B AR R S R K.

5 5t

PSRBT I T ROk R M BAE, 731205
VTR D) M e A EAOURTE T MIC XA e
R RS, (ARNTERERCRIRTT, Zrt P REE
USRI IAE Tt~ AP

BRSPS T AR R — e R e AR AL
ST MR i CRF K€ A R, AT H]
A B ER AR OR E SCA . BT TR AR B S 1 4k
ARz, 4 o) i i FRSe A A T Y.

TAAE IR P R BL, ASE BRI T REZ 1
D ARG i, AT RE DT PEBE, SR AL M e
IR, AN B, WL, ERE R,
TN St — 5 (1 e T D BRI P RS SR (R I AR R
TR N, TRk B2 s A5, N
BB FOFR R AR BAEE. S5, SR AE
WV LA VA5 3R 0 ) A e R A7 A9 T A S R
FUIT ).
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MG RN BB, MK = IFEA BB G, Fg
F IR (AORKFR NS E) B 2% ~16% Fiti, A
BEBRATTAE )i T PR A T R X A LU 16 10 %, B bl 2 119
BUG S PTE E r e. AE B G S B RAER a2
R FoRIME % L, XA LB E R 10 %. AT ST EEA
1% % KU IE EEAE IR S (Computational complexity) C
HEAT b TF, 4 AR [ 45 5. sk it 1 5B SR i K 52 4
il vk, BAT 25 5 il oh (10 9 B R w1 R R 2
YT E. LR RUA & 555 & LR IEA — A4, nf
SR L.

Al MIC WyitE=

H18 1. MIC (K SN ERECH: Ry = (fp — fn)? +
(fp’ - fN)z‘

(PR 1, (EHERE BN T AT b IRNiE L 2
WA, MM, AAE R 7 ADNFEANEHEAE. R
Wit B, Ry K OEARB AL RHAT Ik, I0LE A R 1
(et AU, BTUUBLR midp AL B2 T (D1 + 1) IR, D1
SR 1 BRI EAR.

HI 2. )N 2a 5 2b. (5P 2a 1, Ry AT
(D2 + 1) IR, D2 2P0 2 BRI HAT. S 2b (NG F R
AR T 3R B B R Al T TR 2%, i Xt R A
IR 2a PAT T R ORIG B D A S A0E A R HET, BT AN TR
HSF 1) F4D 5 1 LU 5 PR, AN 2 56 8 A T B0 11 K B0KO, i
ZNE. ik, TR A T E A

C=7x90%+7%x(D1+1)x10%+7x (D2+1) x10%

IR S BRAE, W Dy =3, D =7, M C =15
WHREAIZH AT
A2 SUSAN HIitES

WL XL R 2 s H T R 22 e, I
B RA R AR R, B 2D? EABHELE, D
MR E R, B LY £ RS USAN BIERHT I, 7HE
BB AT, B 2 D2,

HIE 2. (AN N 1, USAN IR B % A
1 x ZD? K. JG P IRV SCR B 1R SR A o 5N
CUA ) i1 A3 P AT, AN R B AR T B 1 K BT,
WEAS

ik, SRR T E AR

C’:%D2x2+2x§D2x10%

F R BRIAME, IR D =7, W C = 79.
A3 Harris BIitEE

Harris 524 HEA 55 B 0 843 T6 %

ST L ML, BEHE 12 12 Ly, L M
W 3 Uikt 3 IRk I, MR Brid, 12 5 17 73 Bl
1T 7 WHERIBHIRAE, Ly AT 1 IR ik, BTSSR
T+74+1=15.

FIB 2. MR 25 A T ESIT D? ik
D? WkIik, o D Rt BRIE T HE I WREE. 38 B
5o mwtEES A MR, Frelix—35 e 8 6D HAb
SRS S AR TR (K BUKT, #2NE. ok, 14 2k

C=15+6x D?

WE D =5, | C = 165.
Ad HEEMTES

HB 1 AR IR FAEAME AT IR L 4t
8, BAEHh 2 x aDy, ik Dy REEFIEA. H1EH
AR A R A A IR B 2, R A XSO T, .
K 6 MIRFERSE s Wik |1 — In| < ¢, AR H
JRAD LR IR, IR ARG A SRR A |y — In|, R
[ — In| < t, WRAH AT e T X, b b3 5
LRMOAS G, XA B RIS R T BT, BRI
A4 x90%+ 2rD; x 10 %.

W 2.0 Dy =7 LA, B RAGZS T T7 AN E
8, RN 2 x m(82)2, e Dy = 9 LS, —2607 [ 84
R, A6 SEPL I IX L5 ] AN TSR0, W7KT T B DL &
S A7 4. X W] U G T R R I AR DO F i
KRR, MAIA FHS D R (HH) MEKR. D=7
TSR 3 xmx 7, P 2 MHHH R TS Drx 22,

HHOPHR 3 K2 )Gt E RS T RE Sy, G
PR AT TP B TR I S D Lh B 1 A RHEAT, AR R
SAATHE B R AT, R T

L T b= P R = /N W
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RO FAR O BOAE, WR Dy = 9,D2 = 15, U
C = 26.
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