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A New Algorithm for Fast Corner Detection Using Line Search Mechanism

ZHANG Lei1, 2 ZHANG Zhi-Sheng1 SHI Jin-Fei1 FU Qing-Shan1

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

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

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.

Key words Feature detection, corner detection, univalue segment assimilating nucleus (USAN), interest points, line
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1) Äuóè£ã��{[1−2]: ùa�{I�3Æ:uÿ�?1ã�©�, J�>.�¤óè, ,�éÑ>.þ=ò���:�ǑÆ:. ùa�{�6uã�©��(J, Ø���Ñ�, 8®é��^.

2) ÄuFÝ��Cz����{[3−7]: ùa�{¢�þ´±>ÆÇCz��?�ǑÆ:�½�IO. �Ï± Kitchen �[3] Ú Wang �[4] �fǑ;.�L. ÏÄu���ê��), éD(¯a,N´¿��ÆÝ±9kÆ�Æ:, uÿY²��.

Mokhtarian �[5] m8
����ïÄ©|ÇºÝ�m (Curvature scale space, CSS) �{, Ù$^
ÇºÝ�m�ïÄ¤J[8−9] , 3O�Ç¥K\pdòÈ, �{�|D5U��J,, uÿÇ�O(55UǑ��\r. �5, He ÏLÚ\g·A�ÛÜÇK�5Uõuÿ�J[6] . Zhang �[7] uy
 He �U? CSS �{¿��ÄõºÝ�AÆCz¯K, $^>Æuÿ¥õºÝ�È�g�, �ã�¥�Æ:AÆ��\r, ?�Ú³�D(éAÆ�KǑ, Jp
uÿÇ�°�5. Ǒ, CSSX��{



510 g Ä z Æ � 36òluÿ�Jþù´����{��, �T�{��J�6u>Æuÿ�{��^, �1L§�)
>Æuÿ� CSS �{��, Ñ���. ,	, ùa�{ØX Harris, SUSAN (Smallest univalue segment

assimilating nucleus) ��{{ü´¢�.

3) Äua,�:��{[10−14] : ùa�{´±�:��C:��Ý?1'�, ÏL3�ÝCzþ��É5«OÆ:�ÊÏ�:, ��I�áÆ:ǑA¼ê (Corner response function, CRF) �Ǒ�½Æ:��â. ù
�{��Ó`:´éu�Ýã�ØI�Ï�>Æuÿ. Moravec[10] JÑÆ:3¤k��þ�ÝCzÑ��, ²"«�½��>Æþ�:Øä�dA:. , Moravec ��^
Y²!R��éÆ���, ��T�{¿���Ó5, Ó�ér>Æ´�)�ǑA[14], éD(¯a.

Harris �[11] JÑÍ¶� Plessey �fÏLïáFÝÆ��Ý
5L�,�:±���ÝCz, Ù¥Ý
��²L
pd²w, ��æ^Ý
�,�1�ª�'X5�E CRF, ;�AÆ���¡�).T�{�âÑ`:´{ü´¢�!½5�, 8�2��^. ":´½ °ÝØn�, Ù3 “T”,

“X”, “Y” a.�Æ:?; ǑN´¿�FÝØwÍ½ö�ðÆ�
.�Æ:, ,	O��m'��.

Forstner �[12] � Harris A�Ó�JÑaq��{,�æ�
�õ���±Jp°Ý, �´oNO�KúO\��. 1997 , Smith �[13] ÄgJÑ
Ó�Â Ø (Univalue segment assimilating nucleus,

USAN) �Vg, l���#ÆÝ5£ã�:��C:��Ýé''X. T�{±�:Ǒ�%�^��ù�, �:�¡Ǒù�� “Ø” (Nucleus). 3ù�S, d�
�ØkX�Ó½�C�Ý���:|¤�«��¡Ǒ “USAN”. ÏLO� USAN ¡È�, Æ:�½ÂǑäk�� USAN ¡È (SUSAN)��
��:. SUSAN ���`:´�{�©{ü, äkÈ©A5, |D5Uû�, ½ °ÝØÉÆ:a.�KǑ; ":´du¢Sã��3�þ�


5>Æ, SUSAN ½ö´�)�ǑA, ½ö´¿�ý¢Æ:, ��¢Sã��uÿÇ��Ø9 Harris �{, d	È©L§Ǒ��Ñ��õ. Trajkovic �[14]A¯���JÑ
 MIC (Minimum change of the

intensity) �{. T�{ÄuÆ:3����þ�Ý�Éþ'�p�¯¢, Áãé�,��þ�C:��:����ÝCz, ±d�Ǒ CRF, òäkÛÜ��MIC ���:�ǑÆ:. T�{k�U´8�Ýã�?n¥�¯�Æ:uÿ�{. -<¢��´T�{Ǒ,{ü, %´�)�ǑA, Ù3��>Æ½ö�
5>Æ?; uÿY²��, éD(Ǒ��¯a. ØL§�¯�5g�%��
é��í2,B\Ù��{¥�±\¯�Ý[15−16] .

4) Ù�a: Äu/�Æ��{´C5w,,å�©|[17−19]. �ÅC�[20]!MÅC�[21]!�
Ü6[22]! ²�ä[23] ��{Ǒ3uÿã�Æ:¥��
A^, d	�k�
AÏ�{[24−25] .·IISǑkNõÆö[15−16, 26−28] m�
Æ:uÿ�ïÄ, �õ´éDÚ�{�U?.

2 #�{£ã�©JÑ
���#�Æ:uÿ�{, �åuJ,uÿ�¯�5�O(5. #�{$^�«�|¢Å�, ÏL�X�Ü6þ��ä5(½Æ:, ù�DÚ�{¥±Ç�½ö, CRF ½ÂÆ:²wØÓ.

2.1 Æ:�äÄ��n��{���^��±���Ǒ¥%Ø��ù�, 3Tù�S|¢ÏLØ�¤k��, 3ù
�� (±e{¡ “|¢�”) ¥, XJ�3�^|¢�ØBLØNC�½��±	�Ù� USAN «�, K���:ǑÆ:. Xã 1 (a) �Æ:?���3�^÷vþã���|¢�: éu²"«�½>Æ:KØ�3ù��|¢�, Xã 1 (b)Ú 1 (c). ù«|¢�±e{¡Ǒ“�B��”. ã¥, ÒK«Ǒ USAN

ã 1 �{�Ä��n3n«;. USAN /Ge�Ny
Fig. 1 The basic idea of the new algorithm in three cases of the typical shapes of USAN



4Ï Ü[�: �«¯�uÿã�Æ:AÆ��|¢ª�{ 511«�, =�Øäk�Ó½�C�Ý� (±e{¡Ǒ
“Ó�”) ���:�¤�«�.

2.2 k�ê8|¢���15�7�5nØ©Û��{q���3¤k�U�|¢�¥(½´Ä�3�B��, ¯¢þ�I�k�^|¢�. e¡lA~Ñu, �ÑÏ^nØ�â.

2.2.1 {ü~f�éuXã 2 ¤«, Æ:�ºÆǑbÆ�, �I�ü^þ©�ù��|¢�, �ØÆ:?uN��^� (Æ:�^��/¤Æ:�,^>�éu,ÄO��^=ÆÝ, Xã 3 ¤«ØÓ^�e� α), 7kÙ¥�^|¢�¤Ǒ�B��.

ã 2 ü^|¢�AébÆ.Æ:��¹©Û
Fig. 2 Analysis on acute angle corner detection with only

two search lines that divide a mask uniformlyã 3 �Ñ
ðÆ.Æ:��¹. Xæ^þ©�ù��ü^|¢�, �Æ:?uã 3 (b) �^��,R���¤Ǒ�B��; �Æ:?uã 3 (c) �^��, ü^�þØU¤Ǒ�B��. ã 3 (b)∼ 3 (c) ¥� a′ ´$Æ aNb ?uã 3 (a) ^��, > Na ��ù���:, ´�½�:, 3ã 3 (a) ¥, a � a′ U. Ïdü^þ©�ù��|¢�¥�U�3�B��, ÙVÇ�Óu: 3÷/ dNc ��S, Æ aNb�> Na ?u÷/ a′Nc ¥�VÇ.

b�Æ:�^�Ñlþ!©Ù (�ù��b�Q�¢S�þã�¥$Æ¤?^�'��C, qBunØ�{z©Û, Ó�Ù�/ª�©Ù¿Ø¬é(Ø�)���O), �> Na 3÷/ dNc S¤?�^�Ǒ��ÅCþ X, ù�±��/L�$Æ¤?�^�, �o�ÅCþ X ǑÑlþ©©Ù. 3ý¢Æ:?é��B���¯�PǑ S, T¯�u)�VÇ��u�ÅCþ3÷/ a′Nc ¥�VÇ, PǑ P (S). � π/2 ≤ θ < π �, X �VÇ�ÝǑ:

fX(x) = 1
π/2

, K P (S) =
∫ π

θ
fX(x)dx = π−θ

π/2
.

2.2.2 ���¹�nØ©Û�(ØǑ
�y3�ù�S���Ó5, ·�À�U�©�ù��|¢�. e¡�Ñ|¢�ê8 n �3ý¢Æ:?Ué��B���m'X���5nØí�.dã 4 �
P (S) =















1, � 0 < θ < π −
π

n
π − θ

π

n

, � π −
π

n
≤ x < π (1)Ù¥, $Æ�^�E,b�´þ!©Ù, θ > π ��/�â USAN «��5�ØI�?Ø. ld��Ñ(Ø:

1) 3�½ÆÝ θ �Æ:?, ���|¢�ê8
n �õ, Ké��B���VÇ�p.

2) n���, �U¿��=Ǒ�ðÆ�Æ:. ØL�ðÆ.Æ:Ø��ǑÆ:3Nõ�¹e¿ØE¤î��J, ÏǑ¢S�þ�>Æ¿Øo´��.

3) n L�, lnØþù�UE¤�õ�ðÆ�Æ: (=>Æ:) �LǑA, ¤± n �þ��7L?1��.3�þ�ã�¥, Æ:�ºÆ θ Ø´�½�, ¥y�«�U. y3rºÆ�ÄǑ��ÅCþ Θ, L«
θ ���. b�3 (0, π) SÑlþ!©Ù (�ù�b

ã 3 ü^|¢�AéðÆ.Æ:�VÇ©Û
Fig. 3 The probability estimation when only two search lines deal with an obtuse angle corner
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ã 4 ?¿ê8�|¢�Aé�½ÆÝÆ:��¹

Fig. 4 A case of arbitrary number of search lines dealing

with a given angle corner���ÏÓ), K Θ �VÇ�Ý´ 1/π. 5¿��
0 < θ < π − π/n, ¯� S ��ÅCþ X �', =�
Θ k'; � π − π/n < θ < π, ¯� S u)�VÇdüÕá��ÅCþ X � Θ �éÜ©Ùû½. �ÅCþX �©Ù=3 θ[π−π/n, π] S?Ø, VÇ�ÝǑ 1

π/n
. Ïd:

P (S) =

∫ π−π

n

0

1

π
dθ +

∫ π

π−π

n

∫ π

θ

1
π

n

×
1

π
dxdθ =

1 −
1

n
+

∫ π

π−π

n

n(π − θ)

π2
dθ =

2n − 1

2n
(2)dd(J��Ñ(Ø:

1) |¢�ê8��I���½��, ±�y3�þ�ý¢Æ:?é��B���VÇ�C 1;

2) � n '���, P (S) ®�C 1, ��� n �O�ÙO\�é�. Ïd, ��� n �vk¿Â.

2.3 �{æ����
2.3.1 �©LÈìu�,|¢�´ÄǑ�B��´ÏLu�|¢�þ�:´Äáu USAN «�5¢y�. éuäkn�$Æ>�Æ:�I��þ�:?1u�. 'Xã 2 ¥éuY²|¢��I�ò�ù�>.�T|¢���:�Ǒu�:, =u� c1 Ú c2 ´Ä3
USAN «�S=�. ù�{ü��k|u�34ý¢�Æ:, Ǒ,Ǒ¬�3�þ�pFÝ:. ,��¡, �ÄÆ:3�Ìã¥Ó�'~��é�, Ø7L�¢�L[�O�E,Ýp��{Ú½. Ïd, �©LÈì�OǑ±�ù�>.�Ǒu��:, Xã 5¤«. Ù¥, z�é: r � r′ oÑ/�L�^|¢�. dVÇ©Û�(Ø��, |¢�ê8õ��3�þý¢Æ:, �O�©LÈì%��» D = 9 ���ü .'uu�,:´Ä3 USAN «�S, �â
USAN �½Â[13], éu?¿����: r (Xã 5),

XJ |Ir − IN | ≤ t, K r :áu USAN; ÄK (=
|Ir − IN | > t) r :Øáu USAN, Ù¥, Ir ´?���:��Ý�, t ´�Ý�ÉK�.�O�u�6§Xã 6. I�ÅXeü:5K:

1) 3,|¢�þ, XJk��u�:3 USAN«�¥, KT|¢�Ø´�B��.

2) XJ,^|¢�3�©LÈìþ�ü�u�:�(�Ø3 USAN«�, KT|¢��Ú��½

ã 5 �©LÈì
Fig. 5 Initial filtering

ã 6 �©LÈ6§
Fig. 6 Initial filtering flow chart



4Ï Ü[�: �«¯�uÿã�Æ:AÆ��|¢ª�{ 513Ǒ�B��.

2.3.2 |¢�þ���u��Ä�¼��êiã�´lÑ�, ��{±3|¢�þæ��eZu�:5�L�^|¢�?1u�.

2.3.2.1 Ä�u�L§�{�Ä��nQJ9: “ØNC�½��”.éu������Æ:, �B��ATØBLØ
T:�Ù� USAN «�. ,3¢Sã�¥, ù��Ø´k�����:, 3Ø�NC�3�ØÓ��«�, Ïd, T«�7LÀǑØ��Ü©.Ǒ
Bu¢y, ^���7Ø�é��� (��u�ù�) 5½Â “ØNC�½��”. 3T��¥,du�¹
�ÀǑØ��Ü©�Ó�«, ¤±B�?1u�ö�, ·�¡�Ǒ “Bu�” (Radius of no

testing circle), �»L�Ǒ: rn.�d, �
 uBu��	� USAN «�B�¤
 “ØNC�½��±	�Ù� USAN «�”, Xã 1 �ÒK¥Ø�
Bu�S«��Ù�Ü©. ã
7 (�x
 1/4 �ù�Ü©, Ù{é¡Ü©�?n´aq�) ¥, |¢� NM �Bu��u K :, ��ù�>.�u L :, KL (½
u�:�æ���.

a, b, c, d ��%:L«���:. KL �m�æ��: x, y, Ú z ��Ǒ�L KL ã|¢��eZu�:. §�þ?3þeü����:�m, ��^{ü�ü�5��. éu���¡� w :, duÙüý� y :Ú z :®�Ǒu�:, �Ñ�Øu�, A�ØKǑ(J. 'u�5���æ��:��ÝkIO��{, �©ØKã. I�5¿�´Ǒ,ã 7 �xÑÙ¥%é¡Ü©, �3�^|¢�þ, 7Lé¡/?1u�.

ã 7 |¢�þeZ�L5�æ�:
Fig. 7 Some sampling points on a search line

representing the search line3|¢�þ�Ä�u�6§aquã 6 ¤«.¤�O\��:5K´: �k|¢�þ�
�L5

�æ�:Ñ(�Ø3 USAN «�, âU�½�A|¢�´�B��.

2.3.2.2 Bu����Bu���á�¢Sã�´lÑ�k', §����Æ:�ºÆ��k'. Xã 8 ��ðÆ.Æ:, ��: b ��Ǒ´ý¢Æ:�(� � (é���?�ÆÝó). ã¥��: a � c, ±9Ù�é�C: b �æ��:�: b 3�Ýþ´Ó��. ã¥�Bu���L�, ù
:ò?uT�±	, ²{1 2.3.2.1 !¥0��Ä�u�L§. ùò��Ø�Ǒ�B��Ø�3. XJòBu�·�O�, Kã¥�J�¤«�|¢��¤Ǒ�B��, l�Æ: b �±�3. lã¥��§�� rn I÷v rn > 1,¢S²�¼�, 1.5 ≤ rn ≤ 6 (%�� 4).

ã 8 ���Bu�¬��3�ðÆ.Æ:?éØ��B��
Fig. 8 Too small value of rn would lead to no uncrossing

line found at the tip of an large obtuse angle corner

2.3.2.3 �·.>Æþ�þ�ǑA�³�¢Sã�duDaì�$ªA5, >ÆÄ�þ´�
�, ¿��Ü©´�·.>Æ. ²L|¢��Ä�u�L§�, �·.>Æþk�þ:�Ø�Ǒ´Æ:ÿÀ:. Xã 9, éu: a Ú: b ÑUé��g��B�� la Ú lb. ù´ÏǑ�
�·.>Æ:
b ´¥m�Ý�:, ¤±3�B��þüý�:Ñ�
b �Ý�ØÓ. ù��>Æ:�Æ:ØÓ�?3u�

ã 9 �
�·.>Æ��ǑA:�ý¢Æ:�«O
Fig. 9 Distinguishment between blurring ramp

edges and corners



514 g Ä z Æ � 36ò½��S, ÷X�B��, >Æ b :��Ý�4�,Ï~´üNO\½~�, =�Ý���ê ∂I
∂l
��ØUCÎÒ; Æ: a ��Ý÷�B��´�4�, ∂I

∂lÏ~¬UCÎÒ.Ǒ
{B,�± (Ib1−Ib)×(Ib−Ib2)�ÎÒ�K55�O.

2.3.2.4 Äu��Ó�ål��4��³�Æ:½  Ú± ��õ�{��, �©�{3ã��¢SÆ:?Ǒ�3uÑ�Æ:êØ����¹. éuþã¯K, Ï~��{´ÏL�4��³�5(½�ÎÜ^����Æ:±¢y��?�°(½ .,, ± �{¥�^u�4��³��ÝþA5¿ØU��·^u�©�{. Ǒd, JÑe¡¤«Äu��Ó�ål dMH �Æ:½ �{.'u dMH : 3®é��,�B��þ, lBu�	ý p, �CØ�,�ã7,´�ØÓ��. �ØÓ�����:(½
����Ó�ål,(Maximal homo-value distance) dMH , Xã 10¥� w � v :©O(½
Ø a � b � dMH . ��Ó�ål�: (X w :) (� ��d�B��þ: x � y ��Ý��5����. 'u x � y �Ý��¼�3¡®`². �B���üýÑ7LO� dMH , ±Ù¥��ö�Ǒ�ª� dMH .

ã 10 ý¢Æ:?Pk�����Ó�ål dMH

Fig. 10 A real corner with the smallest maximal

homo-value distance dMH·��Øä´: ��ý¢Æ:3Ù±��Æ:ÿÀ:¥Pk��� dMH , Xã 10 ¥��: b �
dMH '��: a ���. e¡�Ñy².y². 3Æ:����n��¹e, �B��ATBLk$Æ�º:½�:. ,3uÿ�Æ:�, ýk�U3��?Y²þÏé�B��. ¤±�

B��¢SBLÆ:��¹Xã 11. Ù¥, ã 11 (a)´�«ÇØ�3�n�kÆ:, ã 11 (b) ´Ó+��êëY���Æ:�¹. N1, N2 ´����Æ:, dp ´Ø�n�º:½�:���ål. Ǒ
{z©Û, ·��Xeb�: z�ÿÀÆ:� dp Ñ��, =Ǒ~ê, ��Ǒ 0 < dp < 0.5 ���ü ;3Æ:�������S, ºÆ½öÇØu)Cz; �B��'u$Æ¥�mé¡.dã 11 (a) � dMH = dptanθ/2, Ù¥, θ ´Æ:�ºÆ. dã 11 (b) � dMH = Rsinβ/2,

dp = R−Rcosβ, �� β,� dMH =
√

dp(2R − dp),Ù¥, R ´Ç�», � R ≫ dp.3Æ:ÿÀ:¥, ý¢Æ:?�ºÆ θ ½Ç�» R AǑ���[5, 8], ¤± dMH ½Ǒ��. ��©�^ 1/dMH 5?1�4��³�±½ ���Æ:.���Ñ�´, ��Uì1 2.3.1 !�5K 2),�é�,^�B��=�Ê�Ù�|¢��u�,,d�UÚå|¢�Ø'u$Æé¡, lLu lãb�. Ø�Â8Ù¤k��B��, (½�� dMH ��^�B��, KU��§Ýþ%Cé¡5. ÏǑlã 11 ��, é¡�¹e��B��'Øé¡�äk��� dMH .

ã 11 ý¢Æ:?äk�� dMH �)º
Fig. 11 Explanation of why a real corner has the smallest

dMH among corner candidates

2.3.3 �ǑA³�Ö¿�{ã�{¢��E,¬¢3�
¯K: 3Bu�k¤����¹e, Æ:±�´�)�ǑA, AO´kÆÆ:?. Xã 12, �� a Ǒý¢Æ:, ,du rn Ø���é�, ã¥±ç:L«���:, þ�U�Ø�ǑÆ:. ù
ØU{ü/ÏL�4��³��±���Ø.ùpE,A^�|¢�Å�, �O
Xe�³�ì: Xã 13, |¢U
BLØ��ù�S���:�¤k��, XJ�3ù��^|¢�, 3T�þ, ��CØ�eZ����:�ØÓ�, �©Ù3Øüý, KØØ´ý¢Æ:, I�³�K.�â¢S²�, �ØÓ�����:ê (Num-
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ber of homo-value pixels) nh �±UìålØ�C�u�:¤3���» dclst �Xe��:










nh = 4, � dclst ≤ 5

nh = 3, � dclst = 7

nh = 2, � dclst ≥ 9

(3)Xã 13 ¥ a1, a2, ¤3���»Ǒ 7, �Iu�
a1, a2, a3, a4;  b1, b2 ¤3���»Ǒ 5, I�u��:�õ, Ó�:ê nh Ǒ�õ.T³�ì¥'u©Ù3Øüý��néu³��^.!ÂB.>Æék�. ,	, T�ǑA³���w«Ñ�N�|D5U.

ã 12 3kÆÆ:NC�Uu)��ǑA
Fig. 12 Some possible false response near

an acute angle corner

ã 13 BL���:�|¢�þ��CØ�eZ���:
Fig. 13 Some pixels that are nearest to the nucleus on a

search line that crosses the pixels

3 �{¢�Ú½�{3¢�¥, Ä��O
�Ú�|¢�ê!|¢�þ�u�:ê±9ù����, ±��`z.Ú½ 1. �1�©LÈì, �©�ù��»�
D1 = 9 NC. USAN �K� t �ã��é'Ýk', ��l 4 � 50. �YÚ½¥TK�Ǒ�d��.Ú½ 2. �11 2.3.3 !��ǑA³�. �uù�Ú´���:?�æ�, ¤±�ù��»��Ǒ
D2 = 15 ù�����, ±�y|¢�kv
�CX¡.

Ú½ 3. �11 2.3.2 !�|¢�¿©u�. TL§duO�þ�ép, �31 2.3.3 !��ǑA³�����, =�^uÚ½ 2 ¢3e5�ÿÀ:þ, k|u~�oNO�þ. �ù��»� D3 = 17NC. XJ rn O�, K D3 I�AO�, ��÷v
(D3 − 1)/2 − rn > 3. |¢�ê8 n = 16 Ǒ¨.Ú½ 4. �1�4��³�, I�°Ý: 5, 7 ½
9. ±þÚ½¥��ù��»�N��, ïÆ
D < 19, ÏǑålØ���&E´Ø���.

4 ¢�(J
4.1 O(5u�O(5 (Accuracy) �)ü�¡�5U: 1) ½ °Ý; 2) uÿÇ.½ °Ýd½ Ø�ïþ, ½ Ø��uÿÑ�AÆ: ���(�AÆ: ��m� �ål.uÿÇ�)�uÇ�ØuÇü�¡. �
�uÿÑ�ý¢Æ:PǑ: ý�5 (True positive, TP);�
�uÿÑ��ØÆ:PǑ: b�5 (False posi-

tive, FP); �
�5´ý¢Æ:%��uÿÑ�PǑ:bÒ5 (False negative, FN)[29]. �uÇ (Detec-

tion rate): RD = TP/(TP + FN); ØuÇ (Error

rate): RD = FP + FN/(TP + FP + FN)
[29]

. ·����{��uÇA��U/p, ØuÇA��U$.

4.1.1 ½ °ÝÿÁ
4.1.1.1 <ó!/ãã 14 (a) ´�¹��!/�<óã� (128 �� × 128 ��), ã 14 (b)∼ 14 (d) ©O´²L��
σ2 = 1, σ2 = 2, σ2 = 4 pd²w�ã�. ¢Sã��>Æ��Ø´���´�
�, pd²w<óã�k|u%C¢Sã��A5. ù
ãÌ�^5ÿÁkºÆaÆ:�½ °Ý. ë��ý¢Æ:�I (��?Y²) Ǒ

{x, y} = {(64, 31), (64, 97), (48, 64), (80, 64)}ã 14 (a) Ú 14 (b) ¥#�{ëê���Ǒ:

25/9/19/4/16 (t/D1,D2/D3/rn/n); ã 14 (c) �ã
15 (c) ¥ USAN �K� t �Ǒ 18, ã 14 (d) �ã
15 (d) ¥ USAN �K� t �Ǒ 10. ùÌ�´dupd²w�5�ã�é'Ý�ü$�,. Ù{ëê��U%��.
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(a) σ2 = 0 (b) σ2 = 1 (c) σ2 = 2 (d) σ2 = 4ã 14 ØÓpd²we!/ã�#�{Æ:uÿ½ �J

Fig. 14 Localization accuracy testing of the new corner detector

given the rhombus images with Gaussian smoothing of different variances

(a) σ2 = 0 (b) σ2 = 1 (c) σ2 = 2 (d) σ2 = 4ã 15 ØÓpd²weý�ã�#�{Æ:uÿ½ �J
Fig. 15 Localization accuracy testing of the new corner detector

given the ellipse images with Gaussian smoothing of different variances!/ãÿÁ���Æ:�I©OǑ
{x, y} = {(64, 31), (64, 97), (48, 64), (80, 64)}

{x, y} = {(64, 33), (64, 95), (48, 64), (80, 64)}

{x, y} = {(64, 34), (64, 94), (48, 64), (80, 64)}

{x, y} = {(64, 36), (64, 92), (49, 64), (79, 64)}

4.1.1.2 <óý�ãã 15 (a) ´�¹��ý��<óã� (©EÇÓ), ã 15 (b)∼ (d) ©O´²L�� σ2 = 1,

σ2 = 2, σ2 = 4 pd²w�ã�. ù
ãÌ�^5ÿÁÏ~�ðz�Æ:�½ °Ý. ë��ý¢Æ:�I (��?Y²) Ǒ
{x, y} = {(64, 28), (64, 100)}ëê��Óã 14, ý�ãÿÁ���Æ:�I©OǑ
{x, y} = {(64, 28), (64, 100)}

{x, y} = {(64, 28), (64, 100)}

{x, y} = {(64, 28), (64, 100)}

{x, y} = {(64, 29), (64, 99)}

4.1.1.3 ²þ½ Ø�ÚOé'Ǒ
��*O(, �Ñ
ã 14∼ 16 �<óÆ:ã3ØÓ��pd²w�^�, #�{� MIC,

SUSAN, Harris �{�²þÆ:½ Ø�é'�¹�L 1, ålü : ��.L 1 4 «Æ:uÿ�{�^uØÓpd²w<óã�²þ½ Ø�é' (��)

Table 1 Localization testing of the four algorithms on

the artificial images with different variances of Gaussian

smoothing (pixel)�{ MIC SUSAN Harris #�{
σ2 = 0 0.1229 0.0597 1.3903 0.0

σ2 = 1 1.2715 1.1134 1.4405 0.6597

σ
2 = 2 1.8464 2.3822 1.9364 1.7092

σ2 = 4 3.7977 3.8108 2.5121 2.5064¢Sãý¢Æ:�( ��(½'<óã�(J�õ, ��kÌ*5. Ǒ
U�þ�Ñ���*�µ�, ·�ë�
©z [9, 30]¥Äu Ground-truth�<ó*ÿÚO{, Ó�é¢Sã�^
�pd²wL§� Canny �f, ±�¼�'�°(�>Æ,
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(a) �©ã
(a) Input image

(b) MIC uÿ�J
(b) Output of the MIC detector

(c) SUSAN uÿ�J
(c) Output of the SUSAN detector

(d) Harris (Plessey) uÿ�J
(d) Output of the Harris (Plessey) detector

(e) #�{uÿ�J
(e) Output of the new detectorã 16 MIC, SUSAN, Harris �#�{3<óÆ:®8ãþ��^�J

Fig. 16 Outputs of the MIC, SUSAN, Harris and the new corner detectors given the synthetic imageÏLé>ÆFÝ��CzǑ���ÿþ¼�
Æ:�ë��( �. L 2 ÚL 3 �Ñ
ã 17 Úã 18��ãÚ σ2 = 1 �pd²wã3 MIC, SUSAN,

Harris �#�{�^��²þÆ:½ Ø�é'�¹. ¢Sã��®²´�
�, ¤±�rpd²w§Ýe�Æ:ÿÁ¿ÂØ�.L 2 4 «Æ:uÿ�{�^uÈ7ã�²þ½ Ø�é' (��)

Table 2 Localization testing of the four algorithms on

the block image (pixel)�{ MIC SUSAN Harris #�{
σ2 = 0 0.935 1.183 0.987 0.856

σ
2 = 1 1.652 1.486 1.215 1.206L 3 4 «Æ:uÿ�{�^u�Âã�²þ½ Ø�é' (��)

Table 3 Localization testing of the four algorithms on

the house image (pixel)�{ MIC SUSAN Harris #�{
σ2 = 0 1.055 1.164 1.367 0.881

σ
2 = 1 1.614 1.412 1.514 1.478

l 3 �L�(JnÜ5w, #�{�½ °Ý´���. Harris 3¢Sã¥�½ °Ýû�, 5U�#�{�C, �3<óã¥�½ °Ý �'��. MIC �½ °Ý�Xpd²w§Ý�Øä\rw·²w, `²Ù½ °Ýéã���
5��¯a. SUSAN Aé<óã�, �Xpd²w§Ý�\r, ½ °ÝǑew²w, 3$�´ÙAé¢Sã��LyÑ5�½ °Ýÿ�.

4.1.2 ;.Æ:ãÿÁ
4.1.2.1 <óÆ:®8ãã 16 ¤«�<ó;.Æ:ã�2�^5ÿÁÆ:uÿ�{[4, 13−16, 27−28], �©ÏLã 4«�{��^, 3½ °Ý!uÿÇþ?1Ì**	þ��Jé'. #�{�ëê USAN K� t = 10, Ù{�%��. Ù��{�ëê���þN���Z�J,Ï�Ì¤�ØKã.l½ °Ýw, Harris �{3 “T”, “X”, “Y”a.�Æ:?u)²w �; Ù��{�#�{�½ °Ýû�. luÿÇw, MIC �{�)
�þ��ǑA, Ù3�����>Æ?; #�{� SU-

SAN �{��J`û; Harris Kk�þ��ǑA.nÜå5, #�{� SUSAN ��J´���.
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(a) �©ã
(a) Input image

(b) MIC uÿ�J
(b) Output of the MIC detector

(c) SUSAN uÿ�J
(c) Output of the SUSAN detector

(d) Harris (Plessey) uÿ�J
(d) Output of the Harris (Plessey) detector

(e) #�{uÿ�J
(e) Output of the new detectorã 17 MIC, SUSAN, Harris �#�{37¬ãþ��^�J

Fig. 17 Outputs of the MIC, SUSAN, Harris and the new corner detectors given the block image

(a) �©ã
(a) Input image

(b) MIC uÿ�J
(b) Output of the MIC detector

(c) SUSAN uÿ�J
(c) Output of the SUSAN detector

(d) Harris (Plessey) uÿ�J
(d) Output of the Harris (Plessey) detector

(e) #�{uÿ�J
(e) Output of the new detectorã 18 MIC, SUSAN, Harris �#�{3�Âãþ��^�J

Fig. 18 Outputs of the MIC, SUSAN, Harris and the new corner detectors given the house image
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4.1.2.2 7¬ã��Âãã 17 Úã 18 ¤«�7¬ã��Âã´�2�^5ÿÁÆ:uÿ�{�;.¢Sã� [5, 8−9, 24, 27].üã�N
¢Sû��ã�SN���A5: 1) >Æ!Æ:�
; 2) k�½�ÒK!D(�«n; 3) 1ìØþ!�. üÌãéuu��{�¢SA^d�äkér��L5.éüÌã�ÿÁ, #�{þUïÆ�ëê��.lã 17 Úã 18 �(J�wÑ, MIC �{3¢Sã���>Æ?Ǒ´�)�ǑA. SUSAN �{Aé¢Sã��UåØn�, k
ý¢AÆ�UǑA, �ǑA�õ. Harris �{Aé¢Sã��Uå'üör, uÿY²ÿ�, ,�X1 1 !¤ã, Ù'�N´¿��ðÆ.±9FÝØwÍ�Æ:. #��|¢ª�{Kw«Ñ
ép�uÿY², Ny3Ø=ý�Ü©ý¢AÆUǑA, ��ǑAǑ'��.

4.1.3 ²þuÿÇ�ÚO(JǑ
�Ñ�Ǒ�*!½þ��y, ·�æ8
�)�©¤«�¤kã±9Ù�L¹Æ:�ã�, ?1
�þ�ÿÁ, ÚOÑ
 4 «�{�²þ�uÇ�ØuÇ, �uL 4 ¥.(JL², MIC �ØuÇép, SUSAN �ØuÇǑ'�p, ü«�{��uÇÑØn�. Harris �{Ǒ,�u�ØuÑ'ö�, �¿�����pY². #�{LyǑ�uÇp, ØuÇ$, ��
��p�uÿY²þ.L 4 4 «�{3�õ��e�²þuÿÇ (%)

Table 4 Average detection rates and error rates of

the four algorithms on a number of samples (%)�{ MIC SUSAN Harris #�{�uÇ RD 72.7 68.5 78.6 87.5ØuÇ RF 41.2 29.1 21.3 14.7

4.2 O�þ�©Û��1�m¢�é'É�éõ�{ÏLdo9[�¢�5J��éu, #�{æ�
aqu MIC �{¥õ���Eâ±JpO��Ý. nØ�¢�þí�Ä��Ok�ê8�|¢�±9|¢�þk�L5�eZu�:,��#�{�O�þ��
é����.Ǒ
�ß�²
, ·�é 4 «�{�O�þ?1
½þ©Û, Ù¥�í�aq©z [14], O�E,ÝUì��{%��ëê����. Ñu ��©�Ì, Ó��Ä�ùÜ©éu#�{�n)�¢�Ø´�I��, ·�òÙ�ǑN¹øë�, �ë�N¹.

ã�?n��m¬Ïã�º�!SN�ØÓØÓ, =B´Ó�Ìã, �1�mǑØ´ð½�, ��©3L 3 ¥�Ñ
��{3ØÓã�º�e����m��. Ǒ
��*, L 5 �(J5g�õã�?n(J�ÚO. L 5 ¥�O�E,Ý´±z���:�²þ$�ö�þ (Average operations) L«�. ã�º��) 256 �� × 256 ���, Ǒk�~^� 640 �� × 480 ���¢Sã�. ÿÁ�^�´ CPU Ǒ AMD �9 1600+ (1.4 GHz) � PCÅ. L 5 4 «�{3�õ��e��1�m��
Table 5 Computational times of the four algorithms on

a number of samples�{ MIC SUSAN Harris #�{O�E,Ý 15 79 165 26

256× 256 ã��
4∼ 8 36∼ 40 46∼ 55 5∼ 13?n�m (ms)

640× 480 ã��
12∼ 30 175∼ 190 306∼ 320 26∼ 80?n�m (ms)dL 5 ��, Harris �{��1�m'��;

SUSAN �{Ǒ,�nþ{ü, ��1�m¿Ø�;

MIC �1�mAOá, ù�§{ü� CRF ±9Ù�����k'. #�{��1�mǑ,Ñõu
MIC, %E,' Harris � SUSAN �
C��êþ?. ,	#�{�MIC ��1�m�Xã�SN�ØÓ¥y�ÅÄ'Ù�ü«�{�, ù`²§��O�E,Ý�ã�¤°�'X��.

5 (Ø#�{vkÄuE,Ä��nØ, ��T�{{ü´�. §3�Ýþ=�úu MIC ù��U�¯�Æ:�{, �uÿ5U%��J,, nÜ5U�L
²;��
�{.#�{¥yÑ
Ù���
AÏ5: §Ø�DÚ�{k�Ç�½ö CRF 5½ÂÆ:, ´�^|Ü�Ü6�ä5½ÂÆ:. #�{�°�´Ïé�B��, ý�Ü©�ö�´�7�B��?1�.·�3¢�¥uy, ��{Ǒ,æ�
�õ��ǑA³���, äk�½�|D5U, ,3D(\�, uÿ5Uew²w. Ǒd, 3D(�õ�,A¢��½�pdÈÅüD, d�#�{��uÇ¿Ø¬²weü, Øu%wÍUõ. 8�, k7�?�ÚïÄ¿Jp#�{�°�5. ,	, ëêg·AN�±9æ��?�Æ:½ °ÝǑ´��ïÄ��.
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�{�O�E,Ý�ûuã�SN.Æ:Ï~3�Ìã�¥�Óé��'~. l�þ���ã�ÚO, oÑ�Æ:ÿÀ: (ý�Ü©´>Æ:) Ó� 2%∼ 16 % �m, Ïd·�3�¡��O¥òù�'~b�Ǒ 10%, =pFÝ�ã�:¤Ó�z©'. k
�{��YÚ½��^u�Ú�3e5���þ, ù�'~Ǒb�Ǒ 10 %. ·�òéz���:²þ$�ö��gê (Computational complexity) C?1�O, �Ñ�A�(J. Ǒ;�Lu�¡q¤)����O, ·�=éN´�O�¿�Ì�û½
�{E,Ý�Ü©?1��. ±eQã¥�ÎÒ¹ÂÏ�ÌØ��0�, �ë��©.

A1 MIC�O�þÚ½ 1. MIC �Æ:ǑA¼êǑ: RN = (fp − fN )2 +

(fp′ − fN )2.3Ú½ 1 ¥, 3ù��z���Ñ��1 5 g\{� 2g�{ö�. Ǒ{B, ��Ǒ 7 �Ä�$�ö�. �â�©��Og�, RN ò3$FÝ?��1�g, 3Æ:ÿÀ:
(du´ou, ¤±Ò´pFÝ?) �õ�1 (D1 + 1) g, D1´Ú½ 1 �ù���».Ú½ 2. ©ǑÚ½ 2a � 2b. 3Ú½ 2a ¥, RN ò�1
(D2 + 1) g, D2 ´Ú½ 2 �ù���». Ú½ 2b ���m��%CÜ©�O�þ�OLuE,, �ùÜ©Ǒ�´3Ú½ 2a �1�3e5���Æ:ÿÀ:þ?1, ¤±éO��m�KǑ'�k�, Ø¬KǑoNO�þ���Y², ��Ñ. Xd, ²þE,Ý�O�úªǑ
C = 7 × 90% + 7× (D1 + 1) × 10% + 7× (D2 + 1) × 10%Uì�©�%��, XJ D1 = 3, D2 = 7, K C = 15gÄ�$�ö�.

A2 SUSAN �O�þÚ½ 1. é�ù�±S���:Ñ�O��Ý�É, ÙE,Ý��Ò´�ù��¡È, = π

4
D2 gÄ�$�ö�, DǑù��». �X�Ý�É�� USAN K�?1'�, O�ö�gêÓ, = π

4
D2.Ú½ 2. 3Æ:ÿÀ:þ, USAN �¡ÈO�þ�õǑ

1

2
× π

4
D2 g. �YÚ½±9�©9Ï5��
��ò3��'~�Æ:ÿÀ:þ?1, Ø¬KǑoNO�þ���Y²,��Ñ.Xd, ²þE,Ý�O�úªǑ

C =
π

4
D

2 × 2 + 2 ×
π

4
D

2 × 10 %Uì�©�%��, XJD = 7, K C = 79.

A3 Harris �O�þ
Harris E,ÝÄ�þ�ã��¤°�'.Ú½ 1. 3z���:, �O� I2

x, I2

y , Ixy. Ix �O��¹ 3 g\{� 3 g�{; Iy �Ó. ¤±, I2

x � I2

y ©O�1 7 gÄ�$�ö�, Ixy �1 1 g. Ǒd, FÝO�þǑ
7 + 7 + 1 = 15.Ú½ 2. pdòÈ. ëê A �O�ò�1 D2 g\{�
D2 g�{, Ù¥ D ´pdòÈ��/I��°Ý. ëê B� C �O�þ� A �Ó, ¤±ù�Ú�E,ÝǑ 6D2. Ù�Ú½ØKǑoNO�þ���Y², ��Ñ. Xd, ²þE,

Ý�O�úªǑ
C = 15 + 6 × D

2XJD = 5, K C = 165.

A4 #�{�O�þÚ½ 1. 3�ù��>.þz���:�1\{�ýé�O�, E,ÝǑ 2 × πD1, Ù¥ D1 ´ù��». �Ä�Æ:ÿÀ:3ã�¥Ó�'~�, �Ü©«�´²"�, ·�òã 6 �6§��UÄ. XJ |Ir − IN | ≤ t, Øá=òÑ�|Ï��u�, ´UYu�é¡:� |Ir′ − IN |, XJ
|Ir′ − IN | ≤ t, K�Ǒ�:3²"«�, dǑÊ�Ù�|Ï��u�, ù�O��m��
?�Ú�!�, E,Ý�OǑ 4 × 90 % + 2πD1 × 10%.Ú½ 2.3D2 = 7±S,�����:¤3���ØE, O�þǑ 2 × π(D2

2
)2, 3D2 = 9 ±�, �
��®²u�, 3¢y�ù
��´Ø72u��, XY²!R�±9éÆ���. ù`²d�O�þ�O\¿�� D2 ¤ì�O�'X, ´Ä�þ��D ¤�5 ('~) O�'X. D2 = 7�O�þǑ 1

2
×π× 72, �Ú½ 2 �O�þ�OǑ 49

2
π× D2

7
.�ÄÚ½ 3 9���O�þ�O�E,, Ó��Y�ö�´3¡Ú½¢3e5���'~�:þ?1, Ø�KǑoNO�þ�Ä�Y², �Ø��O.Xd, ²þE,Ý�O�úªǑ

C = 4 × 90% + 2πD1 × 10% +
49

2
π ×

D2

7
× 10 %Uì#�{�%��, XJ D1 = 9, D2 = 15, K

C = 26.
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