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Abstract X-corner patterns are most widely used in camera calibration. In order to do online calibration for blurred
image, we propose a new algorithm for X-corner detection based on the special character of X-comners: the pattern is
symmetrical and the gray contrast greaty with each other In the algorithm the operator SV is designed to recognize X-corners
which consists of symmetry operator S and variance operator V. The method is smart, easy to execute and robust to rotation,
intensity change. It is also robust to image noise and edge blur where the intervention of man is not required. Experimental

results show that the proposed algorithm can achieve excellent effects in X-comers detecting. in on line camera calibration.
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Fig.1 The X-corners image
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Fig.3 Harris corner detector

Harris £ /50K 0 5 3 1 22 20 &% S0 R 6 IR 1Y
HREFHOBHEOREEMNESHFAONEL
BARBEARN —HEEA X, WHEL KM
55 B B R AE (B RS B TR A A R o Harris BT Y H
O— BB EHE 0, Harris B 7l TEY XAEH
WU GHEREE, LR E AT SR AR, i
HHEEEX,

3 ANEHMARKEZ

B T B E R A AR E P E B,
HHATEBT M THERAENRNE
SV L AKASRNE T, it BBENT.
B f SR, L FRLA MG A S P ORI R R
AR AR H e 0T, T 1 R R AR A A, L
XFALAMKIORE SN KEAUNERKRE R,
R 4 FioR, B A 5 A %T B XK. HILT 5



658 FEEREEER

w1

| actitp.ia)
B (%))

- A:(-p.j-9)

B4 #HERMASINHTER

Fig.4 The pattern is symmetrical around X-corners
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Fig.5 The precision of Harris algorithm
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Tab. 1 The gray of local image

60 61 62 63 64 65 66 67 68 69
60 251 255 248 215 171 124 88 68 59 45
61 247 251 255 208 171 140 101 74 42 44
62 255 242 245 201 166 120 95 76 56 61
63 208 213 201 179 174 133 105 91 88 102
64 176 186 168 159 144 142 148 141 138 113
65 119 119 121 144 135 153 153 169 187 186
66 102 89 98 105 136 152 188 211 210 214
67 68 72 63 94 127 163 198 241 255 233
68 48 62 55 78 124 168 221 240 236 253
69 58 43 56 71 134 177 195 243 255 244

%2 Harris N FEE
Tab.2 The response of Harris dector

60 61 62 63 64 65 66 67 68 69
60 0.6345 0.944 1 1.0813 0.9987 0.8937 0.9251 0.9793 0.8750 0.6173 0.3488
61 0.9752 1.4692 1.7211 1.6567 1.5352 1.5616 1.5786 1.3523 0.9171 0.4881
62 1.1422 1.7597 2.0938 2.0555 1.9391 1.9733 1.9652 1.6425 1.0680 0.5160
63 1.0614 1.7089 2.0780 2.0711 1.9803 2.0406 2.0447 1.6961 1.0648 0.45717
64 0.9228 1.5598 1.9511 1.9828 1.9240 2.0140 2.0531 1.7242 1.0820  0.4505
65 0.9033 1.5315 1.9465 2.0122 1.9708 2.0672 2.1234 1.8150 1.1769 0.5352
66 0.9178 1.5021 1.8962 1.9581 1.9055 1.9759 2.0219 1.7450 1.1678 0.5827
67 0.7956 1.2549 1.5484 1.5616 1.4860 1.5245 1.5620 1.3589 0.9288 0.4911
68 0.5406 0.8229 0.9733 0.9285 0.8460 0.8732 0.9224 0.8218 0.5739 0.3146
69 0.2849 0.4105 0.4415 0.3613 0.2909 0.3245 0.3949 0.3830 0.2800 0.1586
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Tab.3 The response of SV detector

60 61 62 63 64 65 66 67 68 69
60 -0.4375 -0.706 5 -1.2167 -1.6027 -1.7196 -1.6786 -1.5095 -1.2148 -0.8606 -0.5490
61 -0.7219 -0.8114 -1.1404 -1.5160 -1.6009 -1.5138 -1.4186 -1.2008 -0.9463 -0.7323
62 -0.9838 -1.0519 -1.1910 -1.3150 -1.3022 -1.1996 -1.1846 -1.1224 -1.0727 -1.0227
63 -1.2734 -1.2112 -1.1380 -0.9524 -0.6813 -0.5875 -0.8244 ~1.0275 -1.1545 -1.1917
64 -1.2975 -1.2549 -1.0525 -0.6064 0.0794 0.2923 0.3981 ~-0.9089 -1.2377 -1.3280
65 -1.2722 -1.1844 -0.9669 -0.4927 0.1426 0.0893 -0.5167 -1.0049 -1.2228 -1.3445
66 -1.2157 -1.1672 -0.9926 -0.8736 -0.6401 -0.7597 -0.9935 -1.1165 -1.1740 -1.1357
67 -1.0557 -1.0541 -1.0558 -1.1926 -1.2527 -1.3902 -1.3189 -1.178 1 -1.0319 -0.9217
68 -0.7117 -0.8845 -1.0743 -1.4559 -1.5831 -1.6233 -1.5099 -1.1637 -0.8428 ~-0.7002
69 -0.4800 -0.7995 -1.1065 -1.4944 -1.7203 -1.6926 -1.5854 -1.1675 -0.7423 -0.4917
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