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License Plate Detection Algorithm Based

on Nearest Neighbor Chains

MIAO Li-Gang1, 2

Abstract This paper proposes a nearest neighbor chain based

method for adaptive license plate (LP) detection according to

the geometrical characteristics and spatial arrangement of license

plate characters. Firstly, image is segmented with adaptive bi-

narization method to avoid the problem created by nonuniform

illumination, and some undesired image areas are removed by

limiting the range of region properties of connected components.

Secondly, nearest neighbor pairs are constructed according to re-

gion properties of connected components of LP characters, and

they are merged into nearest neighbor chains, thus, to detect all

the candidate license plate regions. Finally, two variable-length

square templates are designed to match horizontal and vertical

projections of LP image gradients. It can verify all the candidate

LP regions and determine the boundaries of all LP characters

simultaneously. Experiments show that this method can deal

with nonuniform illumination, LP size change, rotation, back-

ground interference, quality degradation and so on, and that

it has achieved desired detection result for various types of LP

images in complex scenes.

Key words License plate detection, character segmentation,

nearest neighbor chain, connected component analysis, variable-

length template matching
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Ǒ. 3¢S�i�|µ¥, du�ýuÿN´É�¤�ål!1ìCz!ßÀ�ý!�µZ6±9�ý�þòz�Ï��KǑ, Ïd, E,|µ¥��ýuÿE,´��äk℄Ô5�¯K, I�JÑ#�nØÚ�{5?�ÚJp�ýuÿ�iÎ©���J.8
��ýuÿ�{Ì��^>Æ!�Ú!«n�n«AÆ. �ý«�¹k´L�>Æ&E, Ï~I�(Ü/�ÆÈÅ�{5uÿ�ý«�[2−5] . Ta�{äk�$�O�E,ÝÚ����*�5, ":´N´É�¤�ål�CzÚE,�µ�Z6, ~X, /�Æ���º�J±·A�ý���Cz, ¿�Ø´«©�ý«�Ú�µ¥�©i«�. �ý��ÚAÆ�±Ǒ�ýuÿJø�þ�&E[6−8], �§N´É�1ì^�!�ýñÚ±9�N�Ú�Ï��KǑ, ��Ùuÿ��JØ
n�. «nAÆ�{I�ïá�ýã����¥[9−14], ¿^5Ôö�ýuÿ�«n©aì, Ùuÿ5UéÔö8k�r��65, J±)ûÀÆCz!�ýÀ��Ï��KǑ, ¿�O�E,Ý�p. ¢Sþ, üÕæ^,�«AÆÑéJ��n��uÿ�J, Ïd, nÜ|^>Æ!�Ú!«n�õ«AÆ´'�~^�uÿ�{, XçÚ«n[10]!çÚ>Æuÿ[9,15−16] �, ù
�{�éü�AÆ�{U
�����uÿ�J.�ý«��wÍAÆ3u§´deZ��ÓpÝ½°Ý�iÎUì�½�5Kü�
¤, ¿�¤k�ýiÎÑ´d�Ó°Ý��ã|¤. XJ,�ÛÜ«�SëYÑyõ���ýiÎAÛAÆ�q�ëÏN, KT«�é�Uáu�ý«�. Ǒd, �©JÑ
�«Äu�C�ó��ýuÿ�{.§Äkæ^ Niblack g·AK��{é�Ìã�?1©�,¿|^ëÏN©Û�{5�ØÜ©Z6ëÏN; ,�, 3�½ålÚ�����S, ò°ÝÚpÝÑ�C�ëÏN�EǑ�C�ëÏNé, ¿ò�C�éë�Ǒ�C�ó, l
uÿÑ¤k�U��ý«�; ��, �â�ýiÎ�ü�5K,�Oü|C���Å��, ©OéÿÀ�ý«��Y²Úç����FÝÝKêâ?1��. �â��§Ý���5�yÿÀ�ý«��k�5, ¿��¤k�ýiÎ��Z�© �. T�{U
g·A/?n1ìØþ!!ºÝCz!ßÀ�ý!�µZ6±9�þòz�Ï��KǑ, �±k�/uÿÑE,�µ¥��ý«�.

2 �ýã�©�¥I�º/«��ýiÎd 1 �ÇiÚ 6 �i1½êi|¤, ¤kiÎÑäk�Ó�pÝ½°Ý (êi “1” Ø	),¿�|¤�ýiÎ��ã°ÝÑ��. liÎ(�þ5ù,i1½êiÑáuÕN(�, ¤k)xÑ��½��; 
ý�Ü©�Çiáu�Õá(�, )x�m�l��¹�õ.3n��¹e, i1Úêi©�Ǒü�ëÏN, 
ÇiK�U©�Ǒü�½õ�ëÏN. XJã��,�«�ëYÑyõ�°ÝÚpÝÑ�C�ëÏN, KT«�é�UǑ�ý«�, 
3�µ«�SëYÑyù��¹�VÇ�$, Ï
§�±ÈØý�Ü©��µZ6.du�ýN´É�1ìØþ!ÚºÝCz�KǑ, Ïd�©æ^ Nibalck g·AK��{5©��ýã�[17], 3ÛÜ��SO�z���:�K�:

T (x, y) = m(x, y) + k (1)Ù¥, m(x, y) L«Ñ\ã� i(x, y) �ÛÜþ�, k ´��^rg½Â�ëê, Ùýé��Cz����3 1∼ 4 �m.
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g(x, y) =

{

1, m(x, y) − i(x, y) < k

0, m(x, y) − i(x, y) ≥ k
(2)XJ�ýiÎ��Ý�u�µ�Ý, K�K� (X7.xi!ç.xi�ý):

g(x, y) =

{

1, m(x, y) − i(x, y) ≥ k

0, m(x, y) − i(x, y) < k
(3)du¤�ål�Ï��KǑ, �ýº��Cz����.Ǒ
g·A/?n�«ºÝ��ýã�,�©æ^pd$ÏÈÅì g(x, y;σ) éã�?1ÈÅ, ¿r²w(J�ǑÛÜþ�ã�, =:

m(x, y) = i(x, y) ∗ g(x, y; σ) (4)pd¼ê��� σ U
��/�NiÎ�ã��mºÝCz, ÀJÜ·� σ =�k�/uÿ�½�ã°Ý��S��ýiÎ. �©��ëê σ = 1.5 Ú k =2.5, ¿éã 1 (a)��ýã�?1 �, ��iÎ�ã°Ý3 1∼ 13 �mCz,ã 1 (b)∼ 1 (h) ©O´ w = 1, 3, 5, 7, 9, 11, 13 �, ¤éA�©�(J. �±wÑ, � w 3 3∼ 10 �mCz�, T�{U
©�Ñ'�����ýiÎ;e w �u 10, iÎëÏN¬Ñy�É½ä�; e w �u 3, iÎëÏN¬ÑyÊë. éui�|µ¥��ýã�, Ï~ w 3 3∼ 8 ����m, Ïd, Niblack �{U
·Ai�|µ¥�õêº���ýã�, k�/~�
iÎ©�L§�ÊëÚä�.

(a) �©ã�
(a) Raw image

(b) ��ã� (w = 1)

(b) Binary image (w = 1)

(c) ��ã� (w = 3)

(c) Binary image (w = 3)

(d) ��ã� (w = 5)

(d) Binary image (w = 5)

(e) ��ã� (w = 7)

(e) Binary image (w = 7)

(f) ��ã� (w = 9)

(f) Binary image (w = 9)

(g) ��ã� (w = 11)

(g) Binary image (w = 11)

(h) ��ã� (w = 13)

(h) Binary image (w = 13)ã 1 �ýã�9Ù©�(J
Fig. 1 License plate images and their binary forms

Niblack �{©��ëÏN�±©Ǒüa: 1) �ã8I©��ëÏN, ^O1 L«; 2) ��>.?©��ëÏN, ^
O2 L«. �ýiÎ�ã¢Sþ´dü���>.|¤, �

w ���, ü�>.?©��ëÏNÊÜǑ��ëÏN. �ýiÎëÏNÏ~áuO1 aëÏN; 
 O2 aëÏNKÌ�áuZ68I. �©^ E b L«,�ëÏN�>Æ��, ^
E r L«TëÏN¤CX��©ã�«��>Æ��. Xã
2 ¤«, éu�ýiÎëÏN, Ù��ã�Ú�©ã��>Æ��êþÄ��Ó, = E b/E r ≈ 1; 
éuO2 aëÏN, ÙéA�©ã��>Æ��êþ´��ã���� (ã 3), =
E b/E r ≈ 2. Ïd, �â E b/E r ����k�«©ùüaëÏN.

(a) �©ã�
(a) Raw image

(b) �©ã��>Æã�
(b) Edge map of raw image

(c) ��ã�
(c) Binary image

(d) ��ã��>Æã�
(d) Edge map of binary imageã 2 �ýã�9Ù��ã��>Æuÿ(J

Fig. 2 Edge images of license plate and their binary forms

(a) �©ã�
(a) Raw image

(b) �©ã��>Æã�
(b) Edge map of raw image

(c) ��ã�
(c) Binary image

(d) ��ã��>Æã�
(d) Edge map of binary imageã 3 �µã�9Ù��ã��>Æuÿ(J

Fig. 3 Edge images of background and their binary forms3K�©�����ã�¥, Ø�ýiÎëÏN�	,��¹
NõZ68I, XD(!�µZ6!�ý>µ�. ã
4 (a) ¥¹k�Ì�.çi��ýã�, ã 4 (b) ´|^g·AK��{©����ã�. Ǒ
~�$�þ, �k^ëÏN�«�5�, Xpî'!pÝ!¡È�AÆ5�ØÜ©Z68I, Xã 4 (c) ¤«. ,�, |^ Sobel �f©Ouÿ��ã�Ú�©ã��>Æ, �â E b/E r ��� (X ≥ 1.5) 5?�Ú�ØZ6ëÏN, Xã 4 (d) ¤«. �±wÑ, �ý«�
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(a) �©ã�
(a) Raw image

(b) g·AK�©�ã�
(b) Binary image with

adaptive thresholding

(c) /�ÆÈÅ��ã�
(c) Binary image with

morphology filtering

(d) |^>ÆAÆ�ØZ6��ã�
(d) Binary image with

edge ratio filteringã 4 �ýã��K�©�9ëÏN©Û
Fig. 4 Adaptive thresholding and connected component

analysis of license plate image

3 �E�C�óû�ÀÆ½�ý ��Cz¬���ýã�3¼�L§¥¬�)ßÀ�ý. du�ý«��é��, ��iÎëÏN�°Ý½pÝ=�)���Cz, �ÏLëÏN©ÛuÿÑeZ�pÝ½°ÝÑ'��C���ëÏN,¿òù
ëÏN�¤���C�ó, l
�±uÿÑ¤k�U��ý«�. �C��{3©�ã�?n¥k�2��A^[18] . �ý«�¢SþÒ´deZ�U�½5Kü��iÎëÏN|¤, Ǒ
uÿÑÿÀ�ý«�, �©©O�Ñ�C�éÚ�C�ó�½Â[19]. ±ã 4 (c) Ǒ~, ÙëÏN�	�Ý/Xã
5 (a) ¤«, �©^M L«��ã�¥ëÏN�êþ, ëÏN
Ci (i = 1, 2, · · · , M) �¥%�IL«Ǒ (x i, y i), Ù	�Ý/�pÝÚ°Ý©O^ hi Ú w i L«. ü�ëÏN¥%:�î¼ål�±½ÂǑ d(C i, C j), XJëÏN C i Ú C j ÷ve�^�:

1) d(Ci, Cj) < β · min(hi, hj);

2) hi ≈ hj ;

3) wi ≈ wj ;

4) xi ≤ xj ;

5) tan−1

(
∣

∣

∣

∣

yj − yi

xj − xi

∣

∣

∣

∣

)

≤
π

4
.K¡ C j ´ C i ��C�ëÏN, ¿� C i Ú C j �¤���C�é, PǑ [C i, C j ]. Ù¥, β ´��~ê, Ï~�Ǒ 2∼ 5.

(a) ëÏN	�Ý/
(a) Bounding box of connected

components

(b) �C�ó
(b) Nearest neighbor

chainsã 5 �E�C�ó
Fig. 5 Construction of nearest neighbor chainséu��ã�¥�¤këÏN, 3Ùmý��½ÆÝÚål���S, ÏépÝÚ°ÝÑ'��C�ëÏN. XJk��ù��ëÏN, K�Ǒùü�ëÏN�¤���C�é; XJkõ�ù��ëÏN, K�ål�C�ëÏN�¤�C�é; XJvkù��ëÏN�3, K�
ëÏNy©ǑZ6ëÏN, ¿òÙl��ã�¥íØ. �µ«�ëYÑyõ�pÝÚ°ÝÑ�C�ëÏN�VÇ'�$, Ï
§�±�Ø�Ü©�µZ6.éu���¹ K �ëÏN�iG [C 1, C 2, · · · , C K ],XJ C i+1 (i = 1, 2, · · · , K − 1) ´ C i ��C�ëÏN, K¡ù K �ëÏN|¤���ÝǑ K ��C�ó. ~X, n��C�é [C i, C j ]![C j , C k] Ú [C k, C l] �±�¤���¹ 4 �ëÏN�C�ó [C i, C j ,C k, C l]. �á��C�ó¢Sþ´����¹ü�ëÏN��C�é. �©^ S L«�ÝǑ K ��C�ó, Ù²þpÝ h Ú²þ°Ý w ©O�±L«Ǒ

h =
1

K

K
∑

i=1

hi (5)

w =
1

K

K
∑

i=1

wi (6)�C�ó�²þpÝÚ°ÝǑ�ý�yÚiÎ©�Jø'�­��ë�, ��U
��/·AØÓº���ý«�.,��¡, duD(!h¹!C,!Y:�Ï��KǑ, Ü©�ýiÎ�ëÏN�U¬�)Êë½ä�, ¿�Ø�ǑZ6ëÏN
l��ã�¥íØ. Ïd, ¤k��C�óÑk�UéA��ÿÀ�ý«�. �Ä�AÛ�ý�KǑ, �À������«�±CX���ýã�.

4 �ý«��ydu�ýiÎ�°ÝÚpÝ��, ¿�iÎ°Ý�iÎål�'~�±ØC, 
��ý«�Ï~Øä�ù��AÆ.�â�ý«��Y²Úç�ÝKA5, �©�O
ü|ØÓ�Ý���, ©OéY²Úç�ÝK­�?1��, �â��§Ý���5�yÿÀ�ý«��k�5, ¿Ó��O¤k�ýiÎ�>..

4.1 AÛ���ýã�Ñ�3ØÓ§Ý�AÛ�ý, Ù'�3u^=��Ú}���. du�ý«��3���>µ, �©éÿÀ�ý«�?1>Æuÿ, ,�|^ Radon C��)�ý�^=ÆÝ. ã 6 (a) ��ý>µ�3'�î­��¡, ã 6 (b)
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(a) �ýã�
(a) License plate image

(b) >Æuÿ
(b) Edge detection

(c) ^=��ã�
(c) Skew corrected image

(d) }���ã�
(d) Shear corrected imageã 6 �ýã��^=Ú}���

Fig. 6 Skew and shear correction of license plate images�ýã���3�½§Ý�}��ý, �©3�½}�ÆÝ���S, é>Æã�÷ç���þ?1ÝK, ¿O�ÝK­����, �â¸� ���O}�ÆÝ. ã 6 (c) ¥��ýã�²L}�����(JXã 6 (d) ¤«, �±wÑ, ²L^=Ú}����, U
k�/¡EÑ�ýã���¡²1Àã.

4.2 Y²ÝK��Ǒ
�Ø1ìØþ!�KǑ, �©é�ýã��Y²FÝã�?1ÝK. ã 7 (a) ´ã 6 (d) �Y²FÝã�, U
��/âÑ�ýiÎ�>ÆAÆ, ;��ýþe>µÚÙ��iÎ«��Z6. éY²FÝã�÷Y²��ÝK�, iÎ«�Ï~k'���ÝK�, ¿�3þe>.NC�ÝK��3ì��Cz, Xã 7 (b) ¤«.

(a) Y²FÝã�
(a) Horizontal gradient image

(b) Y²ÝK­�
(b) Horizontal projection curve

(c) �Å��
(c) Square templates

(d) þe>.}�(J
(d) Image after top and bottom boundary

cuttingã 7 �ýã��Y²ÝK©Û
Fig. 7 Horizontal projection analysis of license plate imageǑ
�O�ýiÎ�þe>., �©æ^�|�Å��éÝK­�?1��. du¯k�{��iÎpÝ�°(�

�, Ïd, �3�C�ó�²þpÝNC���S�Oõ�ØÓ����Å��, Xã 7 (c) ¤«. �©æ^8�z�'Xê�Ǒ��ÚÝK­����¼ê, ��Å�°Ý��ýiÎ�pÝ���, T�Å���ÝK­���'§Ý����. Ǒd, �â���'Xê¤éA��Å°ÝÚ�� �, =��O¤k�ýiÎ�þe>., ²Lþe>.}��(JXã 7 (d) ¤«.

4.3 ç�ÝK���â¥I�º�ý��½5K, IO�ý (��!́ �!�ö�!+¯,�Ø	) k 7 �iÎ. Ǒd, �©�âiÎ°ÝÚm��O�|d 7 ��Å|¤���, ÏLéç�ÝK?1����5(½iÎ°ÝÚ�m>., ¿��âç�ÝK������'Xê5�y�ý«��k�5.�©é�ýã��ç�FÝ÷R���?1ÝK, ã
7 (d) �ç�FÝã�Xã 8 (a) ¤«, ã 8 (b) ´ã 8 (a) ÷R���?1ÝK�(J.�±wÑ,ÝK­��¸�«�Ï~éA�ýiÎ, ��KéAiÎ�m��x«�. - w1 L«�Å�°Ý, w2 L«1 2!3 �iÎ�m�m�°Ý§w3L«Ù�iÎm��°Ý, nö�'~'XǑ 45 : 34 : 12. du¯k�{���ýiÎ�°(°Ý,�©3�C�ó�²þ°ÝNC�ÛÜ��S,�O�|ØÓ�Ý��Å��,Xã 8 (c) ¤«. �Y²ÝK���{aq, ���¥��Å°Ý��ýiÎ�°Ý���, T�Å���ç�ÝK­���'5����. Ǒd, �â���'Xê¤éA��Å°ÝÚ�� �, =��OÑ¤k�ýiÎ��m>., Xã
8 (d) ¤«.

(a) ç�FÝã�
(a) Vertical gradient image

(b) ç�ÝK­�
(b) Vertical projection curve

(c) d 7 ��Å|¤���
(c) Templates with seven squares

(d) iÎ©�(J
(d) Character segmentation resultsã 8 �ýã��ç�ÝK©Û

Fig. 8 Vertical projection analysis of license plate image



1276 g Ä z Æ � 37òéu��!́ �!�ö�!+¯,��a.��ýã�,�âÙ�ýiÎ��ê!°Ý9��iÎ�m�ål, �±©O�OÑ�ã 8 (c) aq��Å��. 3ç�ÝK���ã, �±^�«�ýa.éA��Å��©Oéç�ÝK­�?1��, éÑ���'Xê¤éA���a., =��O�ýã��aO, ¿Ó���¤k�ýiÎ��m>..C������{nÜ|^
¤k�ýiÎ�ÝKAÆ, §U
Ó�(½�ýiÎ�°ÝÚ �, Ï
äk�r�­½5Ú|Z6Uå, XC,!À,!D(!h¹�. ,��¡, du�ý���5C/!AÛ��Ø�!�Å���Ý��\Ø��Ï��KǑ, ,
iÎ>.�U¬�3���Ø�, Ǒd, �3���ÛÜ��SéiÎ>.?1�N, =���¤k�ýiÎ��Z �.

4.4 ÿÀ�ý�y3ç�ÝK©Û¥, ��/G��O��ýiÎ�ü�5Kk��'X. éu�ýã�
ó, Ï~Ùç�ÝK©Û����'XêÑ3 0.5∼ 0.8 �m; éu��ý��µ«�,A�Ø�UÑy�ç���/Gaq�ç�ÝK­�, ���éA����'XêÏ~3 0.2∼ 0.4 �m. �©òç�ÝK����'Xê�Ǒ�ý«���yXê, ã 5 (b) ��ý�yXêǑ 0.623.3��ÄIO�ý��¹e, éã 9 �üÌÿÀ�ýã�^ã 8 (c) ¥��Å��?1��, Ù�yXê©OǑ
0.272 Ú 0.338, �±��òÙ�½Ǒ��ý«�. dd��,ÝK���{Ø��±�y�ý«��k�5, �U
�)¤k�ýiÎ�>., l
Jp
�ý£OXÚ��N5U.d	, ��±(Ü>Æ!�Ú!«n�AÆ?�Ú�y�ý«��k�5. ã 9 ÿÀ�ýã���y

Fig. 9 Verification of candidate license plate image

5 ¢�(Jéu�þ����ýã�, yk�Nõ�ýuÿ�{ÑU
������J.Ǒ
ÿÁ�C�ó�{�uÿ�J,�©A¿lØÓ|µ¥℄À
 500 Ì�3�«Z6�ã�?1ÿÁ, Ù¥, �ýiÎ��ã°ÝCz��Ǒ 2∼ 9 ���,iÎp°'Ǒ 0.9∼ 2.2. ù
ÿÁã��)
KǑ�ýuÿ�J�A«Ì�Ï�, X�ýº�Cz!ßÀ�ý!1ìCz!E,�µ!�ý�þòz�. Ù¥, AÌäk�L5��ýã�9Ùuÿ(J©OXã 10∼ 15 ¤«.ã 10 1 1 1�üÌã�´3�~1ì^�eû��u¶i�ã�, �müÌ�ýã���©OǑ 42 ��× 128 ��Ú 58 �� × 250 ��, Ù¥, m>ã���ý«��3�½§Ý�ßÀ�ýÚC,À/. ã 10 �1 2 1Ú1 3 1©O´K�©����ã�Ú�C�óuÿ(J, 1 4 1´�ýuÿ�iÎ©�(J. Ù¥, �müÌ�ýã���yXê©OǑ 0.583 � 0.546. lã 10 �¢�L§�(J�±wÑ, �C�ó�{vkÉ��ýã��ºÝCzÚßÀ�ýKǑ.

ã 10 ØÓº�ÚßÀ�ý��ýã�
Fig. 10 License plate image with different scales and

perspective distortions1ìØþ!é�ýuÿ�KǑÌ�Ny3ã�©�Ú�ý�yÚ½. ã 11 �>ã���ý«��3�é'��ú�1ìCz�¹, m>ã�´�ÌI	�ýã�, §äk�r�²Vé'ÝCz. l¢�(J�±wÑ, �©�K�©��{�±��/?n�«1ìØþ!��¹, U
©�Ñ'�����ýiÎ. d	, ���ýiÎ�m�AÛAÆ�q, �C�ó�{�±A^uØÓI[��ýã��uÿ.Ù¥, �>�ýã���yXêǑ 0.600; du�{��I	�ý�AÛëê, m>ã��©vk?1�ý�yÚiÎ©�Ú½.�µZ6N´���ý«�ØuÿǑ�ý«�. ã 12 �
2 Ìã�¥�ú¯Úä{�«��3'�´L�>Æ, ù
�µZ6�ëÏN5�Ï~��ýiÎëÏN�5�����, Ïd, �±ÏLëÏN©Û��{�Ø�Ü©�µZ6.3k
«�¬ÑyeZ���ýiÎaq�ëÏN«�, ¿U
�¤�C�ó. �ù
«��iÎü�5K��ýiÎk��«O,Ïd, ÏL�ý�yÚ½�±��/�Øù
�µZ6. ùüÌã�¥�µZ6�)�ÿÀ«���yXê©OǑ 0.369 Ú 0.338, 
�ý«���yXê©OǑ 0.552Ú 0.585.�ýã��þòzÌ��)Ñ�Ú$Ä�
!C,!À,!D(!©EÇ�$!i,ñÚ�Ï�, Xã 13 ¤«. éu�©��ýuÿ�{
ó, �þòzé�C�ó�{�KǑÌ�3ã�©�Ú½. Ù¥, ã 13 �üÌã��òz§Ý�é��, Ǒ,iÎ�©�(J�3�õ�ä�, �EkÜ©©����iÎ½öÌN)xÜ©U
�±��, �C�ó�{�±��/uÿ��ý«�,�müÌ�ýã���yXê©OǑ 0.575 Ú 0.513. éuòz§Ý'�p!�ýiÎëÏN»�§Ý����¹, K�{uÿÑ�ý«�, X
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ã 11 1ìØþ!��ýã�
Fig. 11 License plate images with non-uniform illumination

ã 12 E,�µ��ýã�
Fig. 12 License plate images with complex backgroundã 15 ´�Ì�m3�Ï´�8û�p�ßã�, Ù��Ǒ 2 000 �� × 3 744 ��, ã��Ñu�Ü©�3aqu�ý«��©i. �±wÑ, |^�C�ó�{�uÿ�¤k

� 5 Ì�ýã�, Ù¥, 
 4 Ì©EÇ�p��ýã���yXê�gǑ 0.602!0.564!0.545, 0.524, 1 5 Ì�ýã�U
uÿÑ�ý«�, �du©EÇ�$, ¿�3Ñ��
,��ÙiÎ©�Ñy�Ø, Ù���'Xê=Ǒ 0.309, ��½Ǒ��ý«�. dd��, �C�ó�{äk�r�|�µZ6Uå, U
éN´/A^uõ�ýã�uÿ�¯K.

ã 13 ¥��þòz��ýã�
Fig. 13 License plate images with moderate quality

degradation

ã 14 �þòz'�î­��ýã�
Fig. 14 License plate images with serious quality degradation¢�æ^�O�ÅM��¸Ǒ: Intel Core i5 560 M ?nì, ÌªǑ 2.67 GHz, S�Ǒ 2 GB; ^��¸Ǒ: Windows

7, Visual C++ 2010. �C�óuÿ�{�nØ�é'�{ü, Ø�9�õE,�$�. éu 320 �� × 240 ���ã�, ²þzÌã��?n�mǑ 27 ms; 
 640 �� × 480 ���ã�, ²þzÌã��?n�mǑ 189 ms. Ï~�¹e,©EÇ�p�ã��¹��µ«��õ, 
E,�µ��ýã�k�õ�Z6ëÏN, Ù?n�Ý�²w$u{ü�µ��ýã�.
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ã 15 õ�ýã��uÿ(J
Fig. 15 Detection results of multiple license plate imagesyk�õê�ýuÿ�{Ñk�A�·^�¸, éØÓ�ÿÁã�8, Ùuÿ�J�U¬k'�²w��É. ,��¡, 8
�vk��ISú��'���ÿÁã�¥, ¿��«uÿ�{�¢y[!J±��Ey, ùǑ�ØÓ�ýuÿ�{?1�*�é'¢��5
(J. ¯¢þ, �©3�ýuÿ�{�
ÏïÄ¥, é>ÆÚ�ÚAÆÓ�?1
�þ�¢�, uy>ÆAÆÌ�É�µZ6ÚºÝCz�KǑ��, 
�ÚAÆKÌ�É1ì�CzKǑ��. 3�©¤æ^�ã�¥¥, >Æa�{�uÿ¤õÇǑ 95.5 %, ØuÇǑ 3.8 %; �Úa�{�uÿ¤õÇǑ 86.4 %, ØuÇǑ

6.2 %. Ǒd, �©3�ï�ý£OXÚ�L§¥vkæ^>ÆÚ�ÚAÆ, 
´|^K�©�Ú�C�ëÏN©Û�{5uÿÿÀ�ý«�, ¿æ^�����{�yÿÀ�ý«��k�5, T�{�uÿ¤õÇǑ 98.4 %, ØuÇǑ 0.4 %.d	, �éuÙ�uÿ�{, �©JÑ��C�ó�{�äk±e`:: 1) U
Ó��Ñ¤k�ýiÎ��© �; 2)U
��?n�3õ��ý�ã�; 3) ²L{ü*��, U
��A^uÙ�I[½/«��ýuÿ¯K.

l±þ¢��±wÑ, �C�ó�{k�/|^
�ýiÎ�AÛAÆÚ�m�ü�5K,U
��/?n�ý��Cz!ßÀ�ý!1ìCz!E,�µ!�þòz�Ï�E¤�Ø|KǑ, ¿�Ñ°(��ýiÎ©�(J. �éuòz§Ý'����ýã�, T�{J±uÿ��(��ý«�. 3 500 Ì¢�ã�¥, k 8 Ìã�Ï�ý«���Úòzî­
��uÿ�}. ,��¡, XJU
(Ü�Ú!«n!>Æ�AÆ5�y�ý�k�5, �C�ó�{U
�����uÿ�J.

6 (Ø�©JÑ
�«Äu�C�ó��ýuÿ�{, T�{Äk|^g·AK��{?1ã�©�; ,�, �â�ýiÎ�AÛAÆÚü�5K�E�C�ó, l
uÿ¤k�U��ý«�; ��C������{é�ý�k�5?1�y, ¿�Ñ°(�iÎ©�(J, �C�ó�{�äk����*�5, ¿�N´�Ù��ýAÆ��/(Ü, X�Ú!«n!>Æ�. ¢�L², T�{�±��/?n�ý��Cz!ßÀ�ý!1ìCz!�µZ6±9ã��þòz�Ï��KǑ, äk���uÿ�JÚ°�5.
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