


(a)The association graph for Fig.1(a) and Fig.1(b)
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Figure 2. An example of Clique-Finding matching

Fig. 2(a) shows the association graph for the en-
try of Fig. 1(b) and the standard mask(Fig. 1(a)).
For example, since p3 = py and p; = p,-, we should
construct the nodes of v3_¢ and vy_;., furthermore
because dyy =~ dy v & azy = agyr, nodes v3_g and
vy—y+ can be connected. Although we also construct
the node wvy_g because of their similar property,
vo—or and vy can not be connected, because (do,,
agy) and (dgyr, apyr) are quite different.

Then the “best match” can be obtained by finding
maximal clique(Fig. 2(b)) of the association graph.
From all above, we can say our method works in 2-
dimension using the distance and the angle between
each element at the same time. Therefore the match-
ing is robust with zooming, skewing and the failure
in segmentation.
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By temporal character recognition of the matched
characters, relatively reliable elements on the plate
can be obtained. Based on these characters(regions),
the rest of the characters are located refering to the
standard mask. In this way, the missing characters
due to segmentation failure can be found. Also the
false regions will be excluded through the matching
and the temporal character recognition. If there is
nothing matched or all of the matched regions are re-
jected by character-recognizer, we can conclude that
this candidate plate is not a correct one. Then we
should deal with the next candidate with the same
procedure,

3 Performance evaluation

The test images of moving vehicles on road are
taken by CCD camera. The gray-level is 256 and
the size is 1024x512. The illuminating condition is
towards light during daytime. After applving 3 x 3
filtering operation for edge detection, we can select
up to three prospective regions of license plate where
pixels are clustered in the edge image.

Fig. 3 - Fig. 6 show the images which are cap-
tured quite differently, but our method can detect
and separate the characters successfully.

In the case of low illumination(Fig. 3), severe
noise causes many false regions in the segmentation.
Our procedure excludes them by matching.
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Figure 3. The case of low-illumination
and severe noise



In the case of high ilhnnination(Fig. 1), since the

camera pets over-loading, a bright-bar appears and

covers some characters which can not be detected 11}'
However.

segimentation. our procedure finds them

by association.
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The case of high-illumination
and over-loading

Figure |

Fig. 5 shows the case of skewing and a .7 being
included; In Fig. 6. our procedure rejects a plate-
like string. Although it can match with the large
numerals on plate and “I" may be read as “17, there
is no characters above them which can be read as
the small numerals.

We evaluate the accuracy and speed of this proce-
dure on Sun Ultral( 206N Hz workstation with 180
images. The recognition rate is shown in Ta-
ble 1. and Table 2. The average processing time 1s
about 1.8 sec/image.
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Figure 6. An example for rejection



Table 2. Separating & Recognition rate for the characters

Correct rate Large Numeral | Small Numeral | Chinese Character | Japanese Hiragana
Number of characters 652 326 318 163
Without Separating 95.70 89.88 83.62 81.66
Association | Recoguition 92.64 87.73 79.89 82.82
With Separating 99.85 98.77 91.38 100.00
Association | Recognition 09.85 96.93 89.66 OR.77
4 Conclusion References

Although there are some failure in selecting can-
didates for the plate and binarization for character
recognition, our procedure is very effective to im-
prove the correct separating rate.

The experimental results show that our procedure
is not only robust against zooming, skewing, vari-
ety of illumination and noise, but also effective to
deal with Japanese Hiraganas, Chinese characters
and small numerals, which are very difficult to be
obtained by the conventional sequential image seg-
mentation method.

The proposed method can also be used in some
object-recognition systems which have fixed struc-
ture just like the license plate. For example the se-
rial number recognition for container, train, ete. .
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