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(57) ABSTRACT

The present invention discloses a license plate recognition
system by utilizing spatial-temporal search-space reduction
and method thereof. The license plate recognition system can
selects a pixel with character edge feature from the inputted
image and a plurality of candidate regions from the image;
and detect if the candidate region of the inputted image has
been appeared in a preceding image. Then the recognition
system in the present invention separates the candidate region
into a plurality of blocks, calculates the repeated block based
on a current image and a preceding image, and determines
whether the candidate region is repeated according to the
repeated block. Thus, by discarding the repeated regions, the
license plate recognition system in the present invention can
avoid redundant calculation and improve the efficiency and
performance for recognition of real plate character in the
image.
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Data: &,

Result: candidates of plate regions

foreach rovw in the image do

FindAllRuns() :

toreach Runf R, do

it || Ry, Bl < atlreshold then group Ry and R

it || Bl = 1%, then to process next run:

it || || < athreshold aid |Rio Ry > Wy and [|Ry B > W, then
| to process next rung

end

update corresponding connected components when R; is connected with runs of the

previous row;
end
for non-updared connected comporents do
PlateReestimation() .
extract connected components whose sizes are farger than a threshold:
end

cnd

Fig. 4
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Data: the row, of Gy
Result: plate and nen-plate runs
foreach column(x) in the row, do
it row,{z) > 0 then

| Ace[x] = Acc[x] + It
else

I Ace[x] = Oy
end

it vowe, (a) > 0 and Aeclz] < H, then
| updare the plate ran
else

| update the non-plate run:
end

end

Fig. 5A
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Data: connected components

Result: plae candhdates

foreach connecied conponenr. CCy do

if the size of CC; is lareer than a threshold then
dererming the plate candidate, which size is limiled (o a threshold with the largest sum of
pixels in plate runs;
reject the plate candidate when the sum is lower than a threshold

end
clse
| extend the left and right boundaries
end
end

Fig. 5B
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LICENSE PLATE RECOGNITION SYSTEM
USING SPATTAL-TEMPORAL
SEARCH-SPACE REDUCTION AND METHOD
THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Theinvention relatesto a video image analysis tech-
nology, and more particularly, to a license plate recognition
system by utilizing spatial-temporal search-space reduction
and method thereof.

[0003] 2. Description of the Related Art

[0004] With the accelerated development of economy and
technology, vehicles not only play as the means of transpor-
tation but also as a sense of identity. However, how to super-
vise and reduce the vehicles problems effectively, such as
traffic accidents and vehicle burglary, are of utmost impor-
tance during the past two decades. The present surveillance
control of vehicles, such as the high-speed photo detector, or
the police patrol, requires a great quantity of manpower.
Therefore, using the automatic plate recognition system to
cooperate with the above-mentioned work for reducing man-
power is coming with the tide of fashion.

[0005] However, for the application of plate recognition
system, different locations would cause different images. For
example, the environment of illumination or plate-like back-
grounds, or the plate locations, amounts, sizes, types, colors,
even the frames and screws on the plates, would increase the
difficulty of plate recognition. Moreover, the conventional
plate recognition system can only deal with a plate image
once at a time, and is limited by distinguishing the character
area from the non-character area in the image. That is, the
traditional plate recognition system remains a major chal-
lenge in dealing with multiple plate images simultaneously
and performing the real-time calculation. Therefore, how to
generate the plate recognition system with excellent recogni-
tion rate and high-speed calculation is the key issue for
vehicle industry.

[0006] Therefore, to solve the above-mentioned problems,
the present invention proposes a novel license plate recogni-
tion system by utilizing spatial-temporal search-space reduc-
tion and method thereof to improve the efficiency and perfor-
mance for recognizing a series of inputted images of license
plates.

SUMMARY OF THE INVENTION

[0007] Tt is therefore one of the many objectives of the
claimed invention to provide a novel license plate recognition
method by rapidly searching candidate regions from the
inputted image to improve the efficiency of operation.

[0008] Another objective of the claimed invention is to
provide a license plate recognition method by searching the
plate character candidate region based on spatial search-
space reduction to avoid redundant calculation of non-plate-
character region.

[0009] Another objective of the claimed invention is to
provide a license plate recognition method by searching the
repeated region based on temporal search-space reduction. If
the captured scene in the image is still, which means the
consecutive images have similar appearances, the candidate
regions will have the same or similar classification results.
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Thus, discarding the repeated candidate regions can avoid
redundant calculation and save significantly amount and time
of calculation.

[0010] Another objective of the claimed invention is to
provide a license plate recognition method by utilizing spa-
tial-temporal search-space reduction to improve the effi-
ciency and performance for recognition of real plate character
in the consecutive images.

[0011] According to the claimed invention, a license plate
recognition method by utilizing spatial-temporal search-
space reduction is disclosed. The license plate recognition
method includes: capturing a plurality of candidate regions
from an inputted image, and placing the candidate regions in
a candidate area; detecting whether the candidate region of a
current image has been appeared on at least a preceding
image, if yes, then discarding the candidate region from the
candidate area; and outputting the candidate region from the
candidate area.

[0012] Also according to the claimed invention, a license
plate recognition system by utilizing spatial-temporal search-
space reduction is disclosed. The license plate recognition
system includes: a character edge region detecting module for
selecting a plurality of pixels with character edge feature from
the inputted image; a plate character candidate region detect-
ing module for selecting a plurality of candidate regions from
the image, and if the candidate region comprises at least a
plate character, the candidate region is defined as the region
that bound the top and bottom of the plate characters tightly;
and a repeated region detecting module for detecting if the
candidate region of the inputted image has been appeared in
a preceding image.

[0013] Below, theembodiments of the present invention are
described in detail in cooperation with the attached drawings
to make easily understood the objectives, technical contents,
characteristics and accomplishments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 11is a diagram schematically showing a license
plate recognition system according to the present invention;
[0015] FIGS. 2A and 2B are diagrams schematically show-
ing the conventional plate region and the plate region cap-
tured by license plate recognition system of the present inven-
tion respectively;

[0016] FIG. 3 is a flowchart showing an embodiment of
operations of the license plate recognition system according
to the present invention;

[0017] FIGS. 4, 5A, and 5B are diagrams schematically
showing the algorithm of Bi-level one-pass plate extraction
(BOPE) in the present invention;

[0018] FIG. 6A to 6F are diagrams schematically showing
an embodiment of the license plate recognition system
according to the present invention; and

[0019] FIG.7Ato 7C are diagrams schematically showing
an embodiment of performing different feature extractions
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The present invention provides a license plate rec-
ognition system by utilizing spatial-temporal search-space
reduction and method thereof to improve the efficiency and
performance for recognizing a series of inputted images of
license plates.



US 2009/0208060 Al

[0021] Please referto FIG. 1. FIG. 1 is a diagram schemati-
cally showing a license plate recognition system 10 according
to the present invention. The plate recognition system 10
includes a character edge detecting module 12, a plate char-
acter candidate detecting module 14, and a repeated region
detecting module 16. When at least a image capture device 20
(e.g. a video camera) captures and inputs an image picture
into the license plate recognition system 10, the character
edge detecting module 12 will detect the region with charac-
ter edge, and retain that character edge region. The plate
character candidate detecting module 14 then selects a plu-
rality of candidate regions from the character edge region.
Next, the repeated region detecting module 16 detects the
repeated candidate regions and discards them.

[0022] FIG. 2A is a diagram schematically showing the
conventional plate region that plate characters and various
adornments such as frames, screws, and subtitles. However,
in the present invention, the character edge detecting module
12 generates the character edge region by vertical gradients.
Then the plate character candidate detecting module 14 uti-
lizes a Bi-level one-pass plate extraction (BOPE) algorithm to
extract all candidate regions rapidly. In the present invention,
the candidate region is defined as the region that bound the top
and bottom of plate characters tightly, as shown in FIG. 2B.
By detecting candidate regions only, the license plate recog-
nition system 10 in the present invention can avoid additional
procedures for removing the adornment before plate charac-
ter segmentation, which dramatically reduces the amount of
calculation and improves the efficiency.

[0023] The license plate recognition method in the present
invention includes two parts: (1) spatial feature: applying the
Bi-level one-pass plate extraction algorithm to extract the
candidate region rapidly; and (2) temporal feature: detecting
the repeated region and rejecting the candidate region. Please
refer to FIG. 3. FIG. 3 is a flowchart showing an embodiment
of operations of the license plate recognition system. The
images (i.e. the images from time t-1 to t) are captured by an
image capture device, as shown in step S10. Next, step S12
and step S14 show the first part of spatial feature in the present
invention. In step S12, the system generates the character
edge region by calculating and comparing the vertical gradi-
ent of the original inputted image and a threshold value (e.g.
the threshold value can be defined as the value of Otsu algor-
ism multiple a coefficient). If the vertical gradient of a pixelin
the original image is larger than the threshold value, that pixel
1s regarded as a character edge pixel. In step S14, the Bi-level
one-pass plate extraction (BOPE) algorithm is utilized to
generate the candidate regions. Assume that Wp and Hp rep-
resent the width and the height of the candidate region,
respectively. Np represents the number of plate characters.
All middle pixels between the detected character edge pixels
in the character edge region Gp are regarded as edge pixels if
the horizontal distance between the detected character edge
pixels is less than a threshold value (the threshold value canbe
defined as Wp/Np, which represents the largest distance
between the character edges on the same plate). The adjacent
character edge pixels in Gp are regarded as a “plate run”, and
the adjacent non-character edge pixels in Gp are regarded as
a “non-plate run”. The system will remove the “plate run” if
it satisfies one of the following conditions: (1) the vertical
heightis larger than Hp; (2) the horizontal length is larger than
Wp; and (3) the “plate run” is located between two other plate
runs of which both lengths are larger than Wp. FIGS. 4, 5A,
and 5B are diagrams schematically showing the algorithm of
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Bi-level one-pass plate extraction (BOPE) in the present
invention. By utilizing BOPE algorithm, the present inven-
tion can avoid spending much time on calculation of the
candidate regions.

[0024] Step S16 to step S20 show the second part of tem-
poral feature in the present invention: detecting the repeated
region and rejecting the candidate region. If the captured
scene in the image is still, which means the consecutive
images have similar appearances, that is, the candidate
regions will have the same or similar classification results.
Thus, discarding the repeated regions can avoid redundant
calculation and save significantly amount of loading and
time. In the present invention, a block match scheme is pro-
posed to calculate the similarity among the inputted images.
The similarity can be calculated by the “tangent distance”
measure. First, each image is tessellated into blocks with
16x16 dimensions for further comparisons. In step S16, the
blocks overlapping with the candidate regions are selected
and the system calculates the similarity of blocks in the image
at time t-1 and the image at time t. As shown in step S18, the
blocks with the distance values lower than a threshold value
are regarded as repeated blocks. In step S20, the system
discards the overlapped candidate regions, which are over-
lapped with the repeated regions and the covered area more
than a pre-defined percentage. That is, if the pre-defined
percentage is 60%, then the system will discard the candidate
region with the covered area over 60%.

[0025] FIGS. 6A to 6F are diagrams schematically showing
an embodiment of the license plate recognition system
according to the present invention. From FIGS. 6A to 6D, the
left side indicates the images captured at time t-1; and the
right side indicates the images captured at time t. First, as
shown in FIG. 6A, the system captures the image at time t-1
and the image at time t. Then the system extracts a plurality of
candidate regions according to the BOPE algorithm, as
shown in the frame of FIG. 6B. Next, in FIG. 6C, the regions
overlapped by candidate regions are regarded as required
detecting repeated regions, and the rest of non-required
detecting regions are blocked by shadow. The system then
detects the required detecting repeated blocks from those
required detecting repeated regions, as shown in the blocks of
FIG. 6D. Next, the system calculates the similarity of the
blocks in FIG. 6D by selecting the repeated blocks with the
distance values lower than a threshold value, as shown in the
blocks of FIG. 6E. The dark blocks represent the repeated
blocks, and the white blocks represent the non-repeated
blocks. Lastly, the system discards the repeated candidate
regions which are overlapped with the repeated regions and
the covered area more than a pre-defined percentage.

[0026] In FIGS. 6A to 6E, the image has 113 blocks
regarded as the required detecting repeated blocks, and within
these 113 blocks, 109 blocks are detected as repeated blocks.
Therefore, all candidate regions extracted by the BOPE algo-
rithm in the image at time t will be discarded because all of
them are repeated candidate regions. In fact, the real plate
character region has been acquired by the preceding image.
[0027] The plate recognition system utilizes the candidate
regions in each inputted image to detect the repeated regions.
Therefore, when the candidate region is overlapped, the sys-
tem can use the same block to perform the detecting function
without recalculating the similarity of the block. For example,
withrespect to license plate detecting applications, the related
art may need to detect different plates with different sizes, and
generate multiple candidate regions in the same image posi-
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tion. In the present invention, the plate recognition system can
only calculate the repeated block once to determine a plural-
ity of candidate regions, which dramatically reduces the
amount of calculation.

[0028] Usually the plate recognition system is required to
compute the related features in the image while calculating
the similarity of the candidate blocks. For example, the sys-
tem needs to calculate the tangent vectors of the inputted
image while the tangent distance measure is adopted. More
tangent vector calculations would cause more loading for the
systenl. Therefore, in the present invention, the plate recog-
nition system adopts one side image feature measure to com-
pute the similarity, such as one side tangent distance measure.
That is, in the present invention, the system only extracts the
feature from the following block when the system detects the
preceding block as a non-repeated block. On the contrary,
when the system detects the preceding block as a repeated
block, the preceding block and feature can be retained for the
following similarity calculation. As shown in FIG. 7A, with
respected to two different inputted picture P and picture E,
since the first picture is non-repeated picture, the system
performs the feature extraction (Tj) to the second picture.
Similarly, since the fifth and seventh pictures are non-re-
peated picture, the system performs the feature extractions
(T, and T) to the sixth and eighth pictures respectively. With
respected to FIG. 7B, the system calculates the tangent vector
once for each two pictures, which reduces 50% amount of
calculation. As shown in FIG. 7C as the best embodiment,
since the pictures E appear continuously, the system requires
only one feature extraction.

[0029] As mentioned above, the license plate recognition
method in the present invention first spatially selects the
detecting regions, and then compares the regions of different
images at different time. Therefore, the system can avoid
redundant calculation if there are similar regions, and signifi-
cantly improves the efficiency and performance for recogniz-
ing the images of license plates.

[0030] Those described above are only the preferred
embodiments to exemplify the present invention but not to
limit the scope of the present invention. Any equivalent modi-
fication or variation according to the shapes, structures, fea-
tures and spirit disclosed in the specification is to be also
included within the scope of the present invention.

What is claimed is:

1. A license plate recognition method by utilizing spatial-

temporal search-space reduction, said method comprising:

(a) capturing a plurality of candidate regions from an input-
ted image, and placing said candidate regions in a can-
didate area;

(b) detecting whether said candidate regions of a current
image has been appeared on at least a preceding image,
if yes, then discarding said candidate regions from said
candidate area; and

(c) outputting said candidate regions from said candidate
area.

2. The license plate recognition method of claim 1, wherein

said step (a) further comprises:

capturing a plurality of said candidate regions from a
image.

3. Thelicense plate recognition method of claim 1, wherein

said step (b) further comprises:

comparing a similarity of said candidate regions based on
different timing.
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4. The license plate recognition method of claim 1, wherein
said step (b) further comprises:

comparing said similarity of said candidate regions by
separating said inputted image into a plurality of blocks,
and making an image distance comparison with said
blocks which overlapping with said candidate regions.

5. The license plate recognition method of claim 4, wherein
said blocks is defined as a repeated block if said image dis-
tance is less than a threshold value, and said candidate region
is defined as arepeated region based on an overlapping degree
between said repeated block and said candidate regions.

6. The license plate recognition method of claim 4, wherein
said image distance is got from one-side tangent distance of
said image.

7. The license plate recognition method of claim 4, wherein
if said blocks of said candidate regions has been defined as a
non-repeated block previously, extract feature of said blocks.

8. The license plate recognition method of claim 1, wherein
each candidate region is calculated and transformed to a
character edge region according to vertical gradient, and then
acquires a plurality of plate character candidate regions
according to a bi-level one-pass plate extraction (BOPE)
algorithm.

9. The license plate recognition method of claim 8, wherein
said plate character candidate regions are defined as regions
that bound top and bottom of plate characters tightly.

10. The license plate recognition method of claim 8,
wherein said plate character candidate region has a predeter-
mined height and a predetermined width, and if a height of
said plate character candidate region is greater than said pre-
determined height or the width of said plate character candi-
date region is greater than said predetermined width, reducing
said plate character candidate region in order to conform to
said predetermined height and width.

11. The license plate recognition method of claim 1,
wherein said step (a) is performed by a character edge detect-
ing module and a plate character candidate region detecting
module.

12. The license plate recognition method of claim 1,
wherein said step (b) is performed by a repeated region
detecting module.

13. The license plate recognition method of claim 1,
wherein said inputted image is captured by an image captured
device.

14. A license plate recognition system by utilizing spatial-
temporal search-space reduction, said device comprising:

a character edge region detecting module for selecting a
pixel with character edge feature from an inputted
image;

a plate character candidate region detecting module for
selecting a plurality of candidate regions from said pixel,
and if said candidate regions comprise at least a plate
character, said candidate regions is defined as a region
that bound top and bottom of said plate characters
tightly; and

a repeated region detecting module for detecting if said
candidate regions of said inputted image has been
appeared in a preceding image.

15. The license plate recognition system of claim 14,
wherein each candidate region is calculated from character
edge regions according to vertical gradient, and then acquires
aplurality of plate character candidate regions according to a
bi-level one-pass plate extraction (BOPE) algorithm.
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16. The license plate recognition system of claim 14,
wherein said repeated region detecting module separates said
candidate regions into a plurality of blocks, calculates said
repeated block based on a current image and a preceding
image, and determines whether said candidate region is
repeated according to said repeated block.

17. The license plate recognition system of claim 14,
wherein said repeated region detecting module further com-
pares a similarity of said candidate regions by separating said
image into a plurality of blocks, and making an image dis-
tance comparison with said blocks said blocks which over-
lapping with said candidate regions.
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18. The license plate recognition system of claim 17,
wherein said block is defined as arepeated block if said image
distance is less than a threshold value, and said candidate
region is defined as a repeated region based on an overlapping
degree between said repeated block and said candidate
regions.

19. The license plate recognition system of claim 17,
wherein said image distance is got from one-side tangent
distance of said inputted image.
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