








to further be recognized. In order to extract the different features of the image, the image is processed
by binarization, the gray value of the image is only 0 and 255 two cases. Then system uses the Gauss
denoising method to eliminate the black noise and white noise generated by binarization. Secondly,
image expansion and image sharpening ensure that the image has enough target points, and the
distribution of the target points is more appropriate. Finally, system extracts the different features of the
image into cascade recognition based on different features.

Figure 5. Process of Cascade Recognition

3.3.1 The Number of Special Regional Target Points
After image binarization, is the pixel value of the point, when value of point is 0, the point is a target
point, if the value is 255 then the point is a background point.

According to the distribution of special digital pixel, as shown in Fig.6, in vertical direction the
digit is evenly divided into three regions, in horizontal direction, is evenly divided into two regions.
Thus, the digit is divided into six regions, upper-left region, upper-middle region, upper-right region,
the lower-left region, lower-middle region and lower-right region [9][10]. Because there is little
difference between lower-right region, upper-middle region, lower-middle region of the special digit.,
we only count target points of the upper-left region, upper-right region and lower-left region. The
number of target points of these three regions is one part of feature, in addition to the total number of
target points is another feature.

Figure 6. Special Region Figure 7. Horizontal Line

3.3.2 Horizontal Line Feature
By analyzing the digital structure, we can found that some digits have horizontal and vertical lines
feature. According to the position of horizontal line, it is divided into upper-horizontal line and
lower-horizontal line. System respectively begins scanning in sequence in the horizontal direction and
the vertical direction. The adjacent several horizontal lines or vertical lines are regarded as one line, as
shown in Fig.7, the digit "2" has a lower-horizontal line, "5" has a upper-horizontal line.

Only "5" in special digits contains the horizontal line, so as long as this determines whether the
digit contains the feature, these digits are divided into two categories, "5" or others. The horizontal line
feature is defined as in the horizontal direction it meet the Formula (8)
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Where, is consecutive number of black pixels in the horizontal direction, and respectively are
the width and height of a digital image, when that the there is horizontal line in the digit.
3.3.3 Hole Feature
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With the digital structural characteristics, we add upper-hole feature and lower-hole feature to further
distinguish the digits. According to the relative position of the center point and center line in the
hole to define the upper-hole or the lower-hole. When the longitudinal coordinate of center point is
bigger than the center line, , the hole belongs to upper-hole, otherwise it is the lower-hole. As shown in
Fig.8, "8" has a upper-hole and a lower -hole, "6" has a lower-hole, "9" has a upper-hole, "3" and "5"
don’t have holes.

Figure 8. Hole Feature

3.3.4 Feature Vector
The different features of special digits consist of the number of special regional target points,
horizontal line features and hole features. As shown in Table 1, the regional target pixel points contains
of upper-left, upper-right, the lower-left and the whole region of image. When the digital does not
contain horizontal line, the value of horizontal line feature is "0" otherwise, the value is "1". When the
digital does not contain upper-hole (lower-hole), the value of upper-hole (lower-hole) is "0", otherwise,
the value is "1". Different feature vectors of Special digits are shown in Table 2.In order to further
improve the accuracy, ours method matches features according to the weight [12]. When special regional
target points feature, horizontal line feature, upper-hole feature and lower-hole feature all occupy 25%,
the result of experiment is the best. According to the weight matching, the method selects the digit with
highest similarity as the result.

Table 1. Feature Vector

Feature Vector

Total Target
points

Upper-left
Region

Upper-right
Region

Lower-left
Region Horizontal Line Upper-hole Lower-hole

Table 2. The Feature Vector of Special Digits

Digit Feature Vector

3 [ 68 17 20 7 0 0 0 ]

5 [ 77 19 22 12 1 0 0 ]

6 [ 77 15 17 19 0 0 1 ]

8 [ 76 16 18 18 0 1 1 ]

9 [ 61 14 15 8 0 1 0 ]

4 Experimental Results

In this experiment, the CPU is Intel (R) Core (TM) i7-4790, the Clock Speed is 3.60GHZ.The software
environment is Visual Studio2013 and OpenCV2.49.The production and shipment of two scenarios
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respectively are selected 300 frames to recognize by template matching method(TM), SVM and ours
method. The single digital recognition rate and processing speed per frame are the evaluating indicators
for the experiment. Table 3 and Table 4 show the number of recognition for the three methods in the
two scenarios, the data in the tables represents times of every digit is successfully recognized. Fig.9(a)
and Fig.9(b) to show the recognition rate of the three methods in two scenarios.

Table 3. The Result of Production Scenario

0 1 2 3 4 5 6 7 8 9

Total digits 672 1548 828 1092 467 696 672 569 612 541

TM 623 1548 801 1013 455 634 515 564 604 519

SVM 672 1548 828 1041 467 659 531 568 607 512

Ours Method 672 1548 828 1092 467 696 661 569 612 541

Table 4. The Result of Shipment Scenario

0 1 2 3 4 5 6 7 8 9

Total digits 936 839 589 654 815 1010 665 774 246 543

TM 912 793 546 174 815 485 54 774 193 212

SVM 936 839 589 401 815 957 187 774 246 498

Ours method 936 839 589 541 815 1010 605 774 246 543

As shown in Table 3,in the production scenario, the digit "3" appears 1092 times, and it is
successfully recognized 1013 times by the template matching method, 1041 times by the SVM method
and 1092 times by ours method. In the shipment scenario, the digit "9" appears 543 times, the template
matching method only succeeds in recognizing it 212 times, in comparison, the recognition effect of
SVM method has been increased, recognizes successfully 498 times. However, "9" is easy to be
confused with the other 4 special digits, so the cascade recognition based on the different
characteristics can correct the error to recognize all the digit "9".
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Figure 9. Recognition Rate of Production and Shipment

As shown in Fig.9, ours method has achieved a better recognition rate in production scenario.
Specifically, the recognition rate of "4", template matching is 97.44%, while recognition rates of the
SVM and ours method rise to 100%. The recognition rate of digital "6", template matching is 76.64%,
SVM is 79.02%, and ours method rise to 98.21%. For the respective average recognition rate, the
template matching method is 56.99%, the SVM method is 82.51% and ours method is 97.35%. In
shipment scenario, the recognition rate by this method is significantly higher than template matching
method. Specifically, the recognition rate of "2", template matching is 92.86%, SVM and this method
rise to 100%. The recognition rate of "6", template matching is only 8.11%, SVM is 27.93%, and our
method rises to 91%.For the respective average recognition rate, the template matching method is
94.67%, the SVM method is 96.33% and ours method is 99.82%.

In the small digital recognition of industrial video, the method based on SVM is obviously superior
to the traditional template matching method. The SVM based on HOG features with cascade
recognition of special digits corrects the recognition mistakes of confusable digits.

Table 5. Speed of Results

Production Scenario Shipment Scenario

Single Digit Single Frame Single Digit Single Frame

TM 1.7 192.5 1.4 74.8

SVM 4.3 310.6 3.5 96.1

Ours method 6.1 361.4 4.2 134.3

One the one hand, the industrial aggregate system requires speed to keep 1 frame per second to
identify all the numbers in the frame. As shown in Table 5, the unit of time is millimetre, in the speeds
of a single digit and 1 frame, although ours method is a bit larger than the template matching method, it
still meets the requirement of the scenario. On the other hand, the system requires in the accuracy rate
of digital recognition not be less than 80%, then the template matching method and the SVM method
are not satisfied. So we comprehensively consider the requirements of recognition rate and speed, then
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ours method has achieved a good result in the small numerical recognition of cameras and surveillance
from aggregate production industry.

5 Conclusion

In the aggregate production, we present a new robust method for small numerical recognition of the
industrial video. Ours method succeeds in improving the recognition rate of small numbers. In addition,
this method also achieves good results in vehicle-mounted system and the concrete industrial
production. Compared with the template matching and the SVM classification, this method has a better
effect on recognition of the small numbers for industrial scenarios, such as aggregate production, and
has a valuable industrial application.
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