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Abstract
The classification accuracy of the existing notes feature recognition based on image processing technology is 
widespread poor, it’s vulnerable to the restriction from external conditions. Aiming at the defect, the denomina-
tion recognition method about note image is improved. And the notes image pre-processing include two parts of 
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1. Introduction
As the speed of RMB internationalization to be 

more and more fast, it will put forward a higher stan-
dard for the circulation of RMB which is as the eco-
nomic carrier. Since the 1990s, with the development 
of sensor technology and computer operation ability, 
because of its own intelligent automation, notes dis-
tribution equipment has gradually replace artificial, 
and it is basic equipment on notes automation pro-
cessing for banking department[1].

Therefore, notes feature recognition technology 
become the key of notes distribution. Notes feature 
recognition not only includes the recognition of cur-
rency image denomination, image-oriented, defect 
detection of notes images, but also the degree iden-
tification of notes’ old and new and its serial number 
etc.. Because of its quick circulation and big quantity 
on the market, notes is hard to avoid the artificially 
folding, alter, and abrasion. Therefore it need to con-
tinually distinguish true-false of notes and classify 
them for the bank system, and notes currency sorting 
is a kind of effective tool for enhance the efficiency 
of the banking business, it has the identification func-
tions include currency denomination, image-oriented 
and old and new etc.[2]. 

In this paper, the research of notes feature recogni-
tion based on image processing can improve the notes 
distribution technology. Under the requirements of 
real-time, the ability of sorting of notes is improves, 
and ultimately high recognition speed and recogni-
tion rate is achieved.

2. Acquisition and Preprocessing of the Notes
Image Acquisition
In this paper, the required original notes image 

and the gray image which is processed are obtained 
by using a scanning method, they are as shown in 
figure 1(a) and 1(b), respectively. The resolution of 
the scanner determines the recognition speed of notes 
image. High resolution will lead to a larger image 
data, then the identification is slow,instead, it will be 
quicker. The resolution is divided into image resolu-
tion and the display resolution, and it only considers 
the former here.

(a)

(b)
Figure 1. The Original Image and Grayscale of the New 
Version 100 dollar

3. Enhancement of Notes Image
In the early period, the image enhancement is 

relative to the image recognition processing[3]. the 
effect of image can be better and its quality can be 
risen through image enhancement, and it can make 
the images be better for analysis. Because the image 
signal is always affected in the process of scanning 
and input to led the quality deterioration, we can ap-
ply image enhancement technology to make a series 
of changes to make the information we need more 
clear, at the same time, useless information has been 
removed or reduced. This paper mainly studies the 
histogram transform enhancement.

Histogram Transform Enhancement
As a result of the digital image pixels will change 

because of different grayscale values, in order to 
clearly show digital image gray level distribution, 
the digital image makes a histogram processing. The 
horizontal direction of the histogram represents the 
grey value and its vertical direction represents the 
probability of the grey value[4]. If the histogram dis-
tributions are concentrated in a small scale, it shows 
that the image contrast is very small and its charac-
teristics is not obvious. And if its histogram is made 
an equalization processing, then all grayscale will ap-

image enhancement and image segmentation is analyzed. Where, the histogram change enhancement and image 
edge detection are adopted in this paper, respectively. Secondly, an improved matching algorithm is put forward 
here, which is based on one-dimensional gray projection, and it’s found that it is faster for notes image denomina-
tion recognition by adopting the new algorithm. Finally, through the difference of the histogram change of the old 
and new note image, to identify its old or new. In this paper, by experiment the notes feature recognition algorithm 
based on image processing can achieve the standard of distribution technology, and its identification accuracy can 
achieve over 99%. It has the characteristics which are accurate, reliable and real-time, which can play a positive 
role in promoting the development of paper clarification technology at present.
Key words: IMAGE PROCESSING, NOTES IMAGE, ONE-DIMENSIONAL GRAY PROJECTION
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pear the same probability, the contrast of the image 
at this time will reach the maximum. The purpose of 
image enhancement is reached then. As shown, fig-
ure 2 is the gray-level histogram of figure 1(b). After 
histogram equalization, images of the 64 gray level 
and the corresponding gray histogram are as shown 
in figure 3(a) and 4(a). The corresponding gray curve 
is as shown in figure 5, and after the homogenization 

of 32 grey level images are as shown in figure 3(b) 
and 4(b).

4. Segmentation of Notes Image
The technology that the digital image is divided 

into different areas and each area contains certain 
characteristics is called image segmentation technol-
ogy [5-6]. Adopting digital image segmentation tech-
nology to process the desired part, it can reduce the 

Figure 2. The Histogram of New Version 100 dollar 
Grayscale Image

Figure 3. The Uniformity Grayscale of New Version 100 
dollar

(a)

(b)

(a)

(b)

Figure 4. The Uniformity Histogram of New Version 100 
dollar

Figure 5. The Uniformity Curve of Histogram
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amount of calculation and increase the speed of rec-
ognition. This paper mainly analyzes the edge detec-
tion method of notes image.

Image Edge Detection
To highlight the parts of images we take care of, 

while ignoring other, edge detection can achieve this 
effect. It can very well highlight those brightness 
changes are obvious in the image, which is the first 
step of digital image processing[7]. Take the new 20 
dollar for example in this paper, we take its gray im-
age and use Prewitt operator for testing. The gray-
scale image of new version 20 dollar is shown as fol-
lows in figure 6.

Figure 6. The Grayscale Image of New Version 20 dollar

Canny operator is widely used, which has a bet-
ter anti-noise ability and accuracy. Therefore, it 
generally uses Canny operator for edge detection. 
Canny who summarizes the classical edge detection 
operator, and in 1986 he put forward three good cri-
teria of edge detection operator and expressed them 
in the form of mathematical expression. Canny cri-
terion and its mathematical expression is shown as 
follows.

(1) Excellent Ege Dtection Prformance
The expression of SNR is that in the following:
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Where, f(x) is the impulse response of the filter In 
the boundary of ( ),ω ω− + , G(x) is the edge function, 
δ is the Root mean square of Gaussian noise.

(2) Good Localization Accuracy
The equation of the localization accuracy is as fol-

lows.
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Among them, G’(-x) and f ’(x) are the first deriva-
tive of G(x) and f(x). 

(3) Edge Response Is Single Valued
To meet the condition that the edge response is 

single valued, fot the Impulse response derivative of 
the test operator, its average distance of zero crossing 
point neesd to meet , that’s,
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The image detected by Canny operator is shown 
in figure 7.

Figure 7. The Edge Detection Image by Canny Operator 

5. Denomination Recognition of Notes Images
Feature Block of Notes
Denomination recognition of notes images has a 

lot of kinds, this paper mainly studies the notes fea-
ture block recognition and template matching method 
[8]. The feature block mainly refers to the parts which 
can represent the characteristics itself, that is, digi-
tal, etc.. Firstly, feature block identification mainly 
extracts the feature block which contains notes cur-
rency denomination from the notes image. Based on 
this, to make a template matching processing. Here 
some feature blocks of notes are as shown in figure 
8, where they are respectively numbers in the middle 
of the front face of 20 and 100 dollar, numbers in the 
top right corner of the front face of 20 and 100 dollar.

Figure 8. The Feature Block

Template Matching Method
Template matching method uses a known feature 

image as the recognition template to contrast to the 
target image, and uses the similarity to determine 
whether the matching is successful or not. In this pa-
per, the method of one-dimensional gray projection 
matching is studied. It is the gray-level projection of 
notes image in the horizontal direction and vertical 
direction, respectively, to form an one-dimension-
al image. And it’s as a treatment target for quickly 
matching, whose main principle is to reduce the di-
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mension and calculation data, then a higher matching 
speed can reach.

Assume that the function of the gray image is 
( , )f i j , the dimension is ×M N , the functions of the 

one-dimensional image formed by the projection in 
the horizontal direction and the vertical direction are 
as shown in equation (4) and (5), respectively, that’s,
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The similarity determination function of the nor-
malized projection is similar to two-dimensional tem-
plate matching is as shown in equation (6), that’s,
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Take the new 100 dollar for example, to make its 
projection in the vertical and horizontal direction as 
shown in figure 9.

The Simulation Experiment
In this paper, take the new 100 dollar and 20 dollar 

for example, and twenty of target identification sam-

ples are choosen for experiment respectively from 
each, the size of template is 30× 59, the size of target 
identification samples is 45× 75. And the enter direc-
tion is only considered to be positive here, the final 
results are as shown in table 1

6. The Recognition of the Old and New Notes
Based on the study of the recognition of the old 

and new notes, firstly, three new 100 dollar notes 
with different old and new degree are selected, 
which are as shown in figure 9. Where figure 10 
(a) is entirely new, (b) is ninety percent new, (c) 
is eighty percent new. The gray-level histogram of 
these three notes were taken as comparison observa-
tion, it is concluded that the high part of the histo-
gram changes obviously. This kind of circumstance 
is the result of the white part of the 100 dollar is 
more easy to be polluted than the other parts in the 
process of circulation. Then it can reflect the differ-
ence of the old and new notes.

Then the three 100 dollar images are made a 
threshold segmentation respectively in order to see 
their difference. After many times of experiments, it 
can be found that when the threshold is 179 samples 
of three old and new notes reflect very clearly. And 
the threshold segmentation images are as shown in 
figure 11, where the white part accounted for about 
32.6% in the whole image (a), (b) and (c) are about 
19.61% and 3.46%, respectively.

Figure 9. The Projection in the Vertical and Horizontal Direction

Tab. 1. Recognition Results

Denomination(dollar) The Numbers of 
Notes

The Numbers of Notes 
Matched Successfully Using Time Matching Recognition 

Ratio
100 20 19 1.27× 1.40 0.95
20 20 19 1.27× 1.41 0.95



799Metallurgical and Mining IndustryNo. 9 — 2015

Engineering design

Figure 10. The Image and Histogram of Different New and Old Banknotes

a(1) Entirely New Version 100 dollar

c(1) Eighty Percent New Version 100 dollar

a(2) The Corresponding Histogram

c(2) The Corresponding Histogram

b(2) The Corresponding Histogram

b(1) Ninety Percent New Version 100 dollar

Figure 11. Banknotes After Divided by Threshold of 179

a(3) The Threshold Segmentation Image of a(1) b(3) The Threshold Segmentation Image of b(1)

c(3) The Threshold Segmentation Image of c(1)
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We analysis the three notes images from the ex-

periment and find that different old and new notes 
have different gray level of the pixel points distribu-
tion. The white areas exist stain, then it is embodied 
in a little part of the curve surrounded by the high 
gray level area, and if the notes image becomes old 
and fades, the area of low gray level reduces. Corre-
sponding to low gray level, the bright colour stain is 
mainly yellow, green.

Conclusion
Today, the rapid economic development drives 

the development of financial industry forward togeth-
er. Then the distribution capacity of currency sorter is 
much higher now. Notes feature recognition technol-
ogy based on image processing is the key of research 
about currency sorter, then the eyes about it is in-
creasing, and its application areas are also increasing-
ly wider. In this paper, aiming at the defects existed 
in currency sorter, the method of denomination rec-
ognition of notes is improved. And at the early stages 
of the image recognition, a lot of preparation work is 
made to make identification results more accurate and 
the recognition rate more faster.
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