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Abstract—The study of RMB (renminbi ban
nk note, the paper
currency used in China) serial number recogn
nition draws more
and more attention in recent years, for reducin
ng financial crime,
improving financial market stability and soccial security. The
accuracy of RMB recognition relies heavily oon the extraction,
which is a challenging problem due to backgrou
und variations and
uneven illumination. In this paper, we present a new system that
extracts the RMB characters directly from scanned RMB images.
First, two different techniques, namely skew
w correction and
orientation identification are used to detect tthe region which
contains RMB serial number. Then the detectted text region is
binarized by a combined thresholding techniq
que. After that, a
local contrast average method is introduced to extract the RMB
The experiments
characters from the binarization result. T
demonstrate that the proposed binarization method outperforms
other well-known methods. For character extrraction, we report
an overlap-recall rate of 79.68% and an overlap
p-precision rate of
98.10% respectively.

(a)
(b)
Fig. 1. (a) See-through image and (b) reflecction image of RMB

Scanned original RMB images are
a captured by the contact
image sensor (CIS) installed in thee money counting machine.
Both a see-through image and a refflection image are obtained
in a single pass of the scanning process. The see-through (Fig.
1(a)) image includes complex security texture information
from both sides of the currency whille the reflection image (Fig.
1(b)) provides either the image siide containing clean serial
numbers without complex backg
ground or the other side
excluding serial numbers. Howeveer, in order to extract the
RMB serial number by scanning the paper currency only once
without considering the input side, the serial number can only
be extracted from the see-through im
mage which is a much more
difficult problem.

Keywords—image binarization, combination
n technique, local
contrast, RMB serial number extraction

I.

INTRODUCTION

osed approach first extracts
Given a RMB image, the propo
the RMB serial number region thrrough procedures of RMB
edge detection and orientation iden
ntification. There are some
anti-counterfeiting circles located around
a
or overlapping with
the RMB serial number. Because these
t
circles have the same
gray level and stroke width as the characters,
c
both the strokemodel based extraction method [4] and gray level-based
extraction method [5] are not suiitable to produce accurate
extraction results. Instead of extractting the RMB serial number
from gray level image, a novel binarrization approach is applied
to the serial number region. As a result,
r
we locate the RMB
serial number from the binary teext region. The proposed
binarization technique combines the area-ratio-based and
block-contrast-based [6] thresholdin
ng methods. It outperforms
the background estimation meth
hod [7], local maximumminimum method [8], and super-reesolution method [9] which
are the winners in the recent Doccument Image Binarization
Contest (DIBCO) 2009 [10] & 2011 [11] and the Handwritten
Document Image Binarization Conttest (H-DIBCO) 2010 [12].

Document images often suffer from their complex
background that renders the character extractiion a challenging
task. However, the problem of character extracction is critical in
many applications such as vehicle license plate recognition [1],
automatic bank check processing [2], recogniition of historical
document images [3], etc. Numerous charracter extraction
approaches have been developed for diffferent types of
applications in these years, however, little reesearch has been
done on extraction of serial number on bank noote.
In this paper, we present a new appproach of RMB
(renminbi, the bank note used in China)) serial number
extraction from original scanned RMB imaages which have
complicated background and uneven illuminnation. The RMB
serial number includes 10 printed characters ddesigned uniquely
and used as the identification of RMB. Hiigh reliability of
automatic RMB serial number recognition sysstem can improve
social security, reduce financial crime and sstabilize financial
market. Fig. 1 shows the serial numbers in the scanned image.
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(a)

(b)

(c)

(d)

Fig. 2. (a) RMB edge detection, (b) skew correctionn, (c) RMB security
thread, and (d) ‘100’ template

(a)

We extract the RMB characters by coombining apriori
knowledge and block contrast average, and conducting
superior performance.

(c)

Fig. 4. (a) Precise RMB character area, (b) area-ratio based binarization map,
and (c) block contrast based binarizatio
on map

low gray level located in each RMB
B image which is the metal
security thread of RMB. For differrent RMB orientations, the
security thread appears on the lefft or right half part of the
RMB, respectively. According to
o the location of security
thread, we categorize the orientattion identification problem
into two groups (Fig. 3(a) and Fig
g. 3(d), Fig. 3(b) and Fig.
3(c)), and the identification problem becomes a binarycategory classification issue. A ‘100’ pattern template (shown
in Fig. 2(d)) is applied to detect the best matches in four
candidate regions, and the matchin
ng result reflects the RMB
orientation. Based on the RMB im
mage’s scanning orientation,
we are able to extract the RMB seerial number region by the
apriori knowledge of serial number’s size and location. Fig. 4(a)
shows a few examples of extracted serial
s
number region.

The rest of the paper is organized as foollows. Section 2
details the RMB serial number region detecttion. Text region
binarization and character extraction are preseented in Sections
3 and 4 respectively. Section 5 summarizes the experimental
results. Finally, we conclude our paper in Sectiion 6.
II.

(b)

SERIAL NUMBER REGION AND DETECTION

A. RMB Edge Detection
During the RMB scanning process, the papper currency may
not be fed straight into the scanner, which caauses skewing of
the bitmapped image. This effect will dramattically reduce the
accuracy of the subsequent processes, such as RMB orientation
identification and character extraction. The RM
MB image should
be aligned with the coordinate axes before furtther operations.

III.

As we observed, the RMB horizontal edgges are parallel to
the RMB serial number, therefore, they caan be utilized to
estimate the skew angle. In our scanned RMB image, the blank
area’s gray level is 255 (Fig. 2(a)). It facilitatees us to detect the
RMB edge points by gradient change. Then pparameters of the
Hough transform.
four RMB edge lines can be estimated via H
The skew correction is performed by rotatting the scanned
RMB image according to the horizontal edge line’s slope. Fig.
2(a) (b) shows the edge detection and skew corrrection result.

BINARIZ
ZATION

A. Combination of Binarization meethods
In recent years, a large num
mber of document image
binarization techniques have been proposed and some have
reported impressive results. However, the RMB serial number
region image has the high intensity
y variation background and
complex texture, all the methods mentioned before cannot
achieve approving results. Since th
he serial number characters
have a static stroke width and they account
a
for a certain ratio of
image area, we present a combineed thresholding method by
utilizing the character’s stroke and area
a ratio features.

B. RMB Orientation Identification
Since the RMB serial number is printed aat the bottom-left
corner of the RMB’s front side with a fixed size, if we could
identify the orientation of the RMB, the text aarea can be easily
extracted apriori. Actually there are four ddifferent possible
orientations of the RMB image, namelly front-forward
direction, front-reverse direction, back-forwaard direction, and
back-reverse direction, as shown in Fig. 3.

1) Area-Ratio Based Binarizatio
on
A more precise character area can be extracted from the
gray level RMB serial number regio
on by horizontal and vertical
projections, as shown in Fig. 4(a). And we noticed that the
proportion of the characters is almo
ost the same in each precise
character area. Therefore, these low
wer gray level pixels could
be labeled as foreground by area-raatio based thresholding. The
character area proportion R(t) is defiined as:

Fig. 2(c) illustrates that there is a straight vvertical strip with

σ

సబ
ܴሺݐሻ ൌ σమఱఱ

௦
௦௧ሺሻ

సబ ௦௧ሺሻ

(a) Back-forward direction

(c) Front-forward direction

(1)

where ݄݅ݐݏሺ݅ሻ is the histogram of th
he precise character area, t
denotes the threshold. We empirically define the ܴሺݐሻ as 15%,
so the threshold can be computed iteeratively.

(b) Back-reverse direction

Fig. 4(b) shows the binary map produced by the area ratio
based method. It relies on a good
d choice of the area ratio.
Because the character area detection has a high precision, and
the resulting precise RMB characcter area images are very
similar to each other. A common choice of the area ratio is
reasonable in this case and producess remarkable results.

(d) Front-reversee direction

Fig. 3. RMB image orientations
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vertical projections, we obtain the precise RMB character area
from the binary image. Labeling all the outside pixels
background will help to remove the false circles from the
foreground, and facilitate subsequent character extraction
procedures. Furthermore, we design eight logic operators to
detect and remove single pixel artifacts along the character
stroke, such as concavities and convexities [13]. Fig. 7(i)
shows the binarization result after post processing.
Fig. 5. Block contrast of 4 directions

IV.

Once the final binarization result is produced as described
in previous sections, we extract the RMB serial number from
the binary image by procedures of horizontal character
extraction and vertical character extraction.

2) Block Contrast Based Binarization
From our observation, the character stroke orientation can
be quantized into four directions. The main idea of the block
contrast based binarization approach is that: the pixels on the
stroke have a lower gray level than the pixels beyond it. Since
the feature is insensitive to noise, block average is applied to
represent the central pixel’s intensity.

A. Horizontal Character Extraction
In horizontal character extraction, each RMB character’s
left and right boundaries are located. Specifically, we use a
bounding rectangle to indicate the outline of characters, the
width of each character rectangle is estimated by the apriori
knowledge of character’s width and the height of each
character rectangle is equal to that of the precise RMB
character area. Algorithm 1 states the horizontal boundary
extraction procedure for each character in the serial number.
Fig. 6(a) shows the character horizontal extraction result.

For each pixel in the RMB serial number region, the
classification of foreground (indicated by 1) or background, is
defined by the following thresholding operation:
ଷ
݂ሺሻ ൌ ݔܽܯௗୀ
݂ௗ ሺሻ

(2)

ͳǡ்ܥ ሺሻ  ܶܥܦܰܣ௧௧ ሺሻ  ܶ
݂ௗ ሺሻ ൌ ൜
Ͳǡ݁ݏ݅ݓݎ݄݁ݐ

(3)

்ܥ ሺሻ ൌ

௩א ሺሻ
௩אಾ ሺሻ

ܥ௧௧ ሺሻ ൌ

௩אಳ ሺሻ
௩אಾ ሺሻ

CHARACTER EXTRACTION

(4)

Algorithm 1 Character horizontal extraction
Require: binary image
Ensure: Character horizontal boundaries
1:
Character boundaries pre-estimation: locate the character
bounding rectangle according to apriori knowledge.
2:
Calculate the center of gravity (centroid) of the character
rectangle, and center the rectangle to x-direction centroid.
3:
Examine the left and right margins of the rectangle
if the width of left margin equals to the right then
go to step 4
else center the character rectangle by equalizing the left and
right margins, then return to step 2
end if
4:
Narrow the character bounding rectangle by removing the left
and right margins.

(5)

Here, ݀ ൌ Ͳǡ ͳǡ ʹǡ ͵ refer to four directions ሼͲǡ ɎȀͶǡ ɎȀ
ʹǡ ͵ɎȀͶሽ, the pixel will be labeled 1 if one of the ݂ௗ ሺሻis 1;
ܶ is a block contrast threshold, empirically set as 1.2; ்ܥ ሺሻ
refers to the contrast between top and middle blocks, and
ܥ௧௧ ሺሻ refers the contrast between bottom and middle
blocks; ܯ is a ሺʹܹ  ͳሻ square, centered by ܶ ; and ܤ are
two ሺʹܹ  ͳሻ  כሺʹܹ  ͳሻ block windows that are ሺʹܹ  ͳሻ
pixel away from, in opposite directions (Fig. 5); ܹ is defined
as half the width of the character stroke.
The proposed block contrast based threshold approach
makes use of the stroke width information, limits the
interferences like circles, wrinkles, and smudge, tends to
provide a binary image without considering the pixels intensity
(Fig. 4(c)).

B. Vertical Character Extraction
Due to the remaining circle fragments distributing around
or overlapping with the first three characters, the Y direction
character extraction is more complicated than X. First, we
center the character bounding rectangle according to ydirection centroid. Then, local contrast average method is
applied on the detection of first three characters’ top and
bottom boundaries. The boundary is derived from the
maximum local contrast average value of the neighborhood:

3) Combination
We take the intersection of the two aforementioned
binarization maps as the combined result. Pixel is labeled
foreground by examining both methods. Since the area-ratio
method does not consider the stroke texture characteristic and
the block contrast based method does not regard pixel intensity,
the combination method can correct a few false foreground
pixels, and provide a more precise classification.

 ݕൌ ܽݔܽ݉ ݃ݎ௬ఢௐ ܥሺݕሻ

(6)

where ܥሺݕሻdenotes the local contrast average at ݕ, ܹ refers to
the search area which belongs to ሾݕ െ ɘǡ ݕ  ɘሿ, ݕ is the
initial boundary and ɘ indicates the search range. For the top
and bottom boundaries, local contrast average values are
defined as follows:

B. Post Processing
The binary quality derived from the combination can be
further improved by post processing. First, the text components
which are smaller than three pixels are removed based on the
hypothesis that the real serial number components are usually
composed of more than three pixels. Then, by horizontal and

ܶݕݎܽ݀݊ݑܾǣܥ௧ ሺݕሻ ൌ

௩್ ି௩
௩್ ା௩ ାఌ

ݕݎܽ݊ݑܾ݉ݐݐܤǣܥ௧ ሺݕሻ ൌ
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݃ݒܣ כ௧

௩ ି௩್
௩್ ା௩ ାఌ

݃ݒܣ כ௧

(7)
(8)

(a) RMB serial number region
r
image

(b) Otsu’s binarizatiion result

(a)

(b)

Fig. 6. (a) Horizontal and (b) vertical extraction results

(c) Niblack’s binarizaation result

ɂis a positive small number that ensures the denominator will
not be 0.  ୲୭୮  and  ୠ୲୫ refer to the iintensity average
within top and bottom local neighborhoodd windows at  ,
respectively. The local neighborhood windoow has the same
width as the character bounding rectangle, aand the height is
assigned to 5 empirically.

(d) Sauvola’s binarizaation result

(e) Wolf’s binarizatiion result

In our scheme, the local contrast avverage approach
eliminates the influence of remaining circlee patches to the
character vertical extraction through the maaximum window
average selection rule. It utilizes the block aveerage to suppress
the background variation caused by false fooreground pixels,
and takes advantage of normalization factoor to ensure the
resulting bounding rectangle is not smaller thhan the character.
The final character extraction result is shown in Fig. 6(b).
V.

(f) Lelore’s binarizattion result

on result
(g) Su’s binarizatio

EXPERIMENTS AND DISCUSSSIONS
(h)Howe’s binarizatiion result

A. Binarization Experimental Results
We compared our binarization approachh against several
algorithms over the RMB serial number regioon images which
are derived from scanned RMB dataset. Thhese comparison
methods include well known Otsu’s methodd [14], Niblack’s
method [15], Sauvola’s method [16], Wolf’s m
method [17], and
the top-three methods in DIBCO 2009 & 20111 namely Lelore’s
method [9], Su’s method [8], and Howe’s m
method [18]. The
constant k in Niblack’s method is set to -0.2 as recommended
in the paper. In Sauvola’s approach, the window size is
designed to 10x10 pixels according to the reesolution, and the
parameter k is set to 0.5. The weighting facctor w in Wolf’s
approach is xed to 0.5. We set the edge deteection threshold T
to 100 in the Lelore’s method. The binnarization results
produced by different methods are shown in Fiig. 7.

(i) Proposed binarizattion result
Fig. 7. Binarization of RMB serial number region by different methods

The quantitative evaluation resu
ults are shown in Table I. It
illustrates clearly that our proposed
d method produces superior
performances than the other seven
n methods in PSNR, DRD,
and MPM, and only slightly lower than
t
Lelore’s method in the
F-Measure. The Otsu’s method can
nnot solve our problem due
to the serial number region image does
d
not present a bimodal
histogram pattern. Niblack and Sauvola’s method cannot
distinguish the difference from noiise to text if they have the
same image variation. Wolf’s meth
hod is sensitive to the noise
variance and Howe’s method is no
ot able to classify the text
pixel with low contrast to the backgrround. The method from Su
is not suitable to our case, because it assumes the intensity of
the character stroke is lower than th
he noises in the background,
which is not satisfied by RMB text region image. Our method
outperforms the Lelore’s method by
b utilizing the RMB serial
number’s distribution characteristicc to remove the remaining
circles and noises in post processing. Since Lelore’s method
needs to artificially generate low resolution
r
sequences of the
input image and compute their likellihood, our method is much
simpler and more efficient.

Many different measures have been propposed to compare
the effectiveness of binarization algorithms. W
We followed the
evaluation measures adapted from the D
DIBCO 2011[11]
including F-Measure, Peak Signal to Noisee Ratio (PSNR),
Distance Reciprocal Distortion Metric (DRD), and
Misclassification Penalty Metric (MPM).
TABLE I.
Method
Otsu
Niblack
Sauvola
Wolf
Lelore
Su
Howe
Proposed

Recall
99.82
99.54
19.05
87.01
79.99
95.21
90.66
61.12

BINARIZATION EVALUATION
N RESULT
Precision
7.15
11.25
9.96
33.51
71.25
13.51
43.01
95.31

F-Measure
13.35
20.22
13.09
48.38
75.37
23.66
58.35
74.48

PSNR
R
2.10
4.27
9.19
10.544
16.044
5.34
12.100
17.000

DRD
262.48
157.60
46.81
34.93
8.39
125.19
23.85
5.48

MPM
346.98
198.86
24.34
32.14
8.00
123.82
27.04
0.11

B. Character Extraction Results
In order to evaluate the perfformance of the proposed
character extraction approach, we conducted experiments on
500 scanned RMB images which
h contain 5000 characters.
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