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Invoice number recognition algorithm
based on digital structure features

Junjie Liu1, Jianhui Lin1, 2

Abstract. A new recognition algorithm based on digital structure features is proposed to
solve problems of poor anti-interference ability in the template matching algorithm and long time-
consuming of neural network algorithm. The Multi-Scale Retinex algorithm is used to eliminate the
uneven brightness of invoice images, and the noise is removed by adaptive medium filter. Aiming at
the problem of digital adhesion, the area threshold method is proposed to segment accurately. After
the normalization of numbers, topology features are introduced to complete the fast classification of
numbers. Compared with the traditional recognition algorithm based on digital structure features,
the new algorithm choose more typical digital features and reduce the number of extracted digital
features. Experimental results show that this algorithm has faster recognition speed and higher
recognition rate.

Key words. Digital structure features, uneven brightness, image segmentation, area threshold
method, topology features.

1. Introduction

As a business voucher to record business activities, invoices are the important
evidence for enterprises to protect their rights and interests according to law. By
making use of fake invoices, criminals have caused huge losses to the national fi-
nance and enterprises every year. Every value-added tax invoice has unique number
information. The number information of each Chinese value-added tax invoice is
made up of 18 digits, with 10-digit invoice code and 8-digit invoice number. The
enterprise usually records the invoice number information manually and sends the
invoice number information to the national tax website to check the authenticity of
the invoice. The computer automatically identifies the invoice number by scanning
or photographing and uploads it to the website to check its authenticity. As a part
of OCR technology [1–2], digital recognition technology has high research values,
recognition rate and speed are used as evaluation criteria for digital recognition al-
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gorithms. With the development of digital recognition technology, many algorithms
have been proposed, such as recognition method based on template matching pro-
posed by [3], neural works recognition method proposed by [4], recognition method
based on structural features proposed by [5] and other algorithms. Template match-
ing algorithm sets the standard template and calculates the Euclid Distance between
templates and objects to classify. The neural network algorithm has the character-
istics of self-adaptation and learning ability, it can guarantee high accuracy for the
broken number, but the amount of calculation is large and the sample training time
cannot meet the real-time requirements. The traditional recognition algorithms
based on structural features calculates the Euclid Distance between digital struc-
ture features and templates to classify. This algorithm reduces the computation,
but the number of extracted digital features is too much, the digits which are seri-
ously damaged cannot be identified accurately. Therefore, this paper proposes a new
algorithm based on digital structure features, which introduces topological measure
to reduce the number of extracted features, and uses less digital features to complete
classification. Compared with the traditional algorithm based on digital structure
features, the new algorithm can reduce the computation and improve the accuracy
rate.

2. Preprocessing

This paper focuses on the identification of invoice numbers. Because of the
unavoidable contamination in the image captured by cameras or mobile phones,
preprocessing is necessary and the specific flowchart is shown in Fig. 1.

Fig. 1. Flowchart of preprocessing

Flowchart of preprocessing

2.1. Illuminance balance

The image of invoice captured by the camera will inevitably be affected by the
uneven illumination of the environment. The Multi-Scale Retinex algorithm is ap-
plied to solve the problem of uneven illumination. The Retinex algorithm proposed
by Jobson et al. in 1997 solved the problem of uneven brightness [6]. The image S
saw by the naked eyes is composed of two parts: the reflection component R which
carry the detailed information and the incident component L of the ambient light
which is the interference factor. Their relationship is shown as follows:

S (x, y) = R (x, y)× L (x, y) (1)
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Log [R (x, y)] = Log [S (x, y)]− Log [L (x, y)] (2)

The component R is finally obtained by estimating the component L and remov-
ing the component L according to the image S. The component R represents the real
appearance of objects. In Multi-Scale Retinex algorithm, the incident component is
estimated and eliminated by Gauss filtering.

The task consists of the following steps:

1. Select three fuzzy radiuses: 15, 80, 200.

2. Calculate the image S(x, y) filtered by three fuzzy radiuses respectively.

3. Calculate Log[R(x, y)] by formula (2).

4. Quantizing the pixel values of Log[R(x, y)] to the range of 0 to 255.

2.2. Denoise

The images captured by cameras must be affected by noise. The noise of image
is mainly distributed in the high frequency region; in the meantime the edges and
details of the image are also distributed in the high frequency region. Because
adaptive median filters can remove noise effectively and retain details of image, the
adaptive median filter proposed by [7] is used to remove the noise in this paper.

2.3. Binarization

Otsu algorithm is used to obtain binary image. The steps of Otsu algorithm are
showed as follows:

(1) Calculate the normalized histogram of image and use pj , j = 0, 1, 2, . . . , L−1
to represent the components of the histogram.

(2) Calculate cumulative sum q(k), k = 0, 1, 2, . . . , L− 1 by formula

q (k) =

k∑
i=0

pi . (3)

(3) Calculate cumulative mean value m(k), k = 0, 1, 2, . . . , L− 1 by formula

m (k) =

k∑
i=0

ipi . (4)

(4) Calculate global gray mean mG by formula

mG =

L−1∑
i=0

ipi . (5)
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(5) Calculate the variance σ2
B(k), k = 0, 1, 2, . . . , L− 1 by formula

σ2
B (k) =

[mGq (k)−m (k)]
2

q (k) [1− q (k)]
. (6)

(6) The threshold value τ is the k value that makes the maximum variance:
σ2
B (τ) = max

(
σ2
B (k)

)
, k = 0, 1, 2, . . . , L− 1. If the maximum value is not unique,

the average value of each k is selected as the threshold value. The binary image is
shown in Fig. 2.

Fig. 2. The binary image

3. Digital recognition

Firstly, each digital image is normalized to size of 24×42, and then numbers are
identified according to the structural features of the numbers. The logic of digital
classification is shown in Fig. 3

Fig. 3. The classification tree

According to the above figure, the task consists of the following steps:
(1) After observation and analysis of the both forms of figures topology structure,

using the Euler number characteristics as the first level classification, the numbers
are divided into 3 groups: (1, 2, 3, 5, 7), (8), (0,4,6,9) and the value of Euler number
is 1, -1, 0, respectively.

(2) We continue to classify the group (1, 2, 3, 5, 7) into smaller groups based on
characteristics of upper lines and lower lines. The characteristics of upper lines and
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lower lines are shown in Fig. 4

Fig. 4. Characteristics of upper lines and lower lines

(3) Analyzing the vertical projections of numbers to determine whether there is
vertical line. The vertical projections of the number 1, 2, 5, 7 are shown in Fig. 5.

Fig. 5. Horizontal projection of numbers

For the normalized 24×42 size digital images, calculate the value of Vn as

Vn = Lndiv H, (n ∈ [1, 42]) , (7)

where H = 24 is the total length of a column in horizontal projection and n is the
number of columns in horizontal projection and Ln is the sum of pixels in the nth
column. If Vn ∈ [0.6, 1], we think the number has a horizontal line. Define 1st to
5th column of horizontal projection as the top region of number and define 38th to
42th column of horizontal projection as the bottom region of number. If there exists
Vn ∈ [0.6, 1] when n ranges from 1 to 5, it is thought that the number has an upper
line. On the contrary, if there exists Vn ∈ [0.6, 1] when n from 38 to 42, it is thought
that the number has a lower line.

Thus the (5, 7) is classified into a group based on the upper line, (1, 2) is divided
into a group based on the lower line. The number 3 is divided into a group without
an upper line or a lower line.

(4) In order to continue the downward classification, we set the characteristics of
the vertical line as the following figure shows Fig. 6
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Fig. 6. Characteristics of vertical lines

Analyzing the vertical projections of numbers to determine whether there is ver-
tical line. The vertical projections of the number 1, 2, 5, 7 are shown in Fig. 7.

Fig. 7. Vertical projection of numbers

In the group of (1, 2), using the characteristics of vertical midline to distinguish
1 from 2. For the normalized 24×42 size digital images, calculate the value of Tn

Tn = hndiv w (n ∈ [1, 24]) , (8)

where w = 42 is the total length of a column in vertical projection and n is the
number of columns in vertical projection and hn is the sum of pixels in the nth
column. If there exists Tn ∈ [0.7, 1] when n ranges from 10 to 20, it is thought that
there is a vertical midline and the number is 1, otherwise it is the number 2.

In the group of (5, 7), use the characteristics of vertical lines to distinguish 5
from 7. If there exists Tn ∈ [0.6, 1] when n ranges from 0 to 10, we believe that there
is a vertical line, it is the number 5. Otherwise it is the number 7. The numbers are
divided into two parts from the middle of the image in vertical direction which are
shown in Fig. 8

By observing the area distribution of connected domains, the area of number 9
is mainly concentrated in the right part of the figure, while the area of the number
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Fig. 8. Images of digital after dividing

6 is mainly concentrated in the left part of the figure and the areas of two parts of
number 0 is almost equal. The area difference between the left half and the right
half is calculated and the threshold of area is set to 30, if the difference is greater
than the threshold value, it is considered as 6 or 9. When the area of the right part
is larger, it is considered as the number 9. Otherwise, it is the number 6. If the
difference is less than the threshold value is considered as the number 0.

4. Experimental results

Ensure software version, running device and character objects are consistent and
use the same preprocessing. Recognition speed and accuracy are utilized as evalu-
ation criteria. Experimental software adopts the Matlab R2015a, Window 7 oper-
ating system, i5-2520M processor. 900 numbers from invoices are recognized by the
proposed method, the template matching method [3] and the traditional template
feature matching method [5]. The experimental results are shown in Table 1.

Table 1. Experimental results

Recognition
algorithm

Template match-
ing

Template feature
matching

Proposed algo-
rithm

Number of digits 900 900 900

Accuracy rate 85.55% 92.88% 94.88%

Time (s) 4.3 3.7 3.2

The experimental results show that the algorithm in this paper guarantees the faster
speed and high accuracy rate. In this paper, the classification algorithm based on
the features of digital structure choose more stable digital structure features and
reduce the number of extracted digital features. Therefore, this algorithm has better
accuracy and speed.

5. Conclusion

Aiming at the recognition algorithm based on digital structure in this paper,
some conclusions can be drawn as follows:

(1) The algorithm in this paper can achieve high recognition efficiency. The
recognition rate of numbers on the invoice is 94.88%, which is higher than the
recognition rate of the traditional digital recognition algorithm. This method makes
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up for the shortcomings of complex features extraction, it selects the digital features
with higher discrimination and more stable structures to classify. Therefore, the
accuracy is higher and the speed of recognition is faster.

(2) The Multi-Scale Retinex algorithm is applied to solve the problem of uneven
brightness of images. Gauss filer of three radiuses is used to estimate the component
of environmental illumination, it strengthens the details of the image and eliminates
the influence of uneven brightness at the same time.

(3) In order to solve the problem of invoice digital adhesion, an area threshold
method is proposed according to characters of invoice numbers, which has high
accuracy for the segmentation of digital adhesions.
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