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Abstract. Image location affects the accuracy of image recognition. To
improve accuracy and efficiency of the object location, the histogram matching
method is designed, and a new common image location algorithm based on
histogram matching is proposed. The algorithm uses the statistical characteris-
tics of the histogram and determines the object location in the sequence image
by calculating the histogram correlation between the object image and the pixel
block of the image sequence. To verify the feasibility of the new algorithm, this
paper locates the bird position in the sequence image of Flappy Bird (a popular
mobile game) with the new algorithm. Experimental results show that the object
in sequence images with the same size or almost the same size (such as direction
variation), the algorithm is efficient and accurate. By testing 100 sequence
images, the recognition rate of the new algorithm is 100%.
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1 Introduction

With the rapid development of the computer vision and pattern recognition technology,
how to quickly and accurately locate and identify the objects in a digital image
becomes very important. Image location is the most important part of the image
recognition technology. The result of image location can directly affect the accuracy of
image recognition. At present, image location technology has been widely used in
military cruise [1], oil leak detection [2], vehicle management [3–5], video surveillance
[6] and medical diagnosis [7, 8] and other fields.

To protect the copyright of the digital image works and prevent the illegal
attacker’s malicious damage, Refs. [9–11] use the image watermarking technology to
locate the image tampered area. To identify the vehicle license plate and realize the
intelligent traffic management, Jianguo, et al. [5] proposed a vehicle license plate
location algorithm based on the three-value image. In this algorithm, the color image is
converted to the three-value gray image, and then using the color consistency among of
characters in the vehicle license plate, the vehicle license plate is located by the
character space line. For the implementation of maritime cruise monitoring, Lv, et al.
[1] proposed a maritime target location algorithm based on the aerial image.
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By establishing the relationship between the pixels of the aerial image and the object
marked points in three-dimension space, this algorithm establishes the geometric model
of the center of the video camera, the image pixel and the sea target. For the realization
of apple picking automation, Li, et al. [12] proposed a ripe apple location algorithm.
This algorithm is mainly based on the three-point determination method of the circle,
and the image removing noise technology. However, these existing algorithms are
located for the specific object. To the best of our knowledge, few common image
location algorithm has been proposed at present.

To improve the accuracy and efficiency of image location technology, a new
common image location algorithm based on histogram matching is proposed in this
paper. Experimental results show that the new algorithm is efficient and accurate.

The organization structure of this rest paper is as follows. Section 2 designs the
histogram matching method; Sect. 3 designs an image location algorithm based on
histogram matching; In Sect. 4 tests the new image location algorithm on Flappy Bird
(a mobile game) and analyzes the algorithm performance; the conclusion and outlook
are drawn in Sect. 5.

2 Histogram Matching Method

The image histogram indicates the statistical characteristics between each gray level
and the occurrence frequency in a digital image [13]. Gray image histogram is used to
count the occurrence frequency of 256 gray levels including 0, 1, 2, � � �, 255 in the gray
image. The histogram of Lena’s gray image in Fig. 1 is as shown in Fig. 2.

The histogram has the following three properties.

(1) If two images are exactly the same, then their corresponding histograms are
exactly the same;

(2) If two images are similar, then their corresponding histograms are also similar;
(3) Two images are different, but their corresponding histograms may be the same.

However, the probability of this case is very low. If the image size is m� n, then

the occurrence probability of this case is 1
m�n

� �256� 0.

Fig. 1. Lena Fig. 2. Lena’s histogram
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Using the above properties, this paper determines whether the two images are the
same or not by making a comparison on their histograms. To achieve the purposes of
image location, the histogram matching method is designed. For example, to locate the
girl’s head in Fig. 3 (called the location image), the specific steps are as follows.

Step 1: Drawing the histogram of the object image

The histogram of Fig. 4 is as shown in Fig. 5.

Step 2: Drawing the histogram of the pixel block in the location image

Select a pixel block with the same size of the object image from the location image.
The selected two pixel blocks are as shown in Fig. 6. The histogram of the pixel block
1 (i.e., the left selected area) is as shown in Fig. 7. The histogram of the pixel block 2
(i.e., the right selected area) is as shown in Fig. 8.

Step 3: Calculating the correlation of two histograms

Suppose two images are Am�n and Bm�n respectively, and the correlation of their
histograms is defined by

Fig. 3. Girl Fig. 4. Girl’s head Fig. 5. Girl head’s histogram

Fig. 6. Selected pixel blocks Fig. 7. Pixel block 1’s histogram
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r ¼ 1
m� n

X255

i¼0

ai � bij j; ð1Þ

where ai is the pixel number of the i th gray level in Am�n, and bi is the pixel number of
the i th gray level in Bm�n. Therefore, if Am�n and Bm�n are exactly the same, then
r ¼ 0. Conversely, if Am�n and Bm�n are different, then the value of r is larger and
r� 1.

Using Eq. (1), the correlation between two histograms can be computed, which
correspond to Fig. 4 and the selected pixel block 1 (or 2) is r1 ¼ 0 (or r2 ¼ 0:5646).
Therefore, the selected pixel block 1 is the position of the girl’s head in Fig. 3.

3 Algorithm Design

To locate the same object in sequence images, this paper proposes a new common
image location algorithm based on histogram matching. The specific steps are as
follows.

Step 1: Producing the object image

Choose an image Im�n from sequence images, and then save the object pixel block
in Im�n as a separate image file, which is called the object image and denoted by Os�t.

Step 2: Drawing the histogram of the object image

Count the pixel number of each gray level in Os�t, and then draw the histogram Ho

of Os�t.

Step 3: Locating the object in the first image of sequence images

Locate the object in the first image of sequence images. The specific steps are as
follows.

Fig. 8. Pixel block 2’s histogram
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Step 3.1: Selecting pixel blocks for the location.

Choose t continuous pixel columns including the object image in the first image
fk; kþ 1; � � � ; kþ t � 1g, where k is an integer and 0� k� n� tþ 1. From the chosen t
pixel columns, we segment the pixel blocks Bi with the size of s� t line by line from
the t th row to the m th row, i ¼ 1; 2; � � � ;m� sþ 1.

Step 3.2: Drawing the histograms of selected pixel blocks

Draw the histogram Hi of Bi, i ¼ 1; 2; � � � ;m� sþ 1.

Step 3.3: Calculating the correlation between two histograms

Using Eq. (1), calculate the histogram correlation roi between Ho and Hi,
i ¼ 1; 2; � � � ;m� sþ 1.

Step 3.4: Locating the object

Select the minimum value rmin in the set roif g, i.e.,

rmin ¼ min roif g: ð2Þ

The pixel block Bmin which corresponds to rmin is the object position in the first
image.

Step 4: Locating the object in the subsequent images of sequence images

The video playback standard requires 25 frames per second. Therefore, the object
displacement in two adjacent images of sequence images is very small. When select the
location pixel area, we enlarge the boundary of Bmin with p adjacent pixels. The other
steps are the same to Steps 3.2, 3.3 and 3.4.

4 Verification Experiment and Algorithm Analysis

Flappy Bird is a simple but a little difficult mobile game developed by a Vietnamese
named Dong Nguyen. The game was online on May 24, 2013, and it was very popular
in February 2014. However, it was removed from Apple and Google App Store by
developer himself in April 2014. The game officially returned to App Store in August
2014 [14]. In this game, players must control a fat bird through different water pipes
which are viewed as obstacles. Game players generally believe that the game is easy to
learn, but it is a little difficult to get a high score. Therefore, how to achieve the
automatic operation of this game attracts researchers and game players’ attention.

4.1 Verification Experiment

Image location is the core technology to realize the automatic operation of this game.
For Flappy Bird, the bird location becomes very meaningful. By analyzing the
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characteristics of game images, we adopt the image location algorithm based on his-
togram matching to realize the bird location. The experiment object is the gray image
of the game image. The experiment target is to locate the bird in sequence images. The
process of the bird location is described in detail as follows.

Step 1: Producing the bird image

Randomly choose a game image as shown in Fig. 9, whose size is 600� 400. Let
the gray image of Fig. 9 be I600�400, which is as shown in Fig. 10. Saved the pixel
block of the bird in Fig. 10 as a single image, which is called the bird image and
denoted by O32�46, as shown in Fig. 11.

Step 2: Drawing the histogram of the bird image

The histogram of the bird image Ho is as shown in Fig. 12.

Fig. 9. Game image Fig. 10. Gray game image Fig. 11. Bird image

Fig. 12. Histogram of the bird image
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Step 3: Locating the bird in the first image of sequence images

The first gray game image of Flappy Bird is as shown in Fig. 13. To locate the bird,
the specific steps are as follows.

Step 3.1: Selecting pixel blocks for the location

Choose 46 continuous pixel columns including the bird image in the first image
f94; 95; � � � ; 139g, which is marked with the dark gray color in Fig. 14. From the
selected 46 pixel columns, we segment the pixel blocks Bi with the size of 32� 46 line
by line from the 32nd row to the 600th row, i ¼ 1; 2; � � � ; 569.

Step 3.2: Drawing the histograms of selected pixel blocks

Draw the histogram Hi of Bi, i ¼ 1; 2; � � � ; 569.
Step 3.3: Calculating the correlation between two histograms

Using Eq. (1), calculating the histogram correlation roi between Ho and Hi,
i ¼ 1; 2; � � � ; 569.

Step 3.4: Locating the bird

Select the minimum value rmin ¼ 0 in the set froig, which corresponds to the pixel
block Bmin ¼ ½94; 298; 32; 46� in Fig. 13, where ð94; 298Þ is the coordinate value of the
upper-left corner pixel of Bmin, 32� 46 is the size of Bmin. The location result is as
shown in Fig. 15.

Fig. 13. The first game
image

Fig. 14. The first marked
game image

Fig. 15. Location result of
the first game image
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Step 4: Locating the bird in subsequent images of sequence images

By analyzing many game images of Flappy Bird, we can get the following features.

(1) The bird doesn’t move in the left and right directions in essence, and only moves in
the up and down directions. However, the water pipes move in the left and right
directions;

(2) For two adjacent game images, the bird only moves a very short distance.

Considering these features, we enlarge the up and down borders of Bmin with
p ¼ 50 adjacent pixels as the selected location pixel area. Therefore, the selected
location pixel area is ½94; 298; 32þ 100; 46� ¼ ½44; 298; 132; 46�, where ð44; 298Þ is
the coordinate value of the upper-left corner pixel of the selected location pixel area,
132� 46 is the size of the selected location pixel area. The other steps are the same to
Steps 3.2, 3.3 and 3.4.

4.2 Algorithm Analysis

(1) Location accuracy analysis

By testing 100 continuous game images of Flappy Bird, the accuracy rate for the
bird location is 100%. The location result of the second game image is as shown in
Fig. 16. The location result of the 100th game image is as shown in Fig. 17. Figures 16
and 17 show that the location results are very correct.

(2) Algorithm efficiency analysis

The algorithm efficiency is an important index to reflects whether an algorithm is
practical or not. Meanwhile, the high execution efficiency is required for sequence
images. Experimental result show that the execution time for bird location in the first

Fig. 17. Location result of the 100th game
image

Fig. 16. Location result of the second game
image
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game image is 0.3048 s, and the execution time for the bird location in the subsequent
images is 0.05765 s on average. In all, the efficiency of our proposed algorithm is fast
to satisfy the requirement of sequence images.

5 Conclusion and Outlook

Firstly, by studying the properties of image histogram, this paper design a histogram
matching method; secondly, a new common image location algorithm based on his-
togram matching is proposed; finally, the bird of Flappy Bird is located with the new
algorithm. Experimental results show that our proposed algorithm is feasible and
efficient. Meanwhile, the location accuracy is desirable. By testing the new algorithm
on 100 sequence images, the accuracy rate is 100%.

Our future work is as follows.

(1) Analyze the features of water pipes in Flappy Bird, and try to design a water pipe
location algorithm;

(2) On the bases of the bird location algorithm and water pipe location algorithm, we
will combine with the software and hardware to really realize the automation of
Flappy Bird.
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