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Abstract — To avoid potential electric bike collision accidents when opening vehicle doors with no awareness of danger, a vision-
based approach for electric bike detection is proposed in this paper. Histograms of Oriented Gradients (hog) feature is used to 
represent the appearance of electric bike, which allows extraction of highly distinguished features for the classification process. 
Since Support Vector Machine algorithm is sensitive to noise, a learning algorithm based on fuzzy SVM is used to construct the 
classifier for detection. In our method, the fuzzy membership function is not only defined on the cluster distribution of a sample 
class itself, but also has relations with other classes of samples. Compared with SVM algorithms, this method can more effectively 
distinguish between the valid samples. The experimental result shows that our classifier can achieve good performance of electric 
bike detection, its detection rate is more than 90% and its false alarm rate is only 12.7%. 
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I. INTRODUCTION 
 

Electric bikes are a category of vehicles in China. These 
vehicles have become a popular transportation tool for 
citizens because of their convenience and low cost [1]. 
However, the increase of electric bike brings more 
transportation accident, as shown in Fig 1. When the vehicle 
stopped and the driver opened the door with awareness of 
object closely, the electric bike may crash the vehicle’s 
door. The internet report that such collision accident were 
happened nearly one hundred in ten days in the city of 
Nanjing, which caused several deaths [2]. In order to avoid 
the potential dangerous collision between vehicle door and 
electric bike while the driver getting off the vehicle, 
researchers have been proposed two main methods for 
driver warning. The first method is using radar [3][4] as 
sensor for object detection. If a target coming near is 
detected, alarm is triggered to remind drivers. This method 
requires relatively high cost on hardware; and due to certain 
limitations of radar ranging, the allowed precaution time is 
short, and sometimes drivers cannot respond timely. The 
other method is using sensors and computer vision 
technologies to detect nearby targets. Traditionally, Optical 
flow[5], background subtraction[6] and frame difference 
methods[7] were used. These methods do not recognize 
targets. As long as there is movement towards the vehicle, 
the alarm is triggered. Therefore, the error (false alarm) rate 
is high.  

In order to prevent collision accidents and solve the 
problem in existing methods, this paper proposes an 
automatic electric bike detection method, based on classical 
feature extraction and classifier algorithm. Support vector 
machine (SVM) is a supervised machine learning algorithm 
based on structural risk minimization, which is widely 

applied in applications of classification. In order to improve 
the noise sensitivity problem in SVM, several other 
extended SVM algorithm are proposed, such as fuzzy SVM 
[8], weighted margin SVM [9], prior knowledge SVM [10], 
and etc. The main difference of each algorithm is how to 
generate weights for training data. There are also several 
methods for estimating the weights, which is mainly based 
on the data cluster distribution or measures of similarity or 
dissimilarity of samples. The limitation of the above method 
is that weights typically depend on cluster distribution of a 
sample class itself. In this paper, we developed a new 
membership calculation method for FSVM, the fuzzy 
membership value is not only defined on the cluster 
distribution, but also be affected by other classes of samples. 
The main purpose is to achieve the high electric bike 
detection for automatic alarm system in vehicles. 
    

  
Fig 1 Electric bikes and the collision accident with vehicle door. 

 

The next section provides an overview and framework 
chart of our method. Section 3 introduced the concept of 
SVM and FSVM, and develops a new membership 
calculation method. The experimental result is shown in 
section 4, and a discussion is provided in section 5. 
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II. THE MAIN PRINCIPLE OF ELECTRIC BIKES 
DETECTION 

 
Our processing is mainly divided into off-line training stage 
and real time detection stage, as shown in Fig 2. At the 
training stage, the HOG feature [11] was extracted in 
positive and negative samples, then a classifier is trained by 
the fusion of the fuzzy member function and SVM 
algorithm. At the real-time stage, the interesting region is 
searched by sliding a sub window on image with multiple 
scales step by step, and then the classifier is applied for each 
image region to distinguished between object and non-
object. 

 

 
Fig 2. Framework of the proposed  electric bikes approach 

III. METHOD 

A. Feature extraction with HOG 

Feature extraction is the first step in the process of image 
classification, which seriously affects the reliability and 
accuracy of the detecting[12]. The feature of histogram of 
oriented gradients (HOG) describes the distribution of image 
gradients and shape for object’s appearance feature, which is 
robust to illumination change and achieves great detection 
rates in application.  
The procedure of our HOG computation is as follows [13]: 

(1) To reduce the illumination variance for images the 
gray scale is normalized to the same intensity range. 

(2) The norm and orientation of each pixel can be  
computed  using Equation (1) and (2). 

22 ),(),(),( yxdyyxdxyxmhog          (1) 

)/(tan),( 1 dxdyyxhog
                 (2) 

Where the ( , )dx x y and ( , )dy x y  are calculated as 
follow Equation(3) and (4). 
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)1-,()1,(),( yxIyxIyxdx                (4) 
And split the source image into cells with same size, then 

group them into bigger blocks, as show in Fig 4. For each 
cell, we used unsigned gradients in conjunction with n bins 
(a bin corresponds to 360/n) to construct normalization the 
histograms of oriented gradients. There are two method for 
gradient normalization, which are L2-Hys and L2-norm. 
Experiment show that above algorithms performed equally 
well. We choose L2- normalization because of its simplicity, 
as illustrated in Equation (5) [14]: 
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v  represent the original and normalized gradient 

magnitude, and *
iv  represent the normalized gradient 

magnitude of certain pixel i . K  is the total number of 
pixels in one block, and   is a small constant value that 
avoid denominator be zero. 

(4) Histogram of gradient magnitude is generated in one 
block and then combined all histograms from begin and end 
as a vector, which is the HOG feature of input image. 

 
Fig 3  HOG feature extraction 

Because of the overlap of blocks as in Fig 3, there is 
repeated calculation of gradient magnitude. In order to 
reduce computation time, integral image [15] can be adopt 
for intermediate representation. Assume that histogram of 
gradient magnitude of a pixel (u, v) is ( , )V x y ，as in Fig 4, 
then the total of histogram about all pixel that above point 
( , )x y  is: 

),(),1(),( yxHyxHHyxHH           (6) 
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If the ),( yxH and ),( yxHH  region is defined, and set 

0)1-,( xH , 0),1(  yxHH . We can generate the 

histogram of gradient magnitude in one block: 
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We use the same method to compute histogram of gradient 
in other blocks, so the final histogram of the whole image 

can be generated rapidly. 

(1)BV

( )B blockV N

 

Fig 4 intermediate image and computing 

 

B. SVM and FSVM 

The SVM is a classification algorithm based on statistical 
learning theory [16], which was widely applied in various 
fields. Assume that a set of labeled training sample is 
expressed as: 

   1,1,,,...2,1,,  yRxniyx n
ii       (8) 

The goal of SVM is to construct a hyperplane to split the 
two kinds of samples, which makes the classification interval 
maximum.The hyper-planes can be defined [17]: 

nibxwy iii ,...,2,1,-1)(              (9) 

Where w is an m-dimensional vector, b  is a scalar, and 

i . Then we can find the optimum hyper-plane to maximum 
classification interval of samples. This problem can be 
regarded as a optimization solution as follow 
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The C in Equation (10) is a regularization constant. The 
Lagrange solution is employed to convert the constrained 
optimization problem: 
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Where the  n ,..., 21  is the vector of Lagrange 
multipliers in Equation (10) and (11). According to the 
Kuhn-Tucker theory [18], the equality condition holds for 

the training points ),( ii yx  only if the associated i  is not 
equal to zero. In this case, the solutions of Equation (12) (13) 
(14) is  is equivalent to follow: 

1,...n   ,0)1)((  ibxwy iiii     (15) 

niC ii ,...,1    ,0- ）（              (16) 

The sample ix , corresponding with 0i  is called a 

support vector. Then we can construct the optimum hyper-
plane with all support vectors  as follows. 
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Then plug Equation (17) in to Equation (9), and the 
decision function for a sample point can be written as. 
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The )(xf  is linear classifier in Equation (18). By using 
kernel function, the original input feature space can be 
mapped on high-dimensional feature space, and to avoid 
mapped computing directly. The polynomial kernels and 
radial basis function (RBF kernel) is used widely [19], which 
is defined as: 

)/(exp),(
2

mxxxxK              (19) 

The m  is the number of inputs for normalization, the   is a 

spread of the radius in Equation (19). 

SVM algorithm demonstrates good performance for 
classification in experiment and practice, but it still has 
defects of noise sensitivity because of weights for all the data 
points are the same in training [20]. Given a memberships 
value for each sample to represent the degree of importance 
for constructing optimum hyper-plane, the SVM can be 
extended to the FSVM [21]. Assumed a set of labeled 
training points with fuzzy memberships as follow: 

   1,1,,,...2,1,,,  yRxniuyx n
iii    (20) 

Each training sample point x  belongs to one of two 

disjoint classes with a label  1,1 y  and a  fuzzy 
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membership ]1,0[iu . The fuzzy membership indicates 

probability of the sample point belongs to a certain class. To 
find the optimum hyper-plane, a optimization solution is 
defined based on a variant of the SVM: 
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According to the same SVM theory above, Equation (21) 
can be transformed into its dual: 
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According to KKT conditions, the solutions can be written 
as 

1,...n   ,0)1)((  ibxwy iiii      (26) 

niCu iii ,...,1    ,0- ）（           (27) 

C. Fuzzy membership function 

FSVM is more noise robust than the SVM [22], a sample 
point (or outliers) that has a large error is to set a small 
membership value, which is treated less important for 
training. The key issue in FSVM is how to obtain the 
membership values that properly represent the importance of 
sample points. In the previous proposed method, the fuzzy 
membership is related with the cluster characteristics of 
samples, such as density and distance away from cluster 
center. Xiang Z proposed a FSVM based on affinity among 
samples [23]. The membership is represented as below:  
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Where R  is sphere radius with minimum volume while 

containing the maximum of samples, d(xi) is Euclidean 
distance from sample to cluster center. It is shown from the 
Equation (21) that the membership value is affected by the 
cluster distribution of a sample class itself. In fact, the 
probability of which category a sample belonged in is 
associated with its distance from other class of samples. As 
shown in Fig 5, distributions of properties for rectangle 
samples are the same in Fig 6. Obviously, the point A in Fig 

6 is more likely belongs to the class of rectangle samples, 
and the point A in Fig 6 may be belongs to other class or 
may be a noise point. 

 

Fig 5 Sample distribution (far away) 

 

Fig 6 Sample distribution (nearby) 

From Fig 6, we can see that when a sample point is closer 
to the other samples center, the membership should be lower. 
Therefore, for a typical two-category classification in our 
application, the membership function will be improved as 
follow:  
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)( ixd   is the distance of a point away from the other 
samples center, R  is the minimum sphere radius of the 
other set of samples. Thus, the closer of a sample point to the 
center of other cluster, the membership of this point will be 
lower. 

IV. EXPERIMENTAL EVALUATIONS 

We collected 2332 picture of electric bike as positive 
data set. Which were captured in streets of Nanjing city with 
variety range of illumination outdoor by mobile phone. All 
electric bikes were manually cropped to fit electric bike 
regions with a boundary of about 4 pixels with same 
resolution at 80*48. We downloaded the MIT-CSAIL 
database of objects and the UIUC image database for car 
detection from net. About 2000 images were chose as part of 
negative image data set from them. Furthermore, outdoor 
pictures were exported from our mobile phone and were 
cropped to small images. All images we collected for 
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negative data set is 3669 at last. Some typical image set of 
positive and negative are shown in Fig 7.  

 

Fig 7 Examples of image set 

Set the cell size is 8 hw cc , the cell number in one 

block is 2 hw bb ，and the hist bin 9hista ，we can 
extract the HOG feature in one block with 36-dimension 
(9*2*2=36). The radial basis function (RBF) is used as 
kernel function for FSVM algorithm. 
To get the quantitative experimental results, we defined the 
true positive rate (TPR), the false rate (FAR) and omission 

rate (OMR) [24] in our experiment: 

%100
P
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TPR    %100

P
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FAR  

%100
P
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Where P  is the number of electric bike in all testing 
images, Where TP  stands for the number of electric bike 
detected correctly, and FP stands for the number of non-
electric bike detected to be electric bike. OP  stands for the 
number of electric bike which was missed detection. 50 
images were tested in our experiment, results are displayed 
in Table 1. 

TABLE 1: EXPERIMENT RESULT 

P TP FP OP TPR FAR OMR 

86 78 9 11 90.7% 12.7% 9.3% 

 

 
Fig 8 Images of vehicle detection. 

 

Fig 8 shows some typical output results of our electric bike 
detection system under variety of road scenes. Some typical 

output with incorrect results is shown in Fig 9, which may 
be occur when appear in some complex scenes. 

V. CONCLUSION 

In this paper, we proposed a method of detecting electric 
bike using HOG feature and FSVM algorithm. In HOG 
feature extracting, the integral image method is helpful to 
reduce computational time. In addition, the fuzzy member 
ship function is improved according to the distribution of the 
data set. There are not standards or benchmark image sets for 
electric bike detection testing, we had to create experiments 
with our own image sets to show our results. The result show 
that TPR was achieve 90.7%, and OMR was below 10%. In 
future, we plan to construct a tracking algorithm of electric 
bike, and then its speed and motion time could be calculated 
real time. When the electric bike is close to the vehicle, the 
warning signal will be sent to the driver or passenger. 
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