
  

  

Abstract— This paper presents a real-time taxi detection 
algorithm for embedded system. The detection is achieved by 
setting detection areas, license plate detection, vehicle roof 
detection, vehicle roof feature extraction and vehicle roof 
classification. In other words, a frame is extracted from the 
video and transformed into a rectangle image. After that, the 
system locates the license plate and followed by the vehicle roof. 
Then the features of the vehicle roof and the vehicle color are 
extracted. Finally, the features are input into a regression 
function, which is obtained from previous training data, to 
determine whether the vehicle is a taxi. These features are easy 
to extract so that the whole process is simple and robust. Due to 
the small cost of time, this method is suitable for embedded 
system. 

I. INTRODUCTION 

With the development of software and hardware, 
embedded systems gradually enter our life. For example, the 
Intelligent Video Surveillance (IVS) system, which is formed 
of all kind of camaras in the streets, is broadly used for 
different purposes. In addition, with the development of 
computer vision, artificial intelligence and patten recognition, 
IVS system is growing rapidly towards the intelligent 
direction. 

Intelligent Transport Systems (ITS) is a main application 
of the IVS system. The main function of ITS is to detect, 
recognize and control the passing vehicles. According to 
statistics, taxi occupies a relatively large proportion of the 
passing vehicles. Therefore, taxi control plays an important 
role in ITS. Automatic taxi detection is needed primarily.  

Most current vehicle detection algorithms in China 
classify vehicles into different sizes based on the dimensions 
of the vehicles. However, these simple classification methods 
can not satisfy the needs.   

In detailed, current vehicle detection systems operate by 
extracting HARR-LIKE matrixes or HOG features, which are 
then classified by Support Vector Mechine (SVM). However, 
these algorithms cost too much space and time. They cannot 
be achieved without excellent computer hardware. Therefore, 
these algorithms are not suitable for the embedded system. A 
more robust algorithm is needed. 

The current vehicle detection algorithms are achieved by 
binary gradient analysis on greyscale image[1], edge feature 
analysis on greyscale image[2], mathematical morphology on 
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binary image[3], color feature analysis[4], vertical projection 
of greyscale image[5] and growing region of interest[6]. 

II. TAXI DETECTION ALGORITHM 

This taxi detection system distinguishes taxies from other 
vehicles, particularly small vehicles, mainly by their different 
appearances. Taxies have special indicator light on top and 
have more than two special colors. 

However, taxies in different cities are different. For 
example, the taxies in Guangzhou have several colors: green, 
red and blue. Also, their indicator lights have different shapes: 
rectangle, triangle, square, etc. These situations increase the 
difficulty of the taxi detection system. Fig. 1 shows the 
structure of the taxi detection system. 

 
Figure 1.  The flow chart of the taxi detection system 

A. Setting Detection Areas in the Image 
First, quadrangles are annotated in all lanes in the image as 

detection areas and four vertices of each quadrangle are 
recorded (e.g. Fig. 2). 

Note that the detection areas should not be too large. They 
should be approximately the size of a vehicle so that the 
system can work with less interference. 

 
Figure 2.  Setting detection areas 
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Due to perspective effect, most detection areas are not 
rectangles in the image. However, the following algorithms 
can only work on rectangle images. Therefore, the images of 
the detection areas have to be transformed into rectangle 
images. 

The four vertices of the detection area are recorded and 
defined as the original points. Another 4 points that can form a 
rectangle are chosen and defined as the target points. As 
equation (1) shows, a 3×3 perspective transformation matrix 
can be calculated. 

 

inputVector= �
Original point[i].x
Original point[i].y

1
� , i=0,1,2,3

outputVector= �
t[i]*Target point[i].x
t[i]*Target point[i].y

t[i]
� ,t[i]=2

outputVector=transformation matrix ×inputVector

 (1) 

In equation (1), transformation matrix is the 3×3 
perspective transformation matrix; index i represents the point 
number; x and y are the coordinates of the points and t[i] is the 
transformation parameters. 

After the perspective transformation matrix is calculated, 
the transformed images (e.g. Fig. 3) can be obtained as 
equation (2) shows: 

 

Target point(x,y)=Original point(x0,y0)

x0= m[0][0]*x+m[0][1]*y+m[0][2]
m[2][0]*x+m[2][1]*y+m[2][2]

y0= m[1][0]*x+m[1][1]*y+m[1][2]
m[2][0]*x+m[2][1]*y+m[2][2]

,  (2) 

where m is the perspective transformation matrix. A 
transformed image is shown in Fig. 3. 

 
Figure 3.  Transform to rectangle image 

B. License Plates Detection 
For each detection area, the system checks whether there is 

a license plate. If so, it means there is a vehicle in the detection 
area. Otherwise it means there is no vehicle. 

Grey scale processing is used to obtain the greyscale image. 
Then the greyscale image is normalized and a Sobel operator 
is used to obtain an edge image in x direction. After that, the 
system searches for the sub-images that satisfy equation (3). A 
sub-image set is formed as 

 �
subimg.width==100
subimg.height==25

Avg Brightness(subimg)>85
�,  (3) 

where subimg.width, subimg.height, AvgBrightness (subimg) 
are the width, the height and the average brightness of the 
greyscale sub-image respectively. 

As Fig. 4 shows, for each greyscale sub-image, the average 
brightness of each column is calculated to form a brightness 
vector, which is plotted onto a histogram. The maximum 
difference (𝐷𝑚𝑎𝑥 ), which is defined as equation (4), is 
calculated. 

 Dmax=brightness[max]-brightness[min] (4) 
Any gradient on the histogram that is larger than 1/4 of the 

maximum difference is regarded as a grey step. 

 
Figure 4.  Histogram of column greyness 

The sub-image set is firstly filtered by only keeping those 
sub-images which satisfy equation (5). 

 8>greyStep(subimg)>3  (5) 

In other words, the sub-images with grey step outside this 
range are filtered. 

The sub-image set is then filtered again by only keeping 
the sub-images that satisfy the second filtration as equation 
(6): 

 0.4>BlueWeight>0.15,  (6) 

where the BlueWeight means the proportion of the blue pixels 
in the image. In other words, only those sub-images with blue 
weight between 0.15 and 0.4 are kept. 

After filtering the sub-image set twice, some sub-images 
are finally obtained. Then the score of each sub-image is 
calculated from equation (7). The sub-image with the highest 
score is regarded as the license plate (Fig. 5). 

 Score=Avg Brightness+greyStep*15+BlueWeight*100  (7) 

 
Figure 5.   License Plate Detection 
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This is an effective, robust method compared with 
Gaussian mixture model (GMM). It is simple, reliable and 
suitable for embedded system. Also the coordinates of the 
license plate are helpful for detecting the vehicle roof in the 
next detection. 

C.  Vehicle Roof Detection 
From the given location relationship between the license 

plate and the vehicle roof, the vehicle roof can be detected and 
classified easily. The coordinates of the license plate are 
obtained in the above sub section B. The coordinates of the 
vehicle roof can be computed by simply adding an offset to the 
coordinates of the license plate (Fig. 6). The offset, the 
location relationship and the size of the roof can be obtained 
from experiments previously. This method greatly simplifies 
the vehicle roof detection process. 

 
Figure 6.  Vehicle roof detection 

For example, in Fig. 6’s case, the coordinates of the 
vehicle roof can be estimated from equation (8). 

 �
roof.x=plateCenter.x-40

roof.y=plateCenter.y-285
roof.width=150,roof.height=50

�  (8) 

In equation (8) above, the plateCenter represents the 
center of the license plate. The roof.x and roof.y are the 
coordinates of the top left corner of the vehicle roof region. 
The roof.width and roof.height are the width and height of the 
vehicle roof region. 

D.   Vehicle Roof Feature Extraction 
Once the vehicle roof is located, the features of the vehicle 

roof should be extracted. The vehicle roof feature is composed 
of two parts: the edge feature and the contour feature.  

Firstly, the edge feature is extracted. The image of the 
vehicle roof is median filtered and a Sobel operator is used to 
obtain the edge image in Y direction. After that, the edge 
image of the vehicle roof is binarized. The percentage of the 
non-zero pixels in the binary image is calculated and regarded 
as the edge feature of the vehicle roof. 

Secondly, the contour feature is extracted. The contour of 
the binary image is detected and the percentage of the contour 
pixels is calculated and regarded as the contour feature of the 
vehicle roof. 

Finally, the vehicle roof feature can be expressed as: 

 roofFeatureVector=[ edgeFeature
contourFeature]  (9) 

where roofFeatureVector is a vector of the vehicle roof 
features, edgeFeature is the density of the edge pixels and 
contoursFeature is the density of the contour pixels. 

Extracting these two feature values is effective and reliable. 
It is appropriate for embedded systems. 

E.  Vehicle roof classification 
From the coordinates of the vehicle roof region and the 

license plate, the vehicle body can be extracted by adding an 
offset. After that, RGB histogram analysis is used to extract 
the color distribution of the vehicle body as equation (10). 

 

⎩
⎪
⎨

⎪
⎧ vehicle.x=roof.x-110,vehicle.y=roof.y-30

vehicle.width=360,vehicle.height=330
∑ R[i]=1,15

i=0 ∑ G[i]=1,15
i=0 ∑ B[i]=115

i=0

col= ∑ (R[i]-R[max])
2
+∑ (G[i]-G[max])

2
+15

i=1 ∑ (B[i]-B[max])
2
+15

i=1
15
i=1

3 ⎭
⎪
⎬

⎪
⎫

(10) 

 In equation (10), vehicle.x, vehicle.y are the coordinates 
of the top left corner of the vehicle body; vehicle.width, 
vehicle.height are the width and height of the vehicle body 
respectively; R[i], G[i], B[i] are normalized histograms of 
each color channel in 16 intervals; R[max], G[max], B[max] 
are the maximum values of each color channel of the vehicle 
body; col is the color feature of the vehicle. 

 
Figure 7.  The whole taxi region 

Corresponding feature vectors are extracted from training 
taxi samples. Then least square method is applied on the 
corresponding feature vectors to form a regression function. 
The parameters of the regression function are then obtained 
from the training taxi samples.  

After that, as equation (11) shows, the dot product of the 
parameter vector of the regression function and the feature 
vector of the detected vehicle is computed to determine 
whether the vehicle is a taxi. 

 �y=[0.028 0.0083 120]× �
edgeFeature

contoursFeature
col

�

when y>0,the vehicle is a taxi

� (11) 

where [0.028,0.0083,120] is the parameter vector of the 
regression function in this particular case; col is the color 
feature of the vehicle; edgeFeature is the density of the edge 
pixels and contoursFeature is the density of the contour 
pixels. 

III. SIMULATION AND ANALYSIS 

The positive and negative samples are extracted from 3 
different environments (Fig. 8). Then the classifier is trained 
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from these samples. The classifier is then tested on 8 different 
videos to detect taxis. In Fig. 8, TP, TN, FP and FN are the 
number of true positive, true negative, false positive, false 
negative results respectively. The results show that the 
algorithm detects the taxi accurately and effectively. The 
accuracy is about 85%-90%. 

 
Figure 8.  Test results 

IV. CONCLUSION 

This algorithm uses the vehicle roof feature, vehicle body 
feature and vehicle color feature to classify taxis from other 
vehicles. These three features are extracted based on the 
calculated coordinates of the vehicle roof and the vehicle body, 
which are located by the coordinates of the license plate. Then 
a classifier is trained with positive and negative samples to 
form a regression function. Finally, the regression function 
classifies taxis efficiently.  

 From the test results, the algorithm is robust, accurate 
and effective. It can be run in embedded system to achieve 
real-time taxi detection. 
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