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Abstract 

A bus is not a very convenient means for a visually impaired person because of the difficulty in identifying its route 

number, although it is an economical tool for travel. This paper proposes a method of detecting and identifying a bus 

route number using the MYVISION system which employs an ego camera worn by a visually impaired person. The 

method finds a frontal area of a bus approaching a bus stop using the video which the camera provides by using optical 

flow and random forest employing Haar-like features. It then extracts the upper destination panel area followed by 

the detection of a route number at the right-hand side of the panel. Finally, the detected route number is identified by 

template matching. In the experiment, various kinds of videos containing the buses of a bus company were captured 

at different places and different weather conditions, and the effectiveness of the proposed method was shown. The 

method is now planned to be applied to the busses of various bus companies. 
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1. Introduction 

According to 2019 WHO   report [1], it is estimated that 

there are at least 2.2 billion people affected by the 

conditions that cause severe visual impairment 

worldwide. People with visual impairment can reach 

daily familiar places without difficulty, but they have 

difficulty in unfamiliar places. In particular, travelling by 

bus is reported to be difficult, because identifying the bus 

route number is not easy for them [2].   

Various studies and developments have been conducted 

worldwide to address this issue. For example, there is a 

research on having drivers carry special devices to 

communicate wirelessly with those people who have 

difficulty in seeing [3], and a research on using GPS and 

RFID to obtain bus information [4]. However, they  

require devices to be installed at all buses and bus stops, 

which is very costly. Another study [5] uses a mobile 

application and a smartphone camera to identify buses. 

Although the cost is lower, since the device only needs to 

be implemented by the user, he/she cannot operate the 

smartphone unless the user has a certain level of vision  

This paper proposes a method that detects a bus from 

the images of a single camera MY VISION: (a Magic 

eYe of a Visually Impaired for Safety and Independent 

actiON) worn by a person with visual difficulties by 

video image processing. The proposed procedure is as 

follows: A small camera is attached to the right arm of 

the person with visual difficulties and he/she stands at the 

bus stop. When moving objects such as a bus or a car 

approaches the bus stop, the method judges which vehicle 

it is. If the method recognizes the object as a bus, the route 

number is extracted and identified from the bus frontal 

image and it is informed to the user The proposed system 

aims to reduce costs and to improve versatility, which 

was an issue in the related research [4]. The proposed 

method uses only a single camera and a computer. In 

addition, the system can be used regardless of the 

weakness of the eyesight by automatically performing 

every procedure from start to recognition without 

requiring any operation by the user, thereby improving 

convenience in usage. 

The proposed method is improved from the related 

research [6], which identifies whether nor not a moving 

vehicle is a bus from the images from a head-mounted 

camera. The present research detects the movement of a 

bus or a car when it approaches a bus stop and identifies 

which one it is. The technique proposed in [6] is applied 

only to the images taken during the daytime by updating 

Camshift histogram of each frame to track the movement. 

This makes the system increase the amount of calculation 

during execution. On the other hand, a bus number 

recognition technique proposed in [7] conducts to detect 

the display on the top of the bus and recognize the bus 
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route number by labelling. However, this method can 

only be employed in the evening when the contrast of the 

display is large by the LEDs used in the display.  

In order to solve the recognition problem of both a bus 

and its route number, the proposed method combines the 

problem into a single process and performs the update of 

the Camshift only once rather than performing it in all 

frames. Moreover, the proposed method improves the 

possibility of recognition process even in the daytime 

when the sunlight is strong using gamma correction to 

adjust the contrast.  

2. Proposed Method 

2.1. Detection of moving objects 

The proposed method replaces the eyes of visually 

impaired persons with MY VISION. When waiting at a 

bus stop, a visually impaired person’s body faces the road,  

and the bus approaches from his/her right/left-hand side. 

Therefore, a MY VISION camera is worn on his/her right 

upper arm to capture video. A photo of the actual wearing 

and positioning of a camera is shown in Fig. 1. 

The Harris corner detector [8] is applied to the input 

images to extract feature points. The extracted feature 

points are tracked using the pyramidal L-K method [9] to 

acquire optical flows. The acquired optical flows are then 

clustered using the k-means method [10] to extract the 

candidate regions of moving objects.  

2.2. Recognition of a bus 

Moving objects in the extracted candidate area 

described in section 2.1 are then recognized as a bus or 

other objects. Random Forest [11] is used for the 

recognition, which is trained using a variety of decision 

trees. Decision trees with low correlation are created by 

randomly selecting features at the non-terminal nodes of 

each decision tree. Learning and testing are carried out 

using the various decision trees created in this way. Haar-

like features [12] are calculated from each training image 

to make teaching data of each class and a set of feature 

samples. From this set of samples, a random subset is 

created. Haar-like feature patterns shown in Fig. 2 are 

calculated by the following equation;  

𝐻(𝐴, 𝐵) = 𝑓(𝐴) − 𝑓(𝐵)                   (1) 

where f (*) is the average luminance in each region *.The 

learning parameters of the Random Forest are shown in 

Table 1. The image is scanned from the top left to bottom 

right to obtain these six kind of Haar-like features. Since 

we need to identify the bus route number at a close 

distance, unlike the conventional technique [6,7], we do 

not trace a bus from a distant location. Instead, we use 

Random Forest to identify the bus at a distance. If an 

image is identified as a bus for more than five successive 

frames, it is judged that the bus is in front of or 

approaching the user, and then the identified area is 

automatically tracked. We use a Continuously Adaptive 

Mean Shift (CAMSHIFT) [13] algorithm for tracking, the 

size of the rectangle area is varied according to the size 

of the target (a bus) to be tracked. Initially, a Hue 

histogram within the rectangular area (a bounding box) is 

calculated, and the probability distribution of a hue is 

used to search for the similarity of the area in the 

successive frames, and the search area is shifted to the 

area where the similarity is larger. 

2.3. Application to daytime video  

When photographing an LED display of a bus showing 

the destination and the route number, the camera shutter 

must be released at a frequency lower than the LED light 

emission frequency, so that the images do not become 

dark or do not being reflected. However, if the shutter 

speed is lowered, the exposure time increases when 

photographing during daytime, which makes the image 

overexposed. Overexposure causes the decrease of the 

recognition accuracy and tracing ability by Camshift. To 

solve this problem, rather than adjusting the shutter speed, 

gamma correction is applied to the obtained image. This 

makes the Haar-like features, i.e., the difference of the 

brightness values remarkably enhance, and also prevents 

the color probability distribution from abnormal 

expansion when applying Camshift to the image for 

tracing a moving object. 

      
(a)                         (b) 

Fig.1. Photographic environment: (a) A camera 

mounted on the right arm, (b) location of a user and 

the bus. 

Table 1 Parameters of Random Forest 

data set 

Bus ; 50 

Background ; 50 

Other vehicle ; 50 

feature dimensions 5157 

Data set size[pixel] 80*48 

subset 40 

tree 5 

Feature selection count 100 

Threshold selection count 100 

 

        

Fig.2. Six Haar-like features used in the method. 
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Since the bus is recognized in the distance and moves 

from the right to the left on the captured video, there is no 

need to refer to the area on the right of the coordinates 

that were recognized immediately before.  

In addition, since the bus approaches the bus stop at a 

lower speed and decelerates, the area to be referred can 

be expanded only on the left-side. The expansion speed 

of the area to calculate the color probability distribution 

is determined from the value calculated by assuming the 

speed range of the bus. This makes the tracing area by 

Camshift enable to prevent from expanding excessively. 

2.4. Extracting the image of the route number  

In the extraction step of the route number, instead of 

searching the whole image, we consider and cut out the 

upper 30% of a rectangular area from the image, and 

apply HSV transform to the rectangle image. As the route 

number characteristic is an orange color, we apply the 

Hue histogram to the rectangle area to obtain a new 

rectangular area with the orange color distribution. The 

rectangular area of the bus route number is binarized 

using the discriminant analysis. Finally, the area of the 

number is extracted by vertical and horizontal projection 

of the binary pixels. Template matching is performed to 

the extracted number to identify it. The process of the 

route number extraction is illustrated in Fig.3. 

3.  Experimental Results 

3.1.  Bus Recognition  

In the experiment, we used six videos to verify the 

performance of the proposed method. The evaluation 

criterion is shown in Fig.4. GT is a ground truth and it 

stands for the correct area. OA means the detected area.  

Therefore, the cover value of the GT area with the bus 

detection area is used for evaluating the bus recognition 

ability. Here, we set the cover value threshold T to 0.8. 

 

The recognition accuracy (True) and false recognition 

(False) are calculated as follows; 

𝑇𝑟𝑢𝑒 =
𝐹𝑡

𝐹𝐺𝑇
× 100 [%]                      (2) 

 

𝐹𝑎𝑙𝑠𝑒 =
𝐹𝑓

𝐹𝐺𝑇
× 100 [%]                     (3) 

where, 𝐹𝐺𝑇  means the total number of Ground Truth 

frames, 𝐹𝑡  means the total number of the frames with 

cover more than T, and 𝐹𝑓 means the total number of the 

frames with cover less than T.  

As a result, the average recognition accuracy (True) 

was 95.5%. The conventional method [6] sets T=0.5, 

while the proposed method sets T=0.8, which is stricter 

than the previous method. If an approaching bus cannot 

be correctly enclosed by a bounding box, the route 

number extraction becomes difficult.  

3.2. Route numbers detection and recognition  

An experiment was conducted to evaluate the accuracy 

of the route number recognition with six videos. ‘True’ 

was considered correct if the result was correct 

recognition, while ‘undetected’ or ‘false positive’ was 

judged as False. The evaluation and conditions are shown 

in Table 2. The average percentage of True responses was 

67%. The results of two videos out of six were False. This 

is because the characters’ route number of the video 4 

were unclear when binarization was performed to the 

image. In another video, the route number was not 

detected. This is due to the proposed route number 

recognition algorithm is only effective for a two-digit 

number, and the route number of the experimental video 

6 was one-digit number. In this case, we evaluated the 

result as False. Part of the experimental results are shown 

in Fig.5. 

4. Discussion and Conclusion 

A system was proposed to detect a bus and its route number 

to assist a visually impaired person at a bus stop using MY 

VISION. Experiments showed the effectiveness of the 

proposed method, i.e., detection and recognition of busses 

from moving objects and recognition of the route numbers 

were successfully done. The accuracy of bus recognition was 

95.5% in average, which was improved by about 3% 

compared to the conventional method [6]. It was also 

successful in recognizing buses over a wider time range 

than the conventional method [7]. A more robust algorithm 

needs to be developed to improve the recognition accuracy 

of the bus and the detection of route numbers including 

one-digit numbers. 

 
Fig.3. The process of extracting the route number. 

 
Fig.4. Evaluation criterion of the cover value. 
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Table 2 Result of the recognition of route 

numbers and corresponding time zones. 

Videos Recognition Time zone 

1 True evening 

2 True daytime 

3 True daytime 

4 False daytime 

5 True daytime 

6 False evening 

Accuracy 67[%]  

 

 
(a) 

 
(b) 

Fig.5. Part of the experimental results: (a) Video 

1, (b) video 2. 
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