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I. Introduction and Related Works 
 

Loss of sight is considered to be the most severe sensory disability.1,2 Regarding the statistical 
information, there are around 252,000 visually impaired (VI) people in South Korea.3 Everyday those people face 
many difficulties including local navigation. Also, an inability to independently mobilize is listed as the most 
significantly barrier of daily life.4 Especially, where dangerous activities can easily occur (e.g. crosswalk), the VI 
who mostly rely on surrounding crowds and sound signaling systems may have a hard time. Considering the fact 
that sound generating system are installed only 7.2% of crosswalks in South Korea and 46.9% of those lack of 
regular maintenance5, possibility of safe crossing is remarkably low. Figure 1 shows sound generating systems 
with poor maintenance. 

 

   
Figure 1 Sound signaling system with poor maintenance 

 
 In recent years, several researches have been carried on to enhance pedestrian safety. The technology 
based on electronic devices to enhance individual safety in travel is commonly known as electronic travel aids 
(ETA). Many approaches has been proposed to convey user’s surrounding space, including ultrasonic sensor6,7, 
global positioning system8,9,10, radio-frequency identification based position measurement system11,12, and 
computer vision13,14,15. Though numerous researches have accomplished to aid the VI so far, those ETAs cannot 
fully overcome navigation concerns due to their drawbacks. The evaluation of ultrasonic sensor based systems 
revealed that it generates many excessive feedbacks that draw user’s attention.16 The geographic information-
based system is highly dependent on prior location knowledge; as a result, information-based system can be used 
on specific areas. Also, there is no well-established framework for computer vision based system. Thus, this 
research aims to establish a real-time robust visual object detection algorithm and develop a pedestrian crossing 
aid device based on that algorithm. The aid device complements the use of a guiding cane, providing the VI with 
brief recorded message to cross the road safely. 
 
II. Research question 
 

Which detector approach is the most suitable for detecting pedestrian signal on a mobile device? How can 
the road crossing behavior be understood and how can the position obtained from the detector be used to deliver 
the VI essential information to cross the road safely? 

1 

mailto:hanjun3669@kaist.ac.kr
mailto:wponghiran@kaist.ac.kr


III. Method 
 

A. System overview 
 An illustration and flow chart of the pedestrian crossing aid system is shown in figure 2. It contains three 
important processes, namely a candidate selection, a pedestrian signal verifier, and a decision scheme. Candidate 
selection picked out all possible candidates of pedestrian signal and sent their corresponding position to the 
pedestrian signal verifier. The pedestrian signal verifier confirmed the existence of the pedestrian signal and 
discarded all mismatched candidates. Then, the coordination of the pedestrian signal was sent to decision scheme 
for determining an appropriate speech output. The detailed information of each process can be found in the 
following section. 

 
Figure 2 Pedestrian crossing aid device illustration and flowchart 

 
B. Object detection framework 

In order to develop the crossing aid device, object detection is a critical process to obtain a position of the 
pedestrian signal from input image. Choosing an inappropriate detector can greatly affect the real-time 
performance and user’s safety. In this research, a combination of top-down and bottom-up detection method was 
used. This is due to the fact that using either top-down or bottom-up detection alone has several drawbacks17 and 
integration of these two can effectively provide real-time speed as well as detection accuracy. So far, there have 
been several attempts to combine top-down and bottom-up approaches.18,19,20 Those approaches commonly use 
top-down detection to reduce searching area and bottom-up detection to find the object of interest. In this 
research, similar framework was replicated by using candidate selection as top-down approach and pedestrian 
signal verifier as bottom-up approach. 
 

C. Candidate Selection 
Candidate selection is the first process that was applied to an input frame. This process selected the 

candidates of pedestrian signals based on their color properties using threshold segmentation. Firstly, candidate 
selection partitioned an image into non-overlapping regions. 22 In this work, the region was defined as a 
homogenous group of connected pixels with respect to their color properties in HSV color space. Secondly, 
regions with similar color properties of pedestrian signals were considered as possible candidates while mismatch 
areas were neglected and no longer used for further computation. To accurately detect pedestrian signals, 200 
samples of pedestrian signals were selected at different backgrounds for statistical reference. Furthermore, the 
characteristic parameters were 10% increased to prevent the loss of the detecting target. Lastly, a set of the 
possible positions was returned as a result of the candidate selection. The set included both true and false 
detections, but the false detections were removed through the following pedestrian signal verifier. 
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D. Pedestrian Signal Verifier 
In order to achieve an effective recognition for various pedestrian signals, machine-learning-based 

detection was employed to confirm the signals. Machine-learning based detector can be trained to handle multiple 
pedestrian signals at different shapes and sizes. In this research, local binary pattern (LBP) was selected as a 
detection feature. LBP outperforms many other features in terms of precision and is widely used in various 
applications, e.g., face detection23. Even though LBP has a slightly lower detection accuracy than a traditional 
Haar feature, LBP requires less computation cost and is suitable for limited resource hardware like an embedded 
system. At the beginning LBP of pedestrian signals were trained by a cascade of classifiers called AdaBoost. 
AdaBoost was adopted to increase detection performance and reduce computation time. Afterwards a robust real-
time machine learning detector was given. This detector searches all the candidates obtained from the candidate 
selection and instantly rejects all mismatched ones. If searching-windows matched with the trained criteria, the 
same procedure was repeated with tighter constraints for a certain time. At the end the position of a pedestrian 
signal was obtained and used by the decision scheme for generating a guiding message. Figure 3 shows the 
process of detection framework. 

 

 
Fig 3 Process of object detection framework 

 
E. Decision Scheme 

 After successfully locating a pedestrian signal in an input frame, two tasks of decision scheme were 
conducted. One was identifying light color and another was deciding an appropriate response for the VI. Because 
both green and red lights have unique color properties, threshold segmentation was again employed, but with 
different constraints. A light color was considered to be either green or red if the light color properties in HSV 
color space fell in a certain range. The statistical references of HSV ranges were calculated from 200 samples of 
lights at different illuminations. Based on the collection of data, it was found out that a green color covers a range 
from H=70, S=40, V=150 to H=90, S=255, V=255 and a red color covers a range from H=0, S=80, V=150 to 
H=6, S=255, V=255. Figure 4 shows examples of pedestrian signals after thresholding with the HSV ranges of 
green and red colors. 
 

     
Figure 4 Examples of pedestrian signal after thresholding with green and red color 
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As soon as the light color was interpreted, analysis of light changing pattern was performed as the final 
process of the system. For effectiveness, pedestrian crossing behavior was described by the finite state machine. 
Any change of the light color caused a transition from the one state to the others on the finite state machine. The 
next state was decided based on the present light color and previous information. For example, a change from red 
to green causes one who waits to start crossing. For each state transition, the system provided a brief message 
relevant to the transition for the VI.  If there are any changes that violate possible transition behavior (e.g. change 
from red to blinking), the system goes to the safety state and informs the user to act accordingly.  
 
IV. Results and Discussion 
 
 The pedestrian crossing aid device is currently in the developing state. However, the detection algorithm 
was successfully developed under C++ programming environment and OpenCV library.  The algorithm was 
combined with simple version of decision scheme to test its functionalities. With an assumption that detection 
begins at crosswalk, the aid device effectively detected a pedestrian signal at real-time speed and was able to help 
a user cross the road safely. An evaluation shows that it has 77.3% object detection accuracy, 96.2% color 
interpreting accuracy, and 74.4% overall accuracy. Those numbers indicates that the proposed detection algorithm 
works in practice and the aid device can be further developed to increase its reliability.  For the next step, this 
crossing aid program should be developed to be compatible with a mobile device. Furthermore, additional 
program features such as depth detection, and geographic information should be combined to increase the user 
safety in traveling. 
 
V. Relevance in ICCHP context 
 
 The crossing aid device aims to overcome navigation concerns for the VI especially at the crosswalk 
where accident can easily occur. By employing several computer vision techniques and automation system, we 
focus to bring out today’s potential technology to support the VI in everyday life.  
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