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Abstract— Visually handicapped person has weak-eyesight. Therefore, they use a walking assistance device, walk on street. 
However, visually handicapped person can’t navigate the safe route on the street which is a constant stream of non-
handicapped persons by existing obstacle detection methods. Because the occlusion problem which is many pedestrians 
conceals the obstacle occurs, in the case of the above situation, the accuracy of those detection methods decreases. We 
propose a navigation system which detects the position of the obstacle by the traffic line of many pedestrians and navigates 
visually handicapped person to safe route in constant stream of non-handicapped persons. The visually handicapped person 
is recommended the safe route from one of semi-optimum solutions which are found by ant colony optimization 
(ACO).Proposed method could certainly map each subject’s walking route, and can select the safe route. 
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I. INTRODUCTION 
 
Visually handicapped person has weak-eyesight. 
Therefore, they use a walking assistance device, walk 
on street. The walking assistance device’s major 
functions include navigating route from the present 
point to destination and detecting obstacles on the 
route. The navigation function is implemented on a 
smartphone. The visually handicapped person reaches 
the destination by GPS [1] within smartphone. The 
obstacles detection functions with a white cane [2] or 
ultrasonic sensor [3] or infrared sensor [4] or RGB-D 
sensor [5] [6] or camera [7] have been proposed, but 
each merit has its demerit. The visually handicapped 
person can detect the obstacles on street by striking 
around oneself with the white cane. However, when 
the visually handicapped person is seeking the 
obstacles on street, one frequently damages frangible 
objects such as a glass, are caught up in compensation 
for damages. In addition, it is difficult for the visually 
handicapped person to find obstacles near one’s head 
such as a vehicle side mirror. Those problems can be 
solved by obstacle detection with ultrasonic sensor or 
infrared sensor or rgb-d sensor or camera in an empty 
street. However, visually handicapped person can’t 
navigate the safe route on the street which is a 
constant stream of non-handicapped persons by those 
obstacle detection methods. Because the occlusion 
problem which is many pedestrians conceals the 
obstacle occurs, in the case of the above situation, the 
accuracy of those detection methods decreases. 
We propose a navigation system which detects the 
position of the obstacle by the traffic line of many 
pedestrians and navigates visually handicapped 
person to safe route in constant stream of non-
handicapped persons.The proposed method acquires 
traffic line of many pedestrians by installed 
smartphone on visually handicapped person's chest, 
and calculates an existence probability of the obstacle 
from the traffic line of many pedestrians. Most 

pedestrians are non-handicapped persons. If there was 
the obstacle to facing the non-handicapped person, 
the non-handicapped person avoids the obstacle by 
moving the one’s body after confirming environment 
around one and walks safe route on street. Therefore, 
the visually handicapped person can reach safely a 
destination owing to navigating the safe route which 
are calculated from non-handicapped person's 
motion. We can solve the occlusion problem, because 
the proposed method detects obstacles from the 
traffic line of many pedestrians. In addition, the 
proposed method can detect the obstacle at high 
speed. Because the proposed method doesn't need to 
detect various types of the obstacle. 
We explain how to calculate a probability of safe 
from the traffic line of many pedestrians and how to 
recommend the safe route in section 2.In section 3, 
we evaluate the proposed method by experiment, and 
show results of evaluation experiment. In section 4, 
we discuss about the experimental result. In section 5, 
conclusion and future works are addressed. 

 
II. PROPOSED METHOD 
 
2.1. Probability of safety. 
The proposed method gains traffic line of many 
pedestrians, and probability of safety is calculated 
from the traffic lines.The pedestrian’s walking speed 
on safe route is faster than the one’s walking speed 
when it avoids the obstacle.In addition, not only the 
pedestrian’s walking route but also route around the 
pedestrian is certainly safe.Therefore, probability of 
safety on street or near visually handicapped person’s 
head are calculated from the pedestrian’s walking 
speed and the route around the pedestrian as follows 

 

푆(푥 ,푦 ) =
훿 푉( )

√2휋 |Σ|
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퐷 = (푃 − 푃( )) 

푃 = [푥 푦 ]  

푃( ) = 푥( ) 푦( )  

푉( ) = 푣( ) 푣( ) =
푑푃( )

푑푡
 

훿 =
1				(푣( ) ≥ 0)

−1	(푣( ) < 0)
 

Σ =
휎 0
0 휎  

 
where S(xm,ym) is a probability of safety on street or 
near visually handicapped person’s body, n is unique 
identifier of pedestrian in image, Pw

(n) is the absolute 
position of the pedestrian’s body in world coordinate 
system, V(n) is the pedestrian’s speed of the head 
motion and body motion, Pm is the coordinate around 
the pedestrian, Σ is covariance matrix. 
When S(xm,ym) is larger than zero, the non-
handicapped persons walk to destination of visually 
handicapped person.The coordinate Pm belongs to 
safe area if S(xm,ym) is larger than zero.The coordinate 
Pm belongs to dangerous area if S(xm,ym)is smaller 
than zero.Y axis set direction for reaching a 
destination.σx

2, σy
2 is set a scale based on the size of 

the each part of the human. 
 
2.2. Retrieval of the safe route by ACO 
The visually handicapped person is recommended the 
safe route from one of semi-optimum solutions which 
are found by ant colony optimization (ACO) 
[8].Figure.1 shows retrieval of the safe route from 
one of Semi-optimum solutions by ACO.The route 
around the visually handicapped person divide by 
Bx×By.The block is a square U meter on a side.The 
probability of safety on block is calculated as follows 

 

푆 (푏 ,푏 ) = 훿 푆(푥 ,푦 ) 

훿

=
1				(푈 × (푏 − 1) 	≤ 푥 < 푈 × 푏 	푎푛푑	

푈 × (푏 − 1) 	≤ 푦 < 푈 × 푏 )
0																																																											(푒푙푠푒)

 

where Sb is a probability of safety on block, bx is the 
present location at X axis, by is the present location at 
Y axis. 
ACO finds the semi-optimum solution of safe route 
with many ants. Ants search sequentially the three 
blocks in front of the present position of ants.When 

ants reaches a goal in local map, the evaluation 
function is calculated from Sb on the block which is 
passed ants as follows 

 

퐸 = 훿 푆 (푏 ,푏 ) 

훿 =
1				(passing	the	block)
0																											(else) 

where E is evaluation function. 
The route is weighted by E.Ants search repeatedly the 
safe route by roulette wheel selection based on 
E.Finally, proposed method recommends the safe 
route which has maximum E. 
 

 
Fig.1. Retrieval of the semi-optimum solution by ACO. 

 
III. EVALUATION EXPERIMENT 
 
3.1. Experiment method 
Aim of the experiment is to verify effectiveness of 
proposed method.The subjects walks on street in 
accordance with figure.2.The route is set radio 
frequency identifier (RFID).The subjects install a 
RFID reader onto the foot.The RFID reader gets the 
absolute position of the pedestrian.A, B, and C walk 
to destination of visually handicapped person.D is an 
oncoming pedestrian.σx set 0.25.σy set 0.25.U is 0.5 
meter.Bx is 12 blocks.By is 28 blocks.Number of ant 
in ACO is one thousand.Repeat count of ACO is ten. 
 

 
Fig.2. The walking route of each subject. 

 
3.2. Experimental result and discussion 
Figure.3 shows result of calculation of S(xm,ym)in 
local map.Blue in figure.3 indicates safe route.Red in 
figure.3 indicates risky route.From the figure, 
proposed method could certainly map each subject’s 
walking route.Figure.4, 5, 6, 7, and 8 shows the 
selected route by ACO.From the figure, ACO 
selected the route A and route B far from oncoming 
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pedestrian and obstacle.Therefore, proposed method 
can select the safe route.However, proposed method 
can’t evaluate deserted route such as the street 
between visually handicapped person and subject 
B.Thus, proposed method selected the route between 
visually handicapped person and subject B at random 
when repeat count is one. However, when repeat 
count is greater than 32, proposed method selected 
the shortest route between visually handicapped 
person and subject B 

 
Fig.3. Calculation ofS(xm,ym) in local map. 

 

 
Fig.4.Selectionresult of safe route by ACO (repeat count=1). 

 

 
Fig.5.Selectionresult of safe route by ACO (repeat count=4). 

 

 
Fig.6.Selectionresult of safe route by ACO (repeat count=16). 

 

 
Fig.7.Selectionresult of safe route by ACO (repeat count=32). 

 
Fig.8.Selectionresult of safe route by ACO (repeat count=64). 

 
CONCLUSIONS 
 
If there are many pedestrians, proposed method can 
navigate visually handicapped person to the safe 
route. However, proposed method can’t navigate 
deserted route such as the street between visually 
handicapped person and subject B. 
As future works, we need to consider evaluation of 
deserted route, and develop a navigation system for 
impaired handicapped person. The navigation system 
obtains traffic line of many pedestrians by installed 
smartphone on visually handicapped person's chest, 
and calculates a risk occurrence probability in the 
middle of walking from the traffic line of many 
pedestrians. The smartphone is installed GPS, 
acceleration sensor, angular velocity sensor, magnetic 
sensor, and camera. A visually handicapped person is 
acquired a one’s absolute position with GPS. The 
visually handicapped person is acquired one’s 
rotation angle with acceleration sensor, angular 
velocity sensor, and magnetic sensor. The camera 
within smartphone photographs an area in front of 
visually handicapped person. Relative position of the 
pedestrian’s head and one’s body are calculated from 
photographed image by image processing. An 
absolute position of pedestrian's head is calculated 
from the visually handicapped person’s position and 
one’s rotation angle and the relative position of the 
pedestrian’s head. An absolute position of 
pedestrian's body is calculated from the visually 
handicapped person’s position and one’s rotation 
angle and the relative position of the pedestrian’s 
body. An existence probability of the obstacle near 
visually handicapped person’s head are calculated 
from non-handicapped person's head motion. An 
existence probability of the obstacle on street are 
calculated from non-handicapped person's body 
motion. A risk occurrence probability in the middle 
of walking is calculated from the existence 
probability of the obstacles. 
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