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ABSTRACT

It is a challenging task for the blind people to perceive indoor
environment information and walk independently. Path
planning is a crucial requirement to provide constant
assistance for blind people to navigate from one location to
another. This paper presents a novel system for path planning
to assist blind people for walking through the indoor
environment and avoiding the obstacles. The algorithm is
based on genetic algorithm and A* algorithm to select the
shortest path that achieves the lowest computational time. A
comparison a mong the GA, A* and the new algorithm shows
that is faster and shorter than the previous algorithms.
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1. INTRODUCTION

Artificial Intelligence and path planning have fully assisted in
the utilization of several robotic applications like vacuum
cleaner [1], underwater [2], aerial vehicles [3] and blind
people [4]. In motion planning, the principle issue is to
compute the path which allows movement from any starting
point to reach a goal point within the place while avoiding
obstacles.

This issue is addressed in previously published studies as path
planning problem [5, 6], and requires high computational
complexity because it is a Non-deterministic Polynomial. In
real-life, determining feasible solutions in the critical
applications like autonomous mobile robots [7] supposes to
solve path planning problems effectively.

In daily life, humans need to acquire information from
surrounding environment. The majority of information is
acquired by eyes.

However, the World Health Organization (WHO) has
announced that there are 285 million people who are visually
impaired all over the world. Among them, 36 million of the
blind, and 246 million suffering from low vision. Moreover,
82 % of the blind people are aged 50 and above [8]. Loss of
vision is a critical issue that prevents blind persons to live
independently and raises the unintentional injuries risk which
often causes medical consequences [4]. Besides that, only
with a physical support could blind persons walk safely.
Therefore, the need to assist the visually impaired persons
both to be aware of environment information and to freely
walk through navigation message is crucial [9].

Taking the vacuum cleaner robot as a path planning example,
which sweeps each accessible area within the indoor
environment, this mechanism is referred as a coverage region
path planning [10]. For more path planning examples, there
are increasing trends towards developing Autonomous
Underwater Vehicles to reduce the costs of ocean survey and
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also minimize the risks of sending humans to the hostile
environment in the deep seas with unpredictable weather state
and the higher pressure at greater depth [11]. In addition, path
planning is used also for Unmanned Aerial Vehicles (UAVS),
which indicates that according to the UAV maneuver
performance, hit probability, penetration probability, flight
timing within bounds, it can help to search for a feasible or
optimal path from any initial/starting point to the final/target
point flight [12].

The path planning methods shown in the previous literature
are divided into two major approaches: classical approach as
well as heuristic approach (utilizing Avrtificial Intelligence
Technique) [13]. Prominent classical planning approaches
comprise the Potential Field Method [14], Probabilistic
Roadmap (PRM) [15], Grid Based Method [16], Rapidly
Exploring Random Tree [17] and. heuristic planning
approaches involve fuzzy logic [18], artificial neural network
[19], ant colony algorithm [20], genetic algorithm (GA)
optimization [21] and the approaches based on particle swarm
optimization [22]. Each approach has its own drawbacks and
so far, there is no particular method that can fully solve path
planning issue. Thus, studies investigate recently new more
efficient and robust solutions or seeking to enhance existing
methods.

Therefore, this paper introduces a proposed path planning
algorithm based on GA including A* as fitness function to
select the shortest optimal path that achieves the lowest

computational time. The rest of the paper is organized as:
Section 2 shows an overview of some published works
addressing the existing path planning algorithms. The
proposed algorithm is illustrated in Section 3. Section 4 shows
the discussion on experimental results. Finally the conclusion
and references are presented.

2. RELATED WORK

The path planning is a crucial component of navigation
systems that can influence their overall performances. The
path requires to be planned in such a way that maximizes the
usability and success ratio while reducing the opportunity of
the users getting lost. The smartest path planning method
requires regard the user’s requirements, then customizing the
path accordingly [23].

Recently, several works have been presented to solve the path
planning problems appear in widely fields. An overview about
the previously published works on path planning systems in
general, and those presented for assisting the blind people are
presented in Table 1.
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Algorithm
A*

Dijkstra’s

Modified Dijkstra’s

D* Lite

Theta*

GA

PSO

PSO,GA

PSO-LPM

RRT

DAALO

PRM
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Table 1. Literature review on Path planning algorithms and systems

Area

Blind people

Blind people

Blind people

Autonomous Underwater
Vehicles

Blind people

vacuum cleaner robot

vacuum cleaner robot

Unmanned Aerial Vehicle

Mobile Robot

Blind people

Mobile Robot

Autonomous Underwater
Vehicles

Autonomous Underwater
Vehicles

Unmanned Aerial Vehicle

Autonomous Underwater
Vehicles
Unmanned Aerial Vehicle

Mobile Robot

Unmanned Aerial Vehicle

Problem solution

An indoor wheelchair navigation
system.

A navigation device to assist the
visually impaired groups.

An integrated human-computer
interaction system which assists the
visually impaired to navigate.

Path planning algorithm to help the
visually impaired persons.

An approach to solve motion
planning within a dynamic
environment.

Navigation for the visually impaired
system based on wearable RGBD.

Online complete coverage approach
developed for autonomous cleaning
robot.

A coverage region path planning for
the vacuum cleaner robots.

An approach to plan the quadrotor
path.

A solution to path planning problem
and environment modeling.

An optimized path planning method
for solve path planning problem.

A path planning approach with
predetermined waypoints for blind
people.

A path planning approach for
solving the issue of real-time path
planning.

A method for solving the route
planning issue.

A solution for routing planning
problem.

A path planner using a hybrid
optimization algorithm.

An innovative algorithm for
computing the optimum risk path of
unmanned aerial vehicle.

A routing optimization method for
path planning.

An approach for solving the route
planning problem.

A path planning approach to
enhance mobile robot navigation
abilities.

A method to implement low-cost
path planning for the Unmanned
Aerial Vehicles.
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From the previous studies, the conventional algorithms
employed for path planning problem have major drawbacks
i.e. higher computational complexity. The majority of the
related works, in particular, concentrates the problems of task
and target assignment as well as time scheduling and do not
consider the requirements of safe path.

In the previously discussed research,

1  Itis clearly seen that A*, Dijkstra’s, Theta* and D* Lite
algorithms are the best algorithms regarding the shortest
distance with fewer edges. Nevertheless, these
algorithms require a long computational time in order to
obtain the shortest distance.

2 RRT algorithm increases the number of edges in the
path.

3 PRM and PSO cannot completely cover the entire free
space and the random distribution.

4 GA produces smoother navigations but requires a long
computational time.

Among these approaches GA and A* are the most popular in
finding optimal solutions for difficult combinatorial problems.

3. BACKGROUND

3.1 Genetic Algorithms for path planning

GAs were originally evolved in 1960 by John Holland [3].
They are one of the natural inspired algorithms [42-44]. GAs
are based upon the Darwinian evolution concepts which
include an initialization stage, fitness function for
chromosome evaluation, natural selection method, crossover
process, and mutation operator [45]. The main steps of the
standard GA for path planning are executed as follows [46]:

= An appropriate genetic representation of individuals
(chromosomes).

= A method for generating an initial population.

= A fitness function for evaluation of the potential
solution quality.

= Genetic operators which alter the parents’ genetic
composition to generate a new offspring.

=  Determination of various GA parameter values
(population size, rate of cross over, rate of mutation,
stopping criteria... etc.).

= If the optimal solution is found, then end genetic
algorithm and return the optimal path.

3.2 A* algorithm for path planning

A* algorithm was introduced by Hart et al. (1968) that is
considered an extension to Dijkstra's algorithm [47]. A*
algorithm represent one of the optimal experimented path
planning algorithm that can be implemented to topological
or metric configuration space [48]. The algorithm comprises
the heuristic searching and shortest path-based searching. A*
algorithm is indicated as best-first algorithm, as the evaluation
of each cell in the configuration space is implemented by [49]:

f@) =h@)+ gW) )

Where h(v) represents the heuristic distance (Chebyshev
Euclidean or Manhattan) from the cell to the target state
and g(v) denotes the path length from the initial point to
the goal point through the selected cells sequence .

Supposing the start point is S and the end point is T, the
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searching procedure of A* algorithm is expressed as [50]:

1. Start from the initial point S. Let it represent the
current point that will be treated and join it to the
open list.

2. Search for all reachable points between the current
point neighborhoods (8 neighbors). Add them to the
open list then let their parent point be the current
point.

3. Delete current point from open list then join it to the
closed list, which stores all points that do not
require to be searched anymore.

4.  Find the optimum point P in the open list using the
evaluation function F(P) defined by Eq. 1. If P does
not represent the target point, delete it from the open
list and update the closed list with it. Then go to
Step 1. Contrarily, if P represents the target point,
then go to Step 5.

5. Stop the searching process. Get the solved path by
returning the sequence kept in the open list is.

However, there are some constraints on using GA and A*
which include:

= Increasing the number of turns in the path.
= Consuming longest computation time.

= The fitness function selects only the points leading
to the correct path regardless of the distance
between starting and ending points.

To overcome these constraints, a path planning algorithm is
proposed in this paper to select the optimal path that achieves
the lowest computational time and considering the safety on
walking for blind people. This algorithm is based on GA that
includes A* as fitness function.

4. PROPOSED PATH PLANNING
ALGORITHM

The proposed system aims to decide the optimal path in an
indoor environment for the motion of blind person from start
point to destination avoiding the obstacles through the
environment. If any obstacle is found during the navigation
throughout the suggested path, the proposed system redirects
the blind person to his destination throughout new optimal
path.

To achieve that; first, the indoor environment representation
must be well defined, second mathematical problem
formulation is required and finally proposed solution
technique is chosen. This techniques is based on GA and A*
as a fitness function.

4.1 Indoor environment representation
During the path planning procedure, the proposed system
interacts with the environment for making decisions.
Therefore, it requires a model to represent the environment.
Multiple representations of the indoor environment have been
introduced in the literature [51] like the polygon, the
occupancy grid, the representation of cell tree. Through the
grid-based representation [52] using a grid that is orderly
numbered. In [53], the grid map has been employed, where
the environment has been segmented into cells with the same
size.

In this paper, a 3D map made with the measurement points
acquired from a stereo camera is generated. Projecting the 3D
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map to the 2D grid map leads to indoor map [54]. A binary
matrix is employed to model the environment into a 2D grid
map. The model lets necessary savings in the processing and
memory using. The orthogonal function f(x;y;) is
implemented to this matrix. Each cell of the matrix is either
occupied or empty. The zeroes denote empty cells from the
grid map whereas as the ones denote obstacle cells in grid
map, whether the cell is completely or partially occupied [55].
In figure 1, the circles shown on the grid map represent all
possible places which the blind person can occupy on the grid
map.

Each cell of the map owns a coordinate which is presented by
(%, y). Furthermore, the coordinate for each row in the map
belongs to the domain of x € [0, w — 1], where the coordinate
of every column in the map belongs to the domain of y €
[0, m — 1], where w is the rows number and m represents the
columns number. The cell length is regarded as one unit
(u=1) and a cell size is sufficient for the blind person to turn

around instead of moving outside it [56]. Transformation of
the binary matrix into a 2D grid map is depicted in Figure 1.

After obtaining the grid map from a binary matrix, creation of
a graph using the grid map is implemented. This is referred as
“one hop” as one part in the path among the origin and goal
nodes. Accordingly, one hop is being between each two free
cell from grid map where the blind person can move in
between them. Figure 2 presents a graph with 6 vertexes and 8
edges which is created from the grid map. Each single-vertex
represents a free cell in the grid map which is identified by its
particular coordinates. Eight neighboring points are taken for
each cell. This means that blind can mov to eight directions as
shown in Figure 3.

X
Y |
1010100
001 0110 “ug
000 O0O0O0O0
100 00 10
1010110
1 100000

Figure 2 A grid map section

1123
4 | @ | 5
6| 7|8

Figure 3 The 8 neighboring points of the center cell with
their numbers

Accordingly, the indoor environment is modeled by 2D
matrix, where every position P(x, y) within the grid owns two
probable values: 1 for the occupied ones and 0 for free cells.
The appropriate solution represents a path (the positions set)
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from the initial point to the target point crossing a group of
free positions that called chromosomes or population.

4.2 Mathematical formulate of the problem

The path starts at the initial point (S) and terminates at the
target point (T). The path comprises the successive segments.
By summing all the path segments, the entire path length is
obtained. Suppose that path P = [S,P,P,, ..., B, T]
comprises an initial pointS, a goal pointG, as well as n
consecutive points. Therefore, the path segment is produced
by two consecutive points of the path. Figure 4 depicts the
path.

S

LIk bbby (L Pk h

Figure 4 Total path

In order to find the path between the S and T, a grid map is
determined, it is characterized by "0" for free places and "1"
for obstacles. An orthogonal function f(x;,y;) is determined
according the existence of obstacles in the fixed area map.
The path is determined by solving the following nonlinear
optimization problem:

minc = Y-, d; )

subjected to

_ (0 free cells (no obstacle)
f i yi) = {1 occupied cells (obstacle) ©)
Where
di = J(Xi = Xiz1)? + (V= Yiyp)? (C)]

c is the sum of consecutive distance from start to the target, n
is the number of points in the path, (x;,y,) is the intial
location of the blind people and (x,, y,)is the next node in the
path subjected to f(x;,y;) # 1.

Accordingly, the path planning issue represent an
optimization problem for obtaining the optimal cost value
under limited conditions in mathematics necessarily, and it is
modeled as a nonlinear optimal problem in numerical
methods.

4.3 Proposed solution technique based on

GA and A* as a fitness function

A proposed path planning algorithm is clarified. The
algorithm used genetic search as well as A* algorithm as
fitness function. The shortcoming of the A* algorithm is that it
supposes a high dimensional set of solutions (paths) that can
be generated. Thus, the computational time and complexity of
the algorithm is high. The genetic search can overcome this
problem by only selecting some paths that can be searched to
determine the optimum path. Thus, the evaluation function
f(n) of the A* algorithm is used as the fitness function of the
genetic algorithm the proposed system steps are shown in
Algorithm 1.
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Algorithm 1: The pseudo-code of proposed algorithm

INPUT: Grid map, Start_Point, Goal_Point,
No_Of_Points_In_Solution, No_Of_Generations and
Population_Size, Termination_Condition

OUTPUT: Optimal path

1 Generate the random points (No_Of_Points_In_Solution)of the
initial population P(x;,yi) , Z =1 to No_Of_Points_In_Solution ;

2 While (Termination_Condition is not reached) do
3 Evaluate P by using the A* fitness function
4 Select P by applying Roulette Wheel Selection
5 Perform a single-point crossover
6  Mutate P using a random parameter
7  Evaluate the new generated solution
8  Update the old solution P with the new one

9 End

After creating the initial population randomly [57], the GA
must decide the performance of every individual by
employing an adaptive function that assigns to every possible
solution a given fitness value which determines its quality.
This fitness function has to consider many criteria, like
distance, smoothness, safety, etc. Defining a suitable fitness
function represents a crucial task as the GA employs the
information produced by such function to select individuals
for the reproduction process, mutation, and choose the best
solution in the final population based on its fitness value at the
GA process ending [58]. The proposed fitness function is
demonstrated in Algorithm 2.

Algorithm 2: Fitness function Pseudo-code

Inputs: The initial start S
The end goal G
The grid D,
The points in solution k
Outputs:

Optimal path,

Cost,
% Initialization step

Generate an initial population O of random points O(x;, y;) and
(S, G) points

Fori=1tok+2

%Connect the points which have certain distance (connections) to
each other

IF Is Feasible (0;, 0;,,) Then add edge

End
N =] % Set of the nodes evaluated already
P=0 % Set of nodes that will be evaluated

Navigate_form = 0 % the navigated nodes map
Break = 1+1/length(D) + width (D)

% The breaking ties coefficients

B _score[S]=0 % Cost from the starting point along optimal

known path
% The computed total cost from starting till ending goal
C _ score[S]=heuristic _ cost(S, G)
While P[] Do
Find the nodes in P that have the lowest B _ score then assign to
the variable current .

IF current = G THEN
Return reconstruct _ path (Navigate _ from, G)

END

Delete current from P[]

Add currentto P
For each neighbor in current
IF u isin N THEN
Continue;

END

Tentative_ B _ score[S]=B _ scordcurrenf] + distan ce _ edge(current, u)

IF u does not belong to P or
Tentative _ B _ score[S] < B _score[u] THEN

Navigate _ from [u]=current

B _ score[S]=Tentative _ B _ score

C _score[S]=B _ score[u] + Break * heuristic _ cost(u, G)

IF is not existed in P THEN
Add neighbor to P
END
END
END
END

Return the optimal path and cost

In this step, the evaluation function F  of the A* algorithm is
used as a fitness function for the genetic algorithm.

Figure 5 demonstrates the application of GA and the evolution
GA algorithm for defining the correct path. From the figure,
the fitness function of the evolution algorithm selects the
optimal points leading to the shortest path and ignores the
other points that may increase the distance from start to end
points and reduce the number of turns within the path. On the
contrary, the GA fitness function selects only the points
leading to the correct path regardless of the distance between
starting and ending points. Therefore, the GA increases the
number of turns in the path as shown in right of Figure 5.

In selection process, the selection is based upon roulette wheel
selection [59] where every individual is associated with a
portion proportional to its fitness function.

For next generations, the single-point crossover is used. The
next process is mutation, is applied for enhancing the
diversity and preventing algorithm premature convergence.
Generally, this operation randomly chooses a position (gene)
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to replace it with a different new gene which is not existed in
the path.

Evolution fitness function Basic fitness function

Figure 5 Evolution fitness function and basic fitness
function for GA

Finally, according to path planning results the proposed
system provides a voice feedback about the safe path that the
blind person can walk through.

4.4 Path guidance

The final task for the proposed system is the guidance. It
simply includes translating the resulting path into voice
instructions comprising a series of directions and distances
which represent a feedback to the blind person to direct
his/her movements to the required destination.

After path planning algorithm is applied, the optimal path is
generated for the blind person through selecting the path from
some nodes which represent the best possible route for the
blind person to walk through. It consists of two turning points
from start point to target point as shown in Figure 6.

In this context, the blind person needs to start from starting
point A to reach the target point T. This requires finding the
optimal path from A to T. Blind people should walk step by
step till he/she reaches the target. However he/she may
deviate from the critical path. This can be avoided through
step by step critical path by utilizing voice guidance, if
required, till he/she reaches the target point. This step can be
explained as shown in Figure 7.

b - End poimt

- Nodco A
Stmrt ppaoime

Figure 6 path planning turning points
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’ a1
A
Figure 7 Way point guidance

Assume that blind people's posture is (x,y,8) , the x, y is the
position coordinates of the any point i.e. A, B, or C, and 6 is
the direction angle of the blind person path and is determined
using the following equation[60]:
-1 (Yi~Y

0 =tan™! (xl_—x) (6)
Where WP (x;,y;),for i =1...... N) is the given set of way
points which is then translated to voice feedback for the blind
people. The route is initially proposed supposing no obstacle
from the path till the destination, because the person is
unaware of the obstacles. After identifying route, the path
identified is thereafter traversed by searching for obstacles. If
any obstacle is found in the path, a new route is computed
from the person’s current position (supposing the current
position is the beginning node) till the destination, so as to
reroute the blind person.

5. EXPERIMENTAL RESULTS

In terms of computational time, this paper compared the
performance of the proposed path planning algorithm to the
conventional GA, as well as the A* algorithm. The results
demonstrated in Table 2. From the table, it is obvious that A*
algorithm outperforms the two compared algorithms
respecting the shortest path. However, it requires a long
computational time to get the shortest distance. On the other
hand, the GA time is impressive in comparison to A*. Besides
that, the distance from starting to target points does not differ
much in comparison to A*. On the contrary, the proposed path
planning algorithm outperforms the two other algorithms in
terms of a computational time and a path length. Figure 8
shows the optimal path taken from the three comparable
methods.

Table 2. The comparable results of the proposed path
planning algorithm, GA, and A* algorithm

Methodology Computational time Path Length
GA 75s 682 cm
A* 191s 578 cm
Proposed algorithm 3s 561 cm
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Proposed system algorithm
GA with A*
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A* algorithm for path planning GA algorithm for path planning

End Point

Figure 8 path planning comparisons of proposed algorithm, A* algorithm, and GA algorithm for path planning.

6. CONCLUSIONS

This paper proposes a novel system for the guidance of blind
people through indoor environment based on a proposed path
planning algorithm. The path planning system receives the
grid map of the indoor place and calculates a safe path for the
user to walk through. The path planning algorithm proposed
in this paper is GA including A* as fitness function to get the
optimal path. The performance of the proposed path planning
algorithm was compared to the GA, as well as the A*
algorithm. Experimental results demonstrated that the
proposed path planning algorithm outperforms the two other
algorithms in reference to computational time and the path
length.
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