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Abstract: In this paper, a new method for finding global optimal path planning is
proposed using a Genetic Algorithm (GA). A map of known static environment as well
as a start node and a target node connecting an optimal path which is required to be
found are given beforehand. The chosen nodes in a known static environment are
connected by sub-paths among each other. Each path is represented by a series of sub-
paths which connect the sequential nodes to form this path. Each sub-path radiating
from each node is labeled by an integer. The chromosome code of a path is a string of
series integers that represent the labels of sub-paths which are passed through traveling
from start node to target node. Two factors are integrated into a fitness function of the
proposed genetic algorithm: the feasibility of collision avoidance path and the shortest
distance of path. Two examples of known static environment maps are taken in this
study with different numbers of obstacles and nodes. Simulation results show the
effectiveness and feasibility of the proposed GA using sub-path codes to find optimum
path planning for mobile robot.

Keywords: Mobile Robot, Optimization, Genetic Algorithm, Fitness Function, Global Path
Planning
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1. Introduction

The mobile robot path planning is an
important branch in mobile robot research
field. Robot path planning refers to
finding a best collision-free path among
obstacles from the start place to the target
place in a working environment while
satisfying some optimization criteria [1].

In general, these methods mainly fall
into two types in accordance with the
properties of the environment. The first
type is off-line global path planning
depending on the model of known
environments.

The second type is on-line local path
planning depending on available sensors
that detect the unknown environments [2].

The off-line global method in which the

entire information concerning
environment is obtained beforehand
results in global optimal path with
collision free obstacles.

This method requires precise

environment model. This means a prior
knowledge of the environment must be
obtained beforehand. The best path is
realized by establishing proper model.

The on-line local method is used when
the environment is partially or even
completely unknown or when the
environment changes with time for the
mobile robot. In this case, usually a
sensor is used to obtain environment
information. Moreover it is required to re-
plan the changed environment that makes
the cost too high in order to adapt for the
real-time requirement. The local method
does not require precise environment
model and can deal with wuncertain
situations in the environment. However,
the local path planning methods may not
get the global optimization effect due to
the use of local information.

Many different methods, such as
dijkstra’s algorithm [3], potential field
method [4] , artificial neural networks
approach  [5,6] , particle swarm
optimization (PSO) [7,8], simulated
annealing [9], fuzzy expert systems [10] ,
and genetic algorithms [11,12] have been
developed to solve this problem. Most of
these methods were based on the concept
of space configuration. These techniques
show a lack of adaptation and a non robust
behavior. To overcome the weakness of
these approaches researchers explored a
variety of solutions [13].

There has been much attention to GA-
based methods in recent years because of
their success in solving many optimization
problems and since we can view path
planning as an optimization problem, we
expect that GA can reasonably overcome
it.

This paper focuses on the path planning
method based on the global map. The
process of global path planning includes
two procedures: set up the environment
model and search for the best path. The
search criterion is to find out the shortest
path when the model is established.

This paper presents a new algorithm, a
combination of topological and grid map,
to conduct environment modeling, then
employs the proposed variable
chromosome length GA with new
encoding method of the branches radial
from each node in the environment.

The remainder of this paper is arranged
as follows: Section II describes the
problem of the path planning; Section III
mtroduces an overview on GA; Section IV
proposes a method of path planning based
on the proposed GA; Section V explains
how the path planning problem is
reformulated to be solved by the proposed
GA; Section VI demonstrates simulation
results of different environments with a
different number of obstacles and nodes;
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and Section VII concludes this paper and
presents some future works.

2. Problem Description

In this problem, we have a mobile
robot moving in a known static
environment. The environment space has
many obstacles located i specific
positions. The mobile robot's mission is to
search offline the shortest path to travel
from a start node to a target node without
colliding with the obstacles that appear on
its way.

3. The Genetic Algorithm

The GA was invented by John Holland
and developed by his students and
colleagues in the 1970s. GAs are global,
parallel,  robust  stochastic  search
algorithms, based on the principle of
natural selection and natural genetic
process that combines the notion of
survival of the fittest, random search, and
parallel evaluation of points in the search
space [14].

GA manipulates a collection of
potential solutions for a given problem.
Each solution is represented as a genome
(chromosome) which is basically a string
of binary values, letters or numbers. Each
chromosome is assigned a fitness value
that indicates how successful this
particular solution is compared to other
chromosomes in the population.

GA starts by random creation of an
initial population of chromosomes. It then
applies genetic operators such as
crossover and mutation, to create new
chromosomes (offspring) from existing
ones in the population, by either merging
two or more parents chromosomes or by
modifying an existing chromosome. The
selection mechanism for parent
chromosomes takes the fitness of the

parents into account, ensuring that the
better solution has a higher chance to be
selected.

At each generation, the newly generated
individuals replace the existing ones. The
population is evolved over generations to
produce a better solution to the
optimization problem [14,15].

4. Proposed Algorithm

A number of necessary preparation
steps are needed in order to formulate the
path planning problem to a form that GA
can deal with, these steps are illustrated as
follows;

a) The known search environment is
projected upon a gird map.

b) The necessary and minimum
nodes are chosen on the grid map
in order to enable the mobile robot
to reach each required place in the
environment.

c) Each node in the gird map of the
environment is assigned by a
symbol or name.

d) The available subpaths between
nodes are determined (i.e. the
nodes linking between each other).

e) Each radiated subpath (i.e branch)
from any node is assigned by an

integer.

f) The coordinate values for each
node in the grid map are
calculated.

g) The static obstacles present in the
gird map of known search
environment are counted.

h) The starting node and target node
are given beforehand in order to
establish the required path.
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5. Problem Formulation

a) Encoding of Chromosome.

In this paper, the nodes of the map are
not used to encode the path. The start
node and target node are given
beforehand. It is normal that each node in
the gird map has one or many radiated
sub-paths from it. These bidirectional sub-
paths connect each node with the other
adjacent nodes. In order to illustrate the
encoding of the chromosome in the path
planning problem, consider an example of
a simple map shown below in Figure (1).

Figure (1). [lustrative example for
encoding the chromosome

Consider that node-a is the start node and
node-g is the target node. As shown in the
map, node-a has three radiated subpaths (1),
(2) and (3). This means there are three
choices to start the path from start node. If
the mobile robot passes through subpath
(1), the mobile robot reaches to node-b.
When it is in node-b, there are also three
radiated subpaths from this node. The
mobile robot has also three choices and can
pass through one of them. If the mobile
robot passes through subpath (2), the
mobile robot reaches to node-d. Again
when it 1s in node-d, there are six radiated
subpaths, if the mobile robot passes through
subpath (2) which is radiated from node-d,
the mobile robot reaches to node-g which is
the target node. The path between start node
and target node is a sum of a sequence of

subpaths, so the path illustrated above can
be encoded by a string of integers. Each
integer represents the label number of the
radiated subpath of each node that the
mobile robot passes through while traveling
from start node to target node. Therefore,
the code of the above path is 122. This
means when the mobile robot is present in
start node it passes through subpath(1) then
when it is in second node it passes through
subpath(2) and when it is in third node it
passes through subpath(2). The first integer
in the string represents which subpath outs
from start node and the last integer in the
string represent the subpath number of the
node before the target node.

Since nodes do not have the same number
of subpaths, we find the node which has the
maximum subpaths in the environment. The
number of maximum subpaths is taken as a
reference in order to make each gene in the
chromosome have equal alleles (instances).

So, for the nodes that have a number of
subpaths less than the number of maximum
subpaths, we assign some or all subpaths by
one or more label integers to indicate to the
same subpath as shown in Figure(2).

3&6 184

Xz&s

(c)

1&5

286

(a)

(b)

Figure(2). Illustrate the labeling method
of subpaths

In this case two or more integers may be
indicated to the same subpath of a certain
node. We do this arrangement in order to
make all genes in the chromosome have a
fixed number of instances and genetic
operations to be implemented easily.

The maximum chromosome length is
equal to the number of map nodes. This
result is straight forward but the
chromosome length can be reduced to
save the computation power. One can
observe from the map topology that the
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optimal path to reach the target node is
proportional to the number of obstacles.
When the number of static obstacles is
equal to n, the shortest path consists of at
most (n+2) nodes or of (n+1) subpath or
linear segment. This relation assumes that
the obstacle shape is not complex and can
be considered as mass point. When there
are no obstacles in the environment n=0,
the shortest path consists of a one subpath
or liner segment from the start to target
node. If there is one obstacle in the
environment, the shortest path consists of
two subpaths or linear segments. Thus, the
number of chromosome length will be
determined by the following equation (1).

L=n+1 (1)
Where, L is the number of genes in the
chromosome and »n number of static
obstacles. However, when the number of
obstacles in the map is more than the
number of nodes in the map, we consider
the number of nodes in the map when we
determine the maximum chromosome
length.

b) Initial Population.

In the proposed GA the chromosome
length is variable because the optimal path
depends upon the given start node and
target node.

The maximum chromosome length is
determined from the number of obstacles
and number of nodes in the map of the
environment. Therefore, when we create a
new chromosome, we choose a random
length for it between 2 and L. So, each
chromosome created in the initial
population has its specific chromosome
length. The value of chromosomes' length
is stored in an additional location in the
chromosome. Each gene in the
chromosome is filled by a random integer
between 1 and max subpath. Figure (3)
illustrates  the details of proposed
chromosome.

Genes of Chromosome

A
r )

/
21114235 (|1]|7

Length of Chromosome

Figure (3). The details of the chromosome

¢) Creation Operation.

The creation operation is unique in that
it does mnot require any existing
chromosome.

It creates an entire new chromosome in
the same way that a chromosome in the
initial  population is created. This
operation is applied to create a predefined
number of new chromosomes for new
population in each generation.

d) Selection Operation.

In the proposed GA, a tournament
selection is wused to create a new
population. In this method, two
chromosomes are chosen at random from
the population. A random number r is
then chosen between 0 and 1. If r<k
(were k is a parameter, for example 0.75),
the fitter of the two chromosomes is
selected to be a parent chromosome,
otherwise the less fit chromosome is
selected. The two are then returned to the
original population and can be selected
again. Elitist mode is also used where a
certain number of the best chromosomes
of each generation are kept in the next
generation, so as to improve the efficiency
of the proposed GA.

e) Crossover Operation.

During the crossover operation, two
chromosomes that have an efficient fitness
value are randomly selected as parents
based on the selected method. Each parent
has its chromosome length. The crossover
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site in each parent is selected randomly
between 1 and chromosomes length-1.
The crossover operation can be
implemented on the two parents, if the
crossover operation does not result in any
child of chromosome length more than the
maximum length.

Otherwise mutation operation is made
for these two parents. Figure (4) illustrates
the crossover operation.

Crossover site =
parentt [1[2[2]5[3]1 ] 4[5]3]3]2[11]
Crossover site —

EAE

s[4]1]6]8]
Crossover ﬂOperation
Ll2]2]s[s]1]6]7]

Parent2

Child1

chid2 [3]1[2]3]s]a]1]4]5]3]s]212]

Figure (4). The crossover operation

f) Mutation Operation.

The parent chromosome is selected
based on the fitness measure. Each gene in
the chromosome may be mutated with a
very small probability. When a gene is
required to be mutated, another integer
value between 1 and number of maximum
subpaths is chosen randomly to replace
the original gene. Figure (5) illustrates the
mutation operation.

Mutation point -
Parent [ 1]2[2[@[4]1]6 [ 7]
Mutation ﬂ Operation

chid [ 1]2[2[@f4]1[e[7]

Figure (5) The mutation operation

h) Fitness and Evaluation.

The most difficult and important part in
GA s the fitness measure. The success of
GA to find the optimal or best solution
depends totally on the fitness measure.
Each chromosome in the population is
assigned by a number representing the
fitness value. The value of fitness is
proportional to goodness degree of the
chromosome to solve the underlying
problem.

In our problem the shortest path
between start node and target node is an
optimal path. Thus, the fitness measure
must be synthesized to guide the proposed
GA to find this shortest path. Since each
path consists of many segments of straight
lines. The distance can be calculated by
equation (2).

Distance = Z?:l] (Xi+1 - xi)2 + (yi+1 - J’i)z
.. (2

Since, each path begins from the start
node, the first integer in the chromosome
represents the first subpath which leads to
the first intermediate node. The sequential
integers of the chromosome also represent
subpaths which lead to a sequence of
intermediate nodes. Each path will be
checked, if one intermediate node is the
target node itself, the remaining of the
chromosome will be neglected and the
chromosome length will be also corrected.
In this case the chromosome will not get
punishment because the path is feasible.

If none of the intermediate nodes is a
target node and the last subpath will not
lead to the required target node, this
chromosome will get a big punishment to
decrease its fitness value because it is not
feasible but it remains in the population.

If the last subpath leads to the target
node, this chromosome will not get any
punishment because it is feasible. The
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fitness function that would be minimized

is illustrated as in equation (3). Table (1). The coordinates values of each
1 node and the terminal nodes of their
Fitness = subpaths for example-1.
Distance + Punishment (3) — i ~ [ Radiated subpaths from each
) £ £ 5 o .
< = = nodes against their terminal
p— 2] %)
6. FINDING THE OPTIMAL PATH ° = = nodes
E > > Subpaths codes
In this paper, two examples of known s * 1203141516
static environments are suggested and | 0 0.3 73 |1 |2 |3 |1 )2 |3
expressed by two complex maps with 1 093 | 9.7 J28]2 JoO J28]2 JoO
relatively large number of obstacles and 2 1.75 | 7.75 1129 0|1
nodes. We suggest a specific number of 3 0.7 5.2 4 |5 4 |5
nodes in each environment with the 4 23 Iss7 18 [2712 5 |s
assumption that they are sufficient to 5 225 1387017 14 13 le |7 |4
reach any required place. Moreover, the [~ ¢ 23 22 |11 l100l5 liili0l5
mol?lle robot ‘moves in thesq two "7 1 372 lass li0lo |8 010
enylronments without colliding with the s 1 372 ls=s1512512 >3
existent obstacle. 5 s | sl 5
. 10] 437 |23 | j13j12]7 11
Example-1: The environment map of
. . N 11 5.2 084 141016 14 J10]6
this example is shown in Figure (6).
2] 625 | 35 13]16]9 J1o]13]16
T 13 72 J1ss 15|16 f12f10fs |15
1ob—1 38 26 1) 14 6.63 07 1311 13111311
\ - 5] o 2 1331613331613
2 6D \\@ 16 8.22 387 1341189 12113 ]15
4 2 ‘ 1)
B3\ | B v | [ 7] 67 [ssr[w|n]9 [w]2]o
/A L A 18 7.7 587 12011917 |16 |20]19
5 o o /A 1w | 77 | 73 [21[31 |28 |21 31
(3 G4
5 20 ] 915 o625 3421|1834 ]21]18
o & 4 2| 915 | 73 |32 |31 |19 [20 |32 |31
) P @ 22| 637 | 81319242523 ]19]24
a 10 i Y 23 5.2 57512218 |9 J22]8 |9
— 24 | 625 95731 |26]22]31]26]22
1
Obstadles: 30 [Nodes: 35 25 4.65 8.23 22 26 8 22 26 8
0 1 2 3 4 5 6 7 8 9 10 11
26 4 9.7 |24 |30 |28 |27 |24 ] 30
. . 27| 32 748 26 204 [8 [26]29
Figure(6). Environment map of example -1
28| 24 97 126 [30 |1 |29 ]26]30
29 | 28 85 |28 ]2 [27]|28]2 |27
When we ?pply the. steps of the ” . | 197 [26 |28 [26 28 |26 | 28
proposed algorithm on this map, we find : 5
the minimum number of required nodes | 31 8.8 85 [21 24 |19 )21 2419
is 35 and the number of obstacles in the | 32 | 103 [ 7.07 [21 |34 |21 |34 |21 ]34
environment 1s 30. The coordnates' | 33 | 103 [335 3415341534 ] 15
values of any node and the nodes linking [ 34 | 94 [ 506 1322016 [33][32]20

to it through the subpath are shown in
Table (1).
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Table (2) . Some optimal paths for example-1.
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generation for
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- 4
QD o,
< 8 E = = =)
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gh - - -
o
Zz ©
54 (o) (¢ =N
ng o =) n
2c5= 0 IS ®
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= 1) v | - ol
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Ees8] e en ) T
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v o
51 E ) T - ) T
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= - - [ - T
[Semi
ln$ [g\] ~
-
=
32 — S =
2}

The chromosome of the proposed GA is
represented by integer string, each subpath
is represented by one integer, the
maximum number of allele= 6, the
chromosome length is variable with the
maximum value 31 and minimum value 2.
Tournament selection with elitism strategy

are used (retain two best individuals),
Creation rate P,=0.2, Crossover rate
P.=0.65, Mutation rate P,=0.15,
Population size=100, Maximum
Generation 1000 for each run. The results
of some optimal paths between a certain
start and target nodes are shown in Table

Q) .

Figures (7, 8 and 9) show the
optimal paths on the map environment.

Figure(7).The optimal path from
node 1 to node 15 example-1

Figure (8). The optimal path from
node 24 to node 6 for example-1
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In fact, the environment map of
example-1 is relatively complex with
large number of nodes and obstacles.
However, the simulation results in Table
(2) show that the proposed GA can find
the optimal paths for different start nodes
and target nodes. Moreover, the results
show that the GA has succeeded to find
the optimal paths with probability 100%
because it did not fail in all runs. In
addition, the results show that the
proposed algorithm is able to find a path
with little iterations (less than 10
generations) in the evolutionary stage of
the GA.

Figure (9). The optimal path from
node 0 to node 34 for example-1

Example-2: The environment map of
this example is shown in Figure (10).

Figure(10). Environment map of example -2

When we apply the steps of the
proposed algorithm on this map, we find
the minimum number of required nodes is
49 and the number of obstacles in the
environment is 74. The radiated subpaths
from each node and the terminal node of
each subpath are shown in Table (3). The
coordinate’s values of each node are
shown in Table (4).
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Table(3) The radiated subpath from each node = Radiated subpaths from each nodes
and the terminal nodes of subpaths for example- s against their terminal nodes
§ Subpaths codes
E Radiate‘d subpz‘lths fro‘m each nodes z 11213141516 7 )
E] against their terminal nodes
: 0 |5 |4 12 ]1 ]5 |4 2 5
2 Subpaths codes 1 JO0 J2 |8 J15]0 |2 8 15 |0
“ 1121314516 |7 18 9 2 10 J7 |8 |1 10 |7 |8 |1 0
41 140 |42 131140 ])42)]31 J40 |42 |31 3 11216 |5 J1216 |5 12 ] 6 5
42 143|401 41]143]40]41 J43 |40 |41 4 1516 |9 17 10 |5 6 |9 7
43 145|441 421404544 |42 140 |45 513 |6 |4 10 3 ]J6 J4 |0 3
44 | 45|46 |43 ]145]46 |43 |45 46 |43 6 |3 J12|21)J20]11119 |7 |5 3
45 1138|3947 4644 |43 J40 |32 ]33 7 14 101138 |2 4 19 10
46 | 47 | 44| 45]147]44 |45 )47 |44 |45 8§ 12 17 J13J14]15]1 2 17 13
47 146 | 451391464539 J46 |45 |39 9 J16 J11J10)7 |4 |6 11 J10 |7
48 | 4713936 )37147]139 |36 37 |47 10 |9 1181711317 |9 18 J17 |13
11 |6 1201911819 J6 J20]19 |18
12 J2116 |3 J2116 |3 21 | 6 3
13 17 110)J17]14]18 |7 10 J17 | 14
14 |8 1317162915 |8 |13 |17
15 |1 |8 J14129]1 |8 14129 |1
16 |14 11728291417 |28 ]129 |14
17 J101 1825262728 |16 |14 |13
18 111925 171011 J19]25 |17
19 J20]124 )18 112024 [18 11 |20
20 212319112123 J19 11 |21
21 2223|2016 J12|22 123 |20 |6
22 1372321137123 )21 J37 123 |21
23 122 |37]136]135]24]20 21 )22 |37
24 1233512511923 ]135]25]119 |23
25 124 |35]134]126]17]18 |24 |35 |34
26 1253427172534 )27 )17 |25
27 12634133128 17]26 |34 ]33 |28
28 117127133 ]130)29])16 J17 |27 |33
29 J15| 141161283031 J15]14 |16
30 12833132140 ]31129 28 ]33 |32
31 12930140141 ]129]130 J40 |41 |29
32 133 |45140]130]33]145 )40 130 ]33
33 134 |38]145]132]30]28 J27 |34 |38
34 135138133 ]127]26]125]35]138 |33
35 1233613913834 ]125(]24]123 |36
36 |37148139])35]123]137 |48 ]139 |35
37 148 |36 123122]48]136 |23 |22 |48
38 13245143 14241131 J30]32 |45
39 J40 | 42131140 )42]31 J40 |42 |31
40 |42 311404231140 J42 131 |40
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Table(4). The coordinates values of each node

for Example-2
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The chromosome of the proposed GA is
represented by an integer string, each
subpath is represented by one integer, the
maximum number of allele= 9, the
chromosome length is wvariable with
maximum value 49 and minimum value 2.
Tournament selection with elitism strategy
is used (retain two best individuals),

Creation rate P,=0.2, Crossover rate,
P~=0.65, Mutation rate, P,=0.15,
Population size=100, Maximum
generation is 3000 for each run.

The results of some optimal paths
between certain start nodes and certain
target nodes are shown in Table (5).
Figures (11,12,13) show the optimal
paths on the map of environment.

Really, the environment map of this
example is a complex map with 49 nodes
and 74 obstacles. This means there are
many available paths between any start
node and target node. These paths are
competing between each other through
the adaptation process of GA according
to fitness measure. In addition, these
paths have approximated distances which
make the competing not easy and need
relatively large generations.

So, we employ it to test the ability and
the efficiency of the proposed algorithm
to solve complex path planning
problems.

The results of this test are shown in
Table (5). Again the proposed GA
succeeds to find different optimal paths
for different start nodes and target nodes.
Moreover, all 10 runs result in the global
optimal path for each required path.

The average of generations for
succeeded runs is more than that in
example-1 because the map is more
complex as well as that the available
paths are longer and the number of
segments of the paths is larger too. So,
more time i1s needed for searching about
global optimal path because there is at
least one path, connecting the starting
node to target node since all nodes are
connected together.

However, the potentials of the proposed
GA and the high speed of the new
computer processors are sufficient to find
the global optimal paths in reasonable
generations and time. Therefore, the
proposed GA can successfully be
implemented online to find the global

114



IJCCCE, Vol.12, No.1, 2012

Genetic Algorithm Using Sub-path Codes
for Mobile Robot Path Planning

optimal path for the mobile robot in
complex environments.

Table (5) . Some optimal paths for example-2.
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Figure (11). The optimal path from
node 3 to node 41 for example-2
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Figure (12). The optimal path from
node 1 to node 48 for example-2
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Figure (13). The optimal path from
node 0 to node 47 for example-2

7. CONCLUSIONS & DISCUSSION

In this paper, a new path planning
method based on variable chromosome
length GA is proposed to find off line the
optimal path in two-dimension known
static environments. The grid is used to
establish the work environment of mobile
robot. The sequence integers of subpaths
labels are used to encode the chromosome
of the proposed GA. The proposed fitness
function and punishment rules are
sufficient to lead the process of adaptation
of GA to the global optimal path. The
simulation results show the high
efficiency of the algorithm for path
planning of mobile robots in known static
environment map.
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