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Abstract_The paper introduces a method which is based o
n genetic algorithm to select more properly parameters fo
r local path planning of mobile robot. In our experiments,
according to experience, we choose properly parameter
domain as chromosomes in Genetic algorithm(GA). Then
we will extract several different individual cost function
from DWA algorithm, adopted by Local path planning,
and merge them into a fitness function. Experiments show
that the automatic tuning method, proposed in this paper,
can generate smoother and faster trajectories than
manual tuning method and perform better in avoiding
obstacle. This method can also be used for other
platforms.

1. INTRODUCTION

Mobile robot is a mobile platform that can be used in
unknown or known, outdoor or indoor autonomous
positioning, fixed-point navigation, dynamic obstacle
avoidance. An important sign of mobile robot intelligence is
autonomous navigation, and the realization of robot navigation
has a basic requirement - local path planning. There are a lot of
researches on the dynamic obstacle avoidance of mobile robots
in recent years. The algorithm of local path planning mainly
has intelligent bionic algorithm, which includes artificial
neural network algorithm, genetic algorithm, ant colony
optimization algorithm and particle swarm Algorithm, using
these algorithms to achieve global optimization to get the
global optimal path. And heuristic search algorithms, such as
D *, Focussed D *, use the robot to collect the environmental
data to quickly correct and select the optimal path, greatly
reducing the local planning time for high real-time platform.
Based on the dynamic window algorithm (DWA), the basic
idea is to collect real-time data from the environment and
update the planning dynamically.

In the open source robot operating system (Robot Operating
System, ROS), the base local_planner function package in the
navigation package provides implementation of the dynamic
window method (The Dynamic Window Approach). A local
plan is generated by DWA as follow: Firstly, a number of the
velocity samples will be specified by given controller
parameters. Next for each velocity, the controller will perform
forward simulation from the current state of the robot to
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foresee the situation from applying each velocity for a short
period of time. Then, the controller will evaluate each resultant
trajectory generated from the simulation and finally pick the
lowest-scoring trajectory and send associated velocity to the
mobile base. So in DWA the parameters which is manually
configured by us according to practical environment have great
impact on sampling velocity and evaluating trajectory.
However, there are some unstable factors in environment such
as quality of robots, the size of the robots, the shape and so on.
Such instability caused a great challenge to manual setting and
as a result setting the proper value of key parameters will be a
challenge in applying DWA to practical environment.

We adopt the genetic algorithm to solve the problem of
artificial parameter tuning. Genetic algorithm can overcome
the problem of local minimum, and can find the optimal or
suboptimal solution of minimum granularity. And genetic
algorithm calculation is moderate, we can achieve while
planning side tracking, in other words its real-time
performance is good. Genetic algorithm is used to optimize the
parameters and find the optimal parameters. The robot can
avoid the obstacle more accurately when using the local
programming algorithm to find the best path, so as to solve the
problem that the DWA algorithm is applied in the complex
environment.

II. EXPERIMENTAL PLATFORM

In this paper, the platform we use is TurtleBot, as shown
in Figurel. TurtleBot is an open source hardware project and
consists of a mobile base. And with TurtleBot we can build a
robot that can navigate with 2D map, generate a global path,
generate local path planning and so on.

Figurel. TurtleBot platform

TurtleBot's base can be seen as a circular, which plays an
important role in the stability of the robot. For example, while
generating local path plan, a circular mobile base can reduce
the computational complexity of the algorithm.

In this intelligent mobile platform, we established a
mobile robot system based on laser sensor, whose shape is



shown in Figure2 .The laser sensor on the robot platform is an
all-angle two-dimensional scanning ranging radar, which uses
a triangulation method, as shown in Figure3. The laser sensor
can emit a laser beam to detect the position and velocity of the
target, and can quickly measure the distance from the front
obstacle to itself, then create a map for the mobile robot.
Through this sensor we can measure the distance with fast
speed, high precision, large range, anti-light, strong electrical
interference and o\t}gar advantagesﬁyghich is why we choose it.

e

Figure 2. Mobile robot system based on laser sensor

Figure 3. 360 ° two-dimensional scanning ranging radar

III. CONTROL PARAMETERS OF DWA

A. Search Space:

In DWA, search space is a set of sampled velocities
based on the current speed that are used to perform forward
simulation. Firstly, it calculates the sampled velocities which
is reachable within the next time interval given the current
translational and rotational velocities and accelerations. Then
the samples are reduced to satisfied the limit of translational
and rotational velocities .In this case, the definition of the
speed constraints is

. min_vel_x,
min[0] = max (vel[O] —acc_lim_x X sim_period)
. max_vel_x,
max[0] = min (vel[O] + acc_lim_x X sim_period)

—1 * max_rot_vel,
vel[2] — acc_lim_th X sim_period

min[2] = max( hx ;
max_rot_vel,
(

max[2] = min (vel[Z] + acc_lim_th X sim_period

1)

Where max_vel x , min_vel_x is respectively the
maximum speed and minimum speed in the x-direction of the
robot coordinate system , max_rot_vel is the absolute value
of minimum translational velocity and max_rot_vel is the
absolute value of the maximum translational. acc_lim_x is
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the given acceleration and acc_lim_th is the given sampling
time. These are our controlled parameters. Also, min [1] and
max [1] is useless because the robot in our experiments can
only forward and rotate but cannot move vertically, and as a
result, there is no velocity in the y-direction.

After obtaining the constraints of velocity, in other
words, the maximum and minimum values of the velocity, the
discrete velocity samples in search space are defined as
Ve €Vel, NV, =0 AV, € Vely, A

(V, < min_trans_vel) A

(Vir, > min_rot_vel)

V, = min[0] + i X ((max[o] - min[O])>'}

Vel =< (W, V,, Vip)

vxsamples
0 <i < vxsamples

Vip, = min[2] + i X ((max[Z] — min[Z]))’}

Vel, = {Vx

vthetasamples
0 <i < vthetasamples

Velth = {Vth

)

Where (Vy, V,,, Vi) represents the velocity of the robot in

the x-direction, y-direction and orientation-direction of the

robot’s coordinate system. vxsamples and

vthetasamples are the number of samples set and the two
are the parameters we need to set.

B. Create Trajectory

Giving the robot's velocity samples, one of the samples
that are reachable will be sent to the mobile base. However,
the robot will suffer impact and damage such as deviation
from the global path, hitting obstacles and so on. So we will
generate a trajectory for each velocity sample, and evaluate
the trajectory using some method to find the best sample
velocity to send to the mobile base.

Based on the analysis of the sim_time, sim_granularity

and (Vx (to), Vy (to), Vm(to)) € Vel, the generated trajectories
are defined as

0(t,) + ) .

EV(t) X cos(.
(to) J X Ven(to)

X(6) = x(t) + ).

j=0

s
sim_granularity

V, x sin(6(t;_1)) 3)
X sim_granularity

L
B Vin(to) X )
6(t) = 6(to) + Z (sim_granularity
j=0

y(t) = y(to) + Xizo (

Where (x(ti),y(ti), Q(ti)) represent the pose of robot
in robot’s coordinate.(x(tn), v(t,), H(tn))
(n = sim_time + sim_granularity) is the last point of a
trajectory. Especially, sim_time and sim_granularity are our
controlled parameters.

C. Cost Functions

1) Alignment cost and Path_cost

In DWA, the values of alignment cost and path_cost are
based on how closely the trajectory follows a global path. For
path_cost, the closer the last point of the trajectory is to the
global path, the lower value the cost function will return. And



for alignment cost, the closer the last point of the shifted
trajectory is to the global path, the lower value cost function
will return. Therefore, the definition of path cost and
alignment cost is:

/ x(t,) +
) x_shift X G(tn),\
alignment_cost = costmap_path
griment- PP K y(6) + /
y_shift x 6(t,)
path_cost = costmap_path(x(t,), y(t,)) @)

Where x_shift and y_shift are our controlled parameters
which are the distance from the centre point of the robot to
place an additional scoring point. The
costmap_path(x,y) returns the value of an element whose
index is x X resolution + y in array costmap_path. In DWA,
the costmap path where the value of the element is assigned
to the distance from the current position to the global path is a
one-dimensional array.

2) Goal cost and Goal front cost.

In DWA, the values of goal cost and goal front cost
depend on how closely the point of trajectory
(x(tn), ¥(tn), 6(t,)) approaches a goal point. .For goal_cost,
the closer the last point of the trajectory is to the global goal,
the lower value cost function will return. And for
goal front cost, the closer the last point of the shifted
trajectory is to the global goal, the lower value it returns.
Therefore, the follow equations can be used to represent
goal cost and goal front_cost:

/ x(t,) +
x_shift x B(tn),\
oal_front_cost = costmap_goal
goal front. P9 \ y(t) + /
y_shift x 6(t,)
goal_cost = costmap_goal(x(tn),y(tn)) ®)

Where x_shift and y_shift are our controlled parameters,
which are the distance from the centre point of the robot to
place an additional scoring point. cosmap_goal(x, y) returns
the value of an element whose index is x X resolution + y,in
array costmap_goal. In DWA, the costmap goal where the
value of the element is assigned to the distance from the
current position to the global goal is a one-dimensional array.

3) Obstacle_cost .

In DWA, if the robot doesn’t run into obstacles the cost
function will return a value, based on the distance from the
robot to obstacles around. If the robot passes through an
obstacle, the associated velocity will be abandoned. The
equations can be represented as follow:

footprint(x(ti), y(t;), H(ti)),>
cosmap (x (tn), y(tn))
i=12,.... N (6)

Where cosmap(x,y) returns the value of an element whose
index is x X resolution + y, in array costmap. In DWA, the
costmap where the value of the element is assigned to the
distance from the current position to the nearest obstacle is a
one-dimensional array. And the value which the function

obstacle_cost = max(
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would return is associated with the distance from the mobile
base of the robot to the nearest obstacle.

4) Oscillation_cost.

This cost function helps reduce certain oscillations. The
definition of Oscillation_cost is as follow::
oscillation_cost = cost_dist + cost_angle

(Ve (o) X pre_V, < 0) A
cost_dist = 1000 (((pre_x —x(ty)) < dist)>
0 else

1000 (Ven(to) X pre_Vey < 0) A
cost_angle = ((pre_theta —0(ty) < angle)

0 else

)

Where V,.(t,)is the sample velocity in the x-direction of
Robot’s Coordinate system and Vu(to) is the associated
velocity in rotation. pre_xis the last position of the robot
where it changed direction in x-direction and pre_theta is the
last position of the robot where it rotated direction is different
from Vi(to). And dist and angle are our controlled parameters.

D. Selected Parameters

We choose the parameters having significant influence
on these steps as our controlled parameters. This includes
maxx_vel_x, min_vel_x, max_rot vel, min_rot vel, acc_lim_x,
acc_lim_th, vxsamples and vthetasamples which have
influence on reducing search space. Also Sim_time and
sim_granurality influencing the generation on trajectory and
x_shifty shif, dist and angle influencing the costs of
generated trajectory can be chosen as our controlled
parameters.

IV. SEARCHING THE BEST PARAMETER GROUP AS A
SINGLE-OBJECTIVE PROBLEM

The DWA(Dynamic Window Approach) is put forward
to generate local plan which can avoid obstacles , follow
global plan as closely as possible ,approach global goal as
closely as possible ,and stay stable while navigating.
Therefore the Objective Function includes obstacle cost,
oscillation_cost, goal_cost, goal front cost and
alignment cost, path_cost. It can be measured as follow:
cost(Vx, 4% Vth)
= path_distance_bias X (alignment_cost + path_cost)
+ goal_distance_bias X (goal_cost + goal_front_cost)
+ occdist_scale X obstacle_cost + oscillation_cost

(®)

Where path_distance _bias is the weight for how much
the controller should stay close to the given path,
goal_distance_bias is the weight for how much the controller
should attempt to reach its local goal and occdist scale is the
weight for how much the controller should attempt to avoid
obstacles.

In this paper, searching for the best parameter group can
be abstracted to a Single-Objective problem. Our purpose is to



find the optimal parameter group, which can minimize the
value of objective function returns. Single-Objective
Optimizing by Genetic Algorithm

Now we apply genetic algorithms to solve
single-objective problems. Based on the previous study of
genetic algorithm, the (8) is used as the fitness function, and
the minimum cost is obtained. Genetic algorithm is used to
find the global optimal solution. Our algorithm is
implemented as follows steps:

Initiation

r
Creating and Computing

Calculate and

Reinsert
)

Mutation

-

| Assign fitness values ‘

Figure 4. Steps of our algorithm

Initiation: Given the user-defined number of individuals
NIND, the number of variables NVAR, the precision of
variables PRECI and the field descriptor FieldD, the initial
population can be represented as fixed size, real-valued and
randomly initiated in the range of respective variables. We can
change a decimal coded into binary code. Therefore the initial
population is a binary vector.

Creating and Computing: In this step, the initial
population can be defined as a vector with the size of NIND x
vector of realtors (NVAR * PRECI). Because we use the
binary encoding, the vector of each element is either 1 or 0.
The value of the variety defined in each step is determined by
region descriptor defined in the last step, so the value that each
rank of the vector represents is in a domain. Then the
objective function value of the initial population will be
calculated.

Assign fitness values: Each individual will be sorted in
order of target ObjV, and a column vector will be returned
including FitnV corresponding to individual fitness value.

Selection: In this step, the individual who has fitter
solutions are more likely to breed a new generation while the
less fit are less likely to breed a new generation. Fitness value
of group is close to the value of the constant approximation
optimal. The selection operator used in this paper is the
random traversal sampling, similar to the roulette selection
operator. The difference between then is shown as follow
Figure5:

Recombination |
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The roulette :Each part
is selected with a
different probability

Eandom traversal sampling
method: the probability of each
part being selected is 1/8
Figure 5. Random traversal sampling method and the roulette

Assuming that n_point is the number of individuals
needed to be seclected, then choice individuals in equal
distance, choosing 1 / n_point, as a pointer distance. The
position of first pointer depends on the random one of [0 ,
1/n_poinf].

Recombination: In the intersection of genetic algorithm,
two individuals are selected who have more probability, and
some new individuals are created by handing over some of
their parts and they inherits the characteristics of the parent.
We use a single-point crossover operator, also called simple
cross. Firstly, a cross point is randomly placed in the
individual binary string where part of the chromosome of
individuals is exchanged. It is shown as Figure 6. The process
is as follow:

1) Mating. Pairs of individuals are selected to mate and
if the amount of population is M, then there will be |[M /2]
pairs of combinations.

2) Placing a cross point. The cross points are placed
randomly behind part of the chromosome. Assuming that the
length of the chromosome is M, then there will be M-1
possible cross-point positions in it.

3) For each pairing pair, two chromosomes of the two
individuals are handed over at the intersection according to
the exchange probability set by the user, resulting in two new
individuals.

. AEEEEEEE
, 00000000

One—point
Crossover

NIIIII@DD
D000 mm

Intersection

Intersection

Figure 6. Single-point Crossover

Mutation: This process in the genetic algorithm is to

change some of the bit values of the individual code string
with a smaller probability, resulting in a new individual.
Crossover is a common method of generating new individuals,
which determines the global search ability of genetic
algorithm, and mutation operation is a method to generate new



individuals, which determines the local search ability of
genetic algorithm. The two are complementary to each other,
so that the genetic algorithm performs better in a search to
solve the optimization problem optimization process. In this
step, the discrete variation method is used because it
improves the local search of genetic algorithms and maintains
the diversity of population genes to prevent premature
phenomenon.

Calculate and Reinsert: After the three steps selection,
crossover, and mutation, we get the offspring produced by
these three stages, then calculate the value of these offspring
objective function returns, and then insert offspring into the
parent group according to a given probability. As a result, the
parents with lower value which objective function returns are
abandoned, and a new population forms.

Stop condition: the maximum generation of the GA is a
user-defined variable used to ensure that the algorithm
terminates. We should also consider the stability of the
algorithm, if compared with the previous generation, the
offspring of the objective function value has not changed, we
can think that the algorithm has found the optimal solution.

V. EXPERIMENT AND RESULT

A. Experiment Description

Then to verify the model and the algorithm, an
experiment is carried out using Matlab R2016A in a PC (Intel
Core 15-2520M CPU @ 2.50GHz with Memory 4G).

We apply Matlab Genetic Algorithm Toolbox gatbx
developed at University of Sheffield to experiment. In the
experiment, a set of optimal combination of parameters is
selected by the genetic algorithm, and all we need to do is to
collect the cost of each grid of the grid map and the robot
footprint, and then pass these data to the cost function. So cost
function is just affected by the variables which we need to
manipulate and it makes influence on the machine's local
planning path. After obtaining the complete cost function, we
decide the upper and lower bounds of each parameter
according to experience, so that the genetic algorithm can
optimize the parameters in this region, and finally get the
parameters we want.

B. Map data acquisition

The collection of map data is one of the most important
parts of our experiments. Genetic algorithm selection of
parameters is based on specific map data. In different
environments, the same set of parameters of the robot are not
ideal. Therefore, depending on different map environment,
selecting different parameters can obtain better path planning
and make the robot more adaptable.

In the process of experiment, we modify the
base local planner code of the TurtleBot platform and let the
system output the current map information to a file and then
we use these information to restore the raster map containing
the cost of grid. After getting the map, we infer some relevant
information in advance to reduce the amount of calculation, as
shown in Table 1:
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Table 1: THE PART CAN BE CALCULATED DIRECTLY

goal_cost ‘ path_cost

costmap_goal(x(tn), y(tn))‘ costmap_path(x(tn), y(tn))

C. Parameter Setting for Genetic Algorithm

The Genetic algorithm for Single-Objective optimization
we introduced in this paper is applied to solve path planning
problem.

1) Genetic Algorithm parameters setting:

Table 2 :THE PARAMETER USED IN GENETIC

ALGORITHM
Gmax | NIND | NVAR | PRECI | GGAP
500 | 40 | 20 | 20 [ 09

2) The search space of parameters: In the process of
parameter optimization, we use a region descriptor to define
the range of optimization parameters. The representation of
the region descriptor is FieldD = (len, b, ub, code, scale, Ibin,
ubin)”. In this vector, len is the length of each individual in the
population, 1b and up are a row vector representing the lower
and upper bounds of each variable. Code is a binary row
vector, indicating the encoded form of the substring. Scale is
also a binary row vector, which is used to indicate whether the
chromosome coding of each individual uses a logarithmic or
arithmetic scale, Ibin, ubin is a binary row vector indicating
that the range is a lagged inclusion boundary.

We can specify 1b, ub vector to specify the scope of the
parameters, with 1bin, ubin to indicate whether there are upper
bounds and lower bounds. The range of parameters are
decided by our experience, as shown in Table 3:

Table 3: THE SEARCH RANGE OF OPTIMIZATION

PARAMETERS
acc_lim x min_vel_x max_vel x
[0.1,0.3] [0.0,0.05] [0.1,0.2]
vxsamples vtheta_samples min_trans_vel
[3.,9] [10,30] [0.03,0.05]
acc_lim_th max_rot_vel min_rot_vel
[2,3] [0.5,0.6] [0.4,0.5]

D. The Simulation Result

As shown in Figure 7, given the range of parameters,
there will be multiple sets of parameters which make the
algorithm obtain the optimal trajectory. Though in a set of
parameters, most of the trajectories are useless, there are a few
ideal trajectories which have a low cost and the algorithm will
choose the lowest cost as fitness of the set of parameters. In a
population, the average fitness of the population is not far
from the optimal value. In other word, the cost of optimal
trajectory of parameters set is almost the same. However,
there is still a small gap between the cost of optimal trajectory
of parameters sets and these gaps may affect the smoothness
of the robot trajectory. With the increase of algebra, the



number of optimal solutions in the population increases, as
shown in Figure 8.
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Figure 7. The change of the number of solutions of the
population
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VI. CONCLUSIONS

In this paper, we set up a mobile robot platform based on
laser sensors. With this platform, the local path planning
parameters of Turtlebot mobile robots is optimized. Since
considering the searching of optimized parameter group as a
single-objective optimization problem in our experiment, we
use gatbx , the Sheffield University Matlab genetic algorithm
toolbox integrated with local path planning algorithm DWA
and make it possible for robots to search optimized parameters
automatically with given the domain of parameters. In order
to get the smooth and usability of the trajectory, we have
chosen the following parameters: acc lim x, min vel x,
max_vel x, acc_lim _th, max_rot_vel, vxsamples,
vtheta samples, min_trans vel, min rot vel. The result
reveals that searching optimized parameters in a given range
through GA is more convenient and effective than searching it
manually and the generated local plan in our experiment is
smoother. In addition, Genetic Algorithm shows that, after 10
generations the population tends to be stable and the
optimized parameters is more likely to be found, which means
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that we can shorten the number of iterations of the genetic
algorithm and reduce the computational complexity by this
way.

Further research on this way may include following
aspects:

1) In addition to searching optimized parameter in a
single map, you can also search for most of the parameters
which can apply in other maps..

2) Besides considering the parameters of the algorithm,
the robot hardware parameters can also be considered, such as
the radius of the robot.

3) By optimizing algorithm and reducing the complexity,
the algorithm can optimize the parameters in real time and
then the robot can move more smoothly.
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