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THE DEVELOPMENT OF THE PURE PURSUIT WAYPOINT
ALGORITHM WITH A FUNCTION OF THE DYNAMICAL
OBSTACLE-AWARE PATH FOLLOWING

HEONJONG YOO AND SEONGGON CHOI*

ABSTRACT. The paper focuses on the pure pursuit method and adjust linear
and angular velocities design for the waypoint following platform. Firstly, the
pure pursuit design is developed and it is incorporated into Robot Operating
System(ROS) publish and subscribe block and adjust velocities design for 4 wheel
mobile platform. In addition, the Ranger mini mobile platform can be moved
through ROS connection. Lastly, the pure pursuit method is incorporated into
the ROS publish and subscribe mechanism and adjusted velocities design. In
this paper, the development of pure pursuit logic incorporating into the adjust
velocities design is experimented based on the designated waypoint path with the
Ranger-mini mobile platform with ROS connection.

1. INTRODUCTION

The way-point following algorithm have been studied for years in [6,10]. In such
papers, there are pure pursuit algorithm that is used for following designated way-
point. In this presentation, we address a pure pursuit way-point following problem
for an Ranger mini mobile platform. Our previous work used state-flow method
[11] to develop a laptop-based experiment. The state flow method performs path
tracking of the generated path and checks whether the Ranger-mini mobile platform
accurately tracks the generated path dynamics by inspecting observed longitude
and latitude, heading angle information in real time. Furthermore, the state flow
algorithm is revised for way-point following briefly described in [4]. On the other
side of the research, trajectory tracking method for 4 wheel mobile platform have
been researched in several papers [5-8]. In recent years, Reinforcement Learning
has been studied in various fields, particularly in path following problem in mobile
platform, see in [2,7]. More recently, a 3D path-following control method is proposed
using a linear active disturbance rejection control and Deep Deterministic Policy
Gradient(DDPG) algorithm, explained in [12].
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Here, we use way-point following method rather than trajectory control, since
the waypoint following is more accurate at the end point of arrival. To summarize
that, We make the following contribution in this paper.

e Despite the various aforementioned control and estimation methods,
the experiment was conducted focusing on the waypoint following logic
incorporated into ROS publish and subscribe block introduced in MAT-
LAB/SIMULINK recently.

e The real environment experiment is implemented based upon the way-points
from ROS subscribe block.

e Furthermore, the dynamic obstacle avoidance experiment is implemented
based upon the way-points from ROS subscribe block similar to the exper-
iment in [1].

2. PURE PURSUIT ALGORITHM DESIGN

In this section, the pure pursuit method described in [10] is used to incorporate
the aforementioned design into adjust velocities part.

The angle of the mobile platform’s body is set as « named as look ahead distance
angle given as

(2.1) o =0 — tan™! (W/)

Llook ahead — T

The radius of curvature R is given as

la
2.2 R=——"—
(22) 2sin(«)
where [; is look ahead distance.
(2.3) ai(t) = QOéi(t)RZ‘(t)

where «;(t) is the look-ahead distance angle at i-th time point, and R;(t) is the
radius of curvature at the i-th time point. The linear velocities are given as

ai(t) . ai(t)ld
ST 6T sin(oy(t))

(2.4) Ui(t) =

Fig. 2 is set as the look-ahead point at the i-th time point. This look-ahead point
is also the reference path point at the n-th time point tn, then the time interval T
is shown in

(2.5) 5T =ty — ;.

The pure pursuit geometric model is described in Fig. 1. where L is wheel base
of the mobile platform, R is the radius of the curvature. The ranger-mini mobile
platform’s steering angle ¢ at each sampling time is given as
L

(2.6) o=+
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FiGUrE 1. The pure pursuit geometric model
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FIGURE 2. Tracking parameters of the pure pursuit with adjusted velocities

3. ADJUST VELOCITIES PART

A scan data set enters this block, compares the range values, and generates linear
and angular velocities that can avoid dynamic obstacles. The adjusted linear and
angular velocities design in the Simulink is provided in Fig. 3.

The recovery subsystem design is described in Fig. 4.

The path following subsystem design is described in Fig. 5.

The following code is written in the Matlab function box, given as

Algorithm 1

function w = exampleHelperComputeAngularVelocity

(steeringDir , wMax)
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Based on proposed steering direction, evaluate feasible velocities (linear and angular)
% Switch to recovery behavior if no feasible steering direction
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F1GURE 3. The design of the adjusted linear and angular velocities.

if(u1 ==1)
Action Port
D T
LinearVelocity dv
1.8 »|+
>

AngularVelocity

FIGURE 4. The subsystem design of the recovery part

if nargin =1
wMax = inf;
end

validateattributes (steeringDir , {’double’} ,{’real '} ,...
"exampleHelperComputeAngularVelocity >, ’STEERINGDIR’, 1);

validateattributes (wMax, {’double’} ,{’real’, ’positive '} ,...
"exampleHelperComputeAngularVelocity *, "WMAX | 2);

curPose = [0 0 0];



DYNAMICAL OBSTACLE-AWARE PATH FOLLOWING 2339
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FIGURE 5. The subsystem design of the path following part

lookaheadPoint = [cos(steeringDir), sin(steeringDir)];

slope = atan2((lookaheadPoint (2) — curPose(2)),
(lookaheadPoint (1) — curPose(1)));

alpha = angdiff(curPose(3), slope);

w = (2xsin(alpha));

if abs(abs(alpha) — pi) < le—12
w = sign(w)*1;
end

if abs(w) > wMax

w = sign (w)*wMax;
end
end

The adjusted velocities part is incorporated into the previous pure pursuit design.
Hence the dynamical obstacle avoidance is implemented during the experiment,
since the angular velocities is changed when the Ranger-mini platform encountered
unexpected obstacle, by displaying range value in the path following subsystem in
Fig. 5.

4. EXPERIMENT THROUGH RANGER MINI MOBILE PLATFORM

The sensor and hardware configuration is given as in Fig. 6. We conduct experi-
ment in an range mini mobile platform introduced in [11] To deal with the dynamic
obstacle of a generated path, we use ROS scan data sets that is sent to MATLAB
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FIGURE 6. Picture view of the hardware test bench of the Ranger-mini

laptop in a real time. [4] discussed that mobile robots can sense and navigate their
environments using various sensors, here, we use 16 channel Velodyne Lidar(VLP
16 Puck model). The sensors structure is given as Fig. 6. In addition, we use soft-
ware Adjust incorporated pure pursuit control algorithms to decide, plot generated
way-point paths, avoid obstacles. Furthermore, most mobile robots can learn from
their surroundings and enhance their performance over time owing to adjust linear
and angular velocities algorithm. The overall structure in MATLAB SIMULINK is
shown in Fig. 7.

‘ i (t) |
* ROS scan data.

ROS odometry data

Adjust velocities

>
ROS publish
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to avoid dynamic
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FiGURE 7. The overall structure using modified pure pursuit and
adjusted velocities to avoid dynamic obstacle

4.1. Calculate the initial heading angle from ROS Odometry Block. Firstly,
we moved Ranger-mini platform from starting point to end point using ROS publish
and subscribe block. The starting point and end point from ROS odometry block
is given as

(4.1) 21 =0, Zend = 0.85,y1 = 0, Yona = 0.84.
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F1cURE 8. The dynamic obstacle avoidance and way-point following
experiment scenario

TABLE 1. Experimental Condition

Initial (z(1),y(1)) | End point (z(end),y(end)) | Initial heading angle h(0)
(0,0) (0.85,0.84) 0.7854 (rad)

The heading angle calculation is given as
ox = z(end) — z(1),

(4.2) oy = y(end) —y(1),
h(0) = atan(dy, ox).

Where h(0) is initial heading angle, x, y are longitude and latitude values from ROS
odometry information.

The following table are shown in experimental condition. In addition to the
condition in Table 1, the sampling time is set as 0.01 and mobile platform’s linear
velocities are set as 0.1 (m/s). The dynamic obstacle which means a human was
interrupted during the experiment, then the Ranger mini platform stops and tracks
another way to avoid a human. The result of dynamic obstacle avoidance scenario
is given in Fig. 8

The 16 channel velodyne lidar recognizes the dynamic obstacle denoted as red
circle, then adjusted velocity part recalculated linear and angular velocities to avoid
obstacle. If we use only pure pursuit, the green line implies that it could not avoid
dynamic obstacle. The result explains that the adjust velocities incorporated into
pure pursuit well tracks the final point, simultaneously, the aforementioned method
could avoid dynamic obstacle bypassing the direction, described in Fig. 9. In
the existing design method using the only pure pursuit, the ranger-mini mobile
platform could not avoid the dynamical obstacle described in green line in Fig. 9.
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F1GURE 9. The experiment result avoiding dynamic obstacle, simul-
taneously following starting point to end point of ROS odometry

By adjusting the angular velocity in the adjusted part introduced in Section 3, the
mobile platform could be avoided before hitting dynamic obstacles. In the real
environment, the plot in Fig. 9 is replotted in MATLAB web map, described in
Fig. 10.

FicUurE 10. The experiment result avoiding dynamic obstacle, si-
multaneously following starting point to end point of ROS odometry
in MATLAB web map

5. CONCLUSION

In this paper, the pure pursuit based adjust control was modeled to a real 4
wheel independent steering system for the waypoint following of an the generated
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designated waypoint. In addition to that, the dynamic obstacle avoidance exper-
iment was conducted by designing adjust control combining with ROS scan data
sets. The experimental result is shown in which the mobile robot follows designated
waypoints based on ROS odometry data sets. Simultaneously, the 4 wheel mobile
platform (Ranger mini) can avoid dynamic obstacle (In the experiment, a person
was interrupted during experiment time).
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