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This research aims to build a system for detecting
and avoiding collisions between two industrial robotic
arms that are controlled using point-to-point commands in on-line mode. Both robots have no prior
knowledge of the commands which will be sent after
starting the system. For this purpose, a collision map
method has been improved to detect potential collisions between the robots and represent them as a collision area on the map. Commonly, industrial robotic
arms have a cylindrical or a near-rectangular shape.
The links of the robots have been approximated geometrically by using the swept sphere volume which
presents tight modelling. Moreover, it is extremely
easy to check for collisions and, therefore, feasible for
on-line applications. To produce a collision-free trajectory for the robot, scheduling of the command execution time is necessary to avoid any collision areas on
the map. The system has been tested on an OpenGLbased simulator to demonstrate the effectiveness of the
system.

Keywords: on-line collision avoidance, point-to-point
commands, advanced collision map, swept sphere volume, industrial robot arm

1. Introduction
Factory automation has been widely increasing through
the use of industrial robots. Most applications rely on
many robots operating in the same workspace, rather than
having one robot in an ad hoc space. This increases productivity and reduces that amount of space needed in the
factory. Thus, collision avoidance should be considered
carefully to avoid potential collisions which may occur
between the robots. Here, it is worth mentioning that motion planning of robots can be categorized into two types:
1. Off-line planning, in which all the commands and
motions are decided prior to running the system [1].
This type of planning requires highly-structured environments, which are exhaustive and expensive to
construct.
2. On-line planning, in which unpredictable commands
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are sent to the system during operation [2]. In contrast to off-line planning, this is better suited to industrial applications that operate in unstructured environments.
Many concepts have been suggested by researchers for
collision avoidance in different systems. Lee et al. [3]
and Chang et al. [4] suggested a collision map scheme
to detect potential collisions between two robots. To
avoid collisions, a time scheduling method of travelling
speed along a planned trajectory has been proposed. Bien
et al. [5] and Lee [6] proposed a method whereby the timeoptimal trajectory of each robot is independently planned
under the constraints on actuator torques and velocities.
Lee et al. [7] describes the safety arc concept for avoiding collision between two 2-degrees-of-freedom planner
manipulators. Hwang et al. [8] proposed a collisionfree trajectory planning method based on a speed alternation strategy for multi-joint manipulators. Furthermore,
a collision-trend index has been used to find an optimal
resolution with the proposed method.
On the other hand, many methods have been developed for on-line collision avoidance. Katib [9] presented
a unique method of obstacle avoidance for manipulators
and mobile robots that relies on an artificial potential field
concept. Kalaycioglu et al. [10] suggested a modified
impedance control concept for solving the collision problem. Cheng [11] presented a new approach that is based
on planned collision-free paths for independent tasks using a 2D geometric model in consideration of the swept
region by the robot arms. Cellier et al. [12] proposed the
reflex action theory. For example, when the second arm
happens to collide with the first arm, the shape of the protection zones is modified. Freund et al. [13] presented
a new method called “collision avoidance in real-time
environment” (CARE) that aims to avoid collisions by
changing the predetermined path of an endangered robot
by using the redundant kinematics of that robot. Bosscher et al. [14] proposed an algorithm for collision avoidance by creating a set of linear inequality constraints on
the commanded velocity of the robot by formulating joint
limits and potential collisions. In tele-operated robots like
those used in medical and military applications, on-line
collision avoidance has been considered and studied extensively as well [15, 16].
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Meanwhile, point-to-point (PTP) command-based control is widely used for industrial robots. The controller of
these robots is a black box. Therefore, to implement collision avoidance for such robots, it is not possible to modify
the system design of the controller. So, a few number of
research papers has tackled that problem in on-line. Zhou
et al. [17] proposed a zone-blocking method. When one
robot enters a common workspace, a flag is activated to
prevent other robots from entering the same space. The
method is simple and safe but not very efficient.
This paper addresses on-line collision avoidance for
two robot manipulators considering the whole body. The
robots are controlled using unpredictable PTP commands
that are sent after starting the system. Therefore, the collision map method, which has been developed by Lee
et al. [3] for detecting collisions only between the endeffectors (EEFs) of two robot arms, has been improved to
include all of the links of the robot body. In this work, an
algorithm has been developed assuming that there are no
obstacles in the workspace, and that the paths of the robot
arms are strictly straight lines.
The rest of this paper is organized as follows: Section 2 presents a system overview and defines the problem. Section 3 explains robot arm modelling using the
swept sphere volume. The core of this research is described in Section 4, specifically, the design of an advanced collision map for the purpose of collision detection between two robot arms. Thereafter, Section 5 describes a collision avoidance algorithm using an advanced
collision map. Section 6 presents some experiments that
have been executed using an OpenGL-based simulator.
Finally, Section 7 summarizes the main points of the research.

2. Problem Formulation
Many industrial applications that use robot arms are
controlled by PTP commands. Some applications acquire these commands on the fly. This is usually because the arms operate in an unstructured environment
e.g., bin picking applications. In consequence, no decision is made in advance for these commands. However, having more than one robot operating in the same
workspace introduces the problem of collision between
these robots. Therefore, there should be a means of online planning for detecting and avoiding potential collisions in a proper way.
The collision problem has been investigated for two industrial robot arms that are controlled by PTP commands.
The structure of collision avoidance system consists of
three essential modules. The first module is the Application Module, which provides PTP commands to robots
R1 and R2 in sequence. These commands are acquired by
the Collision Avoidance Module one after the other. This
module is called the planner. It is responsible for checking
the possibility of collisions between the two arms on the
basis of received commands as well as the current data acquired from the robots. Subsequently, the commands are
322

Fig. 1. Overview of collision avoidance system.

reprocessed to avoid any potential collisions before sending the commands to the robot. Finally, the Robot Controller Modules are responsible for controlling the robots
and providing the planner with the necessary information
from both robots, such as their posture, speed, and acceleration in order to perform collision detection. The system modules are illustrated in Fig. 1.

3. Geometric Modelling of Robot Manipulator
Modelling of the robot arm plays a significant role in
detecting possible collisions between robots. The model
should be precise while being based on a simple mathematical representation to minimize the calculation cost.
For this to be feasible in an on-line system, many researchers have suggested different modelling techniques,
as described below.
In spherical modelling, two parameters are needed,
namely, the center and the radius of the sphere. Owing
to the rotational invariance of the sphere, the modelling
is computationally simple but wasteful of volume. Cylindrical modelling involve an elegant shape whereby each
link is covered with a tube, but the mathematical expressions are complicated in 3D space. Polyhedral modelling,
which represents each link by a huge number of polygons,
provides a very accurate representation but is computationally intensive. Some other modelling methods using
the bounding box volume (BBV) concept have been utilized. Discrete-orientation polytopes (DOP) has been utilized for deformed objects but are not useful for rigid bodies such as robot arms. On the other hand, the oriented
bounding box (OBB) is suitable for a rigid body and offers very tight modelling and good rotational movement,
except that mathematical computation is very intensive.
In this study, the robot arms are modelled using the
Swept Sphere Volume (SSV), which integrates both tightness and mathematical simplicity. SSV is a volume
formed by moving a sphere of a certain radius on a
specified primitive such as a point, line, or rectangle.
By changing the primitive dimensions and radius of the
sphere, it is possible to model any designated object as
tight as possible. The SSV modelling method has an advantage of easiness of collision detection due to the rotational invariant characteristic of the sphere. This facilitates the finding of the shortest distance between the primitives and compares it with radii summation of the spheres
which sweep on the primitives. Thus, the computational
Journal of Robotics and Mechatronics Vol.26 No.3, 2014
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4. Collision Detection
Collision avoidance algorithm consists of four essential stages, namely, command acquisition, collision detection, command scheduling, and command execution.
Each robot uses the same algorithm which operate in sequence with each other. A brief flow chart of this algorithm is shown in Fig. 3.
The detection of collisions between both robots is initiated each time the on-line planner acquires a new PTP
command for one of the robots. Thus, that robot’s motion is not restricted due to the possibility of managing
the command. The other robot becomes a moving or nonmoving obstacle for the first one.
Hence, we define two modes for the robot. When the
robot executes a PTP command and adheres to its path,
the motion is restricted and unchangeable. In this case,
the robot is denoted as Moving Robot (MR). On the other
hand, the robot is denoted as Standby Robot (SR) as long
as it is not moving. This includes the stages of command
acquisition, collision detection, and command scheduling.
Here, three different combinations of robot modes can be
obtained, MR-MR, SR-SR, and SR-MR. With the MRMR combination, no collision detection is needed because
Journal of Robotics and Mechatronics Vol.26 No.3, 2014

Robot Mode is
Moving (MR)
No
Yes

Command
Execution

cost for this model is low, which makes it appropriate for
on-line applications.
Since most industrial robot arms have a near-tube
shape, a line primitive is utilized for modelling the whole
body of the robots. This research uses two robots, each
one is constructed of a base, two links, and an endeffector (EEF). Thus, each robot is modelled using four
line segments with appropriate radii of swept spheres.
The robots’ CAD design is shown in Fig. 2 with modelling of the left robot using SSV with four line primitives.
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Fig. 3. Flow chart of collision avoidance algorithm.

the algorithm is designed to execute a PTP command for
any robot after confirming that there is no risk of collision
on the path.

4.1. SR-MR Combination
The collision map method [3] has been developed for
representing potential collisions between the EEFs of two
robots under their original trajectory information. Collisions in 3D coordinate space are converted into an area
in 2D coordinate space which is composed of travelling
lengths with the corresponding servo time of the robot
that has not yet executed its command. The area is obtained from the path and trajectory information of the two
robots.
Since the method is able to reveal potential collisions
between two robots so it is appropriate for our system,
but it is ineffective when the whole bodies of the robots
need to be considered. Therefore, in this study, the collision map method has been improved to overcome this
weakness.
Assume there are two robots R1 and R2 in the
workspace. At the moment of acquiring a new PTP command for R2 by the planner, robot R1 is committed to its
path, so it is MR, where R1’s EEF is moving in a straight
line from S1 to E1 with path length lMR , and the time
MR . While R2 is SR for
needed to reach the target is ttar
which the EEF is supposed to move according to the new
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Table 1. Ranges of collision timings obtained between each
pair of segments of MR and SR.

Fig. 4. Paths of robots in shared workspace.

PTP command from S2 to E2 with path length lSR , and
SR . A simplified overview of
the requisite travelling time ttar
the workspace with two robot arms and paths is shown in
Fig. 4.
Let us denote the SSV line segments that model R1 and
R2 by segMR
and segSR
j
i , respectively. Where, i ∈ [1, m]
and j ∈ [1, n] are indicated by segment number, and n and
m are the maximum number of segments for R1 and R2,
respectively. To detect potential collisions between the
whole bodies of both robots, it is necessary to check each
segment pair of the MR and SR under their original trajectory information. To detect collisions between a pair
of segments, first, a minimum distance between both segMR
ments is calculated as dmin (segSR
i , seg j ). Then, the minimum distance is compared with the summation of the
swept spheres radii for both segments. If that distance
is equal to or less than the result of the summation, then,
there is a collision between two segments.


MR
dmin segSR
≤ ri + r j . . . . . . . (1)
i , seg j
where, ri and r j are the radii of the spheres which sweep
MR
on segSR
i and seg j , respectively.
Here, we define a new collision mapping concept. It
relates the servo time of the MR with the travelling time
of the SR. It assumes that the SR starts to move as soon as
the planner acquires the command, so, the SR will move
from initial position to target position within a time period
SR . To design the aforementioned map, a collision is
of ttar
tested every sampling time dts along servo time of the MR
MR ]. Thus, at time t, the MR’s segment segMR has
t ∈ [0,ttar
j
a specific posture which can be acquired by the inverse
kinematic. This segment posture is checked with the SR’s
segment segSR
i for all postures every time sample along
SR
τ ∈ [0,ttar ]. As a result, ranges of collision timings are
obtained as Ti j (t, 1), Ti j (t, 2), . . ., Ti j (t, rngi j (t)). Where,
rngi j (t) is the maximum number of ranges at time t for a
checked pair (i j). The range at time t for pair (i j) is referred to as a continuous collision and starts from τistr
j (t, k)
end
and ends at τi j (t, k) whereas k ∈ [1, rngi j (t)] refers to the
range number. After finishing all collision checks for every pair of segments, m × n collision range results are acquired, as listed in Table 1. An illustrative graph of the
new collision mapping of pair (i j) is shown in Fig. 5. Af324
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Fig. 5. Map for presenting the ranges of collision timings
between segment j of MR and segment i of SR (best viewed
in color).

terwards, for determining the potential collisions between
the whole bodies of both robots, a union of the ranges
MR ] for all pairs is calcuevery time sample within t ∈ [0,ttar
lated as follows:
⎤
⎡
TTotal (t, 1)
k=rngi j (t)
i=m
⎥
⎢
 j=n


TTotal (t, 2)
⎥
⎢
Ti j (t, k) −→ ⎢
⎥ . (2)
..
⎦
⎣
.
i=0 j=0

k=0

TTotal (t, rngTotal (t))

The result is a group of total ranges of collision timings
TTotal (t, 1), TTotal (t, 2), . . ., TTotal (t, rngTotal (t)). Where,
rngTotal (t) is the maximum number of total ranges at time
t. In addition, each total range has a boundary which starts
str (t, k
end
from τTotal
Total ) and ends at τTotal (t, kTotal ) whereas
kTotal ∈ [1, rngTotal (t)] refers to the total range number.
Since the original collision map design is related to the
travelling length of EEF corresponding to the servo time,
potential collisions between EEFs can only be illustrated.
It is necessary to convert the aforementioned ranges to
ranges of collision lengths, i.e., convert from travelling
time space to travelling length space. To this end, trajectory information of the SR is used. At every time sample
Journal of Robotics and Mechatronics Vol.26 No.3, 2014
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Fig. 7. Advanced collision map showing collision area with
MR > t SR .
original trajectory of standby robot assuming that ttar
tar
Fig. 6. Method for changing from time space to travelling
length space using trajectory information of standby robot
EEF.

MR ], the range T
along t ∈ [0,ttar
Total (t, kTotal ) is used to get
the travelling length of the EEF’s trajectory only at start
str (t, k
end
and end time τTotal
Total ) and τTotal (t, kTotal ), respectively:
str
T Lmin
Total (t, kTotal ) = fT L (τTotal (t, kTotal )) . . . (3)
end
T Lmax
Total (t, kTotal ) = fT L (τTotal (t, kTotal )) . . . (4)
max
where, T Lmin
Total (t, kTotal ) and T LTotal (t, kTotal ) are the minimum and maximum travelling lengths of the range at
time t, and fT L is the function for calculating the travelling length of the SR at a desired time assuming that
fT L (0) = 0. A graph which relates the SR’s travelling
length to the servo time of the MR by means of travelling
time of the SR is illustrated in Fig. 6. It is shown how
to obtain a range of collision lengths at time t, where the
SR’s trajectory is shown as a curved line and the range is
shown with a straight bold line. By drawing all the ranges
on that graph, an area called the Collision Area will be
formed as shown in Fig. 7. This figure is a graph of the
final Advanced Collision Map which relates the SR’s travelling length to the servo time of the MR. The final arrival
MR might be smaller, equal to, or larger
time of the MR ttar
SR . Here, the graph
than the final arrival time of the SR ttar
depicts the original trajectory of the SR passing through
MR > t SR . It is notable
the collision area assuming that ttar
tar
that the advanced collision map has devolved to resemble the original design of the map [3], and the collision
area in the advanced collision map includes all the information on potential collisions between the whole bodies
of the robots while the original map is limited to information on collisions between the EEFs. The avoidance
method of that area, is elucidated in the next section.

4.2. SR-SR Combination
Let us assume that both robots are SRs and are waiting
for commands. If the planner acquires a PTP command
Journal of Robotics and Mechatronics Vol.26 No.3, 2014

for robot R1, then the other robot R2 becomes a static object in front of R1. Therefore, it is necessary to check collisions between both robots under the original trajectory
of R1 only.
In this case, there is no need to create a collision map,
given that the collision detection algorithm of the SR-MR
combination is sufficient. However, the detection is only
performed between the current posture of R2 and all postures of R1 for all of the travelling time samples under the
original trajectory. As a result, if any collision is detected,
it will be classified as an inevitable collision which cannot be avoided if R1 executes the command. Therefore,
for determining that the path of R2 is not free of collisions, i.e., R1 becomes an obstacle to R2, it is sufficient to
detect at least one collision between any pair of segments
at any time.

5. Collision Avoidance
Collision avoidance methods can be divided into two
categories:
•

Time scheduling method: modifies the trajectory
while fixing the geometric path.

•

Path modification method: modifies the geometric
path of the robot.

This work regards PTP commands, which are sent by the
application module, as being of high priority and therefore considers that PTP commands should not be changed.
Thus, the goal is to avoid any potential collisions between
the robots which may occur if those commands are executed, assuming that no robots collide with any stationary
objects in the shared workspace. Therefore, time scheduling method can be adopted.
With the SR-MR combination, to avoid the collision
area on an advanced collision map, the original trajectory
of the SR is shifted by dtc f , which is the necessary delay
time required to produce a collision-free path for the SR.
Thus, the delay time is calculated as follows: reference to
the previous assumption where R1 is MR which adheres
325
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(a)

(b)

Fig. 9. Examples of non-avoidable collision areas.

Fig. 8. Description of calculating necessary delay time to
avoid the collision area.

to its original trajectory, and R2 is SR which must modify its trajectory to avoid the collision area, assuming an
initial value of delay time dtc f = 0. the method starts by
getting the start and end times of the collision area which
str and t end , respectively. To check whether the traare tca
ca
jectory of R2 passes through the area within that period,
the travelling length of R2’s trajectory by means of the
function fT L (t) is calculated at every time sample dts :
str end str
,tca ],tca ≥ dtc f
T L(t − dtc f ) = fT L (t − dtc f ) : t ∈ [tca
. . . . . . . . . . . . . . . . . . . . (5)

Subsequently, T L(t − dtc f ) is compared with all available ranges of the collision lengths at time t. The range
is determined with the minimum and maximum lengths,
max
which are T Lmin
Total (t, kTotal ) and T LTotal (t, kTotal ) as described in Eqs. (3) and (4). Therefore, a collision exists
if T L(t − dtc f ) is within the range defined as follow:

The third case may happen if the original trajectory of
R2, which is SR, passes through the collision area which
end = t MR as shown in the examples in
has an end time tca
tar
Fig. 9. Here, R2 is put in a pending situation until R1
accomplishes the motion and acquires a new PTP command. Then, we get the SR-SR combination, which was
addressed in the last section, with a priority for R1 to execute the command.
Since the collision map is built while the system is operating, it is necessary to consider the time of building
the map dtm to calculate the final delay time for obtaining collision-free trajectory of R2. To this end, a software timer has been added, and thus, the final delay time
required to avoid the collision area in on-line mode is:
dt = dtc f − dtm .
With the SR-SR combination, if a potential collision
is detected between both robots, it will be unavoidable.
Thus, the delay time is set to be infinite dtc f = ∞, and the
matter is devolved as described before. In this paper, we
do not address how to avoid a collision in such a case, and
the algorithm is limited to put the robot with a PTP command in a pending situation until the other robot acquires
a new PTP command.

max
T Lmin
Total (t, kTotal ) ≤ T L(t − dtc f ) ≤ T LTotal (t, kTotal ) (6)

If any collision is detected, the original trajectory of R2
will be shifted by one time sample 1 × dts , and the delay
time is increased by dtc f = dtc f + dts . The next step is a
repetition of the last steps but this time the check is done
with a new position of travelling length considering that,
str < dt , the time range check is reafter each shift, if tca
cf
str + dt ,t end ]. Thus, by continuing
duced to become t ∈ [tca
s ca
to shift the trajectory every time a collision is detected, we
get a final collision-free trajectory of R2 as illustrated by
a curved line in the rightmost of Fig. 8.
The output of the aforementioned method is the delay
time dtc f for which there are three possible cases:
1) dtc f = 0: means that there is no potential collision
between the robots.
2) dtc f > 0: means that there is a potential collision,
and the command execution should be postponed.
3) dtc f = ∞: means there will be an inevitable collision
if the command is executed directly.
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6. Simulation Results
The collision avoidance system has been tested and
evaluated with two robots using an OpenGL-based simulator. The simulator can emulate the motion of any robot
by providing a 3D-CAD model of the robot, in addition to
inserting the joint angles of the robot every time sample of
motion. In this work, the simulator is used to imitate two
Yaskawa Motoman robots (HP3J and UPJ). The robots are
fixed on a board, with a distance between the central axis
of the robots’ bases being 500 mm. The global coordinate
system is located in the middle between both robot bases.
A snapshot of the simulator is shown in Fig. 10.
The experiment is divided into two parts. The first part
is performed without a collision avoidance module, so the
commands are sent directly to the robot controller, after
which the motion is monitored. The second part is performed with a collision avoidance module. Let us assume that R1 is the gray color robot and R2 is the blue
robot, and the maximum velocity and acceleration of each
Journal of Robotics and Mechatronics Vol.26 No.3, 2014
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(a) Exp1. Command chart before applying collision avoidance method.

Fig. 10. Snapshot of Open-GL based simulator that shows
two robots in their initial posture (best viewed in color).

Table 2. PTP commands that are used in Exp1 and Exp2 for
R1 and R2.

(b) Exp2. Command chart after applying collision avoidance method.

Fig. 11. Command execution timing of R1 and R2.
R 1-Commands
(xx, y , z , roll, pitch, yaw)

R 2-Commands
(xx, y , z , roll, pitch, yaw)

C11 (300, 250, 300, 0, 0, 0)
C12 (500, −50, 360, 0, −20, 0)
C13 (300, 250, 300, 0, 0, 0)
C14 (500, 15, 360, 0, 0, 0)
C15 (300, 250, 300, 0, 0, 0)

C21 (300, −250, 300, 0, 0, 0)
C22 (500, 0, 250, 0, −20, 0)
C23 (300, −250, 300, 0, 0, 0)
C24 (500, −15, 300, 0, 0, 0)
C25 (300, −250, 300, 0, 0, 0)

robot EEF are set as V 1max = V 2max = 100 mm/s and
a1max = a2max = 100 mm/s2 , respectively. Both robots
have the same length of links which are lbase- joint1 =
290 mm, l joint - joint2 = 260 mm, l joint2- joint3 = 270 mm,
and l joint3-EEF = 90 mm. The radii of the spheres which
sweep on the line primitives that model the robot are
rbase = 112 mm, rlink1 = 117 mm, rlink2 = 100 mm, and
rEEF = 48 mm. Thus, PTP commands are sent to the
robots as shown in Table 2. Each command includes
information of EEF posture according to the global coordinate system [x [mm], y [mm], z [mm], roll [deg],
pitch [deg], yaw [deg]]. The initial posture of each robots
is assumed to be R1init (450, 250, 300, 0, 0, 0) and R2init
(450, −250, 300, 0, 0, 0).
In the first part of the experiment, the commands are
sent directly to the controller. The execution timing of the
commands from the startup of the system are illustrated in
Fig. 11(a). It is worth mentioning that the period before
the execution of the first command is that time required
to initialize the system. The minimum distance between
each pair of segments of the robots is tracked, and the results for all possibilities of pairs are acquired as shown
in Table 3. The distance curve is shown as a solid line,
and the prohibited distance, which is the radii summation
of spheres that model the tracked segments, is shown as a
dashed line. We can notice that several curves have passed
through the prohibited distance, which means that collisions are inevitable.
Journal of Robotics and Mechatronics Vol.26 No.3, 2014

The second part of the experiment has been done after including the collision avoidance module. The execution timing of the commands after applying the collision
avoidance method are shown in Fig. 11(b). The results of
the distance curve of each pair are illustrated in Table 4. It
is observable that all the curves are navigating away from
the prohibited distance. This means that the system can
successfully avoid all potential collisions.
By evaluating our proposed system, it become obvious
that the system can overcome the previously discussed
(Section 1) limitation of the collision detection method
proposed by Lee et al. [3]. The original collision map devised by Lee illustrates the information on potential collisions between only the EEFs of both robots, whereas
in the proposed system, the original map has been improved to have an advanced collision map. The new map
has the same characteristics as the original map in addition to the ability to show potential collisions between the
whole bodies of the robots. A comparison with the work
of Zhou et al. [17, 18], a system which has the same problem formulation as our work, shows that the proposed
system proves an advantage in terms of time efficiency.
The first method proposed by Zhou [17], which is zoneblocking, is simple and safe but large amounts of time
are wasted due to the inability of the robot to enter the
workspace if another robot is operating in it. The second method proposed by Zhou [18] is more advanced,
being based on dividing the workspace into small partitions. At every time sample, the algorithm reserves those
partitions that are occupied by the moving robot. Thus,
the other robot cannot use those partitions. The experiment described in Zhou’s paper [18] has been performed
with the same configuration but using the proposed system. Eight PTP commands [18], which differ from those
of the previous experiments, are sent to the system. The
execution timing of the commands for every method are
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Table 3. Exp1. Tracking results of minimum distance between the links of both robots before applying collision avoidance system
(best viewed in color).
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Table 4. Exp2. Tracking results of minimum distance between the links of both robots after applying collision avoidance system
(best viewed in color).
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(a) Command chart by applying previous first method [18]

(b) Command chart by applying previous second method [18]

shape with a low computational cost due to the ease of
the intersection test. Collisions are avoided using time
scheduling for the execution time of PTP commands in
order to avoid the collision area. The simulation results
have demonstrated a successful avoidance of the potential
collisions as well as an advantage in terms of time efficiency relative to previous methods.
By addressing the optimality issue, the system has been
designed to process PTP commands in sequence and then
detect and avoid any potential collisions via the proposed
algorithm. Therefore, the trajectory is rescheduled in the
optimal way to avoid the collision areas on the map. On
the other hand, if the condition whereby PTP commands
are received has been changed, e.g., receiving more than
one command at a time, the proposed method cannot be
classified as being optimal.
Now, we are working on improving the current system
to cope with the problem of deadlocks that may occur
when both robots become obstacles to each other.
References:

(c) Command chart by applying the proposed method.

Fig. 12. Exp3. Command execution timing of R1 and R2.

Table 5. Comparison between current and previous methods.
Previous
First Method

Previous
Second Method

Current
Method

Method

Zoneblocking

Workspacepartitioning

Collision
map

Modelling

None

Spheres

SSV

Time spent to execute
commands in Exp3

40.7 s

35.9 s

33.1 s

illustrated in Fig. 12. A comparison between the proposed
method and Zhou’s methods is shown in Table 5.

7. Conclusion and Future Works
This paper has proposed a new solution for collision
avoidance between two n-link robot manipulators in an
on-line system. The robots are controlled using PTP commands and have no prior knowledge of commands to be
sent. Thus, the collision map method has been improved
for detecting potential collisions between the whole robot
bodies. For the purpose of collision detection, the robot
links are approximated geometrically using SSV with line
primitives which is tight modelling for a near-tube robot
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