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AN ALGORITHM FOR COLLISION AVOIDANCE FOR ROBOTS WITH

WORKING SPACE
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Department of Electrichl Engineering
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Abstract: In this paper an algorithm is
presented which serves for collision aveoi-
dance between robots with working space.
The method is based on the concept of a
hierarchical coordinator and permits an on
-1ine application, Computing possible co.
1lision paints a collision-free trajectory
for the robot with no right.of.way prece-
dence is genesrated. The computations are
based on the states of the robots concern.
ed including their practicable accelera-

tions and velocities.

INTRODUCTION
In the paper of the subject of collision
avogidance of robots simple realization
can be distinguished from complex theore-
tical approaches. The simpls realizations
are charaterized by the fact that by ent.
rance of one robot arm the common working
space is completely blocked for the other
arm in order to avoid collision, These im
plementations work in practical applica-
tions but lack in flexibility,of course,
as they are designed far a spacific work.
ing sequence and therefore not suitable
for 2 broader range of applications. The
more complex theoraticel aspproaches are
based on time consuming optimization and
searech methods for planning collision free
patha, But owing to the amount of time re.
quired for computation these iterative op-
timization methods in their presant form
are limited in practical use far automatic
on-line collision avoidance in industrial
applications. In /1/the collision avoid -
ance is based on various hieragchical st.

rateqies in connection with extremly time
efficient evaluation of decision tables.
This method allows a simultaneous movement
of robots through the collision space and
is based on @ suitable description of the
actual possible collision space, This app.
roach is very effective for tuo robots how-
ever it is quite complicate to handle for
for the design of collision avoidance in
multi-robot system with three or more ro.
bots.A new approach for the solution of

the collision avoidance problem is present_—
8d in this paper. The collision avoidance
strategy applies an analytically described
avoidance trajectory which serves for coll -
ision avoidance/1/. The strateqy is gquided
by state_feedback to prevent collision bet.
ween the robots even in case of failure of
certain basic control circuits. For the
rerivation of the collision avoidance tra.
jectory,the structure of the hierarchical

overall system is considered first.

ALGORITHM tQ THE COLLISION AVOIDANCE

The darivation of the collision avoidance
trajectory is .showun in the fellowing in
9eneral form for two robots j and k out of
a system of r rohots, These restriction to
two robots is chosen for reasons of clear.
ness,the procedure is in principle the same
for the other rohbots involved. Ffiqure 1
shows the arrangement of the robots consi.
dered with the comman collision space,

It is assumed that the main axes of the ro-
bots have a cylindricel confiquration aof
the joints. That means,that the robot has

a translational joint and & rotational jo-
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int in the x-y plane of the world coordi-
nates system.Together yith another trans.

letionel movemant. The cylindricel coordi.
nates system is chosen as basic coordinat.

es system for the level of collision avoi-
dance 2s well,because most robot coordinat-
es can be easily transformed into this sys.
.tem. This allous a general applicability
without changes of the algorithms for di.
fferent types of robots. In figure 1 the
robots have cylindrical coordinates,so
that no transformations are required in
the case considered here.

Inthe coﬁfiguration in fig.% the right of
way precedence is given to robot k. This
means that robot k can follow its desired
path described by equatiomns,uhile robot j
has to avoid ® collision, The starting
point for the derivation of the collision
avoidance trajectories is the description
of a fictitious permanent collision robat.
Relating the position of this fictitious
robot to the estimated position of the ro-
bot,which has to avoid a collision,two par-
manents p

and q can be introduced. These

so-called collision paramaters are the
the calculation of the collision

trajectories,where the parameter

basis for
avoidance
p is related to translational movement and
the parameter q to the rotaticnal movement
of the arms. Studies have shoun,that in
most practical cases the vertical movement
is restricted e.q.by conveyor belts,assem.
bly stands etc, It is therefore not mean-
ingful to use the vertical movement for co-
l1lision avoidance,however it can be treat-
ed by the same approach without principle
difficulties.for the derivation of the co-
11ision avoidance trajectory the configu-
ration of the two robots in fig., 2 is used
where the length is the shortest distance
between the origins of the robots,which
together with the angles denote the rela.
tive positions of the robots. To detect

now a danger of a collision,the motions of
the robot with right of way precedence

have to be brought im 4 latijon to the other
robot. This is done in the approach consi.
dered here by describing a fictitious ro-
bot. The handpoint of this fictitious ro.
bot is permanently colliding with the hand-

point of the robot with right of way prece

dence,as it is shown in fig.2 semidotted
lines, Fig.3 shows an implicit description
of the collision avoidance trajectory which
determinates the allowed range of movement
for the robot § in order to avoid a colli.
sion. This trajectory depends on the act.
ual movement of the robots and is there-
fore permanently calculated. If the arm of
the robot j does cross this trejectory a
collision is detected. On the other hand,
this trajectory serveg for collision avoi.
dance as well because 'in case of danger of
collision it is obvious to replace the ex-
ternal input of the robot j by the trajec.
tory to assure a safe passing.

SIMULATION OF COLLISION AVOIDANCE

In order to prove the efficiency of the me-
thod of automatic on-line collision avoid-
ance as described in the foregoing paragre-
phs,simulations were made using the digital
block oriented simulation language/2/.
These simulations are Based on the config-
uration of two robots in fig.4,that shows
the arrangement of the robots and the co-
llision space in principle.

Fig.4(a) and 4(b) shouw the trajectories of
the two robots if no collision avoidance
strategy is provided. Robot 1 collides with
robot 2 after 0.952 time .units.

Applying now the described collision avoid.
ance strategies for the robots,uhere the
approach for robot 3 is extended in order
to avoid @ collision with two robots at the
same time,the resulting collision free traj-
Jectories provided by on.line path correc.
tion sre given in fig.4(c) and 4(d). Robot
1 and 2 cannot pursue their orlginai pro-.
posed paths but reach the target points.
The deviations from the original paths can
be extended by the safety factors but are
of mainly a function of the position and
the speeds of the robots.

CONCLUSIONS

A new approach for the solustion of the co-
llision avoidance problem is presented in
the papar. Based on the description of a
fictitious permanent collision robot,tha
collision avoidance trajectory which serves

for collision avoidance. The strategy is
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guided by state feedback to prevent colli.
sion even in case of failure of the basic
control of the robot with right of way
precedence. Simulations of a system of ro-
bots as well as an estimation of the requ.
ired amount of computational time show
that the approach is well suited for on.
line collision avoidance. The method it.
self is of a general form and holds for a

larger number of robots involved.

In tha present trsatment of the problem of
collision avoidance,g distinction is made
between methods for collision avoidance
for robots.Considering an obstacle as a
special type of a robot,the described coll.
ision avoidance strategy for robots can be
applied without changing the algorithm.
Therefora,this approach can be used for
the solution of the ctollision avoidance
problem betueen mobile robots and obstacle
as well as between robots and moving obst.
acles,too.

Die Fule der Minerva fliegt erst bei Nacht .
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Fig. 1 Arrangement of the robots

—1761—
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Fig. 2 Geometrical configuration of the
robots k and j.
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b) Kollision bei programmierter Bewegnng (4=0,952) d) Kollisionsfreie Bahnen bis zum Zielpunkt

Fig. 4 (a) and (B) Collision of two robots Fig. 4 (c) and (d) collision avoidance of

tuo robots.
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