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ABSTRACT
In this paper we Introduce the preliminarles of
qualitative collision prediction, collision avoidance
and path planning of {ntelligent mobile robots by
means of nonmonotonic temporal logic and qualitative
reasoning techniques. In order to meet the on line
limitations, the method of discrete Iteration Is
exploited to produce the path without running the
goal seeking algorithm agalin. The above techniques
are Implemented In a program. The paper demonstrates
our approach through an example.

1. INTRODUCTION

Colllslon predictlon, colllsion avoldance and path
planning problems can all be formulated in a similar
way, they all begin with a given present state and
some assertions on the goal in a deflned scenario,
and the robots are required to predict the possible
collision and decide upon the control to achleve the
goal or subgoals satisfactorily. The abstract
knowledge In all cases along with the spatliotemporal
coordinatlon remaln the same. In the path planning
case the concentration Is on the spatial argument
and In collisfon prediction avoidance the temporality
fs mainly concerned. Colllslon avoldance makes use of
both.

1—1. The problem

In order to sce what are the problems If one tries to
predlct cvents In the [uture and conlrol them,
suppose that the two dimensional scenario |is
composed of two mobile robots M, and M. with the
preset goals G, and G = respectively, approaching
cach other, and thelr trajectorles Intersect
spatially as in Flg. 1. Each robot has a potentlal
behavior [14] In the lack of any other obstacle
interrupting its trajectory (Flg.l-a). In case of
collisfon only parts of the potentlal behavior until
the colliston point Is manifested and after that there
Is a new behavior which doesn't necessarily terminate
to the previously set goal (Fig.1-b).

M, M=z M, M2

G2 G G 2!

(a) (b)

Fig. 1: The two moblle robot {a two dimenslonal space.
a. Potentlal behaviors (No colllslon).
b. Manifested behaviors (Collision).

Intuitively, the human observer can predict the
possibility of colllsion when tracking the movement
of the robots and adjusting speed or direction to
avold colllsion. How the robot {tseif can predict the
possible colllsion and avold It? It requires a precice
model of the situation at the outset. This model may
become too extensive if specifying every single {tem
in It, or too rigid {f trying to stretch it over time.
Speclally, there Is no guarantee for persistence [10]
of the valld facts over extended perfod of time.
These problems are Identifled as the quallfication
and extended  predlction  problems  [13,14).  The
qualificatlon problem {s deflned as making sound
predictions about the future without taking Into
account everything about the past {13}. This problem
wlll be faded In a partially ldealized world. The
extended prediction problem Is that in spite of beling
able to make predictlons about short future
intervals (immediate Intervals), it s required to
make a whole lot of them before predlicting anythling
about a substantla} part of the future (13]. The
solution of both problems can be given by the two
major Al techniques: nonmonotonic [14,15] and

qualltative (4,7,9] reasoning.

From control polnt of vicw, cach erot [s cngaged
with two major tasks: state estlmation and control.
The basic goal of this research {s to provide a
theoretical basis for handling such tasks. In other
words, we look for an underlying theory based on
which an Intelligent machine can be implemented with
the capabllities of: First, deducing valid expressions
indicating the robots will possibly collide based on
the knowledge about thelr prescent spatlotemporal
coordinates and final goals. Second, after detecting
the possible colllslon, exploiting proper strategles
and control actions to attaln the goal (or subgoals)
satisfactorily. For the flrst case we propose a
solution based on nonmonotonic temporal logic (NTL).
For the second one a knowledge base system Is
developed.

1—-2, Overview

The overview of our proposed method is as follows: It
{s assumed that the behavior of the system Is
composed of an ordered set of potential behaviors
extended over time Intervals. TFach potentlal
bechavior persists untll mectlng another onc at &
distinguished time polnt [9). The distinguished timc
polnts are not known In advance. Within an interval
it is assumed that the behavior is uniform, l.e., the
present control strategy and set points persist until
the next distingulshed time point. Decision upon the
next distinguished time polnt Is made based on the
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colllslon prediction technique Introduced here. Our
method s novel specially as it blends the
nonmonotonic  temporal logic and qualitative
{nferentfal techniques uniformly. When a new possible
collision Is predicted, the new control strategy and
control variables settings are declded upon by means
of a problem orlented knowledge base. The outlines
of developing such knowledge base Is explalned
explicitly.

In this paper as an example we consider the collision
prediction, colllslon avoldance and path planning for
a moblle robot entering a garage. The only control
varlable Is « the angle between the present
direction of movement and the one on the next
Immedlate time interval. During each Interval w Is
fixed and it Is supposed that the robot moves on an
straight line on the direction Indlcated by w. Within
each interval the colllslon prediction technique will
be used to predict the next possible colllsion. If
possible collision is found, the Interval will be
terminated by the decision upon the control strategy
and the updated value of .

1-3. Qualltative &
Noomonotonic Reasoning
Qualitative Reasoning (QR) method (4.7,9) derlves
behavior from the structure. The maln advantage of
using qualitative {nfercntlal techniques s to reduce
the problem of control of continuous control
variables to the one with a finite set of landmarks.
Generally a large portlon of time must be devoted to
the acquisition of causal knowledge that assoclates a
control action [2] and It may lead to Infeaslble
Implementation on real time basls. Qualitative
technlque allows us to cope wlith the changes of
inftial conditfons without running again the goal
seeking procedure, based on the knowledge of a

sample behavior by means of the discrete {teratfon
theory [186].

-4, Time concept

¥e adopt the simple notation of time as ordered
closed intervals. Furthermore, the time points
denoting the both ends of an interval are positive

[lnteZers. Time intervals meet but do not overlap
1.15].

1 -5, Paper' s Structure

The structure of the paper Is as follows: In Scction
(2) we define the outlines of the method of collislon
prediction and Section (3) Introduces the [terative
€ontrol. In Section (4) we demonstrate the results
through an example: a moblle robot entering a
garage. In Section (5) we conclude with the present
achlevements and some future predictable extensions.

2. COLLISION PREDICTION
S‘l);thnlltl"'e collision prediction of moblle robots Is
reaSonlthe scope of the more gcneral problem of
extenze[:jg efflclently about the events over an
tashe rallperlod of time. The collislon prediction

within three categorles:
}IIMMEDIA’I'E: Predicting a physical event posslbly
appening In an {mmedlate future (2].
PERSISTENCE: Predicting a chain of physlcal
events {n distant future [10}.
CAUSALITY: Relating the event chain such that
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each event is the consequence of the immediate

predecessor one and cause of the successor (5.8].
Specifically, we are Interested in propositions of the
form: "If A Is true now, then B Is true later.” The
"If...Then" clause denotes causality. The A part
encounters the I[nformation about the present
position and speed of all the moving elements
interacting In the scenario as well as all the
external world elements affecting the situation. The
B part is any valid expression Indicating efther the
collision eventually happens or not.

In [13] two problems in formal temporal reasoning are
deflned as gualification and extended prediction
problems. The qualificatlon problem Is maklng sound
predictions about the future without taking f{nto
account everything about the past {13]. The extended
prediction problem is that in spite of being able to
make predictions about short future Intervals
(immed{ate Intervals), It Is required to make a whole
lot of them before predicting anything about a
substantial part of the future [13). In [14] a solution
to those two problems is suggested. In this paper we
adopt the solution and tallor it to our problem of
Interest: the collislon prediction problem. The key
point In solutlon Is explolting nonmonotonic
inferences to jump to a conclusion {n the lack of a
counterfact.

Suppose that the two robots move towards each other
on stralght 1llnes as In Flg.l. Here one can
differentiate two behaviors for each robot: potentlal
and manifested. The potential behavior Is the one
naturally happens If there Is no other Interfering
element {n {ts course of action. On the other hand
the manifested behavior 1is only parts of the
potential behavior that actually happens in an
interacting world. By properly defining condlitions
all the behaviors can be treated as potential.
Potentlal behavior is synonym to the behavioral
fragment (BF) [6] for a general physical system and it
was learned that each BF s assoclated with a
process. In the collision avoldance case we are
engaged with temporally crossover processes [6]. The
problem can be formulated elther analytically (in
CVDS or DEDS form) or logically by means of
Nonmonotonlc Temporal Logic (NTL). Here we Introduce
a DEDS model for the problem and formulate it {n NTL.

2—-1. The Modecl
State machines [l11] are the general modeling
constructs for dlscrete event dynamic systems

(DEDS). ESM Is a declarative structure which consists
of a number of nodes connected by constralnts. In
ESM, Nodes are from the state set S, and each arc
stands for a guarded "event” which show the
transition among states. Event set Z {s composed of
predicates standing for the transition among states.
Each event predicate denotes rule of the form:
Z : {Conditlon ---> Actlon}

Condition is any loglc/analytic expression, when
proved true, the action s enabled. Actlon (s any
change of data varlables, synchronous communlcation
among channels, or cooperatlion with a similar
labeled event in some other ESM. Transition among
the states of an ESM may be affected by an external
MASK operatlons specified externally.



Qualltative structurc of a sct of ESMs [s glven In
the form of shuffle ESM [14] determined by the
concurrent actlon of the ESMs. The behavioral
description for the shuffle ESM Is a finite set of
states on discrete-distinguished time points.
Qualltative behavior of a system composed of n-ESMs
(QBS) Is an N-vector whose component QB, s the
qualitatlve state of the ESM; on the distinguished
time polnt.

QS (0.t1) = [QS (P uuty) ,..... QS (B ty) )
where: '
= {g1,P2..... . $ =l Is the set of ESMs.

QS (@,t,) is composed of:

@. states of the ESMs, now are In It.

@. values of the data varlables at this point for
all ESMs.

®. possible change to next state for all ESMs.

Ilg.2 shows Lhe extended state machine (FESM) model of
the mobile robot with only one possible collision In
{ts course of actlon. In a more complicated scenarlo,
there may be multiple colllsions along with many
MOVE states. Here after STARTIng, the robot will stay
in the MOVEL state representing the manifested part
of the process until either COLLIDIng with another
robot or reaching to the end of the process denoted
by END. Colllde state shifts the behavior from MOVE1
to MOVE2.

Fig.2 : ESM for the mobile robots.

The events are defined by the temporal expressions
in the next paragraphs. In a scenarlo of two moblile
robots, we get to a shuffle product of the two ESMs
shown {n Flg.3. The critical paths are those Including
the central node (C,, Ca) .

2—-2, NTL scheme

Reasoning over extended perlod of time Is central in
colllsion prediction. In order to bulld a loglcal
modcl of our problem we consider the nonmonotonic
Lemporal logle (NTL). In tradltional logle the mcaning
of a formula Is the set of [nterpretations (f.e., truth
asslgnment) that satisfy it or its set of models {14].
In nonmonotonic logic we are [nterested in only a
preferred subset of the models. For our problem, the
preference criterlon (15] on the models may be taken
as the minimum number of deflectlons of the stralght
llne trajectory or the temporal order of the
deflectlons. The minlmum number of deflectlons can
not represcnt the preference criteria perfectly. For
the two robots human observer can predict that they
posslbly colllde and the number of deflectlons for
each robot Is only one due to the collislon. In a

dynamic world with tlmc tag [n updating the memory
suppose that obstacles suddenly come from nowhere
on the path of the two robots before they get to
each other and collide with them. Still the number of
deflections will be one for each but apparently the
outcomes are completely different. In the temporal
ordering preference, the events happened later are
the preferred ones. In this example [t s clear that
the deflectlon happens later In the first scenario
(wanted) than the second one (unwanted). The
combination of the two schemes is ideal.

S=2 M2, Ca M Ez

G—‘>ﬂ G,
(a) (b)

Fig.4 : The minimum deflection:
a. Correct; b. Incorrect.

In the two robot scenario, the propositions assuring
the continuity of movement are:
a1 : TRUF (t, Start (R,) } -

TRUL {t, Movel (Iy) } (1)
a=: TRUE {t, Start (Rz) } —
TRUE {t, Movel (Ra) } (2)

#1: TRUE (t, Movel (Ry) } A

T TRUE {t, Stop (R,) }

— TRUE (t+1, Movel (R.) } (3)
u=: TRUE (t, Movel (Rz2) } A

“TRUE {t, Stop (Ra) }

— TRUE (t+I, Movel (Ra) | (4)
Where the tlme polnts are discrete and ordered and
represented by integers. Now we should add the
conditlons of collision and those preventing it. The
necessary condltlon for collision Is _the mutual
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distance between the two robots become zero or their
mutual sight angle (SA) reduce to zero or 180°
simultaneously. The second premise 1s novel and
adopted In this work because it s easler technically
to measure and track the angular deflectlon than the
distance. The sight anglecs a2 and a =, arc the angle
between the direction of movement and the straight
line jolning the two robots (Flg. 4-a). It s visible
that when the two robots approach each other,
decrease of a 12 will result in increase of a =, and
vice-versa. In qualitatlve terms, the Interesting
landmark points are those when either a ;2 or e =
are zero or 180° . When one intersects the path of
the other, its sight angle becomes zero or 180° .
Therefore colllsion happens when both a2 and « 2,
reach zero or 180° simultaneously. The collision
condition then can be written:

B1l: TRUE {t, Movel (R\)} A

7TRUE {t, Stop (Rv) } A

TRUE (t, {a12)i} A © —

TRUE (t+l, Collide (R, Ra) } (3)
B2: TRUE {t, Movel (Rz) } A

TTRUE {t, Stop (R2) } A

TRUE {t, [a 2]t} A © —
< TRUE {t+1, Cotllde (Rz, Ry) } ()
Where "} " stands for the qualltative decrease and
"1 " represents the qualltative Increase. We add up
all the physical rules that may affect the movement
of the two robots In ®. Thls list can be remarkably
large and nonsense, for example there {s enough fuel
to proceed moving, there is no strong wind to
prevent movement and etc. The logic of chronological
fgnorance {14] which Is a nonmonotonic logic of
temporal knowledge, resolves ® propositions in a
preference scheme.

The movement after colllsion is expressed by the
following expressions:

72 : TRUE (t, Collide (R:, Ra) } —

TRUE {t, Move2 (R.) } M
72: TRUE (t, Collide (Ra, R\) } —

TRUE {1, Move2 (Ra) | (8)
0.+ : TRUE (t, Move2 (R,) } A = TRUE (t, Stop (Ri) }

~ TRUE (t+1, Move2 (R,) } (9
82 : TRUE {t, Move2 (Ra) } A 7 TRUE (t, Stop (R2) }

—~ TRUE (t+1, Move2 (Rg) } (10)
A1 : TRUE {t, Movel (Ry) } A 78 A " x (11)
12 TRUE (t, Movel (R2) } A 78 A = u (12)
811 TRUE (t, Move2 (R,) } A =6 (13)
$2: TRUE (t, Move2 (Ra) } A = 6 (14)

The pure temporal loglc can only partially predict
the collision. The reason Is that according to
€Xpresslons (5) and (6) the collision will certainly

PPen If the preconditions are satisfied. But as
:zlih:)ed above, Fhere are some situations that the
(o 0}:(;:3 Just miss each other with a narrow margin
md‘2 but [a z,]# 180" yet). Introduction of the

ality [3] wili remove this drawback. The temporal-
logle model of the two mobite robol scennrlo

@120 (¢, Start (Ry) } —
O (¢, Movel (Ri) } o

- @21 (] {t, Start (R2) } —

Q (¢, Movel (Ra) } (2')

{t, Movel (R,) } A

{t, 7Stop (R:) } —

{t+1, Movel (Ry) } (3")
{t, Movel (R2) } A

{t, 7Stop (Ra) } —

{t+1l, Movel (Ra) } (4"
{t, Movel (R;) } A

{t, "Stop (R1) } A

{t, {[a12]i} A © —

(t+]l, Collide (R:, R2) } (5%)
{t. Movel (Ra) } A

{t, 7Stop (R=2) } A

(t, [eza:]t} A O —

{t+l, Collide (Ra, R:) } (6")
{t, Collide (R\, Ra) } —

{t. Move2 (R,) } ()
{t, Colllde (R=, R,) } —

{t, Move2 (Rz) ) (8")
{t. Move2 (Ry) } A

{t, 7Stop (Ry) | —~

{t+l, Move2 (Ry) } (9)

B=2:

<2
CO0gCoonNootgooOotiopnoonobBOooeDbponO

82: {t, Move2 (Ra) |} A

{t, 7Stop (R2) } -

{tel, Move2 (Ra) } (10")
A {t, Movel (R))} A ™8 A 1y (11")
A=z {t, Movel (Ra) } A 78 A "y (12")
5. {t, Move2 (R,) } A 78 (13")
Sa: {t, Move2 (R2) } A -8 (14")
Where "¢~ ‘means “possibly true” and "(J" means

"necessarily true”.

Propositions (3')-(4') and (9')-(10') stand for the
persistence of the states over the next time [nstant.
There are two sources  that can defease these
propositions: either new specific Information or
causal information. The former is a new fact proved
true, for example, the robot stops. The latter is
another fact that causes the removal of the first
expression, for instance, the robot's fgnition unit is
turned down. We can elaborate the model by
{ntroducing the upper time bounds on the
expressions.

[ ST D (tl.tl. Start (Rl) } -

O (ti.t,, Movel (Ry) }
az: (O (ti, ty, Start (Rz) } —

O (t.,t,, Movel (R2) }
g [ (tt, Movel (R1)} A

O {tste, 7Stop (Ri) } —

O (t+lsts Movel (Ry) 1}
u=:0 (t,t, Movel (R2) } A

O {t£ta, 1Stop (Ra) } —

O {t+lst=, Movel (Ra) }
B.1:( (tstz Movel (Ry) } A

O {tstz, " Stop (Ry) } A

D {tsta, [01211) ADO —

O (t+l£t2, Collide (R, R2) }
(t<tz Movel (Ra) } A
{tstz, 7Stop (Ra) | A
{t<tz, [a=:lt}) A & —
{Lelila, Coltlde (Rz, Ry) 1}

(')

(2')
3

(4'")

B=z:

N (6'")
{t.t, Colllde (R,, Ra) } -
{t.t, Move2 (R,) } (7")
(t,t, Collide (Ra, Ry) } —

{t,t, Move2 (R2) } (8"")
{t.t, Move2 (Ry) } A

{tste, 7Stop (R} —

o0pOpa~don



a (t’lstz. Move2 (R:) } (9'")
8=2:0 (t.t, Move2 (Ra) } A
O ({tsta, Stop (R2) } —

O {t+1Sta, Move2 (Ra) } (10'")
A0 {tt€t2, Movel (R) )} A =8 A Ty (1)
Az : 0 (t,tst2, Movel (R2) } A 718 A Ty (12'")
6,1 :00 {t,tst2, Move2 (R)) } A = 8 (13")
§=z: [ {t.tst2 Move2 (Ra) } A —~ 4 (14'")

Where tz Is the upper time bound and tiststs.

This concludes the issues on modeling and collision
prediction. In the following sections we will see that
NTL cmbedded In DEDS can  lead to collision
prediction satisfactorily.

3. BEHAVIORAL ITERATION
The maln advantage of using qualitat{ve Inferentia]
technique Is the ability of coping with the changes
of Inltlal conditions without running again the
tedlous goal seeking program, based on the
knowledge of a sample behavior. Therefore It {s Ideal
for on-line !mplementation.

Here the countrol parameters are quantized to a
number of levels each denoted by a qualltative
predicate. Therefore the control problem with
continuous contro! parameters |s simplified to a
problem with finlte sct of problem opcrators.The
behavior of the system then ls glven In the form of a
matrlx whecre the rows are the landmarks and the
columns arc the distingulshed time points that the
declsion has happened. Both the time polnts and the
landmarks are unknown In advance. There Is only one
nonzero element In each column of the matrix.

1. If the landmark

1 ] ] ]
] 1 1 ]
B LTt TS
L3} : HED U B value Is present;
R R L ECEEY PP, 0: Otherwise;
L2y 1} i i D
ek SR Sy GO UI
Ll O : '
B R L Ly POy U
PTLIT2 T3 T4 !

Suppose that again the scenario |s composed of a
mobile robot and a garage. The robot Is assigned to
enter the garage satisfactorlly no matter where It is
left Initlally. During a sample off-line run we can
get a set of distingulshed time polnts and thelr
corresponding landmarks (L} . This behavior serves
as the reference for further use. Suppose that now
for another initial setting the behavior [s glven with
the landmark set (L'} . If we can find a way to
transform (L'} to {L} then there Is no need to
nitfate the path planning and collislon avoldance
algorithm for the novel situation. The dynamical
transformation of the landmarks can be obtalned by
the theory of discrete [teratlon [16]. As the set
{L} Is finlte, all of the Iterative processes flnally
end up as a cycle or even a flxed polint [16). This
assures the stabllity of the transformation and
accesslbtlity of any other Inltlal condition from the
setting at the outset.

4. EXAMPLE

In this section we use the above mentioned methods to
predict the colllsion, avold {t and path planning for a
tri-cycle moblle robot. The approach described in this
baper hes been fully implemented In C programming
language on PC-98 compatible personal computers to
simulate the behavior. The first part of the program
Is devoted to predict the possible collision and the
second part {s composed of a number of problem
specific rules for collision avoldance. These rules are
quite a few and depend on the nature of the problem.
¥e have developed the original version assuming the
robot as a dimensionless point. In the second version
we have extended It to four points cncompassing the
whole body of the moblle robot In rectangular form.

As an example let's think about a mobile robot
assigned to enter a garage. This i{s a simple but
{ntuftive example. Fig.5 shows the scene. For the
first approximation we assume the robot as a
dimenslonless point and furthermore, suppose that
the robot on each instant of time Is provided with
the proper sensory equipment that {t can recognize
the sight angle between the two edges of the gate.
One of the novel points here Is that the robot takes
as the Input data the angular Information rather
than the spatlal. Angular measurement requires less
sophisticated sensors. In formulating the problem we
have adopted the regional  strategy, that Is.
partitioning the scene Into some deflned reglons with
special propertles and lcading the robot through the
reglions respectlvely. The reglons are of rectangular
shape with perpendicular walls (surfaces) and right
angle corners (polints). The surfaces are static and
elther soft or hard. Soft surfaces are those
imaginary ones and the robot Is allowed to pass
through them. While passing through a soft surface,
only the qualitative equations representing the
situation are changed. Hard surfages are assumed to
represent the real obstacles and facing a hard
surface s synonym to collision. Points all are
supposed to be hard.

Goal

Fig. 5: Mobile robot and the garage
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The requlred input data In our method are:

1. The present sight angle of the robot In a scene of
disjunctive reglons;

2. The present direction of movement of the robot;

Based on which the robot can keep track of the

location of static obstacles by means of measuring

and comparing the sight angle with respect to each

obstacle. In this example the Interesting reglons are

R1, Rz, Rz and Ra. For thls representation we can

deduce the following propositions:

1. The critical polnts are those that the sight angles
become either zero or 90° . These are taken as the
state translition points.

2. The pass or colllslen with a surface happens if the
deviation angle from the surface perpendicular to
it becomes zero; .

3."The robot Is supposed to persist on Its present
dlrection of movement until one of the state
transition polnts is found (l.e., It Is going to pass
a soft surface or colllde with a hard surface or a
polnt)..

4. If the colliding surface {s soft (1lke S,z In reglon
R,), it Is interpreted as acceptable and during
passing a soft surface, only the new status of the
reglon (l.e., qualitative formulas representing the
sltuation) and the regional reconflguration (new
environmental conditions such as new surfaces and
points) should be reconsidered.

3. If the colliding surface Is hard (like S 14 In

© reglon R ), the control strategy and set points
are to be adjusted.

6. When predicting a possible collision with an
obstacle, the proper control strategy Is sclected
as elther:

a. DIRECTION: Changes of direction of movement.

b. SPEED: Changes of speed.

llere the direction strategy Is used to avold the
collision. .

7. The set polnts of the control variables are
decided based on the some heuristic rules. The
fules governing this decislon are quite a few and

specific to the problem domaln. Table (1) shows
typlcal rules.

"Flg. 6 shows a typical simulation result. Here the
oaly control varfable {s « and it Is quantized and

‘the direction of movement can be changed gradually
€very 20 degrees.
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This simple spccification can be

encounter the followings:

1. Considering the two dimensional body for the

robot:
Fig. 7 shows the simulation results for the robot
represented by four-points. The key point here is
that as the body is rigld. on each step the same
algorithm is run for the four polnts separately
and then the critlcal one Is identified. finally the
adjustment action is hold for the critlical point.

2. Enterlng backwards:

As there s no discrimination among the four
points, therefore the mobile robot can enter the
garage either forward or backward. Flg.7 shows the
robot using both forward and backward strategies
to enter the garage.

3. Leaving the present status and trying a new one:
As mentloned before, our method offers enough
flexIbility to encounter the heurlstic rules
implemented in the problem oriented Knowledge
base. Table (1) shows the two typical rules which
govern the next direction of movement, and also
moving the robot backward In order to avold the
collision in the four point simulation. Fig.6 shows
the typical result of exploiting such rules. It is
visible that the robot moves forward till point A,
and then marshes backward unt!l point B (dashed
line). On the next step It uses the direction
adjustment rule to approach the goal once more.
After a second trial, It gets to the goal.

cxtended to

cuel: /e RAGS V.- HS - e
.90 /o viRGRMLS L o/
28:0; Je ~KRERDUS ) e/
for (J=01 §e=3i foo)
{
If (ane_per-»)_ql{jle-0}
Ap-l;
16 {ang _pereaf_udijle-0}
amel:
I {dls_prr-sr_dls {])e dx L& cal_ ptr-sthetal )]0}
kr=l:
gos-1:
]
10 {dis_pte-r1_dix [Ji< dz t& cal__ ptrestheta{J1»0}
kil
co--1:
)
}
If (3p L& «a)
apramel;
If (kr && k1)
keek-0;

1 tue)
{
for (jo0r Jeodi j *0)

1€ {dts_pte-»t_disly) «dx)
Xr+Q;
i
}
i {un)
(
for (J+0; Jasd J «o}
{
17 (a1 ptr-rr_dis{f] «dz)
*1-0;
)
)
if fap i) ke)
{
da_pte-»alphad » da_ptr->alphad « pl/1§9+ 20
da_ptr-ralpnad « judge_ang (da_pir-raiphad);
)
1 (am )y Wi}
(
da_ptr-valphad » da_pcr-salphad - pl/1840+20;
dn_ptreralphad « Judge_anc (da_pte-ralphad):

1f {go == -1}
v s {-ve)
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Fig. 7: Typlical four ndint simutation result.

5. CONCLUSION .
A method for predicting the colllsion of moblle
robots based on nonmonotonic temporal logic was
proposed. In this method we could blend the
qualitative Inferentlal technique and nonmonotonic
temporal logic by representing the robot's behavior
with an extended state machine.

The on-line requirement, s met when the Initial
condltions are changed. In this case Instead of
running the goal seeking program again, we could
produce the satisfactory results by means of
discrete {teration theory.

The abovc techniques are Implemented In a program.
In this framcwork, opposite to the conventlonal
methods, sudden changes of the direction. leaving
the present path and exploiting another one, etc.,
can be Included.
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