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Potential-Based Modeling of 2-D Regions Using force and torque, and the readiness of the extension to spaces of higher
Nonuniform Source Distributions dimensions (see [20]).
The Newtonian potential is used in [1] to model the free space
Jen-Hui Chuang, Chi-Hao Tsai, Wei-Hsin Tsai, and Chuei-Yaw Yangherein the boundaries of object and obstacles are assumed to be
uniformly charged. The magnitude of the potential is unbounded near
o . the obstacle boundary and decreases with range, which captures the
Abstract—One of existing approaches to path planning problems uses a y o i requirement of collision avoidance. In this paper, the above

potential function to represent the topological structure of the free space. ial del i lized h th if distrib
Newtonian potential was used in [1] to represent object and obstacles in the POténtial model is generalized such that nonuniform source distribu-

two-dimensional (2-D) workspace wherein their boundaries are assumed tions along polygonal boundaries are considered. In Section Il, basic
to be uniformly charged. In this paper, more general, nonuniform distri-  properties of the proposed free space model are obtained by examining
butions are considered. It is shown that for linear or quadratic source dis- the potential contours due to some nonuniform source distributions

tributions, the repulsion between two polygonal objects can be evaluated . . . .
analytically. Simulation results show that by properly adjusting the charge on simple polygonal region borders. In Section lll, the repulsion

distribution along obstacle/object boundaries, path planning results can be €Xperienced by an object of finite size due to the potential gradient is
improved in terms of collision avoidance, path length, etc. considered. It is shown that the repulsion between polygonal object
and obstacles, in forms of force and torque, can be derived in closed
form for linear and quadratic source distributions. Path planning
applications of these analytic results are considered in Section IV
for local object paths near free space bottlenecks. Simulation results
I. INTRODUCTION show that, compared with an object path generated using the uniform
The goal of path planning is to determine how to move an object frofiStribution, a more desirable object path can be obtained by properly
its original location and orientation (called the starting configuratiorgdiusting the nonuniform source distribution along object/obstacle
to the goal configuration while avoiding any collision with obstaclegoundaries. Section V presents some concluding remarks.
The configuration space (c-space) approaches [2]-[6] consider both the
object and known obstacles at the same time by identifying object cofj- porenTIAL DUE TO SOME NONUNIFORM SOURCE DISTRIBUTIONS

Index Terms—Collision avoidance, nonuniform source distributions,
path planning, potential fields.

figurations (points in the c-space) intersecting the obstacles. The path ON POLYGONAL REGION BORDERS
planning problem is thus transformed into a problem of finding a col-
lision-free path of a point object in the c-space. Polygonal description of obstacles is often used in path planning be-

While the geometry of the moving object has to be taken into accouiuse of its simplicity. The potential due to a polygonal region whose
from the very beginning of path p|anning a|gorithms forthe c-space dporder is uniformly Charged can be derived in closed form. It is shown
proaches, workspace-based algorithms often work differently and céh{1] that planning a path among obstacles thus modeled will guar-
sist of two parts. In the first part, relevant information about the fre@ntee collision avoidance as the potential will increase indefinitely as
space is extracted, which is then used together with the object ged¥i-object approaching an obstacle. In this paper, such a potential-based
etry in the second part to find a path. Usually, the free space is decadroach is generalized to take into account some nonuniform source
posed into simpler cells [7] or divisions [8]—[10], and possibly wittflistributions.
associated weights [11]. In addition, the object geometry can be apWhile the uniform distribution works satisfactorily in terms of
proximately represented by primitives of simple shapes [12], [13]. collision avoidance, further improvements are possible for an object

The above algorithms do not always choose the object configuratidtgh thus obtained. For example, a sharp corner of an object often
which best match the shape of the free space along a path. One wa§&#s closer to obstacles than a dull one, and has a higher likelihood of
obtain the best match and minimize the risk of collision is to define@pllision, which are not desirable in most cases. In addition, there may
repulsive potential field between the object and the obstacles. Sucbeaother findpath considerations, e.g., minimum path length, which
potential field can itself serve as a representation of free space. A cul§iguire more flexible workspace model instead of the one based on the
function of the distance between a point object and the obstacles is ugetiorm source distribution. On the other hand, there could be certain
in [14] as the potential function. An artificial repulsive potential whictpath planning-related properties of workspace and object which are
is the function of the shortest distance between the moving object dignuniform along their boundaries in general and can be modeled
the obstacles is used in [15] for local planning of linked line segmentggtter with nonuniform source distributions.

Similar local planning is done in [16] using a superquadric artificial In general, any nonuniform distributions can be approximated by
potentia| function whose isopotentia| contours are modi;ﬁ@"pses polynomial functions of sufficient order. However, since lower-order
and the potential values are determined by the Yukawa function [1PRlynomials are special cases of the higher-order ones and require less
Boundary equations of polytopes are used in [18] to create an artfPmputation, it is desirable to use the lower-order ones whenever pos-
cial potential function. A sliding mode control strategy for tracking théible. In this paper, linear and quadratic distributions are selected as
gradient of an artificial potential field is introduced in [19]. The mairexamples of nonuniform distributions because of their simplicity. With
advantages of the potential-based approaches include the simplicitjgse simple distributions, we will be able to address, to some extent,
the representation of free space, the guidance in the object motion gieveral questions of interest to path planning which include the fol-
vided by the negation of the potential gradient in the form of repulsivewing:

1) How can path planning results obtained with uniform distribu-

tion be improved with the nonuniform ones?

Manuscript received October 23, 1997; revised October 31, 1999. This work2) What may be the desirable effects on path planning which are
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by these nonuniform distributions, like those due to the uniform on
are also analytically tractable. Since the potential due to a polygor
region with charged border can be calculated by superposing the | *
tential due to individual border segment, only the potential due to. :

single line segment is formulated in the following.

A. Uniform Source Distribution

The derivation of the potential due to the uniform charge distributio .L—u-—— . . x
is mentioned in [1], which can also be found in an ordinary textbook c o ’ ’ —

electromagnetics. In they-plane, consider a point at (¢, yo) and

1

0.3

a charged line segment anaxis with a unit charge density between (@ V (b)

x = x1 andx = x4. The potential at poin#t due to a pointx, 0) of
the line segment is equal to

V, == 1)

wherer = /(z — x0)? + y2. The total potential at poimt due to the
charged line segment is equal to

g
Va= / 1 dx. (2)

Tl T

B. Linear and Quadratic Source Distributions

Fig. 1. Potential contours due to a charged square boundary. (a) The charge
distribution on each edge of the square. (b) The resultant equipotential contours.

@

Suppose the charge density increases (decreases) quadratically with

x fromz, to zs, the charge density function can be expressedidst

Bx + ~ with some constants, 3, and~, and the total potential at the

point A due to the charged line segment is equal to

Ty 2 By ,
Va :/ mdr A3)

ry U

It can be shown that (3) can be evaluated analytically.

Fig. 2. Potential contours due to a charged square boundary. (a) The charge
distribution on each edge of the square. (b) The resultant equipotential contours.

The repulsive force and torque between these polygonal regions can
then be derived by superposing the repulsion between pairs of border
segments, each contains one line segment from the moving object and
the other from one of the obstacles.

In general, each pair of the repelling line segments can have arbitrary
configuration in the work space as shown in Fig. 3(a). To simplify the

In the above discussion, we have considered the uniform, linear, agressions of the repulsion between them in the following subsections,
quadratic charge distributions along a line segment. For polygonal eecoordinate system is chosen so that the obstacle line segmBnt,
gions with charged borders, the resultant potential can be obtained @ on the base line, as shown in Fig. 3(b). In the new coordinate system
cording to the superposition principle. For example, the equipotent{@ly-plane), the coordinates of the endpointsid® are assumed to be
contours due to uniform and some quadratic charge distributions oppa() and(d > 0.0), respectively, and the line containing the object

squareare shown in Figs. 1 and 2, respectively. The charge densitigfe segment(’D, can be represented as= au + b, u1 < u < ua.

are increased quadratically from the midpoint of each edge toward the

corners of the square for Fig. 2. Note that as one moved toward a coraerThe Integral Equations for Forces

of the square, from the outside along the diagonal direction, the poten

tial increases with a higher rate in Fig. 2(b) than in Fig. 1(b), a mo

desirable property for collision avoidance of an object path.
Although the potential value can be used in the search for object

configuration of minimal potential, more efficient search methods can E

be adopted if the gradient of the potential, which contains the infor-

mation about how the potential varies, can be obtained. Such potential

gradient results in the repulsion between object and obstacles, in foMfierer” = (u' — u,v'), r = |7] = /(' — u)? 4+ 02, andi = 7/r.

of repulsive force and torque. In the following section, it is shown thdthus, the total forcé"(u', v") at point@ due toAB can be decom-

the repulsion between charged object and obstacle boundaries dugoged into two parts, i.e.,

different source distributions is analytically tractable.

Consider the electric field at poiff = (v’,v") of CD due to a
E)%int(u,O) on AB shown in Fig. 3(b), we have

T

42 A —
F,(u',v") = / E,dg= / ——p(u)du (5)
IIl. I NTEGRAL EQUATIONS OF THE REPULSION DUE TO @ o T

THE POTENTIAL MODELS

For polygonal object and obstacles in the two-dimensional (2-D) 4
i ; ; i P 42 " au' + b
space, line segments of their boundaries can be used as basic elements ;' ') = E,dg = p(u) du (6)
in the calculation of repulsive force and torque needed in path planning. a1 0 r?

1A linear distribution corresponds te = 0. wherep(u) is the charge density alongB.
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. i D 4 advantage of the proposed model is that such analytic expressions exist
Plx,, y) Pl U:) for the simple charge denS|_t|es (_:on5|dered in thls‘paper.
Object line o Assume the charge densjtyu ) is equal tal, «, oru* for an obstacle
- line, andp(s) = 1, s, or s* for an object line, nine different combi-
¢ B nations of charge distributions will need to be considered in evaluating
Aacle line the repulsion between the two line segments. For example, from (8),
14 X the repulsive force along theaxis for these nine combinations can be
0 obtained from
(@ (®) L )
Fig. 3. Coordinate transformation. (a) The original coordinate system F) = F(ug) — F/ (u1)
(zy-plane). (b) The new coordinate systemv{plane) after the transformation. Skt puzopd g g b
=(14a") 2 / / - uw' du(u') du (11)
uyp JO

For the total force on object line segmenD, we havé

) N wherei is equal to the order of the charge density of the obstacle line,
F, = /q2 Fo(u',v')dg = /az Fu(u',v))p(s) ds @) andj is gqual to that of the opject line. It can be shown that analytic
a1 51 expressions exist for all these integral equations. For example, we have

wheres = /1 + a2u’, p(s) is the charge density alo@D, anddq = FO(ur) = log Fi(u)/2 + VIF a2 (uy)
Nds = - 2 o(w ) du' i i w (U1) = - 5
ﬁggoﬁ@a\t/eld;g p(u')du'. Thus, the above integral equations can filur)/2 + mf;/z(ul)

(12)

wheref; (u) = (au +b)* + (v — d)? andfz2(u) = (au + b)? + u?.

rug pd 1
F,.=vV1+a? / / ¢ 3 up(u)p(u/) du du’ (8) In generalp(«) andp(s) can be any quadratic functions
uy 0
plu) =ou” + Bru+ (13)
B. The Integral Equations for Torques p(s) = s + fas 4+ 72 (14)

Given any collision-free orientation of an object with nonzero torque o
with respect to its rotation center, the direction of the torque directiyhere coefficientsu, 51,71, az. 02, and~. are some real numbers.
gives the direction in which the object should rotate to reach a co he repulsive force along the-axis can still be evaluated analytically
figuration of smaller potential. In this subsection, we will consider th&s
formulation of the repulsive torque between two charged line segments.
ConsiderAB andC' D shown in Fig. 3(b) and leP = (o, vo) be a Fo=a10aF." + a1 o F) + ar B
reference point, e.g., the rotation centerof_the object. The torque with + BranE + BB FY 4+ 81y F)°
respect taP, due to the repulsive force frothB on point( is equal to s F% 4 71 B O 4 41y P, (15)

_ ///]/,-“_",/,'r “,/,'/ o .
e (u' o) = 1w, v) x Fu', o) Similar results can be obtained &%, andr,>. Thus, for any(«) and

= (u' = wo,v" = vo) X (Fu(u',v"), Fo(u',0")) (9)  p(s), we can first evaluate the coefficients of the charge density func-
tions and then use the nine sets of expressions of the repulsion, as in
wherei. = i, x i, andl(u/,v") = PQ = (u' — uo,v' — vo). Thus, (15), to evaluate the total repulsion.
the total torque with respect 8 due to the repulsion between the two

line segments becomes IV. APPLICATION OF THEPOTENTIAL MODEL IN PATH PLANNING
. In the previous section, it is shown that the repulsion between two
TP = / mp(u' 0" )p(s)ds polygonal regions, in forms of repulsive force and torque, can be evalu-
o1 vy ) ate(_j gnalytic_ally. In Fhis section, t_he above results wil! be usedto ensure
Vit a </ / (u' = o) au ‘+ bp(u)p(u/) du du' collision avoidance in path planning for polygonal object and obstacles
ur Jo r3 o in the 2-D space.

uz o pd ul—u ,
- / / (au' +b— wvo) = p(u)p(u’) du dul) (10) A. A Local Planning Algorithm
u 0
' For a path planning problem, the places where the moving object is
We will now show that with the above integral equations, the repulsivaore likely to collide with obstacles are bottlenecks_ in the free space.
forces and torques between object and obstacles can be evaluatedrethie 2-D space, free space bottlenecks can be defined by the minimal

alytically for some simple nonuniform charge distributions along theglistance links (MDL's) among obstacles. For example, MDL's are used

boundaries. to connect (convex) obstacle nodes in the obstacle neighborhood graph
in [10]. Central to the solution to the path planning problem is the iden-
C. Repulsion Due to Simple Charge Distributions tification of the set of bottlenecks in the free space to be traversed by

For the application of the proposed potential model in achieving c&he obj_ect in Qrder to _reach the destination._ . )
lision avoidance in path planning, the optimal object configurations In_ this section, a simple local plapner (snmlar to that presented in
along a path can be found more efficiently if the above integral qu;}]) is used to demonstrate one possible application of the proposed po-

tions can be evaluated analytically instead of numerically. The m&ﬁptial model to path planning, i.e., the identification of optimal object
configurations (each has minimum likelihood of collision with respect

2For simplicity, only theu-component is considered for the rest of the papeto the potential function) along the local path around a bottleneck. The
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topology of alocal path, given as input to the local planner, is described 10
in terms of the associated MDL and the object skeletdine descrip- 10 ‘1,0 |
tion is of a very concise form which only specifies the sequence in 7o
which the skeleton points should cross the MDL. If such a description

corresponds to a feasible object path, the local planner will generate
a sequence of object configurations along the path, each of minimum
potential; otherwise, a failure will be reported.

Lets;,, 1 < i < N, denote the sequence &f selected skeleton
points to cross the MDL whilel. denotes the line containing the 10
MDL. The local path begins wher; reaches the MDL and ends (a)
when sy leaves the MDL. The following algorithm developed for
the local planner performs the path planning by sequentially ensuring 10
that as each skeleton point moves onto the MDL, it stay4 avhile 1»0| ‘1»0 |
the location and orientation of the object is adjusted to minimize 10
the Newtonian potential using repulsive torque) @nd force F)
experienced by the object. Additional skeleton points may be added
(see algorithm) to reduce the step size along the path, allowing for
finer adjustments in the object configuration to avoid collision. To 10 10
restrict the total amount of computation, a limit is put on the minimum
spacingswin between adjacent skeleton points used in the simulation,
which effectively serves as a feasibility test of the local plan. b)

ALGORITHM LOCAL_PLAN

25\ 25

1.0

Fig. 4. A path planning example. The obstacle boundaries are (a) uniformly

Step 0:  (Begin with the first skeleton point) charged, (b) nonuniformly charged.
Initialize i = 1.

Step 1:  (For this skeleton point, find the minimal potential object
configuration) 10

Shift the object parallel td. and rotate it with respect to
s; until T and the projection of alongL are both zero.
Step 2:  (End when done with the last skeleton point) 10
If i = N, the local planning is completed.
Step 3:  (Translate the next skeleton point onto MDL if possible)
Translate the object such that,; is shifted to its projec-

1.0

tion on L. If there is no collision during the translation,

then let; — ¢ 4+ 1, and go to Step 1. 10 20
Step4: (Translate an intermediate skeleton point onto MDL) 1027580 &g

Find the smallest» > 1 such thats; = s, +

(si+1 —s;)/2™ can be shifted to its projection on w

L without collision between the object and obstacles. If 20 1o

|s% — s:] > Smin, then lets; — s}, and go to Step 1.
Step5:  (End abnormally)
Exit with failure due to the need for less than alloweg:ig 5. path planning example. The obstacle boundaries are (a) uniformly
spacing of skeleton points. charged, (b) nonuniformly charged.
An object configuration obtained in Step 1 is not only collision-free

but also the safest with respect to the Newtonian potential under the . )
constraint that the corresponding skeleton point stays.&uch a min- B. Simulation Results
imal potential configuration always exists fer located on the MDL In this subsection, simulation results are presented for path planning
which connects two obstacles. For the implementation of Step 1, thieobjects with uniformly charged boundary for simplicity. In addi-
minimal potential configuration is identified efficiently by performingtion to planned object paths, in order to make easy the observation
two binary searches: one for the object location usirand the other of different charge distributions along obstacle boundaries, values of
for the object orientation using. The accuracies required for speci-the charge density function for different locations along each boundary
fying the final object location and orientation determine the number ségment are also displayed. Thus, to each segment, one, two or three
iterations needed for solving the corresponding constrained optimizasmbers will be attached in the illustration depending on whether the
tion problems. For the simulation results presented in the next subsearresponding charge density function is of zero, first or second order,
tion, the minimal potential configurations are specified to within 1% afespectively. While values of the charge density are displayed for the
the length of the MDL in location, and within one degree in orientatiortwo endpoints of a linearly charged segment, the density is also dis-
In Steps 3 and 4, the swept volume of the object due to the translatigayed for the midpoint of a quardratically charged segment.
is checked for possible intersection with all obstacle regions to detecfigs. 4 and 5 show local planning results for several object paths.
a collision. (For simplicity, skeleton points are only shown for the object in Fig. 4.)
The paths obtained withOCAL_PLANare safe and smooth because
the potential function are spatially smooth and maximum freedom is

3The identification of the sequence of MDL's (or similar constraints) for . ; . . . . .
global path, as well as the selection of a sequence of skeleton points of the ob%égwed in the adjustment of the object configuration to achieve min-

(whose skeleton may even have a branch) for each local path, are beyond@em potential. Different effects of changing the charge distributions
scope of this paper. along obstacle boundaries can be observed. In general, by properly

(b
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60 -
%\ 50 /; . ) [T T
240 Uniform
§ 30 —&— Linear @
E 20 —&— Quadratic
(@] 10 10 5.0 10
0 1.0
7 14 21 28 35 (b)
Number of obstacle segments Fig. 7. Path planning example. The obstacle boundaries are (a) uniformly

charged, (b) nonuniformly charged.
Fig. 6. CPU times spent in obtaining path planning results similar to that
shown in Fig. 4.

readjusting the originally uniform charge distribution, the minimun
distance between an object path and obstacles can be reduced. Fo
ample, such an effect can be achieved if more charges are adde
protruding points of the obstacles.

On the other hand, the computing cost is higher if higher-ord:
charge distributions are adopted in the simulation because the as @

ciated force and torque calculations are more complex. Fig. 6 sh Dondo0 160 160
the CPU times spent in obtaining path planning results similar 20 20
that shown in Fig. 4. While the obstacle boundaries are uniform, 10 1 10
charged, as in Fig. 4(a), three sets of simulation results are obtai
for different charge distributions along the object boundary, and f
different numbers of obstacle segments as Wwefi.order to simplify
the analysis, all the object border segments are charged with soy
distributions of the same order for each set of the data. For a giv
number of obstacle segments, the increase in the computing c... ) ©
due to the increase in the order of the charge distribution is readli:Ig 8. Path planning example. The obstacle boundaries are (a) uniformly
_observablé._ Also not_e that for each set of data, the computing cog érgéd, (b) linearly charged, and (c) quadratically charged.
increases linearly with the number of obstacle segments. Such a
result is a direct consequence of the fact that the force and torque
calculations are required for each pair of object-obstacle segments.
Figs. 7-9 show path planning examples involving multiple local
paths. For each of the examples, the local paths are so close to their
. . . 1.0 1.0
neighbors along the global path that the union of them constitutes a M
reasonable object path. Also note that only one skeleton point of the
object, its centroid, is used by the local planner for these examples. 7o 2.0 Py
In Fig. 7, local paths are obtained for a sequence of vertical obstacle
links between two parallel obstacle segments of a straight passage.
A curved object path is obtained in Fig. 7(b) since extra charges are
added near the midpoint of only one side of the passage. Such an
example demonstrates the possibility of the proposed potential-ba's_(led 9
modeling of the workspace to accommodate certain path planning’

constraints/considerations of interest, e.g., building material, protec- ) ) S o
tion measure, or uncertainty in location (see [21]), which are generall§ obtained with the quadratic distribution shown in Fig. 8(c). Such a

nonuniform along workspace boundaries. resu_lt is due to tr_le fact t_ha_lt _in order to generate near hqrizontal equipo-
In Fig. 8, a sequence of vertical obstacle links are used for a zigz'ﬁg‘_t'al contours in the vicinity of the centerline of the zigzag passage,
passage along the horizontal direction. Fig. 8(a) and (b) shows objé: |ghe_r degree of unevenness in the source _dlstrlbu_tlon, Whlch_ls fea-
paths obtained by using uniform and linear source distributions, resp&t2€ With the quadratic distribution but not with the linear one, is re-
tively. No matter how its parameters are modified, the linear distrib@-ired- In Fig. 9, it is assumed that three of the six MDL's among the

tion always results in a wavy appearance of the object path. On the otfRf" obstacles, which are connected to a common obstacle vertex, are
hand, a near straight object path, i.e., a path of minimum length cSflected in advance. Local paths are derived for these MDL's as well
as additional line segments, also connected to the same obstacle vertex,

gS_hOW the object path with finer steps. It is easy to see that the under-

Path planning for an object among more than two obstacles.

4The number of obstacle segments are increased by duplicating those 4

ments. lying global path is also safe and smooth.
5Such an increase in computing cost may not be a problem if, as the case
considered in this paper, the order of the charge distribution of interest is small. V. CONCLUSIONS AND FUTURE WORKS

For brevity, considerations for situations when such a condition is not sat- . o
isfied that additional processes may be required to connect the local paths ar¥) this paper, we propose a potential field model of the workspace
omitted. One way of performing the connecting task can be found in[1] ~ which assumes object and obstacle boundaries are charged and thus re-
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pelling one another. Such a potential model is more flexible than th§l5] O. Khatib, “Real-time obstacle avoidance for manipulators and mobile
one previously presented in [1] since nonuniform charge distributions ~ robots,” presented at the Proc. IEEE Int. Conf. Robot. Automat., St.

are used in the modeling. The efficiency of the proposed approach
resulted from the existence of analytic expressions of the repulsion b

; Louis, MO, Mar. 1985.
56] P. Khosla and R. Volpe, “Superquadric artificial potentials for obstacle
" avoidance and approach,” presented at the Proc. IEEE Int. Conf. Robot.

tween two line segments, each being uniformly, linearly, or quardrat-  Automat., Philadelphia, PA, 1988.
ically charged. A local planning procedure of deriving an object path{17] C. Diu, B. Cohen-Tannoudji, and F. Lald@uantum Mechanics New
of minimal potential is presented. According to the simulation results, __ York: Wiley, 1977, vol. 2.

improvements over the path planning results obtained with the uniforn[|18]

Y. K. Hwang and N. Ahuja, “Potential field approach to path planning,”
IEEE Trans. Robot. Automatol. 8, pp. 23-32, 1992.

charge distribution, in terms of collision avoidance, path length, etc.j19] J. Guldner and V. I. Utkin, “Sliding mode control for gradient tracking
can be achieved through proper selection of the nonuniform charge and robot navigation using artificial potential fields|EEE Trans.

distributions along object/obstacle boundaries. Several path planning = Robot. Automatvol. 11, Apr. 1995.

results involving multiple local paths are also presented. Similar pat

H. Chuang, “Potential-based modeling of three-dimensional
workspace for obstacle avoidanc¢éZEE Trans. Robot. Automatvol.

planning procedures for different types of workspace, e.g., acorridorin = 14", 778 785, Oct. 1998.
the free space, as well as applications of the proposed object/obstagia] J. Miura and Y. Shirai, “Vision and motion planning for a mobile robot
model to more general situations, e.g., for articulated objects and/or for  under uncertainty,Int. J. Robot. Resvol. 16, no. 6, pp. 806-825, 1997.
nonstationary obstacles, are currently under investigation.
The proposed workspace model has the potential of accommon-
dating certain constraints/considerations of interest to the underlying
findpath problem, e.qg., building material, protection measure, or un-
certainty in location, which are generally nonuniform along workspace

boundaries. However, the way to describe uncertainty or to weight Shape Partitioning by Convexity
protection may strongly depend on individual application. Thus, one ]
of future research directions of such findpath problem is the derivation Paul L. Rosin

of proper charge distributions for objects and obstacles so that the

nonuniform nature of their boundaries can be represented effectively. Abstrac

(1]

t—The partitioning of two-dimensional (2-D) shapes into sub-
parts is an important component of shape analysis. This paper defines a
formulation of convexity as a criterion of good part decomposition. Its ap-
propriateness is validated by applying it to some simple shapes as well as
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