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Multi-Stage Path Planning Based on Shape Reasoning and
Geometric Search
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Abstract

A novel approach for path planning of a polygonal robot is presented. Traditional path planners perform extensive
geometric searching to find the optimal path or to prove that there is no solution. The computation required to prove
that there is no solution is equivalent to exhaustive search of the motion space, which is typically very expensive.
Humans seems to use a set of several different path planning strategies to analyse the situation of the obstacles in
the environment, and quickly recognize whether the path-planning problem is easy to solve, hard to solve or has no
solution. This human path-planning strategies have motivated the development of the presented algorithm that
combines qualitative shape reasoning and exhaustive geometric searching to speed up the path planning process. It
has three planning stages consisting of identification of no-solution cases based on an enclosure test, a qualitative
reasoning stage, and finally a complete search algorithm in case the previous two stages cannot determine of the
existence of a solution path.
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Figure 1. A humanoid robot for household
service.

Figure 2. A residential home in a ubiquitous
computing environment.
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Figure 3. (a) An example problem humans are good at
disproving, i.e., detecting no solution condition. (b) A
path—planning problem for which a computer algorithm is
better than humans.
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Figure 4. Minimum and maximum widths of a robot.
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Figure 5. (a) The original obstacles and (b)
the grown obstacles by Rmin, which
completely surround the robot.
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Figure 6. A path found by the Ball-
Approximation Algorithm

o] @ BAAE E3% FE HEe =39 HEE,
HE 1 A 14 &L A= suas, s(solution)dl
A AN T, B IS THeHE 2E AYHEE M3
gto] Zerh o 2Ro] 2 34 7HH, BAAE A9
HHe ARE Z=r) Fig. 62 289 A4(orientation)E
DHA Fa Fe 2E 33 H2E 38 RS

33 2F M gelE

ECAZ} si7} 952 934 %35l BAARE 3|& A
@09, MSPPE b3 9] FojEd g 48 229
4d B2 AFT)E o83t FE I3 FEE vk o
71Ae EFFALE 3 Adoln, ATHAM, 739 F= A
7](RPP) %< SANDROS %A% Ag7|& AHE&E & AUrh
RPPU SANDROS #+% 22 AArie adEed A%
HE & Adtes EV19 A AN BHE AA F
H Z2Roe 2AHE A (suboptimal) 3] & ZET 1Y ER
A w2t ArtEe] Wby st MSPPe EedS &
Aa71dl olEEol ok ol T olFE £ EedMeE &
A ARAAVIZ AAAER S AXva daFes A
£3t.

o

i

4. A& €

MSPP ¢nElFe F2 7]9% ECAS BAAE ALeE
o 7]&e] A A2 AYr|ers ALY A9 8F] A8
HE AR vlEiA Aoy AlZko] BEEE Tl 2 glvh
o|AE HRIsty| YA THGE AHellg AloldAe tHE =
2e ez aHAQ olFA ‘Al(classical mover's
problem)E 4oz HEE 34k A WA 22 287
22 BHA Fa ARAAY A3 F& HsEHA
MSPP ¢n#ElEd A" 34 gugFo] Addsts b 289
A7 v wsdn FHAE 47 F9 dagEe
HAF 37 2L 4 4L e A=AEL 3
Ak

496

TABLE I. Running Time Comparison
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medium
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Fig.7 The paths founded by the 3D A" algorithm
for the problems with medium and extreme
difficulties.
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Figure 9. The path founded by 3D A" algorithm in a
realistic household environment.
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