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A Local Collision Avoidance Method for Non-strictly Convex Objects
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This paper proposes a local method to avoid collisions with continuous velocities. The main contribution of the

method is that non-strictly convex polyhedra can be used as geometric models of the robot and the environment

without any approximation. The problem of the continuous interaction generation between polyhedra is reduced to

the continuous constraints generation between polygonal faces and the continuity of those constraints are managed

by the combinatorics based on Voronoi regions of a face. A collision-free motion is obtained by solving an opti-

mization problem defined by an objective function which describes a task and linear inequality constraints which do

geometrical constraints to avoid collisions. The proposed method is examined using example cases of simple objects

and also applied to a humanoid robot HRP-2.
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Fig.1 “Pick up an object under the table” example
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Fig.2 Faverjon and Tournassoud’s method
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Fig.4 Results of the example #1
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Fig.5 Decomposition of interaction

T, T MOEHEET S, T1 & T, OBOER#EEIZ X
LN Ty 2T A Z00BEFNEND T IR L TR
GHETHEBL, 20 T 2HET5=200ZFNENH T; 12
xif L Colfe 70 8 CHlll L 7 Bl ER S D, itk h %
HR OEE) Fig. 5 1R & 9 1238 & ZATER OB 255 #
SN, BE=MPHOERZHEEIC L S EHEEHTET L
WZ kI D, FRCERy b RSO LA TR S
NTVLEEILE, TNENOLEAEIMOT N TOLEKIC
xt L Cifs 2 i TR 5 2 L TUR Y b O EEIC X
B IEEISER S NS,

3.3 fujfﬁﬁ%mutmﬁiﬁ

HANZI & Z A TASERE 7 ST CHEBIT 2 720 L 2 i
27 5 WV EOAEDEIZOVTRE 247, T <&
DA ELEFAP =ML LML S 2 EOERMER DR /A
BEIHICEEINLEPTUTO L) ITHERITENE. Fa /) A H#H
WL TOLH)ICEREIND.
Definition: #IEH X (I T 5RO/ 1 #HE VR(X).
VR(X) I X DRI/ thOEMERADER LY HFEVS
NEETH 3.

FoRU ) AMEIUTOL ) ITERS NS,
Definition: B¥HET2#MEBR X ¢ YV ICHT 23RO/ 1@
VP(X,Y). VP(X,Y) IE VR(X)NVR(Y) #&CETH 3.
Eﬁﬁi~o®ﬁ ZO0, ZOOTHEPLHER I NG -

. ZAROABMIZEoORT A HEICSE SRS,
#VR():aihé 4 (Fig.6 (%))
BT S LT & ASATIZ % B IKEE 2 BRI, T v o ] & A
BB 5. 22 ToOo0MAADbYE, (VL) & (Vo V) %
WHTD. 22T (a,b) 13 a EH b OHABEDEERL,
Vi, Vo O %G %, VUzlﬂ)ﬁL&@Eﬁ%@&ﬁK
hofe FNORERERT. L ZMES T %A 130 Lo
EEOHDPEGE R E Y 9D A%, 3 CTIWibg Ik LTI
FH5ENTVDE20, T HIRITEML %\,
W VR(E) I&EEh 3154 (Fig.6 ()
T IZIA Y € AVPATIC 7 HARFEZ 551, W st B 2 AR5 1
BT 5. 22 CTOOMAEDYE, (Vi,V]) & (V2, V) 210

HT2, ZITV(i=1,2) 1Z Vi b E~NFAHLLEROL
THhp. WE E OBOTE AL LI OETI b 2B EHH

5., T TRAMOMOBIFITEMT 5. T ) =208

WS NG,

Jan., 2009



50D 2 TH AR W) U2 58 W0 i 70 1 4R i e 5 ) A 1

4 A

1 V2 . V{
(vl v
Vs
H face edge , vertex
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Algorithm 1 (ZZ A 01, Oo BOES % = MATLM OEE)IC
SR L TR A R Z1T9. TRIANGLES(O) X O #HiKT 5
SATROEETRTHEETH S,

Algorithm 2 3=MAT T, To MOEE) %2 & =MATH D@
IO L TSR Z1T). 2 2 CEDGES(T) & T #H5A
TLHOEETRTHETH S,
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Algorithm 1 PAIRS_ POLYHEDRA(O;, O3)

pairs «—
for all 7; e TRIANGLES(O1) do
for all 7o € TRIANGLES(O2) do
pairs < pairs U PAIRS_TRIANGLES(77, 72)
end for
end for
return pairs

Algorithm 2 PAIRS_ TRIANGLES(7;, 72)

pairs «— ()
for all £2 €EDGES(72) do

pairs < pairs U PAIRS_EDGE_TRIANGLE(E2, 77)
end for
for all £, €EDGES(77) do

pairs < pairs U PAIRS_EDGE_TRIANGLE(Eq, 732)
end for
return pairs

Algorithm 3 PAIRS_EDGE_TRIANGLE(E, 7)

pairs «— ()
forall f € {F,&1,&2,E3,V1,V2,V3} do
S «—VORONOI_CLIP(E, VR(f))
if S then
pairs < pairs U PAIRS_SEGMENT_FEATURE(S, f)
end if
end for
return pairs

Algorithm 4 PAIRS_ SEGMENT_FEATURE(S, f)

pairs «—
for all V € VERTICES(S) do
pairs «— pairs U {CLOSEST_PAIR(V, f)}
end for
if f € {V1,V2,Vs3} then
pairs < pairs U {CLOSEST_PAIR(S, f)}
elseif f € {€1,E2,E3} then
if not PARALLEL(S, f) then
pairs <— pairs U {CLOSEST_PAIR(S, f)}
end if
end if
return pairs

VORONOLCLIP(E, VR(f)) & € ® VR(f) \=& W5 H5
7)Yy LTI EHTH L.

Algorthm 4 (FEEIZWET 2 HOMAEGDLE & LK
$%. VERTICES(S) i S O A DEA % 5B,
PARALLEL(S:, S2) =D DAt FiTh 27 E S 1%
WA+ 2%, CLOSEST_PAIR(A, B) E— o0 &MEE A
& B OMORERDOMERTHEETSH 5.

pairs *EtH L7ch &, TNENOMAE DD S H O HHE
Wd; £ SN Do EIL, velocity damper 12 & BHEDS
HWHSNS.

4. & HA B

4.1 E-YHREORESYEE

3.1 HIDOBNIRFE L -T2 @A L, e 2B & 2 EH)n)°
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Fig.8 Snapshots of interaction between a rectangle and the
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Fig.9 Improved results of an example #1
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Fig.10 Snapshots of an interaction between a concave shape
and a torus
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Fig.12 Snapshots of “pick up an object under the table” mo-
tion
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Fig.13 Results of a picking up motion example
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