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Recursive Computation of Motion Recognition and Generation
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Abstract: As robots expand into the society, it is necessary for the robots to adapt behaviors in response to
various environment around themselves. Especially, the framework of symbolization of behavioral patterns
has been developed so that the robots can recognize human behaviors and generate their own motions, and
this loop computation of recognition and generation is expected to work in human-robot interaction. More-
over the recursive process of this computation is important for the robots to improve the interaction with
human. So, we proposes a novel approach to intelligent processing based on the recursive computation of the
motion recognition and generation. We applied this framework to humanoids which pass through the crowd.
We developed the computational method which makes it possible for robots to plan the path without the
collision with others. Moreover, the simulation revealed that the recursive level of 2 is sufficient for this kind
of interaction through the constructive approach.

Keywords: Hidden Markov Model, motion symbolization, motion recognition/generation, recursive compu-
tation
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Fig. 1 Image of the HMM for two person’s walking interaction:
The HMM outputs the velocity and joint angles of one
person. To relate the one’s motion with another per-
son’s position and direction, the relative position and
direction of another person are added to the HMM out-

puts.
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Fig. 2 Snapshots of motion capture data: As training data, two person’s walking pat-

terns are acquired by motion capture system.
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Fig. 3 Simulation results for generation of walking in two cases.
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Fig. 4 Character A predicts the paths of other characters.

These figures show the

comparison between predicted path and actual path in Case! and Case2.
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BIRE N L BATHE) XY — 2 ITHHT 2 HMM OF 5 EmRd. “s” ([FHEZRT
Table 1 The result of walk generation for each level: The number in each cell is the
HMM number that generates one’s walk. The number in parentheses is the
HMM number that is searched as prediction of another person’s motion. “s”

is straight motion toward one’s goal.

Level 0 Level 0 Level 1 Level 2 Level 3 Level 4
A:s A:(15)66 A:(66)s A:(15)66 A:(66)s
Level 0
B:s B:s B:s B:s B:s
A:(15)66 A:(66)s A:(15)66 A:(66)s
Level 1
B:(91)67 B:(91)67 B:(91)67 B:(91)67
A:(66)s A:(15)66 A:(66)s
Level 2
B:(66)s B:(66)s B:(66)s
A:(15)66 A:(66)s
Level 3
B:(91)67 B:(91)67
A:(66)s
Level 4
B:(66)s
(0-0) (1-0)
3 . . : 3 .
O A O A
OB O B
2 2
1 1
Eo Eo
) Ea)
1 1
2 2
g 2 1 0 1 2 3 ] 2 N 0 1 2 3
x[m] X[m]
(1-1) 2-1n
3 : 3 .
5 E
2 2
1 1
Eo Eo
> >
-1} -1
2 2
3 2 1 0 1 2 3 ) 2 ] 0 1 2 3
x[m] x[m]

B 5 #1OFBTHEZRT. FELEKTE, A, BOBBLALEELIZ0THY, BEiEL
THZ2d 5. ALERTIE, A, BOHRLANME1 E0THD. AldBOEMEZFIIL
THZEZ S 5. ETHTIE, A, BOBFGELMZESIZ1 THE, FHIAIELL
TEY, HETHILehb. ATHTIE, A, BOFRLAME2E 1 Thb. AL,
B 23T 5 2 &2 TRILC, HEETE ZEIRT 5

Fig. 5 Paths of Table 1: At the upper left, A’s level is 0 and B’s level is 0. They collided

because both pathes are straight. At the upper right, A’s level is 1 and B’s level
is 0. A avoids B’s straight path. At the lower left, A’s level is 1 and B’s level is
1. They collided because they didn’t predict correctly. At the lower right, A’s
level is 2 and B’s level is 1. A predicted that B avoided him, and chosen the
straight path.

1 TlX, BEIRANDEIRED N HD N THRITRE 2 B FillE L7729 A CTHRITRERT S & /R Lfﬁ&%%wﬁw
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T 5. FIHLANV 2 T, MEIFIGEL AL 11T X BRI BATHER EV) 2812 h D,
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Fig. 6 Result of walk generation with level estimation: Character B generates walking

path after character A’s generation. At first, character A estimates that char-

acter B’s recursive level is 0 and generates avoidance path. Then, character B

estimates that character A’s recursive level is 1 and generates straight path.
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Fig. 7 Snapshots of a result of 6 person’s walk generation in Casel.
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Vi_or, -, Vs_p_1 ZalblHT 5.

(2) BIFEOBATIEB) O LG R HW T, BE2HE LN
VOTHDHE LG t—T 504t —1 F TORK
EREAT S, RSN E Py, P ET 5.

(3) EBEOME DBATHESE v, v ZPFT 5.
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8 Case2 IZBIT A 6 NDOEATHIMHE R

Fig. 8 Snapshots of a result of 6 person’s walk generation in Case2.

(4) Tl & N7 O BATRERE & FE IR O BRATRERE & HBL
L, 5L TTHIL, HFXLANVO L LT
FRAEI L7z WAL, B> T b ERL AN
Va0 ERET.

k=t—1

Soolri—ri<s (1)
k=t—T
(5) 29 THUIIE, MMEIH->TOBERLALE 1 &
7.
(6) 5 L7 L~V & W THEO ST FRIL,
BOFEE AT, R R 5.
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3.3 MEOHBFBLANILOHEEEZEL 5T —
ar

RELZVANVIEBOAME LA HEET 5720, AiE T
[ L2 L 72 Case2 (xfii) 2 HWi G & b ITHBATEBRET
WERFE-ES) LFEBRORITICBIT BT ERZ 1T 72
FHKREZR 6 1IRT. ZBEAHIEF YT 75 A ORK
BIUXY I 277 BICLD ADTHREIEETHLD
T, BRI TLH01CF v T2 % B OTFHFEED SIZ/N
ST,

WOICF YT 275 A v T 7% BOEKEE»S, W
JEL ANV 0 THDHEHEEL, FISHET 2B 2 AER L7,
RKIZXFv T 78 BOEFIRLNVHERZITIE, v T2 %
ARV 0 OEHZ L TWRWOT, JFLNL1
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EHITE NS, FOD, Fx T 75 BlEXFvy I8 A
DEF T FIRL V1 ETFHEIL, ZOREHEI B S
3, ERGER)Z IR 7.

¥, BABOETFYI 2L —Ya v OEERT- 7.
YIalb =y arEbE LTUTO 242 %E L.
Casel 6 N (A, B, C, D, E, F) 12k L, H\WVIIK#E

T25E)ICHESEED. ¥¥ T2 5 A, B,
C, D, E, FOFJRL~NVE [HEE], [HEl, TL
ANV [EE], Trov 1 gl [Vaov 1 FEE],
[V OREE] ERELR. 52 LOLUH
HE o TVBMBEIZH LT, LAVIEEE HWTH
RLANVERETDLE YT 7 788D L) R
EINTHNERRD.

Case2 6 N (A, B, C, D, E, F) 12k L, H\WIZK#E
THEYICHERS R ED:., &% v T 7 713H
JRLANUVEHE L O HCORIRL NV &%
T5.

Casel DFERZR 7 \Z/RT. MHIZB A F OEEET)
FWL, FRT A R A AR L7, AL C OmEEE
BarFHlL79 2 CFgeZ L Sl L, mEifeEs)z R L
720 TRV L 2D DDA DITH 2 EHETH S &
RBL, ENBLEETERLZ. AIZZNISXTLT, D
AEY AL FTHEIL 5 &) ER 2 AR L7z, Rk
WLV 282 EA B w2882 4K T5 &, B
FEPLV1LTHD eHEL, HSTEEERZ TE
BEERI L WEHR L7z, e LX)z, HiFoR>
vwwmmtfﬁ@&ﬁ%%m#ﬁbh,®k¢%_&&

20T A Z EpEB SN

KIZVIalb—2ary20RE4E 8 12T, DI
B2SF OEMEEE) 2 T L, TREEEZ AR L2, Zhic
FLTFIEBELANVL THDEHEEL, HEESZ
7z, RIZ, COPADEREZRTLXL0TH L EHEE
L, Filll L7z % 4 5 72012 E T~ L s 4
TR L7z, &%EIC, EAB 2T 282 A% L 72
720, BEAEZLN)V1ThbE L UEMERE)Z k)5
CEHNHMTH 57205, EDOLANVIHEEIZHRBL LNV 0
ThiHERRLTLES7. ZODFEBICIZHDOHICE
BN WIZH b 6T, ENHGORZEL /%L,
VHIEEAEER AR LTLE -2
Dl EHie, SNFTOREETNVEHNS Z & T,
HODPLOFIFEL NP RTE > TWAMBEITHLTYH, #
DOERIFL NNV 2 L THRET 2 ITF LTy, il
B OHER & R L TE OREEE % Tl L 2 455 #5722 % [n]
TLEEOERDFETH S EATRENT.

4. R

AFFEIC BT ABEEIIDTOEBY TH A,
(1) AT 2 A Co#E, FEEAE, B X OMhE oM
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BEORRG7T—% & LTt L, HMM 12 & o THITES)
N — U BT AR AR L. HOB X UBE
DEFN D S RATHEE) Sy — v R E S L LTREBT AEHE
B LU0 O BATHE 2 AR T SRR AR L7z,
(2) BH O L EROFEE BRIICHAEDEL I L

Lo T, MEOHR T EGA LS HCOTE % PuE
?éﬁﬁi%kﬁtt._wﬁ LhEBfTA YT s
W L7z, BERENEA 8T a DRy — 0
5, HO LB OFEITL NV OMAEELEROERTH S
ZkEVIalL—vavIilEoTHRLE. A VYT
Ta vy ZTEICHRL ANV OMAE R T 5 2 & o
R L7z,

(3) H T &M O TR L L DML & 0 B BRE 1 B
ENBZEEFHLT, MBOMRL NV EHEET HFHE
E%%%Lt.é%u,%%wﬁﬁVNw%%%L&ﬁ%
HYICHCOFR L AN E2FET 2582 L 7.
Yy 57y aropll LTHOEREZ T I J‘é#\(ﬁlT
TIRELEEEEZAT LU Ry N HMbE & Ol % 8
GO LBATEB 2 EHT LI EDWRETH S I & 2R
L7

HE ORWIZEIE, TR 23 M ATBOE AR R
BRI 1 B EDFFE e (S &A0)) (AT oRL 51k
ML LHRY - S ELTCala sy~ ary
HuXy bOMEERET] ((RE . mB%) oXEEZITT
f1o7-.
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