HABRR Y FERFE Vol.31 No.4, pp.1~6, 2013 1

YZEalL—L a3 e
BESEERIDE LI-HREEIR

Manipulation Research
Trends of Research Related to Grasp Planning

Kensuke Harada*

A =

O I TN N 2 Ty e

*National Institute of Advanced Industrial Science and Technology

1. [ C & Iz

Ry N RTHBEMERFEL, ZOXNGWE D 2
id, vARy b TEOEBRERRIIERRED — > TH Y, fik
MBI T CVW D, Z 2 C, X 11213 IEEE Interna-
tional Conference on Robotics and Automation (ICRA)
D7 v 7 Z 2 (Table of Contents) IZ& FbiEM & LT
manipulaton & grasp DB OWEREZ R L TS, RiED
HEGRBEOEMEBE LT, ZIHFE~v= 2 —
Ta BT AN TWA I ERGND. T, 2
NHDOXF—U— REBIIEERV=al—a D
WERHD LR, ~=Fal—3 g DD OEERE
7o ERNES O RN oD Z L BT H L, TFE~v=t' =
L—a VOBMENERICIER TH D L EA 5. KIT, £1
WZIE 2012 FD ICRAICRBIT 5 FER~v=al—va X
R R OMEEEZ R LTS, Enbohd ko, <
=t o b— g N, R, SEEE e SR SR
DIEFEIZENZ Ny nD. Fl, v=Fal— a5
ECAR K RZY) OIFFIZRBN TS, HEFRTEIZE ST
5H0RHHLEEZD L, MEOY=Eal—Ta
DOWFZENERTHHEAO—2 & LT, Z O 25
MENTETZEE2EXDHIENTES. AT, T4
D~ =V ab—a UIFEOR 1T 5 23, FRCH R
DOWFFE L IEHBE 2 AW~ =E 2 L —3 g3 V& U fiE
YA MR LI OfLE - BEREx b L
=, MM EREICHETE ANV FOary 7 4 7 L—
varEROLFHEMETHD. HEFEHEIv=E 2L —
2 Oz RENMEF B EICRE S 720, 7 — 22 8ET
LBERARY Nt a—~v /A4 FrAy MZbHWSZ &
DTE L7280, OIS TRV,

AT, EFEOFERICHOV TR, ITEONS
DRFFEBNANS DUV TR EAT 5 . AFRENA DM Z AT 5 BE,
EH OO V— T TITON TV DI REORR b Y 22

JERESZAT 2103481 H 31 H

% — U — R : Manipulation, Grasp Planner, Robot Hand
*305-8568 > < IFAMER] 1-1-1

*Tsukuba-shi, Ibaraki

AARRRy NERFE3LE 45

100

90
80
70
60
50
40
30
20
10

0

1995 2000 2005 2010 2015

1 ICRA ®7'wr 7 7 . (Table of Contents) {25 £ 555
/] & LT manipulation, grasp O#EOHER

#£1 ICRA2012ICBIFA~v=Eal— a0y RO
TR DAL

Manipulation Planning 12

Grasp Planning 11

Underactuated Grasping

Unknown Object Grasping

Deformable Object Grasping

7
5
Force Control 5
4
4

Caging

BN IR ZAT D .
2. & =

WL S IEFITHE L 2R ST CIE dH 5 23, 2000 FLARTICAT
O RFC~Y = Ea L—y a VBT 2RO S
Bk [1]~[4] 22 EDFELW. WFROIERICE N TS, L4
Y RICE DR ORI BT 23EB) 7, )5, P,
PR EM 2 S YR O TSR S hTnd. 22
T, fRFEFENIZBY L C Shimoga [4] 1 1996 4512 FZRER ¢
FratBi 23174 %5 2 LIt RENICNEETH 5 2 & 2161
LT,

— 77, 2000 R (CEERTE [5] (6], B Ay FOT
=g (7, ka—<v /A K8 o&mRy FNLFED
xR 3BT A J R_R=a U I->TWER, Ry b
Ny ROBEIZE VTS DLR Hand [9] 23% % S CiEH

2013 4 5 A



2 BOHE OB

ZEEH TN, 2D X 5777, [A L DLR @ Borst & [10]
A7 VAZMIERT D Z L TRAEa X b/ &7
RFZEMEDOFAFIELREL, THICESWTEEN

ROWFFFE 21T o 72, £z, Z OFAFEHIZ Miller & [11]
1% Quick Hull [12] % AW CHUEF L E M & 51§ 5 R
HPEERRE L. $72, Miller & [13] 145 & O FFFE
F:% Grasplt! EFHEND V7 MU = T2 L D —fRITAR
L7z, GraspIt!ZAB L7 Z L DOWEa I 2 =T 4 ~DA
R MAFEFRICKE Do 7. Grasplt! /8B4 5 LLRTIT
ZHHEZETDIZENAV EBREZLNRTH, Mot
FREBIIRITHRRMICIR D 2 TR B Ao T2, ZHT
% LT, GraspIt! 2 AWA Z & T, £V H2THEMELT
IZHIFFC & B AMREME D & AR RS % ABIMICED Z &2
TEDH720, PR~ =2 L—y 3 VOFRIE—E 7
EWICTR ORI Gk U TP BN R T 5D &
LCTHREED D ZENTEDL LR oT. T, <
ZEab— a3 VIFEIZBW T, Grasplt! Z HVW =gk
ZinoToZ EITHIBRTH T, ks, IEREHE O Y 7 K
7 =7 & LTI, %12 OpenRAVE [14] BB L, FEH L L
graspPlugin [15] R OBLA L D BHFE LA L T\ 5.

WIZ, =B al—a VIFROBHERIRNR > TELD
LEZ, v =Ealb—va ViR T A — B A LKA
DOME7T vy =7 PGS ND L DI o7, FrZ, EU
BB\ T, EFMER 27y =7 & LT, PACO-
PLUS(2006-2010) %> GRASP(2008-2012) 72 & 73k &
n, ZOHh T =t ab—3 g UIFENERICIT D,
T, 20k e vy MLy, EUBOL L OF%E
FBILEERE R SN ROT — L&A D 2 LN TE ) n—
Ry = THICENIZNL o Cv = a L—Y 3 VIR AT -
TWa. —J, BARIZEBWTEZREIZ NEDO %kttt =
Ry MR LHEANBRE 7 2 Y = 7 b (2007-2011) 236k &
Nz, Zo7aves NaRiEeRy NHOI KV o =7 T
&% OpenRTM Z# I\ Cua Ry hOHFEE Y = — /L & Bl
THZLELZIRELCWER, ZORNTv=tal—3
VEBROEY 2 — L OEE bIThLL. &ZIC, KERIR
WY &R~ b—r g VIR TEENRTHROR
FaM Y Hn <<, DARPA ARM (Autonomous Robotic
Manipulation) Program 737 A U # A&RENZB U THLGK S
i, BUEDRE L TV 5.

BB, rAR Y MIREICL > TUIFEL BRI ETEH D
B, v =Ba b— 3 USSR /2B E & L C, Kinect &
VNI E DR U REITIZ o722 X0, OpenCV [16]
X Point Cloud Library [17] 72 & DY 7 N7 = 7 73 S
N7 Z LI Ko THREERUENE S o 7o 2 EBRZET
LD, RV EZGEETICa Ry MG % U Er
THZEIFEFICHETH Y, Ry BRI SYEHEET
5711, Z < ORWITB D THENOWUT & i

JRSJ Vol. 31 No. 4

BIZRD., ZRODY—=ARBETHET, v=alb—
¥a  OIFRE IR IERLFE OIS A THRE Y
HaEty Ty 7L TH bbb TR bRhroalz. i
WX LT, TNHDY =R L2l L2k, v=t=
L— g O EE P HRIE S IR o 20 272
TZENHELLHIICRY, v =2 b— 3 VAFSRICK
T HERPEL 22 o7z,

3. B X M|

HERFRHI TEOFZEC, R 2 EIC Ly =P a L —
va URFRIEER A T AICER A R TS RETIE, £
DHIBNL DD FE Y ZIZOVWTIFEDY =2l — g
OB W A RS D

3.1 EEFStEFEOHEK

FERFFHE 2 B 2 2RSS S ¥ B 72012, FIEEEE
WB LIRS 282N T 5. MEMOET IV EK
TE L72WERFFHE OAFZE & R R O BRI W D IR 7Y
1T 4 TITEAT AR Bl o TR 5.

% < OIFHBEFETIE, 520N/ EYORIRTT
IREEBRR IR E OB T A —F N E 2 BT DS
O R A EAT L, R LEAEN LTS, 22T
aRy MR ADBEEEEYR— N 57-DIC B HATER
T 284, vy MIEKARFEO 5 % R L
R TR B, Ei2, vy MR THTR—Y ORHGE
HEETOBELEMTHDH. 22T, THHERAREHED
G DEINE UK L TIIRET oW T XA — 2 % [
BL, ZNoB 5251005 EBE L CHERFHE 2 1T
THOIFHERTIIRN. T T, HEYOARET L7
WA THLRERMFEHF 572012, < O Thi
TWB (B2 IS0k [18]~[23]). M bDOTFIENEL T,
FETRAOGGEMHR L THRE & o TRATIZR TR E R
ERGD. RIT, MO RFTH R IERAE#A RIS, Z Oxig
W EBEIHERFT 5N ROEEERDH TV 5B, Goldfeder
5 (18] 1%, EPTEFANGFEET B4 OxGxt LT
FRAH 2 £1T L, BRPEBR O T — A RX—2 B fHFE L T 5.
WA, H LW LT, R ickniEsh
TR O RPN R TERIER & T — 4 R— A DT — X & Hi
HEDPEDZ LI VIR EB A EN T L FIEAREE L.
—J7, Popovic & [20] X° Bohg & [23] X, #EIZHSWT
ETNNIROKI R % ZEHFFT 5 FIEEEEL T 5.
7o, EES 19 IO TREMICRE SIS K912, KE
DIRFEARIT ST > T 2 B ER TR A I I 72 > T
W BRI T AR B O TR Z 1T o T 5.

WA, R 21T 5 56, IR ORMTT L E IR
VT4 7HEHWTOW oz gl Uiz ¢, BRFES %
Kb BEA R (B2 15k [11] [24]~[32)). =i, B
KTV IT 4 T7EANDZ LKLY, " FOT T r—F

May, 2013



~v =t l—ya UHF5E 3

Fi7g EIEFFF AN MBI RNT A —H BRETH LN T
XBH1DTHY, £io, HEHDOIIRIZ K> THHIEE O
TIVIT 4 THEEVYTHLERS LD THD. Hilxid,
BEOBIRTY 3T 4 T E2HNBHIELTERY bR
W~ T Hy TR T 58455252 RTE5. w7
A TR AR T 256 L o FAHRET 2560
BEXND. 22T, I LTHIOBIRT ) 2T 47
ZEND YT, 2SR LTSI RS 2k b Z &
WEZ HIVD. IR Lz Miller 5 [11] O#FFEIZE VT
b, G2 bNIZRIEORIRET MK LT, MEECE R
REDIRT Y I T 4 7R FANWD Z L THEF #2217 -> T
5. Goldfeder & [24] 127 ~ D¥N < B HOHRATHED BT
B X5 G R 2ot e izl v, RV
IT 4T LCHEHOBIRiim A AEMICE D B THF
BEHERRE LTz, £72, Huebner & [25] 1K RM 2R DK
BT NEREETIC, BITRERE T I3 L TEED
BEHEREY T D Z L THRZ EIL Lz, 5D [26] [27]
Iy REEOMWGICEFREREL, ZNHDRE
IEWET D LICRY, EREIEAER L. ZOFEE
AnazZ licky, flziERE it ch-oTH 3R
JeHERE & 4 FRIRCINRE R BEINICEI D R THWA Z
ERTE D, Fio, iFEF Przybylski & [31] I 0N
RETWICKRE ZIORRLREBEGFED LT o —F %242
FELZ Hoo77a—FEHNSZ Eicky, FlziEnN
FFO X DI L TWDRRITK L TH Ny R3iEY)
ICHRFES A RO H 2 E R HKD . K&, TFEKE S [30]
IR G OB ORI 3 L CRHIOMREREIV ¥ THr &
EFRELE. G2, ElEL ThUE, HEEN, o T, &
T ETHIOMREZ TV ¥ THZ LIt b,

Fio, BETOIXRNRYOBRDNREEZEBEL, ~v KBAE
WERBE L T L7 & 9 R AR E 5 2 IR RE
INTWVWD[33]. IBIZ, Miir Ry MAREFEHE S TK
XK HHEFT D56 O E FESRE ST
% [34].

3.2 BENUE

WIT, L FEITTHAL FE L THEAREEDLD R
BRDHIENTED, 22T, BEFRTEICHANWD AR
\ZDWT, FRHZEBREI N RIS - TR 5.

IMAEO~=Ea b=y a VRO T, Z48 2 RO
OHBEEZFIHAL THEYE N RORTHEREA >« N
Fev=tal—ya B LT, FFRERR DRV E 0
IS EFF STV D., ZOBEBE LT, &< OEEFET
BT Lo & TRHEME NS RORTHRD 2 L %48
ELTWRWIE L, ey FOPTHRS Tl
RORWVEAFEFANE VDX THEICRNEWNS ZERE
2B, W, M EANY ROFTHRLAAVDOTHN
WX, 77 F2ax—2 0NN RO LY bb720e

AARRRy NERFE3LE 45

Ry by B O(BERBI A R [35][36]) 12 &0 %44 fie
RIHFFCENT 0 THD. LoLaens, HEEE
R & AW HEERCER Y O A B = X BZOW T, 1ERFSE
A5y EIXF 2R T2. FIUSKE L, IELERE N R
B9 5% < OBFENTHI TV S (B ZIE3CHk [37])~[41]).
T ITC, HBEE N REER IOV GIE ST TN R
AU D a~y REFITTHE00C, BBICREs &5t
L7 < CTHREx OxtRM A o N2 MR 5 2 LT
L THY [37][38], LEEI N ROFFOEVRT iy L
EZRLTWD., ZOXIRET Uy VEFMNIS & T
72012, 526D 7 T 22k L TR E R £
B D0 RORGHIBET 2078 [39] [40] X7 +—~
ADIRHT [41] BT TW5. £z, LEE#E N FD—>
DIFRE L L, I 8N a T I7A4 T A B
ANy RASTAEBISE ST\ D (B Z2E 5k [42] [43]). =8
R a T IAT VARRET D Z & THEMDIGIRICTA
SEMAEME L CH /A AR A T & LR 4 B,
NV RORGEIZBWT S, BREIRIHI O B o & v
DN TR, B0y T4 T U AL RS
FELTWDbDONRH S (B AIE3CHK [41]). Prattichizzo
5 [44]) IZFWBEE 2 AT D RICE D ARSI DN D
FENTZAT > TN 5B,

3.3 EBEFHEERELZ7—LOEEE

HEEFEIE A WD Z LT, 2SR~ =2 L —F 0D
MELZHEBLTHZENARETHD. ZOXLHSREMT, 8
Rtz fkx ev=tal—ya VOBICEMA LY, fil
D& I ERHEIE & MAE D 207803 % <fThiu T
W5,

v o Vo L= 4 FEESEBICE e R v OB ERLE
ZERLBREE L OTWE BT 5 X O ICEHET 20BN H D, =
ZC, R CIIEBOER LB OB RO N D T2,
By FBWIHILEE D DR LS E CEI K EEA FHRT 2
RIS O BIEa 7 ¢ 7 L—3 3 TR L CE R
M % fift < F & 5. Vahrenkamp 5 [45] X° Horowitz
5 [46) (X2 D XD REEFHEE L < FIEEZREL T
W5,

F/2, Ry MCEDAE Y I T R L—R 2B\, &
MEZR TR & U TR % HE 2 TR & LT BREE D LT )
RITUTTe BV 8 MR & BRIRICE < B8 % RD
D2 L NEEECIR D, EED AT IFREORE SN E
ICRI M) % B < BEOFE Z1T\, Z O O LKEGH
&R ESCEE G A A G Ty VT R L—
ADEERIEZAT 5 FHEZRE L TV 5 [48].

I B, BN AR LIRETT —7 L0 &R
L, #Hb L CHloT—7 10 FIcEL Lo REifEE A&
T D 7 DIIE, AR DE S - SRR A ECEER R L, 2
o afAEDER < TEAR 50, Berenson b [49] 11

2013 4 5 A



4 BOHE OB

£2 FH3OMEAARTRY MERFHGFEHIICB TS ~v= =2
L—3 g oy REROGER O

NV ORKERE - BUE
Akt

[ N4

v =t a2 l—3 g VR
W r
iy
FEZEIS

HIRIN | NN &~ C

D& I EEERE 2 AT L7z

ZDIEN, Saut © [50] (TERFFHE & JFCORBECORES
BROHBEBZ2) FELRE L. £72, Z<OHHM
WCHENTRREICBWTE, BEET 2080 E o7z
R LEAE TN L7 B CRIDSGFTICBE) S8 TR 544
R 5. Dogar b [51] 1%, 2D X 5 REMEDFHE Z1T-
TW5. F7z, Cosgun b [52] 1T LEIEDFHE 21T > T
W5,

3.4 ERNIZBITAY=_EalL—3 WE

WIZENDO~ = 2 L— 3 VAFFRICH 2 CThb. £
2121F, 2012 SED AR R o PR ERHEA BT 5~
=Eab—vg oy FEROEHOHFEE R L TWD.
COEDHEERTIINV FOE Yy a N ood, v=F=a
L—yardkyvarR—obotz. RpbHNHLED
12, BAREN T O 25 2 CRIET 2858070 il 18
BT DR N E R 0nDd. Fi-, £1 LT D
Z&T, HRERNEESMCBWT, v = a b —v a3 VIS
BT DHEDEE R RES BARD T EBNN5.

FO XD I, MOWRF DB F 0 BEWFFR AT TV
RONEERA ) —T U ORFER SN Ly AAD~ =
ol —ya VIFEORHECTHH LE XD, ETHRIT LI
ZELISL T, B ZIEWEAR S (B3] IT@mE e Y a3 v & miEICE)
ECE B4V REMAEDEDLZ LT, lixD~v=t=a
L—oa UERFERLTWD. E£72, Arimoto b [54] 1LF-EK
HOE L F Uo7 L5 HEFOREAIZRELTND. 35
12, KK THET WK R % RO ETEIcy =2 L—
Ta T LR [B5] X, NDBURBIEIZESW TV ke
RNy S OBERIEAIZ AR T DS [56] 23T TN 5.

4.  H Y I

ARETIE, ~ == bL—3 g URFERIERIC 2R - T2 i
TR ARD E LB, HFEOPID~Y == L—3 a3 VISR
DN DUV TIR AT, RS, EEFFHE A 0 LT, s
FHE O FEOILRICET 20980, HEFFTEAFIH Lic~
=2l —ya YORICOWTHFER Lz, D LEE DT
RMBEN-oT=Z Lz, TTRFEWTZV.

Z 2T, Grebenstein & [57] (ZALFE LS A XTALHE
U RSS2 R G 7 — 7 VERENC L 0 2B b v 2 il

JRSJ Vol. 31 No. 4

AREZR NV REBBR LTS, 2L, 20X D amikie
RN RRERENTETCWDIDEEFEICL, 20X )%
PEREZR NV ROMERE R T8 E T 2R L~ =
Vol —va VORI, RlE~=tal—13 2 [53] D
EZELISL, FHIR DR VORBIRTH D, 2D X 5 emtk
BNV REMWI WD X512k, HHd5Ro%)
LT L TIRERGMITY TH T, b iR Lo
HENC XV BEBE/FPEOND L OICRD E, ZNETO
R E PRI D < R & H0 & LT BSED HIFSED
Mt AN R & < B D alREMEN S 5. £ 7=, PrimeSense £
D H/NUOEEREE BRI NIZ[B8]. DX H etk
FARER Y by ROERHRICEE S, OfiHICH]
HATE2L91Chdl, SMAEOHMANKELSEDS
AREPER B B

Fio, AR TITAERD DATOILTE TV D, {HFFOBED /)
1, JERFREN:, 'R SO My 7120 TIEE AL
TV, TS OIFROFE R BRI > T\WD &
Z BB, B ZIEICHR [59] 72 &, TERIFFED HEEIZHED
HIEEBNEENTND Z LB LIV, KEZIZ, TFED~
SEa L—a VRO E L TZIEANT SR [60] [61]
RENHB.

Al H, v=Ea b—va UIFEN D B 0NEEE 2200,

I oA ERFEEZECCHEY, FELLY =
L—3 g VIFRIZ O W TR A STV 2720 T a Jul
KEFOHFEARSCEEH TR S IEITEEE > A 7 AWFSEES
A 27 ©2g R TN—T DA L NR— S L E .

Z & X M

[1] A. Bicchi and V. Kumar, “Robotic Grasping and Contact: A
Review”, Proc. of IEEE Int. Conf. on Robotics and Automa-
tion, pp. 348-353, 2000.

[2] A. Bicchi, “Hands for Dexterous Manipulation and Robust
Grasping: a Difficult Road Toward Simplicity”, IEEE Trans.
on Robotics and Automation, vol.16, no.6, pp.652-662, 2000.

[3] A.M. Okamura, N. Smaby, and M.R. Cutkosky, “An Overview
of Dexterous Manipulation”, Proc. of IEEE Int. Conf. on
Robotics and Automation, pp. 255-262, 2000.

[4] K.B. Shimoga, “Robot Grasp Synthesis: A Survey”, Int. J. of
Robotics Research, vol.5, no.3, pp.230-266, 1996.

[5] L.E. Kavraki, P.Svestka, J.-C. Latombe, M.H. Over-
mars, “Probabilistic Roadmaps for Path Planning in High-
Dimensional Configuration Spaces”, IEEE Trans. on Robotics
and Automation, vol. 12, no. 4, pp.566-580, 1996.

[6] J.J.Kuffner and S.M.Lavalle, “RRT-Connect: An Efficient Ap-
proach to Single-Query Path Planning”, Proc. IEEE Int. Conf.
on Robotics and Automation, pp.1-7, 2000.

[ 7] M.Montemerlo, S.Thrun, D.Koller and B.Wegbreit, “Fast-
SLAM: A Factored Solution to the Simultaneous Localization
and Mapping Problem”, Proc. of American Association for
Artificial Intelligence, pp. 593-598, 2002.

[ 8] K.Hirai, M.Hirose, Y.Haikawa, and T.Takenaka “The Develop-
ment of Honda Humanoid Robot”, Proc. IEEE Int. Conf. on
Robotics and Automation, pp.1321-1326, 1998.

[9] J. Butterfass, G. Hirzinger, S. Knoch, and H. Liu, “DLR’s Mul-

May, 2013



(10]

(11]

(12]
(13]

(14]
(15]

(16]
(17]
(18]

(19]

(20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

[29]

30]

AARRRy MERGE3LE 45

~v =t l—ya UHF5E 5

tisensory Articulated Hand. part I: Hard- and software architec-
ture”, Proc. of IEEE Int. Conf. on Robotics and Automation,
pp. 2081-2086, 1998.

C. Borst, M. Fischer, G. Hirzinger, “A fast and robust grasp
planner for arbitrary 3D objects”, Proc. of IEEE Int. Conf.
on Robotics and Automation, pp.1890-1896, 1999.

A.T. Miller, S. Knoop, H.I. Christensen, and P.K. Allen, “Auto-
matic Grasp Planning using Shape Primitives”, Proc. of IEEE
Int. Conf. on Robotics and Automation, pp. 14-19, 2003.
http://www.qhull.org/

A.T. Miller and P.K. Allen, “Graspit! A versatile simulator for
robotic grasping”, IEEE Robotics and Automation Magazine,
vol.11, no.4, pp. 110-122, 2004.

R.Diankov and J.J Kuffner, “OpenRAVE: A Planning Archi-
tecture for Autonomous Robotics”, CMU-RI-TR-08-34, 2008.
it, JFH, “graspPlugin for Choreonoid”, HA B AR v hZERFE,
vol.31, no.3, pp. 232-235, 2013.

OpenCV, http://opencv.org/

Point Cloud Library, http://pointclouds.org/

C. Goldfeder, M. Ciocarlie, J. Peretzman, H. Dang, and P.K.
Allen, “Data-Driven Grasping with Partial Sensor Data”, Proc.
of IEEE/RSJ Int. Conf. on Intelligent Robots and Systems,
pp. 1278-1283, 2009.

K. Harada et al., “Probabilistic Approach for Object Bin Pick-
ing Approximated by Cylinders”, Proc. of IEEE Int. Conf. on
Robotics and Automation, 2013.

M. Popovic, D. Kraft, L. Bodenhagen, E. Baseski, N. Pugeault,
D. Kragic, T. Asfour and N. Kruger, “A Strategy for Grasping
Unknown Objects based on Co-Planarity and Colour Informa-
tion”, Robotics and Autonomous Systems, vol. 58, no. 5, pp.
551-565, 2010.

E. Klingbeil, D. Rao, B. Carpenter, V. Ganapathi, A.Y. Ng,
and O. Khatib, “Grasping with Application to an Autonomous
Checkout Robot”, Proc. of IEEE Int. Conf. on Robotics and
Automation, pp.2837-2844, 2011.

A. Saxena, J. Driemeyer, J. Kearns, C. Osondu, A. Y. Ng,
“Learning to Grasp Novel Objects Using Vision”, Experimental
Robotics: The 10th International Symposium, Springer, 2008.
J. Bohg and D. Kragic, “Learning Grasping Points with Shape
Context”, Robotics and Autonomous Systems, vol. 58, no. 4,
pp.362-377, 2010.

C. Goldfeder, P.K. Allen, C.Lackner, R. Pelossof, “Grasp Plan-
ning via Decomposition Trees”, Proc. of IEEE Int. Conf. on
Robotics and Automation, pp.4680-4684, 2007.

K. Huebner, S. Ruthotto and D. Kragic, “Minimum Volume
Bounding Box Decomposition for Shape Approximation in
Robot Grasping”, Proc. of IEEE Int. Conf. on Robotics and
Automation, pp.1765-1770, 2008.

K. Harada, K. Kaneko, and F. Kanehiro, “Fast Grasp Plan-
ning for Hand/Arm Systems Based on Convex Model”, Proc.
of IEEE Int. Conf. on Robotics and Automation, pp. 1162-
1168, 2008.

T. Tsuji, K. Harada, K. Kaneko, F. Kanehiro, and K.
Maruyama, “Grasp Planning for a Multifingered Hand with
a Humanoid Robot”, J. of Robotics and Mechatronics, Vol.22
No.2, pp. 230-238, 2010.

b, R, (WEFL, K, A, BRI, HERR I 72 8 Ok G — kil
IO 7T 7 KB, AARR Y MEREGHES TRE, (3EL-7),
2011.

K. Nagata, T. Miyasaka, D.N. Nenchev, N. Yamanobe, K.
Maruyama, S. Kawabata, and Y. Kawai, “Picking up an In-
dicated Object in a Complex Environment”, Proc. of 2010
IEEE/RSJ Int. Conf. on Intelligent Robots and Systems,
pp.2109-2116, 2010.

JKH, ILEFD, JFE, A, i, “BERES— Y OB X5 ARG OET
b, AARR Ry FEREGEE S TR, (2N3-7), 2012,

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

(42]

(43]

[44]

[45]

[46]

[47]

(48]

(49]

(50]

[51]

(52]

M. Przybylski, T. Asfour, and R. Dillmann, “Planning Grasps
for Robotic Hands Using a Novel Object Representation Based
on the Medial Axis Transform”, Proc. of IEEE/RSJ Int. Conf.
on Intelligent Robots and Systems, pp.1781-1788, 2011.

T. Tsuji, K. Harada, and K. Kaneko, “Easy and Fast Evalua-
tion of Grasp Stability by using Ellipsoidal Approximation of
Friction Cone”, Proc. of IEEE/RSJ Int. Conf. on Intelligent
Robots and Systems, pp.1830-1837, 2009.

D. Berenson and S. S. Srinivasa, “Grasp Synthesis in Cluttered
Environments for Dexterous Hands”. Proc. of IEEE-RAS Int.
Conf. on Humanoid Robots, pp. 189-196, 2008.
N.Vahrenkamp, M. Przybylski, T. Asfour, and R. Dillmann,
“Bimanual Grasp Planning”, Proc. of IEEE-RAS Int. Conf.
on Humanoid Robots, pp. 493-499, 2011.

L. Birglen, T. Laliberte, and C. Gosselin,
Robotic Hands”, Springer, 2008.

S. Hirose and Y. Umetani, “The Development of Doft Gripper
for the Versatile Robot Hand”, Mechanism and Machine The-
ory, vol. 13, pp.351-358, 1978.

B4, fil, (L, “TUAT/Karlsruhe Humanoid Hand OfEHFHRE
WL, AARRAR Y ARt A S TR, 2010

C. Gosselin, F. Pelletier and T. Laliberte, “An Anthropomor-
phic Underactuated Robotic Hand with 15 Dofs and a Single
Actuator”, Proc. of IEEE Int. Conf. on Robotics and Automa-
tion, pp. 749-754, 2008.

M. Ciocarlie and P. Allen, “Data-Driven Optimization for Un-
deractuated Robotic Hands”, Proc. of IEEE Int. Conf. on
Robotics and Automation, pp. 1292-1299, 2010.

A.M. Dollar and R.D. Howe, “Joint Coupling Design of Un-
Int. J.

“Underactuated

deractuated Hands for Unstructured Environment”,
Robotics Research, vol. 30, no. 9, pp. 1157-1169, 2011.
L.U. Odhner and A.M. Dollar, “Dexterous Manipulation with
Underactuated Elastic Hands”, Proc. of IEEE Int. Conf. on
Robotics and Automation, 2011.

A, B, KK, ER, CSEEN ML TR Lo RRED R 2 il
L RECTIE, BAMI A0 RT 4 7 A« A7 ba =7 AGE#HSHE
{HER AR, 2009.

&1 JFEH, IR, “SHRKe a—~ /A FaRy FHAZEAY RO
37, BAT Ry hFEEEE, vol. 26, no.1, pp.98-109, 2008.

D. Prattichizzo, M. Malvezzi, M. Aggravi, T. Wimbock, “Ob-
ject Motion-Decoupled Internal Force Control for a Compliant
Multifingered Hand”, Proc. of IEEE Int. Conf. on Robotics
and Automation, pp. 1508-1513, 2012.

N. Vahrenkamp, T. Asfour, and R. Dillmann,
Grasp and Motion Planning”, Robotics and Automation Mag-
azine, pp. 43-57, 2012.

M.B. Horowitz, J.W. Burdick, “Combined Grasp and Manipu-
lation Planning as a Trajectory Optimization Problem”, Proc.
of IEEE Int. Conf. on Robotics and Automation, pp. 584-591,
2012.

K. Harada et al., “Object Placement Planner for Robotic Pick
and Place Tasks”, Proc. of IEEE/RSJ Int. Conf. on Intelli-
gent Robots and Systems, pp. 980-985, 2012.

K. Harada et al, “Pick and Place Planning for Dual Arm Manip-
ulators”, Proc. IEEE Int. Conf. on Robotics and Automation,
pp. 2281-2286, 2012

D. Berenson, S.S.Srinivasa, D.Ferguson, J.J. Kuffner, “Manip-
ulation Planning on Constraint Manifolds”, Proc. IEEE Int.
Conf. on Robotics and Automation, 2009.

J.-P. Saut, M.Gharbi, J. Cortes, D. Sidobre, T. Simeon, “Plan-
ning Pick-and-Place Tasks with Two-Hand Regrasping”, Proc.
of IEEE/RSJ Int. Conf. on Intelligent Robots and Systems,
pp.4528-4533, 2010.

M.R. Dogar and S.S. Srinivasa, “A Framework for Push-
Grasping in Clutter”, Robotics: Science and Systems VII, 2011.
A. Cosgun, T. Hermans, V. Emeli, and M. Stilman, “Push Plan-

“Simultaneous

2013 4 5 A



6 BOHE OB

ning for Object Placement on Cluttered Table Surfaces”, Proc.
of IEEE/RSJ int. Conf. on Intelligent Robots and Systems,
2011.

(53] WA, AH, A, “E@HE YT 4 — Ry 7S AEETE”, A
AnRy h#EEEE, vol.20, no.7, pp.47-56, 2002.

[54] S.Arimoto, K.Tahara, M.Yamaguchi, P.T.A.Nguyen and H.-Y.
Han, “Principles of Superposition for Controlling Pinch Mo-
tions by Means of Robot Fingers with Soft Tips”, Robotica,
vol. 19, pp.21-28, 2001.

[55] I. G. Ramirez-Alpizar, M. Higashimori, M. Kaneko, C. Tsai,
and I. Kao, “Nonprehensile Dynamic Manipulation of a Sheet-
like Viscoelastic Object”, Proc. of the IEEE Int. Conf. on
Robotics and Automation, pp.5103-5108, 2011.

[56] HIth, AR, BN, AR OEHEBURBIEORE AR IS IE SN
DR ARy FOBEEL BV T o — BNy Z AR, BAR
Ay FEEEE, vol. 27, no, 6, pp. 685-695, 2009.

[57] M. Grebenstein, M. Chalon, G. Hirzinger, R. Siegwart, “An-
tagonistically Driven Finger Design for the Anthropomorphic
DLR Hand Arm System” Proc. of IEEE-RAS International
Conference on Humanoid Robots, pp.609-616, 2010.

[58] “Hands-On With the Next Generation Kinect: PrimeSense
Capri”, IEEE Spectrum Blog, 15th, Jan., 2013.

[59] Y. Zheng, M. C. Lin, and D. Manocha, “On Computing Reli-
able Optimal Grasping Forces”, IEEE Trans. on Robotics, vol.
28, no. 3, pp. 6197633, 2012.

[60] C.Smith, Y.Karayiannidis, L.Nalpantidis, X.Gratal, P.Qi,
D.V.Dimarogonas, and D.Kragic, “Dual Arm Manipulation —
A Survey”, Robotics and Autonomous Systems, vol. 60, pp.
1340-1353, 2012.

[61] T. Wimbock, C. Ott, A. Albu-Schaffer, G. Hirzinger, “Compar-
ison of Object-Level Grasp Controllers for Dynamic Dexterous
Manipulation”, The Int. J. of Robotics Research, vol.31, no.1,
pp.3-23, 2012.

[RE #5h

1997 RS R LR ZDE T AW FERHE -5 1R
FBUE T, FHEIR B RFZ T 28T, 2002 45
SRR A WFIEFTRE > A T LHFFE P9
H, 2005 #2251 4/ Stanford K& B
B, BUEICES. aiRy by RICE DR

B (BT I HEH. IEEE, AARR Y
g, FHUE BIHIEES, BABRES, © AT LHIET H
ROZE. L (TF). (AABER Y MERERE)

JRSJ Vol. 31 No. 4 —6— May, 2013



