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SLAM #ie#igx v JL—> 3> (SKCLAM)

BEja Ry MIHWSN S SLAM (Simultaneous Localization and Mapping) il % [E & <
ZVPalL—XIHEATAIET, ~=Fal—XOEHBREOHNEERT 2 &R, i
FERTRX—ZDF Y VT VL= ay 275 I EDAREIR L. HAZIN%E SKCLAM
(Simultaneous Kinematic Calibration, Localization and Mapping) & Fi LTI % 1T - T\ 5.
Y2 L— X PRI L7 RGB-D & X Z (Fig. ) ZHMAHL T, HIKIEREEX YV 7
L—a UYWARETH % & 28RS (Fig. D) 355 (Fig. B) THEEL TV [0][2]. %
72y, BRRARGRAT VA A X Z 25 FEIZDOWTHEHZ21T-o T3 [3][4].

BE R

[1] J. Li, A. Tto, H. Yaguchi and Y. Maeda: Simultaneous Kinematic calibration, localization, and mapping
(SKCLAM) for industrial robot manipulators, Advanced Robotics, Vol. 33, No. 23, pp. 1225-1234, 2019.

(2] PRk BaF], 2 S ATH MM FEA P2l —XDEHD SLAM #HiolBEx v ) 7L — =
> (SKCLAM) B 2 F = v h—H— F V- @EEL, HARME 2SR, Vol. 86, No. 891,
20-00028, 2020.

[3] HIvh 552, 2= SHEE, Yk BRI, AN PEERA~ =Y 2L — X DD DR KERA X 7 % iz SLAM
MEEX vV 7L —S a o, AW RT 2 72 X H hu=2 ZEHES 2020 (ROBOMECH
2020) RS, 2P2-B05, 2020.

[4] BRK MR, 2= 5, Hb 555, gl FERRRY FOLDDORAT LA I X 7% H\wiz SLAM
MOMMEY v ) 7L —>a Y, HAREWEREES A7 LM RFEES 2021 #BHEGHE,
pp- 77-78, 2021.
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Fig. 1 Manipulator Equipped
with an RGB-D Camera Fig. 2 SKCLAM in Virtual Environment

Fig. 3 Example of an Obtained 3D Map
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Oy fO#ER

PEER B Ry MIHFRHR TR WS TED, S8 T E T 2 O Z LT T <
ZepRDEATVS. BROBRYy FTRE, ZOT5REHEZAMPERLZTNERS
R, SEEORR Y tOEEREL - ZHEEEICE 8o T, ZOFMIZEITEIHALTY
. ZZTAWIRETIE, vXRy FOROFHZHES T 72D DT Z2IT> T 5.

FEFESIZAMALEORY MR FAL 27 b7 4 —FOEETERY PRI FIZRLXEHDT
Zr TRy MEAOEREEGXEZ 2 b, BEEIE7 LY X212k >TRARY b
DHEZAERT 2. AL oT, EREHETD, BRITHEDENEREITS T & 2 AlHE
23 % [0][P][8] (Fig. 8) .

ORy FIROZEEM AR (LREZE) ZAHLT, vRy bORE#EFLRY, X714
BORCEAREREBRFICER L CTRRTIIL T, AREEIRT2FEEMARBLTED
(Fig. B), biAoZ=RR@512FHAL7zaRy VBURBFHTE 2 X5k T3 [4]. %7z,
oAy MTE DAL THON L WGOHREED D - 7 HEOHBRZ IR T 572018, #H
TR OERNBE) L 2 AU S BIED BEIERE BT 2 2 A7 LOREHT-> T3 [H].
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[1] AiHE M, WH EW: ERRSIZHWEEEA~ = 2 L — XOHUR, H AWML CHF,
Vol. 74, No. 737, pp. 115-120, 2008.

[2] S. Ishii and Y. Maeda: Programming of Robots Based on Online Computation of Their Swept Vol
mmes, Proc. of 23rd IEEE Int. Symp. on Robot and Human Interactive Communication (RO-MAN 2014),
pp- 385-390, 2014.

[3] Y. Sarai and Y. Maeda: Robot Programming for Manipulators through Volume Sweeping and Augmented
Reality, Proc. of 13th IEEE Conf. on Automation Science and Engineering (CASE 2017), pp. 302-307,
2017.

[4] EfE R, ATHEMEN: AR ZiEH L7z ROS/Movelt XR—2D v Ry M EORXRS X T L ZEfiiias 123
O L ENERTIFEEAE D FREL, 55 23 IRt ABHIHE RS X7 64 ¥ 7 7L — 2 a VERFTREEE S12022,
pp- 994-998, 2022.

(5] HIR BE=2, BiH M Zon SR8 BT EREEEIC X D WA O ERA T IS S ATEER 0 R v~ #HOR
SAT K, 22 MEHIEEIHIEYY RS R T A4 VT 7L — a VEFTEEEE (S12021) ##EH SR,

pp. 3263-3267, 2021.

Fig. 5 AR Display of Movable
Fig. 4 AR Display of Swept Volume and Planned Path Area with Fixed Gripper Pose
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Ea—~R—XHTRBYE

A X ZEBIE IS BRBEFIRCED, ZRREZDRMEDPED > THIEENTR S
X5 T3 -DDFE (Fig. B) ZBFE LTV [0][2]. ¥ 2—~X—2 bE{GRLIEZ W
end-to-end FZEHIZE D, WRYDETFTARHIXATF ¥V T L —arE2RBEE LAEVE WS R
Wk 5. FHEEESROFM (Fig. 0) A 27 1—Y a YREDEAICED, BN M RIURDHE
RER->TW3 [B]. X512, KR AW IEHRO AL (Fig. B) ZFIH LT, Jiifil#x
AT NDOBEAEFHALTWS @], FEEFEEMOEABITo TV [8]
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[1] Y. Maeda and T. Nakamura: [View-based teaching/playback for robotic manipulation, ROBOMECH J.,
Vol. 2, 2, 2015.

[21 AL #66, A B FEEHARRY NIZKkE23=FPal —2a D0 2 —~N— 2 FEUREA,
H A2 225 EE C R, Vol. 79, No. 806, pp. 3597-3608, 2013.

[3] Y. Maeda and Y. Saito: Lighting- and Occlusion-robust View-based Teaching/Playback tor Model-free
Robot Programming, W. Chen et al. eds., Intelligent Autonomous Systems 14, pp. 939-952, Springer,
2017.

(4] W |, AH Bo—, AiTH HEN: DesEtE %2 w7z HIEHR A IR D L ¥ a — X=X P BURBEA )
WPESEA DI, 51 B Bk~ 2508, Vol. 54, No. 5, pp. 476-482, 2018.

(5] Wi £—, B HEA: Autoencoder Z AWV P 2 —R—Z NEGRAA, FH 23 HR KT 4 7 RS VEY
7 FRaLE, pp. 51-52, 2018.
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Fig. 6 Outline of View-Based Teaching/Playback
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=SV T —I VI R— 2R B

BNV RICKDZEZRT T —2 VT r—Y > (caging) X, BEinRy brKy hDf5
T, ViK% D 2P C 72 8BURMAAINCHR L, ZDSNEMHE T & 72 < 3 2 IR R F L
Thb. KFERETIE, = RKILZES —D Y TOMEEIT-oTWS. 7 — ¥ ZIEAE
WEoTHEBETEZ12DBEDRK Y Y REFIENEL, ey bv=Fal—ra
YDLAR— P —EHEPRPT LW ETHENTHZ e EZ2 NS, BE, ¥—I Y 7RiIol
DOEMOENR, ZAEFH LT —9 Y 7DD DIEEAO HHEHETEOBTE (1], &
B X 2MEE (2] (Fig. B) 217> T 5.

FT=I IR=ZMBE F—Y 7 OREEE, LOD, MREERT I FIRELT, [7—
VU INR=Z MEFE RRELTVS. ZOHETE, B 2 oMo FZ#Ecr Ry
FMEERER L, BRI > THser—o v 27 L= ET, FMEOERIC X D
FEMIEL. kD, hteryy s - Ak L comikiERit EHTE 3. e,
D= v R=ZA MUz ERL, 2RI T2 7D DEFOERHZIToTW
3. £, BEAYPFICEZ T —Y Y/ R— 2 MEH (Fig. ) 2FEICEVERLTVS
[BI[B][S]. XRYIHETERTREVIRT & 23551003 2455 (Fig. T) H17- T3 [6][7].
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[1] HEHH G, U838 IR, A M ERTZAETr = > 7O+ & OEH i FiZ X 2 VUi B
MR R —|, HAR Ry FFREE, Vol 28, No. 5, pp. 599-605, 2010.

[2] S. Makita, K. Okita and Y. Maeda: BD 'Iwo-Fingered Caging tor Two 'lypes of Objects: Sutficient
Conditions and Planning, Int. J. of Mechatronics and Automation, Vol. 3, No. 4, pp. 263-277, 2013.

[3] Y. Maeda, N. Kodera and T. Egawa: Caging-Based Grasping by a Robot Hand with Rigid and Soft Parts,
Proc. of 2012 IEEE Int. Conf. on Robotics and Automation (ICRA 2012), pp. 5150-5155, 2012.

[4] T. Egawa, Y. Maeda and H. Tsuruga: [Iwo- and Three-dimensional Caging-Based Grasping of Objects
of Various Shapes with Circular Robots and Multi-Fingered Hands, Proc. of 41st Ann. Conf. of IEEE
Industrial Electronics Soc. (IECON 2015), pp. 643-648, 2015.

[5] B #7, #iH MEA, Bhattacharya Bishakh: [V T F 5 2 "= h AREEQXHHFH S 22 F i
A r —o v 7 R—=Z Mk, % 42 BIHA B R v 2R TE 2R SR, RSI2024AC1LI-
04, 2024.

[6] D. Kim, Y. Maeda and S. Komiyama: Caging-based Grasping of Deformable Objects for Geometry-
based Robotic Manipulation, ROBOMECH J., Vol. 6, 3, 2019.

[7] AL £, & &N, BiTH B DS FRYIME 2 SO EERREVIE D o — 2 > 7R — 2 MR, HAKH
RXRART 4 R - X bu=r RS 2019 (ROBOMECH 2019) #EiER X, 2A2-G08, 2019.
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Fig. 9 Caging of a Fig. 10 Caging-based Grasping Fig. 11 Caging-based Grasp-
Sphere by a Multifingered Hand ing of a Deformable Object
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=gk =-Eal—>3y

YRR S0 X SR ZRNCHIR S 2 7 —2 > ZJOREZFH L TR T H D 5
Tk, TR r—Yryrv=_tal—rar] EMRILITTS.

In-Hand ¥ —> >0 <v=ZEalb—>3> YMEEr—Y Y 7OREBIR- 7% F, "V Foa
Y7 4F¥al—yarEZELIEEILT, N RO TYRDNE - BEEE(LXES Z
ERTEZ. ZhERE4AIE In-Hand 7 —Y v '~ =V¥al—>ary] EMATWVWS. Z0D
TEZX, ROty >y 7T IMERIETr ANZ MR In-Hand ¥ = a2l —> 3 U3
EHTEBZLWIHIRX U b23HD, ~=Val—a itE7 L3 ) X053, FH—
V7 4 —ZADIHH (Fig. [) 72 ¥ 217> T3 [M][2][3][2][5].

WRTr—o IR Eal—vay r—orrTciRPRoERERE2ICEELRN
ZRHAT 2L, MEHER—Z2DOMH~=E 2L —2 a2  I2BVTH, SRYICHT 2K
BRNNOFEAEERBRT 2 Z EAREICHRS. 22T, =Y V7 (LT —Y v I/ R—
Z MER) 2RI L2 ERY O mHTERE 078 (Fig. @) 217> T3 [6]. HflEZE %
Br¥d, TURZT I REEZD I TERBYKRDANY FY Y IHH[REL 72 5.

BENHE

[1] Y. Maeda and T. Asamura: Sensorless In-hand Caging Manipulation, W. Chen et al. eds., Intelligent
Autonomous Systems 14, pp. 255-267, Springer, 2017.

[2] S. Komiyama and Y. Maeda: Position and Orientation Control of Polygonal Objects by Sensorless
In-hand Caging Manipulation, Proc. of IEEE Int. Conf. on Robotics and Automation (ICRA 2021),
pp. 6244-6249, 2021.

[3] BAKH 1%, 6 16X, Bl M £ L X in-hand 7 —>S U 7 ~=¥YalL —> a JIZ X 2NH
= 7 4 —ROREB, 5 22 FEHHEEHIHER S X7 64 7 7L —2 a YEMR#EEE (S12021)
FETHERM LB, pp. 3246-3248, 2021.

[4] 77 HER, BAKH 165, AL 5, §TH Hr: ILEAR=Y 7 4 =X D7 DFHNE >3 L X in-hand
F=Ivr7<=¥al—a YD, HABR Yy MERES, Vol. 41, No. 9, pp. 801-804, 2023.

(51 EAKH 6%, Bl BN =S Y THANR=Y T 4 —RDDDN=FT 4 TV T 4 M X% VT
W 2y L YRR, HA TR v M A5, Vol. 42, No. 3, pp. 287-290, 2024.

(6] FAR KER, giHMEN: r = > 7 %2R U Al % 2 Lo GRS, H AW 2a R T 4
IR« XA bu=r ZAHEHES 2020 (ROBOMECH 2020) #i#qm 4, 2A1-M05, 2020.

Fig. 12 A Versatile Part
Feeder with In-Hand Caging

(a) wire harness (b) long pipe

Manipulation Fig. 13 Dual-arm Cooperative Manipulation with Caging
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HHEEERW IO mtE O VT EEDIGHA

SRR Y RYEETR, WA X2 WS Z T, KHthicEo ¥ 72 VBT OIG)
fRITAFIRETH D, ZhEHCTEMANHOLY S 7RI DN TES. KLIL, %k
S OEHMER 2 2 72 v Ry M (Fig. [@) ZHWT, IRty 7 Z2ucio < il
ZERILTWS (0], ¥z, KEDEHHEARTHER Ly Y ARk a Ry AV R
(Fig. @) OB 2] %2, &7 —MRAI X 7 DFHDIRE [B] REBIToTWVW5.

BE X

[11 /NE 88, /i KES: ERMEIRIC X 2 > 4 D hE s > > 7 Z QREEI LA T~ D FE H,
9521 [EHIEEHIEER S AT 54 ¥ F 7L — a Y EFI#IES (S12020) @R SCE, pp. 707-709,
2020.

(2] FHJR 55, STk B, NE S, B B ek ) 27 R ue ity sy ZaRy EAYED
B —I 1o fa T OiE ¥ 5Hili—, HA R R v F#REE, Vol. 41, No. 8, pp. 716-719, 2023.

[3] &fE it ATE M oAy by R RGB Eif%E f V72t hafit > o > 27, 4 25 [
RN ERENGHI B ENFIE YRS R T 04 ¥ 7 7L — a VEPEEHS S12024, pp. 85-87, 2024.

Polarization camera
"_ (VCXU-50MP)

2-DoF robot > F Green light filter
=
= A ‘

Wall attached to
force-torque sensor

Quarter wave film

Light source display
(linear polarization)

photoelastic resin

Fig. 15 Arobot hand composed
Fig. 14 A robot finger with photoelastic fingertip of photoelastic bodies
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ORY MK BZHREYEDNY R 2T - fBITE

ESUBICED<KMEDOE Yy > @HRELG I TURICEI 2 52, FEUEGEPNC X - TF
HYMAZRHE - €y %273 2FEZHFEL T2 (Fig. [8) [].

D ITAvo TV Ty TuvInBEEuRy N THEITHAILTT CAD 71O
RzAEmTES, —HD 3D 7V Y XDOHFEEITo TV [DB]E]. 2O RT AT,
CAD E7 VAR HEI T ay ZEFTNMIEML, X6Iz07uny 72702 u Ry FTH
AVNT3DDOFEEZHEIETS. ZL T, Ry bBZAZILER->T 7oy Z75EE%R
HALTEZIC&> T, BIREREEBHL TV (Fig. [).

FEWNRME FEYO~=—Pal—2arr LT, MOEKEFI Ry b RTLDOKEE
fToTWw3 [5] (Fig. ®). v T4 rr7ay&efHd22LT, VEBE2AMLTSZ
LTI LTWA [H].

BE R

[1] B 8, AR fEz, 5 HEN, BE K Ky 32 7070 OfEZFH L 7z R YIHARESI IR H,
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Europe-Asia Congress on Mechatronics & 9th Asia Int. Symp. on Mechatronics, TS-17.2, 2023.

[5] ¥xH FE, A M, 80K Bt BT b o BEib* HiE Lz v R v M h#E> X 7 2], G B Bl
KFCEE, Vol. 60, No. 1, pp. 19-26, 2024.

[6] Y. Maeda, S. Sugisawa, A. Sakata: A robotic origami folder for paper cranes, Z. You et al. eds., Origami8,
Volume I: Proceedings of the 8th International Meeting on Origami in Science, Mathematics and Educa-
tion (8OSME), Springer Nature, 2025 (to appear).
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Fig. 18 A Robot System to Fold a Paper Crane
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RS X T LDOREEIL

RS Zh e lo 72> A7 2D EEL - REBCHEY, SIRPZeMEED 57200
HIBEL - Ry MEDE D FHADRD TS, AFERETIE, FO—EL LT, §hlTH#
Az X7 7y 2727 4 (Fig. @) ORESHIEOMIEET>TWb. X T hTv
7 DR 7 REBIER 2 Bt 5 22T, SALOAEEEEZRET 3 FIEEREL, YIal—
& (Fig. 20) TZOHMMEZHEE L TW5 [0][2].

BEXH

(1] /N1 BER, BTH BEAT, A BREAN, S 2 B BEKR, T =27]: BAL DA PENUGE D - DB K > 7
b2 v ZHEORFE FGETHIM, HABEY: 258, Vol. 87, No. 894, 20-00097, 2021.

[2] Y. Maeda, Y. Ogawa, K. Osagawa, A. Sakai and Y. Matsui: Worksite Management System And Worksite
Management Method, US Patent, 12060696B2, 2024.
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Fig. 19 Dump Truck Fleets in a Mine Fig. 20 A Simulator of Dump Truck Fleets
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ABDOTZHIVETI VT L EDIGH

oRy MIABOD & S BEHIEEZE5720123, BFATHIANBOY=Fal—>3
YDRANZR LT B DEETHS. £, NEORMEZHZ 2 2id, o0l
SR EANDIGHIZHED. TDD, YMHAETIE, DFD XS RIAF%KT —<ICBDHAT
W3 (FEREE - EIRITENE T Y ¥ Z%E T — o b ).

FORIWNYRICEZBEFER AMOoFE2arbva—& FICTHRT 2TV X LAY I,
BRI X E R R A RIS E 2 5N 5. BIZIR, AZEEZ KL 7GR ORER RN
FEFLEAOCTHEFREREZ T2 (Fig. ) 22T, 2LDOANIRE > THOVRTWIKROF
FHCIRAITS Z e TE S [M]. FREERFOBECERE ZERE LY FET LK
ZFFER (Fig. D2) 175 TW5 [2][3] .

TIORINE2a—IVETIEZFALESERI RVt FHEHELETYZ ea—<rE
FAEHWT, BNHERY 27 2AHLT 27200032 T>TW5a. BRI, EAe
KEREYDV A EZELT, FOREL A48T 2> 27 4 (Fig. I3) ZHIFL T
W3 [4).
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2022.

[3] EE M+, BH %o %, #§iH M Soft Finger € 7 /L% W HER ] &HEICHE D  EROEFERE
BT 2 TI NN ROWEAER, HAB Ry FEREE, Vol. 41, No. 4, pp. 407-410, 2023.
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Springer, pp. 195-202, 2023.
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