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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
FERTIRX—ZDF Y VT VL= ay 275 I EPARIR L. HAZIN%E SKCLAM
(Simultaneous Kinematic Calibration, Localization and Mapping) & Fi L T %17 > T\ 5.
Y2 L—XFRICHEEH L7 RGB-D & X Z (Fig. ) ZHMAHL T, HIKIERHEEX YV 7
L—a UHARETH % & 28BS (Fig. D) &R EE (Fig. B) THEEL TV [0][2]. %
72y, BRRARXGRAT VAN X Z 25 FEIZDOWTHEHZ21To T2 [3][4].

SE

[1] J. Li, A. Ito, 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] £ Ba A, 2= SO, Al M BEEA~Y=—F21 —XD72HD SLAM fiaExy ) 7L —> 3
> (SKCLAM) 2B 2 F = v —Hh— FEHO I EEEY, AN E 258, Vol. 86, No. 891,
20-00028, 2020.

[3] 9 B3, 2= SO, (R BOF, RTFHMEN: PEEH =Y 2 L — X DD KRERA X 7 % Hwiz SLAM
MaiY vV 7L —a Y HARMERI AT 4 7 2« X% br =2 ZF#E#HZ 2020 (ROBOMECH
2020) R &, 2P2-B05, 2020.

[4] R WK, 25 R, Hrp 5%, sl EEARR Y POLDDAT LA A X T ZH W SLAM
MEMMY v ) 7L —>a o, OAREWERERES AT LM R RMES 2021 #HHE,
pp.- 77-78, 2021.

Robot manipulator
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(Aft fsration)

Fig. 1 Manipulator Equipped
with an RGB-D Camera

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

FEXAuRy MIHRFTAL VSR TED, 5% £33 2 OIERHFAZILTFTWVL
ko Twd. HRouRy bTIE, 20T RXEFEE ABPEOR LR TUIR S
A, SEEDORRy FO@EMEEEL - 2HEELIce - T, ZOFREET I IHALTY
5. ZTIZTAMSFETIE, B Ry bOZROFHZES T DO EITo T\ 5.

TR EFALEZORY MR XAL 2 b7 4 —FOEETRAR Y EIEIZRHH,T
ZrTuRy MAHOBEREESIEZ L HiC, BEEITE 7 LY XAk -oTaRy b
DHEZAERT 2. Lo T, EREHETD, BRHITHEDENEREITS 2 & 2 AlHE
23 % [][2][8] (Fig. B) .

ORy FUROZE/IEM AR (FRHFE) ZRHLT, aXry ror#i#EiELY, A7 4>
PORICHRREREZHEZCEBLTERTE LT, WnEErXET 2 FIEEHIEL TS
(Fig. ), biAoZ=RR512FA LRy VBURBFHTE 2 X511k T3 [4]. %7z,
ORy M DAL TONZHUFOMEEEDND - HEOHBREXET 272012, &
TR OERNBE) L Z AU S BIED BEIERE BT 2 Y A7 LORE DT> T3 [H].
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(1] ATH EEA, B 2t BRI AR EEA~ =21 — X OZON, HABW Y 2 & CHR,
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] S. K. Kaushik, K. Takahashi, Y. Maeda: Augmented Reality-Based Robot Teaching with Swept Volumes
and Their Real-Time Visualization, 55 26 B/ #EfERTEAGTHIBEHIHEE S AT 64 VT 7L —2 3
> ERFETE2 (ST 2025), pp. 2876-2880, 2025.

(5] HIR BE=2, B MEA: Zon SR8 BIEEHEREEEIC X D WA O HRATFISHISAEER 0 R v+ #HOR
AT L H 22 FEHBEIHEYE RS R T L4 T 7L — a CERFTRETR R (S12021) AT AR AR,

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

ARAZEBICHE S CHIRBEFRICELD, TR ZDREDED > THIERDPITZ S
X512 F 3D FE (Fig. B) ZBFE LTV [0][2]. ¥ 2—~X—2 bE{GLIEZ W
end-to-end FZEHIZE D, WRYDETFTNALRHIXATF ¥V T L —arE2RBEE LAEVE WD R
Wk 5. FHEEESROFM (Fig. 0) A 27 1—Y a REDEAICED, BANZ M RIURDHE
ReMoTWws [B]l. 512, Mtz Hun hismor ik (Fig. B) ZFH LT, JfilfHx
A7 DA ZRIALTWS [B]. FEFERMOEA DT> T2 [6].
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[1] Y. Maeda and T. Nakamura: View-based teaching/playback for robotic manipulation, ROBOMECH J.,
Vol. 2, 2, 2015.

[2] ARl thfs, fH ME: EEEA R R Y FICEKE Y =Pal —>a vyDkddlt a —~N—2 FUREAE,
H A 30 C &R C |, Vol. 79, No. 806, pp. 3597-3608, 2013.

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

(4] )1l 22, A Bo—, B BN DEssPE 2 W7 DIEHRATAEIC D { B a =X — 2 N BORFA il
WESEA D H—, 7RI B Bl XS 8, Vol. 54, No. 5, pp. 476-482, 2018.

[5] R =—, BiiH N Autoencoder Z W 2 — X=X FHOREA, 8523 M RTF 4 7 AY VU RY
7 FRAER, pp. 51-52, 2018.
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Fig. 6 Outline of View-Based Teaching/Playback
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T=o T iBE

BNV RICKDZEZRT T —2 VT r—Y v (caging) 21X, Yik%E H % B U 7= a3
HEHNCHIRL, ZOMCEMETERLSTH2FETHD, MEHIEICK > TERATE LD
BfEOBRy Ay FEBMEPEV. ARRAETIE, ZX0BHr—Y v 7O 21T-
TW3. BUE, r—I Y 7LD DEMOERM, X0 BEEIEFIEORS (1], %
BT X BMREE (2] (Fig. B) Z1T-> T\ 5.

T=OVIR—=ZAMBE YU 7ORREE, LOD, MREERET I FIELLT, [7—
DY INR=Z MEFE BRELTWS. ZOHIETIE, BHARE 20sMloFZHEHETr R Y
MEERR L, WAL > THEWEr—2 v 2 L ET, ZREBOERIC X Y %
FEMEES. ZUCED, vy s - il L comkitR e ERTE 5. KA,
T =Y v RN=Z MEFERERLL, ERETERIE 3D D0EMFOBERZToTW
3. %7, BEAYPICXZr -y R—2 MEF (Fig. M) 2EHICEOERLTWS
[B[3][5]. RRYIDETEATREVIAT & 2 B3 2 955K (Fig. [) $17- T3 [6].

F=IV 0S40 R FOHRREE L ORI TRMEMNHR T2 [r—y v 754
2108 B2 L, B-spline i % W2 7 LI X 2 EFETEFEEZRZE L TW 5 [1].

BENXM

[1] HEHD &, 138 K, AT M =R = 0 7O+ 0 & OB G FIZ X 2 VUfEfH O B
MIARYMADHIR—, HA TR v FEREE, Vol. 28, No. 5, pp. 599-605, 2010.

[2] S. Makita, K. Okita and Y. Maeda: 3D Two-Fingered Caging for Two Types of Objects: Sufficient
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] B0 FHE, wiH M, B. Bhattacharya: ) T F 5~ b= AREGEORKEEREE S 5> R & HW
ey =Y 7N —AZ MUK, % 42 MIHAR B AR v bR MEEE 2w SR, RSI2024AC1L1-04,
2024.

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

[7] R. Sato, Q. Li and Y. Maeda: Formulation of Caging-like Grasping of Pouch Packages with B-splines
and_Its_Validafion, Proc. of 2025 25th Int. Conf. on Control, Automation and Systems (ICCAS 2025),
pp- 1427-1432, 2025.

B
i e
Fig. 10 Caging-based Grasp- Fig. 11 Caging-based Grasp-
Fig.9 Caging of a Sphere ing by a Multifingered Hand ing of a Deformable Object
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=gk =-Eal—>3y

YRR S0 X S WRZRNCHIR S 27— > ZJOREZFH L TR T HD 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 RORTYRDNE - BEEE(LXES Z
ERTES. IhERE4AIE In-Hand 7 —Y v '~ =V¥al—>arv] EMATVWS. Z0D
TEZX, ROty >y 7 FIERIETr ANR MR In-Hand ¥ = 2L — 3 U3
EHTEXZLWIHIRX U b3HD, ~=Val—a itE7La) X053, FH—
V7 4 —ZADIBH (Fig. [) 72 ¥ 21T > T3 [M][2][3][2][5].

WRTr—o IR Eal—vay r—orrTRRoBERERE2CEHELRN
ZRHAT 2L, MEHER—Z2DOMH~=E 2L —2 a2 2BWTH, SRYICHT 2K
BRNNOFEAEERBMT 2 Z e AREICHRS. 22T, 7r—I V7 (B LT —Y v I/ R—
Z MER) 2RI L2 ERY O mTRE 072 (Fig. @) 217> T3 [6]. HflEZE %
Br¥d, TURZT I REEZD I TERBYKRDANY R Y IHH[REL 72 5.

BE XK

[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]1 EAKH EF, P8 HA, B M £ F L Zinhand 7 =P Y <~ =FalL —3 a LI X 5H
N=07 4 —XOEH, 5 22 FEHIBEBIGIHYE RS AT 54 ¥ 7 7L — a YEM#IEES (S12021)
FREHEN SCER, pp. 3246-3248, 2021.

[4] "PE K, BAKH 6%, AL 5, §iTHE Mo A=Y 7 4 =X D7 DFHNE > % L X in-hand
=V r7<=¥Fal—ay@itl, HARKR Y F2EE5E Vol. 41, No. 9, pp. 801-804, 2023.

[5] EAKH 6%, gl N =S THRAR=Y T 4 =B DD DNR=F 4 7T 4 L2 & T
Fe o L 2PIEHEL, BA TRy h2ERFE, Vol. 42, No. 3, pp. 287-290, 2024.

[6] PR KEE, RiHBEN: br =2 > 7% FH L7z T2 2 L 2o Wit i, HASmYES T RT 4
J A+ XA b a=2 2 2020 (ROBOMECH 2020) #i#Ham 5E, 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 v RYEETR, @A X2 WS Z T, KHtkicEo ¥ 72 VBT OIG)
fRITAAIRETH D, ZhEHCTEMANHFOLY S Y 7RI DN TES. KLlL, %k
SR 2 2 72 v Ry M (Fig. [@) ZHWT, IRty 7 Zucio < il
ZERILTWS (0], ¥z, KEDEHHEARTHER Ly > v ARk a Ry AV R
(Fig. @) DBAFE [2][B] %, & T —IRAEH A5 DOFHDIRE 8], —KTHhHfitr v (6]
REBIToTWVAS.

BE XK

[1] /& &, BT B DRI K 2 A Y I 4 Y hER Y 2 > 7 2 OREREFA LAY Sl DO FE H,
5521 FEHHI BESIEY RS AT 04 ¥ 7 7L — a YEMEEES (S12020) 3SR, pp. 707-709,
2020.

(2] HJG 754k, gk wRE, /NE B, AT HEA: DEsER Y > 2 2wk v ZaRy EAY RO
B —I oA D iE L FHli—, HA B R v M R3S, Vol. 41, No. 8, pp. 716-719, 2023.

[3] /P8 HEN, = & F1E, 5 HEA: DAY > 2 2 v aRy b I X 2 Tl X R 7 OFEH,
A3 EHEAR Ry MERPMERER, RSI2025AC2A1-04, 2025.

[4] =& M, #iHE B 2Ry sV RO O RGB Hfg % AWM it > > > 27, 8 25 H
RNIEHEENEAGTHBBIHEE RS 2T L4 7 7L — a VEFTREE R S12024, pp. 85-87, 2024.

(5] #23% A5, sl KA SA RO R % - 7B 2 BN RO K oM n it v > v 2,
BA3EHA TRy PERFMGERES, RSI2025AC11L4-03, 2025.

Polarization camera
(VCXU-50MP)

Green light filter

Wall attached to
force-torque sensor

{ Quarter wave film

Light source display
(linear polarization)

Polyurethane
photoelastic resin

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

EGRUIBICED<KMEOE Yy X240 ERELGZTOIRCEIZ 252, FHERGEBINC X - TK
MRzttt - €y ¥ 79 3 FEZBFEL TV (Fig. [8) [1].

D ITAvo TV Ty TuvInBEEuaRy N THEITHAILTT CAD 71O
RzAEmTES, —HD 3D 7V Y XDOHFEEITo TV [PB]E]. 2O RT AT,
CAD E7 VAR HEI T ay ZEFTNMIEML, X6Iz07ny 7270 2u Ry b TH
AVUT3DDOFEEZHEIETS. ZLT, Ry bBZAILER->T 7oy Z75EE%
HALTEZ &> T, BIREREEBL TV (Fig. [2).

FEWNRME FHYO~=—Pal—2arr LT, MOEEFI Ry b RTL0OKEE
fToTWw3 [5] (Fig. ®). Ay T4 77y &efHd2s2LT, VEBE2AMLTSZ
LTI LTV [H].

SE X

[1] & F, AR fk2, BiH N, BE AR By ¥ 70D OfEZFH U 7= RAYVIAREBI R H,
S B BHI 22 ER SR, Vol. 54, No. 5, pp. 501-507, 2018.

[2] Y. Maeda, O. Nakano, T. Maekawa and S. Maruo: From CAD Models to Toy Brick Sculptures: A
3D Block Prinfer, Proc. of 2016 IEEE/RSJ Int. Conf. on Intelligent Robots and Systems (IROS 2016),
pp- 2167-2172, 2016.

[3] M. Kohama, C. Sugimoto, O. Nakano and Y. Maeda: Robotic Additive Manufacturing with Toy Blocks,
IISE Trans., Vol. 53, No. 3, pp. 273-284, 2021.

[4] P.S.D. N. Cesarino and Y. Maeda: A ROS2-based 3D Block Printer System for Additive Manufacturing
with Non-Empirical Stability Analysis, Proc. of Joint Conf. of 14th edition of France-Japan and 12th
Europe-Asia Congress on Mechatronics (Mecatronics 2023) & 9th Asia Int. Symp. on Mechatronics
(AISM 2023), TS-17.2, 2023.

[5] ¥=H 35, #iH HEN, $89K it It h o BEib 2 HIs Lz a R v b h kS X7 2], 31l 3 Bhiil{E
SR, Vol. 60, No. 1, pp. 19-26, 2024.

[6] Y. Maeda, S. Sugisawa and A. Sakata: /A Robotic Origami Folder for Paper Cranes, G. Lu et al. eds.,
Origami8, Volume II, Springer, pp. 53-65, 2026.

Fig. 18 A Robot System
Fig. 17 3D Block Printing Folding a Paper Crane
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RS X T LDOREEIL

RS Zh e o7 A7 2D EEL - REBICHY, SIRPZeMEED 57200
HIBEL - Ry MEDED FHADRD TS, AFERETIE, FO—EL LT, §hlTH#
Az X> 77y 27227 4 (Fig. @) ORESHIEOMIEET>TWb. X T hIv
7 DR 7 mEBIERF 2 Bt 5 22T, SALOAESEEZRET 3 FIEEREL, YIal—
& (Fig. 20) TZOHMMEZHEE L TW5 [I][2].

BENM
(1] /IR, RITHT BEAY, A HER, 3R 3, )1 WA, 1T 230 BRILOEERRED D OEBE Y 7
L2 v PO RGEITHIE, H AW A&, 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, World patent application WO/2021/145392.
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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 BEHI 285720123, BFATHIANBOY=Fal—>3
YDRANZR LT B DEETHS. £, NEORMEZHZ 2 2id, o0l
SR EANDIGHIIZHED. TDD, YMHAETIE, MTFD XS RIF%KT —< Il AT
W3 (FERREE - EIEITEIE T Y ¥ ZE T — o b ).

FTORIWNYRICEZBEFER AMOoFE2arbva—& FICTHRT 2TV XY R,
BRI X R R R A RIS E 2 5 5. BIZIR, AZEEZ KL 7GR ORER RN
FEFAZHAOCTIHRERE T2 (Fig. ) 22T, Z2LDAIRE » TV TWIRDH
FHTIRAI TS Z e TE S (1) FREERHOBECERELZER LY FET MK
2 FFER (Fig. 02) $17-CTW5 [2][3] .

TN EA—IVETINEFBLEERI R VAR FHREBELLZTYA V2 -V E
FAEHWT, BNHERY X7 2AHLT 27200052 T>TW5a. BRI, Ee
KIGREDYZRZ7ERELT, FOREL L IA2%Z208{LT 2> 27 4 (Fig. I3) ZFAF LT
W3 [d].
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