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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].

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] £k Ba A, 2= S, Al N BEEA~=—F21 —XD72HD SLAM fiaiExy ) 7L —> 3
> (SKCLAM) 2B 2 F = v —Hh— FEHO I EEEIY, HABME 25, Vol. 86, No. 891,
20-00028, 2020.

[3] 9 B3, 2= B, (R BOF, RTFHMEN: PEEH =Y 2 L — X DD KRERA X 7 % Hwiz SLAM
MaitY vV 7L —a Y HARMER AT 4+ 7 2« X% br =2 Z#E#HZ 2020 (ROBOMECH
2020) R CEE, 2P2-B05, 2020.

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

Robot manipulator

Riggn - n

(Aft fsration)

Fig. 1 Manipulator Equipped
with an RGB-D Camera

Fig. 3 Example of an Obtained 3D Map

I


https://doi.org/10.1080/01691864.2019.1689166
https://doi.org/10.1080/01691864.2019.1689166
https://doi.org/10.1299/transjsme.20-00028
https://doi.org/10.1299/transjsme.20-00028
https://doi.org/10.1299/jsmermd.2020.2P2-B05
https://doi.org/10.1299/jsmermd.2020.2P2-B05
https://doi.org/10.1299/jsmemsd.2021.605
https://doi.org/10.1299/jsmemsd.2021.605

2024 £ FIHBITEE WFZEH

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].

SE

[1] AiH M, WHE ES: EEfET 2 HWEFEER~ =Y 2L — X DOHON, HAREWY: 230 8% 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] &8 X, ATHEEEN: AR ZIEH L7 ROS/Movelt X—ZXD B R v M BORKIRS AT L ZEfEHE 12
O L BIEETERERE O 522, 5 23 FIEHHEEHEIY RS A7 4 ¥ 77 L — a YEFREHS S12022,
pp- 994-998, 2022.

[5] HJR =2, Al A BURAAE » BfEGHHREREIC X h B O T RRZE IS IR ATREZZ B R v R BUR
AT A, H 22 FIEHHBEHIHES S 2T A4 T 7L — 2 a VERPIERHE S (S12021) TR SCE,
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

I


https://doi.org/10.1299/kikaic.74.115
https://doi.org/10.1109/ROMAN.2014.6926283
https://doi.org/10.1109/ROMAN.2014.6926283
https://doi.org/10.1109/COASE.2017.8256120
https://doi.org/10.1109/COASE.2017.8256120
https://jglobal.jst.go.jp/detail?JGLOBAL_ID=202302229131541019
https://jglobal.jst.go.jp/detail?JGLOBAL_ID=202302229131541019
https://jglobal.jst.go.jp/detail?JGLOBAL_ID=202202250864103771
https://jglobal.jst.go.jp/detail?JGLOBAL_ID=202202250864103771

2024 £ FIHBITEE WFZEH

Ea—~R—XHTRBYE

ARAZEBICHE S CHPRBEFRICELD, TR ZDREDED > THIERDPITZ 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
ReMoTws [B]. 512, Mtz Huw hismon ik (Fig. B) ZFH LT, JfilfHx
AT ~\DEMAZRIALTWS [B]. FEFERMOEA DT> TV [6].

SE

[1] Y. Maeda and T. Nakamura: View-based teaching/playback for robotic manipulation, ROBOMECH J.,
Vol. 2, 2, 2015.

[2] Al thls, mH ME: EEEA R R Y FICEK3 Y= al —>avyDlkddlt a —N—X FUREE,
H A 2 3mC &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, AH: Bo—, B BN DEssPE 2 W7 DIEHRATAAIC D B 2 =X — 2+ BORFA il
WESEA D H—, 7RI B Bl X SC 8, Vol. 54, No. 5, pp. 476-482, 2018.

[5] R =—, BiiH N Autoencoder Z W 2 — X=X FHOREA, 8523 M RF 4 7 AS VU RY
7 FRAER, pp. 51-52, 2018.
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(a) human teaching (b) image-to-motion mapping (c) view-based playback

Fig. 6 Outline of View-Based Teaching/Playback
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Fig. 7 Switching between Grayscale and Range Fig. 8 View-based Teaching/
Images for View-Based Teaching/Playback Playback with Photoelasticity
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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. AFRETIE, ZRCZHRTr—Y > 7 (Fig. Q) OFEEIT>TW5. F—I v 7%
MEHIENC X > THHETEZ2DHEOR Ry bV REFRESIEL, vRy bv=Fa
L—aryDL A=Y =2 T WS HTEMNTHIEZLNS. BE, F—Y0 7
RN D 72D DA DEN e, ZREFHA LI — ¥ 7D DiFEEA O BEEHE FIED M
F (], FEFC X BMEE [2] (Fig. M) 217> TW5.

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. £, BEAYFICEZ -V Y I R—Z MEHE (Fig. M) 2FEICEVERLTVS
[B[8]. SRYVIDEAREMIIAT B 2 5E1xS 2815k (Fig. 1) 17> T\ 3 [5][6].

BENXM

[1] HEHD &, 138 IE, #TH M =X 2B = 0 F O+ D& EOE R G FIZ X 2 VUfEfH o B
MIARYMAOH IR —, 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] D. Kim, Y. Maeda and S. Komiyama: Caging-based Grasping of Deformable Objects for Geometry-
based Robotic Manipulation, ROBOMECH J., Vol. 6, 3, 2019.

[6] AL, & XX, HIH BN D37 FIRUME > OB TEREEIIERD 7 — > > 7R — X MR, H AR
RXRART 4 A - XA bu=r ZFEHESE 2019 (ROBOMECH 2019) #EiER X, 2A2-G08, 2019.

= N

—

= &

Fig. 11 Caging- Fig. 12 Caging-
Fig.9 3D Multifin- Fig. 10 Cagingofa based Grasping by a based Grasping of a
gered Caging Sphere Multifingered Hand 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 —ZADIBH (Fig. [3) 72 ¥ 217> TWw5 [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—
A MEF) ZFH L ERY) O WithaEieE O 5L (Fig. ) 217> TW\W3 [6]. Sz 24
Br¥d, TURZT I REEZD I TERBYKRDANY FY 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 B5, P8 HA, B M £ F L Zinhand 7 =P Y <~ =FalL —3 a LI X 5H
N=U 7 4 —XOEH, 5 22 FEHIEBIGIHYE RS AT 54 ¥ 7 7L — a YEM#IEHE (S12021)
FREHEN SCER, pp. 3246-3248, 2021.

[4] "PE K, BAKH 6%, AL 5, §iTHE M WA=V 7 4 =X D7 DFHNE >3 L X in-hand
=V 7<=¥Fal—ay@itl, HAR KRy F2EE5E, Vol. 41, No. 9, pp. 801-804, 2023.

[5] EAKH 6%, gl W =S THRAR=Y T 4 =X DD DNR=F 4 7V T 4 L Z & VT
Tt oy L YRR, HA TRy b¥REE, Vol. 42, No. 3, 2024 (to appear).

[6] PR KEE, RiHBEN: br =2 > 7% FH L7z % 2 L 2o Wit aaiios, HASHYES T KT 4
7 A« XA b Aa=2 2 2020 (ROBOMECH 2020) #i#Ham 5E, 2A1-M05, 2020.

Fig. 13 A Versatile Part

Feeder with In-Hand Caging (a) wire harness (b) long pipe

Manipulation Fig. 14 Dual-arm Cooperative Manipulation with Caging
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HHEEERW IO mtE O VT EEDIGHA

SEHEIR L ARYESEIR, REA X T2 WS Z 2T, HHEICE S B VB TOIEN
fRFTDAIRETH D, ZREZHOTEMANHEDOL Y S Y 7 RITI LN TES. RAlZ, &
SISV R 2 7z e Ry ME (Fig. @) ZHWT, hEXRY > v 7 e 2o < il
EEBHLTWS [M]. £z, KEDZHHEARTHER L2ty Yy ZRRERrKRy bV R
(Fig. [8) DBF DT> T3 [2].

BEXE

[1] /NE &4, 3T B EEMEEIC K24 v T4 Y it oS v 2778 Z ORERH UM JTHIE A O #H,
o521 MEHI A EHIEE RS 2T 54 2T 7L — a YEPREES (S12020) #iERSE, pp. 707-709,
2020.

(2] HR &5, ik S, /g &b, jiH M Ry > 27 2HukE Tty s> Zafy FAY FD
BHSE — it 1120 fi A D o8 ¥ G —, AARa K v 2243, Vol. 41, No. 8, pp. 716-719, 2023.

Polarization camera
(VCXU-50MP)

Green light filter

Wall attached to
force-torque sensor

Quarter wave film

Light source display
(linear polarization)

photoelastic resin

Fig. 16 A robot hand composed

Fig. 15 A robot finger with photoelastic fingertip of photoelastic bodies
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ORyY MK BZHREYEDNY B 2T - $BITE

EGRNIBICESKMFOE Yy X>J HREZ5Z2 TURICEIZ 252, FERGBINC X > TR
HYMAZRL - €y %073 2 FEZHFEL T2 (Fig. [) [].

D ITAvo TV Ty TuvInBEEuRy N THEITHAILTT CAD 710D
RzAEmTES, —HD 3D 7V Y XDOHFELIT-o TV [DB]E]. 2O RAT AT,
CAD E7 VR HEITT7 Ry JETNREWL, EolIZZ07ny 7E7 V%KY M TH
AIAUTH7ODFIEErHERETS. 2L T, vRy bRZRC LN ->T o7y Z5iE%
HAVTEZI2ko T, BRAEKZFEIL T3 (Fig. [X).

FEWNRE FUPO~v=—ValL—Yarre LT, fbWKEITI>5Ry 2T L0
fToTW3 8] (Fig. M). Ay 74 ¥ 7 7uyz2ffH3sze7T, fibEZEHI:MELT S
AT LTV [A].

BEXE

(1] BE 8, A #nz, §iHE Mo, BE AR oy 32 7 D70 BB Z A L 7 RAYIIAREEI RIS T,
FHA BB A R 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] $RH 3, #iH KA, $3R fot: ST o HEILZ Bfs Lz v Ry M DS 27 4, 5l BBl
REMER, Vol. 60, No. 1, pp. 19-26, 2024.

[6] Y. Maeda, S. Sugisawa, A. Sakata: A robotic origami folder for paper cranes, Proc. of 8th Int. Meeting
on Origami in Science, Mathematics and Education (80OSME), 2024 (to appear).

Fig. 19 A Robot System to
Fig. 18 3D Block Printing 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 Xy 77y 27227 . (Fig. M) OXZSHIEOWIEET>T0Wb. X T hTv
7 DR 7 REBIER 2 Bt 5 22T, SALOAEEEEZRET 3 FIEEREL, YIal—
& (Fig. 20) TZOHMMEZHEE L TW5 [0][2].

BENM
(1] /NI, RITE A, A REA, 3R 3, )1 WA, 1T 230 BRILOEENKED - OEBE Y 7
L2 v PO RGEITHIE, H AW A2, 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. 20 Dump Truck Fleets in a Mine Fig. 21 A Simulator of Dump Truck Fleets
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ABDOTZHIVETI VT L EDIGH

ORy MCABD LS REHIE2RHLE2-01003, BFATHZ AHO~v=Fal—Y =
VDRI ZRALEHBZEDERTHS. £, NHOFORMERZHIZ Z 21X, vl
Ml 7R EANDIGHIC S RILD. 2D, YK ETIE, LD X5 RifgET —< Il b
ATWS (FERHETE - ZIETEIE TV > ZHF%RF — 2 2 HL[A).

FORIWNYRICEZBEFER AMOoFE2arbva—& FICTHRT 2TV X LAY I,
BRI E R CRRA RICADE Z oD, FIZR, BAZEE KL 2GR ORKN N
FEFLEAOCTHEFREREZ T2 (Fig. [2) 22T, 2LDOANIRE > THOVRTWIROH
FHCIRAITS Z e TE S [M]. FREERFOBECERE ZERE LY FET LK
ZFFER (Fig. D3) $17-TW5 [2][3] .

TORNE2—IVETLEZFALEEHRY 2088t FHEMLZ-FY X b a—<VE
FAEHWT, BNHERY 27 2AHLT 27200032 T>TW5a. BRI, EAe
KEREYDV A EZELT, FOREL A0S 2> 27 4 (Fig. M4) ZHIFL T
W3 [4).

BE R

[1] T.Hirono, N. Miyata and Y. Maeda: Grasp Synthesis for Variously-Sized Hands Using a Grasp Database
That Covers Variation of Contact Region, Proc. of 3rd Int. Digital Human Modeling Symp. (DHM 2014),
11, 2014.

[2] R. Takahashi, N. Miyata, Y. Maeda and Y. Nakanishi: Grasp Synthesis Considering Graspability for a
Digital Hand with Limited Thumb Range ot Motion, Advanced Robotics, Vol. 36, No. 4, pp. 192-204,
2022.

[3] EfE F, BH 2o %, §ifH KA Soft Finger € 7 /L% AW IR AT R HE 10 H D { RO HIRTPAE
BT 2 TI RN ROWEAER, HARB Ry MEREE, Vol. 41, No. 4, pp. 407-410, 2023.

[4] N. Miyata, F. Endo and Y. Maeda: Living Space Simulator: Visualizing Estimations of Childhood Injury

Risk Based on Geometric Reachability, S. Scataglini et al. eds., Advances in Digital Human Modeling,
Springer, pp. 195-202, 2023.

TRobust

AN

Short ¢4 ; \:./

Fig. 23 A Synthe-
sized Grasp of a Uni-

Fig. 22 Grasp Synthesis for versal Design Knife Fig. 24 Reachability-based
Various Hands by An Elderly Hand Injury Risk Visualization
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2024 £ FIHBITEE WFZEH

OFy b AREESZEADISA

Ry M (Robot Technology: RT) 3Rz 20 Ry M2 ¥EST, AxDHD[H
DDA IS — Y TANADEE XRS5 7-DICIEHE NS Z L HiRFE NS,

AWFEE TR~ — P BEBROEFTICANT REZIToTWw 5 [M[2][B]. BRET AT A4
T, AU (BREVEZER) 2685 ETFEMrRoTw3, ITBERTBREO Y OMEICA
NBENED] BEZBEEEIZTZ I EH-> TV, BERMICE, 2—¥FPRAS—F7 4
VREEFEoTCHBEDEHBERY TSI LICK-T, R TNESARHIEET 1o
BHEHERHT B, K0T, HAEGDOERBEMMELME 22T, RELBREBELZIHEL,
Z2—HIZ3D T 7 4 VA Tbhr DT {ERT % (Fig. I3).

Tz, NEDPTOMOMELIET 2 AT LDHFEDBIT-oTWS [B][S]. 7 H FHD B
L4 b FIED 3D 2R (Fig. I8) 12 kD, HREF @M OBS T o b iEilENDEH % H
fELTw3.
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(a) Calculated Result (b) Loaded Dishes

Fig. 25 Optimized Dish Loading Fig. 26 Origami Simulator
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