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Ontology Generation Using GUI and Simulation
for Robots to Operate Home Appliances®

Takumi Nakamura

Abstract

In a home environment, operating home appliances is very common but it is
a difficult task for robots because of the various functions that home appliances
have. In previous works, using the ontology for representing the knowledge to
operate home appliances was proposed. This work was just a proof-of-concept,
since the size of the ontology and the number of the home appliances that the
robot can operate are very limited. In this thesis, we propose a framework to
assist with the generation of the ontology to expand the previous system. For
this purpose, we provide a graphical user interface to generate the ontology and
a simulation environment to verify the consistency of the ontology. First, we
verify the framework by generating a more complicated ontology and operating
the simulated robots, a humanoid service robot and a mobile robot-based ma-
nipulator. We set up the simulation environment of a whole kitchen including
a virtual microwave oven. Next, we verify the proposed framework by actually
generating the ontology and then operating a microwave oven using an actual

humanoid service robot.

Keywords:

Ontology, Home appliance operation, Service robot, Household robot, GUI

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, March 15, 2019.
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1. ELC®HIC

1.1 AREEEBH

REEFRGZ BT 2 HEAEETE, RBPHREZIZUD & T KA MRNL &
A7 TH5D. TableDIZRT LT, HEEFBIIBWT, MLARMEORFEL Z
IO DREBBRELINTWSE, TN DRFFELZ2EHIZT S
7217, Bex T EMBVPFHARINTE 2. TD-D, KEOTRY MZLBHR
Ba2EZ1250, Tho ORERHREZERNET 22 LT, ZHBEORFFFINIG
U, HEEEZGFEWIZY R - 22D TEELEZIO6N5.

AIFFETIE, TRy bARRL RREBRVE T OB HEEL, ThoZ2HH
R EHT ZENTED VAT LORELHEBELZHN LTS, 2T kD, AN
HEIIZHEHLUTWAETFL YYD LS BEKERKSGZ TRy AFAHL, NIR
Do TRERZITTHILNAREL D, F72, KEEZFITT L0121, Brx
THEREE A S EBORERROBRIFELERT LI VMR ETH L. £ I TAM
ZTI, SRRGEREE AT A REBMOBIELZHIRT.

Table 1 Average minutes per day men and women spend in household activities [I]

Men | Women

Food and drink preparation 17 37
Interior Cleaning 10 29
Laundry 5 17
Household management 9 13
Kitchen and food clean-up 4 13
Lawn, garden, and houseplants 17
Maintenance, repair and decoration | 11 4
Other household activities 12 15
Total 85 135




1.2 BEERFT

ARHFRETIE, AY baYZ2HWTHKERGOBRIEGRZRE L, FKERGDER
EEEBT 5. 942 bu Il ovufldaz AW HEELE D 72 DW 5L % 2%
F5. RIT, BEOEEPE T SR - BT 5 2 DD OV TER S,

1.2.1 FFBT —IR—RADEEEFIA

Ramirez-Amaro 5 IX ADEN & &2 508U 7205 HEIIZAER T — X RX— A % 14
L, aRy MDEFOHET —ARX—2AZEGHLUEETEZ N TEEZ L %2R
U7z 2] B]. Puigold>¥ Iab—Ya VEBNTOADEEZH £1Z, ahy b
DR R T8 7 7 LD TEHEORN 2T 2 FiEk2 R U7z @), £z,
Kanjaruek 51X 7 F A T —X%2H 212, WKOBEARMEEZRE T A bo v
HEIMICER T2 FEE2RLUEZ B, ThS5OFEFIANOEFHERPTFFA T —X
ZORy MOBHBINICEHRT S Z LT, HillT — X RX—A%MET LS. LR
Mo, KEKJOBIETIE, F—DEES VX7 2 —ADPEROKEEZET 57
O, NDOB)E PREBSEANOEMELISE S, ABNRREIRECHL L EX
5N 5. —/T, Dianov 51X Ry MDA DENEZ R U AT — X RX— A%
#9422 GUI (Graphical User Interface) 2 HWT AN AT A I & T, &b
‘%ﬁ?ﬁﬁ‘«-%’/ﬁbj ECHDHILERUZ[E. ZDEDIZ, aRy hH M
IR T — A N— 2% WS B, GUIZHWTADRNT AT S Z LA TH
LFEZHN5.

1.2.2 H4ISDIRAR & B1E

Ye 5 I 3REFEEM 2 HWT, BHEHOEESA VX —T7 2 —AITHLTED
LD BREENFRETH B2, BTV Y YVOREZMITS I LD ARETH D
ZexmRU [0, Sung SIERHET— X2 LI, BfEA VR —T7 = — A%
L, N5 2#MELK [§]. Wang 5 IZFENICEET B8R EZRET 57200
AL LT, HRORELERY NOBEIEIZ L >TED K SITZALL 725 % Bl
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DFEIE, BEHEPEHET— 2o/ oN2EHREA TV 7 b OBRE L A3 L
TWAIGEIZIEEITH S, LrLahs, REMBIZMAONZRZ PR A
YU EDEEA VR —T 2 — A%, —DODOHREOAZE AT S LIXE ST, jEY)
RIGHTCHIET 2 Z LA kO oD, —F T, Nagahama 51X GUI ZFHL T,
AR RTDMEZIEET S LT, ahy MHBHBIKIZ R T 2L 720D k%
FEL, AN TELZ L ERUKZ (] [12]. 2D, aRy hHBHEH
IZHFETEOTIERL, NeDA VY RT Iy a v ORTHIEREZBEET LI L
NEMTH 5.

1.3 BREVRAT A

AWFETIE, Garcia b [13] DAY bE Y ZHLRL, K D JAHIPHZRKEB G
Vi EHT S, GarciabDA Y bavlE, —DODEEA VA7 —AIZHLT—
DOREMEOMEEDHIEL T\, LA L, HEMIZHHT 2 REREDEE,
HEMBEEFIHT B 7-DICEHBEIOBEEZLELTHI X, —DOEES VX
Tz — ADKEZ I HERE R R T BBV O NE Z B D, D& S B EMR
FY bV EMEET L0101, EMRTRILBA Y P UBRIISMNTE S
BREER, MELZA Y NeYERRGET 2V AT LARBETHS.

AZETIE, KORERA VPOV ERET S22, GULZHWTA Y b
OUREERBIZL, YIalb—ya VvBBEEHWTHELZA Y ba Y2 REr
TEBR7V—LU— U %RETSH. 7z, MEEIhA vz sLizuRy
N DREHEERDINEZAT S 72017, REKIRC TN OIEA VX T 2 — A%
WL, AvbhuY RICRBSINBIELEZ D &2, EEouRy NEIEZHEE
T 5.

1.4 KR DRERK

DETCIIAMETIRET A7V —L T —20ETA54A >y haVERL, 7L —
AT =0 %R TAERIZIODOVWTIRRS, BETIFEE I L —L V=7 28EX

3



HEZDODVATLAMIDONWTHRS, AEB LOCRBETIEATZL—L T =212 &>
THEELZA Y P aYREMEOENZRL, K7L —LT7—=20FHMEIZDOWT
MEEd 5.



2. A hOVERWERSBIEEIL —LT—7
2.1 ;EFDEH
AKMFETRETE 7V —LT7 =20 %23AT 572012, U RO 52 EHRT S.

Type of home appliance T=A{t1,...,tn.},
Instance of home appliance H=A{hy,...;hn,},
Function of home appliance F=A{fi,..., fur},

Type of operating part O={o1,...,0n,},

Operating part of home appliance P = {pi,...,pnp},
Motion primitive A={ay,...,an,}.

(1)

TIEETV VY, WEE, M —AX—ZRYOXREBEHEHROMNZRL, TNHDE
KERETLZODPH THS. FIFIRDD, B D, FEMBEIET DHHEE
FHTB. OFRRY, K7, NURL, BAVIVGREDREREIET 55
A VR Tz —ADMEHERL, TOEMKE PCRET L. AFHT, 51K 0D
REBHEHRED =D DEEDFEIHTH 5.

HEREEA N TV ODDOKBE L 2HET5¢EZ0N, ZOLEFCFD
BARRAL D N> T W 5. REMIROBEEE £, 2P 723 2o DEOTNIE, PIF
D& D ITHIENR, BIEONE, IROBIEOME UTRINDIHEEAT Y T's; D
mihe LTREINS.

§; = <psm Qs 5i+1> (2)

ZIZT, p,, $EEORNRETZEENA=YTHY, a,, 13T, 51 <2 EDEHSE
DHNETHD. oI, ROMEPFIET 255G, sin T DIROEERAT Y 7
PRINTWVWAS.

A=A Ry b EAVTHKERROBREZTOCHTHE, Ry Mds; D&
DIREEAT v TR MRS, FiEDEFEE2E 5 8il45. A huy
kT, EROBEATY TREHEL, HOYIEEELERT LI LDHETDH



L., — /T, BRY MZIXkBaY=Val—>ar2F58I2iE, Ry b O
e HfX, oY O - BEIZX D, EfTAREREEAT v TITIEHIE? 4
FNd. ZOXSITHETEIET, A huY EOEHRLEEROTRY ME)
EEZY DR IF TS 2N TES.

2.2 EBEIL—LT—0DEE

Fig. D IZRETE TV —LT7 =2 DREMEZRT. RETHIV—LT—21F
3ODEVa—LADSHERINTVWS., 1 DHDEY 2 —)VIFFKERIOEIE 51
ERBTHAL bR ITHS. 2L, ORY ML > TIIEBEIEIRED -0
DEMEHIFEIZHY T2, 204y b aVREETS-012, GULEHZ, &%
e LA RR T B Z A EETH S, 2DOHDEY a— VIFEIEFHEETE Y 2 —
VTHh5DH., ZNEEMERAT Y 7oz &1z, EBouRy NIfEEFET 5
LEDTHD. KHFETIE, ADPEFET L2 L BRBRECHET S Z e nTE5/Rb
DIZETARERBIEGB SN TWA Y- AaRy M, EIT R BIENILIE
Wbz EEMT Ry b 2EEHOT Ry NHOEEFETY 2 — )L 2L 7.
3OHDEY a— VWK Tch 5. Znixa Ry b HEFHOEREE 2 BfE L,
FET 500D TH5. FfEstEEY 2 — L e YARERIZY I 2L —Y 3
VB HEME Y — LAV A DB Z B ZENARETH D, MEL-A Y MO
VIZEOL ARy NEHERE 74— RN I LM S, AV MRYERRGITAZ L
MTE 5.

2.3 A hOYy

RDF (Resource Description Framework) [14] Z AWTA Y ba Y Z2KEHET 5.
A haYDg /) —RK»xTy YiE URI (Uniform Resource Identifier) % FH\WT
FHTS., AvrovEck, X MIERLET, 0, A H F,Pi¥/ —RF&UL
TREIN, ThoDfFRzTy Ve LTRHT S, Fig.icufry hWETL
VURRETSEDICHBRZ v EMIRERDS IR LAY OV R
RY. Fig. 2T, URIIZAML, BEERCEREOHKMMOAZ KL, EFL Y
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Fig. 1 Framework overview

EWVWIKEEZDD D% "microwaveoven”, XA YILEWSEEA VX T £ — R
BREUZ "dial”, T2 WO EMEIL "push” L RELUTWA, BIFEZERIZFERK
250501, HELE“ ZHWTHNTS. £DRD, EFL 2 YDERKT
"microwaveoven /0, TV 2V EENT S EEDFEMEKIL  start /07, XA VIV
DFEKIE " dial /17 L7825,

ZneE, EEUZEID Y ToN/A URIZ Table BIZRY. TIZTIE, T, O
GENDED% http://pepper-ontology.org (&I D YT, A, H, F, PIZ&
FN5HD% http: //real-world.org IZHI D M TH., TD KT, MELRMHA
BRI VT, MEOERLZEDOLHEDERLZELDIFE—IZR S
Zedml, MEPEZRLZEOEEHLED, MBFLT— 221352 )
KAHTH 5.

R ORERREZA Y dbuY LITENT 256, $TREKBOERZIT
J—FheHZEHRL, ZOMBMZIGUT, Mil2RT / —Ft, e T &8s
5. IZ, ZTDOREKSRDET SHERERE F, ZIHIC b EEHET S, 51T, 2O


http://pepper-ontology.org
http://real-world.org

button

| microwaveoven | |
-~

instanceOf

-~

instanceOf

[ microwaveoven/0 | |

button/1

v

hasFunction

-~

| start

start

v

| action/0

action

v

| push

target

Fig. 2 Example of ontology for operating a microwave oven

Table 2 Example of URI assignment

Symbol Name URI

T ”microwaveoven” http://pepper-ontology.org/types/
microwaveoven

O 7 dial” http://pepper-ontology.org/types/
dial

A "push” http://real-world.org/actions/push

H "microwaveoven/0” | http://real-world.org/instances/
microwaveoven/0

F "start,/0” http://real-world.org/functions/
start/0

P ”dial/1” http://real-world.org/instances/
dial/1



http://pepper-ontology.org/types/microwaveoven
http://pepper-ontology.org/types/microwaveoven
http://pepper-ontology.org/types/dial
http://pepper-ontology.org/types/dial
http://real-world.org/actions/push
http://real-world.org/instances/microwaveoven/0
http://real-world.org/instances/microwaveoven/0
http://real-world.org/functions/start/0
http://real-world.org/functions/start/0
http://real-world.org/instances/dial/1
http://real-world.org/instances/dial/1

PEREZ T 272D DIEEA T v T's; ZFEITT BIEIT fy, € Fy, ITHHi T 5. Hif
i, s 2KERRT B, BAENR—=Y p,, BIENE a, 2HEHT 5.
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RETLZI7VL—LT7 =212k, EZEMTcOORY NOEERLEEET, &
YR Y OMHENTREL 2D, £, SREHRRRERSRITHINT 57201213,
% DANADF Y MO IFEIZBIU, [RHPHARFKERISINIET 22 P EF
LW, UL LAds, — BRI, Ay haY2EETL-20120F, &/ —FK®
Ty VERMEOHRIME > Tk T E2HENH S, IDE DALY Y
WEIZSMT 5720121%, TN OEMWRIEREZHWS Z kL, A by
MENTEIHENDH L. TDH, LANOHEIZHEN GUI 2§57 5.
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Fig. 3 A screenshot of the GUI: select the target appliance
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(b) The initial state of the ontology

Fig. 4 The initial ontology and GUI
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(a) Construction of the first motion primitive on GUI

| microwaveoven |

instanceOf

[ microwaveoven/2 |
hasFunction

| time | [power| [ start |
start

action/0
target action

[button/1| [push| [button/2]

nstance0f J

(b) The ontology of the first motion primitive

Fig. 5 The first motion primitive and its ontology
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(a) Construction of the second motion primitive on GUI

| microwaveoven |

instanceOf

[ microwaveoven/2 |
hasFunction

| time | [power| [ start |
start

action/0 next |action/1|
target action

g SN ¢ "target
[button/1| [push| [button/2]

nstance0f J

(b) The ontology of the second motion primitive

Fig. 6 The second motion primitive and its ontology
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THWS. 72, aRy FEIEICOWTIE, BIfEHEEY 2 —VATRHES N
MfiaEoay b — iy Ial—XThdh, EMTHLI0%2EEL, HhH
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3.1 A OVEBEDLHD GUI

GULIZEBANCEECE, TRA VIR PEH AR TEIET 2 2 et Ihd.
ZD7=®H, Nodejs"z2HWo zT7 77V r—arve ULTHEELZ., QUL
DEEY 2a—IVIEROS ETHEEL TWA 728, rosbridge 71 77 VBIZ X 0 {3
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IVDEART — &I, Microsoft #:D COCO 7 — &+t v b [1§] IZ& D FEEFEAD
ETNVEENENT 74V Fa—=v 3528 TRD. KEERRBDOZDOD
2w b —=2TlE, BFLYY - WEE - b —AX—DOEE 1032 O Ei Z FI#H
T—RELULTNEL 77 v Fa—=vT$5b, #IEM VR 72— AFBHDO-D
DxY NT—=2TlX, KXY, BAYI, N RILD3 27 I A %2ELE 5521
OB ZEIMT -2 UTINEL, 771V Fa—=vIT5.

Y haYANTIE, —D2OPHKIZHLUT—ERURIZHVIRD KD BELH
5. ULirULgdds, EEPEZHWYERE T, @@§7V—Akﬁbf
B %175 720, $USOBEYRHEROMETNIZED, E§RFTOMEIZEL
Té.%mgﬁ$U5%3f%ﬁ—%%@%5:a%%ib,mn%&m?%t
DI, 77 7MEERAWEZFE 9 12k b IvFrrU, BEERID ZEH DY
T%. ZOFETIE, BEINEZTI72EHTEIREOZTNTNIZIANZ2H

!Node.js, https://nodeis.org/en/
2GitHub - RobotWebTools /rosbridge_suite: Server Implementations of the rosbridge v2 Pro-
tocol, https://github.com/RobotWebTools/rosbridge_suite
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Fig. 7 An example of the cost-flow

EL, TNODIELETREROAXAMNPRINERDHDEEINT LI TA TV
I RNTIVvFUITE ZOLEHEING T T THEEOBIIKN % Fig. 0I1ZR
T. ZIT, ¢ xHIMME TR LYK OREEERL, d; FEEIL 724
TV "IV —LMICER T ERIAANEERT. d,, d TN TF
RSN 7Y 27 OB - MR U222 BO DDA MNERT. %
NENUATD LS IZEHAET 5.

dij = Hct,z‘ - Ct+1,j||2
ds = 1.0
d. = 1.0 (3)

KRB & BEEEFFOALE X, RGB-D SLAM [20] IZ & iR Iz
O—\)Vavy 7 EOfEE UTE#MEINS. Fig BRIZKEHKHmE L TETL Y
U E N, BEEFRE LTRZ UBREI N TV AT 2RT.
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Biton: 2

button: Bitior

Fig. 8 A result of object detection

3.3 Oy bOEIEETE

AW TlE, BEATY 72FE 73508y hOTIy b7 xr—520LT, A
BlY—E 20Ky b TH S Softbank £ED Pepper LRy b7 —ALTH 5 KUKA
0 LBR iiwa ®2HDBRY MIBWT, BfEAT Y T2RITTES LS ILE
Kl7z. ZNEFNOa Ry MIWTNLENERT Y 7's; 2 AJ1& LEIET 573,
HEPPETAII Y N T2 0 XPRESERL72HD, TNENOEEFIZED
BT, oBEEIMAZFRT 5.

3.3.1 ABHy—rz20O/Ry NOEIEEHE

Pepper D BEIE 5 HHETH D, 3IRCZEMP CEEOMEZS 2 RILT 572
DIZHEL 6 HEEZHZLTWRWL., £/, BIHIIEIADOFEZELEZD Y R
TIIEADBDONVTVWEY, TVRI 77 XK TIHHETHY, HEFELHEH
W7z, UAZEIERT 213X 2. D72, Fig. @D 710 —F ¥ — MR
T, EFARBEIETY I T4 72 U T “push” O 1 FEOAZEEL /-,
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C  start )

No

Is a; "push"?

Yes

Move end effector in
front of the target

\ 4

Move end effector
to the target

&
<
y

A

C end D)

Fig. 9 Flowchart of the Motion Planner for Pepper

ZOFETY I T4 THREXSNT5E, Pepper (3R D IEM 10 [cm] DAL
BIZFLEZBEHL, WL ZOEHEZITS.

Jek U7z, Pepper \ZFBIZ5 HEHE UDNEEL R WO, 3IRITTZEMANT
TEEONBELEBEZERT DIV TERN. ZD7D, H5HUDMITIIZRD
MEGHEE Z DR AR Z kd R PO IZ¥EIELI LT, Ho5MEEZEHT HH
fift 2 mIEIZ kD 5. Fig. M2, 5 BEEOREEIICOWT, EHEEIY % H S H
Ut s 2 ORI ZRd. IEBF 25T 26021, Zho Oz 3
EANATEHAEL, DL EOFEMEZGRT S, TOFHAE L BEHiAHE % kd
RIZFESHES.

3.3.2 ARy N7 —LOEEEH

LBR #iwa \Z7THHEZEGTLS7 -0 Ry vThHY, lHHEOTURME %
FoC, MEDOMNEZAZEBTLILINAETHS. IHIL, TR TS
ZEUT, 1HHEZAETAKEI 7Y v NEZEOMIT72. 2D, aRy b&
REUTCOHHEIXSHHE LD, Fig MO XS 3MlL 705, SLliicks o
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(c) The ranges of REIbowYaw and RWrist Yaw

Fig. 10 Pepper’s joint angles to solve inverse kinematics
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/|

Fig. 11 Overview of LBR iiwa

Dy NR%EHT 5B LT, Pepper LIXELD, WKAZHEEL TCOBELRLE, L0 E
i —atal—ya VD EHAETHS. TDH, Fig ITRT LI,
BV Y YaRED T RRQUEI, ETWRREETY I T 0 7L LT {“push”,
“pull”, “insert”} D 3FIHEFERK L7z, ThEh, UTOXSREETH 5.

“push” Pepper DIFGEHEFRIUL, RRVBREDEEA VX2 Tz —A2HLIAD
FEIZHINT 5. Pepper £ [AFRKIZ LBR jiwa TH, BEAENROIER 10 [cm]
DALEIZFRE2BHL, ML IOE}EEZTD.

“pull” R7DFHTF251 &, BSEMEICHINT 5. Ny RIVIZFEZBEIL, K
7 DL HEIZBE X5,

“insert” FIW/Z R T DBRDOZERIZYIAKZTFEATIEETHS. HONUOBRTE
U7 ALEIIFAET DA 2R U, BIOERPRoEiEF a8 5.

72720, ZThSDEEIZEWT, K K701 X, B A, KX VOMER
EDNRIA—ZPRBETHD. HERHRILVEL2ILNAETHLIEEALN
50, R TIEHBEHALDZDIZ, TN6DNRTA—=RIFMHMTH B LIRELT
W5,

Joak U738 Y, LBR iiwa X8 HHEZHET 5728, 3RIGZEMN TLEEDALE
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C  start )

a; = "push” a; = "pull” a; = "insert" |default
Move end effector
‘ Move end effector Move end effector to above the
in front of the target to the target handle predefined target.
Move end effector Turn on Turn on
to the target the vacuum gripper the vacuum gripper
Pull forward Move er}d e:ffector
to the inside of
the handle .
the opening door.

v

Turn off
the vacuum gripper

\

I
C end D)

Fig. 12 Flowchart of the Motion Planner for LBR #iwa

RABEBTEHIENTEEN, TO—FTHEIZOMERD D Z L IFARG T
I3, FIT, WEEBNIFOMERDBZENTEXBEY 7 MY 7 TH5B Movelt!®
ERHWCHEBIZOME KD 5.

3MoveI‘u!, http://moveit.ros.org
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4. 32— a3 UV EBTOREMIEFIZEER

VIial—vavEfEAWT, A7V =07 =22V TREKSRED T
HOA Y M aYEBEL, TOA Y a YL Da Ry MIKELZWEDT
HBHIEEMENDD. XI5, BGEHNREEZITIHBEIIEVWT, ThZThon
Ry ML U CTERBREBENFERTEH 2 L 2RT.

4.1 Y RATLERN

Z DEERTIE, Pepper & LBR iiwa D 2O TRy METNEHAET 5. Pep-
per D E T IVIIFEERIZ Intel #:D RealSense D435 DY I al—a vyETINI%E
EE L, AR RGB-D A AT & UTHMHTS. LBR jiwa DETIV [22] 1358
Uit iR 2 RealSense D435 DE TN EEE L, & SIZHEEIZKE] 2 v 8% HLD fF
7=,

VIalb—a VBT Pepper © UK IX LBR jiwa DO Ry NETFIVEFANWT
FERZITD 720DV AT LR % Fig. BITRT. ¥ I ab—XOiEH), GUI %
MWWz v b a DRI Table BIZRT T A2 by TROSY a2 TiTw, BEY
BrzHAWEYERRE LY, SBFREENPBHEE XN 2H5D GPU Y — 1%
NPT THLTS 5. Pepper ZEIEXE BRI 1E Table B IZ/R U7z GPU ¥ —23,
LBR iwa % B S 221 Table BIZ/R U7z GPU ¥ —N\%Z 5. Pepper &
LBR iiwa ZBEI 256D FENZTNIIENT, BEEIHETEY 2 — VAN DT
RTCDYAT LEFE—DEHDZfEHT 5.

4pepper_robot, https://github.com/ros-naoqi/pepper_robot
Sintel-ros/realsense: Intel(R) RealSense(TM) ROS Wrapper for D400 series and SR300 Cam-
era, https://github.com/intel-ros/realsense
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— GPU Server

Operation flow

— Desktop PC
Node.js

5| GUI

Detected objects

{Object Detecto

r

IRGB image
Depth image
Pointcloud

ROS
Simulator (Gazebo)

J

Detected objects

v v Objects position

[RealSense Model]

[Pepper / LBR Model]

Joint angles

Motion Planner

( Ontolo gy\ Action name

for Pepper / LBR

(
L

)

Fig. 13 System configuration with a simulated Pepper

Table 3 Specifications of desktop PC

CPU | Intel(R) Core(TM) i7-6900K (3.20 [GHz])
RAM 32 [GB]

GPU NVIDIA GeForce GTX 1080 (8 [GB])
OS Ubuntu 16.04.5 LTS (64bit)
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Table 4 Specifications of GPU serverl

CPU | Intel(R) Xeon(R) CPU E5-2690 0 (2.90 [GHz])
RAM 64 [GB]

GPU NVIDIA GeForce GTX 1080 (8 [GB]) x 2
(0N Ubuntu 16.04.5 LTS (64bit)

Table 5 Specifications of GPU server2

CPU | Intel(R) Xeon(R) CPU E5-2637 v4 (3.50 [GHz))
RAM 128 [GB]

GPU NVIDIA Titan X (12 [GB]) x 4

OS Ubuntu 16.04.5 LTS (64bit)

4.2 BHEoORY NEBAWEYIaAL—Ya Vv ERTORERE

¥ Ialb—¥a VZEMBNT Pepper & LBR diwa @ 2 FFHO TR Y b AFE—DE
FLYYBET XA ZREL, A7V —LT7 =22V THEBEDORY b
THHARERA Y bR Y2 BET LN TEL I L 2N D D,

4.2.1 EBROEN

AEBRTIIAFRCZELZYIalb—va VEBZHEL, BEONL L5
KEWIL UTEFRX V2HFT 58TV (Fig. @) 28Ry MOERHIZ
fliEd 5.

ZZT, Ry MIEFL Y IYEAXR— NTBHEHE foun 2ETTHZEEL,
ZDIODEMEAT Y T s ELATD XS ICEHT 5.

” N

Sstartl,l = <pssta'rt1,l7 assta'r'tl,17> = <” button ’ pu5h7’7> (4)

6Cozy Kitchen, https://poly. google.com/view/6b0TntCJyyK
71\/[icrowave, https://poly.google.com/view/OYYExMzwX0OV
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Power button

Fig. 14 The microwave oven in the simulated environment

ZZT, fstart]_ Ciib’ﬂ;x:): v 70751 1 O@&%‘gtj—%fi&), Sstartl,1 @?kd)%b{’ﬁx
Ty FFELR W, EATHEALZMAVUCAID, Zhzizd4ry bu YR
FELU, YIalb—rvarvZERAOBRY MIXDFETT L.

4.2.2 ERER

Pepper Z FAWTGEITHESEI N A > v Y% Fig. [HIZRY. A ha Y kT,
BIVYVEAZ=1T D (fyun) 20, REY (py,.0,) 2T (ag,,.0,)
TEMRBEINTVWDE, 61, ZOArbuTYrd ez, Fig MIZRT LD
IZ, Pepper lFBTV VYV EAR— T HEEZFHEBTHIENTE TS, £
7z, LBR iiwa W25 ICEEI N4 Y b VI Fig. 8 £ 5E2IIZH—TH -
7z, X517, ZOA v avEL LIz, Fig MICRT 512, LBR iiwa lXEF
VY VRAZR— T HEFEERTLEIENTETNS.

Fig. @IZRL72& 32, Then2o00Ry b Y AT LIZEEHEEY 2 —
WUASMEE—TH B, X512, WEINZA Y I YER-THo72. T 5T
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| microwaveoven | |button|
r N

instanceOf instanceOf
| microwaveoven/0 | button/Ol
hasFunction target
r ion,
start Start |act on/0
action

| push |

Fig. 15 Ontology for operating the virtual microwave oven

X0, B0 Ry b ThHo7/-2UTH, TNUOITHE U ZE/EHBEEY 22—V %
FEATHZET, A—OA Y v aYPSEERERMETH D Z EWRI N,
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(a) Preparing an operation of a start button

(b) Operation of a start button

Fig. 16 Operation of the microwave oven in the simulation environment by Pepper
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(a) Preparing an operation of a start button

(b) Operation of a start button

Fig. 17 Operation of the microwave oven in the simulation environment by LBR

nwa
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4.3 NBH—E20FRy NOFESTBEITY 2 —ILIC K 2EMELERK

A CIEENENBFLVIVICESNTEY, ¥HEEATY 7TH1D20ADL
DTHotz. TIT, RIEEEZFEHT LI r—22012, 1L v VLA DRER
PIZHUTCTHEIRET LV —L T — I PREMEHT A 2RT.

4.3.1 EBROAEN

AREBRTIE Pepper 2> arvD—E8 2LV I alb—2 3 VERICRE
T5., BEONRE IR EMIEL LT, I—2BIRKE VAR - RE V%
B9 500K (Fig. @) ZudRy MOEHIICEEBETS. 22T, BARY MEdk
HERE 2 A — NG BBEEE fuean 2FTT2Z 2L L, ZDOOENEATY T%
UFD&SizE#HET 5.

” N

— _ 2 7
Swa5h71 - <p5wash,1’ a'swash,l’ Swa5h72> - < powerbutton ’ pu‘Sh 73wash,2>

M N

(" coursebutton” " push”,)  (5)

S’LUCLSh,z - <pswash,27 a/s'Lua,sh,Q7 >
A CHH LRI, Zhzilizd4y raoYeEL, YIal—Yay
ZEADOBE R Y MZEDEFTT 5.

4.3.2 EBRER

Pepper Z WG EIZHRI N4> b Y% Fig. @IZRT. A bhoYk
T, VB ZBREI ST 50 E %, L ZE8ERRIINTHS. LaL,
PRI T 2 A buYRETSDOEH DD, P—AXR—L LUTRHEINTL
FoTWb. ZOFRKNE UTIX, Pepper D RIERIET E 72720, UlERD IR
DANE > TWEHIRE LR D, YMAMHIARIZ X 2HHIZ R L2 & (Fig. £0)
NEITSNE. ULRLEDS, GUI LIZERRI NV AR IVEHRIZED =X
R—TIRRKVEIERTH D Z PR TH o 72728, EFARAT v T ORI
BAT U7z, ZUc kb, ZoArhavrkd iz, Fig ENICRT & D12, TiER
ZEESE B2 RBTHI L TS,

8apaurtment,vll7 https://poly.google.com/view/bQhStTXcoWe
9Washing machine 3D Model, https://archive3d.net/7a=download&id=6bebbeld
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Course selection blitton

— Em

Power button

Fig. 18 The washing machine in the simulated environment
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Fig. 19 Ontology for an operation of the virtual washing machine

toaster button
instanceOf A{‘am%
toaster/0 button/0 button/1
7y 7y
hasFunction target target
st;rt Start »laction/0 next »laction/0

e

push

Fig. 20 Result of object detection from robot view
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(a) Operation of a power button

(b) Operation of a course selection button

Fig. 21 Operation of the washing machine
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4.4 OKRY N7 —LDENMEETBEITEY 2 —ILICK BENMEAERK

B2 TlX, LBR iiwa ODEEFHHEY 2 — )V THERTEAEEDSH, 1 DDA
ENHRE UTEEEZERL T\, FIT, X oEMRBENTRELRETL VY
ETFNEZHEL, BEIV—L 720U 2T 5.

4.4.1 EROEN

AREBRTIIEA L FRkDOZEM%Z AR L, LBR iiwe 2BET 5. BIEORSRE K
LREWHRELT, NURILVEAX—PREVEATLE L V™ (Fig 02)
ZORY OEEICRKET S, ZOETIVIE, A3 THWEZET L EIZEZD, £
bFE2EETHZ L THRBZITS 2B EETHBH. 22T, BARY MIETV
V% AR = NTBREHE foare ZEITTHIEEL, TODOEERAT Y 7%
UTFDOESIZEHT 5.

” ” " 2
Sstart2,1 = <psst,m2,1 ) asstwtg,la Sstart2,2> == < handle ) p’dll ) 83tart2,2>
2 N byl
Sstart2,2 = <psstart2,27 Asgpare2,29 Sstart2,3> = < handle ,wnsert”, Sstart2,3> (6)
_ o 9 99 9
Sstart2,3 = <psstart2,37 Asstart2,3 > - < button ) pUSh ) > (7)

PATHALZZmRNZAID, Zhziiz74y haYziEsEL, YIal—vayv
RO Ry Mk W EFTTS.

4.4.2 EEBRIER

I N4 b Y% Fig. BIIRT. A by BT, 1LYV rifE
SE LD, EENREERREINT WS, ZoFyhadzd i,
Fig. E@IZmRT &5, BTV YOEZRMIT (Fig. 2@ (a) , WY ZHEAL
(Fig. 2@ (B)) , AX— b KREZ V2T (Fig. 24 (n)) LW EFLV Y I2EFX
V270D HOEELERTHI L TE .

DRI, KTV =27 —22HWEZ LT, aRy hOFT BHEEEICIG
UT, BIfEXATy 72IRT DI ENARETH DL ERD. 61T, Avbuy

1Oeuslisp/jskeus, https://github.com/euslisp/jskeus
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Power button

Fig. 22 The microwave oven with a handle in the simulated environment

| microwaveoven |
4~
instanceOf
[ microwaveoven/0 | | pull | | insert | | push |
~ 4, ~
hasFunction action action action
v
| sta Iﬂﬂ action/0 S action/1 — action/2 |
| target | target
v
[ handleo | | dial/1 |
instanceOf instanceOf
v v
| handle | | dial |

Fig. 23 Ontology for an operation of the microwave oven
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(a) Pull handle of the microwave oven

(b) Insertion to the microwave oven

(c) Operation of a power button

Fig. 24 Operation of the microwave oven

35



FIZRBHINZZNSOFEAT Yy T2 2ilzaRy  EEZER TS Z 230
BBThHAZ Vbbb,
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5. REE TOREMIFIRIFRER
5.1 EERDREN

ORy hOFNZETFLV YV EREL, TOEFRZ VE2RTEFEICFL T, FE
TOEEZMGEEL 72, KEBSRFFELET T2 - ARy h& UT, Pepper
DFEMEZH NS, RGB-D 72X & LT, Intel #:® Realsense D435 % Fig. P4 12
ARIMEIZIO 5. oRy bOMEIXEFLV Y YOERE L, BXETL Y
VOBNEA VR T =A@ EOITHELZ. EL, BTFLUYIUBXIUED
EEfET e 1Ry b OALEBRIIRMORETH 5.

ZZT, BARY MIEFLVYIYZAX— NTEHEEE foun 2FETTHIELEL,
ZDIODMEAT Y T Sz EATD XS IZEHT 5.

SstartS,l = <psstart37 a'ssta'rt37 > = <” button” ) ”pu£h,,7 > (8)

fstart?) Ciib’ﬂ':‘x? b4 707& 1 O@&%\%tj_éf:&b, Sstart371 ®¥k®§b{/ﬁz% b4 706i
FAELZW, EATHH LU RN, IhzmzdArry by ez, £
EHOBRY hTETT 3.

5.2 VAT LB

AEBRTIX Fig. BBIZR UV AT LATERET 72, YIalb—Xz2H\
FERE IR, GUIZHWEA Y o DR, EEREE2 AW EYikkE,
TEFHEDNLRED TR TEE—DT A by THINY AV TiioTW5b., Z DRl
FAU=T A7 by 7% 3> OMEElE Table BIZR U 7=,

5.3 EERIER

I/ 4 > ba Y% Fig DOCRT. A oV ET, EFL U IRAR—
D (fuar) 72DIZ, REY (pyos,) 2T (ay,,.,,) ZERRHEINT
W5, ZOF Yy baY EOFRIVUIHID, Fig. BRIZRT LH1Z, @Ry WETFL
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Realnse D435

Fig. 25 The robot with a RGB-D camera

VIBAR—=NTHIENTETCWS., 72, BREINEA Y Mo VIZEET S
E, BHEFEDOID ZZFELZHDD, Fig. MR UMELR>TWA. ZHIZ X
D, RITV—L7— 2 3FEEFTIHTRRERA Y hu Y 2T 5 2 L AHFET
Ho, TOA IRV Ial—ya e EEMcETREREDTH S
ZENRBINT.
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— Desktop PC

Operation flow ( GUI )

7Y

Node.js

ROS RGB image
v Detected Depth image

Ontology M{Object Detector} Pointcloud  (pealSense

Objects position
l Action name

[Motion Planner for Pepper\ . :{ Pepper
J Joint angles

Fig. 26 System configuration with a actual Pepper

microwaveoven

y

A
instanceOf
microwaveoven/244

{_J%unction

power| | time start
start

A

action/0

target;~ action
g v

button/3| [push
instanceOf‘

y

button

Fig. 27 Ontology for operating the microwave oven
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Fig. 28 Operation of the microwave oven in the real environment
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6. BbHYIC
6.1 AFXDEXEH

AFX T, v bYW THRY RRKEBRVET 2882 08y A
fRL, TNOZHMIZEIEHTIENTEL VAT LRMELRL., £7, FKEK
BOWMESEERET 272004y bu Yoy, TOZRENIOWTHIL /.
WIZ, TOAY FAVMEEARBIZTH-OD CUIZMELZ. X512, Tho
OFxvbraYizksaRy hOEEZREET 570Dy I a2 b —Y a VAEMOTE
HERELE., EEBTINSD TV —LT—2 21T 5012, EE¥E%
AW7WAE 0700, FaRry 234 baYz s L ICEET 5729
DEYa—)LEREEL 7.

FERCI, MEINA Y PR YDMEL DU Ry MIEFE I A iTEE
5:&%@%T5tbﬂ,VEJV—VHV%ﬁK%%bt%¥V/y@W®k
ODA Y aVEEEL, ANy —E 208y & UTD Pepper 2Ry N7 —
L UTD LBR iiwa ZHAWTEMELZ. FERELT, FAFEOL Y badicdk-
THREEBROBIENTREL RD I L 2N LNz, RIZ, BRI N-A >V bR
VHREZEFOORY M UTHHEHAMBETH S Z L 2 HEND D701, FZEH
D Pepper IZX VBTV Y I E2EELZ. HRELT, YIalb—va VEHEE
ZEMCRRD A >V b B Y% W THKERHRREVTTRETH S Z DB HEPO SNz,

6.2 SEDEBFEERE

HEE LT, 94 e YORMARETONS. KX THBEI N AV
N VAR O EICEIELTE D, B3 TR L5112, BRYy FOHIZ
FAELUTWAREEBEZHOEDTH S LBHBMUZGEI, Moz DDERKS
Nad. £72, MRELUZYWED ID IZHIXS D EN E’?TLTL%# Iz, SEAIZIH
—OA v huaVEHAWTCYIalb—Y 3 v2El - EEBOW G TEET SV AT
At?é_a#*%@#ot.%%@&@ﬁﬁﬁhb,@mbt%ﬁ%;bﬁ%
W7 4NEY) T T5Z8T, KOPNHNLRA Y b YZREL, ERIZFE—D
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AV Ia YV TEET S ENARRICR D EEZI NS,

ROFEE UT, NHNBREEOEBNRH 5. AL TIE, 42 baYofEsE
WERZEVWTWSZO, A hayrofonzEffAsy 72uRy MEE
2T ZEAEIZ O W TR BEAL L ZEEDO A Z T > TWd. RGB-D 7 X 7%
SFEONT 3IMTTHEBET — 2%, hHE2 v REZEEWIFHTLZ T, &
DEERI=_Yal—Ya VR s eEIo6N5.

I OICRBAHEEE UT, RAYANOXIEBZEIF5NS. BEIXEET S
TRTOYUKIZH LU T, HorULodA Y MY 2 EEET I LERDHS. ZTD7-0,
KA LU TE —EA Y ba Y2 BET I0ERDHL. L, THETH
EWINZAY R IED LI, RIUKOEREAEZHEIL, BET I

BTHHLEEAOND.
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S0 E UL, T ZITHSERLB L EIF X9
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FREL S DRIZDNWT, FRAZHEEE, #MBhE2BH0 XUk 2 ZITHESHAL
HLUETET.

A S B AEIR O T B BIEUZ X ARIFZE 12 DWW T DRk e P B Il L T %
KOFTBWTHIEE, MBIS2B0 £ U7z 2 2ITBESELHEL B £ 7.

A B A Ek O GARCIA RICARDEZ Gustavo Alfonso BIZUZ IZAWISEIZ DWW T
D% 725k, EXXREIZ S OFITEWTHEEE, MphE2BoxlL7k. 2
TIZHES L L BT X T

AWFRDFETIZHTD, HRBEOHEL LT, e RiEmPT NN1 ZZ2THD
LEHARK, HOREK, HAMERK, URIGUEN ELJURI Pedro Miguel K
L £ 7

A B M E O RIFETFARK, M I IR AR P EG T & 2 &k~
MY R— P2 UTCHEFEUA., ZZIZELHLEL ETET.

AWFEDZFITIZH T 0, P2 RERPHBIE, THWZLE, [, BREOHK
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