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Evaluating the skill of robots guiding humans via a competitive task utilizing VR
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We focus on evaluating an instruction ability of robots to appropriately guide human actions. We have proposed
a simulation software to evaluate human-robot interaction in daily life environment based on immersive virtual
reality (VR). However, difficulties still remain to evaluate the performance of human-robot communication which
depends on subjective factors of humans. To develop evaluation criteria of the performance in such a human-robot
communication, we designed and carried out a competitive task in which the robot has to generate comprehensible
and unambiguous natural language expressions to guide test subjects to achieve several tasks in daily environments
utilizing immersive VR. The evaluation results in a robot competition show the usefulness of the proposed approach.
Additionally, we demonstrate that the evaluation based on human behavior itself such as changes of head directions
is useful for evaluating the performance of instructions by the robot.

1. ELC®»IC

S0ENZORY O ATII a7 — 3 VRESTDRESEIZ
[ 72 T30 T R BRI S JED—D21E, RoboCup@Home
n¥OBRy MNEHEOEHTH L. EiEoRy b ORI
NS 284, K, 5H2ERL, ARG 7 02 2%
EHT B ke LT, RoboCup Soccer ¥ RoboCup Rescue
REOTURY MHEEATRYIaV—ZRFEHINTWS. 1
Ry hORATIa=r—va VREDOFMEIZBWTE, Sk
7S B B AT P BE O B WG 2 LS S 1T B
FTEHEODOHFELLTYIaL—XDEMAPEENS. Ly
UL s, BdRy b AMOPR OO IZEESAEINTNDS
RoboCup@Home Tl&, HHRRNEITIEART Ial—
vav ) =IPEELRY. TOERO—DIF, AIIa=
r=2avizBlrAANEOFEEY I AL — T 52 L AR
THHZeThHb. ZOMBIZONWTIE, HA VR OFHH
2o, HROuRY b OFHT % FRAES CHEEMEEE 35
Z e THIRDAE SN T WS [Inamura 18]. — /T, AMDE
BUKFE ST 2N I a=r—y 3 v OMREHIIAREETH 5
FOGREE L THE->T W5,

AHIFE T, ERPABOEBIHKTFT 2 AaI2a=7—
YavelUT, BRY ML AFEARIVIZEHT 5. ¥
O HEEE T, RIUZIE U TEHAPEIRY), FHEZ Y %2&
Z, MHFEOHFEEFETH2HMILFLET S, Z0L5%
WAGHEAF VI, WEETRY SHBARZHETE UL CHEIT 2
LHEX T 2RO ZGHEICB I 2EEREEZD—DOTH 5.
WAFZIZBWTaRY bR ENZIFRIRK D DOLGDOFNN IR
REGZONTWED 2 WEEHR L3225 NHORDEF NS
T 5 e LT, VR IND T NX =2 A U 7= B 0f7
2Ry MAGEET AR A A BHE U, RO HK
I, BHA A 2@ U EIEERIZ LD, Bl EOREEI M
EBERE Y LT, AT 2=y —va v oiiiics T
MR DRI IED < B 721 Tld 7 <, DA E DA LA E A
MDOIRZENZDE DIZH D FHHOBEMZHS T B
L THhD. £7z, AFETHEELZFRS AT LOMATI 2

g S A R, ENZREERAIZET, T 101-8430 BT
AKX —Y#5 2-1-2, mizuchi@nii.ac.jp

Oculus Sensor
Oculus Rift & Touch

Guardian Boundary

(approx. 2x2 [m]), Display for Audiences
Oculus Sensor
SIGVerse
(Windows)

Oculus Sensor

Robot Controller
(Ubuntu)

Switching HUB

X 1: B AT L DORE

Linux computer
(prepared by team)

Windows computer
(prepared by executive committee)

| |
=

Oculus Rift

& Touch ‘——‘[ bty } { J
(test subject)

! :

MR Robot ||

Voice outpul <1 Speech API '
(sAPY)

to demonstrator
Unity

X

M2 V7Y TR

== a vy OMRETHIIZ B 2 EAEEZHS M T A LT
H5. Ay AT LA HWEZ0Ry MERSITHEWTEBED
ANEOXFN <Ry b AIIa=r—yavigEio
TN & AT o PG R S, A BRI DA DR D BB B X
CIREUZY AT LADNATI a2 —v 3 VEEHDOFHEIICH
FBERAMEIZOWNTHRT 5.

2. FHfAE

WiAkEH 7 B NM (WERE) 2%, VRINOT ANR—iza
AL, BRY ORI STR AT 2% T T 25X A
O ERBEIL. AEELZ 2128350 Ry ~o&EIE, A



2D1-J-11-01

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

™ 3: B OkF

M OITHE) %2 TEIZEE T 2720102, R ’FC\UK%%?%?E
BV AFv2ERTEILTHE. W1, 2ITHEY AT
A877FW17®%W%T?.MH/XTAi,ﬁGWme
Ver.3[Mizuchi 17] 77 v M 74— LD EIZHBEINT V5.
SIGVerse Ver.3 I& Unity & ROS Z#i& L7z%et e o T W
5720, BHEEIEHKORY bOYV T MY 27 2L TR
ORY DY 7 MY =T EMETES.

WS L 72 AT LR W, RF#EEES LU NEDO &
D World Robot Summit 2018 @ Service Category, Part-
ner Robot Challenge (Virtual Space)*! # %ML 7-. 2%
BLEF R 2203, FEEE0L—L 2 1281 % “Human Nav-
igation” \Z#M T 5. fEkoo Ry MEE TR AR S DER
ZHRY MBETTDHILITESBEIPNT VWD, Human
Navigation TIFiZ DEEINANZEDL > TWE. HARRIZ
WBRE DY AT, ThiE BRI ES X 22 87&9(
B, BHEEIEERFEICE D W TEHE I NS E % 5D Bl
VAT LFEHEHZ GitHub™® TARL, Bif#E 3o Ry
~OHIEY 7 T 2T DAERELTE 5ok, WERHEIZIX
BREHIZED &5 B DPFES B3, L0 & 572D 2D
, MG TH B0, B E ZTH D50\ o 72 1FH
BEZ o070, BRy M, 7O ZN S OFEH
MEHIENG. /2, TANR—DHFFERMEFRF>TWE R Y
DIRBFENERERIETES L DI >T W5,

B 3BT DY AT L L ERFE DB T2 R T, BERA
DEEFIZOWVWTH, YouTube™ IZTAHINTWS

3. FHMEFER

TF—LENGE LTENTN 28 &M, 196 MDRTT%
fTo7z. 16 NOWERE 24 e LT, 7.9 B (196 #4171 &
f1d7- 0 &Kk 3 7[) OIRZEHNT— X Z2IEKL 7=. :@Mﬁ
F=RITIE, BERY MZE BT TR, BIRRERD
z%m&g®%5iﬁb%@§wu;éﬁi%&ﬁﬁ%ab
BB D BRI AR D BN PUE L DA v &S50 Y a U iE E
nNTWa. F£7z, TNSHOEEEIE VR B ECTHEARER L
NVTRER I N T VB 7280, BFEDORRTIINR L > TV
WERIZRDE> TONT 22 b RoTWVW5.

B 4-6 (2 S8 FERCRERT, IR E RS 5 £ TORR %

*1 http://worldrobotsummit.org/en/wrc2018/service/
*2 http://worldrobotsummit.org/download/rulebook-en/

rulebook-simulation_league_partner_robot_challnege.
pdf
*#3 https://github.com/PartnerRobotChallengeVirtual/
*4  https://bit.ly/2Q0jJAZ

g e ¢ i i
. M
e - [
? .
° T T T T T w
™ T2 T3 T4 T5 T6 T7
Team
4: F—=LT LD
& = i [ )
2 ® '
s g T e
g81T e | 1
S 5 | @ :
" ! T T T T T T
™ T2 T3 T4 T5 T6 T7
Team
B 5: F— AT L OYERE DTG & HIHLIZE < F TR

FTNTNRT. BIAVEY, T — =% 95%EHX M % R
9. ZITI, ZAZEZERTE D> 58 0K 2 180 B
CUTEEBMZEILTWS, Ry MZXBHEREADHMD

IZWIEE, RGO E 713X 27 DR TIZHKM25ET 3
fEF25 & Nz,

SHO A E DAL, WY E RO 572012 807210 B
EHIELTCWEZEAWEHELHEEEZ NS, DFEDH, B
MR RY DG 2R TETVWBRIZE DR BT &
MPREING. BT ICB T 2HEDMEOE{LE v 2, Ik
INT—RIEIVTR (1) 2V TEHELE.

TC
1
=7 > IRz —Riiz| (1)
t=1

ZIZT, IR, NIZTF—209 Y TE, R ZEEO RS
ZRTMERITH, 2z = (0,0, )T (ZEHRSH DO ELLR 2 DL,
T IR A7 DT ETIZEULZRRTH S, M 7 IHERED
SHOME DZALEZRY. ERMZHEREE Lz Aa3Ia=
T— 3 v OFEIZEEN ST (B A, [Striegnitz 11]) 123
WTHHENTWS., LELERDS, 46 OFrERRZHE
e Ui clk, kA4 F—24 (T1, T2, T3, T4) IZH
MRERDHZLEFEARY (WThOMASGDLEIZBEWTD
p>042). — 5T, EOMEDE(TI, T1 & T2 IZAER
ENH D (p<0.01). FEBIZ, T1X T5 IZHERE DNLE P
AN ZFIEL U2 RO A ZHRL TV ZDIZw L, T2
72 & TIIAIR 2 AN BT B HE R DY E AW ER D -
7o DED, PPN T OIS & B M) & DZEL T DFHT
WRIRREAD Z DS N otz ThUE, HEZ T Tl
<, kR% R BRI 72 FHINC D W TR 3 2 B % R
THRTH B.

4. &

ARTIE, Ry bOXATI 2= — 3 > OMREZ FHM
TBHEHOTRY MR A7 DEMFHEIZDOWTHERZ, [FH
BT, 196 #tT, T9RMOBRY b - BEEDA VR



2D1-J-11-01

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

y the IEEE/SICE Int. Symp. on System Integration,
i by pp. 948-955 (2017).

160
1

120
1

[Striegnitz 11] Striegnitz, K., Denis, A., Gargett, A.,

L "N Garoufi, K., Koller, A. and Theune, M.: Report on
7 . ) i - -3 the First NLG Challenge on Generating Instructions
in Virtual Environments (GIVE-2.5), in Proc. of the
13th European Workshop on Natural Language Gen-
eration, pp. 270-279 (2011).

Time to grasp [s]

80
1
B
L 2

40

X 6: F— LT L OWERE LT RY) % HUEF T 5 £ TORR

1
“4'4“3

head direction changes per second
0.10 0.15 0.20 0.25 0.30
I

T T2 T3 T4 T5 T6 T7

Team
B 7: F— L Z L OWERFE OIEDE & DAL

7 avENRE UEZABORSFHNTF—X 2L, 20
i, BELZAMOEH T — X OINEEOFHEZRL T
5. -, HOMEDEZEAMDOIRESHNZERT S &
T, PEROFTEIFR 2 HRE L U 72 30l Clads R A = = Y5
SNHEVWHNRIZEWTE, FHlifERICERRENEFOND Z
EEHOSMZULZ. TNSORERIE, BRY hOFATIIa=
r—a v OWREFHIZ B \WT, X AT ORI I 7l
720 CTlEe <, BR% R BRI IR EHINC D < G- 2
FMEEARTEDTHS. ZOLIRfmEI LT v AIZHE IV
TRTIENTELERV AT LRI LZ L WS HEARAY A
FLDHFED—DTH 5.

AWFgE T, AN &2 FENEHEIXT->TE 59, i
WDFZIVEIZH] S & e TWARW, 5413, VR ETHBEL
T2t ANA VR T 0> a B B HERE O2EE) & 5 =3 2 ETM
LTH L, BHRHADIL—IIZET BEHTOZ Y2 MEEL T
WL FETHD.

A

AWFEDO RO —ERIL, ENAFFEFARIEAGT = 3L F — - ik
Hiftiia AR (NEDO) OZFF2E, LU JST CREST
(7'7 v b#EHES JPMICRISE3) DX EE2ZIF7-EHDTT.

&3

[[namura 18] Inamura, T. and Mizuchi, Y.: Competition
design to evaluate cognitive functions in human-robot
interaction based on immersive VR, RoboCup 2017:
Robot World Cup XXI, Lecture Notes in Artificial In-
telligence 11175, pp. 84-94 (2018).

[Mizuchi 17] Mizuchi, Y. and Inamura, T.: Cloud-based
Multimodal Human-Robot Interaction Simulator Uti-
lizing ROS and Unity Frameworks, in Proc. of



