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Abstract: The number of parcels handled in Japan is approaching 5 billion per year. Utilization of auto-
matic delivery robots, which are responsible for the last mile, is an important issue as a new means of im-
proving efficiency and countermeasures against staff shortages. On the other hand, there is an urgent need
to study a mechanism for comfortable coexistence between robots and people, because of concerns about
collisions and accidents that may occur when automated delivery robots run in unpredictable directions. In
this study, we propose an Augmented Reality(AR) based information presentation system to reduce the
anxiety of pedestrians around an automated delivery robot. In order to verify the effectiveness of the pro-
posed method, a 5G antenna was installed at the University of Tsukuba, where the automated delivery ro-
bot runs outdoors, and a system was constructed to display nine types of AR contents on the smartphone.
As a result of the experiment, we confirmed that the AR contents that visualize the invasion of personal
space and the proximity of objects in advance reduce the sense of anxiety of pedestrians in the vicinity.
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Fig. 1 The state of the experiment as seen from the experiment

participants.
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Fig. 2 AR content shown on a mobile device. Each item is assigned

an item number according to Table 1.
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Table 1 Description of each AR contents.
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Fig. 5 Trees at the experimental candidate site.
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Fig. 7 Experimental environment.

© 2023 Information Processing Society of Japan

AR &) OFEBTIX, A= 7+ Y FIZARI VT~
VIFERENR . 2L, €0 FEAR M) OFEEIC
BWTh, EBBINZIZAR 2V 7 Y U DBERSN VA
Y= 7 OMEEELT, BWATOTL—L%HL &
IIWCHBE X Ry M EABIZT A T, C1 (AR
) & co GFAR &M OWMGOFEEBRTHE AT /N
A TR A R B EOERSE R KT 5720 T
HbH. kb, EBRSINECZHBEX TRy MIHT AR
REOREE B E LEBRTH L EE @A L, EBESN
BT NA A% L CHBE T R Y & BIET 5 2 fiH
DOFEBRIZBINT 52 L, FEEEO 12137351 A LI AR T
DT UYMPBRENLZE, B 1OOERIITNA AL
AR IV TV IYDRERENLZVWI L, 5|2, ART Y
FUYNERENGVWERIZBNT, HATDTL—L%
XA —= 7+ 2 E L CHERRETRY b %
BT 2T ERSEG A KT 5720 THL B @A L
7o, EEBRFIGRICERCE OB 2 KT 7208, EBRSng
B EEBIIT S BEMIIAE L Twiv, EBEEINE ONETF
&7 vy aciEL, EEOIET (C1 (ARSMH) 250
12C0 GFEAR &) D) bERSIMEZLIZT 5
LATEREINTS., EBROLEMEIZOWT S HENIIERS
FHIZTalfmzon, BERCHZ CHERATRY bo
IRy BT 23RV —F DI HEVD D & THE
Sz,

FEERBINE T ERE TR 2MEDO 7 v — MZRE L
72, 1FHOT7 U —FTIEAR IV 7 ¥y OFRKIC
B LR ZEOREZRE L7 CL (AR &) & Co
(FE AR &) ST A2 AREORK A HIWE L7z DT
HoH. EBESMET IEEAERZEZE LR W] & [Rkn
WCAZEE LS| % 5 BERECREA L 72, EBROKRE, Co
(FE AR &) & HERT, C1 (AR &) TARREDMEIK
THIERMEHE L. R8IZT 7 — b DEFHREEDF
Yiixid. Erronrs s 7hEVE, EBRsgoR
EHRREVWZ L%, M8IECl (AREKMH) X1 Co
(FE AR &) D) BDEBRSMEDOARENIKENV L%
RELTW5, F72, HPOBHILT I A~ A F AR

CO (Hide AR) ‘

C1 (Show AR)

0 1 2 3 4 5
ratings (1~5)
8 BMBEBAERZ ML T2 ALDOKRE S, ratings DFHAK
EVITIEFERBINE ONLHIRE N L E2RT
Fig. 8 Amount of anxiety experienced by participants throughout

—]

the experiment. The larger the ratings value, the greater the

anxiety of the participants.
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AR items

B9 #%AR 3> 7 ¥ ORZHIHEDE. ratings DEAKE VT E
ANEHBNRDIKRE N & Z2RT
Fig. 9 Anxiety reduction effect of each AR content. The larger the

rating value, the greater the anxiety reduction effect.
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Table 2 Delays around the maximum delay.

frame | delay [msec]
N-3 0.16260004
N-2 0.186810017
N-1 0.113329887
N 0.566660166
N+1 | 0.216889858
N+2 0.12677002
N+3 | 0.113910198
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