IBMAIBFRH/YEE TV 2N T T 712X Vol.5 No.2 1-9 (Apr. 2024)

JEREA Z AN S 2 7 A2 0 B AETR
TRy b OFAR E RS AT - BET

AT AL AGRE B

Pandyaswargo Andante Hadi!

TN ORR? N RS OEH A3

ANt 5 A

Z{TH 20235F8A7H, #$}H 2023F12H25H

BE - T CANURICRI T 5 = — XA

FoTETWV2., HFELIIEBHM TOMEINL H

FICH8T, ZTHIEOIEEMILZ EB S 5 BILETWREZ ARETMOU Ry bOREET-72. $72,
AoRy bEIHL, EEERAITEXOLERM TIREME ZANEZIT) 2 LA TE 2 MRS 5558
ATV, MRFERICINT 2EBGE 2T o7z, 2ok, RO B AR OREAT RiAD 5 2 L3
o7z, BUROHIEDNIMIN O & 2 B8R TIEH D EE L < 25 &) BAlrRVEREfT ) 7 2 B
T BN B B &) MRNTREEDNH 5 2 LD riro 7.

F—TU— KR, AN, BEIEMLE, BAUETT

Development of an Autonomous Robot for a Contactless Waste
Collection System and Study for its Social Implementation

Axaisa Ocawal®)  Kosuke Kusoral

SHIN SawADA®

Andante Hadi Pandyaswargo!
Hirosur ONopa 'l

2

Ryota TsuBoucH? TAKERU OzAWA?

Received: August 7, 2023, Accepted: December 25, 2023

Abstract: In recent years, the need for contactless waste collection has been increasing. The authors have
developed an autonomous robot that can collect waste contactless in an outdoor environment. Our goal is
to implement the technology in residential housing complexes. Therefore, we performed an experiment
where our developed robot collected waste in a residential complex in the Minami-Kurihashi Station area.
The results of the experiments were discussed in this study; it was found that improved non-contact per-
formance and reduced workload can be expected. However, some technical and social issues must be
solved, such as an unstable operation on uneven road surfaces and the need to define the travel area.
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Fig. 1 Method of operating an autonomous robot in contactless

waste collection.
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Fig. 2 Appearance of autonomous robot, waste bin with car and

waste station.
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Fig. 3 System configuration for autonomous driving.
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Fig. 4 Robot motion for docking and insertion.
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Fig. 5 The control flow for docking and insertion.
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Table 1 Setting conditions for docking and insertion.
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Fig. 7 Measuring the amount of waste using ToF sensors.
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— CHBRORE
80 | —— EUIREASSY

CHROBE
[ ERE IS

HEOHE &
HROBE %
=
g

#HFERD

RN
&
g

1090 1180 1230 1380 1430 1530 1630
i
CitROTHH

o
130 1180 1280 1880 1480 1580 1680

w3
B ADT AR

9 T T LD TAmOMEAFREBINY 1327
Fig. 9 Waste volume measurement results by time of day and the

timing of collection.

© 2024 Information Processing Society of Japan

DNIATo 727280, THIEIH T 2R ILIFEATITH
CEMNTEREVZ S,

(4) BKRvy FOBBEDIERERE

1 HOZHIEE - 72 AR E 30.9 4, 2 [0 H
O ZTHPEE o 2 GFTEERIZ 264 0 TH - 72 (F
10). 209 5, EWUI 2L EE-IAY 1A H X 22.3 57, 2
FHIZ17.873ThY, ZNENEFRHO 72% & 67% %
HOTWAD, ARTEEIEEE L EWR Ao 72 AR 2 S
BEpEETHEN T 5L, 1EHIZFY0.33m/s, 2 HIE
042m/s TBEILTWAZ EI2RY, 0.5m/s TREIT 5
BREM L) EEOET ARSI, 0.5m/s ik, FEEMIC
B bEwmEmEED0, ERETIZ05m/s L0 bHEEN
BTFT2b0THLH, 1HHOERHROKIEIB AL C
R TOETV— b EICETENBY, TRzl 58)
E%& 2B T 572720, REOBEBRCIlIhro722 L
FHRTHE., F72, THFEEZBELEENOAKEE - &
AAT = a Y DOFFEAEEEICOWT, BHEDOA v 5 —
Oy &y Z4iETCiICHEDT A7 7V MliZEL ) &
PRI 2220 % IR 2534 C 100 #5, 3R ARERIAT 96 R %
LT ERERL: (R11). K5 IRT ) A3 —8ifEx
TAT 7V MNEETIZ L HL2TOTICHEST 52 LHT
E7S, A vy =0y F v iz Tld 8 MIFEET ) LEA
Ho7z.

(5) BRoOKy rORE

B - HABEIC D B R SR &RATE L H 0l
TOWFIZ % 5720, A - 1 HABIEIC O W TLHRE AT

a5
6 30
®
s 0 25 ®
H =
5. mé
g =
g 3 15 i
g 2 10 ¥
W
= 1 5
LY
o 0
R
] B i & i B i) B iy & i B |
s ®m 5 © T M 3 ®M £ @ 5 m ok
S E I x R 3
T T # T T Ed & T =
g 2 W 2 $ 2w g i
e E ] ] i [ #
10 RFEBROZTEIZ 27> o 7z i
Fig. 10 Duration of each operation in this experiment.
200
1
@B 1
160 1
w2@B I
2 _lEBL2ER i
10 DI .
B 1
& 1
50 !
1
i
0 .
FAI7IHAE A= 0vEL TR ! TAITIV-HE Ao5—0vk o THE
L ! AR
11 1Ry FOGE - SEABIEIZ Do 7R
Fig. 11 Duration of robot docking and insertion operation.
6



IBMAIBFRH/YEE TV 2N T T 712X Vol.5 No.2 1-9 (Apr. 2024)

)N D D BAEIL 100 LN TEE - I ABHEEZ 179
CLEEHEICLTWE?Y, M1l1ofRrs, 1248 —
0y ¥ 7EETOEE - WABEIERM A2 o T 5
CEDVHERTE, ZNEBEOA vy —ay XU
B CIRIRO MY D B Z & T, M5 IR HIE 7 T —12
BUFA) AN =@z T-oTh, Hilgh Him & w28
WTELWzw, RUIIRTHEEZHITIETET, )
HNY) —BHERTE DT> CLE ) T EDERTH 5.

COMER R B 720121, ARy b ERIGHT A8
FIEICTAAT = a Y ORELETTOLEL) A3 —
FHEICBE S AR EMEORENVLETH L. BARRIZIE, &
ARAT—v 3y OFEMEE T AT 7 )V MliEEO M,
B VEGITICEE T A 2 &%, R LIORTEAOL &40
DREMERE LT HRIEIRDOLNE, UL, el
ARELTHE, VAN —@ERAT) BIEITED S5
CENTEBY, MEHBEOEMRED WAL, &K - A
ZDLDONKMT DRV LA T L2 MNL—FF T 2R
., LIzoT, THAT—YaryOkBEiEY HETS
L ERBEET AT NRV.

SHOBEELE LT, AuRy B RL, B4 REET
THEHENDL L2 ET D &, e LERIHRIL T TRE
L72EE - A TE LR EMEMRL, TV 2EML
TV PR ELR S,

4. RBRERICED(HIERICEI LEE

4.1 MREXDOIAPREADOARDOKR Y ~DISH

REBFERL S, Ao Ry EFEHTLZ L TAFICL
HAEEL D B IFFEREDSIN LT 5 2 E g otz Fo,
TAT 7V NERA vy —ay F TN E LD
FEMAB TR SN TV L EBEERI T CHAET T 2
ENRTE, WREXDNOEFTHIEHT LI LATEL
TREMEDSE W & 2 EIRT 5.

T/, HAOEFIZBW CHEEEMIZBIT S ZADIUE
TEEIIEHECITONAIEETH D, AETORI A
DIFETHEL LTEHLFAHENLDIF AL DOLDTH
D, MOBHEERD ZAEEOREHRTIEIH S, 451
D THEENNTTFIE39kg D TAHPETHLN TV AE E W)
T=80d5 (13, 2070, FI3.9kg D ThEL HIE
oS F CTHERT DD THERMIT T L IBAET L L8
FRENE, ZHUIHhrAIEEAMEART Ry M2 GHT
HZETHIKTHZ ENTELENWR S,

REBETORY M7 28EE 1 AOKNB A FAE
H(TITOWE, ASZHEL, Bi#aoITAFHrH Th
BoHhEPWY B L, WFETH7ZKET CHAIIEE L
EHIZCHEDTHIEDPS ZHARERYEL, 2200 TA
WEMFIFF - ZRETD M TREIT L & v ) 8ifE
27 5. RENWEL EBIAT, BRI ZHEST 5 L 505 T
EERKZ DI ENTEDL L MR

© 2024 Information Processing Society of Japan

TRy P OEEREMIZ1EE 2 [0 H TENLZE 309 5
£ 2647 THY, ANFICELAFEELIDVLZFNRZEN 259
G, 214G EL DR E o/ BlEOUR Y bk
ERETH S 0.5m/s W, 2 015D T HOEREIZ D H
LI O ZWD L, 20050 % % 5H, BEEEACEEIS
EOOLNTRAOEETH S 1.7m/s THIETTE S &
e L73dy, BRI 34 E 20, ERICHh D5
MIX 580 27352 ENRADSL. Lo L, RO
ATH8 T0n, THHEDHE - FEABEIHh 25
Bz &05 L I 0L OMEP225720, OXy Mo
PEERFIZ 5.0 7L TICT 52 EdHEL <, AFI2Es T
B LD SVEHERE- 21T 2 Z L3 L vwE vz 5.

T/, HET LS LHEROGRELE T 5720, #EH
BT X > CEITWEEREEDO L — VIROPLETH 5.
LL, RaRy MIEAZKEEHCTLHBTETTA S
EMTEDLD, ADEREERIT) T LD WIEE S F ]
DI CTOIHRB TEL L V) EFdd b, /2, Thb
DI IZAREOER G AR, B I LLIEHNT
LS. CORMAENT LT, AFPLE
GEER LDV BB TLEHEIT) TENTEDEER
5.

ol ZIE, RANRY N EFREO—H AP REX DT
AW IZFHEAT D EWET S L, THPEEEEIT 5.0
T TC I RER THER T TERRL, HATLIEN)
VEZENVZN 2 505, KM FRHOMIZART Ry M1 »
FHCZHBE T EOTELZENTELZO, IR
BHYFERMIIENR T 5 2 EDSTE S, BT B ZAEEE)S
BN 2 12O TERRMEZENKT 52 LA TE& 5. A&
ARoRy My LGFAL B St RS9 2 Tl
AKuRy b & NOVEERH 2 BT 20 TIER L, A
AEE L WA A L, AFDPLEREELY T
L) HITEMT 2 LDV EETH .

LL, #HaEEZRAELZL L, TRIORTHEELD S
Z e ghod.

4.2 OKRy NOEFTTZIIUTOREICET 2EE
KREBRZAT o 72GINIARAE E 2> THB Y, HEpEH)
FETT AT CTH o725, A X MAMPIZBHE s, —
WHAZI AN W I Y IZHIRE Tz, 20720, ORy
MIABEOL) 7 ZETT A ENTE, LI
SHBLZENTELN, KRETKRY FHBLEOHMTT
FETTHEC) OIFIEHENTH L. HaFEEL Bz
He, BRI LI, ORy FOETIRRLZY TIZD
WCHEARITAZEPEETHD. /2L 2L, 7)—r
T 4=V FTHhIUTT Ry FAETTE LT 23721
BTHZ LT, LNVERIEATESL., T T4
FThUIT Ry b O ESTT 2 BT ICOWTo
HUEZ R, HEERICEMSE, AEOmEYEITT 5%



IBMAIBF R/ TV 2NT T 714X Vol.5 No.2 1-9 (Apr. 2024)

O YAGEITSHIUT

12 BMUEEHEHEIKICBIT 20Ky PaSETT A T
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