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Abstract: The collection of pedestrian flow data plays a crucial role in improving traffic flow, optimizing
public spaces, alleviating congestion for disaster management, devising effective evacuation plans, and an-
alyzing consumer behavior. Pedestrian data is gathered using sensors such as surveillance cameras and
infrared sensors. A challenge with these fixed sensors is the difficulty in measuring areas where sensors are
not installed, and visual sensors like cameras may encounter measurement errors due to occlusions caused by
overlapping people and objects. This study considers the use of autonomous mobile robots to collect pedes-
trian data as a solution to these challenges. To measure pedestrian flow using autonomous mobile robots,
there are challenges such as extracting pedestrian data using sensors mounted on the robots, generating
exploration paths for the areas, and coordinating with multiple robots and sensors. This paper focuses on
the development of a module for extracting pedestrian data from point clouds obtained from 3D LiDAR and
the development of an exploration path algorithm tailored to the measurement conditions of the area and
overlapping people. Evaluation of the pedestrian extraction module using the 3D simulator Gazebo showed
that it is possible to measure with about 75% accuracy in counting people, and extraction is possible with
an average location error of about 27cm. Additionally, a module for generating exploration paths in the
area was implemented, and simulations mimicking human pseudo-dwell showed that the proposed method
can reduce travel distances compared to the common Coverage Path Planning (CPP) algorithm, achieving
more efficient measurements.

Keywords: autonomous mobile robot, human flow measurement, path planning for occulusion

© 2024 Information Processing Society of Japan



EHRNITF AT Vol.65 No.10 1-12 (Oct. 2024)

1. @FU®IC

IAEITF T ANV AOTATRRMERELR EOLEDL H
D, RMHEE SV OEIBRCRMETF AT R AL T — 5 DE
WP ICET > TVD. AT — 7 OREIZL - T,
IRMERRA R B0 72 BRI O SR B W BEC, A4 DR
RIZHFEGDTE L. KEMRDIMZD, A2 OBy —
R OGN L 0, ISR R HR TR SS, %
WO, ALZEEO Ni#Et, ~—7 7 4 7k
e EAOEHAPEFINS.

NRT—%1%, drmz@EBmL iz ArERT Y~
M=%, HAHWE - BEAICEEFE S TWE AT RT
W5, FEOREHOBE ALY HFKT OD 77— 7,
HAOBE % LT RBEFY T — 5 D 4 D125 E N5 [1].
N7 — % OHURIZIE, HUR L72WwAGL T — & OFEEEIZ I
UCheA FEDRHVWONS, 7ob 21E, B S 25Ot
%5 N OB % 2k LEERO NG 242 70y s
N 2] % Wi-Fi 7 7 £ AR A ¥ NIRRT HBIZA~Y— b
T+ AT H Wi-Fi 70— 7% FH L7248 N OB
&5 2 B8 (3], 3D it oW & R L 722 KM bR
DNFHETE AT IR [4] = EDHITF BN, Thbnt
HIE, FHIL72nwn ) TIZH S Lo R RET A
VBB D720, ANy MRKERITHEET 52850 A
MOWEL, Y ORREDWEETH ) NGEEHIAEE L,
NSERTRTE LI chIUL, £ V% ikE Laki
AT 25D, FHAEED L o 2 aE, W F M
3520032 N0 5b. FEMRS AT % LIDAR
MR EREMICE S 250 TIE, ARWOELY
THELAFZ V=V a2k, IELLEHITE Wil hE
WddHs, F7V—a v EEN UL 57
DI, BEOE P EBRE LTI RS Rw, Lol
YUY OBEANL T A P OWINI O RS,

—JT, =L 2aFRy s OEMIETELRICH#EL LT
BY, BEo Ry MR Ry Nk EOMFERESREN
fLLEATECTYS, 72 21E, JREHA L KDDI #iat
S, #HDEOBIES A T 0T — il L -
AW Ry b OMEBFHRERRLETHEE OEHE LT 1
Ky NI b7+ —2%2HT, BEEYF—E 22
BAT 572D OWZEHSICI ) A TYS [5. 72t
HECTHBBO Ry FOBAZMTTHEATEY, SEN
TOWROBE BT Ry MBS L0 (6], [7] X
BEIPSI—F—DRETEORITAMNT A INVORL

R LR
Graduate School of Engineering Nagoya University, eeeee,
eeeee 0000000, Japan

2 AEERFEARFAL S AER
Institute of Innovation for Future Society, eeooe, eoeee 000—
0000, Japan

) nagoya.shimonori@gmail.com

© 2024 Information Processing Society of Japan

EICET AR L IThN TS,

DL, =L RAORY N OEFEBRLHEELED
BEPERILL TS, 20X 28E05, ¥—E 2
0Ky MPFEORBE L Y RBEBOBEMEICEEH L
CO2 RImBEN i 7 £ OBREEM 2 BB O R v b ASEHIT
BLIFFENIEZ T 5 (8], [9). HERBHIO ARy b &&REL S
PUZHERTAAY v FELT, AP AN WE
BRIGHTRe 7 7 L A0S L VW) 7 CHEHIAT R 2 & %
BEHORy Mty iEET S s RERE R T
T TLERNATRE R C EDHITON S, F72, R
REDYAZIIMZ, CO2 RIMMER EOBREFHROL v ¥
VIERITHIZEIICEY, kU OFKET A N OFR L
P 72 FHAI AT A 5

DL BEFRESEZTAMAETIE, H—vRAERY
N EIEH L NREHI oL Hig . Shick b,
BEY OREZERL, L0 ILHEF CIEMD DR
BN T — 7 ORS% BHgT.

HEBEIOR Y b2 W7z AREHIY 27 2 O8I H
720, WS OPOENRD L. 2L 2iE, P—EATRY
MIE2trHoER ARFHNOZOOBET Ry b
DIEFREHAR, LIDARRH AT EDE 60N
M= 2 ErHIFons. BEoT) TIEERK
HERE LT, fraRy b2 bbb Coverage Path
Planning (CPP) [10] R A% =) 7 OREBER 1T
FEN) R EHIFEND. AGEHIO 720 OFEFRGER A K
X, ARPHOELZNIZL->TELLZFZ V=T 3 »REH
LTCWRWL) TOFEFNFEETHY, 7 V-3 rR
BEIA MOV LWEHIDETH L EAEFE L. £
D1, BAEDOCPP 2b LI2H 7V — 3 yRAFHIT
) TIZOWTHERE L7 REAERFEORBILETH 5.

KElE, BEBHIOEY bov e LTSN
% LiDAR # W C AT — % 2T 45 A7 4 L B
BEHORy ML) THREO 20 OB EI#REMEA KD
WCHH LR L EER1TH . BAEBBO Ry M, HX
FTOHCKHERZMS -OICBEHNZH>Tna, 21
FH L, HOMBEHEERO ST — 5 S BREN (D
WX % EE) OF RS 2T, BNZ iEEZ LT 5.
S NB R S L7 9 A8 ) v 7 e fTe, B
W TAY BB T 5. B LS 9 A7 IEAT
HDHUREED T2, HEES TR ENER L, A
T — ¥ 29 5. Robot Operation System (ROS) &
BHMEOE V3D ¥ 2 2L —% Gazebo & H\WT, EAiTAE
RANRY NEYGO—AERLUEEZERL, AT —%
AT 5 AT A OFHi R To 72, MR E LT T5%D
FEEEC AT — & OIS RESZ & 3o 7z, F72ARRGT
i, GRS TV ARWZ Y TR AR LD TEL L 7 )V —
Taroxr) TEEE LD THERBRERTEICOW
TLRET L. LiDAR THRONHET—5 L), kGt



EHRNITF AT Vol.65 No.10 1-12 (Oct. 2024)

W) 7etrV—"a ry&2H8EL, 201 7TiERE &

HEIECER T 5. i IREHEE % HITT & % Python

Va2l xHWTAOBRMEEEREREZER L, 0%k

ENEBEIO AR Y N TRHRNT A4 A2 217, KeHIl= )

TRAIN—a yOEARLTRY N OBEIHEEICOWT

e ER T/ REREE LT, REFHED CPP L))

HRBIEEEAE < FHIITTRE 7S LR Sz, AR EBNITK

ELUTD2oTH 5.

(1) BHERE TRy b LIDAR % fl\Vv 72 N7 — & 4l
TNIT) X LDRESEE Gazebo ¥ I 2 L — %12 X %5
il &0, % 75%D NEGEHIFEEE, 9 27 cm O350
RS CHII ASTTRE 72 L 7R L 72 05

(2) Nigatill o7z D) 7ERERBAR TV T1) X L0
B3 L Python ¥ 2 L—#IC X AFHC L D, —#f%
7 ERTHETH S CPP L) b)) 7 OFHIR %2
EZRELIRETFEO DB JAETTRE 72 LR L
=N

REEILUTOL ) Il sN L. 2 BT, RiFFEIZEH

TAHWRE ZOMBIZONVTIHRNRS, 3ETORY bR

AR TEICDOWT, 4 EBCTLIDAR 25 AT — % =i

W5 A7 21200 TiHkR 5. 5 BETEE - FHiilcOw

THlERD. 6 FET, FLOLLEBOMEIZOWTEHRNE,

2. BAEMRE

AETIE, BEONRHNFEE BRSO Ry P2
WBREEE VY v R, BRI ) T N OMBRER e AR ET
W 2B 2 B % iR, FRENOTEO R
BEIZOWTEHET 5.

2.1 AREHEIFE

Bt A % LiDAR, bRt 2 Eo gL o 4T
Nt 205813 % < fAfE$ 4. thH S 1, fEake A X
YN ENOREOWREREEEOm ER Y, B
7 A T OWHRD O BER OB L TN D534 % B RG G
W, FROBRONVEDOTFHFEAMEZFEL T\ 5 [12). B
W A T OG5 BATE O Nt % 5H - #5252 F%E [13]
% Hara 52MToCTW5h, BERLEREY R L X, BRPE
M, ADELZVICE-TEF I V=23 UASTERT V2D,
WRE W EICSH MO L DA 7 v—Ta v &
R L 2050, HREOANREZFHILTW5, 72 LIDAR O
WK F COMEERTARZ EMIZILE LT WM 2 &2 L,
LiDAR % W T AR 24T 5 Wi%E & & % . Shackleton
5%, LiDAR ZEBEOPF.OIZERE L, AOB X 2/t - B
B A AR L7z [14]. FRMEHS 4 7 4 AN
BBERBEONHERND720, LIDAR # VTt 714 AN
D NFEHE % T 5 72 [15]. 13212 LiDAR 12 & » TS
B HEED AR F 72 3 E B OB & 2 s O A1
LB HHONEEE T ZE L -HES TEDO NI v X VT

© 2024 Information Processing Society of Japan

ZFEH L 72W%E [16] R $ @ LRF (Laser Range Finder)
% LiDAR % 72 AMfZiERHI S A 7 2 [ATRacker | [17],
LiDAR W7z NitRHill —E A [AF 7 1 [18] 2 &7
T RELTHIEREN TS,

INEDE I LB NFFHIORGEIX, FHIl=) 712
UV EBRE LRI R S 2VETHL. £y ORE
(3252 Nt 2 5HIl T & 2\ ) 202, FHIlZ ) 7 A3 R E
WCThoH. MATERD AT EOBEL VY TIIARRE
EYDOELRNICE>THI V=T a UL L. ARHESE
WHEYE A+ 7 v — 3 v AR S NAUSFEERHI AN T RE 72
A, BRI A 7V — 2 3 5T IUZEHIE E O T A
FRENDL., A7 V= 3 V2 BET L7200 EDOY >
PEBEBNCEHIT 2R H 2205, Ly IPE L hhudz
DI A BN 5 720G TIE R,

2.2 HEEBHOKRy rERAVWEREES IS

HEREHORY FEHAWTEREL YDy 7T 50R D v
KOWd 5. lida bid, WELEED CO2 RMHE R & DR
EERO S PSS A 72012, HEBEIORY MCXb
2N OBRBEHR 2 BT 2 5H0 > 2 7 A &2 52 R L7z [19].
IR 22 ©IREN OB IE WS A OVTER O 72012, £ Dt
YU ERBRE L RTIULR S o2k, HEBEIOER Y b
OEBAIZLY, BEEL e HOTICRENOREL Y &
YT ERURRE L7z, FREOMRESA ORI HERE)
oKy MEHWCAHHIED B, FARICEEEFETIEZ S
DOWEY 2L 2T UEEHI2IT & 2\ WERE % i
HL I BERO X O 2 MRZEZEZ T TWE
OFHINCHEBEH TR Y b E VTV LI 20 b 5.
Wang 51, AfEREI0Ry 2FIH L7, BHRETO
T WEEEIT) VAT L E L, EBEORNEBED
<~y TERHAWC, B TSP Rzt L, BEHoKRy b
DINAIFE ) ZALY B2 dFili L7z [21]. Linder 51&, 22
BOY—IF VO L) REMELIZGHTIT, ORy MIE#K
SN T 5% Rader & W% % ki CT& % RGB-D #
e NPRBHE 7 L— 2T — 2 RIRFEL, BEEHEECEROA
PEF - TCVETFT—F52E5L 22007 -5+ y FEHWT,
BB T v x v FREORRMEEMEE L 7 [22).
feaARS1E, HHBEHORY hoEfTHICESNL L
T OEEARHEL, BB LE YT A Y
7 G AT D, PEL-e~ T a0 v 2B
S EEBBET 2 HEMICOVTYHATYS 23 20
FHTIE, AOBEIERZ DL L T2 0 BEIHEEKIZOW
TIIAB TV,

2.3 BEE¥EHOFRy PEAHAWAEIY 7TROMEN LR
stiE

KB %2 =) 7 2RI EHI S 5 FEE, CO2 X%

HEOBREL VYU TT A AR SLAM @ X 9 ICHIX %



EHRNITF AT Vol.65 No.10 1-12 (Oct. 2024)

T 57 A7IZBWCIEFICEETHA. Gao b, K
HOKRBEEEEE COU Ry MERO-DOFERFEHK T VT
YARZOWTEREL, YIal—YarilkoTTNT
1) A DR R BT OV TEHIi L TV 5 [11]. Zeng
5 AR R DBRIEIZ B\ T SLAM %2479 72012, BRI
DOBRBELERMOBEELEF T LT IVITY AL EHNT, BH)
ORy NORBEERTETVIT) ALEERKL, TRy
Mo 3I2 b —%® Gazebo & HWTIREFHEOERMEZ R
LTwa [24]. 1Z2I2d, HEBEORRY b2l S %
Mo, KEHLRT) 7 2HRRTLMEZL VWL b06H
% [25], [26]. Zhou Hi&, BRILEZHWT, HET Ry
N OARFEIZIE 7ok OBE KT 5 7V T XA 2 RE
LTw5 [27].
COLH)ICHEBHO Ry FERWCEREERL VL
TWaHIIL A0S, BEEE TRy b & HWTARE
WL CTWBEIE D7,

3. AmEHEIZERE U R IRERFEDIEE

RIFFETIE, AREEMOELZVIZLE->THELL L2
JV—3 3 vk LIDAR O+t yH#iFIC L o Tl &N 55
HWEAWE AW, 3T TR 1T ) A RTF
FIZOWTHET 5.

3.1 WRETHI-—XT—ABLUVIERE

BEO Ry &AW AR, BEhoRy bt
HHEOE IS, BBENT7+—< v AZET LHROGT
WA Ry - BREHBORERY T &0 AFER, =ik
BRZ: o NI o, v a vy BV 7E— Lt 74 A
TORED N4 OBBEBF ORI &, Sk — A7 —
ACHTEZWHEMENEZ O D, IO DORETIEA
BRetllm ) 7OIRS 2 Y, FUPEHETHEECH L. £
D7z, BEEIZL > TIIHE—oBH TRy ML SEHIIX
W ENH 5. 72 21, FHllD) 7255 < JLHiF %
HIN—=T B LD B LG NN L { NOBE MR
RHTIE, H—oRy bTOFHIZIT TR, B oaRy
N REEL VY EOBHMBLE LD EEZLND. B
TIEHRE—TFRy b2 AW ELY 7o NGstilicE 3
728, ARV NEYTRRWICET 5 A4 o NEGEHIR
EMEOZRRME BT NGEHIE T 51— 27— A
FMETS, LoTABTIIR 1 OL) EEL2 R E
5.

3.2 KEHAITV7 - AUV —2a3>ITUTDES
FHAT) 7 AR RERAICERE T 5121, BRIl ) TASE
DOREFHIE AT, EOFGAREH ) 7HIZon T
BLTCVWLULENRDH L. AV A5 A Tld 3DLIDAR % v
T, oM EHEEREEYOR#EY L TW505, #&
P& Tl 3BDLIDAR & 0 1§57z jilE T — % 20 5 RIFM

© 2024 Information Processing Society of Japan

x1 MESLHEE

Table 1 Assumed environment.

St NZE

FHll= ) 7O AEL | 10 A K

FHllZY 7 OIL S 5[m] x 5[m], 10 [m] x 10 [m]
NDOFEE 0.1 iy [\ /m?)

NOF By HEE 3.2~6.0 [km/h]

CIRE & FRZEL, 2DLIDAR A 5455 N7z D £ 95 124
L, TOHBET -5 0 ORBYERT .
FUOICEHIZ) 7% 2KIC7 ) v RO N x M OFip
ELTERT L. EREOFNTY 7O % X [m] xY [m]
L35 E, 257 v FOZKLLH A X3 X [m] x 2 [m]
D, ANREEYOELRVIZLAFT 7 V= 3 VLR
W) TICHEEEZLTEHz0, 2KTL7) v RE2ET 3D
DT BS, & NM;, OCC, %55 5. £ir5lizenz
W t O pifET— %, KEtllm) 7, A7 V=Y a v %
FLTWAE. MATEZY) Y FORVOfEIL, bsy(z,y) &
nmy(z,y), ocer(x,y) EET (0<=z < N, 0<=y < M).
HEET =% bs(z,y) 250 D4, K ¢ O L 212 LiDAR
TRAZTVWEELVTHLILEZRL, 1OBERZ TV
WL T THAHIEZRT. £72, nmy(x,y) 250 DHE
FHlliEATH L L2 ERL, 1 OBAKHIITHLZ L%
RS NM, OFtEEE, () IR, 2720, ADiE
BT, 2kIL7) v FOZEILVE) LOFEETET.

NMt = NMt—l A BSt (1)

FRRLZ occy(z,y) DIEAS 0 DHE, TDXNMIEF 7V —
TarPhhnwlErRL, EF1OEE, Ao NV—Ta vy
MWEELTWLIERT. A7 V=T ariduRy Fof
BCE SR VEIICA T DEE SN 55, 1 RN
L7223 cdh, BENCL > TH I V=TV a v i35d L, B
MPEMT 5 L ZDOMEIZADBENL TV REEDLH 5.
Zok)muRy FOBECHERESICLEF I V-V
YD 72D, oce(z,y) 1£ 025 1 O O/NIUE % B
5. TRy bSFTIZERI L 72 v st o oL £ 72
IAREEYOLIZA - 725G, ORIV OMEH;EML
KENWZ LRV F I V—=Varvenbd, 0CC 1%, &K (2
THEMT 5. oce(z,y) 1X, 0206 1 O#HIFAIZHIRS 572
O, FHEERD 0 KiOLAIIMEY 0 ICEZEL, 1 2B
LYEIIMEE 1 ICEET 5. 72 occulusionRate DfEIZ
XoT, BHEBTHI V-V a v b b8BT,

OCCy = OCCy—1 ANBS;+ (BS; —0.5) * occulusion Rate

(2)

3.3 EAESVOESE
FHllT ) 7R EOREEHIITE TWT, EORES 7
W= a UREE L hERT 2O, FHIlZY 7N



ERMIPESI/TE Vol.65 No.10 1-12 (Oct. 2024)
MEEWEETLEH DoNM L F 7 )Vv—2 3 VOBESNE
FKTLEH DoOCC %EAT 5. FHIlZY 7HOREHI -
)7 %FET NM, T, DoNM 3% (3) THEHE 5.

1
DaNN{:jv;ﬁZg;nmday) (3)

RIS, A7 0= a UHFHIIT ) 7TWIZED 2846

DoOCC 1, K (4) DLHIZHIBTE S,

1
SR > ocei(x,y)

T,y

DoOCC = — (4)

(a) BS; (b) OCC,
Ve - N
@ A
D afy
20 40 60 80 \\\; ,/’

(C) NMt

(d) 777 ko ANevRY b
DR
1 LiDAR, A7 Vv—y a3 ¥, Ritillmy 7 o #1L6)

Fig. 1 Visualization of LiDAR, occulusion, and not measure
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Fig. 2 Process of path planning.
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Fig. 4 Gazebo simulator environment.
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Fig. 5 Definition of robot path and measurement area.
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Table 2 Parameters used in the experiment.
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Resolution 0.5

Max iterations 30

NDT Matching
TransformationEpsilon 0.01
Step size 0.1
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Fig. 6 Point cloud and detection results at the time of arrival

in the area.

x 3 ABEHUHE R
Table 3 Number of people measured.
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Fa4 EBNNY—LRHONRTA=S
Table 4 The parameter of mobile robot.
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Fig. 7 Human position pattern.
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Y = DFEBREMEIRT. ANFELPHEETHEE T 5
BEREHT A72010, < VFI—Y2r by Ial—
¥ a »® RVO2 (Reciprocal Collision Avoidance for Real-
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DEBYTHAH., ZNHD/8T A —4% 1332 Local Panner
» DWA DOFI5ER LiIDAR OFH, BHHFERIZHWON5.

¥ 9 % Coverage Path Plannning (CPP) X, TRy
FMEGOMNE?D EORERAE A N—F 55 RT
INTGRA=F FFFDO. ZORXTA—F 2L o TREIHEEEDK
EEDD, KR TIRIZ D/ A—%%1.0(m) & LFE

x5 REHERERTOBEOLRY FDO/NF =%
Table 5 The parameter of mobile robot.
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Fig. 8 Comparison of global path of proposed method and

CPP.
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Fig. 9 Time change of nm; in pattern C.
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Fig. 10 Results of Pattern A.
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Fig. 11 Results of Pattern B.
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