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Abstract: Counting the passengers and recording their getting-on/off time is essential for regional bus op-
erators to discontinue lines without sufficient utilization and design/provide more convenient and effective
lines for many citizens. However, it is usually difficult for infrared beam-based low-cost people counters
to accurately count them in crowded situations. Although the IC card utilization logs are often useful to
obtain such information, there still remain significant issues that those passengers using the commuter passes
cannot be counted and the bus operation logs cannot be obtained. In this paper, we propose a system to
obtain the number of passengers as well as the arrival and departure of buses at/from each bus stop using
LiDAR sensors, which can output distance data (2D point cloud) from themselves to the surrounding objects.
The proposed system identifies each human body in the scan range from a point cloud at each moment to
track the target. We design a lightweight algorithm, which deals with a large number of points generated
by the LiDAR sensor in real-time, running on an inexpensive single board computer. Our method reduces
the computational overhead incurred by processing such a large amount points by roughly predicting the
human body position via aggregation of the neighboring point groups. We conducted experiments with a bus
running between two campuses of our university and achieved 5.3% or lower error (the average absolute error
was 0.94%) for coming passengers and 7.5% (the average was 1.9%) for leaving ones. The average processing
time per frame was 3.4ms in Raspberry Pi 3 Model B. This has shown the capability of our algorithm for
real-time measurement.

Keywords: LiDAR sensor, route bus, passenger counter, real-time operation
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Fig. 1 System overview.
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Fig. 2 Example of the LIDAR sensor position.
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Fig. 3 Proposed method overview.

# 1 URG-04LX-UGO01 DA [18]
Table 1 Specification of URG-04LX-UGO1 [18].
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Fig. 4 Coordinate system of LIDAR sensor.
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Fig. 5 Example of calculating Zg0r-
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X 6 BEDHMEFORHT— 5 O
Fig. 6 Example of measurement data when opening and clos-

ing the door.
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Fig. 7 Example of false recognition occurring at door opening.

Algorithm 1 BEO B FH A
Input: D, Zioor, Nout, PrevState
Output: State

/* Initialization */

State < PrevState

Naoor — |Zaoor|

/* Detection */

if State = “Opened” then

Neiose
ST NP then

close k=0
State — “Closed”
Stop ingress and egress measurement

if RclaseNdoor >

end if
else if State = “Closed” then
N,
1 open .
if RopenNdoor < N(Sit k) then
Nopen k—0

State «— “Opened”
Start ingress and egress measurement
end if
end if
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HEE D A O pTH S % I CRORM A AT 5D Tl %
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FEAUSTEPEEEHINIC L % & 72 X 2\ 2)S, BIBER O E
TUTEBICHBRE L T OHEX MY 5 £ TOMIZHERL
T ANOBHRNLEEESELENDGH L. F72, RIS
HHOEBEREHIT 5 2 S RIZITHETH Y, BABEIREEN
DBEBOBGIIITE L Wiz, B4l oSBTy +
L IFTENE %, FIBEMUAIRE & PABEMANIE CRIZEEE L, BB
FRAEEE C ORI 2 IEF 12§52 8T, Rk L 72
HEfEET 5.

BARM B BEOBRABMTEEZ 7V T) AL 1ITRT. 2
T, Ropens Reiose € (0,1) IZHANO FHEEED L SVl E %
B, NO R 6 1251 D Nowss Nopen B E 0 Nejose
1, ZNENFBERABE & OPABEMR AR S HA O S %
YT oBE07 L —LBxRKLTAE, 4B, HiEHEITlE
Ropen = 0.50, Retose = 0.25, Nopen = 10 (1sec. x 10 Hz),
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@ ]

(a) MR (b) fiei

8 MHBORHI T ORET
Fig. 8 State of measuring point of leg.

Nejose = 50 (5sec. x 10Hz) & L7z,

4.3 FEREEOEHA

COHTIEEONEHET - 0o EEEOFUE T
BFEIIOWTHRRS., FEEELFUTLI2H2), K7
L= T AN R T 208 S D, £F, Fo7iz
Gl T — % D DS RBEROFHIT — % Dopern, DE F7255
EEHL, TREBRWENNT %% D L35, 7D
X902, HNADPEEY G- L —FWRIRE— AN 5
72, FRADEE D A VERIEEREAELL L T % mifiE I
— xR LTwELEEZLNL, LaL, 3.2 HiTh~
7= & 90T, WEE T ORI R OME X D) mLE
2B EIFREST, 8 DL IHITMELMINT 2HEDDH
. WA, 1 NDOERFEELZR -T2 ALBELTLEY
BNDD L7280, EHRLCEHEOHTMMAIIO LD 2 FFE
LUENH L. FDI2D, MDD HREZVOFH
PREEASHEBL L CwaEHIl T =52 7 Vv —E U 7L, Fv—
o7 Lzl L & Wbl ETh i, ZomiEx A
DEBETHLER LT, BRI V- 7R EE TV
T AL 28T, ZIT, thp, Nekip EFA—AWTH
5 ERRTEHNEREL L OAMAT v 7O#ED L X W,
thgroupNum AN E R 7% § HHEEO L & Wi, maxDist(G)
1352 57z s e O i RBERE 2 R 3 BIEL, thhumansize &
NERBTHRADOKE S, HIZBHE SR ANDEETH Y,
BRIFNETRONEBRE L2 AT Yy 7OHEEEERL
TWwa. %5, YEESHIiCld thp = 200mm, Ny = 5,
thgroupNum = 10, thhumansize = 200mm & L7z,

ZLTC, SN NDESEH ZHNT, AD T v ¥
TR ENFROHMAT y TOEEG (e H) 7
LEONLEHEOBELEZFDOANDMETH D EIRET S.
NORBBEE % v, WiEt o FOELEBREZ At & L2k
&, HEET 527 —LBOANDOBERIZZDED 0AL T
HAH0, HiELz2 7L —AMOANDESHD, HEHD
2BWT, FRENLO 7L —ATHRIEL7ZAG (e HD),
G (€ HED) DAL & WM thypeer LT THIUL, G,
G UEFA—ANWTHrEART. B, 0L EHEHRDOAN
thirack \PNCTRET B H5A1E, i b BHEEDSE W A% 7 — A
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Algorithm 2 A® mfE Ol
Input: D, D’
Output: H
/* Initialization */
G « 0 /* Temporary New Group */
Prevl — NULL
for all i such that 0 < i < Ngeqn do
if D(i) € D’ then
/* D(i) is background */
continue;
end if

if Prevl # NULL A |D(Prevl) — D(i)| < thp A (i —
prevl) < Ngi;p then
/* BHAEEEE S X OO ASELL L Cwiud, Gz */
/* add previous group */
G — Gu{i}
Prevl «— 1
else
/* D(i) is new group */
if |G| > thgroupNum A maxDist(G) > thhumansize then
/* G is human */
H—HU{G}
end if
/* create new group */
Prevl «— 1
end if
if |G| > thgroupNum A maxDist(G) > thhumansize then
/* G is human */
H — HU{G}
end if
end for

McThHhrEEET. LT, A—AWThrLALINT
G, G ODELEESWIVNAOFRD () Lxx#E=LT
WiLE, BEVAIAICIG L THRE - [FEOI Y P a2 T 5.
F72, BANEICADPVBIEE o BICEHIIO ) 4 X &D
B TH— N EEOZMESTET 256055, £
DLGEIZBWTHEHELTH Y Y F S 0DIZ, T
TONTyF 7L TwDE NEREOZ @M L 720 E20
WEZF-6TBE, §TCICREREOZEEFATH NI,
HERFEOZEELTOI T PLAEVEIIZTE I L
T, AR OEMI A O LA RETH D, b, VEREEF
T NAHENDO AOBEHEEZ 1m/s LAGE L, AEFR
M 100ms LFHH A A2 ZELT, FIvFrr7oLE
WE% thyraer = 300mm & L7z,

5. TERERH

5.1 FHHEIRIE

BN AR AL 5 R 3 2 KBRS N A TF
FEEER AT, FREF NN L MRERHli A2 G L 72, 9
DOFINTT L 912, B NADOFFH B L OB RO
CRHHIIT N A A% f%iE L, 3 HE (GEREE$ 145 [0]) OFfED
Ber- 2 Ml L7z, HiE /N A DFEHIE |2 1354 5 O FElE T A
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(a) BB 3 L 72 3HIF 1 2
=

(b) BB R L 72 aHl 73 1 2

B9 Fll7/ i ADREOKT

Fig. 9 State of installation of measuring system.

< 2 Raspberry Pi 3 Model B OEfE
Table 2 Spec of Raspberry Pi 3 Model B.

JHH ffk

OS Raspbian 8.0 Jessie

CPU Quad Core 1.2 GHz Broadcom BCM2837 64 bit
RAM 1GB

WHEE  TW (K 12.5W)
feg 45 g

AR S, BEEREIIZAF OFEROFFF S NE. $£72,
A >3 E SR 213 O URG-04LX-UG01, ¥
¥ 7R — R 3y ¥ a— %13 Raspberry Pi Foundation ®
Raspberry Pi 3 Model B ZFJ] L 7z. & 2 |Z Raspberry
Pi 3 Model B DREZ /RS . PEREEFMi & L T, #Ax/ Y
OREDPHAVT 2L EAEFTE1IEY A FELT, ¥V S
L oFEkEE NN & B % i L7z, Tk
ELT, 2BDORIMEE U 2B TRHA L FEEB L
TorA—ThFRERBE T 5. EBERTHWHEL 4
D RS £10° D 2 DOFHI T — ¥ & AR L 2 OFH
T=% L L, N5 OEEEIELAY 0.5 FLINIZ A %
AL 72850, B L7225 B2 o 72 5 A U
HBLOBEHEOFNEZIT) bDET L, 7, ETHED
FIEEOFME LT, &7 L — 2B ZEHL, #
Wty o 1EHINS 72 ) OEERREETH S 100ms LA I
INE > TV A 0xREE L 72,

5.2 FHifER
REFEBLOBEFEOY ) + FT L oFEBES A KD
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)]
g 2

n]

Estimated Value [person:
5 3 8 3
Estimated Value [perso

% E3 £
Ground Truth [person]

(b) BEdLASK (#57)

2 E3 W
Ground Truth [person]

(a) FeHI AL (K25E)

«  Proposed Method
2

on]

Estimated Value [pers

’ Ground T:’auth [PErSD"‘]S
(c) Bed A% (HiBE)
10 IREFEIC L B R NBHEE
Fig. 10 Result of passenger estimation by proposed method.

« Comparative Method o Comparative Method

n

Estimated Value [person]
¥ 8 8 8 3
Estimated Value [person]

- B

% E) LI
Ground Truth [person]

(b) BEdASK (H57)

% E) E)
Ground Truth [person]

BESIC T )

= Comparative Method

on]

Estimated Value [pers

’ Ground T‘r‘z.lth [DEI’SDH‘]5
() WEH AR (FTBE)
11 BT & B elE N
Fig. 11 Result of passenger estimation by comparative
method.

HEERHBREEZR 10, B 11 ([RT. 7T 7 OFA B, #E
WMAMEEMELRLTBY, REOERIIEH=HCHDE
WMTHDH, W11 IRT LIS, MLy E W]
BPHETI, BECY. b1 2 REOEECTH— AWH
TEIFHISATLE v, SRMICEEL DS (HEEL T
Wb, F 7z, R AT TlRRRAEE 25%, BEE AT
TIHREAAER 1T%TH Y, IEMHEISETAKEZHETE TS
Lz, —F, B0 WRT X)L, RETETIE,
FAroTay FAEBEICH Y, EHICHEETST
Wh T EAE A, Fed N E TIERRES 5.3% - T
KR 0.94 N, BEHLAKRHIERE CTIERRESR 7.5% - Pt
R LY NEEVRE TEIT A HEETETwa, 15
Tk e PT AAE OGRS 1T A REE 20% UM &4 L
TBY, RETFHEEIZFNEREL ER>TWE D, #B/E
FTHRETFICEREDRD L w2 b, LELEDNS, B

941



BERAIEF=EHEE Vol.60 No.3 934-944 (Mar. 2019)

BF

B SO
L& g}
O OO0
AN I

12 ZHOFEDFEREIT CTEE L TV 20
Fig. 12 State where many passengers are densely near the en-

trance.

&3 1 7L — 20WNIEHEOFEF

Table 3 Result of one frame processing time.

HH e
ISLFLRER] 12,5 [ms]
SR LB 1] 3.4 [ms]

DORE#E A NEHEE (K10 (b)) TIE, &b BFEEAKISLH» >
7266 AD & ZOHEZEMATH5 ATH Y, 11 ADOFEED
LTWwWa, ZoOE¥YF FTIE, BEAHNIZ8 N EDFERED
FHLTBY, FEIBEL VIR TH-72. B 12
12, NWADMEHR LB C i OREZ /R, filiEt v Ho
B Z REONA, WSt L DFHIl SR T —
YEEFEOH, NEROM, BEHOMTERY. 4, Ih
5 DOKERD LHEE SN DN ADIE 2 BB DR, BREEEE
B OR, FAATICREL TWA AR EBONTES. 20
912, ZEOFEEDVPFREL TCOLRRICBVLTIE, B
B 72 B BB DB A R 720A T & ) ICEE L 72
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DIERDP S0 5. B, MWHEMPRKTHo727 L —
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MBS b l, FEOBER MT v F v 7 LB
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