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Proposal and Evaluation of a Congestion Estimation

System for a Fixed-route Bus Using BLE Signals*

Yuji Kanamitsu

Abstract

Information on congestion of buses, which are one of the major public transporta-
tion modes, can be very useful to avoid three Cs (Closes spaces, Crowded places and
Close-contact settings) in light of the current COVID-19 pandemic. Because it is un-
realistic to manually monitor the number of riders on all buses in operation, a system
that can automatically monitor congestion is necessary. The main goal of this thesis is
to automatically estimate the congestion level on a bus route with acceptable perfor-
mance. For practical operation, it is necessary to design a system that does not infringe
on the privacy of passengers and ensures the safety of passengers and the installation
sites. In this thesis, we propose a congestion estimation system that protects passen-
gers’ privacy and reduces the installation cost by using Bluetooth low-energy (BLE)
signals as sensing data. The proposed system consists of (1) a sensing mechanism that
acquires BLE signals emitted from passengers’ mobile terminals in the bus and (2) a
mechanism that estimates the degree of congestion in the bus from the data obtained
by the sensing mechanism. To evaluate the effectiveness of the proposed system, we
conducted a data collection experiment on an actual bus route in cooperation with Nara
Kotsu Co., Ltd. The results showed that the proposed system could estimate the num-

ber of passengers with a mean absolute error of 2.49 passengers (error rate of 38.8%).

*Master’s Thesis, Graduate School of Science and Technology, Nara Institute of Science and Tech-
nology, January 24, 2022.
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6. #EXE & FM

ARETIE, BEVATLOD (2) HERREIZ X BN ZANOTHEANBROHEE
IZDWTHhR 3,

6.1 BREICK DHTE

52fimrobnDd L5, BEENANOERAKOHTIZE VT, #HHfiZk
VTR ON YV I TF—RZDBD T KL ADKREEREARE LT
WETAZ LU, 22 TEBIIANAZARNIZELET B TFNAL ZADEEE, 50
RSSI * HBSHE 2 RT L HE XS, £ T, #5N72BD 7 KL AD Y RSSI &
HBSEICBEE2%ITA 28T, TOT RVADREMNE S »pE2HEL, AT
BHo72T NV ADKRE 2 TEA L UTHES 2 FIEZRT 5.

X U®IZ, BD7 RV ADFRSSHCEEZEIT 5. &EFFEIZENT, F
VARSSI 3 5 —EMEA EDOBD 7 RV AZEMRT LA L, TOT LA
DR EHEME 35, B fEEofixiis2RmH L, 2EEFRETEEL
72 Bt iR 7% (MAE, Mean Absolute Error) & SEV#fid R 7% (MAPE, Mean
Absolute Percentage Error) %3k %. MAE 2 EH /N <725 K 5 72 F¥ RSSI D
Bl % B A AER, BMEDY —74 dBm D & ESPEIGHMFRAE 3.9 A, FITiRAER77.3%
U7z (F4). B8 IcET—% (K7) LRBRIZHEMIZHEM (BT R
L ZADKED) , B EE GEEAR) 27wy b UAEKEZRT. HEMH?X T
CHARTEMHEIZEDNTWS Z bbb,

RIZ, BD7 RV ADIIRSSI & HBIBHE FICENENEE LT 5. TS
RSSI & HBUBEE OBIESA: % HRHZHE 7297 NV AZES BT KLAEL, D
e zfEe 35, MAEDXRD/NS K705 &5 REMELZ ZNZTNEA R,
S RSSI DFIfEAY —80 dBm, HHEUSHE DRIMEAY 40% D & & SEHENFEZE 3.4 A,
EYIRRAER 61.4%% R LT (R4). K8b) ICHEME EMfE 7oy b LZKZER
3. RSSI & HBBHE D ZNZNICHMEZF TS5 L THEIR LA 00, B
2 X 2 HEFETIRBHMEAEME L D FHE>TWE T —RIZHRTET+47%4
PEREME STV AR,
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1 7 RLVAEO VNS ¥

2 7 RVAE  HBHE 0% EOT KL AR
3 TRVARE2 HBBEE 20%L0 LD T R L AR
4 TRUVAEK3  HBHE30% EOT KL AR
5 T RUVARE4  HBBEE 0% EOT KLU AKEE
6 T RUVARES HIBBHES0% EO7T KL A%
7 T RUVAER6 HBIMHE 60%L DT KL AR
8 T RUVAET HBBHET0% EOT KL AR
9 T RLAEKS HHBHE 80%LL LD T N L AKE
10 7 RNVAK9 HHEME I0%I EDT N L AR
11 7 RVAE10 HWBSHE 100%2 LD T KL A
12 7RLVA#11 RSSI-70 BA ED 7 R L AKREK
13 7RV A% 12 RSSI-75 LA ED T R L A%
14 7 RNV A%E13 RSSI-80 BA ED 7 K L ZHE#
15 7RV A% 14 RSSI-85 LA ED 7 K L AHE
16 7RLVAE15 RSSI-90 A ED 7 R L A%
17 H &I =84 Al D R

18 HMRES PEARTT

19 AFy R EEFEICAF ¥y I NEE

ZZTC, FEICLDEROIIKETTD 720, BN ZRAE ORE (FHE D
17/18/19) % &7 \\W7—2X+¥ v ;% ND (Narabus Dataset) & L, £ TR E
AT —REy FENDTELT—Xty b 2TEEESLET L. FHETILEL
T LR ( Linear Regression )SSVM (Support Vector Machine) RF (Random Forest) ,
XGB (XGBoost) D 4FHHAZRKAL, RETN I LIZFEEHEZITWIHET 5. €T
VDFIZDWT, £TR662 T — X% 3(496):1(166) 1IZFIffiT—X & F A b5 —
RIZHET 5. WICHT— R E2HANT, 3NEREMGEEZANZZ Y Yy R —
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7. ER

ARETIE, SHETRICEDHERHRS SCRELIZOWTERT 5.

7.1 BHEIC K BHEE

M7TOETF—RER2E, BMENR20 NBATFD & &, 13& A EDOEREFRET — 4
THEEZ EFZ28O7 NLAZRELTWS Z Db ns. FKRO—>2 LT,
52 HiTIRAR 7z &K S IZHEERR N ASD BLE K DIEHZ2ZELTVWAB I ENREX S
N5, ZHIZHLUTIEBD 7 KL ADY RSSI & HBUAHE 12 W Y] 2 BfE % 3% 1T,
BT RVAZEETHIETHBIZHOND LD ITIRELZRESFEOT I L
MTE 7. Jiold, HREIC X5 BLEESOMEZI|E L TW5 [36]. MEITLD
CHREEAIE 2 2 IZ Y BLEfE S RET 52 e 2 AL TWS, — 5T, [H—H
HTHEEDHEIZIES DELHMRINTH Y, ZNIIAMEORMIMEIC X 2 H#E
FHEEBRFEC LA METEOEL S5 I L T HEEREEIZRERFEL 52
BrEZOND. SHOBEL LT, ZOMEICHNIET 5720, 2XMTH UK
iz 5 250TIERL, FXMEILICHNLEEZ 5252 8EFFD /) 1 X &K
B3 2FiENRDOENSG., £/, K105, HWEEHE (RSSI-70 LA L) 2R
T BLEGEVREABOMEIZENTHE I Wb o7, [EEHREDFH WG
FlE, NZAHNDTFNA AN SDESTHLARMENRH S, 5#I%, T—XINEIC
BWTHoNrUDESHREICHMEEZERET S Z & THRNLT — X DINENTHE
ThHhdLERD.

— /T, ET—XDEMEMN20 AL EDT =X TlX, MHINZT L ABDE
iz FEBEAAE NG, Tk, B NNANNEREL TW SR TIX, BLE
MAXH DITER XN EMEI NI <ARD, BLEZ S <M TERho/HE
W2, Mabild, N\ODURPEESEZREIELILEZ2RLTWS [37]. 72, &
BOGIK Lo v I TFNA A NABHITHRE L2720, HIZEET ZREED
AR ZMEIL ENARP o2 FER L. IRKE LT, VYV T T NS 2% NA
ROz E LD, TN A% 2 DHWTHIA LB AIZRET 2 HEREZ 6N
B, TN ADZRBEMEICHFIZRT I LICRVBEAIZ MR EARSTLES
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AWFZETIE, HHRORBIT U E € T VICT R U AR, KReEEHR
PEHRIE R C BN ARA O RE 525 Z L THIEDR Ex2 M -7z, MRET
iDFER, "mPBVWHEEEZRUAZET NV TRAEK I8N ERL, BEICX2HE
CHERKIEIZHEEZ M EXEBZ 2D TE 72, X9b) 25 B 8(b) & LEARTHEAR
20 NBAED & ZDRENFEDS L TWEZ LDDhrs.

Iz, BHEL TV BRI U TRl 2 RiE . #l2I1X, BEfEd 1 A CHEM
M3 NTHo725E, BAERIL200%% R UM RAROEIZRE S FHET
2Ze0H5. Lrl, EBIGERATA 7 —ATIEI A2 3 AHETHZ LI
JFERERMETIER V. 2T, BT HEIC K 2HEDOHERESHETIC B \WT,
BAEH 10 ALAED T — X DA THD TEMN TR & I mR 2 R L
TAEH, F—Xt v h ND*IZBW\WT SVM IZ MAE 3.6 A, MAPE 24.1%, RF %
MAE 3.2 A\, MAPE 22.4%, XGB IZ MAE 3.7 A\, MAPE 25.7%% = L7-. Z#
S5E0, BRRNADEMLUTCWARN T TEREE2ELT e R{fETESLZ
CERMER LUz, RFIETERNLZ 3 DOMMYE €TV (SVM, RF, XGB ) I&&
WHETHETEZLZLPHoNTED, K616 HHEEBWIIERIFEFIEL
NTKIEBIZHEERSWZ R0 5. LEULRERS, ZHs DFEIIGEE RS
HARTEL, 5BV TNVEA LRBEEDZDIZET NVORELBBETH S L E
Z5.

7.3 EEAICEITT

Boxld, BERBLENAOHEBHREZMABT 22T A0 iob &,
RS A R U 27 IR E Y AT AR BELT WA, HEH NN
fF1ES 2 BLEfGE S 2GR e R Hilldr 2 FH T 52 & T, TN ARNIZE Y
VAEREBETLILRL, 77 —L VT 2EETHETTHENTREIZR 720
BAIANZR/NRIZIZ S Z N TE S, EEIZETT DEERRNAIZB W TH
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e E W EHEFEROMSER, oy v ST =X BNELY —AAT Yy Fa— R
TEBZ 2R L. SHBOMEE LT, AFEZHEHALY—NLETORERHEA
BOHE - qJERZEIToND. £/, VTV RA LRHEDD, HEETIL
DRELREIT SN S.

74 AT LDERE

Fxld, SBIBEY AT LANEEM XN, BRSNS AN OEMEE OHEE HFEH
N3 L, HEZFEOHAZCHZ72MEE Web 7 TV RAI = 7427 7V %S
LTS 22N TEZL2ER 5. FIRIE, BN ZAOF RO - fi# i
PV TINEA LIREHERO T, [EROEMEE T, HHEZ B R U 7= R HE
BREDY—UEANEZ NG, FHEHIL, BEANAORHIGEHROEE - fHT iz
£ 0 EATAECC AT, REOmE e CHERBICEHRTESLE R 5. F
AL, VTV RA LR RORROBEM T 2 2T 52 LT, HHiflan
FTUAINADRBYY) A0 2 Z B U -EtEN R HPTREL 2 5. X512, RBHER
TOHRIZ & - THIA & DRl A I X 72 & 0 220 TP 722 28 @RS & B A 12 HE
EBTA2Z e CHHMEEZ2EDLIENTEDLHEZ 5 [38].
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AW TIE, EERIGETUTWABEMANAIZEAT LI 2EEL, BEDT
FTANYDREL ZRETANDRKFEDOZDIZE Y F =2 UTBLE 2/
W BERR N A DIRMEEHE S AT L2 RE L -, A D BLE 731 A & Fiks
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IR U 728 ZE e TV OMEZ 1T o 72, A A5 Ll Raspberry Pi D & 5 %
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WIZH & & BLE 2%E T 5BV FEMHET 256, V777D VA M-
WDATEANHRETHS. FHEMEIZHNZRETILREATELE VT
FlEbds.

FEUTHAT U TV B BIRNATT — RIEFEER 21T WRE Y AT LOEE %
AT U 72455, SEYAHONERAE 2.5 ACRBEAREZHETCES I 2R L. KAE
BIZEDIZFE A EDBMX M CTRENBUEOBLE 7 NV AZEET 5 Z &0
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SR REANBMCITAENTH D Z EWREBI N, —F, BEEANZAEREL TW
DRMTIE, ANDHRDFEEIZ & Y BLEESOERYS T o, BT N1 AD
FE%E2IFLZETERVI b7,
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%D BLE WA % EMEICIGTE D VAT LKV D IToNS. FEHAE2EET
LRV T TNA ZADBRBAEIHINE G AR WAEPEE L. RIRGE
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