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Application of BLE-based Congestion Estimation Method
to Shared Open Spaces in Business Office
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Abstract: The level of facility congestion is an important piece of information for people’s decision-
making processes. Various methods for estimating congestion levels have been proposed, including the
use of cameras, GPS in smartphones, and Wi-Fi. However, each method has its own range of applicabil-
ity, making it difficult to collect data from various spaces and estimate congestion levels using a single
method. In this study, we propose a method for estimating congestion levels in a space using the received
signal strength of Bluetooth Low Energy (BLE) emitted from electronic devices such as smartphones. BLE
receivers are small, inexpensive, and safe in terms of privacy, making them easy to install in any space.
Although several studies on congestion estimation using BLE exist, there have been no examples validated
in spaces with high human mobility, leaving the potential of BLE-based estimations unresolved. In this
study, we constructed a congestion estimation model using a machine learning model that takes the re-
ceived signals from multiple sensors installed in an open space of an IT company office in Tokyo as input.
The performance of the congestion estimation model was 4.89 of MAE, 23.4 of MAPE, and 6.22 of RMSE,
demonstrating that effective use of environmental BLE information enables congestion estimation in spaces

with high mobility.

1 FU®HIC

ZERINICIFET B ANB GRMEE) 20 TV R A LT
WET B ek, A2 DPRHHRFPEYYEY 27 Y
AT 21T E 2D - O DEBIRE LED - IZHE
BWTHod. EFETE, BYENKE LTI E—FT—
IR EDHEEZZTIIELEEHENTVWEZ NS, &
WS AR B, AR R Y DARREE LD ADFh
NG TIERLS, BGICEWTHIRME % HE

FHUIROG AR RSB R B R
T 630-0192 A B LR H & LT 8916 K Hb-5
E-mail: ueda.kentaro.ug2 @is.naist.jp
TALfF S —EH

THZEDNEELR->TETWAS.

RHEHE X, 2 < OMEEXEBR» OIEH 2%
DTHY, TFIERT IO —FIZ LB FTHNT
W5, Bz, AX—b7x>DGPSUTEHNSS
#[1,2], 7 A 7% LIDAR #H\W5% 5 (3,4, 5,6, 7],
Wi-Fi ® BLE 72 X Q&K% W2 1515 (8,9, 10, 11, 12,
13,14,15,16, 17] R EDREINT E 7. L LD
5, ZUo6DFHEE, TNENEATE HHS AR
578, B—DFEE2HWNTEL RZBOT— X 21X
£, BMBEHEZTS ZeRHL W, HlZIE, B A
T ERMEDGEIXIA T DOFREIVFREREMDAIZ L H»
HIETET, Wi-Fi 25561 Wi-Fi B8 ->Tn



22D FHIZ U T E .

ZFITCIOHREEGRT 572012, HAxITLARTOM
2% [11,12,171 £ LT, HoWABRETH LT —X
INEEHeEEFTS Z &2 HML, BEEBLE 2 H\W 2R
MEEHETFIEARELU. BEFIEINADPEHELY
DA AR X EHAE LIRS &\ o 2[RRI B W
T, ~EDRMEHEOREEEZRLZ. LirL, Z
5 DZEMITVWTINS ADREINELS Y, LI, &
WZERITH D, 0RO EWERIZE VTS BREE
BLE % H\\ 7z HEE FIEDHEFH A RE &S DRk T
Hb. TIT, AWIETIE, LOREMEOE, #HKN
ITR¥EL T ADA =TV AR—AIZEH U, 4 —
TV AR— A e R & UBREE BLE % F\ 72 IR M
HeEx2IT\, TOENEETHNT 5.

ARTIE, IThETLIFELZE[ELT, A7+
ADF =TV AR— AN ERE YT, AT 4©
X T4 ADF =TV AR=ZAIZTT — XINEZR TV,
Random forest 7L TV AL ZFHW-IRMEHEET IV
BRESE - I L 2. KERE UTC, REMGET, MAE
4.89, MAPE %»'23.4, RMSE #8622 £ 720, HEMED
FWZERIZBWTEH —EDORMEHBEN I TH S Z
EDRINT.

2 BEEMRR

Tl 75 22 ] 2 R GUTRMERE HESE IS B D S WSS AT o
NTWaE. AETIE, RMEEHENRE, HlRES
IR - A mE BB D 22 - [ e ] (AR - AREE
BE) KM, BEEDIE - B - AN T 5.

21 BHBESAERICHITIEMEHTE

ABTHERBE DIRMEE B2 R L TV A Y — A
LT, Y7 —to$d % Yahoo!HiXEHMEL — X —
[1] %, Agoop t:D$EHEF % Kompreno[2] 3% 1F &1
5. INHDOY—EATIE, AVN—F7+V2EHEDE
T % GPS ## D E N1 VIR TEAL R T 27 7Y
r—varoa—¥omhs RS CEHEINSA
EEREINEL, BHECET 2082 >TW5.
FNFH, 125m, 250m U D & 57 —EHHE D X v
VabRVTORMEREEZT-> TS, X bHiH
DREM 72BN B ) B IRMEE 2 IR T 5 2 & ASIN
Thb.

22 AHXBEREZEICETZBEMERTE

Song 5 [3] 1 A T DML % W TERD A% HEE
TEAEVATFLARERERLTWS., BEEREZHAVTWS
-8, HRWERE eV THS. L, £

HRCOEHEZEZ-5GE, WA TE2HRELUIM AT
5 Z kX, thRWZANMEOB A o EE T I IR A
EENBEEZONS.

Z T, BMEEHEDZ®IZ, Wi-Fi ¥ BLE 2 D
BINIERZE VB FIEEREINT VA, Handte 5 [8]
13, Wi-Fi BBl S Nz N A2 w422 LT, &
EREHET HFEEAFKLTVS. H51E, 771
ARA v MTERET 2 /-E DR AKD MAC 7 R L
ADEEINET B LT, BEANBEHEL TV, F
FHol, BEOWIEILL 121 I28WT, NAPEHE
RRzEfle LT, BERERET 2 FEEHFEL TV
5. ZEHINIC BLEG 5 OZE/EHREL, RENVET
BAR—= NI A VIR EDEFTNA ADFET 5 BLEF
SHEREIG L, BMEEEMEHWSZ T, 22
NORME 2 HEET 2 FIEEIBEL TS, ZOT 7
O—FiF, BEBLEE#HRZE L ICHREITOHDTH
D, T/ ER A 22 NICRET 5771 TR
MEDHENTRETH D, TDD, TI4 Y —}
EPREIANDOBAPSEHRYATLATHS FH
ZAohb.

23 EEZEFEORMEHE

FHS [511%, H AT %W EGERT I & B
WEFEERZRBELTWD. o, A THEE2 <2
DIZ R 2 Z 2T, EADKHZITh W RHEE T
ZAHEE L, AATEFAVBBNFIED TS ANy —
RS HERZTRLTWS, £72, NES [T1®
RS [6] &7 AT & W RMEREFEEREL T
W5, ZNSDOFERFETHATIR—-ADFETH S
72, WRWEREE R EE’ T RETH S, Lrl, &
MEfk2HRETEGEILEOI AT E2HET 50
BB 5 LN HER, H AT TORERIE B
FZODHPHEFARE VWL W REVK S, TD=0,
B2 A Nzt T, EMRTLE
HT5ZLIIRNEETH 5.

% 2T, BRI BLE %\ ZiRMEEHEE FIEIZDOWT
HEV L ONREINT WS [13, 14, 15, 16]. Weppner &
[14] 1, HAERBEERBET A ALDENTIVEEERIZE -
TREMOD BLE %5 L, EMED BLE Mik# z £51d
5 CHREERAHETH2FEEZRELTCVWS. %
72, FEH O, BEOWE 1711280V T, NHLHEHRP
RENE 2 xRzl & U, BB BLE % W72 iRMEEHEE
FHOEEEB BT 2EMMEEZMIEL T WS, WEE
DOFER, NILZERE (NA, BE) LHEALY, 1
DRAIVITAZDHEAD BARERERIZBWTEH,
BLE # W5 Z & T—EDRMEDHEENAEETH 5
ZeZERLTWVWS.

A (MEE) CRAIEIZBWT, FIHHE IR
DRAIVITHETLZIENTEDLN, TOBEH



F1: HEH S OBEDGE [11, 12, 17] & ARHFFEDE

R RZEEAD

BLE / —F®D

o G ZE ] oo He b ST J— R RSl H
S . HAEXMFNZBFBHE—T NV A
- AL 12] fie ! DA © RSST DT
ISR - AR [17) 3 13 FTOBLE /2 K21 DO
HAIT R¥EA T 1 2D BLE / — R 2 TOMAGLYE
F—T U AR—A it 4 IZ2OWT, ThETh%z 1 DD
(RM5%) M) —ReLTHS

Bl nweEZXONE, TDH, ALBEED
XA IV THRERBEREEEEIZEIT 5, B BLE
PRHWZRMEHETHEOENEOZ R % K 0 ELIT

S72izl%, £ 0 A% OIRENEDE VLR TOMELED
kdohs.
3 RBEFE

Ageid, WEMEDEWEEZEMIZE 5, B BLE

W7 R FE O A IE ORI Z Hi e 3 5.
HAER D=, WHRE/IZFEELZ BLE / — %
W CERSE BLE fEf 2 IS L, IUEHERZ H & 128
W7V T ALK BIEMER TSR R 5.
WEETOMERZX 1IZRT. EESIZLRTOMWSE
[11,12, 171128 WT, NA, EBHE, AHHE, KEE
EREREME U, KWL FRICEMEREET VO
BEEZIT-oTWVW5. HhEESOBEDOFIEEEEL
FREEAVED, —HEBRZMENRL L0, K
g2 & DLRTDORFZEDE NI L, R 1ITRT.

. BD 77 KL R :RSSI

BLE /— ?‘
0 C]
D\BLE/—F _-

RMETR
(AEFH)

‘ g ‘—»‘ ML ‘

X 1: B25% BLE % FH\ 7= R ME RS HE e o M3

3 T—Y9REVRATA

T — R UV 1324, obniz DERFES % obniz BLE!
%ZffifH 3 5. obniz BLE DAMB% X 2 IZ/”9. obniz BLE
I3 Bluetooth 4.2 Class 1 (ZXf&LCTH YD, HFS L7z BLE
F— & XA U < %X 4t obniz DHRFET % Obniz 7 —
M zA2RHALTIZ Y RIZERINDS. BT —
ROV Y TNEKZITRT. AT, obniz BLE ®
A%y VEMIZOMIZREINT VS, &, BER

"https://obniz.com/ja/products/ble-gateway

PR T

R

» . 13 loTBank

[%| 2: obniz BLE D #Méi

{'ble_addr’: ‘cl:8a:37:77:83:f0', #BD7” K L X
'ble_rssi’: -85, #RSSI{E
‘node_id': 'xxxx-yyyy', #BLE/ — N & =
"timestamp': '2022-12-19 10:07:46'} #9 A LAY v 7

X 3: %»%BLE / — R SDOHET— X (AFy Tvay
) DHl

BLTWBTNA ADELIN, T4 —R#D

&, BD 7 KU ARAREIZ 7/&74xém57w:
D ZAPEAAENT WS 728, E—HRPSFREX
N7ERTH->TH BD 7 KL AW RG> TRk h
LGENDDZEIEERTEILENDS. LB, obniz
BLE % BLE / — K& ¥ d 5.

32 ##BLE /— RO LDRHERMEFE

SR DZERPIR P R E X, ADOHREEINEZ & D
PRI, HEE DT T2 BLE / — REHDTE
%53 TTHS. %@t@ FEE DM TDRMEHE
ZRINEEB7-HI121E BLE / — REBUZHEKIE L 7o W
mﬁﬁﬁ*beé.&bi,uW®M%nﬂasw
THEBBLE / — R0 5 ORI FiEZREL 2D,
ZDOFEIFELTOBLE / — N2HAWT2=—27BD
7 RUVAEREZEBHL, FEEE LTV, &
& U7z BLE / — FOALERRO & 5 R/ R %25
ETETWARW., £ZT, Aif%ETIE, BLE / — K
IZHKAFET, % BLE / — KOZMMBGRME 2 G592k
5 Z AR R EM A IRE T 5.



32.1 BLE /— RIBROMEAEDEIC L B HFHEHTE

%BLE / — FiZxf U, IEfRT )V OFEERZ T 12xf
U, THoT—60xwROMIZEEI NZY Y 7Lz EL
B35, BEOFREHANS Z LT, AF ¥ ViRhOE
HRRRT DI 2HBL TV, widlEfE2 KT
NRTA=ZW POREIND (weN|[1<w<W].
WIZBLE / — Rkl o EEAZH ST nll (nck) #
SJETOMAGHLEZIET . T THEI N
HAELEEZ —DDEME ) — AL, TNENls
WEERETS. ZOEMFIZED, BLE / — FDOZ%EM
7B 2 Z R LU - RifE ot 2175 (K4) .

HHEDE 1 1EY (G
|
I

BHADE 1 418Y ()
A8/ — K =4

BHEDYE 4B (C) |
BLE /—F# =4

BLE /—F:A

BLE/—F:B

X 4: BLE / — FOflAEHLE 2 AW REERS

32.2 BLE /—R/HRIE/ — RH S5 0OEHEHY

FALGDEINBLE / — FOE#REZ S L ICRBEZ
S 5. fit 3 20801, ARTORIZ [17] & Rk
iz, T RV AE, B8R 7 VAR, 2=—27
FLUALSERD 3FEEEMTT 5. BARMICE, MUF
DENEZLITD.

MAaE&HE N7 BLE / — ROHEY > 7IVAT BD
7 R 2D (7 LA 2HETS. /-,
BNz —ROWEBY Y TIVHNTBD 7 KLADa
—— ¥ (Baz—2r7 FL2AK) 20ET5. X5
1Z, RSSLIZDWT, BMfis 28 L7727 KL 2% (BifA
AT FLUAE) 2089 5. &8, BD7 RLAILE
BRI NIZ5E1F, RSSIDKEVWEDEZFEHT 5.
BRZIZ, BT RV AT ED B2 =—27 NL A
(A== 7 FVALEER) 251ETE. 2TOWIC
B UTERROBERITY, BRUZRT LA, &
A=—27 RV A, BEBR T N A% %E L2 Tl
U7 D& Rk niiEE s 35,

4 =5
4.1 WREBFOHE

ARIFFETIX, HHNITREAT 4 ADA—T 2V AR—
A% BMEHEONGEME UTEREZT> 72, W4
L bz oIk, BLE / — REZREAME, HAD
OofiE, EEME 25U EBHEZX S IR, 2
DEBMDEHAD NFFNFNT AT AR—Z (BF
R), MBI LR FROA— 7 AR— 2R X
NTHH, FHBEM - A—T vV AR—ZAMITHEZ
- HEREE DB WEME o T Wb Wi 5, B
1% BLE Z{ZD 72 ® BLE / — K, BI5IZRT LS
12, BAALAEIZ4DOREIN. BT 4 BLE / —
RO A 2R<) B L% 6400mm TH 5.

o 00 _00_0
.O. oOooOo
G2 CAOD M= _
of4ule eof |0 o[4]e o |o |of |o
oo o |o o*o ‘I:I’ ‘I:I‘
M o (@ o (@ o |@ e o0 |0 o
:I:I:‘ o | o (0o o |o A/ .O.
il — SO0
2 JIEE I
i ° e o ° °
1] = =
(XYY X o..o o..o
‘l:l' :r : : 1: .noooc.
00000 & = = & XY XX
[ I J [ 3N ]
(X (X
L1 L1
00 °0
HAYO ® [E[E(IE % obnizBLE (BLE /—K)

B4 5: ASEER D G 22 [H] DKL

42 BHEHEHAH

32 MR UEFHEEZHWT, B BLE / — K
SRMEME E2TRo72. RERTIE, BLE / — K
A4OBREBLTWAELZD, NTA—RREkIZ4TH5.
BRI T 25 A =2 THEWIZIiZ 4 ZHHL
7= (Tbb, mRK4DAOT—R%2BWTHT—X
ZHWS) . RSSI OBMEIZET 585 A —& 5123,
5 €{60,65,70,75,80,85,90} (A L7=. FHE 5Dtk
F5E [17] L [FRRIZ, SEHMRHO N1 F VR 7 5 2
& BRI T 5 D OEH {0,1,2,---,23} 24F
WEYr LCEMML .



2 NET — X DR E

Date # of samples Mean  Std.
2022/12/19 125 22.66 7.64
2022/12/20 48 2444 11.64
2022/12/21 44 23.25 8.56
2022/12/22 133 26.17  8.83
2022/12/23 121 25.68 7.96
2022/12/26 133 24.15 6.23
2022/12/27 133 17.02  5.99
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