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Abstract: We propose futaba, a data platform dedicated to smart buildings. We obtained a high level of
versatility by using the Lambda Architecture and the RESTful API with Web of Things, that enables both
real-time control and batch processing for many use cases of smart buildings. We also proposed semantics
applicable for smart buildings and incorporated them into the data modeling of the platform, lowering the
barrier to entry for third parties and improving the reusability of applications. In addition, by adopting PaaS
and optimizing functions, it was confirmed that the big data processing unit could be operated for less than

10,000 yen per month even assuming 50,000 data items per minute.
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Fig. 1 Building automation and control system.
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Fig. 2 Suitable semantics for smart building applications.
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3 IFC » Sl L 7z 22 M B i
Fig. 3 Space graph extracted from IFC.

inst:Entrance a bot:Space ;
rdfs:label "Entrance" ;
bot:hasElement inst_device:C02-W-3,
inst_device:MS-W-2,
inst_device:MS-W-3,

inst_device:TEP-C-3-RT .

inst_device:C02-W-3 a inst_class:C02-W-3 ;
rdfs:label "CO2-W-3" ;
rdfs:comment "CO2 JEE" ;
brick:hasPoint inst_point:C02-W-3 .

inst_point:C02-W-3 a brick:Sensor ;
rdfs:label "CO2 fE" ;
inst:topic "takenaka.co.jp/Site_Name/EQ_House/-/Entrance

/Utility/Sensor/WebCNT3/C02-W-3/C02_Level/R" .

B4 @Ay 7—sob Hok)
Fig. 4 Example of building metadata.
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*5  https://github.com/jyrkioraskari/IFCtoLBD
*6  http://ifcopenshell.org/
*7 https://github.com/RDFLib/rdflib
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*8  https://www.osgi.org/
*9 https://www.docker.com/
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futaba
BACnet .
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5 futaba D7 —F 77 F v
Fig. 5 System architecture of futaba.

X1 7LANIDAF—
Table 1 Schema for telemetry.

XaT7F—4 SHER
pointID FA 2Nk

eventTime A X DA

topic My 2%

values it (FEEA)

sequenceNumber | ¥ —7 v A%&5. KIEHEOBBIZH WS

"pointID": "73AC698E-BO3F-4F64-B365-8CO09EF02777",
"eventTime": "2020-03-06T18:05:00 999+0900",
"topic": "takenaka.co.jp/Site/Building/Floor/Space
/Location/Beacon/BLE/Area_4/Location/R",
"values": {
"value": 31,
"data": {
"areald": 4,
"userId": 31,
"locationTime": "2020-03-06T18:00:00+0900",
"x": "-12.5068",
"y "-22.1004",
"floor": "1"
¥
},

"sequenceNumber": 1234

6 T LXMDY
Fig. 6 Telemetry example.

% |, Digital Twin Repository & M54 — & 2 (ZfRAF &
N, COBIIHEDOR, v 7= DID L, 53 HiTRL
7ZRDF # b L IZL T, Y—EALAYVIZBIFLIZ Y FR
1 NCOBMEICY Y Er 795, RSNy PR
A2 s, EVHNEMBOGIEHOTFETH D, K1 2 b
OHIHITER L, Egress Function 12 & - C, RIEH#Z &%
i rzdn7 4 50) v 7Y EES, [FAkIC Message
Broker ##EH L C, EIViRMORIEZESND.
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2 BIM/BETY V=TI & Bk V=i & BERAS

= BOTH#E#
7 i) 4
&
5 0
BIM _IFc RDF7'—% 3
[ =% s o BETF {?@}
—
" JSON-LD
P T Thing Description
> (TD)
N BACS A4k XY AHBF
E + 47hab csv # {7pCsv I5RARF—T
I 973 (BIR)

7 Thing Description ® 4%
Fig. 7 Generation of a thing description.
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Ny FALERC HDFS (SR L, WIFAD—IFT7 7 1
I3HIBR 9 5. Apache Spark Stream % I\ A i) & 1 HE T
BH2DHS, T—NTTAY RRE SRS LLEND,
7 N COBBraifs 35 L EHIT A MHPEMT %
tb,:@%&tbt.?—&%&@Uﬁlxbﬁmﬂﬁ
A — & THIL T I & d5E L — ¥ eI R
fEf L, BT EB1T).

6.3 Y—EXLTY¥

A= FLAXYTHELNTZ)TIVIALDOT =5 %8
B9 %729 WoT Service &, Ny FLAX¥TEHERES N
727 — % it $ % 728 @ Data Extraction Service, %L
LY —ECZXAZFHAT5720DOFF %179 Authentication
Service 2 S X 4. WoT Service &, 5.3 i Tk~
A T8, T BT TA - AF - EHAE
H+ T URI & Thing Description (TD) %R L, WoT
Service ld TD # b &L IZV FRA VU b EeAKRT S (K 7).

Data Extraction Service (&, /Ny F L A ¥ TIRE S
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Tyt oo OIEFB APT 2L TWws. ) 7T

A NDH oI T, —N7 T XY PRETHZ & T,

TRE 2 /NRIC L, I A Mp/MEx FEHT 5.
Authentication Service I&, EFL®D 2 D04 — ¥ A % FJf]

95728, OAuth % &2 X AFHEREE API =32t 3 %.
7. FiEEEFHm

FEFTAEIZ IO WT, futaba DEEE T 72 (F 8).

7.1 AE—FKL 1Y

9 2% L7 BACnet 7 — b7 = 1 #/7 3. Read-
Property %> WriteProperty & \»- 72 BACnet %+ —E A %
o T, PUEHLR DR A > b Ofi & eI IUE, 35 X AH
iioTBY, #15% MQTT I2ZH: L T MQTT Broker
WZEEI L Tw5a, OSGi CTEjS /Ny Fob & LTakRr - 5%
ENTVDED, 1207 = by AIZETa— U3 h
OB T FERET L LN TES.

A ¥ = N LAY OFEEITITAIE [20] O3 2 FH 5
4. ECL2.0*0 L IcHE I N TB Y, VerneMQ*''C 5 fifi
DF—FPEHSN, 10720 FH 16,773 07— %
T L TW5, 7= 3EAIE LT VPN 24 LTI
LTwa7%, —MoIoT ik &id, 1> —%v %
TEHT 2D 5720, FLAE - B51L 247 9 A4
JH @ Broker % #%H L TH#E I T4, Ingress / Egress
Function ¥ %K) 1Z NodeRED * 12 CHE# L TBY), =~
FRA 2 MRS 7201 B B ARz ORI &k
T9. B A Y 77— 7 I 3HN 2B 2 g L, FailcER
L7202 —NEIZRELTVS.

7.2 NyFLAY

Ny F LAY, B TRV E] O 720 Mi-
crosoft Azure @ PaaS % I\ THEEE L 72, Scala THEEEL
72— b7 = A %4 LT Azure Event Hubs |27 — % & 1%
D, PaaS DEFET 15 50T ICF v T F YT =8 %77
AWVEFELTBY, #1565 % Azure Databricks & VT,
1 HZ & DNy FRE T Delta Lake (2454 L CTHRET 2
(K 10). Azure Databricks I& Apache Spark D 4r#F247
ERETHY, Ny FTaTEFTT LI, LEREAER
FxMEL, AT T LT 5720, KEDFH
BREZMHL %270, BRERHER/NNRICHIZ S5 2 L A5 RE
L b,

WIRDFEZETIE, = FN—7 4 OFEZIZIL T, it
ADOAZ) P % A Y a—F1288L, i L7257 —
Y AP 2N L THR T 2HEE Lo TWAD, T—FD
AL D7z OHEH DNy TR 25 35 4, A FE T

*10 https://ecl.ntt.com/news/service/ecl2/
*I11 https://vernemq.com/
*12 https://nodered.org/
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Function | £
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¥ % Extracted Data

Temporary Data

8 futaba ¥ HELE

Fig. 8 Reference implementation of futaba.

05Gi"
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BACnet Service Gateway Function
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Service (MQTT7~ 2 2{8)
(7" 78
perty ) ol
Service oy o>
(7" 00" F(ER) Event 4
BACnet ObJeCt — aho
Other Devices :;;: Other Bundles |
9 OSGi 2L % BACnet 77— F 7 = 1 DFEL
Fig. 9 Implementation of BACnet gateway with OSGi.

MQTT Function
BACnet Object

BACnet Object

BACnet Object

J9v04g agessa

T

‘ Databricks

= Temporary Data A DELTA LAKE

Site_Buildingl Site_Buildingl
Data YYYY _delta_log
£y Ingest L MM / date=2020-02-01
= Lgw o &
@ﬂ 1_1\\. L Hn Lﬂ part00in~.parquet
\L mm ("] partooz~.parquet
Ea N Lﬂ 01 (7] partoos~.parquet
et B
— [ Site2Building2 o i =R - _ site_Building2
@ﬂ e : (552, B)[ | CacheIf :

10 Ny FLAYTOTF =5 R
Fig. 10 Store data in batch layer (after optimization).

T 2,400 HEEE D 22> TV 57D, #REEI B LIRS OG5,
Standard_L4s (32GB xEY, 427, 29 / —F) TOAL
T I3EEERY, RESTTAREICHZONEZ L
357> 72, Dalta Lake 7 4+ —~ v MI X AEMRIFTD
Fl, eI/ 0T - 2 BELEGAEIIBY
ThH, 250 MByte #£J£ & 72 5. Azure Data Lake Storage
Gen2 T, 1TB ZfAF L TH 8,000 L& V2, 50
HAAMPETHL LNV D,

73 Y—EXLAV¥

HF—E AL A VT, WoT Service DY —/3% Mozilla
DLFH LR 3% 52, Play Framework *14 G4 L 72
(R 11). EEEICEY A Y 7= 5 &L, Z22h5
Thing % 4#% L, ThingsContiner |ZPR$F9 B HERLIZ 72 > T
W5, Thing 225 AV vy FEANALTTD BAERTES L9
%> THBY, Y= FX=7 4 ZTD LV TR - AF—%

*13 https://iot.mozilla.org/framework/
*14 https:/ /www.playframework.com/

873



BERIEF=EmEE Vol.62 No.3 867-876 (Mar. 2021)

Merged RDF

, Web of Things Middleware ¢ P'%Y
i

Services Reference [

. Class
‘ Thing [ " Schema
. [
E"q ) > Property
ha 1 . (GET /PUT)
e b Nesener /
£ - 4
Thing (POST) | Server
Event
(POST) ™
4
] 3}

T
Notify Export

34 party
Application

34 party
Application
3t party
Application

Protocol
Binder

11 WoT Service DZ:# 3%k

Fig. 11 Reference implementation of WoT' service.

v @type:
v o: "http://takenaka. co.jp/Mercedes_Me/EQ House/classes/CO2-W-3"
» links: [=1
v id: "http://kasuya.hongo.wide.ad. jp:9008/wot/Mercedes_Me/EQ House
/Entrance/C02-W-3"
title: "C02-W-3"
@context: "https://kasuya.hongo.wide.ad.jp/schemas"

actions: {3}

w properties:

w C02-W-3:
@type: "Sensor"
description: "CO2iEE"
v topic: “"takenaka.co.jp/Mercedes_Me/EQ_House/-/Entrance/Utility/Sensor
/WebCNT3/C02-W-3/C02_Level/R"
readOnly: true
w links:
v e:
rel: "property"
href: "/properties/C02-W-3"
title: "C02-W-3"
type: "number"”

12 Thing Description il (77 7 %95 7 7 & AKf)
Fig. 12 Thing description (Accessing from a browser).

M L4255, RESTful APIOTY KEA ¥ MNIT 2
235, K121, =Y RKRA Y M LTT I IHT
T RALEBIZES LA TD OFITH 5. properties BL
T2, TONA AT B E A ¥ b OFHRAEr T W
5. ZOBITIE, links 272> THZTaRF 1 DL F
RA ¥ P EREEE LKL, HTTP © GET T7— % OHUS,
PUT TF— % #F&AA, POST CF—sFHOZ Y ¥
RA Y FEEEDSTRETH D, B, BEFEEIIBVTI,
Authentication Service D EEIIT > TV 72\,

7.4 R

KEITIX, 4 ETHRARZZEFHREHIS S L5l 2 k< 5.

ZHREI—ZXT—IAMICT 25VLEM  futaba (& 7 4
T oT—=%7 7 F ¥ EFALTVED, VTS
ALBLONY FUEPVER L — A7 — A #E
L. VT IVE A LMBIZOWTIE, K—=1) Y7725 T
Hl, ARY MNEFHOTZ Y FRA » FofRtic k)
AR NBREEIOT 7)) r—2a iIZb et b, £
D7z, 5.1 HTHARZZY ATFALACY, 728 IE
BIRERY 72 G S B 22X — > F )V 7 7 il [16] 12D
BWHSEETH L. Ny FUILIIDOWT D, EEOR
B TT — A TE L2012, APl T—
FOM 23] EViolza— A —AICb AT .
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13 EQ House #MBl (OF LEHELHEHT)
Fig. 13 Exterior of EQ House.

% 2 EQ House OFflllAR A ~ b

Table 2 EQ House measurement points.
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Fig. 14 Semantics of EQ House (excerpt).
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& 'QQ 062,0 quﬁ o ?)Q RS 90 K Gfbﬁ W QQ

15 Archiphilia Engine |2 X 5 PMV O il
Fig. 15 Optimizing PMV with Archiphilia Engine.
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