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Abstract

The transition to the digital building system technologies has enabled building information
to be stored in digital format — the Building Information Modelling (BIM). In addition, the indoor
environmental data can be detected and stored in the digital format by means of an IoT sensor.
However, owing to the complexity of BIM data and its incompatibility with the ever-changing data
from the IoT sensor, this study was thus aimed to integrate BIM with indoor environmental data
using the IoT sensor in order to display the real-time outcomes on the Monitoring System.

The indoor environmental data was collected in an experimental and real area of 48 m’
by the IoT sensor. The BIM was managed by classifying the data into 1) Static BIM and 2) Dynamic
BIM. Next, the two sets of data, indoor environmental data and Dynamic BIM data, were integrated
and displayed with Static BIM. The findings show that Static BIM and Dynamic BIM could be integrated
by Cloud Technology, which provides storage and management services. The Static BIM could be
divided into: 1) Architectural BIM which would be used to display and calculate the parameters,
2) the data related to the display system for calculating the parameters, and 3) the data of unrelated
equipment that would be filtered out. The Dynamic BIM is a cube model in which colors could be
changed according to the color codes transmitted from the loT sensor to display the indoor
environmental data including: temperatures, humidity, and light intensity. Each data was calculated
to find the parameters based on the 3D Coordinate System to indicate the position of the sensor
and the target cube. This was achieved by calculating the measured parameters and the distance
between the loT sensor and the position of each target cube. The parameters were then transformed
into color codes. Each transmitted dataset contained the color code of each dataset and each
cube. The transmission frequency was every 5 seconds. The test demonstrates the system limitation
in the efficiency of the server to transmit the data to the cloud service platform that stores and
manages the data. This was due to the fact that the server performance was not compatible with

the amount of data and data transmission frequency, leading to unstable graphic display.
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Tulagunszuanisulaaduddsia (Digital transformation) ledsnasiefianssusigeg voyed
danalvinsldFintidnwaziaeuly Taoyng nsnsevivesuywdausagnifiusaunududeyadlud
spuUAtTia deyasuuummamaiazgninluinssiuasinueiouan vietamitenfntudamii
¥aeausiug (Violino, 2019) Tnesaustd a.a. 1999 ¥AnLnAnSumesifinvosasswas (Interet of Things-
loT) @sluunanuiiagldviudwidhesd 1oT) Saduunnfeiunsdomssewitgunsniuazgunsallu
MelsEanaNg HussuueerisdunedidnuazauauienisUssnanadiunats faaztieiia
Uszavsnmlunsvihanuvesszuy safafununudeyadwiunnildangunsal tiiethundieszviua
Wwunszuusialy (Kamila, 2017, pp. 83-85) lavdiuusenaudiAgyuesaunsal loT asUsenausie @Sy
dynnal (Sensor) gvhmthilwanateyavnamenimidigszuuiavia lilaslusisawes (Microprocessor)
ﬁmﬁﬂﬁ%fusﬁaadaﬂmﬁﬁuﬁzyzyw Uszanawa uazdwiedayaneluluszuy gUnsalAoas (Communication
device) Yimihfisudstoyariuszuuiaiete(Vasseur & Dunkels, 2010, pp. 3-14) fMegszuUMTYY
uiFsansafununuashmsiansteyanngunsaisuaumeana Snfadiannsnasnsssuuns
Mausenigunsalusiaziilnelisaddduyuwdlunisaiuau (Minerva, Biru, & Rotondi, 2019, pp. 70-75)
shewmpasanaimalladdumesidnvesasnds (o) Fdldgninantflunsifisyszavsamesnuuims
n¥negnsensinelnyenasiiduwavie) Wi sruUkaaiwayszuUUSUeInA Taeaztaelnannisld
ningnsedslivszdvain aanslindany uazinnunndinvesldaueins (Suntiamomntut &
Charoenpanyasak, 2014, pp. 12-18) LLawTﬂﬁ‘fJ’a;JUa“luIaﬂLmema’%aLLazgwu%’auﬂaﬁﬁﬁaQﬂL%auLﬂﬁwﬁaaﬁ’u

foyauuushaesansaumaoinns (Building Information Modeling-BIM) @dluunanaidiagldtuduyi

v °

s BIM) Wuteyaomsluguuuuiiva daldnvusidudeyauuudiassormsawiiafiuszneusie
Foyanswliln (Graphic information) 19y ANNES ALET ALY M8 wazdoyadilildns i
(Non-graphic information) 1¥u AasauURvesdan nan va< (Aish, 1986, pp. 55-58) wenanigsiinsuds
syiumNazBuavesdoya (Level of Development-LoD) fiviannmane faust LoD100 fuanstoyanin
sumesing Reseu LoDA00 Tuansieyalavazidenvasing (BIM Forum, 2019) wialulad BIM Fsanansa
advayununeasveinsiaediaidudinardlunsuszaiudeyasindiuniag Wnlidaedu wonani
wialulad BIM Sseenszaunuudmansneinsensiaelfilugudeyalunissiaesanimeinrns uagnsly
NUIATIUN NI TN TUADNRIM5T998 LA 1T9901ATAINITAINWRUNITIANITOIAT WAZNITYOY
ﬂﬁqﬂﬁﬁﬂixawﬁmwmméﬁu (The Association of Siamese Architects under the Royal Patronage, 2558,
pp. 5-8) winghslsfinunsth BIM wldlunmsuimanineinsenmsdsiivedin 1esnBiM Aflegdu
FoyauuunsiuazsndonisinusmiuszuuUsTInanadue (Wewalaarachchi, 2018) Tnglawztoyadi
fimsdsuulamasaian 39ETunAnAeiu BIM wuuindeuln Ssmefianisi BIM wvihemsiudtu
izwﬂismamaﬁu chuuwamﬂa%mﬁaﬂﬁﬁami (Dave, Buda, Nurminen, & Framling, 2018, pp. 35-45)

Tuszoznafiniuninnsinuiesnisld BIM uvdnsgienansludiusingg wu anwwandesly
9115 NM3LINaLYet91A1T MIAIUANNIIARaT InelliegansAnynuindayagmuniilugiaiaisie
gas01mdiiu BIM Wieldlunslinseivssansamunistestuauieuvesnseveins warldlu
MsUsziiunMIvaUIeYeIeIAsTENssEUBeIMARNsssYE Tngldnstoudeyaaduuuudiasams
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pouRmes wasvhnmsUszananadauiy BIM olinnefanmenasvioassaniumaniilenaasifniy
ffueAN3(Natephra, Motamedi, Yabuki & Fukuda, 2017, pp. 194-208) ghslsAnnuusiinnisld BIM Tunns
HeUszananaazhlilfindadeyaiiiinnuasiBoauasisiugigs winsussnanadeyaifsuousnnuad
Houlvmssuniidudowdul shlwfessenatlunsussnanadeyalusarads uagliaunsouanama
I#muna1934 (Real time) Fadadfnsnunanililunisusssnanadanann Feiduguassaiiddnlunisih
BIM wldnusanfugunal 0T esannsviuvesgunsaivani DupSetneveinisiuddeyadnuiu
WNEINAN93s Fedisenssruugudeyaiianunsavihauldesaenndesiu Tnefausiin BIM axdidnenm
Tumsdamsdeyaduauinn uidwiensinwuagiannszuumsuszinanauazdanisdeyaiiioliiey
Ffugunsal 1oT ldegneliused@nsnn

NuATTuEIdignUszasdifiemunnisld BIM Wanunsnsessudoyaiifimadeuntamuna
939 UarasNTTUUMILAAINEAN ML INA NN 18 TUDIANTIINNTHLIN BIM wae loT wWsieiu Usslevives
mAfpastodiudnenmuss BIM lunsuimsminennseians lasagvinlv BIM ilugudeyadmiuinnig
foyaaingunaal loT Fafumaluladfignlilunussuuoiasislutiogtusazeunn laofideldmuiuns
Weluanansiogns Fadueians 5 Fu fiuflsau 250 mauns wasdinisdonii BIM Teg1easudau andu
iAfulfideniiuiitu 5 vese1as wuin 48 e uiuiinaaesszuuNLanIaan WIRdoNN 1Ty
orPsuugutoya BIM ileftarlfidunuamdumsueneiiud ssuumsquaanmuandounigluoimsdmsy
fiufivisonanslueuns

528Ut

nuASeTulfhnsAnw Aty msdanisteyamely BIM madeusedeyaingunsal loT
a9u BIM wagn1svhaueanalulad loT andudwinismasunmsinisagunsed loT adufiufinase
yuIm 48 MRS WienAudauumisnsuanmateyaaty BIM Lilevhmsnageunsiideyaan
gUNIlNTIITULLARIHARIUY BIM (Figure 1) Inefiseazidunludiusingg il

1. n33aNsYayaaNsHUINARIANS

ilesann BIM vete7as udouaneaziBeneimsiifinududounasivunelvg Jafeaiing
ﬁwﬁagadwﬁhjﬁwLﬂuaaﬂLﬁaIﬁdwasiaﬂWiwmu (Wewalaarachchi, 2018) wagyinstiis BIM guUNIninTIa
FuidnlUlugiudeya Wethgudeyadnanunaiauudiassdmisiiees (Parameter) Fadunuy
mMsfnatenanngunsal loT luszuuiita 3 77 vugmudeya BIM wuunasii

2. wuwmslunisuansnataya

MsusnswadeyaazuissTAaMNsUansHa mudeyanminadeuiildaingunsalngadu Teun
foyagamgl Toyannutu usrteyannuiduuas Tnsdeyaingunsaiargninndnudisuuudans
Amniines uazwlassadeyalveglusUvessiadnutisesteyafildtmunly iothsnuaniuase BIM
wuuiedeulwluszuudide 3§ AU BIM uuuasi

3. N3YINNUYRETEUU loT

gunsalszUUnTI9dU loT ugngunsaliidwiudeyasoieiorisdumesiin Tnsdsdoyaain
AM2322 (Aosong, 2018) z%’m%funwmmﬁu%aaﬂaqquﬁLLazsﬁaz&amm%u wag BH1750FVI (Mouser, (n.d.)
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dmumsnTiaduaianudunas uagld ESP32 WiFi Module (Espressif, 2019) Tunnsdsdayaluda g
yosgunsal loT Ineidentd LoRaWAN russuuBuwmasiin (Semtech, (n.d.) Aewdsluiiuduaseadsniies
(Server) Ninnsagneluiuinaaes (Figure 2)

v
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MNUNIUITTUNTTH
msﬁ'ﬁmﬂyﬂya ms@anda MsnuLal
AFHULMADIANS daya BIM uas loT sEUU loT
} } } }
daiuuamslumsudnnadayay MaununisAndigunsal

| |

dansasdaya BIM

AuuAsian
27A1% (LoD 500)
v | satiesm !
5473 Display BIM BIM @1A1s BIM Lefmme,
dunduudninadaya (LoD 300) qunsalloT |_| >

. u“u‘unﬂséﬂaﬁq -
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Figure 1 Chart showing the research process
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Figure 2 IoT sensor operation chart
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4. mMITauHUNIARRsUnsel

fAfevhmsfndegunsainsadutoyagumgl deyennutu uardeyannuduuas aduiuilads
yunm 48 m31ns (Figure 3) niouisihsisasiBunvesgunsniuazsiunisiiinisgunsainsiady
(Figure 4) Winaslugrudeyaansaumaemsiieainuuusiassimnsiives wazihieyaiildangunsal
avRduIndw ievhnsuanmadeyaanmiindenvaieinisuu BIM

Light Intensity Temperature & Humidity
Experimental Area
Sensor Sensor

Figure 3 Light intensity sensor (Left) Experimental area (Middle), and temperature and humidity

sensor (Right)
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e " %@
Light Intensity sensor
BH1750FVI
N

Figure 4 Layouts of temperature, humidity, and light intensity sensors on BIM for building

parameter model

5. msweusiadayaangrutaya BIM uaz loT
Tunsdesedayaingunsal 10T waz BIM awmnsavildniumie luesetis BIM360 Juiu
Uinsdniunarusmsteyamemaluladnana (Cloud service) 109U3¥W Autodesk (Autodesk, (nd))
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Inefiguuvuiduesemmneiildunuingiiludoyanianunsariaulifiuaniaa3ud UJava Script Object
Notation-JSON) lngr1udiuseuszaulusunsudszand(Application Program Interface-API) ¥
an1UnenssuLuy Representational state transfer lunsudsayasenituasatingvastoya loT uag BIM

NANISANEI

ssuumsuanmaannndennslussuugutoyamsaumae s fduneulumsyialng
msanafaanmndeunglusmsinugunsalnseduiideusiefudumesidn uasthdeyaiildangunsal
T30 AN BIM wuuas inutuumssassamnsiines wasulamadusiadiiievnluuans
wase BIM wuuiadeul ihuuimsdafiuuazuimsdoyasomaluladnatidvesussm Autodesk
(Figure 5) InglunthmsuanswaazUsznause BIM wuunsil Sadudeyaluenaennns 3 7 uazdeya BIM
wuundeulm Fauuluea 3 fFfaduienanmatoyaanmuindouilésuangunsal loT % 3 vane
1#un doyanmngdl douannutu wardoyadaunduuas (Figure 6)

Az BaAn TN ITUIR T ULA TUA RIS

Display BIM
Matched Coordinate)
Temperature Humidity LightIntensity
Color Caolor Color BilM @7A7% LoD 500
[ ColorCode | [ColorCode| [ ColorCede | |
Model
i Simpified
| ¥
Temperature Hurmiclity Light Intensity
[ColorCode|| || ColorCadel| |[ ColorCode| ST L
[ Coordinate|| |[ Coordinate|| |[ Coordinate|
T T Statie BIM
BIM BIM BIM
BUIUNEIRE4 Temp Sensor | [Humid Sensor| | Light Sensor
A1 Parameter €= Type Type Type
Location Location Location
4 i .
] 1 T
BiM BiM BIM
Updsate Update Update
i i ]
Celsius o LUX
v

Figure 5 Details of the display system for indoor environment data on BIM
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AUTODESK
BIM 360"

Building BIM
(Static Data)

loT Database

Figure 6 BIM management for displaying indoor environmental data from the loT sensor

1. doya BIM iildlunisuanna
1.1 doya BIM uuunsil
BIM wuunsil fdnwausidudeyaluasias 3 17 delszazanuniie anuen mwgees
0aAUsENoUDIANS LazsumisnsAndgUnsaiusenoueinns numudusie samieusydeyanuai
vos¥an Jdldiiudeyagudmivlilumatanistoyauasnsuaniua Tnediseasdondil
1) doya BIM 81A13 491N LoDA00 de LoD300 lnsmsiiuianizesdusznauan
AU i wds Usegontiieng wasdienu wieldidudeyaglussuumauansia uagldlumasiuaoe
W58nes
2) doya BIM gunsaiswssuuiiieates lumiafedashnaiudeya BIM amz
gUnsaliidinasdeanminadoniazyinnisuanna Ll efesUiuemadmiuszuuanmamgamgd vasn
Influasaisdmiussuuianiarndines LaraunsainsadudniussuulanItar1gmgl AT
wazAnanuiduuas Inedoyamaniasldlunmsduudmisiines
3) doya BIM gunsalnuszuuitliifeades iudeya BIM Mdudiuuszneuvestoya
BIM e1ansTltadaasysal (LoDA00) uslsiiendesfiunuids Tsenhnsiansesteyadufinanesn wde
Wnzdeyaduiidonis weliteyaiiiunldnuiaunssdiunazazmndenisdanis 1Hun gunsalnu
sruUUsel gUnInlsnwAuUaensie Nde9sln wazaunIalssuuRuINGS
1.2 doya BIM uvuindoulm
Hoya BIM wuuiadoulm WWulimanaes 3 37 nelugruteyamsaumeoinns Seazfusia
dnniadetnevesteya oT sutinsiafunazuimsdeyasmemeliladaand tiouuanmaanwwandon
meluoansnuiaed Insulsssamioyainunuanmasenidu deyagamnd doyammitu uastoys
GRRHILIVIER

DISANSAVIONAOUASSAASIOUNTE ANEAMUNENSSUAMARS UMONENaEUoUInU
86 1un 19 auui 2 waumAy - dvmAl Usoid 2563



BIM-Base Indoor Environmental Monitoring System
Terdsak Tachakitkachomn, Chalumpon Thawanapong and Kaweekrai Srihiran

2. nsldszuuiing 3 &R Tunisdanisdeyauaznisuaning

Tunsidendediisoldlissuuicn 3 i inldiitedueiesdiolunsdrsdahuminedimandes
3 Tusagluvugrutoyaasaumeoinns Weltlunsaauvudiaosimnsiines uagldlufmunsumis
YosswaaTldlunsuania nafelunanass 3 danllunisuanmausasluasiifidalunu X, Y uag Z
sl

3. WUUINAReA1 Parameter

nsthdeyangunsainsiadunildlunsuaninadeyaaniniinseuniglueimsmeluinandes
3 fifezfonhnmsdiassdmnives e luudasmaidusiad TaefiiBnsduiue miives naeq
wiagly Mnuasmmestoyaangunsainsaduyniuiifnadendesdutiu Tnglunisduamemsiines
MngunsainTTduuasiu asAnaindoyaiiinldnngunsaitutu uassvesmessringunsaiuding
suianaesusiaglu lussuuiiin 3 I (Figure 7) ﬁqﬁqﬂmaimmé’uLwiaz%uﬁ].;v,gﬂizqa”ﬂwmasuaaﬁuﬁﬁﬁwmi
nsraduaduszuuiian 3 T3 loud woussuu wuuidu wazuuuge dieldlunmsduaseuuuiians

1 a [
ATNIINULN BT
A7 Parameter 71l A1 Parameter AN A1 Parameter /1N
UNITUAPINATES =  Sensor (A) ideeiasia  + Sensor (B) fidsuasin  +
Tiaananins (p) Tusauanang (p) Tpalanaug (p)

7TETUNTTIIN Sensor (A)

; Actual Dat: 100 - .
Sensor (A) S = e X Loz Buaauansug (p) x C

TaLAALARIKA (p) ['sensor )] 00

A1 Parameter A1n

(C e Aadiiluaunas)

2282W4EMIN Sensor (A) \/ >
= Xa—X + (Ya-Y
uaz TmaLanIng (p) Xa=%p) Ya=Yp

(X Ae nwiimesdagluuuauni X, Y e swmiarasingluuuewni Y, Z Ae muiisesdnglusouny 2)

¥+ 2a-zy)?

Figure 7 Details of parameter model to calculate data from IoT sensors used in transforming into

color codes for displaying data for each cube

4. msdedeyaiiailuuansna

nsAeansTENINg LAdevegUnsal IoT waggudeyamsaumaeimsaziisuuuuiduedesned
THunuingiidudoyafianmsaiauldfuanianivd Tnorudiudeuszalusunsuuszgnd Tnedoya
anmadonnngUnsaingradu svgnihundunuasulanaliusiaddmiunassusiazlu deyaiivihnis
dudiothluanswadmiundesusiarluisusznoude swadnmsuanmatoyagungl doyanutu Toya
ALLTULAS wazFurUIveIndadlusEuuinn 3 85 Tukuawnu X, Y uag Z (Table 1)
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Table 1 Examples of instruction set for displaying data and explaining the variables

Format wag Parameter AND3UNY
“cube_color”: [{ “floor”: “5”,”room”: “2”, “floor”: A ‘i?u‘uaaﬂa'aa, “room”: A9 YBIUBINGBY
“X7 447y 467,727 437, “x”, “y” uaz “z” fe finnvesnasdlurio
“temperature_color”: “#8b0000”, “temperature_color”: fig sWiadvIngnngil
“illuminance_color”: “#8b0000”, “illuminance_color”: g 3171’aﬁwmﬂmgm°ﬁ'ml,ﬁ&
“humidity_color”: “#8b0000”}] “humidity_color”: fie sWadwInALTY

5. NSNAFAUITTUULEAINATNINIINRaNN1ETL1ANS
Adeldvhnmsvageuszuukanraan muandauneluenas lnemsiiudeyaanmuindouniely
o1A3fegUnsal 10T Ysznaudedeyagamgd anutiu uazanuduuas tnedaudlunsiudoya
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Figure 8 Displays of temperatures from system tests
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Figure 9 Displays of humidity from system tests
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Figure 10 Displays of light intensity from system tests
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