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ABSTRACT

The aim of this study was to develop the building energy management system for
monitoring indoor environmental quality (IEQ) in office building by adding features that able to
measure and harvest parameters of Indoor Environmental Quality (IEQ) in real-time. The study
designed and developed new platform so-called “Building Energy Management Systems—Indoor
Environmental Quality (BEMS-IEQ)” and new multi-sensors for measuring four IEQ parameters.
The BEMS-IEQ Platform can analyze and show parameters on dashboard automatically and
assessment of IEQ performance without the expert and measurement tools. IEQ database can be
support IEQ field research and apply for building assessment. The BEMS-IEQ Platform is
innovation for applying to improve IEQ and improve building performance, occupant satisfaction,

and health and well-being. Finally, the BEMS-IEQ Platform can be applied in other building

types.

Keywords: Energy Management, Building Energy Management System (BEMS), Indoor
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2.3 WIAAMEINUBIAI5IYE (Green Building)
A A A a v A P < A 9
91A151387 Ao o1A1silulasnuaaiadevuazilueinsnyigaanis 1y

T oA A &

o 3 A o q VY aa 2 v S
waslueims ueramsnilvidederdelgumnuazgunimdianavuwe lge1n131u
(@a1fuense lne, 2555)
[ 4 a 4 a

nannaann15Uslue1n151We) (Green Building) a1anay MsUsziiuniuy
JaguNaINdInuazdaIndonIneg (Thai’s  Rating  of Energy and  Environmental
Sustainability : TREES) M¥ualagan1iue1n15@Wed1ne (Thai Green Building Institute)
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1. MIUTHITIANTOIAT (Building Management)

Y a A o Jd
2. MUINAULAZHUNAYU (Site and Landscape)
Y

3. M3dszndai1 (Water Conversation)

4. WAINUHAZVIT8INA (Energy and Atmosphere)

5. Je9 uaznineInslumsned3d e (Material and Resources)

6. ﬂmﬂ”|W6uammazumé’aumﬂumms (Indoor Environmental Quality)

7. M3tleaiuNansENUADAUIAREY (Environmental Protection)

8. WIANITY (Green Innovation)
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ngoniueimsdlien Ine 1ddiulgdiaeandesnuusunuazansuzglioimeveslszmst
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2.4 RN UYUMNEWIAdNN 81141 (Indoor Environmental Quality : IEQ)
= Y o Y o o = 4
nNMsAnEIENIMIAdeNMIHuYesd IFermsdninamlulsamaflunaua
s % . Yo = = 1 ! Hq v
uaziszimasosuaua (Peggic M. Rothe, 2011) TalmsaAnyinennuuanaalussognla

o o A 1 @ = 9 dy A o a1

ANUAAYNLANA1NY Ao (1) JUuuumslenuy taganuauigvean ety (2) J¥ana

Aa I v @ { o w {
Tumsldau® uaz 3) mshdaweserns iu 3 suauusnignldanudidyuiniga
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2008) druin lutianwitane v lugungiio 1na aunIMueI9INIA LAIAI1 HAZNITAILAN

o w I 1 1 1A J yd '
@oe neludnina idul1duninzseyanulifane ladedunartidume uazaana
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nsznuUABANNEINITa luMsiuaeeaslunsAnil Seszydendinanod 1901013
Taoasa 4 Tade 1dun (1) auamaese1nsnielu (indoor air quality) (2) ganginieglu
1 . . =) . = 1 v A o 1 tdy
(thermal comfort) (3) t4e9e1319(lighting) (4) &8 (noise) J1eazReavnaziady Uaane 11

2.4.1 AuMNU0IMANI8 1Y (indoor air quality)

Dorgan & Dorgan (2005) na12 13119 nmsAnussunssua1s q amnsoaglla

= o =

1 $a5zeznalumanaulusedlavesmiinaiunenuiu iaendesldanudinn Ao

g

{ 1 [ @ o 1
aunmenanielueimsnazdesliguaimmangay wanw ldagla anuduiussena
a oA o [ [ o
AUNMNUBITNINUIARON FUAWN tazran sl uanuvesminaulueins Tanuduius
o = 1 3 ~ = 1
Augamnaunmvesemanie v luduldawmnasguimnzauzlinanogunin azwa
Aa oA 1] = Aa v d':l dﬁlw A oA I @ [
msUPianuveaminau Minnsne lunudteninsyiananisUginauiuvan wun
1 = a oA A Y A a o gl.z A~
amarveswamsUfianuianasiosaz 10 aurgninauniweimenielun liaasiu el
o v 2 ' = Aa oA Y A 2 9
MsnaguUMWIMAlHAvY ArndsvoInans U innuveImin Uz T AINLAUT Y
é 1 1 a o Y o [ = ) 9 =3 é
az 6 sagulvguesnuiteldanudiaglunsdnyivesemsdninau wag 15aFeu 9
) .
ihulsziameimsiglderasdszeznanu
2.42 ANNZUABIQUNYN (thermal comfort)
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kS
U ] a a o I 1
1uﬁaumaQﬁmazmﬁmmmqmwguuu (thermal comfort) wndgasoonuuuan

o w 1

artianzaUIeNd 1A Yae9A1AINNIATFIU ISO 7730 Ao PMV (Predicted Mean Vote) Hag
9 1
PPD (Predicted Percentage Dissatisfied) Tﬂﬂmuullsffmmﬂmiﬁmammmmﬁmﬁ@% 4

Aot l¥msmuIum Mg bves Fanger’s thermal comfort model (Fabbri, 2015) Tagis

2
v A

NAMIAIUIUNDHIAL PMV ‘DWﬂﬁiJﬂﬁﬂﬁﬁﬂTﬁﬁ%’ ANU
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PMV = [0.303 e(-0036M) | 0.028] AM=-W)
23.05 % 107> - [5733 — 6.99 (M = W) — p,]

—0.42-[(M—W) —58.15] — 1.7 x 107> - M - (5867 — p,)
—0.0014 - M- (34 —t,)

~3.96 x 107 - fa - [(ta +273)'~(ir +273)"]

_fcl . hc . (tcl - la)}
where
ty 18 the clothing surface temperature (°C), between 0 and 0.310 m? K/W (0-

2 clo), calculated with the formula

ta = 35.7 - 0.028 - (M~ W) — I
: {3.96 x 1078 . [((c. L3 (i + 273)4} —fyhe - (g — ta)}

h, is the convective heat transfer coefficient (VWm2 K), calculated with the two
formulas

he = 238[te — %% if  2.38[ta — " > 12.1 /v
he = 12.1\/Ver it 238[tg — 1" <12.1\/Var

fe1 1s the clothing surface area factor, calculated with the one of the due formulas

fg =1.00+1.290 -1, if I5<0.078 m*’K/W
fo = 1.05+0.645-1; if I53<0.078 m’K/W

MR 2.21 LUdad PMV equation GHSJT]QE?]GUEN Fanger’s thermal comfort model

31: Fabbri, 2015, pg. 85

[

[ Y
Tagdwalsous luaumsadiaenans UANUNNIEAIL (Fabbri, 2015)

M is the metabolic rate (W/mz), calculated according to ISO8996which depends
on the subject and is calculated in relation to the area of Dubois, given that the
equation relates to an adult to use in the case of children it is necessary identify
the metabolic rate equivalent of the child rather than an adult. The equation is
valid in the range of 46-232 W/m’ (0.8—4 m);

L is the effective mechanical power (W/mz), usually equal to 0 if it is conducted

moderate physical activities;
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t is the air temperature (°C) of indoor environment (range between 10 and 40°C);

t is the mean radiant temperature (°C) of indoor environment, measured with a
globe thermometer (range between 10 and 40°C);

var is the relative air velocity (m/s), affecting convective thermal exchange of
skin/clothing and air, with a range from 0 and 1 m/s;

pa is the water vapour partial pressure (Pa), that affects thermal exchanges

evapotranspiration due to breathing and sweat (range between 0 and 2700 Pa).

demuaua PMV lauda Jaihvumuaiasluaumsadiamaasiiionial PPD

ao 'l

PPD = 100 — 95 - exp(—0.03353 - PMV* — 0.2179 PMV?)

MW 2.22 UdAI PPD equation quyf]sum Fanger’s thermal comfort model

31 Fabbri, 2015, pg. 86

Y
T3t UT I AAINan15AT199AV0IAN 12U IAVI0IFIQU N (thermal
Y 3 = I~ 1w oA [ A
comfort) TriTlulimuunasgiu 1S0 7730 Fvguaanasenunilumartian1igiuidgue As
1 Y
PMV (Predicted Mean Vote) (tag PPD (Predicted Percentage Dissatisfied) TasAnuaaduy
o a 4 a o e o
Iduvnmssiuiamiagamans uazauIteilen1sfuIua I uNguHve Fanger’s
thermal comfort model (Fabbri, 2015)
2.4.3 ANNZUITUIOTBAULAIAI N (lighting comfort)
UPAIRUTAUD I LENMNLTZANAD LAINTITUIIA AD AI90INAY LA
a (é’ A A 9 a 4 4 ] 1 9
UszAuguu Ao uasi lasnnisdszdugoinuysd vy vasa vl dauanumdund
. = ~ & [} g AA o =1 [l v
(Illuminance) HX1904 USVVUUTINANNTLNVAIUUHUIHUIGNUNNAINUA VeIl u
[ 4 1 d‘ [ 1 9 o v o dy
and (Lux) wasgiuvesudsaiidasadenod do1nsdninau fmuaiulaenszniia
o 1 [ 4 'o 1 ¥ 1 a
159911 Mvuanuduueaasaine 13 400-500 and windvsegeniniiersneliinani

luauie visedlusunsie'ld
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2.4.4 A9NUNFUIFUTE (Acoustic comfort)
a A ) R A a < A ° Y a
(@od AewdsnuUntaifanmsduasiouvetluanavedinianilvimna
M309 Uazvereaaununansmasuiuee luanaeInd Fon1 AAUTE ANUAIUDIT YT
. 49! (% A a . 4‘ = 1 Y =)
(noise) YUBYNVANNEFI H3018U1/aA (amplitude) VOIAAWITES AIUANVNUUNANVDITEY
dy XY z:; =S = o g’/ t:' [
YUBYNUANNDVBIAEY (frequency of sound) WD T1UIUATIVOINITABULIAIANNAY
é a A A [ (% A [I=N A A 1 a 4 1 1 [
Y3501MAIUHLIIUIN UHUIIA AD 5OUABIUIN 13801 185AY (Hertz; Hz) dIUNUI87A
[ = A a A a [ 1 v A -d' Y A [
ANNAIUBITEI 7D ATV (dB) WIoAFUaLe (dBA)IAAIAINAUTEIN InAIAean1g
1 4 1 H [} 1Y
ADUAUDIADITAUDIHNYBEI(TWA; Time Weighted Average) ANURAITEAVANNAUTIINADA
J2ELNAMIAUN AT
XY d' d' Y
2.5 NUIBNINYIVDY
2.5.1 U309 Web application for thermal comfort visualization and calculation
according to ASHRAE Standard 55 (Schiavon et al., 2013)
"lﬁ'ﬁﬂyuﬁmﬁumsﬁmamuamﬁmwaﬁﬂnzﬁmmm%qqmwgﬁ Tugduny web
application MUNIATFIU ASHRAE Standard 55-2010 taz 2013 Iaailoviiniseuwiouny
4 o’d' = ] Y A2AY o w a o (] a Aa 9 o A v
¥onAITNIAENBELAD NVDINAVDANAUAMIAIUIUTAIZUAFIQUNYN {I11N15I98
= Y o A A A 9 4 Y 2
I nausaIsaionyie iiausadiuia ldedsazainauienInyu PITHAAIHALU
. . = = 91 = A o ' 9 Y !
web application @4 lifin 14910 saudeaunsofzmuiunt lavategdunu Tasdoyanies

v A

wirou Tearnuodgndoaazuiud Tasilgaauiianan Ae a1w1auaadIna comfort zone

a

UU Psychrometric Chaﬂ“l@i”iugﬂgguu dynamic platform uaﬂqwammﬁ’uﬁuﬁ{iw’iwqmwgu
uazmm?gu, adaptive chart, TuiAaMsUEAIHAvDIMI LA LYeIANYE 8y, nsalszidin
anuluduiediguugl, MaUieuiisun1asgIunNUIEUIeIF YA LEED,
metabolic activity 11A¥A1319 clothing insulation AINUINTFIU Fanseailonimunsoniag
1191 &nanuanesaaliin ewdmnssy gifimhifedestuaueins sadedi
aulafiasfninluideanzinamedganigi
2.5.2 ﬂH%%é@ﬁ Continuous IEQ monitoring system: Context and development (Parkinson
etal., 2019)
18FnyuReIsunIssanisiuanuiinena llaesdszmsdrmiunisadag
Usz@nnmvoaeims e myaamsassmaniiveulaven lad uaznssamawiaden

~ ° ' = I rAA 9 9
moluemsnazainavie i llgmsligunimuazanuiuegnfvesdldeins lasdoans
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= A Y a 9 ~ dy A [ [ 2 Y
Anyuie lminannudrlanassuaquuINIUNEINUMITANIIAIIAaDNNI8TUDIATS
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etal., 2013)
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M13197 3.1 List of sensors included in IEQ sensor, and their performance specifications

Parameter Sensor Type Range Resolution
Air temperature NTC thermistor 0-60 0.1°C
Relative humidity Capacitive 0-100 0.10%
Globe temperature NTC thermistor 0-50°C 0.1°C
Air speed Bi-directional thermal anemometer  |0—1 m/s 0.01 m/s
Sound pressure level Electret microphone 30-130 dBA 0.1dB
ITluminance Broadband photodiode 0-20,000 Ix 1Ix
Carbon dioxide (CO2) Nondispersive infrared 0-5000 ppm 1 ppm
Carbon monoxide (CO) Electrochemical 0-50 ppm 0.1 ppm
Formaldehyde (HCHO) Electrochemical 0-5 ppm 0.01ppm
Total volatile organic compounds (TVOC) Photoionisation 10-2000 ppb 10 ppb
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MW 3.2 1EAAI Dimension PCBA V84 IEQ sensor



MW 3.3 1A Prototype IEQ sensor YUATUHTI

MNN 3.4 LAA Prototype IEQ sensor yu?ﬁuuu
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MNN 3.5 UAA Prototype IEQ sensor 34%@9])114"11’31

MW 3.6 LEAT Prototype IEQ sensor YURUH Y
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MW 3.7 Laas Prototype IEQ sensor yuﬁ}mgm

MNA 3.8 LAA Prototype IEQ sensor QM&WH%&Q
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3.4.7

Integrate Circuit
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M13197 3.2 List of sensors included in IEQ sensor and data output sending

Parameter Sensor Type Data Output Sending
Air temperature NTC thermistor Inter Integrate Circuit ( I>C)
Relative humidity Capacitive Inter Integrate Circuit ( I*C)
Globe temperature NTC thermistor Analog 4-20mA
Air speed Bi-directional thermal anemometer | Analog 4-20mA

Sound pressure level

Electret microphone

Analog 4-20mA

Iluminance Broadband photodiode Inter Integrate Circuit ( I*C)

Carbon dioxide (CO2) Nondispersive infrared Universal Asynchronous Receiver Transmitter (UART)
Carbon monoxide (CO) Electrochemical Inter Integrate Circuit ( 12C)

Formaldehyde (HCHO) Electrochemical Analog 4-20mA

Total volatile organic compounds (TVOC)

Photoionisation

Inter Integrate Circuit ( 1*C)

Particulate Matters PM2.5 - PM10

Photodiode

Universal Asynchronous Receiver Transmitter (UART)
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3.5.1.1 Temperature and humidity sensor module
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MNN 3.11 Temperature and humidity sensor module
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3.5.1.2 Globe temperature sensor

WA 3.12 Globe temperature sensor
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3.5.1.4 Wind sensor module

NN 3.13 Wind sensor module
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3.5.1.4 Sound level sensor module

MNA 3.14 Sound level sensor module
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3.5.1.5 Illuminance sensor module
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MNA 3.15 Tlluminance sensor module
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3.5.1.6 Carbon dioxide (CO2) sensor

/WA 3.16 Carbon dioxide (CO2) sensor
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3.5.1.7 Carbon monoxide module
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MNN 3.17 Carbon monoxide module
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5.3.1.8 Formaldehyde sensor module
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NN 3.18 Formaldehyde sensor module
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3.5.1.9 Total volatile organic compounds sensor module
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MW 3.19 Total volatile organic compounds sensor module
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3.5.1.10 Particulate Matters PM2.5 - PM10 sensor module

MNN 3.20 Particulate Matters PM2.5 - PM10 sensor module
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3.5.1.11 Voltage step down module 3.3VDC, 5VDC


https://sensing.honeywell.com/sensors/particle-sensors/hpm-series
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MNN 3.21 Voltage step down module 3.3VDC, 5VDC

3 A A & 4 9 =\
nJuTu@aﬁmmunmamamuu Step-down L!f].]ﬁ\ill‘l/\l DC 910U aNNUDY HUYUIA

9
= v v
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9
5119nonade amnsndiuawssau1d Taemsvyulsy Trimmer 14
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51002190 :
- 595 ULT LI NAgIga 1.23-30V
[ ZIJ U a 1
- dFuaasanudunaldlugig 435 v

J A Y
- Denszuaaoiiiosldgega 3A

A: https://www.mosfex.com/product/83/

3.5.1.12 SD card module and micro sd card


https://www.mosfex.com/product/83/
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MMNAN 3.22 SD card module and micro sd card

IM@@ Micro SD Card Micro SD Card Module MicroSD Card Adapter (Catalex)
< o v v R 9 . . = 9
Lﬂuiu@ammuuumﬂmayam Micro SD Card , Micro SD Card Module 81i®
Catalex dmSuimuaNuasalumsiiuiindoyanis q 11NU8sA Arduino AIUY Micro SD
a 4 ' 0 <
Card Howmoianuy SPT 1daude Ilavsdusogd IinSenldau fsassgan 3.3v an

Mlusavesa aansalF W ldluge 4.5v - 5.5v

A: https://www.arduinoall.com/product/557/

3.5.1.13 LED color yellow, red and bule 5 mm.

Lo

WA 3.23 LED 5mm


https://www.arduinoall.com/product/557/
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¥ia0n LED color yellow, red and bule 5 mm.

o

) [ 4 ad
naoa 1w LED 5mm munzdmsuihe lWidesaswdsa theldl LED viihdud
A 79 Y v 1
30U 52gna l9n1 TnT11a 19
usaau v 3v-34 v
AT 10 - 20 ma
ANNEIY 14000 - 16000 med
USIAUTOUNSY 6 v

9 @
91gMI 1B 50,000 H2 119

f3; http://www.buyled.in.th/index.php

3.5.1.14 Tact switch 6*6 mm.

NN 3.24 Tact switch 6*6 mm.

Push button A0 a3¥INsBIENNIeindvTianila Suhiiarugumsida uas Ta
vosdnniug Taoiillewd 2 v1 vde 4 mﬂﬂaﬂuﬂﬂﬁﬂﬂdaﬂﬁuﬁu dierhmsnavzdi
m3taees ldnszualihaunse lvadiuaces 18 e 1i1&na azsi11d209517a
nazud Ilihag luawnso lnaruiees 14

« unadnilaseais 4 ¥1 (Tact Switch)


http://www.buyled.in.th/index.php
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* Size 6 X 6 mm (ﬂﬁ?}N 6 mm ,817 6 mm)

- AW 5.7,10,13 mm *i@onaua

* On/ Off Button Switch

o nuuseaunuzih linu 12 v mu'ldgega 250 Vac 1 1)
- NUNTZUA 50 mA

Y
« dminTaglszana 10 nSu

A: https://commandronestore.com/products/bg001.php

3.5.1.15 Board controller ESP32

MR 3.25 Board controller ESP32

Illﬁ]a NodeMCU ESP32 ESP-WROOM-32 Wi-Fi and Bluetooth Module Dual Core

MCU ESP-32

Tuga Wifi ESP-32 34 ESP-WROOM-32 Tu@a Wifi + Bluetooth 4.2 + Touch/Temp
Sensorf 19111111 Dual Core 1ANIED 160Mhz 5 SRAM 512K 111280211151 Flash di5usw
Tviaaldsunsuuuia 16M 31 GPIO 36 ¥1 ANNAzEealuN1591UA1T ADC 12Bit  &13150

@ouTl50n51 H1Y Arduino IDE tHilouidey Arduino 14 Tugasau USB TTL uag ESP-32 13


https://commandronestore.com/products/bg001.php
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% [ [] o 1 A a g’a 4
Tudmdindreny NodeMCU 34 ludoiiansniane1993iiy Aaniuesalu Arduino IDE 11a

@evane USB Tilsunsu'ldiae

nn: https://www.arduinoall.com

3.5.1.16 Real time clock module

MNN 3.26 Real time clock module

Tn@a Real Time Clock DS3231

< { 1 a . o
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v XK 1 1 A = Y 12 dy A o 4 o @ o o Y o Y
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ulll@]ﬁ)\fllﬁﬂnﬁ13J1G]\1L’J€1161W§J1’ia\1fl]1ﬂ1/l1’iﬂqﬂi]1ﬂhlwmﬁlﬂﬂ‘iﬂ Til@’d RTC umgﬂuamwmumi

] { ¥ o . ' %
TFaundeslinisiiuiinnal (Time Stamp) 151 §1lnsal Data logger

A: https://www.arduitronics.com/article/35/real-time-clock-ds3231

3.5.1.17 awe'laea99s


https://www.arduinoall.com/product/1465/esp32-doit-esp32-devkit-v1-esp-32s-nodemcu-esp-wroom-32-wi-fi-and-bluetooth-dual-core-esp-32-esp-32s
https://www.arduitronics.com/article/35/real-time-clock-ds3231
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MM 3.27 aelilaengng

9 [ 1

[ o o o
a1 Ilsunles f-§ dmSuaeieasueinginisinaaea Protoboard

3.5.1.18 Protoboard

/NN 3.28 Protoboard

U3 ANARD Breadboard 830 holes MB-102

1% 1% I
TwiTnuesa (83n9H: protoboard) 130 1U5AVDTA (54 H: breadboard) i uveIA
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A 9 adad a J o I 1 a = [ = o
nlgneassiesaannseind anvazutpunarganuIau VUUAUUILTEINUITUIUNIN

A o

o X 4 1 v { 13 <
moluzianih ihFareuseiulugduuuniinssmualy namaassnideuvivesgnsal
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srannsodndaslUIdaninelurentcestenu nazernldme lidouasgioyon
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ﬂlﬂlﬁﬂﬂﬂi“ﬁﬂﬂaﬂﬂﬂﬂﬂﬁﬂﬂ'l\‘]'ll!“l/lﬂ'ﬂﬂﬂij\? 9 ”lu”lmuamﬂtymwmﬁtytlnmiumucluNfﬂﬁ

nn: https://www.arduinoall.com

3.5.1.19 Adapter power supply 12VDC

INT 3.29 Adapter power supply 12VDC

Power Adapter 1#1a3918 19 12V 2A

3 » J o I 1 J
adapter 12v 2a 1unrasnielldginsal wudn asoaei1ueia arduino I
Y
Jeazoen A9l

- Ix AC 100-240V to DC 12V 2A Switching Power supply Converter Adaptor
< ' a A I A
- pzuAlneIHUUAINEI 910 AC 100-240V 13U A% 12V 2 A
I = (7 o
- ulmedluaduiavuia 5.5%2. 5mm uaz 14 130U 5.5%2. 1mm

9 9
- A luwIn vanenay

fan: https://www.myarduino.net
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https://www.arduinoall.com/
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3.5.3 e lln@ouaeses Tassunngeais Tinnuvasiie vl ludagnsalduese s

3

14 ' o < 3 Jd @ J
NNAIVUVBIA LLﬁZﬂfJﬁ']fJﬁﬂluﬂlu']mﬂWﬂQﬂﬂiﬂ!!“ﬁulcﬁﬂiﬂNﬂ Ulﬂﬂﬂﬂﬂiﬂﬂﬁ%llﬂﬁwa (Board

controller ESP32) (auaaalunini 3.30)
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HNINN 3.30 U9IANAaDINADINDIAIVIYVIDE

Y J 4
3.5.4 onlvaalaallsunsuasuuuesallszurana (Board controller ESP32) 1o 191113
o o { o < o [ 1 1 o <
Uszuanamuiunan1e 1195 unndueesuaaan Parameter a199 ldagrumnudoyaun
A A o 9 = 1 9 9 '
1A309ADUNAADT Server taz 14 11/sunsnfemdoyaning udoyasenuidnInar1y Web

application

H 19 4
MM 3.31 onlnaalaalisunsuasuuussanaasy
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3.6 M3NU1 BEMS-IEQ Platform
wa O a ) o o @ Ao 0 2
auautana lvesTdsunsuszunuimssamswasniudmsueins liasae 1l
I { 1 ]
3.6.1 1iluTisunsuiild Web Base Technology Nauisaidndadoyanisuaananiu
v
IAT9918 internet, intranet 1A81%911 Standard Web Browser uag liudeosanaalisunsula o
A A A a Pl @ A o 9 1o o Y
MuAuasamuAuglnsainitvianiuquou q lumenasld uaglisine User Tunisld
A
3.6.2 so95ums Igaumnliun)asu Tl ldFnugdoyanuy Cloud Server Tuouna
9 A I 9 v Y
3.6.3 1% SQL %30 My SQL 1flugudoyalumssanudoya
@ 1 a g1 a 4 @ A
3.6.4 uiinAIMsiMeiaN 9 voslmeiaslugudeyauuusea Tuia
3.6.5 ANITDABUADLAZLAAINAAINITINADS @19 ] A28 Protocol Modbus TCP, Modbus
RTU, MQTT, LORAWAN
Ya o = A % o o A Ya o | Yt a &
nugveduden lydnulszaneimsdninau inediselaiinsdaneszuy

] @ I 4 o a & t4 A a [
BEMS oguda ul5uisegnd ldiesiinisanasglnsal IEQ sensor timdnan 11 (Fauaas

Tunni 3.32)

WA 3.32 BEMS dashboard 810156110411
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Adapter Cable
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LIST OF BEMS EQUIFMENT INSTALLATION

HANE

Swilch Wi+ 2 Gang (vekan VSNW-1X-2)

Dinmes Switch 2 Gang (Vekin VINTX-2)

Swilch Wi 1 Gang (Viekin VSNVI-DX-1)

Edge Gateway (el 5000 Series)

DINKIN AT Cortoler

Aczess Peint (AP Wireless N300)

Lurx Sensor (Vekin VLX)

Mation Serusox (Viskin \MOT-L)

CO2 Temperature Hurricity Sensor (VINN-X)

Power Meter (Schneider PMZ200)

LED TV 41F (o)

1EQ Sensor

N1 3.33 BEMS equipment installation layout
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Globe temperature Sensor
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MicroSD Card

MW 4.1 Prototype IEQ Sensor
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Y 1
A39IANY 4 IEQ categories (AILAA A1 4.1)

M3197 4.1 Compliance thresholds for the four IEQ categories.

IEQ Category Parameter Threshold Source
Thermal Comfort PMV +/-0.5 ASHRAE 55-2013
Acoustics Comfort Sound pressure level 80 dBA (24hrs) AQUINBUITINU
Lighting Comfort [lluminance 400-500 Ix AHUUIBLIINU
Indoor Air Quality Carbon dioxide (CO2) 1000 ppm ASHRAE 62.1-2007

Carbon monoxide (CO) 9 ppm (8 h) ASHRAE 62.1-2007
PM10 50 ug/m3 ASHRAE 62.1-2007
Formaldehyde (HCHO) 0.081 ppm (30 min) ASHRAE 62.1-2007
Total volatile organic compounds (TVOC) 200 ppb LEED V4
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dashboard Administrator (ﬁ’mamiumwﬁ 4.1) mm‘?‘uﬁmmﬁn device ID ﬂl@d@.ﬂﬂ‘iﬂi IEQ

sensor 191 11) (Fauaraalunmni 4.2)



58

Administrator

IEQ Setting

#jtafau : Administrator
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Device ID |
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IEQ sensor ke (aauaaalunini 4.3)
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Thermal Comfort Lighting Comfort Acoustic Comfort

MNT 4.4 A1N5ATIVIA IEQ ¥ Web Application BEMS-IEQ Platform
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