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ABSTRACT

This research presents process and methods to generate the signal for control
machinery that call FFU (Fan Filter Unit) so Fan Filter Unit have operation like motor. It
then we store the parameters of the system to database because we intend to allow the
user to access those data and retrieve data for processing. The problem found in the
case study is when the user needs to monitoring data log so it difficult to analyzing the
data when the system crashes and the control part have an indefinite lifetime. As a
result, the damaged control part is a budget that the company must provide for
maintenance. Researchers began to study the FFU system. Then, we began to study and
apply the concept of designing a motor speed control system by the knowledge about
microcontrollers, it is responsible for receiving and transmitting between devices through
the API (Application Programmable Interface Server) data is processed before it is sent to

the system or the Cloud Database. The system parameters are stored in a database.
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fiszivEnmiils Sssdeanuuusinldlunisivun specification

=

wdnSnmanvine (Final Efficiency) [ulsvavnwiiuiunsasldannsansasls o ELDETAY

NIDIDINIAILAY DRSNS INATLARNEY mmﬁumm%amsgﬁu YNAIDENY LYY LHUNTDIIANA

[
a a a
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Atmospheric Efficiency vs Dust Feed
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IAQ, Minimize Total Cost)aNngUAua1RzuAIALAUANATBNTLANGAIUTEWIN PTFE uay

Glass Fiber fimnanirauiiniu 0.5m/s Usvanas 2 i (70 Pa way 148 Pa) fsguUdl 10

Eftect of race velocity on

Guaranteed filtration efficiency performance
collection efficiency and MPPS
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EN779-2012, EN1822-2009 %’Hﬁ%mmaaumﬂ5zﬁw%mwmamiummmmm, ANAUAUANAS DY
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. 1 A 1 1
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High-Efficiency, Particulate, Air Filter Units, defines procedures for confirming the



23

performance of HEPA filters. Feazrmun minimum construction components, airflow and
resistance parameters, testing equipment and a minimum criterion flame test) d1%5U FM
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] U LT ]

Usgdvsnmn deflanmgfigudliiiugamgd Wamlasaluliiiy 50 ssrmwaides uidny
Adsorption azasefudnu dududssnuty mndesnsuaunseeinidilnavsa Amiusy
duivglndg 100% RH 151 199faadenurunsesiiamnsansaslande My Hygroscopicie
indeszfuneninileduiaiuoinie uazlrunsowesinamAinureautugeldifwater
resistance media) 81910unuu leduasiet fully synthetic w‘%a‘iauﬁ’aﬁwummﬁuqaqlﬁ’ﬁfh
Huuvunseedl duilu Chemisorption axiiuszaninngs dlofleuifuga uddndy
Adsorption zasafiudnu uazdsiluiunsewssaniedovasiuds uaztlostuido wuaiise
(Anti-Microbial treat) Setuis wufflomdlumsaiiuauy Audulumalihmsideuaziuun
asAdouuuuiunseeINA liledududelsn %'qmiﬁuﬁaqﬁmwmlaamﬁa&iauwéwnﬁmmi
%’ayaLﬁmﬁuamdamwﬂﬁﬂ%’uﬁ%n 1 UNALTRLDEINTL LN A n1sUpgrade %39 Retrofit
ruunsosemAlusruuliuomealulssue Tsanundneims Tsedwihauesnasdesuasve
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HEPA wag ULPA 210 US (MILSTD- IEST RP CC) wag EU ULPA 210 US (EN 1822)
IEST RP CC-001.3 defines a HEPA filter: “A throwaway, extended medium, dry- type filter
in a rigid frame, having a minimum particle-collection efficiency of 99.97% for 0.3-uym

particles of thermally generated DOP or specified alternative aerosol.”
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2.2.4 FFU (Fan Filter Unit)

Fan Filter Unit e Waau@n HEPA Filter (High Efficiency Particulate Air Filter) i
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Large Air Handling Unit

- » » a A

Small Air Handling Unit
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@ N 4 .
- Laminar Flaw D‘i}fusers | Fan:Fultqur:ms
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Anatomy of a Fan Filter Unit

Motor

(EC Motor Shown)

5U# 2.2.15 guUnsal Fan Filter Unit

A13199 2.2.1 anwauziawigndbiihvesaunsal FFU
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Classification

AC BLDC

Power

1Ph 220V 60Hz

Dimension (mm)

580(L) x 1100(W) x 300(H)

Ex. Static Pressure 9

(mmAg)

Air Velocity (m/s) 0.25 - 0.45

Power Consumption | 15 - 35 12 -3

(W)

Current (A) 0.65 - 1.05 0.5-09

Noise [dB(A)] 54 - 61 52- 65

Filter spec ULPA Efficiency 99.9999% 15CMM at 9.5mmAq x 75(t)
Weight (ke) 21 19
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2.3 lulaspoulnsatand (Microcontroller)

Lulesmeulysaaos (Ssnqw: microcontroller fngad1 pC, uC wio MCU) fio gunsal
-t o v = a a « FY
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[

o &  a = I3 a0 w a1 = -l ° da X @
NN NUAATYEYIUUIREAN vussrdsenauidn UHINDNEIUIRUN L‘UENQ’]ﬂﬂﬂi‘lﬂ"l\ﬂ‘uqﬂLﬂﬂﬂu'Lumq

2
= 1

& s o s s =Y =l »:I as -]
lulasaoulnsalaes WIUDYNUNINMUATINIE Windrygnuninidaninudgs Jenzmsiny

o v wald cor & %)
Aazanunsavilanvudsalilulasreulnsaaasdatiy ﬁ'm’mL%ﬂumiﬂismawaqamuh}ma



28

2.3.1 NodeMCU

NodeMCU fia unanwasunilsilivaslunsadnslusian Intemet of Things (IoT) 71
Usvnaulusing Development Kit (fuain) uaz Firmware (Software uuuasa) M open
source annnidisulusunsudaienu Lau I ilildauldhedu smdeusuluga Wik
(EsP8266) Fuduiladdrlumsléidenrefudunosidniues dlunaespezsstudedieiy
waneFuLN dusioduusnilidy ESP-o1 laluisesqautiaquuiife ESP-12 ué wariitherly
NodeMCU version wintiufitfiu ESP-12 usilu version2 tuagldifiu ESP-12€ unu Fennsléaru
Tnosaflsiunnsnaiuinmin NodeMCU dufldnwasadreiu Arduino assiiiieda Input
Output built inuluia ansnsadisulusunsuneulnsagunsal 1/0 lelaglifewrinugunsaidug
nazilelsiuuniffdniantannsasli Arduino IDE Husmiy Node McU 16 Savilild
0191 ¢/C++ lunaifeulusunsuls viildsanansaldeutulévarnwanumndstiy NodeMcy

a E‘!’ o v 1 d A A v at L o
ﬂ?uﬂ’m’]iﬂ‘lﬂﬂaﬁlﬂﬂﬁﬁ"lﬂaﬂﬂn’miﬂﬂF,QW"ISLiE)\‘]‘V]LﬂFJ'J‘U@\‘lﬂU loT 111’4’]?]8Lﬂ1éﬂ’]'51ﬂ'1 Web
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2.3.2 ESP8266
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g o % 1 | 2/ a g o v
digital converter yil#aunsaauaIan analog l9nuazdun 10bit wmulqumwnu -40
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04 125 99A9alBud S18auden UL ANIINARNEAD19DINLEIAT ESP8266 Datasheet iothamn

Y
o
2/ i

ESP8266 wwanlulugavateu Aslusude ESP866 uammfesu (W ESP-01 , ESP-03

ESP-OT , ESP-12E
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Tnedlagosnsiian Wisofuln GND

vee Wurdmdusieliides Wides 3.0-3.6v
GND siafulw oV

GPIO Liuw@dmea INPUT/OUTPUT viawitlu 3.3V

ADC 1Ju1 Analog INPUT $uusesugagn 1V amuaziden 10bit wie 1024 A1



30

2.4 API Server (Application Programable Interface Server)

. . . ' A | ' = @ a
Application Programming Interface fotasnenisifiouneserinaivleanisludsdn
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2.4.2 Uszlavivag AP

Uszlewives APl @unsauwlsaanuilavatsegeme
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uinslugauues Database ldszuugmumesdeyauuy NoSOL Mfukuu Document Database
uazidumsihidofinegressnishugiudoyajuiiagne Realtime Database umUsuuss
finmureuaziivamanmsaiuluinndy Wy msaaﬂLL‘UUT@]‘Na"i’mgwuﬁaz&aﬁdw%uuaxsﬁ'u%’au
fiovaq (Flexibility) , msaeuanndoya (Query) ey fmsnsaatoya (Filten) unduuaziinis
el (Index) Tévannmansdu | saa%’umi‘umaﬁwaﬁagaﬁmﬁu (Scale) Lﬁ'umisawﬁm
vesioya (Type) , midnaenteyanelugndeyavensililunaregiinim (Multi-region) uag
£9AIYALAIUYDY Realtime Database Liagwasudiu wu msiuinszvhusstayalunanfeniu

”

(Real-time data synchronization) , msidniiateyalaslifidumesidn (Offtine support) , 113

Josiunazasrenginnanuasadisnsidntisleya (Security & rule)
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2.5.1 1591197484 Firebase Cloud Firestore

Firebase Wiy Serverless tumnaanuinsilidesdandsuwinszuy Back-end 1aq
| = < < v o g & I 2 <f =
LDUABLAIALASEY SDKs U84 Platform 3o mwn Ms1agld eavhilisnfaiunsadndeuinng
. L | o 5 il EY &a 1 Qs 1 .
Cloud Firestore laviuii Tae SDKs 9inns Firebase n3salilvisfiflogsnsundu iy i0s,
Android, Web, Node.js, Java, Python, Go, REST waz RPC APIs. Tnslassadeazidunuy
< ) o o " ) v oW ) :
NoSQL VlLi'lﬁm’]'iﬂQﬂLﬁUW@QﬁiUEULLUU Document Maggn Fields NU Values wWeaeniu &
Document fazgndniivlu Collections Bn#iis Faisnazanuisaadre Querie From TUdnnnien
teyaiisrfieansliluusiaz Document Tngluuints Cloud Firestore anunsnsyyiinuasdoya
U 8 () i o 1 ;:In:l s = 2/ s k74
eimae ladezdu donny, miauuazludiuve seyainimiududouiinisdeuiuvadoyaung
@ v " ) & o e & A A o
LNENI0aTITN Subcollections Melu Document waznUsfoyaifugmuduiiienazsessy
a 2 2 2 1Y) =i o 17
maiulavesfeyaluauanld Tneisannsaeenuuulassaislsmnguuuuiiaganansavhemls

1 ad A a a a Y . )
ghanngaluveems Wisdsdnin Tunszuaunis Query Joyalu Cloud Firestore sfugums,

q

o©

fusgansnnuazyi s uazaIntusie wing Syntax tuRdu wousudianunsoluidenien

]
v |

Y < v 9 < v < i ) i
TeyailameIMslusediy Document iuandnaiu Insfarldondeyavesseiuiiganimiosngd
Ansneuazduiunisiniesdoya (Sorting), nisnsestaya (Filtering), m3diadaya (Limits),
' v e e = 1 P =
MsuUsmNYeyA (Paginate) Mflauaunsaannadugy dsimnnisldesniiaglufdoyann
o v P = ) - ’ ¢ 7 vaesr W '
pssideyaiimsasuuas Allsuiy Realtime Usteners 1n1F Tnais1agl@sudoyalmiane
< el & o i w v ¢ !
vauzfideyaldfinsdsundasviniuludiuresmstostumsidrfidayalu cloud Firestore 7
@MTINLINAUUINITBEY Firebase Authentication wazlmftannsaasiaingnisldauuas
swdeayailsifiesiifeafivzawsaldnslugng Platform v3a Identity and Access

Management (IAM) @m3un18l server
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How Bring-Your-Own Auth works

Your Server Firebase Auth Server Firebase SDKs
° Authenticate o Mint a “custon o Exchange custom ° Authenticate
with your server Token” token for Firebase your users with
Cus Teoken . other Firebase
SDKs, without
replacing your
auth system

3Uﬁ 2.5.1 %annN15%191U84 Firebase Cloud Database
2.6 Motor Driver

Motor driver Aagunsaildlunsauguiiavismsuyuuadvaaniuteimeinio
Y w . f < [
pnudalunmmvyuvessaweslagldvdnnis PWM (Pulse Width Modulation) idanldidu

L298N Dual H-Bridge
PANNITVIN9IU:

s 2/ g 5 d o v = -
N7 H-Bridge U9 L298N 28UUNILUALUINDLADT ATUTINNIAUNNIBABINIWEAIUAN

[
s 13 s

N9 a'::ummL%’maauamaa’uu%gﬂmuauma deyeyrad (PWM Pulse Width Modulation)
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INT = HIGH .
=l £[—O
IN2 = LOW n?
e °+—3
L) = g

ENA = HIGH e

d s 1 o ar d L o/
3UM 2.6.1 fogran1siauvenestiuiemes L298N Wiesudyauanasulnsaass

A 1 4 = L3 v 1 v s
9IN3UN 2.6.1 asiudndesnaindun EnA Wieganuy HIGH uds dyaanioonues

v

(%

IlJ = 1
AND gate a7 2 Tu399s9gliuegn

Uity

s

mwmﬁqﬂﬂam%mmwv IN2 1318 IN2 LOW AND gate 62

1 9 1al = o 1 o v i ) o
ATUUUTIAN 2 mzmacyzyﬁzu’maamﬁu LOW um AND gate AINIUANUVDIAN g ‘ila'iLﬁ‘-jU HIGH v1n

= d ] =
T oUT2 fapusiiu LOW psa1ntenas Ground Lulien

as

ial dd a ¢
AU AND gate amn 1 viaaInyun

as & [NV Y] o s
EnA WWuaniug HIGH udadyayniuviaenves AND gate aviuagfudaa e IN1 Fuanain

A -l o v - ¢ o s
paulnsalaasiaele INT Han uzidu HIGH Aazyhlvvsudameincunas +Vs AU OUT1 9

A = e/ s s o . s -
Wendsululnunidetu Wudnvagnsiauvenas H Bridge fagui 2.6.2

P

Vi n

af
s

—(M)—

o
f

3
U

U

<
W

2.6.2 H-Bridge Circuit
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m‘:“mﬁ 2.6.1 Electrical Characteristics of L298N
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Symbol Parameter Test Conditions Min. Typ. | Max. | Unit
Vs Supply Voltage (pind) Operative Condition VIH +25 46 V
VSS Logic Supply Voltage (pin9) 4.5 5 T v
Is Quiescent Supply Current Von=H; V; =L 13 22 mA

(pina) Vim0 = H 50 70 mA
Vn=LV.=H & | me
ISS Quiescent Current from Veg | Vo, = H; Vi=L 24 36 mA
(pind) Von =0 Vi=H 7 12 mA
V,,=LV,=H 5 | m
VIL Input Low Voltage (pins -0.3 1.5 v
5,7710;12)
VIH Input High Voltage (pins 23 Uss %
5,7,10,12)
IIL Low Voltage Input V=L -10 LA
Current(pins 5,7,10,12)
I[H High Voltage Input Vi=H 30 100 HA
Current(pins 5,7,10,12) s Vs — 0.6V
Ven x| ] Enable Low Voltage -0.3 .5 v
(pins6,11)
Vf:‘n = H | Enable HIGH Voltage 23 Voo Y
(pins6,11)
Ien = Low Voltage Enable Current Ven = -10 WA
(pinsé,11)
- HIGH Voltage Enable Current | |, = 30 100 HA
en en
(pins6,11) < V. —%.6l
VCEsat(H) Source Saturation Voltage IIL =14 0.95 1.35 1.7 v
I, = 24 2 21 v
VCEsat(L) Sink Saturation Voltage I, = 1A (5) 0.85 12 1.6 v
I, = 24 (5) 1.7 2.3 v
VCEsat Total Drop I; =14 (5) 1.80 3.2 %
]J’L = ZA (5) 49 \
Vsens Sensing Voltage (pins1,15) -1(1) 2 v
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15199 2.6.2 Pin map of L298N
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Pin Description

Out 1 Tnunfiludhuan vesainodsai 1

Out 2 Tuniidudhay vewewmasif 1

Out 3 Tnusiifudauan veweinessad 2

Out 4 Tnueidutnay vewemasdni 2

12v widsieneueniioidufsneidduludivanuemes (soefu
usesulvidhdaust 5v e 35V)

GND Ground

5V fassrglildsnasivemas 5v

ENA Yosrodeyay s PWM dmsunemeassai 1

IN1 Twwﬁ%’uﬁmmﬂmaa%nmnﬂau'lmaLaaiﬁa‘lﬁﬂ’mﬁuﬁﬂwLaaaﬁ
AN ITOUTDINBIABSEIT 1

IN2 Tnusisudynaasinanreulvnsaaosiieldmunuiinmauay
ANAEITOULDINBWMBTHAT 1

IN3 Tnuniisudyaruseinnnaeulnsaaesifielimunuiiemauay
AMILEITOUTRBINESHAT 2

ING Tnuniifudyauasinanreulnsaaediiieldmunuiiamauas
anuiSiseuveemeithil 2

ENB Fasredaye s PWM dmsuseimadeng 2




37

2.7 lonic Framework

lonic Framework fie m?aaﬁa’tumsa%a HTML , CSS wae JavaScript Lﬁ@‘l‘ﬂ‘lumia‘%’w
Mobile Application anunsaldeulsroudneanin lonic Framework Wia3ssileadrauenile
fofianunsaaiieitien aunseldulduussuuufofinng i0S, Android waz Windows (u
crossing platform Faanansaldausauiu Framework fadu qlﬁ A9 Angular uag Apache

v 4 8 v o a [y a wa
Cordova Tumaugavneiielinsuenili@eunldldiuynssuuduinis

s

S

HTML

2

ANGULARJS P
CsS

daNo=k0ID

gﬂﬁ 2.7.1 lonic Framework
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3.1 NMTIATISHTTUULAY
3.1.1 Ugymupessuuiiy

nndeymmnuiaavesiiszuu FFU Ae gunsaliildaiuan FFU (Fan Filter Unit) 8013
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wanadayavaesTUY
3.2 n1saasiziszuulng

d o/ ﬂ‘fl =l 1 1 al 1 & o
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¥» Firebase

* Application fetch data from cloud database ‘. Sampling data to Cloud Database

User send data User send data

{: CATEN)

NETPIE API

Application Microcontrolier
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Block Diagram

AMANUIN N

L298 Dual full bridge driver
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Iputt 3 7 14 [ ] EnableB
EnableA [} 8 13 ] input3
mput2 [_f 9 12 2 vss
GNo [T 10 11 [ GND
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Pin function
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MW.15 PowerSO Name Function
1;15 2,19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
23 4;5 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
< 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
57 7.9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6,11 8,14 Enable A; Enable B | TTL Compatible Enable Input: the L state disables the bridge A
{enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VeSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16,17 Out 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

5U n.3 Aredurenininsyhaulusdazuivesds L298N

Electrical characteristic

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voltage (pin 4) Operative Condition Vi +2.5 46 vV
Vss | Logic Supply Voltage (pin 9) 4.5 3 7 Vv
Is Quiescent Supply Current (pin 4)  |Ven=H: IL.=0 Vi=L 43 22 mA
Vi=H 50 70 mA
Ven=1L Vi=X 4 mA
iss Quiescent Current from Vss (pin 9) [Ven=H; 1L=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Van=L Vi=X 6 mA
Vi Input Low Voltage -0.3 45 v
(pins 5, 7, 10, 12)
Vin Input High Voltage 23 VSS \
(pins 5, 7, 10, 12)
'S Low Voltage Input Current Vi=L -10 nA
{pins 5, 7, 10, 12)
I High Voltage Input Current Vi=HM < Vgs 0.6V 30 100 uA
{pins 5,7, 10, 12)

Ven =L _|Enable Low Voltage (pins 6, 11) -0.3 1.5 Vv
en = Enable High Voltage (pins 6, 11) 23 Vss Vv
len=L [Low Voltage Enable Current Ven=L ~-10 LA

(pins 8, 11)
len =H |High Voltage Enable Current Ven = H < Vgs 0.8V 30 100 UA
(pins 6, 11)
Vcesaruy | Source Saturation Voltage I=1A 0.95 1.35 1.7 vV
IL=2A 2 2.7 Vv
Veesatq | Sink Saturation Voltage lL=1A (5) 0.85 1.2 16 Vv
I=2A (5) 1.7 23 \
Vcesst | Total Drop L=1A (8) 1.80 32 \
g =2A (5) 49 \%
Vsens | Sensing Voltage (pins 1, 15) -1 (1) 2 Vv

3U n.4 auaudsivalwiives L298N (1)




Electrical characteristic (Continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
T1 (i} [Source Current Tum-off Delay 0.5Vito 091 (2);(4) 15 js
Tz (Vi) |Source Current Fall Time 091 to01 1. (2):(4) 0.2 s
Ta (Vi) |Source Current Turn-on Delay 0.5Vito 011, (2);(4) 2 us
Ta (Vi) [Source Current Rise Time 0.11L to09IL  (2); (4) 0.7 s
Ts (Vi) [Sink Current Tum-off Delay 05Vitt 091 (3);(4) 07 us
Te (Vi) |Sink Current Fall Time 091 toQ11L  (3); (4) 0.25 us
T7 (Vi} |Sink Current Tumn-on Delay 05Vito 091 (3% (4) 18 us
Ts (Vi) |Sink Current Rise Time 011 o091, (3) (4) 0.2 us
fc (Vi) [Commutation Frequency IL=2A 25 40 KHz

T1{Ven) |Source Current Tum-off Delay 0.5Vento 0.91L  (2); (4) 3 us

T2{Ven) |Source Current Fall Time 09I  to 011 (2); (4) 1 us

Ta(Ven) |Source Current Tumn-on Delay 0.5Vento 0.11  (2); (4) 0.3 us
T4 (Ven) |Source CurrentRise Time |01 1, 10091, (2): (4) 0.4 us
Ts {Ven) |Sink Current Tum-off Delay 0.5Vent00.91L  (3); (4) 22 us
Ts(Ven) |Sink Current Fall Time 091 o011 (3)(4) 0.35 us
T7 {(¥en) |Sink Cument Tum-on Delay 05Vento 0.9 1. (3); (4) 0.25 us
Ta{Ven) |Sink Current Rise Time 011 to08 1L (3);(4) 0.1 us

3U n.5 Auantivnalviives L298N (2)
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