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TOM TAT

Tén dé tai: Thiét ké Datalogger cho hé thdng quan tric méi trudng khong khi.

SVTH: Nguyén Tuan Minh MSSV: 105200459 Lép : 20TDHCLC3
Nguyén Lé Nghia MSSV: 105200373 Lép : 20TDHCLCI
Ho Dic Thang MSSV: 105200471 Lép : 20TDHCLC3

Pé tai nghién ctru ndy tap trung vao viéc thiét ké mot hé théng datalogger nhan
giam sat va thu thap dir liéu moi truong (cu thé 1a cac dir liéu khong khi) phuc vu cho
cac ung dung quan tric trong cong nghiép va bao vé moi trudng. Vi tinh trang bién ddi
khi hiu ciing nhu nhu cau quan 1y dit liéu moi truong ngdy cang ting nén viéc phat trién
hé théng nay 13 vo cing cap thiét.

Muc tiéu ctia nghién ctru 1 xay dung mot hé théng datalogger tmg dung vao quan
trac chat luong moi trudng khong khi co kha ning thu thap cac thong s tir cac cam bién,
lwu trit dit liéu, hd tro theo ddi va phan tich dir liéu theo thoi gian thyc. Hé thong st
dung Arduino Uno dé giao tiép véi cac cam bién bui PM2.5, PM 10, nhiét 46, do am, khi
CO va NOz; sau d6 truyén di liéu vé Raspberry Pi 5 dé xtr 1y va luu trit. Ngoai viéc tinh
toan chi sb AQI, hé théng con tich hgp mang no-ron LSTM dé du doan xu hudng chat
luong khong khi. Dir liéu duoc hién thi truc quan théng qua WebApp, cho phép truy cap
tor xa qua mang Wi-Fi hodc Ethernet.

Céac két qua thyc nghiém cho théy thiét bi datalogger hoat dong on dinh, c6 kha
nang thu thap dir liéu tir cac cam bién khac nhau va truyén tai dit liéu dén hé thong giam

sat tur xa.



DAI HOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAI HOC BACH KHOA Poc 1ap - Tu do - Hanh phuc
KHOA PIEN

NHIEM VU PO AN TOT NGHIEP

TT | Ho tén sinh vién Sb the SV Lop Nganh

1 | Nguyén Tuén Minh | 105200459 | 20TDHCLC3 | K§ thuat diéu khién va ty dong hoa

Nguyén L& Nghia | 105200373 | 20TDHCLC! | K§ thuat didu khién va tw dong hod

Hb Péc Thang 105200471 | 20TDHCLC3 | K§ thuat diéu khién va tu dong hoa

1. Tén dé tai do an:
Thiét ké Datalogger cho hé théng quan tric méi truong khong khi
2. Dé tai thude dién: OC6 ky két théa thudn so hitu tri tué doi voi két qua thyc hién
3. Cdc s6 liéu va dir lidu ban dau:
4. Néi dung cdc phan thuyét minh va tinh todn:

a. Phan chung:

TT Ho tén sinh vién No6i dung

1 Nguyén Tuin Minh | Tim hiéu téng quan dé tai : muc tiéu, pham vi, nd1 dung
thyc hién dé tai

Tim hiéu co so 1y thuyét: bo thu thap dir lidu, céc

2 Nguyén Lé Nghia ~ , i 1. X A 1A LA (oA x
ngudng danh gia chi s0, so do hé thong, cac cong cu ho

trg thiét ké phan mém

3 Hb6 Pac Thang

b. Phan riéng:

TT Ho tén sinh vién No6i dung

1 | Nguyén Tuin Minh | Thiét ké huin luyén mé hinh mang no-ron du doan
thong s6 AQI va dua ra canh béo trong tuong lai
Thiét ké giao dién Webapp

2 Nguyén Lé Nghia | Tim hi€u yéu cau, kién truc phan cting, lya chon, phan
tich cac cam bién, cac bg diéu khién, mach ngudn va lap
dat mo hinh thuc té




Ho Dic Thang

Nghién ciru kién trac, cach thu thap, xur li, luu tri,
truyén, hién thi dit liéu, 14p trinh trén cac bo diéu khién

5. Cdc ban vé, do thi ( ghi ré cdc logi va kich thuwde ban vé ):

a. Phan chung:

TT Ho tén sinh vién No6i dung
Nguyén Tuin Minh
2 Nguyén Lé Nghia
3 Hb DPéc Thing
b. Phan riéng:
TT Ho tén sinh vién No6i dung
1 | Nguyén Tuin Minh | So db kién tric mang no-ron,
So d6 khéi phan mém quan 1y dir liéu
2 Nguyén Lé Nghia | So d6 cu thé hé thong
So d6 dau ndi cac cam bién
3 HO Péc The‘mg Luu dd thuat toan doc va tinh toan dix liéu trén Arduino
Luu d6 thuat toan Raspberry doc dir liéu tir Arduino
Luu do qua trinh thu thap va ghi dit liéu cam biém vao
co so dir liéu
6. Ho tén nguwoi huéng dan: Phan/ Néi dung:
TS Nguyén Quéc Dinh Dinh hudng dé tai
M hinh huin luyén mang no-ron
Thu thap dit liéu dé huan luyén

7. Ngay giao nhiém vu dé an:  6/3/2025

8. Ngay hoan thanh dé dn:

26/6/2025

Pa Nang, ngay  thang 6 nam 2025

Truéng Bo mon Ty dong hoa Ngwoi hwéng din

TS. Gidp Quang Huy
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KHOA DIEN

PHIEU KIEM SOAT TIEN PQ LAM PO AN TOT NGHIEP

(Phiéu danh cho nguoi huéng dan/sinh vién)
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Ho tén sinh vién:

Nguyén Tudn Minh MSSV: 105200459 Lop : 20TDHCLC3

Nguyén Lé Nghia MSSV: 105200373 Lép : 20TDHCLC1

Hb Déc Thing MSSV: 105200471 Lép : 20TDHCLC3
Tén dé tai PATN:

Thiét ké Datalogger cho hé théng quan tric méi trudng khong khi
Ho tén ngudi HD: TS Nguyén Quéc Pinh
Don vi: Khoa Pién Truong Pai hoc Bach khoa — Pai hoc Da N'fmg

. Khoi hrong GVHD
Tuan| Ngay 7 . on
da thuce hién (%) tiep tuc thuc hién (%) ky tén
Nhan dé tai va nghién ctru co  |[Nghién ct tai liéu, phén tich
1 6/3 |ban dé tai (10%) yéu cau, xdy dung hudng thiét
ké
5 10/3 Pﬂhﬁn tich h¢ th(*)’ng, lap sodd  |Tim hiéu, thiét ké phan ciing
tong quan hé thong (20%)
Duyét lan 1: Panh gia khoi luong hoan thanh % :
3 18/3 Puoc tiép tuc lam DPATN [ Khong tiép tuc thyc hién DATN [
4 43 Tim hiéu phﬁn mém va cac Ti}ql hiéu lua chon kién trac
ngon ngtr 1ap trinh (30%) phan clirng
Duyét 1an 2: Panh gia khoi luong hoan thanh %
> 24 Puoc tiép tuc lam DATN [0 Khong tiép tuc thuc hién DPATN [
6 - Lua chon kién tric phan cimg  |[Tim hiéu két ndi phan cing
(35%)
- 14/ Hoan thién két ndi phan ctmg  |[Tim hiéu lap trinh Phﬁn mém
(45%) doc dir liéu cam bién
Duyét lan 3: Danh gia khdi luong hoan thanh %
8 21 DPuoc tiép tuc lam DATN [ Khong tiép tuc thuc hién BATN [




Nghién ctru xu Iy va luu triv div

Hoan thién truyén dit li¢u va

9 28/4 .. 2 .
ligu (55%) hién thi dit liéu
Tim hiéu mé hinh mang no-ron [Hoan thi¢n mo hinh mang no-
10 5/5  |hd tro du doan chat lugng ron va thuc hién két ndi
khong khi (70%)
Duyét lan 4: Danh gia khdi lvong hoan thanh % :
H 15/5 Puoc tiép tuc lam DATN [ Khong tiép tuc thuc hién DPATN [
Hoan thién két ndi, huan luyén |Thiét ké giao dién Web va quan
12 1/6  |va danh gia hiéu suit mo6 hinh |1y dit liéu
(85%)
13 2/6 Hoén thién,giao dié‘n Webva  [Kiém tr’a lai cac phén va thuc
tong hop két qua dé tai (95%)  |hién viét bao cdo hoan chinh
14 | 14/ |Floan thién bio céo v kiém tra |Chuan bi bio vé DATN
day dua cac phan (100%)
5 /6 Bao v& BDATN, hoan thanh

nhiém vu.




LOINOI PAU

Trong nhirng nim gan day, 6 nhidm khong khi dang tré thanh van dé dang lo ngai
tai cac khu cong nghiép va dé thi 16n. Viéc xay dung hé thdng quan tric méi trudng tu
dong, hoat dong 6n dinh va c6 kha ning canh bao sém 1a yéu cau cap thiét trong cong
tac quan Iy va bao vé mai truong. Dé tai “Thiét ké Data Logger cho hé thdng quan tric
moi truong khong khi” duoc thyc hién véi mong mudn tng dung kién thirc chuyén
nganh vao viéc xdy dung mot thiét bj c6 kha ning thu thap, luu trit va truyén dit lidu tir
cac cam bién khong khi, phuc vu viée giam st chit luong khong khi mot cach hiéu qua
va lién tuc.

Trong qué trinh thuc hién, em da tim hiéu, lua chon giai phap phan cting phi hop
v4i nén tang Raspberry Pi, tich hop cac giao thirc truyén thong va cam bién mai truong
nham xay dung mot mo hinh Datalogger c6 tinh tng dung cao. Mic du da nd lyc hoan
thanh tot nhét trong kha niang, nhung do thoi gian va kinh nghiém thuc té con han ché,
d6 an khoé tranh khoi thiéu sot. Em kinh mong nhan dugc su gop ¥ tir quy thay co dé
hoan thién hon trong twong lai.

Em xin chan thanh cam on quy thay c6 trong khoa di tan tinh giang day va dic
biét la gido vién hudng dan d3 hd trg, dinh hudng va tao diéu kién thuan lgi dé em hoan
thanh d6 an nay



LOI CAM ON

Pé co thé hoan thanh dd an tSt nghiép cta ching t6i, bén canh sy ¢b ging cla
mdi ca nhan, chiing t6i xin dugc guri 10i cam on chan thanh dén quy thay c6 Truong Dai
hoc Bach Khoa — Pai hoc Pa Nﬁng di tao diéu kién thuan loi cho chling t61 hoc tap va
thuc hién dé tai nghién ctru ndy. Pic biét ching t6i xin bay to 10ng biét on sau sic dén
TS. Nguyén Quéc DPinh da chi day va hudng dan ching t6i vo clng tan tinh trong sudt
qua trinh thuc hién dé tai. Pong thoi chung toi nhan duoc rat nhidu sy quan tdm, giup

d& tir gia dinh va ban bé da khong ngimg dong vién trong qua trinh hoan thanh dé tai.

Trong subt qué trinh thyc hién dé tai tot nghiép, nho vao kién thirc chuyén nganh
trong sudt thoi gian hoc tdp ma ching toi c6 thé van dung vao qua trinh thuc hién dé tai
nay, tir d6 gitip ching t6i hoc hoi dugc rat nhiéu diéu bo ich. Nhitng kién thirc ma ching

t6i tiép thu duoc s& 1a hanh trang giup chung toi virg budc trong tuong lai.

Tuy nhién, do von kién thirc con han hep nén bai nghién ctru kho c6 thé tranh
khoi nhiing thiéu sot. Chiing t6i mong c6 thé nhan dugc nhiing gop ¥ quy bau tir thay

cO cling nhu cac ban hoc dé dé tai nghién ctru cua chung t61 ¢6 thé hoan thién hon nita.

Chung t61 xin chan thanh cdm on !



LOI CAM POAN LIEM CHINH HQC THUAT

Chung toi xin cam doan ban thuyét minh nay duoc hoan thanh dua trén cac két
qua nghién ctru cta chung ti trong khudn kho cua dé tai : “Thiét ké datalogger cho hé
thdng quan tric méi trudng khong khi’. D 4n c6 quyén st dung két qua ciia ban thuyét
minh nay dé phuc vu cho dir an. Cac sb liéu, két qua trinh bay trong ban thuyét minh 1a

trung thuc va chua timg dugc ai cong bd trong bét ki ban thuyét minh nao trude day.

Sinh vién thuc hién 1 Sinh vién thuc hién 2 Sinh vién thuc hién 3



MUC LUC

TOM TAT ettt e e e e e e e e s e e et es e eee e eses e eeeseeeeeeeeseeaees i
LOLNOIDAU ..ottt s e s e ees s s s eeeseeenee e vi
LOL CAM ON ..ottt et s e e e ees e en s eeeseeenae vii
LOI CAM POAN LIEM CHINH HOC THUAT ..., viii
IMIUC LUC ettt s e s e eee s e e s e eseses e s s eeeseseerenaens ix
DANH SACH CAC BANG ..ottt et e e ees e s e eeeeeneeoe. Xiii
DANH SACH HINH ANH ..ottt tee e tee s eeses s eeeeeae Xiv
DANH SACH CAC KY HIEU, CHU VIET TAT...ooeteeeeeeeeeeeeeeeeeeeeeeeeeeeeee e xvi
MO DAU ..ottt ettt e e et e et eee et e e e et et e e eeeeeeeaes 1
CHUONG 1 : TONG QUAN DE TAL....oumoieeeeeeeeeeeeeeeeeeeeeeeeeee e 2
Lol DEE VAN G ettt ettt ettt e et e eeeeeseaenns 2
1.2, LiCh ST PRAL TEI ... 2
1.3, MUC ti€U VA PRAM VI ceeviiiiiiiieiiiiciiie ettt e v e eaa e e e 3
131, MUC HHEU CUA G Aottt ee e s tesseeeeneees 3
1.3.2.  Pham vi d& tai VA N AUNE .....ooveeeeeeeeeeeeeeeee e, 4

1.4, NO1 dung thurc RI€N.......ceiiiiiiiiiiieciee et 5
CHUONG 2 : CO SO LY THUYET ..ttt e e eeeeee 6
2.1, QUAN tHAC MOT tIUHOIIE ... e, 6
2.1 1 KRAI MBI .ottt et eee e eeeeae 6
20120 VALEEO ereeeeeeeeeeeee ettt e ettt e e et e e eee e eeeeae 7

2.2, Bt thAD A HEU...oeoeoeeeeeeeeeeeeeeeee e, 7
2.2.1.  Gi6i thibu V& datalOZEET . ......veeeeeeeeeeeeeeeeeeeeeeeeee e 7
2.2.2. CRUC NANG ...oeiiiiiieeiiee ettt ettt et e e ave e e e e e aaeeesatee e areeesaseeenneas 8
2.2.3.  Céc tiéu chi thiét k& datalog@er .........ooveveveeeeeeeeeeeeeeeeeeeee e, 8

2.3, Cac ngudng chi SO GANN GI& .. ..vveeeeeeeeeeee et 8
2.3.1.  Céac ngudng dANh @ia Chi SO ... vieeeeeeeeeeeeeeeeeeeeeeee e, 8

24, SO GO NG thONG ..o 10
2.5, PRAN MIBIM. oottt ee ettt e e e e ees et seeeeeeeeeeeenes 11
2.5.1.  Ngon ngir danh diu siéu van ban HTML ......coovouiimeeeieeeeeeeeeeeen 11

2.5. 2. S e s 11



2.5.3.  JAVASCIIPL.cciiiiieiee ettt et e e e e e eaeeeenaaae e 12

2.54. FrameEWOTK ...t 12
2.5.5. IMYSQL ottt e s e e e nnee e 12
2.5.6. SO e ettt e e ta e e e rreeenraaaens 13
2.5.7.  NgONNGE PHP .....ooiiiiie et 13
2.5.8. VISUAL STUAIO COAE .o e eeeee e 13
CHUONG 3 : THIET KE PHAN CUNG ..ot 14
3.1, Y&u cau dift liBU QUAN tIAC ......veeeeeeeeeeeeeeeeee e 14
3.2, Kibn tric PhAN CUNE. ..o 14
3.3. Luya chon va phan tich cic cam bién quan trac..........ocoooveeveeeeeeeeeeeeeeeeeeenn. 15
3.3.1. Céam bién bui MIn PMIST7003 ...oooiiiiiiiieeeeeeeeeeeeeeeeeee e 15
3.3.2.  Cam bién Nhiét d0 va DO AM DHT22 ...eoeeeeeeeeeeeeeeeeeeeeeeee e 17

3.3.3. Cam bién khi CO DFRobot Fermion: MEMS Carbon Monoxide CO Gas

DIETECHION SEISOT . .eeeeeeeeeee et e e e et e e e e e e e e e e et e e e e e e eeeeeeaaeeeeeaaaaaaaaes 19

3.3.4.  Cam bién khi NO2 DFRobot Fermion: MEMS Nitrogen Dioxide NO2

(GaS DEtECION SENSOT ....iiiiiiiiciiiieeiiieeiee et et e et e e et e e e e e e reeessbeeeesseeeesseeees 21
3.4. B0 diu Khiln trung GIam.........co.eveveeeeeeeeeeeeeeeeeee e eer e 22
3.4.1.  TONE QUAN V& ATAUINO ..., 23
3.42.  Vaitro cia Arduino Uno trong hé thOng..........ccooeveeuveeveeeeceeeeeeeans 23
3.43.  Céc két ndi chinh trén ATAUINO ......oveureermererereeeeeiseeieeeseseeeeeeseeeenes 24
3.5, B0 dieu Khien chilh ... 24
3.5.1.  TOng quan vé RASPDEITY PI 5...veeeeeeeeeeeeeeeeeeeee e, 25
3.5.2.  Vai tro va chirc ning chinh cua Raspberry Pi 5 trong hé théng............ 25
3.5.3.  Céc két ndi chinh ctia Raspberry Pi 5.....o.cevveeeeeeeeeeeeeeeeeeeeeeeereseeeeeen. 26
3.6. Mach ngudn va cic thanh phan phu tro ..........ooeveveeeeeeeeeeeeeeeeeeee e 27
3.6.1.  Mach ngudn cung cap NAng IWONE ........o.veveveeeeeeeeeeeeeeeeeeeereeeeeees 28
3.6.2. Module Tuu trit dit HEU CUC DO ...vvvvvviiiieiiieiiieeeeeeeeeeeeeee e 29
3.6.3.  Module truyen thOng Mang ...............coeeeveeeeeeeeeeeeeeeeeeeeeeeereesenns 29
3.6.4.  Cac thanh phan phu tro KNAC .........co.oveevieeeeieeeeeeee e 29
3.7. LAp dat phan clNg thUC t&........o.oov oo 30

CHUONG 4 : THIET KE PHAN MEM ..o 32



4.1. Toéng quan vé kién tric phan MEM...........c.ovveeueeeeeeeeeeeeeeeeeee e 32

4.1.1.  Lop thu thap dit HEU....c.oovvieiieieceeeeeeeeeee e 32
4.1.2. Lop xtr Iy va luu trlt dit iU cUC DO e, 32
4.1.3.  Lop truyén dit 1lidu va hien thi ...o.o.oveeveeeeeeeeeeeee e, 33
4.2. Lap trinh trén Arduino UNO .....ccceeeeeiiiiiiiieeiieeeee ettt 33
42.1.  Doc va Xt 1f dif HEU CAM BIEN ..ovvveveerriiriieceieeeeeees e 35
4.2.2.  Tinh toAn chi SG AQI ..eveeeeeeeeeeeeeeeeee ettt e eeeeeeee 36
42.3. Giao tip VOi RASPDEITY Pl....eveeeeeeieeeeeeeeeeeeeeeeeee e 36
4.3. Lap trinh trén Raspberry P1 5. ...cccooviiiiiieeeeeee e 37
4.3.1. Nhan dir [i€u tir Arduino UnNO ...........eeeeeueeiieeieieiiieieiiieieeeieieeeeeeeesnneennnnnns 37
43.2. Luutrlr dir li€u vao MySQL .....cooiiiiiiiieeeeeeeeeeee e 40
CHUONG 5 : MO HINH MANG NO-RON VA GIAO DIEN WEBAPP................ 44
5.1. Ly do lya chon mang LSTM cho bai toan du dodn AQI..........c.coeevveeennennee. 44
5.1.1.  Ban chat cta bai toan du bao AQI.........ccccvviieiiiieiiieceeeeee e 44
5.1.2.  Tong quan vé mang LSTM (Long Short-Term Memory) .................... 44
5.1.3. Lido ChOn LSTM ...oooiiiiiiceee e 44
5.1.4.  S616p LSTM va s6 lugng no-ron trong moi 1Op.......c.eeevecuveeeeeeeeeennnn. 45
5.1.5.  Ham mat mat (Loss function) va Thuat toan toi vu (Optimaze)............ 47
5.2. Huén luyén va danh @id mo hinh ........coovoveimeeieeeeeeeeeeeeeeeee e 50
5.2.1.  Tién xtr li dir liéu va tao chudi thoi gian..........cccoeeeveeeciieeciiiecieeeee, 50
522,  Panh @lamo hinh.........ccocooiiiiiiiiiii e 53
5.3. Xay dung giao dién Web hién thi dir liéu va du bao ........ccceeeevviiiiiiiii 59
53.1. Muc ti€u Xay dung Web........cccceeiiiiiiiiiieciieeceeeeee e 59
532, CONgNEhE ST AUNG ....evvveiiiiiiiie ettt 59
533, CAUIUC NOAE AONE ... 59
534,  Kién tric Phan MEML.........o.ooveevevieeeeeeeeeeeeeeeeeeeeeeeeee e, 60
53,5, KAt QUA e 60
5.4, K&t QUA QAL QUOC .....veeeeeeeeeeeeee e 63
5.5 UT GIEM 1ottt sttt 63
5.6 NRUQC QM. ....vovorvereeerneereieceeeesse sttt ettt 64

KET LUAN VA HUGNG PHAT TRIEN ....ooeoeoeeeeeeeeeeeeeeeeeeeee e sese s 65



TAI LIEU
PHU LUC

THAM KHAO o oo, 67



DANH SACH CAC BANG

Béng 2.1 Bang gia tri AQI theo nong d6 ctia cic chat 6 Nhidm ..........cccooovevvevvrvereenan, 8
Béang 2.2 Bang gia tri bui lo lting (TSP, PM10, PM2.5) ..ccooiiiiiiiiiiieiceeceee, 9
Bang 2.3 Bang gia tri cAc Khi 0 Nhi&M ........c.covuiviiiieiieeeeeeeeeeeee e 9
Bang 2.4 Bang gia tri nhiet 0, G0 AM .........oouoviveeeeeeeeeeeeeeeeeee e 10
Bang 5.1 S0 sdnh CAC MANG NO-TOMN .....vviiiiiiiiiiiiieeiiie et e 45
Bang 5.2 S0 sanh cA¢ hAM MAL MAL...........oviveeieeeeeeeeeeeeeeeeee e 48
Bang 5.3 Cac tham s6 chinh trong Adam............c..oeveeveeeeeeeeeeeeeeeeeeeee e 49
Bang 5.4 Cac ham kich hoat trong LSTM.......cccoviiiiiiiiiiiieeiie e 52
Bang 5.5 DANN 14 NIEU SUAL........oveeeeeeeeeeeeeeeeeeeee e, 54
Bang 5.6 Danh gid Navie FOrecast .........ccooiuiiiiiiiiiiiiieciieceeee et 56

Béang 5.7 So sdnh LSTM v&i Navie FOrecast ........ccovviiiiieriiienieeie e 57



DANH SACH HINH ANH

Hinh 2.1 QUAn trac MO tIUONE .......oeveeeeeeeeeeeeee oo 6
Hinh 2.2 So d0 tong quan hé thONE............c.ouevueeeeeeeeeeee oo 10
Hinh 2.3 SO d0 ¢t thE D& thONE ... 11
Hinh 3.1 Cam bién do né)ng QO DUL e 16
Hinh 3.2 So dd diu ndi cam bién bui VO ATAUINO «...v.veeeeeeeeeeeeeeeeeeeeeeee e, 17
Hinh 3.3 CAm bién DHT22 .......oovuiveeiieriesieeeies s 18
Hinh 3.4 So d0 dau ndi DHT22 VOi ArdUINO ..........cvverieeieeieeieeieseieeeeeeiseieeeeseeeenene. 19
Hinh 3.5 CAm bién Khi CO....cuivnienieiiiiieie ettt 20
Hinh 3.6 So d6 ddu ndi cam bién CO VOi ArdUINO .........cecveeeeeeeeeeeeeeeee e 21
Hinh 3.7 CAm bién Khi NO2.......ooiiuiieiiieiineieiieieeieeeieesse sttt 22
Hinh 3.8 So d6 ddu ndi cam bién NO2 v Arduino.........coeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeae 22
Hinh 3.9 Arduino UnO......cccuiiiiiiiieiieecee sttt e e e s aae e e aveeeearaeeens 23
Hinh 3.110 RaSPDEITY P15 ..ooiiiiiieeeeeeeee et 25
Hinh 3.11 K&t n6i PRAN CUNE ... 27
Hinh 3.12 Dau n6i phan cing thire t& ...........occovvvevieeeeeeeeeeeeee e, 30
Hinh 3.13 M6 hinh phan cimng thuc té............c.covoviviieeeeeeeeeeee e, 31
Hinh 4.1 Luwu d6 thuét toan doc va tinh toan dir liéu trén Arduino...........oceeeeeeeuen.. 35
Hinh 4.2 Két qua do va tinh to4n trén Arduino............oo.eveeeeeeeeeeeeeeeeeeeeeeeeeseeeeeneeae 37
Hinh 4.3 Luu d6 thuét toan Raspberry doc di liéu ttr Arduino ...........ooeeeeeeeeeeecueenne. 39
Hinh 4.4 K&t qua hién thi trén RASPDEITY .........veveeeeeeeeeeeeeeeeee e 40
Hinh 4.5 Luu d6 qua trinh thu thap va ghi dit liéu cam biém vao co so dit licu .......... 42
Hinh 4.6 K&t qua hién thi trén MYSQL ..........ououeeeeeeeeeeeeeeeeeee oo 43
Hinh 5.1 Kién triiC Mang NO-TOMN .........ooveueveeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeseseeees e s enesens 47
Hinh 5.2 Dit li¢u sau khi dwoc chudn héa vé& doan (0;1)........cveerveerenrernereneeeeriaeeenns 52
Hinh 5.3 Ham kich hoat Sigmoid va Tanh...........cccccceeiviiiiiiiiiiiee e 53
Hinh 5.4 D6 thi gid tri MSE & MAE ..o, 53
Hinh 5.5 So sanh két qua tap Ki€m tra VA du AOAN ......vveeeeeeeeeeeeeeeeeeee e, 55
Hinh 5.6 So sanh ThUc t€ VG NaVie FOTECAST.....ovoveverereeeeeeeeeeeeeeeeeeeeeeesesereresesesesesesenes 56
Hinh 5.7 So d6 khdi phan mé&m quan 1§ dit U. .........eeeeeeeeeeeeeeeeeee e 60
Hinh 5.8 Hién thi dit liéu du doAn ngay NOM SAU «........veeeeeeeeeeeeeeee e 61

HINh 5.9 DT TEU CU ThE ..o e e et e e eses s s s s s s s e 61



Hinh 5.10 Biéu dd lich st

Hinh 5.11 Giao dién theo doi Localtonet ..............coooveiiiiiiiiieiiiieeieeeeeeeeeeeeeeeee



DANH SACH CAC KY HIEU, CHU VIET TAT
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Thiét ké Datalogger cho hé théng quan tric méi truong khong khi

MO DPAU

O nhiém khong khi ngay cang tr¢ nén nghiém trong, dac biét tai cac khu cong
nghiép va do thi héa nhanh. Trong khi d6, cac hé thong quan trac truyén thong thuong
co chi phi cao va thiéu tinh linh hoat. Trudc thuc trang do, viéc xay dung mot hé théng
giam sat moi truong chi phi thap, dé trién khai va c6 kha ning canh bao sém 1a rat can
thiét.

Dé tai “Thiét ké Datalogger cho hé thdng quan tric méi trudng khong khi” nham
xdy dung mot hé théng c6 kha ning thu thap, luu trit va truyén dit liéu tir cac cam bién
moi truong nhu bui PM2.5, PM10, khi CO, NO:, nhiét do va d6 am. Hé thong sir dung
Arduino Uno dé doc dit liéu cam bién, truyén vé Raspberry Pi 5 dé xir 1y, tinh toan AQI
va hién thi qua WebApp. Pac biét, mang no-ron LSTM duoc tich hop dé du doan xu
huéng chét luong khong khi.

Muc tiéu cta dé tai 1a thiét ké mot hé théng hoat dong 6n dinh, dé mo rong va
tich hop, phi hop véi méi truong cong nghiép. Pé tai dugc thuc hién thong qua cac
budc: nghién ctru 1y thuyét, thiét ké phan ciing — phan mém, lap trinh, va thir nghiém
md hinh thuc té.

Két qua dat duogc gop phan cung cap mot giai phap giam sat moi trudng chu dong,
két hop giita IoT va tri tué nhan tao, hudng tdi kha ning trién khai thyc té trong cac khu
cong nghiép va ing dung cong dong.

CAu trac cua dd an tt nghiép gdm cac ndi dung sau

> Tong quan dé tai
Co sé 1y thuyét
Thiét ké phan cting
Thiét ké phan mém
M6 hinh mang no-ron va giao dién Webapp
Két qua

YV V V VYV V V

Két luan va hudng phat trién
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1.1.

1.2.

Thiét ké Datalogger cho hé théng quan tric méi truong khong khi

CHUONG 1: TONG QUAN PE TAI

bat van de

Trong bbi canh bién doi khi hiu va sy gia ting cac hoat dong céng nghiép, moi
truong khong khi tai cac khu cong nghiép dang phai d6i mit voi nhidu thach thire
nghiém trong. Cac ngudn phat thai tir nha may, phuong tién giao thong, va hoat
dong san xuét cong nghiép dang gay ra tinh trang 6 nhidm khéng khi, anh hudng
tiéu cuc dén ste khoe con ngudi va méi trudng xung quanh. Viée giam sat va thu
thap dit lidu chat lugng khong khi dong vai trd quan trong trong viéc danh gia tac
dong va dua ra cac giai phap kiém soat kip thoi. Tuy nhién, hién nay, cac hé
thong quan trac khong khi thudng gip han ché vé kha nang tiy bién, chi phi cao
va kho trién khai trén dién rong, dic bi¢t trong cac khu cong nghiép cod diéu kién
kinh t€ con han ché.

Trong bdi canh d6, viéc thiét ké mot hé théng quan tric moi truong khong khi
khu chuyén dung, c6 kha nang thu thap va luu trit dir liéu moi truong mot cach
chinh xac, 6n dinh, va dé dang tich hop véi cac cong nghé hién dai 1a cap thiét.
Heé thdng nay khong chi hd tro giam sat chat lwong khong khi theo thoi gian thyc
ma con cung cép co s& dir liéu dang tin cay dé phan tich, du doan va dua ra cac
canh bao kip thoi.

V&i muc tidu dap tmg cac van dé trén, dé tai "Thiét ké datalogger cho hé thong
quan tric moi trudng khong khi" duoc thuc hién nhim phat trién mot giai phap
hiéu qua, tmg dung dugc trong nhiéu linh vuc nhu kiém soat 6 nhiém cong
nghiép, bao vé méi trudng va sttc khoe cong ddng. Hé théng dugc ky vong s&
dong gop vao viéc nang cao nang luc gidm sat moi truong, tor d6 gitp céc ca

nhan, t0 chirc dua ra cac quyét dinh quan ly bén virng va hiéu qua.

Lich sir phat trién

He¢ théng quan trac khong khi da dugc nghién ciru va phat trién trong nhiéu thap

ky nham hd trg viéc giam sat, danh gia va quan ly chat lugng khong khi. Ban dau, cac

hé thong nay chu yéu dua trén cac phuong phap do dac thii cong véi thiét bi co hoc hoic

dién tir don gian. Tuy nhién, su phat trién nhanh chéng cua khoa hoc cong nghé di thuc

day cac budc tién 16n trong linh vuc nay.

Giai doan dau (Trudc thip nién 1990):
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1.3.

1.3.1.

Thiét ké Datalogger cho hé théng quan tric méi truong khong khi

Céc hé thdng quan tric khong khi cha yéu sir dung cam bién dién tir don 16, két
hop v6i cac thiét bi ghi dir liéu co hoc nhu bang gidy hodc bd nhé don gian.
Kha ning luu trit va xir 1y dir liéu con han ché, khong thé dép tng nhu cau phan
tich thoi gian thue hodc tich hop hé thong.

Thoi ky chuyén giao (Thap nién 1990 - 2000):

Su ra doi ciia may tinh ca nhan va cong nghé vi xtr Iy da@ mé ra huéng moi cho
cac hé théng quan tric.

Céc datalogger str dung vi xtr 1y tich hop di xuat hién, cho phép thu thap va luu
trr dit li¢u ty dong trong thoi gian dai.

Tuy nhién, cac hé théng nay van con han ché vé kha ning két ni, khién viéc
truyén xuat va chia sé dir liéu gap kho khan.

Giai doan phat trién (Tir 2000 dén nay):

Cong nghé IoT (Internet of Things) bung nd, cung véi cac tién bd vé cam bién
khong day (Wi-Fi, LORA, Zigbee) va luu trir dit lidu trén nén tang dam may.
Céc datalogger hién dai khong chi nhan dit liéu ma con cung cap kha ning giam
sat tur xa, xur 1y dir li¢u theo thoi gian thuc va dua ra canh béo kip thoi.

Sy phd bién cua cac nén ting mai ngudn mé nhu Raspberry Pi, Arduino da gitp
giam chi phi va ting tinh linh hoat trong thiét ké hé thng.

Xu huwdng hién tai va twong lai:

Hudng dén hé thong datalogger c6 kha ning xir Iy thong minh, tich hop tri tué
nhan tao (AI) dé phan tich va dy doan xu huéng 6 nhiém.

Nang cao kha ndng bao mat dir li¢u va t6i wu hoa nang lugng cho cac thiét bi hoat
dong trong khu vuc rong 16n, ving xa.

Mo rong tmg dung trong cac linh vuc nhu cong nghiép san xuit, kiém soat khi
thai nha may, va giam sat bién d6i chat luong khong khi theo thoi gian thuc.
Vi bdi canh d6, dé tai "Thiét ké datalogger cho hé théng quan trac moi trudng
khong khi" dugc xay dung dua trén cac tién bo cong ngh¢ hién dai, ké thira nhiing
thanh tuyu tr cac nghién ctru trude day va tap trung giai quyét cac han ché hién
c6. Hé théng hudng dén mot giai phap hiéu qua, gitp cac co quan va td chirc dé

dang trién khai trong thyc té.
Muc tiéu va pham vi.

Muc tiéu cua dé tai

e Muyc tiéu cua dé tai 1a thiét ké va xay dung mot datalogger c6 hiéu ning cao, hoat

dong 6n dinh, linh hoat trong giao tiép, dé tich hop va mé rong trong mdi truong
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Thiét ké Datalogger cho hé théng quan tric méi truong khong khi

cong nghi¢p. Pham vi nghién ctru tap trung & quy mé mo hinh thtr nghi€ém, wu tién
cac thong s6 méi trudong co ban, chua trién khai dién rong. Ddi twong nghién ciu
bao gébm phan ctng Raspberry Pi 5, Arduino Uno, cac cam bién moéi truong, module
giao tiép va phan mém xtr 1y, lwu tri¥, truyén dit lidu.

e Trong d6, phan cting dugc xay dung voi cac cong giao tiép linh hoat, hd trg cac giao
thire truyén thong cong nghiép, dam bao kha ning tich hop véi cac loai cam bién
khong khi hién c6 trén thi truong.

e Phin mém duoc thiét ké véi giao dién giam sat tir xa, cho phép ngudi dung theo ddi
cac thong s6 chat luong khong khi theo thoi gian thuc trén nén tang website, dong
thoi hd tro luu trit dir liéu dé phuc vu phén tich va quan 1y 1au dai.

e Tich hop mang no-ron nhan tao LSTM dé du doan xu huéng chi s6 AQI trong twong
lai, gitip mo rong kha nang ctia hé thong tir giam sat sang canh bao sém.

e Diém nhan cia dé tai 1a ung dung hé thng nay vao khu cong nghiép, nham giam
sat cac thong ) quan trong nhu néng d6 bui PM2.5, PM10, khi CO, NO», d6 am va
nhiét d6 khong khi, tir d6 danh gia mirc 46 6 nhiém va anh huéng dén strc khoe con
ngudi. Chi tiét cdc muc tiéu nay s& duoc trinh bay trong cac phan tiép theo dé lam

rd tinh ing dung, gitp xéac dinh cai nhin chi tiét hon vé dé tai.

1.3.2. Pham vi dé tai va irng dung

Pé tai “Thiét ké Datalogger cho hé thong quan trac moi truong khong khi” duge
thuc hién véi muc dich xay dung mot hé thong co kha ning thu thap, luu trit va truyén
dir lidu tir cac cam bién méi trudng nhu nhiét do, do am, bui min PM10, PM2.5, khi CO,
NO.,... nham phuyc vu cong tac gidm sat va canh bao chat lugng khong khi tai cac khu
cong nghiép.

Hé thng str dung nén tang Raspberry Pi 5 1am trung tdm xir 1y, cho phép két nbi
linh hoat v&i nhiéu loai cam bién thong qua cac chuan giao tiép nhu UART, 12C hoic
SPI, dong thoi hd tro truyén dir liéu vé may chu hodc hé thong giam sat tap trung thong
qua Wi-Fi, Ethernet hoic cac giao thirc mo rong nhu RS485/LoRa. Dit liéu duoc t6 chirc
Iwru trit theo thoi gian thue trong co s6 dit liéu MySQL va hién thi thong qua WebApp.
Ngoai ra, hé thong con tich hgp mé hinh mang no-ron LSTM dé dy doan chi s6 AQI,
g6p phan nang cao kha ning canh bao sém.

Pham vi nghién ctru tdp trung & quy mo mo hinh thtr nghiém trong phong, uu tién
cac thong s6 moi truong co ban va chua trién khai dién rong ngoai thuc té. Hé théng
moi chi hoat dong trong diéu kién c6 ngudn dién 6n dinh, chua tich hgp ngudn ning
lugng du phong hodc téi tao.
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Thiét ké Datalogger cho hé théng quan tric méi truong khong khi

Déi twong nghién ctru bao gdm phan cimg Raspberry Pi 5, Arduino Uno, cac cam
bién mai truong, module giao tiép va phin mém xtr 1y, luu trit, truyén dir liéu, WebApp
hién thi va mé hinh hoc may LSTM.

Pham vi tng dung cua hé théng bao gém:
« Giam sat mdi truong khong khi tai cac khu céng nghiép, cum nha may san xuat.
« Ung dung trong gio duc va nghién ctru tai cac trudng dai hoc, phong thi nghiém.
« Latién dé dé phat trién cac hé théng quan tric méi trudng gia ré cho cong dong,

truong hoc, do6 thi hodc cac vung dan cu bi 6 nhiém.

1.4. NOi dung thuc hién

Dé dap tmg nhu ciu giam sat moi trudng khong khi trong khu cong nghiép, dam bao
kha nang hoat dong lau dai, giam sat lién tyc va c6 tinh mo rong, dé tai duoc trién khai
theo cac ndi1 dung chinh sau:

« Thiét ké phan cing: Xay dung so dd nguyén 1y két ndi giita Raspberry Pi 5,

Arduino Uno va cac cam bién méi truong (PM2.5, PM10, CO, NO2, DHT22).
Thiét ké mach ngudn 6n dinh, hd tro cic cong giao tiép chuin cong nghiép nhu
UART, 12C, SPI va c6 thé mo rong v6i RS485 hodc LoRa.

o Phat trién phén mém: Léap trinh Arduino dé thu thap dir liéu cam bién, xtr 1y so
bd va guri vé Raspberry Pi. Xay dung chuong trinh trén Raspberry Pi dé luu trix
dir liéu vao co so dir lidu MySQL, xtr 1y va tinh toan chi s6 AQL Thiét ké giao
dién WebApp than thi¢n, hién thi dit liéu theo thoi gian thuc va cho phép truy
xuat lich st.

o Tich hop tri tué¢ nhan tao: Str dung mo6 hinh mang no-ron hoi tiép LSTM dé du
doan xu hudng chi s AQI tir dir liéu thu thap. M6 hinh dugc huin luyén tir dir
lidu thue té va danh gia bang cac chi s6 MSE, MAE dé kiém chimg d6 chinh x4c.

o Thir nghiém va danh gia: Tién hanh kiém tra hé théng trong mdi trudng mo phong
khu cong nghiép. Thu thap dit liéu lién tuc tir cam bién, so sanh v&i gia tri tham
chiéu dé danh gia hiéu qua hoat dong va d6 6n dinh cua hé thong. Kiém tra tinh
kha dung ciia WebApp va téc do phan hoi ctia mo hinh Al

Véi cach tiép can toan dién tir phan cing dén phan mém va Al, hé thong khong chi
dam bao tinh kha thi trong viéc giam sat chat lwong khong khi ma con huéng dén kha
nang (mg dung thyc té&, mé rong quy mé va tich hop vao cac hé thong quan 1y moi trudng

thong minh.
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Thiét ké Datalogger cho hé théng quan trac méi truong khong khi

CHUONG 2 : COSOLY THUYET

2.1. Quan tric mdi trudong

2.1.1. Khai ni¢m

Quan tric moi truong 1 hoat dong theo ddi, gidam sat chat lugng moi truong dinh
ky thong qua cac chi tiéu vé tinh chat vat Iy va hoa hoc cua thanh phan méi truong. Qua
trinh do ludng s& cung cap cac danh gia can thiét vé nhimg tac dong va chuyén bién cua
mai truong ¢ timg khoang thoi gian khac nhau. Muyc dich cua viéc thuc hién quan tric
mdi trudng nham phan tich moi truong dang bi anh huong & muc do nao va hoat dong

san xuat kinh doanh c¢6 tdc dong nhu thé nao dén moi truong.

Hinh 2.1 Quan tric méi trudng

Trong d6, tram quan tric moi trudng duoc thuc hién & nhiéu khong gian va cac
hinh thirc da dang khac nhau nhu quan tric méi trudng nude, quan tric moi trudng nudc
thai, quan trac méi trudng khong khi xung quanh va quan trac méi truong khi thai. T
d6, dat dugc nhirng muc tiéu chung trong viéc danh gia dién bién ctia moi khia canh méi
truong trong pham vi qudc gia hay nam bat tinh hinh cy thé cua timg moi truong dé dua
ra nhitng giai phap cu thé va c6 nhitng canh bao kip thoi téi nhitng dién bién bat thuong
hodc ¢6 nguy co gay 6 nhiém, anh huong téi thyc trang moi truong chung.
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Thiét ké Datalogger cho hé théng quan tric méi truong khong khi

2.1.2. Vai tro

Hé thdng quan tric moi trudng khong khi dong vai trd quan trong trong viée gidm sat
chét lugng méi trudng, hd trg cong tic quan 1y va dua ra cac bién phap kiém soat 6
nhiém hiéu qua.

« Giam sat va danh gia chat luong khong khi: Hé théng quan tric cung cip dit liéu
chinh xac va lién tuc vé cac thong sb méi truong nhu ndéng do bui min (PM2.5,
PM10), khi thai cong nghiép (CO, NOz). Nhitng thong tin nay gitip danh gid mirc
do 6 nhiém va tac dong cua hoat dong cong nghiép ddi véi méi trudong xung
quanh.

« Canh bao som va phong ngira 6 nhiém: Hé thdng quan trac khong khi co kha
nang phat hién cac xu huéng 6 nhiém bat thuong, tir d6 dua ra canh bao sém dé
kip thoi xur 1y, giam thiéu tac dong tiéu cuc dén stc khoe con ngudi va hé sinh
thai. Viéc két hop giita quan tric khong khi va mo hinh du béo gitp dua ra cac
bién phép kiém soat hiéu qua.

« Xac dinh ngudn phat thai 6 nhiém: Dir liéu tir hé thong quan tric giup xac dinh
chinh xac ngudn gdc va mirc d6 6 nhidm do cac nha may, khu cong nghiép gay
ra. Ttr d6, cac co quan quan 1y c6 thé dua ra quy dinh kiém soat khi thai phu hop,
yéu cau cac doanh nghiép ap dung cong nghé xir 1y khi thai tién tién dé giam
thiéu 6 nhiém.

o HO tro xay dung chinh sach bao vé moi truong: Thong tin thu thdp duogc tir hé
théng quan tric khong khi 14 co s& quan trong dé xay dung cac chinh sach va quy
dinh vé bao vé moi trudng trong khu cong nghiép. Viéc phan tich dit liéu quan
trac giup danh gid hidu qua cta cac bién phap kiém soat 6 nhiém va dé xuat cac
giai phap cai thién chat luong khong khi.

Hé théng quan tric moi trudng khong khi khu khong chi dong vai tro do luong ma

con 1a cong cu hd tro ra quyét dinh trong quan 1y méi trudng. Viée tich hop cong nghé
IoT va tri tué nhan tao vao hé thong quan trac giup nang cao hiéu qua giam sat, canh

bao sém va dua ra cac giai phap bao vé moi truong mot cach kip thoi.
2.2. B0 thu thap dix liéu

2.2.1. Gidi thigu vé datalogger

Datalogger la thiét bi tu dong thu thap, ghi nhan va luu trir dir li€u tir cac cam
bién hodc ngudn dir liéu khic. Véi kha ning hoat dong lién tuc trong thoi gian dai,
datalogger dong vai tro quan trong trong viéc giam sat cac thong s6 moi trudng, cong
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Thiét ké Datalogger cho hé théng quan tric méi truong khong khi

nghiép va ndng nghiép. Dit liéu duoc luu trir c6 thé duoc phén tich tric tiép hodc truyén

vé may chu qua céc giao thirc khong day nhu Wi-Fi, GPRS hodc LORA dé quan 1y va

xu 1y tir xa.

2.2.2. Churc nang

Hé théng datalogger dam nhén nhiéu chtrc ning quan trong dé dam bao viéc giam sat

va quan ly dir liéu moi truong. Cu thé, cac chirc nang ctia hé thong bao gom:

e Thu thap dit li¢u tir cac cam bién.

o Luu trir dir 1iu tam thoi hodc 1au dai.

o Truyén dit liéu vé may chii hoic dam may thong qua cac giao thirc nhu khong
day nhu Wi-Fi, LORA, GPRS.

e HO trg canh béo sy c0, bao gdm cac truong hgp mat két noi hoac khi gia tri vuot

nguong.

2.2.3.

Cdc tiéu chi thiét ké datalogger

Bén canh céac chirc ning co ban, hé thong datalogger can dap tng mot s tiéu chi thiét

ké quan trong dé dam bao hiéu suit va tinh linh hoat trong tng dung. Céc tiéu chi nay

bao gom:

« Do bén va kha nang hoat dong lién tuc.

« Két ndi khong day on dinh.

o Tinh twong thich v&i nhiéu loai cam bién va cac giao thirc truyén thong khac

nhau.

o Kha ndng mé rdng va nang cap linh hoat vé ca phan cirng va phan mém.

2.3.

Cac ngudng chi sé danh gia

2.3.1. Cdc ngwing dinh gid chi sé

a) Thang do AQI

Bang 2.1 Bang gia tri AQI theo ndng d6 cta cac chat 6 nhiém

AQI Mirc d§¢ khong PM2.5 PM10 NO: CO
khi (ng/m?) (ng/m’) (ng/m’) || (mg/m?)
0-50 Tét 0-12 0- 54 0 - 40 0-5
51-100 Trung binh 12.1-354 || 55-154 41 -100 5-10
101 - 150 Kém 35.5-55.4 | 155-254 | 101-200 || 10-20
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Thiét ké Datalogger cho hé théng quan tric méi truong khong khi

AQI Mirc do khong PM2.5 PM10 NO: CO
khi (ng/m?) (ng/m?) (ng/m’) | (mg/m?)
151 -200 Xau 55.5-150.4| 255-354 201 - 400 20 - 30
g 150.5 -
201 - 300 Rat xau 355-424 >400 >30
250.4
>300 Nguy hai >250.5 >424 - -
b) Céng thic tinh AQI theo tirng chit 6 nhiém
AQI cua tirng chét duoc tinh theo cong thirc:
([hzgh - low)
AQIp = X(C_Clow')+llow (1)
(Chigh low)

Trong do:
e AQI,:chi s AQI cta chat 6 nhidm p
e (:Nong do do duge cua chat 6 nhiém

e C,,,C,,: Ngudng ndng d6 gan nhit bao quanh C ( theo bang AQI chuén )

low »

o ]

low >

1+ Gia tri AQI twong tng voi C,, va C,,

Trong d6: AQI Tong duoc lay theo chi sé AQI cao nhat trong cac chat do dugc

¢) Panh gia mirc d9 6 nhiém theo tirng thong s quan tric

e Bui:
Béang 2.2 Bang gia tri bui lo lung (TSP, PM10, PM2.5)
Théng sb T6t || Trung binh | O nhiém nhe | O nhiém niing || Nguy hai
TSP (ug/m? | <100( 100 -200 200 - 300 300 - 400 >400
PM10 (ng/m?3) | <50 50 - 100 100 - 150 150 - 250 >250
PM2.5 (ug/m?®) || <25 25-50 50 - 100 100 - 150 >150

e Cac khi giy 6 nhiém :

Bang 2.3 Bang gia tri cac khi 6 nhiém
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Thiét ké Datalogger cho hé théng quan trac méi truong khong khi

Théng sb T6t | Trung binh| O nhiém nhe || O nhiém ning | Nguy hai
NO: (ng/m?® || <40 40 - 100 100 - 200 200 - 400 >400
CO (mg/m?) <5 5-10 10-20 20 - 30 >30

e Khihau:
Bang 2.4 Bang gia tri nhi¢t do, do am
Théng sb Tét Chép nhan duge Khéng tbt Nguy hai
Nhiét d¢ (°C) 18 -27 27 -30 30-35 >35
Do am (%) 40 - 60 30 - 40, 60 - 70 <30 hoic >70 -

2.4. So dd hé thong

v
£

DATAAGGREGATION
AND ANALYTICS

e |
PN

DATA VISUALIZATION

v

Hinh 2.2 So d6 tong quan hé théng

- Hé théng Datalogger quan tric khong khi ing dung cong nghé IoT, hoat
dong theo mo hinh sever-client

- MBJi bo datalogger dong vai tro client, thuc hién thu thap dit liéu tir cic cam
bién, xtr i dit liéu va gui 1én server.

- Server ddm nhiém vai tro nhan dit li¢u tir cac datalogger, luu trir va cung

cap kha nang truy xuat dir liéu dén hé thong gidm sat
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Thiét ké Datalogger cho hé théng quan tric méi truong khong khi

- Nguodi dung giam sat thong s6 khong khi va hd tro cdu hinh tir xa qua PC

hay laptop thong qua webapp

Doc O du g I #hiin Uch va g | ©anh gia mirc 64 & nhém khiog nl
DATALCGGER hop o M Aua A mic cinm DA0. Qoo v gl pip i
LORA L | -

X

Wb App
LG Hadn thi glao dn ngueet oung
S ghac asln Ay xneln, Ay

O iy

Cam ol NNt 85, 00 &

Cam b tae P2 5 PO

Cdm tedn ki CO

Hinh 2.3 So d cu thé hé thong
2.5. Phin mém

2.5.1. Ngén ngi¢ dinh déu siéu vin ban HTML

HTML duoc dinh nghia 14 mot ngén ngit danh dau (markup language). Panh dau
(markup) 1a mot phuong phéap dé chi dinh thong tin vé ndi dung, Thong tin & ddy, chinh
1a cac thong tin vé viée dinh dang cua mat phén tir n01 dung nhu hién thi dam, nghiéng,
cac thudc tinh vé mau sic,... Muc tiéu ciia ngdn ngit nay 1a tach phan dinh dang voi
phan noi dung duoc dinh dang. Sy tach rdi ndy co tinh twong d6i va co thé co nhiéu mirc

do khac nhau tuy thudc vao tirng phién ban cia ngdn ngir nay

2.5.2. CSS

CSS (Cascading Style Sheet) 1a ngon ngir dinh kiéu theo tdng, mé ta cach trinh bay cia
céc tai liéu bang HTML. Bao gdm ca mau sic, bd cuc va phong chit. Vi nhitng uu diém
nhu:
e Tiét kiém thoi gian: Chiing ta c6 thé viét CSS mot lan va sau d6 tai sir dung trong
nhiéu trang HTML.
e Tach biét giita ndi dung va trinh bay: Bang kiéu CSS ¢6 thé duoc luu trén mot
tép tin c6 phan mo rdng .css va sau d6 st dung vao cac trang HTML.
e Tai cac trang Web vé trinh duyét nhanh hon: Viéc sir dung CSS gitip chiing ta
khong can phai viét lai cac thude tinh cho cac the HTML.
e Dé dang bao tri: Khi thyc hién mot sy thay ddi toan bo Website, chi can thay dobi
trong file CSS, tit ca cac phan tir trong trang Web s& dugc cap nhat tu dong.
e Tao ra trang Web da dang hon trong cach trinh bay.
e Tuong thich nhiéu thiét bj: Cac bang kiéu cho phép noi dung tbi wu héa véi nhiéu
thiét bi.
SVTH: Nguyén Tuin Minh
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2.5.3. JavaScript

JavaScript 13 mot ngdn ngit kich ban phd bién dung dé viét cac script cho may khach
cua Web. Cac script phia may khach dugc thuc thi trén trinh duyét trong khi phia may
chu dugc thuec thi trén server. Chung duoc viét dé ting thém tinh twong tac cua cac trang
Web. Chiing ta c6 thé viét cac script dé thay doi noi dung va vi tri cac phan tir tir trén
mot trang mot cach dong dé phan hdi lai twong tac ciia ngudi dung. Mot trong nhing
truong hop st dung JavaScript nhu:

e JavaScript c6 thé thay d6i ndi dung HTML. Mot trong nhiéu phuong thic

JavaScript HTML la getElementByld().
e Thay ddi gi4 tri thudc tinh HTML, kiéu HTML(CSS).
e (6 thé an va hién thi cac phan tir HTML

2.5.4. Framework

Framework 13 cac doan code da duoc viét sin, ciu thanh nén mot bo khung va cac thu
vién 1ap trinh duoc déng goi. Chung cung cap cac tinh ning c¢6 sin nhu mo hinh, API
va cac yéu t6 khac dé tbi gian cho viéc phat trién cac itng dung web phong phu, ning
dong. Cac framework giéng nhu 14 chung ta c6 khung nha dugc lam sin nén mong co
ban, ban chi can vao xay dung va ndi that theo ¥ minh.
Hién nay chua c6 quy udc vé cach phan loai cac framework, tuy nhién dé dé hiéu c6 thé
chia nhu sau:
e Theo ngdn ngir: JavaScript frameworks, HTML & CSS frameworks, .NET
Framework,...
e Theo hé diéu hanh hd trg: Windows framework, Android framework, iOS
framework,...
e Theo Ung dung: Web framework, Mobile framework, Front-end framework,
Back-end framework,...

2.5.5. MySOL

MySQL 13 mét hé thong quan 1y co s dir liéu quan hé nguén md do Oracle cung cép.
Nha phat trién c6 thé tai xudng va stir dung MySQL ma khong phai tra phi cip phép. Ho
c6 thé cai dat MySQL trén nhiéu hé didu hanh hoic may chu ddm may khac nhau.

MySQL 1a mot hé thdng co sé dit liéu phd bién cho cac tng dung web.
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2.5.6. SOL

Ngbn ngit truy van c6 cdu trac (SQL) 1a mot ngdn ngit 14p trinh phuc vu viée luu trit va
xur 1y thong tin trong co s& dir liéu quan hé. Co so dit liéu quan h¢ luu trit thong tin dudi
dang bang co6 cac hang va cot dai dién cho nhitng thudc tinh dir li¢u va nhiéu moi quan
hé khéac nhau gitra cac gia tri dir liéu. Ban co thé st dung cac cau 1énh SQL dé luu trit,
cap nhat, loai bo, tim kiém va truy Xuét thong tin tir co so dir 1iéu. Ban ciing c6 thé su

dung SQL dé duy tri va t61 wu hoa hiéu suit co s dir liéu.

2.5.7. Ngon ngir PHP

PHP 1a viét tit cta tir Hypertext Preprocessor. Pay 1a mot ngdn ngit l4p trinh kich ban
(scripting language) ma ngudn md va 13 tp hop con cua cac ngdn ngit script nhu
JavaScript. Ngon ngit nay chu yéu dugc dung dé phat trién cac tng dung tir phia server,

bén canh d6é con dugce str dung cho frontend va backend.

2.5.8. Visual Studio Code

Pay 12 mot trinh soan thao ma ngudén mién phi duge Microsoft phat trién, hd trg trén
Windows, macOS va Linux. Pugc danh gia cao bdi cac chuyén gia cong ngh¢ thong tin,
VS Code két hop cac tinh nidng cia mot IDE va mot code editor. Nho' d6 mang dén su

linh hoat va hiéu suat manh mé cho cac lap trinh vién.

VS Code khéng chi ho tro cdc ngdn ngit nhu JavaScript, TypeScript va Node.js ma con
cung cip mot hé sinh thai mo rong phong phii cho nhiéu ngdn ngir 1ap trinh khac. Véi
dung luong nhe va yéu cau tai nguyén hé thong thap, day 1a mot cong cu 1y twong cho
viéc xay dung céc rng dung web. Gilp lap trinh vién lam viéc hi€u qua ma khong bi

can trd boi nhitng tinh nang khong can thiét
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CHUONG 3 : THIET KE PHAN CUNG

3.1. Yéu cau dir li€u quan trac

Dé hién thyc hoéa kha ning quan tric chat luong khong khi toan dién va chinh xac cho
khu cong nghiép, hé théng datalogger dugc thiét ké phai co kha ning thu thap di liéu tir
nhiéu thong sb méi trudng quan trong. Cu thé, chung t6i can theo ddi va do luong lién
tuc céac chi s6 chinh sau:

« Cac chi s6 bui min: PM2.5 va PM10 — nhitng hat siéu nho c6 kha ning di sau
vao hé ho hap, anh hudng tryc tiép dén sirc khoe con ngudi va 1am giam tim nhin
trong moi trudong cong nghiép.

o Cac khi doc hai: Carbon Monoxide (CO) va Nitrogen Dioxide (NO2) — nhiing
chat gay 6 nhiém pho bién, phat sinh tir cac hoat dong cong nghiép va giao thong,
tiém an nguy co gay hai nghiém trong cho strc khoe.

« Thong s6 khi hau: Nhiét d6 va P6 am — cac yéu té moi trudong dong vai trd quan
trong trong viéc anh huong dén su phéan tan ciia chat 6 nhiém va cling can dugc
theo ddi lién tuc dé danh gia diéu kién tong thé.

Do do, viéc lua chon va tich hgp cac cam bién phu hop dé do luong cac thong sb trén 1a
bude nén tang, dinh hinh kha nang thu thap dir liéu va hiéu qua hoat dong cua toan bd
hé théng.

3.2. Kién triic phin cimg

Dé t6i wu hoa viéc thu thap dir licu tur da dang céc loai cam bién va dam bao tinh linh
hoat, 6n dinh trong qua trinh phat trién va van hanh, hé théng datalogger cta ching toi
dugce thiét ké theo mot kién trac phan tan .
Trong kién trac nay, Arduino Uno déng vai trd 13 bo diéu khién trung gian (slave
controller) khong thé thiéu. Vai trd nay duoc xac dinh 1 rang boi mot yéu t6 ky thuat
then chdt: Do Raspberry Pi khong c6 bd chuyén ddi ADC (Analog-to-Digital Converter)
tich hop, n6 khong thé doc truc tiép cac tin hiéu analog tr mot s6 loai cam bién, dién
hinh nhu cdc cam bién khi CO va NO2 ma ching t61 str dung. Vi vay, Arduino Uno, v6i
kha ning ADC manh mé va tich hop sin, 13 Iyra chon 1y tudng dé:
o Doc dit liéu cam bién: Giao tiép truc tiép v6i cdc cam bién khac nhau, bao gé)m
PMS7003 (UART), DHT22 (1-Wire), va dac biét 1a doc tin hi€u analog tir cac
cam bién khi CO va NO: thong qua cac chan ADC cua né.
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o Xt ly so b dit li€u: Thuc hién cac tac vy nhu chuyén ddi don vi, tinh toan trung
binh, loc nhidu ban dau (néu can) dé cung cip dit liéu sach hon va di duoc sd
hoa cho Raspberry Pi.

« Giao tiép v6i Raspberry Pi: Truyén dit lidu da xtr 1y tir cac cam bién dén
Raspberry Pi thong qua mét giao thtrc truyén théng dang tin cay.

Sau d6, Raspberry Pi — b diéu khién chinh (master controller) — sé tiép nhan dit liéu

nay, thuc hién cac tic vu xit Iy sdu hon (nhu phan tich nang cao, tinh toan chi sb

AQI), luu trit vao bo nhd (thé SD) va truyén tai dir liéu 1én may chi dé phan tich va

hién thi tryc quan.

Viéc phan chia nhiém vu mot cich rd rang gitra Arduino Uno va Raspberry P1 mang

lai nhiéu vu diém vuot troi:

o Giam tai cho Raspberry Pi: Cho phép Raspberry Pi tip trung vao cac tac vy
phtrc tap hon nhu quan 1y hé théng, luwu trit dit liéu dung luong 16n va truyén
thong mang, thay vi phai xtr Iy cc tin hiéu cap thap tir cam bién.

« Don gian héa tich hop cam bién va khic phuc han ché phan cing: Tan dung
duoc hé sinh thai phong phti, dé dang l1ap trinh va cac thu vién san c6 ciia
Arduino, dic biét 1 kha ning doc tin hiéu analog, giai quyét truc tiép han ché
vé ADC cua Raspberry Pi.

« Tinh linh hoat va kha niang mo rong: D& dang thém hodc thay thé cam bién
ma khong anh hudng 16n dén toan bo hé thong, dong thoi ting cudng kha

nang go& 101 va bdo tri.
3.3. Lua chon va phan tich cac cam bién quan trac

Dé hién thuc hoa kha ning quan tric chit luong khong khi toan dién va cung cip
dit liéu chinh x4c cho c4c chi s6 PM2.5, PM10, CO, NO:, nhiét d¢ va do am, viéc
Ira chon cam bién dong vai tro then chét. Qua trinh nay duogc thuc hi¢n can trong
dua trén céc tiéu chi vé do chinh xac, dai do, d6 6n dinh, kha ning twong thich
giao tiép véi Arduino Uno, va hiéu qué chi phi. Mdi cam bién dugc tich hop vao
hé thong déu duoc dénh gia k¥ ludng dé dam bao kha ning hoat dong tin ciy

trong moi truong khu cong nghiép.

3.3.1. Cdm bién bui min PMS7003
- Giéi thiéu va nguyén Iy hoat dong: Cam bién PMS7003 thuoc dong PMSx003

cua Plantower, 12 mdt module do Iudng bui min st dung cong nghé tan xa
laser tién tién. Cam bién dugc thiét ké dé phat hién va dinh lugng néng do cac
SVTH: Nguyén Tuin Minh
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hat vat chét lo limg trong khong khi ¢6 kich thudce tir 0.3 micromet tré 1én.
Bén trong, mot ngudn laser chiéu sang dong khong khi mau, va khi cac hat
bui di qua chum tia ndy, anh sang s€ bi tan xa. Mot by phan cam quang nhay
bén s& thu nhan cac xung anh sang tan xa, tir do, vi xu ly tich hgp trong cam
bién s& phan tich va tinh toan chinh xac ndéng d6 khéi luong cua cac hat
PM1.0, PM2.5 va PM10 theo thoi gian thuec.

» THONG SO KY THUAT:

e Dién 4p su dung: 4.5~5.5VDC
e Dién 4p hoat dong: 4.5-5.5VDC
e  Dong ti€u thyu: <100 mA
e Dong nghi: 200 pA
e Giao tiép: UART (tin hiéu TTL
3.3V)
e Kich thudc do dugc: 0,3—-10 pm
e (chia thanh 3 dai: 0,3-1,0/1,0-2,5
/2,5-10 um)
e Hiéu suat dém: 50% @ 0,3 pm,
98% @ >0,5 um
e Két qua do dai (PM2.5): 0-500
pg/m?
e  Téida dai do: >1000 pg/m?
e Do phén gidi: 1 pg/m?
e Sai sb: £10% (100-500 pg/m?),
+10 pg/m?® (0-100 pg/m?)
e  Thoi gian phan hoi: <1 gidy (don
18), <10 gidy (tong)
Nhiét d¢ lam viéc: -10 dén +60°C
D6 4m lam vige: 0-99% RH
Kich thuodc: 48 x 37 x 12 mm

Hinh 3.1 Cam bién do néng do bui

- Ly do lya chon: PMS7003 dugc chon loc nho vao do tin cay tuong ddi cao trong
phan khiic cam bién dan dung/ban céng nghiép, cung cap dir liéu 6n dinh va phu hop
SVTH: Nguyén Tuin Minh
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cho viéc giam sat xu huéng chat lugng khong khi. Giao tiép UART don gian cua
cam bién hoan toan twong thich v&i cong Serial ctia Arduino Uno, gitp viéc tich hop
va 1ap trinh tr& nén d& dang ma khong can thém mach chuyén d6i phirc tap. Kha
ning cung cip dong thoi ca PM2.5 va PM10 dap ung ddy da yéu cau vé chi s6 bui
min cta dé tai.

- Két ndi v6i Arduino Uno: Cam bién PMS7003 dugc két ndi v6i Arduino Uno thong
qua giao tiép UART, trong d6 chan TX ctia cam bién ndi v6i chan RX cta Arduino
va chan RX cua cam bién ndi v6i chan TX cua Arduino (thudng s dung
SoftwareSerial dé khong chiém cong Serial chinh cho debug). Ngudn cip 5V duoc
lay truc tiép tir Arduino Uno.
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Hinh 3.2 So d6 dau nd1 cam bién bui voi Arduino

3.3.2. Cim bién Nhiét @p va D$ Gm DHT22

- Gi6i thiéu va nguyén 1y hoat dong: DHT22 1a mét module cam bién ky
thuat sé duogc st dung rong rai dé do luong déng thoi nhiét do va do 4m
tuong d6i cia moi trudng. DAy 12 mot lya chon phd bién trong cac du an
IoT va quan tric moi trudng do sy cin bang gitra d6 chinh xac, d6 6n
dinh va chi phi. Cam bién tich hop mot b phan cam bién do am dién
dung va mot thermistor dé do nhiét do. Mot chip tich hop bén trong s&
chuyén d6i cac gié tri do dugc thanh tin hiéu k¥ thuat sé va truyén tai dir
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lidu théng qua mot giao thire 1-Wire doc quyén, gitip don gian hoa viéc
két ndi chi véi mot chan dit ligu.
» THONG SO KY THUAT

e Dién 4p hoat dong: 5V

« Khoang do d6 4m: 0% — 100% RH sai s6 2% RH

o Khoang do nhiét dg: -40 ~ 80 do C sai $6 0.5% do C

« Tan sb l1dy mau t6i da 0.5Hz (2 gidy / 1an)

o Kich thude: 28mm x 12mm x 10mm

Hinh 3.3 Cam bién DHT22

- Ly do lya chon: DHT22 mang lai d§ chinh xac tuong ddi tot va d6 6n dinh cao
hon so v&i phién ban DHT11, hoan toan phi hgp cho viée giam sat diéu kién moi
truong trong bdi canh dé tai. Cam bién nay co gia thanh hop 1y, d& dang tim kiém
va ¢6 nhiéu thu vién hd trg lap trinh cho Arduino Uno, gitp qua trinh tich hop
nhanh chéng va hiéu qua. Viée str dung tin hiéu dau ra sb ciing gitp giam thiéu
nhiéu va don gian hoa viéc doc dir liéu.

- Két ndi véi Arduino Uno: Cam bién DHT22 dugc két ndi véi Arduino Uno thong
qua mot chan GPIO duy nhat dé truyén dit liéu. Mot dién tré kéo 18n (pull-up
resistor) 4.7kQ thudng duoc khuyén nghi giira chan dit liéu va VCC dé dam bao
tin hiéu 6n dinh. Ngudn cap 5V duoc ldy tir Arduino Uno.
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Hinh 3.4 So d6 dau néi DHT22 véi Arduino

3.3.3. Cam bién khi CO DFRobot Fermion: MEMS Carbon Monoxide CO Gas

Detection Sensor

- Gi6i thiéu va nguyén 1y hoat dong: Dé phat hién nong do Carbon Monoxide
(CO), hé théng sir dung cam bién thudc dong DFRobot Fermion, tich hop cong
ngh¢ MEMS (Micro-Electro-Mechanical Systems). Cong ngh¢ MEMS gitup cdm
bién dat duoc kich thude cuc ky nho gon, gidm thiéu dang ké muc tiéu thu nang
luong va mang lai kha ning phan hoi nhanh hon dang ké so véi cac loai cam bién
MOX ban dan oxit kim loai truyén théng. Cam bién hoat dong dua trén su thay
do6i dién tré cua vat liéu cam bién khi tiép xtic v6i phan tir CO trong khong khi.
Mot b phan gia nhiét siéu nho tich hop san trong cAu trac MEMS s& duy tri nhiét
d6 tbi wu cho qué trinh phan tng hoa hoc, ddm bao do nhay va dé chon loc cao
nhat. Tin hiéu dau ra 1a dién 4p analog, phan anh sy thay d6i dién tré ctia cam
bién theo néng do CO, va duogc dua vao bo chuyén ddi ADC tich hop trén

Arduino dé xir 1y.
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» THONG SO KY THUAT

« Mi san pham (SKU): SEN0564

e Loai khi phat hién: CO (Carbon Monoxide —
khi CO)

e Dai phat hién: 5-5000 ppm

e Dién 4p hoat dong: 3.3-5V

e Dong dién hoat dong: <20 mA

o Tin hiéu d4u ra: Dién 4p analog

o D0 nhay: Ro (trong khong khi) / R, (trong moi1
truong c6 150 ppm CO) >3

o Nhiét d6 hoat dong: -10 dén 50°C

« D06 4m hoat dong: 15-90% RH (khong ngung
tu)

o Tudi tho: > 5 ndm (trong khong khi)

o Kichthude: 13 x 13 x2.5mm/0.51 x 0.51 x
0.1 inch

Hinh 3.5 Cam bién khi CO

- Ly do lya chon: Vi¢c lya chon cam bién CO DFRobot Fermion dua trén cic uu
diém vuot troi ctia cong ngh¢ MEMS, mang lai hi¢u suét cao, kich thudc nho gon
va tiéu thu dién ning thp, rat Iy tuéng cho mot thiét bi datalogger. Tin hiéu dau
ra dang analog giup dé dang tich hop véi cac chan ADC trén Arduino Uno, khong
yéu cau giao tiép phirc tap nhu I12C hodc SPI. Quan trong hon, d6 nhay va do
chon loc cao ciia cam bién nay 1a yéu t6 then chét dé do luong nong do CO voi
d6 chinh xac can thiét trong moi truong cong nghiép phirc tap

- Két nbi voi Arduino Uno: Cam bién khi CO dugc cap ngudn tir chan 5V cua
Arduino Uno. Tin hiéu dau ra analog duoc két ndi vao chian A0, cho phép
Arduino doc gia tri dién ap twong (mg véi ndng do CO va xir 1y qua bo ADC tich
hop.
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Hinh 3.6 So d6 d4u ndi cam bién CO véi Arduino

3.3.4. Cim bién khi NO2 DFRobot Fermion: MEMS Nitrogen Dioxide NO2 Gas

Detection Sensor

- Gi6i thiéu va nguyén 1y hoat dong: Twong ty nhu cam bién CO, cam bién khi NO2
nay cling 1a mdt thanh vién cia dong DFRobot Fermion, tan dung cong nghé¢ MEMS
dé phat hién nong do Nitrogen Dioxide (NO2). NO2 1a mdt trong nhiing chat giy 6
nhiém khong khi phé bién, phat sinh cha yéu tir qua trinh d6t chdy nhién liéu hoa
thach va cac hoat dong cong nghiép. Cam bién hoat dong dua trén nguyén 1y tuong
tw nhu cam bién MEMS CO, v6i mét vét liéu cam bién duogce t0i wu hoa dic biét de
phan tng v6i NO2. Khi NO: hap phu 1én bé mit cam bién, dién tro thay doi va duoc
chuyén doi thanh tin hiéu dién ap analog, sau d6 dua vao Arduino Uno dé xtr 1y thong
qua bd ADC tich hop.

> THONG SO KY THUAT

« Mai san pham (SKU): SEN0574

o Loai khi phat hién: NO: (Nito Dioxit)

o Dai phat hién: 0.1-10 ppm

o bDién ap hoat dong: 3.3-5V

e Dong dién hoat dong: <20 mA

o Tin hiéu dau ra: Pién ap analog

o Do nhay: Ro (trong khong khi) / R (trong moi
truong c6 5 ppm NO2) > 0.5

o Nhiét d6 hoat dong: -10 dén 50°C

SVTH: Nguyén Tuin Minh
Nguyen Lé Nghia 3 )
Ho bac Thang GVHD: TS Nguyén Quoc Pinh 21



Thiét ké Datalogger cho hé théng quan trac méi truong khong khi

Po6 am hoat dong: 15-90% RH (khong ngung
tu)

o Tubi tho: > 5 nam (trong khong khi)

o Kich thude: 13 x 13 x2.5mm/0.51 x 0.51 x
0.1 inch

Hinh 3.7 Cam bién khi NO2 *

- Ly do lya chon: Lua chon cam bién NO2 DFRobot Fermion duoc thiic déy bai
wu diém cua cong nghé¢ MEMS vé hiéu suét, kich thuéc va hiéu qua nang lugng.
Cam bién xuat tin hiéu analog nén d& dang tich hop vao cac chin analog Al cua
Arduino Uno ma khong can giao tiép phtrc tap. Bac bi¢t, o nhay va dg chon loc
cao cuia cam bién nay rt quan trong trong viéc do ludng chinh xac néng do NO:
trong méi trudng cong nghiép dé phuc vu danh gia chat lugng khong khi.

- Kétndi véi Arduino Uno: Cam bién NO: duoc cap ngudn tir chan 5V ctia Arduino
Uno. Tin hiéu dau ra analog dugc dua vao chan Al, Arduino s€ doc tin hi¢u va

xtr 1 théng qua ADC ndi bo.

Hinh 3.8 So dd d4u ndi cam bién NO2 vé&i Arduino

3.4. B diéu khién trung gian

Trong hé thong datalogger nay, chung t6i sir dung Arduino Uno nhu mét bo diéu khién
phu dé doc dix liéu tir cac cam bién. Viéce dung Arduino Uno c6 vai trd quan trong trong

viéc thu thap va chuén bi dit lidu trude khi giri vé Raspberry Pi.
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3.4.1. Tong quan vé Arduino
Arduino Uno 1a mot bo mach vi diéu khién phd bién, dung chip ATmega328P. N6 duoc

chon vi dé€ sir dung, c6 nhiéu tai liéu huéng dan va thu vién ho tro. Pi€u nay gitip chiing
to1 dé dang 1ap trinh dé€ giao tiép vdi cac loai cam bién khac nhau.

Digital Pins to Connect (
(LED, LCD, Relay, etc)

; ol UKD DEDRDRDEDN X[ ) ()
Reset Button & .“;'||‘”‘“‘ (-0 00000

0 NOWMT O NS,
t t M~ ¥

~ ARDUINO

USB Port to Upload
Program

Microcontroller
Atmega328

Analog Pins to Connect Input

Power Jack to Give Power to Arduino
Power Supply for Input and Output (Sensors)

Components

Hinh 3.9 Arduino Uno

3.4.2. Vai tro ciia Arduino Uno trong hé thong

Arduino Uno chiu trach nhi€m chinh trong viéc thu thap dir li¢u tir cac cam bién va xu
1y so bd. Cu thé:
e Doc dit liéu tir cam bién: Arduino Uno két ndi truc tiép voi tit ca cac cam bién:
« Cam bién bui PMS7003: Giao tiép qua cong Serial (UART) dé doc ndng do
PM2.5 va PM10.
« Cam bién nhiét d6 va 46 4&m DHT22: Giao tiép qua giao thirc 1-Wire dé 1ay
gi4 tri nhiét d6 va d6 am.
« Cam bién khi CO va NO: (DFRobot Fermion): C4 hai déu xuit tin hiéu
analog, dugc Arduino doc qua cac chan analog (A0, Al...).
e Xur ly tin hiéu analog: Pay 1a 1y do chinh khién chung t6i sir dung Arduino Uno
thay vi chi dung Raspberry Pi. Raspberry Pi khong c6 bd ADC tich hop, nén
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khong thé doc tin hiéu analog truc tiép tir cac cam bién khi. Arduino Uno giai
quyét van dé nay bang cach chuyén ddi tin hiéu analog thanh dit liéu sb.

o Tién xur Iy dit li€u: Sau khi thu thap, Arduino Uno thyc hién cac budc xur ly so
bd nhu:
« Chuyén doi don vi do.
« Loc nhiéu, 1am muot dit liéu (trung binh truot).
« Dong goi dir lidu tir tat ca cac cam bién thanh chudi dinh dang sin.

e Gui dir liéu dén Raspberry Pi: Goi dit liéu sau xir Iy s& duoc Arduino truyén vé
Raspberry Pi thong qua giao tiép Serial (UART), gitip Raspberry Pi tap trung vao

viéc luu trit, hién thi va truyén dir liéu Ién server.

3.4.3. Cdc két néi chinh trén Arduino

- UART (Serial): Dung dé nhan dir liéu tir cam bién PMS7003 va giri dit liéu da xu
1y dén Raspberry Pi.

- 1-Wire (GPIO Digital): Dung d¢ giao tiép v6i cam bién DHT22 qua mot chan digital
(vi du D2).

- ADC (Analog Input): Cac chan A0, A1 dugc sir dung dé doc tin hiéu analog tir
cam bién khi CO va NOs..

- GND/5V: Cap ngudn chung cho cac cam bién tir Arduino

3.5. B diéu khién chinh

Trong kién tric phan tan cta hé thong datalogger, sau khi Arduino Uno hoan thanh
nhiém vu thu thap va tién xir 1y dit li€u cam bién, Raspberry Pi 5 sé& tiép nhan vai tro
ctia bd diéu khién chinh — dong vai tro 12 "bd ndo" trung tdm va cong két ndi toan cau
clia toan hé thong. Véi hiéu nang vuot trdi va kha niang két ndi da dang, Raspberry Pi
5 1a chia khoa dé hién thuc hoa cac tac vu xtr 1y dir liéu phuc tap, luu trit quy mo 1én

va truyén thong tin lién tuc téi may chii ddm may.
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3.5.1. Tong quan vé Raspberry pi 5
Raspberry Pi 5 1a dong mdy tinh bo mach don (Single-Board Computer - SBC) mdéi

nhét va manh m& nhét cta Raspberry Pi Foundation tinh dén thoi diém hién tai. Puoc
trang bi bo xur Iy Broadcom BCM2712 Quad-core ARM Cortex-A76 (ARMvS) hoat
dong ¢ xung nhip 2.4GHz, cung v6i RAM LPDDR4X dung luong [4GB/8GB],
Raspberry Pi 5 mang lai hiéu nang xir Iy cao hon déng ké so vi cac thé hé trude. No
chay hé diéu hanh Raspberry Pi OS (dya trén Debian Linux), cung cAp mot mdi truong

linh hoat va manh mé& cho viéc phat trién phan mém phirc tap.

SRAM Raspberry P RPY
1GR. 7GR, 468 o« MGE 1/0 comty ollwe

Fan connecior

BCM2712 processor

Dual-band 802 11ac
Wireleas + Blvetooth §

PCI Express interface

Onv/aff bytion 1% USB 10

PMIC Ethernet tramscetver

Pok HAT connector

UART connector

USB-C Power jack

RTC hattary connector 2 » &dane MIPL DSI/CSI
coNNECions
QusHop
ws

Hinh 3.110 Raspberry Pi 5

3.5.2. Vai troé va chirc ndang chinh ciia Raspberry Pi 5 trong hé thong

Raspberry Pi 5 ddm nhi¢m céc nhi€ém vu quan trong, tdn dung tdi da strc manh phén
cung cia minh:
e Thu thap dir liéu tir Arduino Uno: Raspberry Pi 5 tiép nhan cac géi dit liéu da
dugc tién xir Iy va dong goi tir Arduino Uno thong qua giao tiép Serial (UART).
Viéc nay dam bao dit liéu dén Pi da ¢ dinh dang chuan, giam tai cho Pi trong viéc
xtt 1y tin hiéu cap thap tir cam bién.
o Xt ly dir liéu nang cao: Vi sttc manh tinh todn vuot troi, Raspberry Pi 5 c6 kha
nang thyc hién cac thuat toan xu 1y dit li¢u phuc tap hon nhu:

o Hiéu chuan dit liéu: Ap dung cac phuong phap hiéu chuin ning cao dé cai
thién do chinh xac cua dit liéu cam bién.

o Tinh toan chi sé chat lwong khong khi (AQI): Chuyén ddi cac nong do khi
va byi min thanh chi s6 AQI d& hiéu, cung cap cai nhin téng quan vé chat
lugng khong khi.
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o Phén tich xu hudng: Chay cac script Python phén tich dit liéu dé phat hién
cac xu huéng 6 nhiém theo thoi gian.

Luu trir dit 1i€u cuc bd: Dit li¢u quan tric sau khi duoc xtr 1y s€ duoc luu trir cuc
bo trén thé nhd MicroSD ctia Raspberry Pi 5. Dung luong luu trit 16n cia thé nhd
cho phép ghi lai lich st dir liéu dai han, dam bao khong mat mat thong tin ngay
ca khi mat két nbi mang. Dt 1iéu thuong duoc luu dudi dang tép van ban (vi du:
CSV, JSON) dé dé dang truy xuat va phan tich sau nay.
Truyén dit liéu 1én may chu dam may: Day 1a mot trong nhing chirc nang ct 161
ctia datalogger. Raspberry Pi 5 sir dung kha niang két ndi mang tich hop (Wi-Fi
5GHz va Gigabit Ethernet) dé truyén dit liéu di dugc xir 1y va luu trit cuc bd 1én
may chu ddm may hodc webserver. Trong giai doan thir nghi¢m, ching to1 su
dung nén tang Localtonet dé tao mot dudng ham (tunnel) an toan, cho phép truy
cap dir liéu tir xa ma khong can cau hinh mang phirc tap. Diéu nay giup dé dang
kiém tra va danh gia hé thong trudc khi trién khai chinh thirec.
Quan 1y va diéu phdi hé thdng: Raspberry Pi 5 dong vai trd quan 1y toan bo hé
thdng, diéu phéi hoat dong giita cac module, quan 1y thoi gian thuc, va cd thé hd
trg cac tinh nang bod sung nhu giao dién nguoi dung cuc bd (néu c0) hoac cac tac

vu lap lich.

3.5.3. Cdc két noi chinh ciia Raspberry pi 5

Raspberry Pi 5 cung cidp mét loat cac giao tiép vat 1y dé két ndi voi Arduino Uno va

mang ludi:

UART (Serial): Giao tiép chinh giita Raspberry Pi va Arduino Uno. Str dung chan
GPIO 14 (TX) va GPIO 15 (RX), cAu hinh baudrate dong bd v6i Arduino (thuong
1a 9600 hodac 115200).

Ethernet (Gigabit): Két ndi mang c6 day 6n dinh, Iy tuong cho mdi trudng cong
nghiép.

Wi-Fi (Dual-band 802.11ac): Cho phép két ndi mang khong day linh hoat, phu
hop véi khu vuc khong kéo day.

USB 3.0/2.0: Két ndi cac thiét bi ngoai vi nhu chudt, ban phim hodc cac thiét bi
luu trir.

Thé MicroSD: Dung dé cai hé diéu hanh va luu trit dit liéu tir datalogger.
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Danh sach két ndi:
// - DHT22: VCC - 5V, GND - GND, DATA — D2 ( arduino)
// - PMS7003: VCC - 5V, GND - GND, TX — D10, RX — D11 ( arduino)
// - CO MEMS: VCC - 5V, GND - GND, OUT - A0 (arduino)

// -NO2 MEMS: VCC - 5V, GND - GND, OUT - Al (arduino)

Hinh 3.11 Két n6i phan ctng

3.6. Mach nguon va cac thanh phin phu tro

Pé dam bao hoat dong lién tuc, 6n dinh va dang tin cay cho toan bo hé théng datalogger

trong moi trudng cong nghiép, viéc thiét ké mot mach ngudn hiéu qua va tich hop cac
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thanh phan phu trg can thiét 12 v ciing quan trong. Phan nay s& trinh bay chi tiét vé cac

giai phap cung cap ning lugng va cac module hd tro, giup hé thong hoat déng tron tru.

3.6.1. Mach nguon cung cdp ning lwong

Hé théng datalogger ctia chiing t6i yéu cau cac murc dién ap khac nhau cho cac thanh
phan: Raspberry Pi 5 can ngudn 5V DC véi dong dién cao, Arduino Uno hoat dong &
5V DC, va cac cam bién ciing yéu cau 5V DC (PMS7003, DHT22) hoic c6 thé hoat
dong & 3.3V/5V (DFRobot Fermion). Dé dam bao cung cip ning luong 6n dinh va hiéu
qua, mach ngudn dugc thiét ké véi cac nguyén tic sau:

« Ngudn vao: Hé thong dugc cip ngudn thong qua bd chuyén d6i AC-DC (adapter)
v6i dién 4p dau ra 12V DC va dong dién du 16n (vi du: 2A hodc hon tuy tong
cong suat tiéu thy thuc té ctia Pi 5 va cac thiét bi khac). Viéc sir dung 12V DC
1am ngudn vao trung gian giup linh hoat trong viéc cAp ngudn cho cac bd chuyén
d6i ha ap.

« B0 chuyén ddi ha ap Step-down (Buck Converter):

o Chuyén d6i 12V xudng 5V cho Raspberry Pi 5 va Arduino Uno: St dung
module chuyén d6i DC-DC loai buck (vi du: LM2596-based module hoac
module chuyén dung cho Pi 5 v6i kha ning cap dong cao). Module nay s&
ha dién 4p 12V tir ngudn adapter xudng 5V dé cap cho Raspberry Pi 5 va
Arduino Uno. Viéc nay dic biét quan trong vi Raspberry Pi 5 yéu cau
ngudn dién sach va 6n dinh, c6 kha ning cung cip dong dién 16n (co thé
1én dén 3A hoic hon khi hoat dong tai ning).

= Ly do lya chon: Module buck ¢6 hiéu suét cao hon dang ké so véi
6n ap tuyén tinh (linear regulator) khi c6 sy chénh léch 16n giira
dién ap vao va ra, gitip giam ton that ning luong va tan nhiét.

- Luu ¥ thiét ké: Can chon module ¢ kha ning cip dong du 16m, c6
cac tu loc dau vao/dau ra dé lam muot dién ap va giam nhiéu.

« On ap tich hop trén Arduino Uno: Arduino Uno tir c6 6n ap tich hop dé cung cap
5V va 3.3V cho cac linh kién trén bo mach va cac cam bién nho. Cac cam bién
PMS7003 va DHT22 s& duoc cap ngudn truc tiép tir cac chan 5V ciia Arduino
Uno.

« Ngudn cap cho cam bién DFRobot Fermion: Cic cam bién DFRobot Fermion
(CO, NO>) c6 thé hoat dong & ca 3.3V va 5V. Bé don gian hoa va dong bo véi
Arduino Uno (véi mire logic 5V), ching s& dugc cap ngudn 5V tir Arduino.
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3.6.2. Module luu triv dir liéu cuc bo

Thé nhd MicroSD: Raspberry Pi 5 st dung thé nhd MicroSD 1am noi luu triv hé

diéu hanh (Raspberry Pi OS) va dong thoi 1a bo nhd chinh dé luu trix dit liéu quan

trac.

(@)

Dung lugng: Thé nhd MicroSD véi dung luong [vi du: 16GB hodc 32GB]
duoc lua chon dé dam bao du khong gian luu trir cho hé diéu hanh, cac ung
dung va lich st di liéu quan tric trong thoi gian dai (vi du: nhiéu thang hoic
nam).

Tbc do doc/ ghi: Viéc lya chon thé nhd Class 10 hodc UHS (Ultra High Speed)
1a can thiét dé dam bao tdc do doc/ghi dir liéu nhanh, gitp hé thong hoat dong
muot ma va khong bi nghén c6 chai khi ghi dit lidu lién tuc.

Pinh dang luu trit: Dit liéu tir cic cam bién s& dugc Raspberry Pi 5 to chirc va

ghi vao cac tép tin dudi dinh dang CSV (Comma Separated Values) hodac JSON

(JavaScript Object Notation). Cac dinh dang nay dé doc, dé phan tich va twong

thich v&i nhiéu cong cu xu ly dir liéu khac. Dt liu dugc luu trit kem theo diu

thoi gian (timestamp) dé phuc vu viéc phan tich lich st.

3.6.3. Module truyén thong mang

Kha ning két ndi mang 1a cot 16i dé datalogger c6 thé gui dir liéu 1én may chu va cho

phép truy cép tir xa. Raspberry Pi 5 tich hop sin cac module truyén thong manh mé:
« Wi-Fi (Dual-band 802.11ac): Cung cap kha ning két nbi khong day téc do cao

3.6.4.

va linh hoat. Diéu nay dic biét hitu ich cho viéc trién khai & nhitng vi tri kho
kéo day mang, cho phép datalogger gtri dit li¢u qua mang Wi-Fi hién c6 trong
khu cong nghi¢p hoac tir mdt hotspot di dong.

Ethernet (Gigabit): Cong Ethernet tich hop cung cap két ndi mang c6 day 6n
dinh va toc do cao (1 Gbps), la lya chon uu tién cho moéi truong cong nghiép

yéu cau do tin cdy cao va kha nang chong nhicu tot.

Cic thanh phan phu tre khdc

LED béo trang thai: Cac dén LED c6 thé duoc st dung dé bao hiéu trang thai
hoat dong cua h¢ théng (vi du: nguén, két ndi mang, 16i cam bién), giup dé

dang theo ddi truc quan ma khong can man hinh.
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- Nut nhin Reset/Ché do: Mot nit nhan cé thé dugc tich hop dé reset hé théng
hoac chuyén doi gitra cac ché d6 hoat dong (vi du: ché d6 hiéu chuén, ché do
ngu).

- Vo bao vé: Dé bao vé cac thanh phﬁn dién tr khoi bui ban, d6 4m va cac yéu td
mai truong khic nghiét cua khu cong nghiép, mot vo bao vé dat chudn cong
nghiép (vi du: IP65) s& dugc sir dung. Vo phai c6 kha ning tan nhiét tbt, c6 kém

quat nho va cac 16 thong hoi dé cam bién khi c6 thé 14y mau khong khi.

3.7. Lap dit phan cing thuec té

Hinh 3.12 Pau nbi phan cing thuc té
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Hinh 3.13 Mo hinh phan cimg thuc té
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CHUONG 4 : THIET KE PHAN MEM

4.1. Tong quan vé kién tric phan mém

Phan mém trong hé théng quan trac chat lugng khong khi ciia chung t6i duogc thiét ké
dé dam bao dit liéu duogc thu thap, xir 1y, luu trit va hién thi mot cach lién tuc va hiéu
qua. Muc tiéu 1a xay dung mot phan mém 6n dinh, tin dung kha ning cta Arduino Uno
va Raspberry Pi dé cung cip thong tin chat lwong khong khi.

CAu trac phan mém cua hé théng dugc chia thanh cac 16p (giai doan) chinh, mdi 16p co

nhiém vu riéng biét. DT licu s€ di theo mdt cu thé nhu sau:

4.1.1. Lép thu thip die ligu

e Day la 16p dau tién, noi cac cam bién (PMS7003, DHT22, DFRobot Fermion CO,
DFRobot Fermion NO:) tiép xtic truc tiép véi khong khi.

e Arduino Uno c6 nhiém vu chinh 1a doc dir liéu tr cam bién. Chuong trinh trén
Arduino lién tuc doc tin hiéu tir cac cam bién qua cac kiéu két ndi khac nhau (UART,
12C, 1-Wire). Dac biét, Arduino Uno sé& chuyén ddi tin hiéu analog tur cac cam bién
khi CO va NO: sang dang sd.

e Sau khi doc, Arduino s& xtr 1y di liéu budc dau nhu chuyén d6i don vi, lam muot dit
liéu dé giam nhiéu, va dong géi chung thanh mot dinh dang d& gui di (vi du: mot
chudi vin ban nhu CSV). Viéc nay giup giam bst cong viéc cho bo xir 1y chinh sau

nay.
4.1.2. Lop xw ly va luu triv dir liéu cuc by

e Raspberry Pi 5 1 phan "diéu khién trung tim" ctia phan mém. N6 s& nhan dif liéu
tir Arduino Uno va thyc hién cac bude xir 1y tiép theo.

e Chuong trinh trén Raspberry Pi 5 (viét bang ngdn ngir Python) ¢ cac nhiém vu
sau:

o Nhan dir liéu: Poc dit liéu giri tir Arduino Uno qua cong Serial (UART).

o Xirly dit liéu: Xt 1y thém dit lidu da nhan, bao gdm viéc tinh toan chi s6 chat
lwong khong khi VN AQI dua trén cac thong sé di thu thap.

o Luu trtr dit li¢u: Dt 1i€u sau khi dugc xtr Iy s€ dugc luu vao co so dir liéu
MySQL chay trén Raspberry Pi 5. Dir liéu duoc luu trén thé nhé MicroSD dé
dam bao khong bi mat ngay ca khi mat mang. Bang trong MySQL s& c6 cac
cot: id, ngay gio, VN_AQI, Nhiét do, do am, CO, NO2, PM10, PM25.
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o Cung cip dit liéu (API Web): Raspberry Pi 5 chay mot tng dung web server
nho dung framework Flask (Python). Ung dung nay tao ra cac giao dién lap
trinh (API) dé cac ung dung khac (nhu trang web hién thi) c6 thé yéu cau va
lay dir liéu tir MySQL.

4.1.3. Lép truyén dir ligu va hién thi

° Truyén dir li¢u lén mang: Pé dua dir licu quan tric ra ngoai mang ndi bo,
Raspberry Pi 5 ding két ndi Internet (Wi-Fi hodc Ethernet) va dich vu Localtonet.
Localtonet gitip tao mot dudng din an toan dé truy cap tir xa vao Flask Web API
trén Pi ma khong can cau hinh mang phtc tap. Diéu nay tién loi cho viéc kiém
tra va danh gia hé thng.

e Giao dién Nguoi dung Web: Dir liéu tir Flask API s& duoc hién thi cho ngudi
dung qua mot trang web dugc xdy dung bang HTML, CSS va JavaScript. Trang
web ndy s& hién thi:

o Thong sb tong quat: Chi s6 VN_AQI téng thé kém theo mau sic canh bao
(Tét, Trung binh, Kém, X4u, R4t xau, Nguy hai) va tom tit nhanh vé mic do
0 nhiém.

o Thong sb chi tiét: Néng d6 cu thé cua PM2.5, PM10, CO, NO2, cung voi
nhiét d¢ va do am.

o Biéu d6 va Lich sir: Dit liéu dugc hién thi theo thoi gian thuc duéi dang biéu
d6 duong (theo ngay, gio, phat). Nguoi ding c6 thé xem lai dir liéu cii, so
sanh mirc 46 6 nhiém va theo ddi xu hudng.

o Tai dir liéu: Cung cép chirc ning cho phép nguoi dung tai vé dit liéu da thu
thap dé phan tich thém.

4.2. Lap trinh trén Arduino Uno

Phan mém trén Arduino Uno c6 nhiém vu chinh 1a thu thap dir liéu tho tir cac cam bién,
xtr 1y so bo va guri dir liéu da chuan bi nay dén Raspberry Pi. Chuong trinh duoc viét
bang ngdn ngit 1ap trinh Arduino (dwa trén C/C++) trong mdi truong Arduino IDE.
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Khéi tao DHT22
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Y
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l

Doc dir liéu tir DHT
goi ham read DHT ()

Dir liéu DHT
hop 1é ?

Khong Co
temp=-999 Lwru nhiét do, dé
humi=-999 &m hop l&

Baoc dir liéu tir PMS7003
goi ham readPMS7003( )

D liéu PMS700

Khéng Co
v v
PM2.5=0 Ivu PM2.5, PM10
PM10=0 hop 1&
I |
v

Doc tin hiéu tir cdm bién CO, NO2
- Boc tin hiéu analog A0 -= CO

- Boc tin hiéu tir analog A1 -=NQO2

- Chyén dbi sang gia tri ppm, ppb

Tinh toan AQI cho tirng chi sd
- Goi ham calculatePM2 5AQI()
- Goi ham calculatePM210AQI()

- Goi ham calculateCOAQI()
- Goi ham calculateNO2AQI()

!

Tinh AQI téng thé
- Lay MAX (AQI PM2.5, PM10, CO, NO2)

Hién thi di¥ li€u qua Serial
-AQl téng thé
- Nhiét d6, @6 &m
-CO, NO2, PM2.5, PM10

v
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Hinh 4.1 Luu d6 thuat toan doc va tinh toan dit liéu trén Arduino

4.2.1. Doc va xw li dir liéu cam bién

Arduino Uno sé& tuan tu doc dit liéu tir tat ca cac cam bién d3 két ndi. Mdi cam bién co
cach giao tiép va doc dit liéu riéng.
a. DPoc dir liéu tir cam bién bui PMS7003:
Cam bién PMS7003 giao tiép qua Serial (UART). Ching t6i st dung thu vién
SoftwareSerial dé tao mot céng Serial 4o trén cac chan GPIO cua Arduino, tranh
xung dot véi cong Serial vat Iy dung dé giao tiép v6i may tinh (hodc Raspberry Pi).
e Logic doc:
1) Khoi tao cong SoftwareSerial cho PMS7003.
2) Gui 1énh yéu cau doc dit liéu dén cam bién (néu can, tiuy ché do hoat dong
cua PMS7003).
3) Poc goi dir liéu 32 byte ma PMS7003 giri vé.
4) Phan tich cti phap (parse) goi dir lidu dé trich xuét cac gia tri PM2.5 va PM10.
Céc gi tri ndy thuong & dang s6 nguyén, can chia cho mot hé sb nhat dinh dé

c6 don vi pg/m?.

b. Poc dir liéu tir cim bién nhiét dd va dé am DHT22:
Cam bién DHT?22 giao tiép qua giao thirc 1-Wire. Chung t6i str dung thu vién DHT.h
dé don gian hoa viéc doc.
e Logic doc:
1) Khdi tao cam bién DHT22 véi chan dit liéu da két ndi.
2) Sur dung ham readHumidity () va readTemperature ( ) cta thu vién dé lay
gia tri.
3) Kiém tra 16i doc (vi du: cam bién khong phan hoi).
c. DPoc dir li€u tir cim bién khi DFRobot Fermion (CO, NO:) qua ADC:
Hai cam bién CO va NO: ciia DFRobot Fermion trong hé thong nay str dung ngd ra
tin hi¢u analog. Chiing toi két ndi dau ra cua timg cam bién vao cac chan analog ctia
Arduino Uno (vi du A0 cho CO va Al cho NO3), sau do st dung ham analogRead()
dé doc gia tri.
e Logic doc:
1) Két ndi dau ra tin hiéu cta timg cam bién vao chan analog twong mg cta

Arduino.
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2) Sir dung ham analogRead() dé doc gia tri ADC (tir 0 dén 1023 Gng véi dién
ap 0-5V).

3) Chuyén dbi gia tri ADC thanh dién ap thuc té

4) Duya vao cong thirc hodc biéu dd dic trung trong datasheet cua tirng cam bién
dé tinh toan nong d6 khi CO va NO: (ppm hoic ppb). Mbi loai cam bién s&

c6 hé s6 quy doi riéng.
4.2.2. Tinh todn chi sé AQI

V&i moi thong sb (PM2.5, PM10, CO, NO2), so sanh néng do do dugc voi cac ngudng
trong bang AQI (Bang 2.1) dé tim ra chi sd riéng cho timg théng sd
Tinh toan chi s AQI riéng cho timg théng sd voi cong thie (1)

Chi s6 AQI tong s& 1a gia tri AQI cao nhat trong céac chi sé AQI riéng 1é.

4.2.3. Giao tiép vdi Raspberry Pi

Sau khi doc va tién xtr 1y tat ca dir liéu tir cam bién va tinh AQI, Arduino Uno s& déng
g0i cac gia tri ndy va guri dén Raspberry Pi thong qua giao tiép Serial (UART).

e Dinh dang dir li¢u: Dir li¢u s€ dugc dong goéi dudi dang mat chudi ky tu co cAu
trac rd rang dé Raspberry Pi d& dang phén tich. Dinh dang phd bién 13 CSV
(Comma Separated Values), CSV don gian va nhe hon cho Arduino.

o ViduCSV:PM2.5, PM10, CO, NO2, Nhiét do, D6 Am, AQI
o Dir liéu thyc té : 23.5, 45.2, 5.1, 0.08, 28.7, 65.4, 75

e Logic gtri dir ligu :

1) Tao chudi dir liéu tir cac bién da doc dugc.

2) St dung Serial.print ( ) dé gui chudi qua cong Serial vat 1y ctia Arduino (chin
TX/RX, dugc ndi voi chan RX/TX cua Raspberry Pi).

3) Gui dir liéu dinh ky .
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Hinh 4.2 Két qua do va tinh toan trén Arduino

4.3. Lap trinh trén Raspberry Pi 5

Raspberry Pi 5 dong vai tro 1a "bd ndo" cua hé thong datalogger, tiép nhan dir liéu da
duoc tién xur 1y tir Arduino Uno, thyc hién cac tinh toan phtrc tap hon, luu trit vao co s&
dir liéu va cung cép giao dién dé dix liéu c6 thé duoc truy cap va hién thi. Toan bo phﬁn
mém trén Raspberry Pi 5 duoc phat trién chu yéu bang ngon ngit Python, tan dung su

manh mé, linh hoat va h¢ sinh thai thu vién phong phu cta no.

4.3.1. Nhdn dir liéu tir Arduino Uno

> Tong quan va Vai tro:

« Phan nay hoat dong nhu mot cau ndi dit liéu, duoc trién khai trén may chu
Raspberry Pi, dé nhan va xur 1y dit 1iéu moi trudng tir vi diéu khién Arduino.

e NO dam bdo viéc thu thap dir 1i€u lién tuc va dang tin cay tur céng Serial, chuyén
d6i dinh dang va sin sang cho cac budc xir Iy tiép theo nhu luu trit vao co so di
liéu, hién thi trén giao dién ngudi dung hoac gui 1én ddm may.

e Raspberry Pi 5 giao tiép v6i Arduino Uno thong qua cong Serial (UART). Dit liéu
dugc gui tor Arduino dudi dang mot chudi ky tu da dugc dinh dang ( CSV).
> Két ndi Serial:

« Sir dung thu vién pyserial dé thiét 1ap két ndi ndi tiép véi vi diéu khién Arduino.

« CAu hinh cong Serial /dev/ttyUSBO (day 1a cong thudng thiy trén Linux cho cac
thiét bi USB-to-Serial), tc do baud 9600 va timeout 1 gidy dé tranh bj treo khi
khong c6 dir lidu.

» Doc V~e‘t Xu: 1y Dt ligu:
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« Doc timg dong dit liéu tir cong Serial.

« Giai mi dong dit liéu tir byte sang chudi UTF-8 va loai bo ky tyr xudng dong.

« Loc dit liéu khong can thiét: Bo qua cac dong thong bao khai dong tir Arduino
hodc cac dong khong chira dinh dang dit 1iéu mong mudn.

o Phan tich chudi dit liéu: Tach chudi dit liéu nhan dugc thanh cac cip khoa-gia tri
(vi du: "Nhiet do: 25.5") dua trén ky tu phan cach ", " va": ".

. Chuyén déi gia tri thanh kiéu sb thuc (float) dé phuc vu viéc tinh todn hodc luu
trir.

» Xac thuyc Dir lidu:

« Kiém tra sy hién dién cua tit ca cac khoa dir liéu can thiét (Nhiét o, Do am,
PM2.5, PM10, CO, NO2, AQI Tong thé) dé dam bao dit liéu day du va hop 18.

« Théng béo 18i néu dir liéu bi thiéu hodc khong ding dinh dang.

> Hién thi Dir liéu (Console):

e Incac gia tri dir liéu da dugc phan tich va x4c thyc ra man hinh console theo dinh
dang dé& doc, hiru ich cho viéc g0 161 va kiém tra hoat dong cua h¢ théng.

> Xu ly Loi:

o Sir dung khéi try-except dé bat va xir Iy cac ngoai 16 ¢6 thé xay ra trong qua trinh
doc va phan tich dir liéu, nhu 18i ValueError (khi chuyén dbi kiéu dir liéu) hodc
cac 18i chung khac khi giao tiép Serial.

> Ludng hoat dong chinh:

e Chuong trinh chay trong mot vong 1ap v6 han (while True), lién tuc goi ham

read_sensor_data() dé doc dir liéu méi tir Arduino, dam bao thu thap dir liéu theo

thot gian thue.
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Cau hinh cong Serial
- Cong /devittyUSBO
-Baudrate 9600

v
M& két ndi serial

v

vong lap |«

X li néu co 16i
-Hién thi thong bao
- Bang cong serial

Co dir liéu
serial

Tach chudi thanh cac
"key : value'

¥

Trich xuat tirng théng sb

¥

In dir liéu ra man hinh

4
Delay

Y

Hinh 4.3 Luu d6 thuét toan Raspberry doc dit liéu tir Arduino

e Thu vién sir dung: Module pyserial ciia Python 13 lya chon tiéu chuan dé giao
tiép Serial trén Raspberry Pi.

e Logic nhan dir lidu :
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1) Khéi tao cong Serial: M& cong Serial twong tng v6i két ndi Arduino Uno
(thuong 13 /dev/tty ACMO hoic /dev/ttyUSBO trén Raspberry Pi), véi toe do
baudrate phu hop (vi du: 9600 bps) da cau hinh trén Arduino.

2) Doc dir liéu: Chuong trinh Python s& lién tuc ling nghe va doc ting dong dir
lidu (két thiic bang ky tu xudng dong \n) tir cong Serial.

3) Phan tich ct phap (Parsing): Sau khi nhan duoc mot dong dir liéu, chudi d6 s&
duoc phan tich ca phap dé tach cac gia tri riéng 1é (PM2.5, PM10, CO, NO2,
Nhiét 46, P 4m). Néu dir liéu guri tir Arduino 13 CSV, Python s& dung ham
split (, ) dé chia chudi thanh cac phan tir. Cac gia tri ndy sau d6 dugc chuyén
d6i tir kiéu chudi sang kiéu sb (float hodc int) dé c6 thé xur 1y toan hoc.

4) Xuly 16i: Bao gém céc co ché kiém tra 16i dé dam bao dit liéu nhan duoc hop 1¢

(vi du: kiém tra s6 luong phan tir, gid tri c6 nim trong khoang hop 1y khong).

dacthang@raspberrypi

Hinh 4.4 Két qua hién thi trén Raspberry

4.3.2. Lwu trir dir liéu vao MySQL

e Dit lidu di duoc xtr 1y, bao gdm ca VN_AQI, s& duoc luu trit vao co so dit lidu
MySQL cuc bd trén Raspberry Pi 5.

e Thiét 1ap co so dir licu

e (ai dat MySQL Server trén Raspberry Pi

e Tao mét co so dit lidu va mot ngudi dung véi quyén truy cap phi hop.
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e Tao mot bang dé luu trit dir licu.
e Céu tric bang MySQL
id | Ngay gid | VN_AQI gio | Nhiét [ Do | CO | NO2 [ PM-10 | PM-2.5

e Logic luu trir:

1) Két ndi dén DB: Chuong trinh Python sé& thiét lap két ndi dén co so dix
liéu MySQL bang thong tin ding nhap.

2) Chén dit li€u: Tao cau 1énh SQL dé chén cac gia tri cam bién va AQI
da xur 1y vao bang

3) Xu Iy 16i: Bat cac ngoai 1¢ (exceptions) dé xtr 1y cac 161 két ndi hodc 16i
ghi dir liéu vao DB.

4) Pong két nbi DB sau khi hoan tat thao tac hodc sir dung with statement

dé ty dong quan 1y két nbi
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Bat dau

Thiét lap cdu hinh: DB,
Serial, Logging, Regex

/\ Thét bai

cd géng két
ndi Serial

Thanh cdng h J

Ghi log 161 Serial

Vong l&p: Doc dif ~_ v

Két thuc chuong trinh

co dir liéu

A

Phan tich dir lidu _ | Ghi log canh bao

“~.ba ng Regex/
/

Thanh cdng

That bai

P— Y
“’3;}%’3“ Ghi log 16i/

canh bao

Thanh céng Thét bai
¥ ¥

Ghi log thanh céng| | Ghi log 16i DB

Hinh 4.5 Luu d6 qua trinh thu thap va ghi dir liéu cam biém vao co s¢ dit lidu
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Hinh 4.6 Két qua hién thi trén MySQL
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CHUONG 5 : MO HINH MANG NO-RON VA GIAO DIEN WEBAPP

5.1. Ly do lwa chgn mang LSTM cho bai toan du doan AQI

5.1.1. Bin chit ciia bai todn dw bdo AQI

La mot bai toan chudi thoi gian (time series prediction), dir liéu AQI 1a cac chudi gid tri
theo thoi gian (theo gid hodc theo ngay) va ¢ quy luat bién ddi tudn hoan hoic theo xu
huong

Mai diém dir liéu khong doc 1ap v6i nhau, ma phu thude vao céc gia tri trude do: Vi du:
AQI Itc 10h sang s€ phu thudc vao nhiét do, do am, khi thai va AQI cua cac gio trudce
do

5.1.2. Téng quan vé mang LSTM (Long Short-Term Memory)

LSTM Ia mot loai RNN nang cao
- LSTM dugc thiét ké dé khic phuc nhuoc diém cua mang RNN co ban — dac biét
1a hién tuong vanishing gradient khi huan luyén chudi dai
- LSTM c6 cau tric bao gém 3 cong diéu khién:
e Forget gate (cong quén): Quyét dinh thong tin nio trong trang thai cii can
loai bo
e Input gate (cong dau vao): Chon loc thong tin méi can thém vao bd nhé
e Output gate (cong dau ra): Diéu chinh théng tin can xuét ra tir bd nhé
Nho vao bd nhé co didu khién, LSTM c6 kha ning ghi nh¢ thong tin quan trong trong

chudi dai
5.1.3. Lido chon LSTM

- Kha nang ghi nhé dai han:
e AQI bién dong theo ngay, theo tuan (chu ky), va bj anh hudéng bai diéu kién
thoi tiét, giao thong, v.v.
e Céc bién dong nay can dugc ghi nhé trong nhiéu gid, nhidu ngdy — LSTM
rat pht hop
- Khic phuc van dé gradient bién mat
e RNN thuong "quén" thong tin cii khi chudi qué dai (do gradient gan nhur
bang 0 khi truyén nguoc qua nhiéu budc)
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e LSTM khic phuc diéu nay thong qua cell state dugc truyén dai han, gitp
giir thong tin xuyén sudt thoi gian
- Kha ning xtr Iy dit liéu tudn ty (sequence-dependent)
e Cic mang khac nhu MLP (Perceptron truyén thang), CNN (mang tich chap)
khong dugc thiét ké dé xur 1y trinh ty thoi gian
e Mang LSTM hoat dong theo thir ty thot gian, nén hoc dugce sy phu thudc
tam tho1 gitra cac budce thoi gian
- HO tro huén luyén theo cira s6 thoi gian (sliding window)
- Kha nang xir i bai toan vuot trdi hon so véi cac kién triic khac

Béng 5.1 So sanh cac mang no-ron

Mang no- |Xir Iy tuan| Ghi nhé dai|| Phu hop chudi | P phirc | Ghi nhé théng
ron tuw han thoi gian tap tin xa
MLP Khong Khong Khong Thap Khong
A A A e Trung A A
CNN Mot phan Khong G161 han . Khong tot
binh
) Co6 nhung ] Trung Co nhung dé
RNN Co . Co . A
yéu binh quén
LSTM Co Comanh || Ratphuhep | Caohon Tét

Qua cac yéu td so sanh trén ta thiy LSTM vuot trdi khi xir 1y cac chudi dai c6 tinh quy

luat phtrc tap nhu AQI theo gio/ngay

5.1.4. Sé 16p LSTM va sé lwong no-ron trong méi lop

Céu tric mang chi tiét phu thudc vao dir liéu thuc nghiém, nhung c6 mat $b quy tac
chung:

-S4 16p an: Thong thudng bat dau véi 1-2 16p LSTM/GRU. Viée xép chong
(stack) nhiéu 16p gitp hoc dic trung cao cap hon nhung dé giy qua khdp va tén
thoi gian hudn luyén. Vi dy, c6 thé thir 2-3 16p LSTM ndi tiép v6i nhau

-S4 neuron (don vi) mdi 16p: Pho bién 1a lira chon liy thira cia 2 (32, 64, 128,
256). Co thé bat dau v6i ~50-100 don vi mdi 16p nhu vi du minh hoa trong cac

tai liéu huong dan, sau d6 tang/giam dé can bang do chinh xac va tinh todn
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- Ham kich hoat: LSTM thuong dung ham tanh trong cac don vi nhd; 16p dau ra
(Dense) dung linear cho bai toan dy bao gia tri lién tuc AQL Néu dung CNN,
thuong ding ReLU sau mdi tang tich chap dé tao phi tuyén tinh

- Dropout va regularization: Dé tranh qué khdp, nén chén dropout (vi du 0.2-0.5)
giita cac 16p LSTM hoic sau 16p Dense. C6 thé sir dung L2 regularization néu
can

- Ham mét mat va t6i vu: D4i véi bai toan hdi quy AQIL thudng chon ham 16i MSE
(mean squared error) hodc MAE (mean absolute error), toi uru bang thuat toan
Adam véi toc d6 hoc (learning rate) ban dau khoang 0.001

- Batch size va epochs: Kich thudc batch (vi du 32-64) va s epoch (50-200) dugc
diéu chinh tuy dir liéu. K§ thuat nhu early stopping (ding khi khong cai thién
trén tap xac thuc) cling nén ap dung

Lua chon kién triic gdm 2 16p LSTM dé hoc sau hon cac mdi quan hé thoi gian:

- Lép déu tién hoc mbi quan hé ngan han trong chudi dit liéu (theo timg gio)

- Lo&p thtr hai hoc cac xu hudéng dai han hoac tinh mua vu (vd: 6 nhiém tich Iy,
dao dong ngay — dém, hiéu tng cudi tuan)

Can bang do phuic tap va kha ning tong quat:

- Mot 16p c6 thé khong du kha ning hoc toan b xu hudng

- Hon 2 16p d& gay overfitting néu khong c6 nhiéu dif liéu va yéu cau tinh toan cao
hon

— Chon 2 16p 1a diém ti wu gitta kha ning biéu dién va d6 6n dinh hudn luyén
Chon 64 no-ron mdi 16p:

- 64 no-ron cho phép mé hinh ghi nhé duoc nhiéu chiéu dic trung tai mdi budc

thoi gian, gitp cai thién kha ning biéu dién chudi dit liéu phirc tap, gom:
e Sy thay d6i nhanh ctia AQI
e Mbi quan hé giita cac chat 6 nhiém va diéu kién thoi tiét
e Dy bao anh hudng cong don

- Pai dugce kiém chtng thuc nghiém: Qua qua trinh thir nghiém thi mdi 16p c6 64
no-ron s& cho hiéu qua toi uu nhat: Sai s6 MSE giam déu theo epoch, MAE duéi
0.12 sau 30 epoch — phi hop yéu cau thyc té

- Thtr voi lop an gém 32 no-ron: M6 hinh ¢6 tdc dd hoc cham hon

SVTH: Nguyén Tuin Minh
Nguyen L& Nghia
Ho Pac Thang GVHD: TS Nguyén Quoc Pinh 46



Thiét ké Datalogger cho hé thong quan trdc méi truong khong khi

- Thu véi 16p 4n gdm 128 no-ron: sai sé c6 giam nhung khong dang ké, nhung thoi

gian huan luyén lai dai gip doi

INPUT Hidden Hidden OUTPUT
(9) Layer 1 Layer 2 (24)
(64) (64)

Hinh 5.1 Kién trac mang no-ron

5.1.5. Ham mdt mdt (Loss function) va Thudt todn téi wu (Optimaze)

a) Ham mit mat MSE
Puoc st dung dé do d6 sai léch trung binh binh phuong giita gia tri du doan va gia
trj thuc té. Cong thirc tong quat nhu sau:
13 .
MSE = _Z(yi _yi)2 (2)
i=1
Trong do:
v, gia tri thuc té

v, . gid tr1 du dodn ctia mo hinh

n: s6 lwong mau dau ra ( trong bai todn nay 1a 24 gia tri AQI mdi 1an dy doan

MSE trimg phat sai s6 16n manh hon do binh phuong sai s6
Nhay cam voi1 cac du doan 1éch nhiéu — giip mo hinh hoc tdt hon trong vi¢c han ché

sai sO 1on
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MSE la mot ham tron, kha vi, rat phu hop véi cac thuat toan tdi vu nhu Adam, SGD,

gitip huén luyén moé hinh d& dang va 6n dinh

b) Lwa chon MSE Ia ham mit mat cho bai toan
Phu hop véi bai toan hdi quy: Bai toan du doan AQI theo chudi thoi gian 1a mot bai
toan hoi quy da dau ra (multi-output regression). MSE 14 ham mét mat phd bién va tiéu
chuén nhit cho hdi quy, dic biét 13 khi dau ra 1a cic gia tri lién tuc va co ¥ nghia vat 1y,
nhu chi s6 chat lwong khong khi
- MSE uu tién sai s6 nho, trimg phat manh sai s6 1n:
e Trong bai toan du doan AQI, nhiing sai 1éch 16n c6 thé gay ra hé qua nghiém
trong trong viéc canh bao sai mirc d6 6 nhiém khong khi
e MSE gitip mé hinh tranh cic du doan cuc sai bang cach trimg phat chiung
manh hon
- Tuong thich tét véi mo6 hinh LSTM:
e MSE 12 mét ham 16i va lién tuc, gitp thut toan hoc sau hoi ty nhanh va on
dinh hon so v6i mot sé ham mat mat khac

e Trong PyTorch, nn.MSELoss() dugc tdi vu rat t6t cho cac md hinh nhu

nn.LSTM
Bang 5.2 So sanh cac ham mat mat
Ham mit 2 i .2

, Uu diém chinh Nhuoc diem

mat
Nhan manh sai s6 16m, phu i . .
MSE N Nhay cam vai outlier
hop hoi quy
MAE ft nhay cam voéi outlier Khong tron tai 0 — kho t6i wu hon
Két hop MSE + MAE, Phure tap hon, can chon thém tham sd
Huber Loss P L
chong outlier tot hon delta

Két hop nhung hiéu qua khong vuot troi

SmoothL1 On dinh, mugt ma
MSE trong du doan AQI

Trong bai toan dy doan AQI, MSE 1a lya chon hop 1y nhét, vira dam bao do chinh xéc
cao, vira don gian hoa huan luyén

¢) Thuit toan téi wu Adam
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Adam (Adaptive Moment Estimation) 1a mot thudt toan tdi wu héa st dung trong hoc
sau, két hop wu diém ciia Momentum va RMSProp. Adam duoc thiét ké dé ty dong diéu
chinh tdc do hoc (learning rate) cho tirng tham sd, gitip qua trinh huan luyén nhanh hon
vé 6n dinh hon, dic biét hiéu qua trong mo hinh LSTM véi dit liéu chudi thoi gian nhu
AQI
Céch hoat dong cua Adam:

Adam duy tri hai gia tri trung binh dong :
e m,- Trung binh cong cip 1 ( Gibng Monentum)
m, :ﬂl'mt—l +(1_ﬂ1)‘gt (3)
Trong d6 g 13 gradient tai thoi diém t
e v - Trung binh cong cip 2 ( gibng RMSProp — binh phuong gradient)
Vi = ﬂZ'Vt—l +(1_ﬂ2)'gt2 (4)

Adam sau d6 sir dung 2 gia tri nay dé diéu chinh budc cap nhat tham sé :

)

A m A \%
m, = v, =

t t
t l_ﬁlt’t l_ﬂzt

01+1 = et -Q. ! (6)

Céc tham s6 chinh trong Adam:

Bang 5.3 Cac tham s6 chinh trong Adam

Gia tri khuyén nghi

Tham s Y nghia oo
(mac dinh)

. Téc d6 hoc — quy dinh kich thudc budce
learning_rate (o) A0 nhat 0.001
cap nha

Hé s6 suy giam cua trung binh dong cé
betal (B1) ¥ 50 Sty glaim cua Hung e cap 0.9
I (momentum)

Hé s6 suy giam cua trung binh dong cap
beta2 (B2) 0.999
2 (binh phuong grad)

epsilon () Hing s6 rat nho dé tranh chia cho 0 le-8

weight_decay (néu L s . . .
st y( H¢ s6 diéu chuan L2 — chong overfitting | 0 (c6 thé dung 1e-5)

c0)
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Li do Iya chon Adam dé huin luyén LSTM:

- Ty dong diéu chinh learning rate cho tirng tham s6 — nhanh hoi tu

- Lam viéc tot v6i dit liéu chudi thoi gian khong on dinh

- Phu hop véi mang LSTM c6 nhiéu tham sb va do sau

- {t can tinh chinh so v&i SGD — thuén tién khi huén luyén mo hinh thuc té

- Tréanh bj "mic ket" trong cac vung gradient nhé hodc dao dong manh
Két luéin: Trong qua trinh huan luyén mé hinh LSTM dé du doan chi sé AQI theo chudi
thot gian, nhém st dung thuat toan t6i vu Adam véi toc d6 hoc (learning rate) 1a 0.001.
Adam duoc lya chon vi kha ning két hop gitra Momentum va RMSProp gitp cép nhat
cac trong s6 mot cach hiéu qua va 6n dinh, dic biét phu hop véi mo hinh LSTM co nhiéu
16p va dir liéu chudi co bién dong. Cac siéu tham sé nhu Bi = 0.9 va B2 = 0.999 giir

nguyén theo mic dinh vi d dugc chimg minh hiéu qua trong nhiéu nghién ctru hoc sau
5.2. Huén luyén va danh gia mé hinh

5.2.1. Tién xur li dit lidu va tao chudi thoi gian

Dit liéu moi truong duge 14y truc tiép tir co s dit liéu MySQL bang SQLAlchemy. Sau
khi két ndi thanh cong, dit liéu duoc xtr Iy dé tach thoi gian thanh cac dic trung riéng
va chuin hoa vé ciing mot thang do. Tiép d6, dit liéu dugc chia thanh cac chudi 24 gid
lién tuc theo k¥ thuat sliding window, phuc vu cho bai toan du doan chudi thoi gian. Cu
thé, mdi chudi dau vao 1a tap dit liéu cta 24 gio gan nhat va dau ra 1a chi s6 AQI du
doan cho 24 gid ké tiép. Viéc tich hop dir liéu truc tiép tir MySQL gitip mo hinh c¢6 kha
ning du doan theo thoi gian thuc, phit hop véi yéu cau ing dung thyc tién vé canh bao
chat luong khong khi.

Tuy nhién, thyc té trong mo hinh nay tap dit liéu huan luyén chi bao gom khoang hon
300 mau dugc ldy véi tan sudt 1 gid 1 1an, day 1a sb luong dit liéu rit nho dé huan luyén
mo hinh hoc sau nhu LSTM, thi tinh trang overfitting c¢6 thé xay ra va du bao khong
chinh xé4c trén dit liéu thuc té méi

Dit liéu dugc chia thanh hai phan theo ty 1¢ 8:2, twong mg véi 80% dé huan luyén mo
hinh va 20% dé kiém tra mo hinh sau khi huan luyén. Qua trinh chia dir liéu dugc thuc
hién sau budc chuan hoa bang “MinMaxScaler” va sau khi tao chudi dau vao — dau ra
theo ctra s0 truot (sliding window). Viéc khong x4o tron dir liéu 1a bat budc do tinh chat
chudi thoi gian, nham dam bao mé hinh hoc duoc xu huéng va quy luat thoi gian mot

cach chinh xac
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“MinMaxScaler” 1a mdt k¥ thuéat chuan héa dir liéu tuyén tinh, thudéc nhom feature
scaling. Phuong phap nay dua toan bo gia tri cia mot dic trung (feature) vé mot khoang

gi4 trj nhit dinh, thuong 1a tir 0 dén 1.

Cong thuc :

X—X

X =——"mn_ (7)

scaled
max min

Trong do:
x: Gid tri goc can chuan hoa

x,., X, : Gia tri nho nhat va 16n nhat cua dic trung d6 trong tap dir liéu

min

x_ .. Gia tr1 chuan hoa

scaled *

a) Tach thoi gian thanh dic trung riéng
Sau khi 14y dit liéu tir bang environmental data cot “Thoi gian” s& duoc xu li dé tach
ra thanh céc dac trung riéng
df['Ngay gio'] = pd.to_datetime(df]'Ngay gio'])
df'Nam'] = df['Ngay gio'].dt.year
df['Thang'] = df['Ngay gio'].dt.month
df['Ngay'] = df['Ngay gio'].dt.day
df['Gio'] = df['Ngay gid'].dt.hour
Trong d6 bao gom “Gio”, “Ngay”, “Thang”, “Nam”
b) Chuin héa dir liéu dau vao
Sau d6 dir liéu s& dugc 1am sach va chuan hoa vé khoang [0;1] trude khi dua vao mo
hinh huan luyén str dung “MinMaxScaler” dé chuan héa dit lidu. Dit liéu duoc chia thanh
cac chudi lién tiép bang ky thuat cira s6 truot (sliding window) véi mdi chudi dir lidu 24
gio dau vao, mo hinh s& hoc dé du doén 24 gio AQI tiép theo. Diéu nay mé phong chinh
xac cach van hanh trong thuc té, noi dir liéu moi truong lién tuc duoc ghi nhan va s
dung dé dy doén trude.
Két qua sau khi xir li:
- Dir liéu dau vao (X): ¢6 dang sb luong mau x 24 x 9 (24 gio, 9 dic trung)
- Dir liéu dau ra (y): 1a chudi du doan AQI cho 24 gio tiép theo
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- Chuan hoéa va giai nén: chi s6 AQI dugc chuan hoa riéng va c6 thé khoi phuc vé
gia tri goc sau du doan.
- Luu dir liéu goc: Sau xr 1y, dir liu goc cling dugce Iuu ra file Excel

(du_lieu goc.xlsx) dé phuc vu minh hoa va kiém chimg

Co NO2 PM-16 PM-2.5

count 311.880888 311.806888 311.0008002 311.008866
mean 8.456806 .188208 436685 3871368
std 8.184379 .1603832 . 284288 .173861
min 8. 088000 . 880088 . 8808088 . 886080
25% 8.3 13 .896386 . 387692 .191366
S g . 144578 474359 . 267442
e .228916 8.682564 . 386628

1.8686888 1.8668688 1.8688688 1.868880

Mz

Hinh 5.2 Dit liéu sau khi duoc chuan hoa vé doan (0;1)
Trong PyTorch LSTM s& st dung cac ham kich hoat ngam dinh trong cau tric mang

Béang 5.4 Cac ham kich hoat trong LSTM

LSTM Ham kich hoat
Input gate Sigmoid
Forget gate Sigmoid
Output gate Sigmoid
Cell gate Tanh
Hidden state output Tanh

tanh
tanh(z)

SVTH: Nguyén Tuin Minh
Nguyen L& Nghia
Ho6 bac Thang GVHD: TS Nguyén Quéc Pinh 52



5.2.2.

Thiét ké Datalogger cho hé thong quan trdc méi truong khong khi

Hinh 5.3 Ham kich hoat Sigmoid va Tanh

Danh gia moé hinh

a) Danh gia trén tip huin luyén

0.1

0.1

0.1

0.1

Error

0.0

0.0

0.04 -

0.02 4

6

4 -

2 -

0 4

8 4

6

- MAE
MSE

-
-

0 5 10 15 20

T

Epoch

Hinh 5.4 Db thi gia tri MSE & MAE

25 30

Tép dit liéu dugc chia thanh 30 Epoch dé huan luyén véi 80% dé hoc va 20% dé kiém

tra

Chi s0||Gia tri ban dau (Epoch 1)||Gia tri tot nhat (Epoch 30)[Mirc d cai thién
MSE 0.0430 0.0230 1 46.5%
MAE 0.1545 0.1097 129.0%
Loss 0.0812 0.0180 177.8%

Epoch 1-10 (Giai doan hoi tu dau)

MSEloss gidm manh tir 0.0812 — 0.0269
MSE giam déu tir 0.043 — 0.0296
MAE dao dong nhe nhung giam xudng tir 0.1545 — 0.1303

Mo hinh héi ty nhanh trong cac epoch dau tién
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Epoch 11-20 (On dinh)
- MSEloss giam tir 0.0255 — 0.0223
- MAE: giam cham, thap nhat ¢ epoch 20: 0.1211
- MBO hinh dang t6i wu t6t hon
Epoch 21-30 (Téi vu hiéu qua)
-  MSEloss giam tir 0.0212 — 0.018
- MAE: Tt 0.119 — 0.1097
- MSE: Thap nhit tai epoch 30: 0.023

Epoch | MSE | MAE Nhan xét
1 0.0430 || 0.1545 Mé dau, sai s6 con 16n
10 0.0296 || 0.1303 Giam manh, hoc 6n dinh
20 0.0263 || 0.1211 Cai thién r0 rang

24 0.0249 || 0.1158 Bit dau cham mdc thap
28 0.0235 || 0.1119 Xu huéng hoi tu rd nét
30 0.0230 || 0.1097 || Téi wu nhit toan bd qua trinh

Bang 5.5 Péanh gia hiéu suét

Tiéu chi Danh gia
Hiéu suit tong thé Rét tot
Mirc d§ hoi tu Muot, 6n dinh, khong overfit
MSE < 0.023 — Sai s6 chi khoang +10 AQI sau khi chuyén lai AQI
MAE <0.11 |— Du béo khé gan thyc té, tin cdy trong tng dung canh bao

Trong mot hé théng hoc sau, viéc ghi lai qué trinh huan luyén va luu mo hinh 13 v6 cing
quan trong, nham muc tiéu:
- Theo ddi chat lugng huan luyén qua timg epoch nhu loss, MAE, MSE
- Phan tich hiéu qua m6 hinh theo thoi gian, phat hién sém dau hiéu
overfitting/underfitting
- Tai st dung mo hinh da huan luyén cho viéc du doan vé sau ma khong can huan
luyén lai tir dau (tiét kiém thoi gian va tai nguyén)
- So sanh giita c4c 1an huan luyén khac nhau dé chon ra phién ban tt nhat
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Sau khi huén luyén xong, mé hinh duoc luu duéi dang file .pth, file ndy luu lai trang
thai trong sb (weights) ctia mo6 hinh LSTM, sau ndy khéng cin huin luyén lai, chi can
tai lai mo hinh dé dung

Sau mdi epoch hudn luyén, hé thong s& tu dong ghi lai cac chi s danh gia mé hinh nhu
Loss, MAE va MSE vao tép training_log.csv. Tép nay c6 thé dugc md bang Excel dé
tryc quan hoéa qua trinh huén luyén, giup phat hién mé hinh c6 dang hoc hiéu qua hay
khong. Sau khi huén luyén hoan tat, moé hinh LSTM duoc luu lai dudi dang file
air_quality forecast 24h.pth. Nho d6, trong cac 1an str dung sau, hé théng co thé tai lai

mo hinh nay dé dy bao chi s6 AQI ma khong can huan luyén lai, giup tiét kiém thoi gian
va tai nguyén tinh toan

b) Panh gia trén tap kiém tra

Sau khi huin luyén mo hinh trén 80% dir li¢u, nhom tién hanh danh gia trén 20% di
lidu con lai (test set) @& dam bao mo hinh hoat dong tét trén dit lidu chua ting thiy. M6
hinh duoc sir dung dé du doan AQI cho 24 gid tiép theo tai mdi bude, sau d6 két qua dur
bao dugc so sanh vai gia tri thuc té béng biéu dd va duoc danh gia béng cac chi s6 nhu
MSE va MAE.

Biéu d6 dudi day minh hoa sy twong quan gitra gia tri thyuc té va gia tri du bao trong mot
ngay bat ky cta tap test:

So sanh AQI ngay test thur 1
- Gia tr) thuc te '_1
Gia tri du bao // \
140 A { \\
l' \
f \
r—a_ / \
120 /,/ ~—¢ '; \
/ N\ / \ | \
& / N\ / | f \
< f g \ | \
Q 100 '/ l‘ f \
= f \ / >—0
v | \ |
/ ll Il
80 i \ » )
|] /
/ \
/ \ /
— /
o ° ﬂ / =
\ /
\ /
P —
0 5 10 15 20
Gid trong ngay

Hinh 5.5 So sanh két qua tap kiém tra va du doan

Biéu dd so sanh gilra gia tri thuc té va gia tri du bao cho théy mo hinh LSTM hoat dong
kha t6t trong viéc du doan xu hudng chung cua chi s AQI trong ngay. Tuy nhién, mo
hinh chua thé hién t6t kha ning du bao cac diém bién dong 10n, dic biét vao cac khung

gi0 cao diém hodc cac thoi diém cé sy thay d61 moi truong dot ngot. Biéu nay la dé hiéu
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vi ham mat mat MSE c¢6 xu hudng lam muot két qua du bao dé giam sai sd trung binh,
thay vi uvu tién cac diém cuc tri.
M6t han ché quan trong anh huong dén két qua du bao la ) luong dir li¢u huén luyén
chua du 16n, din dén mo hinh LSTM chua hoc duogc hét cac xu hudong dot bién trong
thuc té. Pac biét, cac tinh huéng AQI tdng vot vao gid cao diém hodc thoi diém bat
thuong thuong khong duge mé hinh phan anh chinh xéc, vi chua tirng xuét hién trong
dir liéu huin luyén. Diéu nay khién dudng du bao c6 xu hudng "lam muot" dé giam sai
sO trung binh, 1am mat di tinh chinh xac tai cc thoi diém quan trong.

¢) Danh gia LSTM véi Baseline model

So sanh vé1 Baseline model (Navie Forecast), m6 hinh sé& ty dong tim 2 ngay c6 du
24 gio dir liéu dé so sanh voi nhau

So sanh Naive Forecast vs Thuc té (2025-04-04)

180 - —e— Thucté

—— Naive Forecast

160 A
140
120

<6( 100 -

80 -
60 -
40

20 A

0 5 10 15 20
Gio trong ngay

Hinh 5.6 So sanh Thuc té v4i Navie Forecast

Biéu d6 cho thay su khac biét dang ké giira gia tri AQI thuc té va Naive Forecast. Puong
Naive (cam) gan nhu phang va dao dong nhe — cho thy n6 chi don gian lap lai gia tri
cii, khong bat kip bién dong. Puong thuc té (xanh) dao dong rat manh, c6 dinh trén 180,
cho thay sy bién dong 16n trong ngay, dic biét 1a gio 3—4h, 15—-16h. Trong khi d6 sai s6
ctia LSTM chi nam trong khoang £10 cho thay do chinh xac ctia LSTM la cao hon rat
nhic¢u

Bang 5.6 Banh gia Navie Forecast
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Yéu to danh gia

Nhén xét

Do chinh xac

Kém — mé hinh khong phdn anh duoc cac dinh hodc day AQI

thuc té

Khi ning bit xu

hwong

Thip — Naive khong thay doi theo diéu kién mdi truong méi

Pon gian, dé trién
khai

Uu diém — khong can huén luyén, khéng can mé hinh

Téc d dw bao

Nhanh — gin nhu tirc thoi

Béang 5.7 So sdénh LSTM vé1 Navie Forecast

bao

Tiéu chi Naive Forecast LSTM
Bit xu hudng ting/giam Khong Co
Duy bao céac dinh bat . C6 thé ¢o (tuy huan
. Khong R
thuong luyén)
MAE, MSE Cao Thép hon 10 rét
Kha ning tong quét hoa Rét thap Tt hon dang ké
, p Khéng du chinh xac dé canh L . ,
Ung dung thuc té Co6 thé dung dé canh bao

Két ludin: Tir biéu dd trén, c6 thé thdy phuong phap Naive Forecast khong dap tng duoc

yéu cau du bao chit luong khong khi trong cac diéu kién bién dong. Pudng du bao

khong phan anh dugc cac mirc dot bién trong AQI, dac biét trong cac gio cao diém. Do

d6, mac du don gian va nhanh chong, moé hinh co s& nay chi mang tinh tham khéo. Khi

so sanh v&1 mo hinh LSTM, d6 chinh xac ctia Naive Forecast thép hon rd rét, thé hién &

viéc khong thé theo kip cac xu hudng phuc tap trong chudi thoi gian thuc té

STT Uu diém Giai thich
, .. . |IMO0 hinh c6 kha nang ghi nh¢ chuo6i dir li¢u theo thoi gian,
Ung dung mé hinh . o o 7 T
1 N phu hop voi tinh chat lién tuc cia AQI, gitp cai thi¢n do
hoc sau (LSTM) . . .
chinh xac du bao.
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STT Uu diém Giai thich
2 . i Du bao AQI dugc trinh bay du¢i dang bang dir li¢u 24
Hién thij két qua A o 5 .. . . .
2 gi0, giup nguoi dung dé dang theo doi theo tung gio trong
truc quan .
ngay.
3 Tw dong phin loai | Hé thong gan canh bao theo mirc do anh hudng sirc khoe,
canh bao AQI tir “Tot” dén “Nguy hai” dya trén gid tri AQI trung binh.
) . .|| Dé sir dung, khong can cai dit phan mém chuyén biét. Co
Tich hgp giao dién . U o .
4 b thé chay truc ti€p trén trinh duy¢t va chia sé cho nguoi
we
dung khac.
s Dir liéu dé quan ly || Dit liéu duoc luu & dinh dang Excel hoic co sd dit liu, dé
va mé rong kiém tra, cAp nhat va chuyén doi.
6 Kién triic linh hoat| Co thé tich hop thém cdc md hinh khac, mé rong API,
va mé rong dwoc | hoic két ndi véi cam bién ngoai dé du bao thoi gian thuc.
STT| Nhwoc diém Giai thich
{ Phu thudc vao Néu dit liéu thu thap bi thiéu hoic khong lién tuc, mo hinh
dir liéu lich st ¢6 thé du bao sai 1éch hodc khong hoc dugc xu hudng.
Chura theo kip || M6 hinh LSTM c6 xu huéng “lam muot” du bao, dan dén
2 || bién dong ddt || kho phat hién cac dot bién AQI nhu gid cao diém hodc thoi
ngot tiét thay doi bat thuong.
3 Giao dién con | Hién chua co biéu dd, ban dd hodc chirc nang canh bao truc
don gidn tiép; nguoi dung can doc bang két qua dé hiéu dién bién.

= Hé thong du bao AQI ma nhom xay dung c6 nhiéu vu diém nhu kha ning hoc chudi
thoi gian, tich hop giao dién web dé diung, va c6 thé mé rong. Tuy nhién, hé thong
van con mot s6 han ché nhu chua xur Iy tt cac bién dong dot ngot, chua co kha nang
cap nhat theo tho1 gian thyuc va con phu thude nhiéu vao chét luong dir licu dau vao.

Nhirng diém nay s€ dugc cai thién trong cac phién ban nang cap sau.
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5.3. Xay dung giao dién Web hién thi dir li¢u va du bao

5.3.1. Muc tiéu xdy dung Web

Nhim gitp ngudi dung khong chuyén cé thé d& dang theo ddi chi sé chit lvgng khong

khi va két qua du bao tir m6 hinh, nhém da xdy dung mét giao dién web don gian sir

dung Flask — mdt framework nhe ctia Python. Giao dién nay c6 kha nang:
Tu dong doc dir liéu dau vao tir cac file Excel

Hién thi lich str chi s6 AQI va cac chat 6 nhiem

Hién thi két qua du bao AQI cho 24 gio cia ngay mai

Cho phép loc dit li¢u theo khoang thoi gian tuy chon

5.3.2. Cong nghé su dung

Thanh phan  ||Céng cu / Thw vién

Backend Python, Flask
Giao dién HTML + CSS
Dt ligu Excel (.xIsx) st dung pandas va openpyxl

Trinh duyét Google Chrome (m¢é tu dong khi chay img dung)

5.3.3. Céu triic hoat djng

a) Poc dir liéu
Ung dung sir dung pandas dé doc dit liéu tir hai tép Excel:
du_lieu goc.xlsx: chura dit liéu AQI lich su theo tung gio
du_doan 24h ngay mai.xIsx: chira du bao AQI cho 24 gid ctia ngay tiép theo
def'load_data():
dfl = pd.read_excel("du_doan 24h ngay mai.xlsx")
df2 = pd.read _excel("du lieu goc.xlsx")
b) Giao dién chinh
Trang chinh (/) tra vé mot giao dién HTML voi ba bang:
- Du bdo 24h ngay mai
- Lich stt AQI céc gio
- Biéu do
Tat ca dir liéu dugc truyén sang giao dién bang render template
Khi chay chuong trinh thi trinh duyét s€ ty ddng mé trang web tai localhost:5000
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5.3.4. Kién triic phdn mém

PHAN MEM QUAN LY
DU LIEU

Y Y

GIAO DIEN CO SO
QUANLY DU LIEU

Y

5 BIEU PO VA
T Y : a 1 % ¥ 1
DU LIEU CU LICH SU DU LUU TRU DU LIEU

DU LIEU DU

POAN

LIEU

Hinh 5.7 So d6 khdi phan mém quan 1y dir liéu
Khéi “PHAN MEM QUAN LY DU LIEU”: Pay la phan trung tam diéu phdi, tich hop

cac chuc nang xu 1y, luu trir, va hién thi dit liéu. C6 nhiém vu doc va xir 1y dir liu, hién
thi thong tin du bao va lich sir, két ndi véi co so dir liu

Nhanh “GIAO DIEN QUAN LY”: Giao dién dugc xay dung bang Flask (Python), cho
phép nguoi dung twong tac truc tiép véi dit liéu. Gom 3 chirc ning con: Dir liéu du doan,
Dit lidu cu the, Biéu do va Lich st dit liéu

Nhéanh “CO SO DU LIEU”: Pay la thanh phan chiu trach nhiém luu trit va t6 chic dir

lidu
5.3.5. Két qua

» Giao dién quan ly:
e Dit liéu du doan: Hién thi thong s6 AQI du doan va dua ra canh bao cu thé theo

thoi gian trong tuong lai
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& 18 THONG GiAM
SAT

# DT lidu ow Godn AQI

& oULge oy
DOAN HES0615 2200 00 4 Chidt pgmg kndng Ky o2, kndmg doh tardmg 191 suT Knde
4 Crolt g kvt My A, kivdeg At tudmg 191 s M
=00 LEw
TONG QUAT 2 Ol by thdrg hie S hdag dot hurdmg St adre Mide
= B o ta TS rgmg AO0g K X Meg drh) Purdng 10 S0 M
LICH S .
" L argmg shong MY A Mhong 4rh T 191 ST Myse
. f “ Chatt gng kg MY ¥2, khieg drh huomg 1 a0t Made
‘o Ol prg Ak My 8, Mg drfh brdrg e auc Wde

Cndl grg Shdng M ¥, Adag 406 hurdig 19 Sud e

O Chdt hromg Ahdng kv ¥, kiing S hurdmg 91 s0m dhde
0920010 140000 0 Chit Lgmg kidreg M %, Mdag Arh tudng K3 sus Khde
J003-G4-10 120000 ‘r B gy dhdeyg die A Andag deh bundirg 181 30 ke
2050818 120000 ¥ 1 ong Kndong M 30, kidag dnh fardmg K4 5O vse
@ Ondt omg dndog Ky 3l shdeg drh rutmg v s e

Chit iromg kéng ke o7, Mxiag drh tardmg 431 s khde

4 Crvlt luong Kdreg Mv A8, Mdey det futimg K9t s Mide

HO55818 08 1000 " Ol ong Khdog hw A Khdag 300 fudmng 101 alrt Nivde

Hinh 5.8 Hién thi dit liéu du doan ngay hom sau

Két qua duoc hién thi 1a két qua dugc mo hinh LSTM du doan sau d6 duoc dua 1én web,

két qua dy doan con c6 sai s6 16n va mang tinh chat tham khao

e Dit liéu cu thé: Néng dd cu thé cac chit 6 nhiém (PM2.5, PM10, CO, NO2) va
nhiét 49, d6 am cy thé

& HE THONG GiAN - -

SAT Théng k& lich s AQY
— M T Bt N F o Tant
®moU utu oy
DOAN

@ ol ueu
TONG GQUAT

= ot 0O
LicH s

0%

Hinh 5.9 Dit liéu cu thé

- Nguoi dung c6 thé xuat dit liéu duéi dang file Excel hodc vin ban dé phuc vu
nghién ctru hoac luu trir

- Biéu d6 va lich sir dit liéu: Biéu d6 dit liéu thoi gian thyc hién theo ngay, gid,
phut, c6 thé lya chon xem lai dit lidu cil, c¢6 thé c6 thém so sanh murc d 6 nhiém

giita cac khoang thoi gian va xu hudng chét lugng khong khi
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& HE THONG GIAM
SAY

Bléu dd iich s AQI
| mmuee &5 G D G
Toma GUAT e e =
T ‘
®% ‘1 ‘ I A
ne 4
fl “” ¥ ‘ N/
I | |
N Y A "B (08
ll‘ |4U.‘ ‘ Ll | H ]‘ V ‘ f} ‘\"“ / '.l / '» ‘ ‘ N\ ,r‘\ ('J \\ L‘j iA
Ll ] | 1,'-4, | q r AUW WL,’ .\ n 1|‘ “f\/ \\ ;J WV | |“
\ U ”vl | vV N 1
N

Hinh 5.10 Biéu dd lich st

Cung cdp cho ngudi dung cai nhin tong quan va xu hudng cua timg chat giy 6
nhiém c6 thé dua ra nhan dinh vé chit lugng khong khi, bén canh d6 con ¢6 cong

cu dé nguoi ding c6 thé truy xuat thong tin theo timg khoang thoi gian cu thé

Hosting va Tén mién: Vi dang trong giai doan thir nghiém nén nhoém chua sir dung céac
cong cu luu trir ¢6 toc dd doc ghi cao ma dang sir dung trén nén tang Localtonet dé co
thé st dung va dua ra danh gia trude khi dua vao thyc té.

HTTP

[ Session Status ]

1p/url Protacol Type

Client 1P Client Port Ping Status

Version v6. B

Hinh 5.11 Giao dién theo do1 Localtonet
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5.4. Két qua dat dwoc

Sau qué trinh nghién ctru, thiét ké va thir nghiém, hé théng datalogger quan tric khong

khi do nhém thyc hién da hoan thién & mic do mo hinh hoat dong thuc té va thu duoc

nhirng két qua cu thé sau:

Hoat dong 6n dinh: Hé théng thuc hién thu thap lién tuc cac thong s6 moi truong
bao gé)m PM2.5, PM10, CO, NO., nhiét do va d6 4m. Dit liéu dugc cap nhat theo
thoi gian thuc va hién thi dong thoi qua WebApp.

Luu trtr dir li€u hi€u qua: DT liéu thu thap dugc ghi vao co s¢ dir licu MySQL
v6i dinh dang chuan (CSV, JSON), kém dau thoi gian, thuan tién cho viéc phan
tich va truy xuét sau nay.

Tinh toan chi s6 AQI: Céc gia tri mdi trudng dugc xtr Iy dé chuyén doi thanh chi
s& AQI theo quy chuan Viét Nam. Chi s6 duoc thé hién rd rang trén giao dién
nguoi dung.

Ung dung tri tu€ nhan tao: M6 hinh mang no-ron LSTM duoc huin luyén trén
tap dir liéu cam bién nham dy doan xu hudng AQIL M6 hinh hoat dong 6n dinh
v6i sai s6 nho trong pham vi chap nhan dugc.

Xay dung giao dién WebApp: Giao dién truc quan, cho phép nguoi dung xem dir
liéu hién tai, truy xuat lich sir va danh gia xu hudng bién d6i chat lwong khong
khi theo thoi gian.

5.5. Un diém

SVTH

Chi phi thap, d& tiép can: Str dung céc thiét bi phan cimg phd bién nhur Arduino
Uno, Raspberry Pi 5 va cam bién gia ré nhung du d6 chinh xac cho muc dich
quan tric co ban.

Dé mé rong va tuy bién: Hé théng ¢6 thé thém céc loai cam bién mai hodc thay
d6i mé hinh AI ma khong can thay d6i toan bo cau truc.

Ung dung duoc tri tué nhan tao (AI): Viéc tich hop mé hinh hoc sau (LSTM)
gitip hé thong khong chi giam sat ma con ¢ kha nang dy doan va canh bao.
Giao dién than thién, dé truy cap: WebApp duogc xay dung cho phép ngudi ding
theo doi tir xa qua Wi-Fi hodc Ethernet.

Linh hoat trong trién khai: M6 hinh ¢ thé Gng dung tai cac khu coéng nghiép,
phong thi nghiém hoic khu dan cu can giam sat chat lwong khong khi.
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5.6. Nhuwoc diém

- DO chinh xac cam bién con han ché: Mot sé cam bién gia ré co thé sai 1éch trong
moi treong thue té néu khong duoc hiéu chuan k.

- Chua c6 hé thdng canh bao tir dong: Hé thong méi ding lai & murc gidm sat, chua
c6 chirc ning canh bao khi AQI vuot ngudng nguy hiém.

- Chua tdi vu vé ning luong: Hé thdng van phu thudc vao ngudn dién truc tiép,
chua c6 ngudn du phong hodc ning luong mit troi.

- Bao mat WebApp chua cao: Giao di¢n hi¢n tai chua c6 co ché dang nhap hodc
phan quyén ngudi ding.

- Dit liéu hun luyén Al con han ché: Tap dit li¢u con nhd, chua du da dang dé

dam bao do chinh xac cao khi trién khai ¢ nhiéu dia diém.
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KET LUAN VA HUONG PHAT TRIEN

a) Két luan chung

Trong bdi canh 6 nhiém khong khi ngay cang trd thanh van dé cap thiét, dic biét
tai cac khu cong nghiép va dé thi héa nhanh, viéc nghién ciru va phat trién cac hé thong
quan tric chat luong khong khi 13 yéu cau mang tinh thoi su. Dé tai "Thiét ké Datalogger
cho hé thdng quan tric méi trudng khong khi" d hoan thanh cic muc tiéu dé ra va thu
duoc nhitng két qua thuc té dang khich 18.

Hé thong dugc xay dung dua trén nén tang phan cing géom Arduino Uno va
Raspberry Pi 5, két ndi v6i cac cam bién bui min (PMS7003), nhiét d6 - d6 am (DHT22),
khi CO va NO: (DFRobot Fermion). Hé thong da thu thap dir liéu méi trudng theo thoi
gian thyc, tinh toan chi s6 chat lugng khong khi (AQI), va Iuu trit dit liéu ¢ to chiic vao
co so dir liéu MySQL. Dac bi¢t, mé hinh mang no-ron LSTM duogc huén luyén dé du
doan xu hudng AQI trong tuong lai, mé rong vai tro clia hé thong tir gidm sat sang canh
bao sém. Dit liéu dugc hién thi thong qua WebApp véi giao dién don gian, d& st dung
va c6 thé truy cép tir xa.

Nhirng két qua va dong gop noi bt cia dé tai:

e Thiét ké va trién khai thanh cong mot hé théng datalogger méi truong tich hop
phan cimg va phan mém, hoat dong 6n dinh trong diéu kién thir nghiém.

« Ap dung tri tué nhan tao (AI) dé ning cao kha ning du bao va xir 1y dit liéu méi
truong.

« D& xuit mo hinh kién tric phan tan, tach riéng vai tro thu thap — xu 1y so bo —
Iwru trit — hién thi dir liéu, dam bao kha nang mo rong linh hoat.

« Gop phan xdy dung giai phap chi phi thap, d& trién khai, pht hop véi quy mo
phong thi nghiém, hg dan hodc cum cong nghi¢p nhd.

Pé xuit va Kkién nghi:

« HE théng hién tai méi dugc trién khai & mure thir nghi¢m mo hinh. Can duoc hiéu
chuén cam bién k§ hon va kiém nghiém ngoai thuc dia trong diéu kién méi trudng
khic nghiét dé danh gia tinh bén ving va chinh xac lau dai.

« Can phat trién thém céc tinh niang nhu hé théng canh bao ty dong (qua email,
Telegram) khi AQI vuot ngudng nguy hiém.

« D& xuit hudng phat trién tiép theo bao gdm tich hop ngudn ning luong tai tao
(nhu ning luong mat troi), hd trg két ndi LoRaWAN dé phi hop véi cac mo hinh
phan tan khong can mang internet.
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Kién nghi cac co s& gido duc va doanh nghiép nhé quan tim nhiéu hon dén giai
phap IoT moi truong vi tinh ing dung cao, kha nang thuong mai héa va phu hop

voi1 xu hudng chuyén doi so6 nganh tai nguyén — moi truong.

b) Huwéng phat trién cia dé tai

Tich hop canh bao thoi gian thuc: Canh bao AQI qua email, Zalo, Telegram hoac
coi/bang LED khi vuot ngudng cho phép.

Phaét trién phién ban sir dung ning luong tai tao: Thiét ké mach ngudn st dung
pin ning lugng mat troi va UPS mini dé dam bao hoat dong 24/7.

Tbi vu thuat toan Al Thir nghiém thém cac mo6 hinh khac nhu GRU, CNN hoac
Hybrid Model, két hop LSTM véi dir liéu thoi tiét dé ting do chinh xac dy doan.
Phét trién hé thong quan 1y ngudi dung va phin quyén: Nang cip WebApp dé
phan quyén truy cp, thém tinh ning xuét béo cao tu dong.

Trién khai thuce té dai han: Lip dit hé thong ngoai troi v6i hop bao vé chuan IP65
dé danh gia do bén va kha ning hoat dong lién tuc.

Xay dyung nén tang da diém: Két ndi nhiéu datalogger lai thanh mang cam bién

phan tan, quan Iy tap trung qua hé thong SCADA mini hodc Dashboard tong hop.
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PHU LUC

PHU LUC A. MA CHUONG TRINH ARDUINO
1. Chwong trinh doc gia tri cam bién

#include <DHT.h>

#include <SoftwareSerial.h>

#define DHTPIN 2
#define DHTTYPE DHT22
DHT dht(DHTPIN, DHTTYPE);

SoftwareSerial pmsSerial(10, 11); // TX, RX cho PMS7003

// Céu trac luu dit ligu PMS7003

struct PMSData {
uintl6_t pm25, pm10;

} ; N 9

// Ham tinh AQI dua trén nong d6 va bang chuan EPA

float calculateAQI(float conc, float c_low, float ¢_high, float i_low, float i_high) {
return ((i_high -1 low) / (c_high - ¢ low)) * (conc - ¢_low) +1_low;

h

// Ham tinh AQI cho PM2.5

float calculatePM25AQI(float pm25) {
if (pm25 <= 12.0) return calculateAQI(pm25, 0.0, 12.0, 0, 50);
else if (pm25 <= 35.4) return calculateAQI(pm25, 12.1, 35.4, 51, 100);
else if (pm25 <= 55.4) return calculateAQI(pm25, 35.5, 55.4, 101, 150);
else if (pm25 <= 150.4) return calculate AQI(pm25, 55.5, 150.4, 151, 200);
else if (pm25 <= 250.4) return calculateAQI(pm25, 150.5, 250.4, 201, 300);
else if (pm25 <= 500.4) return calculateAQI(pm25, 250.5, 500.4, 301, 500);
else return 500;

}

// Ham tinh AQI cho PM10

float calculatePM10AQI(float pm10) {
if (pm10 <= 54) return calculate AQI(pm10, 0, 54, 0, 50);
else if (pm10 <= 154) return calculateAQI(pm10, 55, 154, 51, 100);
else if (pm10 <= 254) return calculateAQI(pm10, 155, 254, 101, 150);

Phu luc
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else if (pm10 <= 354) return calculateAQI(pm10, 255, 354, 151, 200);
else if (pm10 <= 424) return calculateAQI(pm10, 355, 424, 201, 300);
else if (pm10 <= 604) return calculateAQI(pm10, 425, 604, 301, 500);
else return 500;

}

// Ham tinh AQI cho CO (8h average)

float calculateCOAQI(float co) {
if (co <=4.4) return calculateAQI(co, 0.0, 4.4, 0, 50);
else if (co <= 9.4) return calculateAQI(co, 4.5, 9.4, 51, 100);
else if (co <= 12.4) return calculateAQI(co, 9.5, 12.4, 101, 150);
else if (co <= 15.4) return calculateAQI(co, 12.5, 15.4, 151, 200);
else if (co <= 30.4) return calculateAQI(co, 15.5, 30.4, 201, 300);
else if (co <= 50.4) return calculateAQI(co, 30.5, 50.4, 301, 500);
else return 500;

h

// Ham tinh AQI cho NO2 (1h average)

float calculateNO2AQI(float no2) {
if (no2 <= 53) return calculateAQI(no2, 0, 53, 0, 50);
else if (no2 <= 100) return calculateAQI(no2, 54, 100, 51, 100);
else if (no2 <= 360) return calculateAQI(no2, 101, 360, 101, 150);
else if (no2 <= 649) return calculateAQI(no2, 361, 649, 151, 200);
else if (no2 <= 1249) return calculateAQI(no2, 650, 1249, 201, 300);
else if (no2 <= 2049) return calculateAQI(no2, 1250, 2049, 301, 500);
else return 500;

}

// Ham doc dit liéu ttr PMS7003 véi retry

PMSData readPMS7003() {
PMSData data = {0, 0};
const int maxRetries = 5;

int retry = 0;

while (retry < maxRetries) {

while (pmsSerial.available()) pmsSerial.read();
unsigned long startTime = millis();

while (millis() - startTime < 2000 && pmsSerial.available() < 32) {
delay(10);
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if (pmsSerial.available() >= 32) {
if (pmsSerial.read() == 0x42 && pmsSerial.read() == 0x4d) {
uint8_t buffer[30];
if (pmsSerial.readBytes(buffer, 30) == 30) {
uintl6_t sum = 0x42 + 0x4d;
for (inti=0; 1 <28; i++) {
sum += buffer([i];
}
uint16_t checksum = (buffer[28] << 8) | buffer[29];
if (sum == checksum) {
data.pm25 = (buffer[10] << 8) | buffer[11];
data.pm10 = (buffer[12] << 8) | buffer[13];

return data;

b

retry++;

delay(100);
b

return data;
}
// Ham doc DHT22 véi retry
bool readDHT(float &temp, float &humi) {
const int maxRetries = 3;
for (int 1 = 0; 1 < maxRetries; i++) {
temp = dht.readTemperature();
humi = dht.readHumidity();
if (lisnan(temp) && !isnan(humi)) {
return true;

h
delay(2000);

}

return false;

h

void setup() {
Serial.begin(9600);
pmsSerial.begin(9600);
dht.begin();
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delay(30000);
}
void loop() {
// Boc dir li¢u tor DHT22
float temp = 0.0, humi = 0.0;
if (lreadDHT (temp, humi)) {
temp =-999.0;
humi =-999.0;
}
/I Boc dir liéu ttr PMS7003
PMSData pms = readPMS7003();
float pm25 = pms.pm25;
float pm10 = pms.pm10;
/' Boc dir liéu tir DFROBOT CO & NO2 (gia st két ndi analog)
int coValue = analogRead(A0);
int no2Value = analogRead(A1);
float co_ppm = coValue * (10.0 / 1023.0);
float no2_ppb =no2Value * (200.0 / 1023.0);
// Tinh AQI tong thé (gia tri 16n nhit gitra PM2.5, PM10, CO, NO2)
float agi_pm25 = pm25 > 0 ? calculatePM25AQI(pm25) : -999.0;
float aqgi pm10 =pm10 > 0 ? calculatePM10AQI(pm10) : -999.0;
float aqi_co = coValue > 0 ? calculateCOAQI(co_ppm) : -999.0;
float aqi_no2 =no2Value > 0 ? calculateNO2AQI(no2_ppb) : -999.0;
float aqi = -999.0;
if (agi_pm25 !1=-999.0 || aqi_pm10 !=-999.0 || aqi_co !'=-999.0 || aqi_no2 !=-999.0) {
aqi = max(max(aqi_pm25, aqi_pm10), max(aqi_co, aqi_no2));
h
// Hién thi dir liéu theo dinh dang yéu cau
Serial.print("VN_AQI gio: "); Serial.print(aqi); Serial.print(", ");
Serial.print("Nhiét dd: "); Serial.print(temp); Serial.print(", ");
Serial.print("D¢ am: "); Serial.print(humi); Serial.print(", ");
Serial.print("CO: "); Serial.print(co_ppm); Serial.print(", ");
Serial.print("NO2: "); Serial.print(no2_ppb); Serial.print(", ");
Serial.print("PM-10: "); Serial.print(pm10); Serial.print(", ");
Serial.print("PM-2.5: "); Serial.println(pm25);
delay(5000);
H
PHU LUC B. MA CHUONG TRIiNH PYTHON
1. Chuwong trinh mé hinh mang no-ron va du bao
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import torch

import torch.nn as nn

import torch.optim as optim

from torch.utils.data import Dataset, Datal.oader
import pandas as pd

import numpy as np

from sklearn.preprocessing import MinMaxScaler
from sklearn.metrics import mean squared error, mean absolute error
from sqlalchemy import create engine

import matplotlib.pyplot as plt

import os

import csv

from datetime import datetime, timedelta

import random

from openpyxl.styles import Font

def set seed(seed=42):
random.seed(seed)
np.random.seed(seed)
torch.manual_seed(seed)
torch.cuda.manual seed all(seed)
torch.backends.cudnn.deterministic = True
torch.backends.cudnn.benchmark = False
# M6 hinh LSTM
class AirQualityLSTM(nn.Module):
def init (self, input size=9, hidden_size=64, num_layers=2, output size=24):
super(AirQualityLSTM, self). _init ()
self.lstm = nn.LSTM(input_size, hidden_size, num_layers, batch_first=True)
self.fc = nn.Linear(hidden_size, output_size)
def forward(self, x):
out, = self.lstm(x)
out = out[:, -1, :]
out = self.fc(out)
return out
# Dataset tir chudi
class SequenceAQIDataset(Dataset):
def init  (self, sequences, labels):
self.sequences = sequences
self.labels = labels
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def len (self):
return len(self.sequences)
def getitem _(self, idx):
return (
torch.tensor(self.sequences[idx], dtype=torch.float32),
torch.tensor(self.labels[idx], dtype=torch.float32)
)
# Nhan canh béo tur trung binh AQI
def classify aqi_level(mean aqi):
if mean_aqi <= 50:
return "Chat lwong khong khi t6t, khong anh hudng téi sirc khoe"
elif mean_aqi <= 100:
return "Chét luong khong khi kha t6t, anh hudng nhe dén stc khoe tré em"
elif mean_aqi <= 150:
return "Chat lugng khong khi & mirc chip nhan duogc. Tuy nhién, dbi voi nhitng ngudi
nhay cam (Ngudi gia, tré em, nguoi mic cac bén ho hap tim manh...) cé thé chiu nhiing tac
dong nhét dinh toi strc khoe"
elif mean_aqi <= 200:
return "Nhirng ngudi binh thuong bit dau co cac anh hudng t6i stic khoe, nhom ngudi
nhay cam c6 thé gip nhitng van dé vé stc khoe nghiém trong hon"
elif mean_aqi <= 300:
return "Chat luong khong khi x4u, anh huong t6i strc khoe cua tat ca moi ngudi"
else:
return "Nguy hai"
# Poc dit liéu va tao chudi
defread data from mysql sequence():
engine = create_engine("mysql+pymysql:/tuanminh:06062002@localhost/sensor_data")
df = pd.read sql("SELECT * FROM environmental data", engine)
df['Ngay gio'] = pd.to_datetime(df]'Ngay gio'])
df = dfisort_values(by="Ngay gio")
df'Nam'] = df['Ngay gio'].dt.year
df['Thang'] = df['Ngay gi0'].dt.month
df'Ngay'] = df['Ngay gio'].dt.day
dff'Gio"] = df['Ngay gio¢'].dt.hour
feature cols =['VN_AQI gio', 'CO', 'NO2', 'PM-10', 'PM-2.5', 'Nam', 'Thang', 'Ngay', 'Gio']
df[feature cols] = df[feature cols].apply(pd.to_numeric, errors='coerce').fillna(0)
# Chuan héa
scaler features = MinMaxScaler()
scaler_aqi = MinMaxScaler()
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scaler aqi.fit(df[['VN_AQI gio']]) # Fit riéng AQI gbc
df[feature cols] = scaler features.fit transform(dffeature cols])
sequence length =24
input_sequences, output sequences =[], []
for 1 in range(len(df) - 2 * sequence length):
input_seq = df[feature cols].iloc[i:i + sequence length].values
output _seq = df['VN_AQI gio'].iloc[i + sequence length:i + 2 * sequence length].values
input_sequences.append(input_seq)
output_sequences.append(output _seq)
# Giai nén dir liéu vé gia tri gbc chwa chuén hoa
df copy = df.copy()
df copy[['VN_AQI gid']] =scaler_aqi.inverse transform(df[['VN_AQI gid']])
df copy[feature cols] = scaler features.inverse transform(dffeature cols])
df copy =df copy.drop(columns=["Nam", "Thang", "Ngay", "Gio"])
df copy =df copy.round(0).astype(int)
df copy['Ngay gio'] = pd.to_datetime(df['Ngay gio'])
# Sap xép theo thoi gian néu can
df copy.sort_values(by="Ngay gi¢", inplace=True)
# Loai bo cac dong trung nhau theo 'Ngay gi¢'
df copy =df copy.drop duplicates(subset=["Ngay gio"], keep="first")
# Dat lai thir tu coOt
cols = ['Ngay gi0'] + [col for col in df copy.columns if col !="Ngay gio']
df copy =df copy[cols]
# Luu file Excel
df copy.to excel("du lieu goc.xlsx", index=False)
return np.array(input_sequences), np.array(output_sequences), scaler aqi
# Dénh gia
def evaluate model(model, test loader):
model.eval()
predictions, actuals =[], []
with torch.no_grad():
for x, y in test loader:
y_pred = model(x)
predictions.extend(y_pred.numpy())
actuals.extend(y.numpy())
predictions = np.array(predictions)
actuals = np.array(actuals)
mse = mean_squared_error(actuals, predictions)

mae = mean_absolute error(actuals, predictions)
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print(f"\nDanh gia m6 hinh:\nMSE: {mse:.4f}, MAE: {mae:.4f}")
return mse, mae
# Huan luyén
def train(model, train_loader, test loader, optimizer, criterion, epochs=40):
log_file = "training_log.csv"
if not os.path.exists(log_file):
with open(log_file, 'w', newline=") as f:
writer = csv.writer(f)
writer.writerow(["Epoch", "Loss", "MAE", "MSE"])
mae list, mse list=1[], []
for epoch in range(epochs):
model.train()
total loss =0
for x, y in train_loader:
optimizer.zero_grad()
y_pred = model(x)
loss = criterion(y_pred, y)
loss.backward()
optimizer.step()
total loss += loss.item()
mse, mae = evaluate_model(model, test loader)
mae_list.append(mae)
mse_list.append(mse)
with open(log_file, 'a', newline=") as f:
writer = csv.writer(f)
writer.writerow([epoch+1, total loss / len(train_loader), mae, mse])
print(f"Epoch {epoch+1}/{epochs} - Loss: {total loss/len(train_loader):.4f}")
plt.figure()
plt.plot(mae_list, label="MAE")
plt.plot(mse_list, label="MSE")
plt.xlabel("Epoch")
plt.ylabel("Error")
plt.legend()
plt.savefig("metrics.png")
plt.close()
# Du doan va phan loai
def predict_sequence(model, input_seq):
model.eval()

input_tensor = torch.tensor(input_seq, dtype=torch.float32).unsqueeze(0)
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with torch.no_grad():
prediction = model(input_tensor).view(-1).numpy()
mean_val = prediction.mean()
label = classify aqi_level(mean_val)
return prediction, label
# Du doan trén tap kiém tra va so sanh véi gia tri thuc té
def predict on test set(model, test loader, scaler):
model.eval()

predictions, actuals =[], ]

with torch.no_grad():
for x, y in test_loader:
y_pred = model(x)
predictions.extend(y_pred.numpy())
actuals.extend(y.numpy())
# Pua tir dang chuan hoa vé gia tri AQI gbc
predictions = scaler.inverse_transform(np.array(predictions))
actuals = scaler.inverse _transform(np.array(actuals))
return predictions, actuals
def plot_prediction_vs_actual(predictions, actuals,
output path="comparison prediction_actual.png"):
plt.figure(figsize=(10, 5))
plt.plot(actuals[day_index], label='Gia tri thyc t&', marker="0")
plt.plot(predictions[day index], label='Gi4 tri du bao', marker="x")
plt.title(f"So sanh AQI ngay test thir {day index+1}")
plt.xlabel("Gio trong ngay")
plt.ylabel("Chi s6 AQI")
plt.legend()
plt.grid(True)
plt.tight layout()
plt.savefig(output path)

plt.show()

print(f'Biéu d6 da luu vao {output_path}")
# MAIN
if name ==" main ":

set_seed(42)
X, y, scaler_aqi =read data from mysql sequence()
dataset = SequenceAQIDataset(X, y)
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train_size = int(0.8 * len(dataset))

test size = len(dataset) - train_size

train_dataset, test dataset = torch.utils.data.random_split(dataset, [train_size, test size])
train_loader = Datal.oader(train_dataset, batch_size=32, shuffle=True)

test loader = Datal.oader(test dataset, batch size=32, shuffle=False)

model = AirQualityLSTM()
optimizer = optim. Adam(model.parameters(), 1r=0.001)

criterion = nn.MSELoss()

print("Bét dau huin luyén...")

train(model, train_loader, test loader, optimizer, criterion, epochs=30)

torch.save(model.state dict(), "air_quality forecast 24h.pth")

print("Pa lvu mo6 hinh.")

latest input = X[-1]
prediction_scaled, label = predict_sequence(model, latest input)

prediction_original = scaler aqi.inverse_ transform(prediction scaled.reshape(-1,
1)).flatten()

now = datetime.now().replace(minute=0, second=0, microsecond=0)

forecast_start = (now + timedelta(days=1)).replace(hour=0)

times = []
aqi_values =[]

hourly labels =[]

print("\nDy bao AQI 24 gid tiép theo:")
for 1, val in enumerate(prediction_original):
forecast time = forecast_start + timedelta(hours=i)
label hour = classify aqi_level(val)
print(f" {forecast _time.strftime('%Y-%m-%d %H:%M")} - AQIL: {val:2f} - Canh bao:
{label hour}")
times.append(forecast time)
aqi_values.append(round(val))

hourly labels.append(label hour)

print(f"\nCanh bao chit lugng khong khi tong thé ngay mai: {label}")
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# Luu Excel

df result = pd.DataFrame({
"Thoi gian": times,
"AQI Dy doan": aqi_values,
"Canh bao": hourly labels

1)

output file excel ="du doan 24h ngay mai.xIsx"
with pd.ExcelWriter(output file excel, engine='openpyxl') as writer:

df result.to_excel(writer, sheet name='Duy bao', index=False)

workbook = writer.book
worksheet = writer.sheets['Dy bao']
font = Font(name='Times New Roman', size=13)
for row in worksheet.iter rows():
for cell in row:
cell.font = font
print(f"\nD3 luu két qua du bao 24h vao '{output_file excel}")

print("\n==Danh gi4 cudi clng trén tap kiém tra (test set) ==")
final mse, final mae = evaluate_model(model, test loader)
print(f"MSE Test Set: {final mse:.4f}, MAE Test Set: {final mae:.4f}")

# Dy doan & vé& biéu do so sanh cho 1 ngay bat ky (& ddy 1a ngay dau tién trong test set)
preds, trues = predict_on_test_set(model, test loader, scaler_aqi)
plot prediction vs actual(preds, trues, day index=0)

2. Chuong trinh tao Webapp

import pandas as pd

from flask import Flask, render template, request, jsonify

import webbrowser

import threading

import os

app = Flask(__name )

# Pinh nghia ham doc dit liéu cu thé

defread excel data():
file2 = os.path.abspath("D:/DATN/du_lieu goc.xIsx")
df = pd.read_excel(file2, engine="openpyxI")
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df.fillna("", inplace=True)
df.drop_duplicates(inplace=True)
return df
# Ham load c4 2 file (cho trang chinh)
def'load data():
filel = os.path.abspath("D:/DATN/du_doan 24h ngay mai.xIsx")
file2 = os.path.abspath("D:/DATN/du_lieu goc.xIsx")
dfl = pd.read_excel(filel, engine="openpyxl")
df2 = pd.read_excel(file2, engine="openpyxl")
dfl.fillna("", inplace=True)
df2.fillna("", inplace=True)
df2.drop_duplicates(inplace=True)
return df1, df2
@app.route('/")
def home():
dfl, df2 =load data()
return render_template(
"index.html",
data=dfl.to_dict(orient="records"),
du doan=dfl.to_dict(orient="records"),
lich su=df2.to_dict(orient="records")
)
@app.route('/lich_su')
def lich_su():
start = request.args.get("start")
end = request.args.get("end")
df =read excel data(start, end)
return jsonify(df.to_dict(orient="records"))
defread excel data(start date=None, end date=None):
file2 = os.path.abspath("D:/DATN/du_lieu goc.xlsx")
df = pd.read excel(file2, engine="openpyxl")
df.fillna("", inplace=True)
df.drop_duplicates(inplace=True)
return df
def open_browser():
webbrowser.open("http://127.0.0.1:5000/")
if name ==" main "
threading. Thread(target=open_browser).start()
app.run(debug=True, use reloader=False)
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3. Chwong trinh doc dir liéu thu thap dwoe trén arduino bang raspberry
import serial

import time

# C4u hinh cong Serial (diéu chinh cho ding cong Arduino ctia ban)
serial_port = '/dev/ttyUSBO' # Thay d6i néu Arduino ding cong khac
baud_rate = 9600 # Phai trung baudrate cua Arduino

# Khoi tao két ndi Serial

ser = serial.Serial(serial port, baud rate, timeout=1)

defread serial data():
while True:
if ser.in_waiting > 0:
line = ser.readline().decode('utf-8").strip()
if line:
# Tach chudi thanh cac cip key-value
data_pairs = line.split(’, )
data = {}
for pair in data_pairs:
if ": " in pair:
key, value = pair.split(": ')
try:
data[key] = float(value)
except ValueError:

data[key] = value

# Lay dir liéu va in ra

aqi = data.get('"VN_AQI gio', 'N/A")
temp = data.get('Nhiét do', 'N/A")
humi = data.get("D6 am', 'N/A")

co = data.get('CO', 'N/A")

no2 = data.get('NO2', 'N/A")

pm10 = data.get('PM-10'", 'N/A")
pm25 = data.get('PM-2.5', 'N/A")

print(f"VN_AQI gid: {aqi}, Nhiét d6: {temp}, P6 4m: {humi}, CO: {co}, NO2:
{no2}, PM-10: {pm10}, PM-2.5: {pm25}")
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time.sleep(3600) # Poc mdi gio

try:
print(f"Da két nbi {serial port} ¢ toc d6 {baud rate! baud. Pang doc dit liéu...")
read serial data()
except KeyboardInterrupt:
print("\nDung bdi nguoi dung.")
print(f'Ldi két ndi Serial: {e}")
finally:
ser.close()

print("Da dong két n6i Serial.")

except serial.SerialException as e:
4. Chuong trinh dwa dir liéu doc dwge tir raspberry 1én SQL
import serial

import time

# Céu hinh cong Serial (diéu chinh cho diing cong Arduino cia ban)
serial_port = '/dev/ttyUSBO0' # Thay d6i néu Arduino dung cong khéc
baud rate = 9600 # Phai trung baudrate cua Arduino

# Khoi tao két ndi Serial

ser = serial.Serial(serial port, baud rate, timeout=1)

defread serial data():
while True:
if ser.in_waiting > 0:
line = ser.readline().decode('utf-8").strip()
if line:
# Tach chudi thanh cac cip key-value
data_pairs = line.split(', )
data = {}
for pair in data_pairs:
if : ' in pair:
key, value = pair.split(": ")
try:
data[key] = float(value)
except ValueError:
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data[key] = value

# Ly dit liu va in ra

aqi = data.get("VN_AQI gid', 'N/A")
temp = data.get('Nhi¢t o', 'N/A")
humi = data.get("D6 am', 'N/A")

co = data.get('"CO', 'N/A")

no2 = data.get('NO2', 'N/A")

pm10 = data.get('PM-10', 'N/A")
pm25 = data.get('PM-2.5', 'N/A")

print(f"VN_AQI gio: {aqi}, Nhiét do: {temp}, P6 4m: {humi}, CO: {co}, NO2:
{no2}, PM-10: {pm10}, PM-2.5: {pm25}")

time.sleep(3600) # Poc moi gid
try:
print(f'Da két ndi {serial port} ¢ tbc d6 {baud rate} baud. Pang doc dit liéu...")

read_serial data()

except serial.SerialException as e:
print(f'Li két nbi Serial: {e}")

except KeyboardInterrupt:
print("\nDung bdi nguoi dung.")

finally:

ser.close()
print("Da déng két ndi Serial.")
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