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NGHIEN CUU KHOA HOC

Nghién ciru, thiét ké, xay dwng hé théng mang cam bién
khéng day dé giam sat trang thai hoat déng ciia may bom
tai nha may ché bién khoang san & Viét Nam

Research, design and construction of a wireless sensor network
system for monitoring the operation status of pumps at mineral
processing plants in Vietnam

Pham Van Nam', Triéu Tuan Anh', Vwong Anh Birc', D6 Vian Dinh?
*Tac gia lién hé: dinh.dv@saodo.edu.vn

"Trwdng Dai hoc Cong Nghiép Ha Noi

2Trwong Dai hoc Sao bo

Ngay nhan bai: 17/3/2024

Ngay nhan bai stra sau phan bién: 27/11/2024

Ngay chap nhan dang: 29/11/2024

Toém tat

Bai b&o nay tap trung trinh bay viéc thiét ké va xay dwng mét hé théng giam sat théng minh str dung mang cam
bién khoéng day, dwoc ap dung cho cac nha may ché bién khoang san tai Viet Nam. Hé théng nay nhdm muc dich
cung cép thdng tin thoi gian thye vé trang thai hoat ddng clia cac may bom, gidp quan ly va duy tri hiéu suét cta
nha may. Bang cach str dung mang Support Vector Machine (SVM), hé théng ciling c6 khd néng nhan dang cac
16i ctia may bom, tir dé cung cép thdng bao canh bao va gilp phat hién sém céc van dé trong qua trinh van hanh.
Diéu nay giup cai thién hiéu qua va do tin cay ctia qué trinh ché bién khoang san tai cac nha may & Viét Nam.
Twr khéa: Céng nghé loT: mang SVM; Vi diéu khién; ESP32; Wifi: giao thirc MQTT.

Abstract

This article focuses on designing and constructing an intelligent monitoring system using a wireless sensor
network, applied to mineral processing plants in Vietnam. The system aims to provide real-time information on
the operational status of pumps, aiding in plant management and performance maintenance. By utilizing Support
Vector Machine (SVM) technology, the system also has the capability to identify pump faults, thereby issuing
alerts and facilitating early detection of issues during operation. This contributes to improving the efficiency and
reliability of the mineral processing process in factories across Vietnam.

Keywords: loT Technology,; Support Vector Machine (SVM); Microcontrollers; ESP32; Wifi;: MQTT Protocol.

1. DAT VAN BE nhw: Nong d6 bui, dd &m, nhiét do... giip phat hién

Ngay nay, cac nha may da ap dung cac hé théng tng s&m cac van dé lién quan dén mai trwdng lam viéc.

dung loT dé cai thién quan ly va t6i wu héa hoat déng.
Dwéi day la mot s6 vi du vé hé thdng ng dung loT dbi
v&i cac nha may san xuét than tién tién trén thé gidi:

- Giam sét trang thai va hiéu suét cla cac thiét bi khai
thac va ché bién khoang san, chdng han nhuv may
khoan, may dao, bang chuyén,... D& liéu thu thap
dwoc tr cac cam bién co thé dwoc st dung dé dwa ra
canh bao sém vé sw cd va phan tich hiéu suat thiét bi
dé ti wu hoa quy trinh khai thac.

- Giam sat méi trvdng lam viéc trong khu vye khai thac

Nguw&i phan bién: 1. GS.TSKH. Than Ngoc Hoan
2. TS. Pang Thuy Hang

- S& dung cam bién loT trén cac phwong tién van
chuyén dé& giam sat qua trinh van chuyén vat liéu ti
mé dén cac diém dich. D liéu tr c6 thé bao gébm vi
tri, toc d6, dd rung va nhiét do. Diéu nay giup quan ly
va theo ddi qué trinh van chuyén mét cach hiéu qua va
gidm thiéu cdc rdi ro trong qua trinh nay.

- Giam sat an toan va bao vé trong khu vwc khai thac
va ché bién khoang san. Céc thiét bi nhw camera, cdm
bién chuyén dong va hé thdng bao dong co thé dwoc
tich hop va giam sat tir xa dé ddm bao an toan cho khu
vire lam viéc va ngan chan truy cap trai phép.

- Giam sat va quan ly nang lwong trong qua trinh van
hanh thiét bij.
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LIEN NGANH DIEN - DIEN TU - TU DPONG HOA

- loT cho phép thu thap di¥ liéu ter cac thiét bj va cam
bién trong qua trinh van hanh thiét bi. D& liéu nay co6
thé bao gdm théng tin vé san lwong, chat lwong than,
thong sb khai thac,... Cac hé thdng loT cung cap kha
nang lwu tri», quan ly va phan tich di lieu dé dwa ra
théng tin hiru ich va phan tich xu huwéng dé hé tro
quyét dinh va cai tién quy trinh khai thac.

- Tw dong héa quy trinh khai thac va ché bién khoang
san. Cac thiét bi loT c6 thé diéu khién va giam sat tw
xa cac thiét bj va quy trinh trong qua trinh khai thac,
giup tang tinh tw déng hoa va gidm sw can thiép cla
con ngudi. Diéu nay co thé cai thién hiéu suat va dam
bao sw 6n dinh ctia qué trinh san xuét.

Do6i twong ap dung két qua nghién ciru:

La giam sat 03 may bom nwdc tai md than tai tinh
Quang Ninh, céng suét trén 20 kW.

Hinh 1. May bom nudc tai mé than

Muc tiéu nghién cru:

Thiét ké va xay dwng hé théng loT dé thu thap di
liéu, giam sat cac thong sé dong co dién (nhiét do, do
rung, thoi gian van hanh...) cé thé theo déi tr xa qua
webserver. Xay dung phdn mém canh bdo sé&m sy cb
clia dong co.

D4 c6 nhiéu nghién clru giam sat dong dién cta déng
co MCSA (Motor Current Signature Analysis) [4], phan
tich phé Fourrier ctia dong dién, phan tich bién ddi
Gabor, wavelet [3], bién thién mé-men, tir d6 cling dan
t&i bién thién trong dong dién clta dong co [1, 2, 5].
Bén canh tin hiéu dién (dong, ap, cong suét, tn sé,...),
nghién ctru st dung mot sé loai cdm bién khong tiép
xuc (&m thanh, rung déng, hinh anh...) d& phat hién sy

cb clia dong co: Nhu trong cac nghién ciru [7-13] dé
xuét mot phwong phap phat hién bat thuwéng cho dong
co dién dwa trén tin hiéu dd rung két hop voi mang
no-ron. Tuy nhién, ho hién dang chi cé di liéu tir didu
kién binh thwdng ctia dong co va thiéu théng tin vé div
liéu trong cac diéu kién 16i. Trong nghién ctru [14] trinh
bay mot gidi phap st dung cac dac trwng cua tin hiéu
rung dé lam dau vao cho qua trinh dao tao mé hinh
nhan dang.

Trong nhitng n&m gan day, véi sy phat trién cla hoc
sau Deep Learning (DL) ngay cang nhiéu nha nghién
clu quan tam dén viéc st dung cac phwong phap DL
[14-19] & nhan dang mét sb 16i ctia hé théng déng co
dién: Ap dung dé chan doan 16i vong bi; mang CNN,
YOLO, SVM duwoc rat st dung viéc phan loai phé anh
tan sb. Phan tich tin hiéu rung la mét phwong phap mai
dé phat hién/chan doan sém céc sy ¢b cla dong co.

Bai bao nay tap trung trinh bay mét thiét bi thu thap
cac dir liéu v& do rung dong theo ba chiéu X, Y, Z, xay
dwng mot hé théng giam sat va cadnh bao mét sé trudng
hop sw cb cta dong co dién online t& xa, ng dung
mang SVM dé xay dwng phan mém canh bao 16i cua
may bom, nghién ctru tién hanh phan tich I18i dwa trén
tin hiéu do rung két hop véi nhiét do ctia may bom.

2. XAY DUNG HE THONG

2.1. Dé xuat phwong an thiét ké

2.1.1. Téng quan vé hé théng

Internet of Things (loT) hay con dwoc goi v&i cai tén

internet van vat 1a moét mang luéi cac thiét bi két nbi
bang internet, sau day 1a so dd khdi ciia hé théng.

wifi
j AN
May bom _ | Thiét bi AN
1 7| thu thapl \ App va Web
AN
wifi N N ﬁ
\ Wifi/3G/4G/
T - N Ethernet
~ o ‘
z ~
Msy bom | . | Thiét bi Sa
2 7| thu thap 2
. B 4
wifi _ -
- R
T e B
| =
May bom | | Thiét bi ]
3 7| thu thap 3 May chii

Hinh 2. So db hé théng IOT giém sat
hoat dong may bom

2.1.2. Nguyén ly hoat dong cua bd thu thap

Do nhiét I—N Thiét
do .
blhfhu > WIFI
bo do E alf
rung dir liéu

Hinh 3. So d6 nguyén ly thu thap di liéu
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NGHIEN CUU KHOA HOC

Thiét bi thu thap cé chirc ndng do nhiét dod va do rung
theo 03 truc XYZ clia may bom va st dung Wifi truyén
vé may chu. Ngoai ra, thiét bj c6 thé nhé SD, chay pin.
2.1.3. Phdn mém quan ly tai trung tam

May tinh cha dat tai phong giam sat trung tam, véi cac
phan mém tich hop:

- Theo doi trang thai va thoi gian van hanh, canh bao s
c6 may bom: Nhiét do, dong rung va th&i gian van hanh.

- Canh bao khi c6 sy cb xay ra.

- C6 thé mé rong lwu trir cac dir liéu san xuét va div
liéu trang thai may maoc.

2.2. Thiét ké phan cirng

2.2.1. So' d6 khéi

Dwa trén cAu tric va cac yéu cau cong nghé va chirc

nang cla bd thu thap di liéu. T d6, xay dwng so dd
khéi nhw Hinh 3.

Cam
bién: Do Khéi chudn | | Vi diéu khién | UART | Céng
rung va héa ESP32 - "] RS485
nhiét do
A
SPI
\ 4
Khoi nguon Thé nhé SD
(pin)

Hinh 3. So dé khéi cda thiét bi

Mach thu thap st dung IC vi diéu khién: S& dung
ESP32 cé chirc nhwng twong tac véi nén tang loT,
cam bién do d6 rung va nhiét o, cé thé nhé SD 8G, st
dung pin dung lwvgng cao.

2.2.2. Thiét ké mach cho thiét bj thu thap
a. Khéi cam bién

I
g
g

[T

Coc o

T &
I

goO—

%mn

Hinh 4. Cém bién ADXL335 GY-61

Cadm bién d6 rung: S dung GY-61 Analog
Accelerometer ADXL335, c6 kha nang do gia téc trong
ba truc XYZ, cho phép do cac chuyén déng trong
khéng gian 3 chiéu.

Cam bién do nhiét do: Lwa chon DS18B20, (rng dung
dé do nhiét do trén than vé may bom.

Hinh 5. So @& chan cam bién DS18B20

b. Vi diéu khién ESP32

NG la sw ké thira clia SoC ESP8266 va c6 ca hai bién
thé 16i don va 16i kép ctia bod vi x& ly 32-bit, tich hop
WiFi, c6 cong suét thap, chlirc nang twong tac véi cac
nén tang loT va dwgc str dung rat rong rai hién nay.

Hinh 6. /C ESP32
c. Thé nhé SD
Thiét bi s& st dung loai thé nhé dung lwong cao dé lwu
gitr dwoc di liéu tv cadm bién do do rung.

Samisk
16GB

MEs
=151

@

Hinh 7. Thé nh& SD
d. Khéi nguén cung cap

Thiét bi st dung pin 3.7V va s dung IC AMS1117 én
ap 3.3V, cung cap cho mach do.

e. Thiét ké 3D vé thiét bi

Hinh 8. Thiét ké 3D va thiét bj

14 Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 4 (87) 2024
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2.3. Phan mém quan ly tai trung tam

Trong nghién cru nay chung téi da tich hop mét co
s& di liéu vao hé théng dé lwu triv div liéu thu thap tw
cac thiét bi, phuc vu cho viéc x& ly va hién thi di liéu
vé sau. Lua chon st dung giao thtrc MQTT vi nhirng
ly do sau day:

- Giao thirc MQTT duworc thiét ké don gian, dé hiéu va
dé trién khai.

- MQTT st dung cac ban tin nho, lam gidm lwgng dir
lieu dwoc truyén qua mang va tiét kiém bang théng
mang. Diéu nay 1a mét loi ich I&n dac biét déi véi cac
&ng dung c6 tai nguyén han ché nhu loT, noi ma viéc
tiét kiém tai nguyén mang la rat quan trong.

- MQTT c6 hiéu suét truyén dan cao, ddm bao rang di
liéu dwoc truyén dan moét cach nhanh chéng va dang
tin cay. Diéu nay la quan trong dic biét khi can truyén
dir liéu trwc tiép tlr cac thiét bi cdm bién hodc thiét bi
loT dén may chl hodc cac thiét bi khac.

2.4. Ap dung mang SVM dé xay dwng hé théng
chan doan 16i may bom
2.4.1. Mang SVM

May vecto hé tro (Support Vector Machine - SVM) la
mot thuat toan hoc may phd bién dwoc st dung réng
rai cho bai toan phan loai. Trong &*ng dung phén loai
hinh anh, SVM dwoc st dung rong rai nhd hiéu suat
cao trong x& ly div liéu da chiéu, 1am cho né trd nén
phl hop dé phan tich di¥ liéu hinh anh.

Cam bién Trich chon

dac tinh

P
Tién xir Iy Ket qua
s

Khéi thu |
(loc nhicu)

thép

Nhan dang
(AD

oo

Hinh 9. Hé thdng phét hién 16i déng co

SVM nhdm tim ra mat phang phan chia tét nhat gitra
céac |6p trong khéng gian déc trung da chiéu. SVM tim
kiém mat phang phan chia sao cho t6i da hoéa ranh
giGi, tirc 1a khoang cach gitva mat phang phan chia va
diém gan nhat tr mdi trong hai I&p. M6t ranh giéi 16n
thwong dan dén kha ndng tdng quat va hiéu suét tot
hon [15].

Hinh 10. Mé hinh thir nghiém

Trong qua trinh nghién ctru nay, chung t6i da xay dwng
mo6t mo hinh thtr nghiém dwa theo nghién ctru [16],
nhw trong Hinh 11, mé hinh gdm cé:

Tap chi Nghién ciru khoa hoc, Trudng Dai hoc Sao Do, S6 4 (87) 2024

- Mét dong co 3 pha, 1 bd gbi d& truc;

- Phan diéu khién: M6t bién tan diéu chinh téc dd quay

ctia dong co tir 1.500 dén 1.750 RPM.

Tap di¥ liéu thu thap chia thanh 2 loai:

- N: Béng co hoat dong binh thwdng.

- MI: L6i léch truc, 6¢ bét déng co bi 16ng...

D liéu thu thap dwoc miéu ta cu thé nhw sau:

Bang 1. Di¥ liéu thu thép ttr mé hinh thir nghiém

Trang thai | Tinsé1dy mdu | Thei gian 1y mau
(Hz) (phut)
N 2000 30
MI 2000 30

Duwoi day la moét hinh anh cta bd di liéu thu thap sau
khi dwoc biéu dién tai mién thoi gian:

N {Binh thuen,
03 L L 08

| WWW{;/W’MW\%

M [Lenh true)

‘

e am om om0 wm ww 1em
Ths giarys} Thai gan(s)

imis?)

Do rung fm's2]

IR (ving bl cb khuyét rinh bén trang)

M e M

a0 60 a0 W W wWm
Thei larts}

OR (véng bi co khuykt rinh bén ngosi)

Do rung (1'52)

Hinh 11. Biéu dé tin hiéu do rung trong mién thoi gian

N (Binh thusng)-FFT M Lenh e} FET

el

E »

:}‘b&uﬂ} oy ,.7, - ZHMWL | \u.m-‘.ii\‘ '*'M k/m.dm -

E " 0
(He) o

IR {ubing bi cb khiiykt rSnh bén trang}FFT

L

Hinh 12. Tin higu trén mién tan sé
Bai bao st dung bién déi STFT (Short-Time Fourier
Transform) dé& chuyén déi tin hiéu tr mién thoi gian
sang mién phé.

OR (v8ng bi 6 khuykt rinh bén ngoai)FFT
=0
S
w0
sa

" w s P PRSI P . Mm.h..

o0 o w0 om0 e 400 S0 6000

N(B\ h thuong)-STFT I {Lenh ruc)STFT

e —

102 103 104 105 (e m e 10A A Th

-

o
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Thai gan ()
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3. KET QUA
3.1. Phan cirng

Nghién ctru da thyc hién xay dwng mét méd hinh thir
nghiém dé kiém tra kha nang thu thap di liéu dd rung
lwu vao thé nhé SD va truyén thong theo chudn WIFI.
B6 co s& di¥ lieu nay sé dwoc sir dung cho viéc huén
luyén mé hinh Al, tan s6 |4y mau 2 KHz.

Hinh 15. Thir nghiém trén may bom

3.2. Két qua chuan doan 16i dong co

Két qua clia qua trinh huén luyén va danh gia mé hinh
May hd tro Vector (SVM) dwoc trinh bay dwéi dang
Bang 2.

Bang 2. Két qué va dénh gié hiéu qua cta SVM

Do chinh xac ctia moé hinh
Model Test Val_ Test
Val_loss
Accuracy accuracy loss
SVM 97,72% 95,53% 0,127% | 0,223%

M6 hinh dat dwoc dd chinh xac kiém tra an twong la
97,72% & mét chi sb tich cuc khac vé higu suét cla
mo hinh. Danh gia nay quan trong trong qua trinh huén
luyén, déng vai trd 1a mot cong cu chi chét dé theo dbi
hiéu suét cia mé hinh trén mot tap div liéu doc lap, tir
do6 giam thiéu rai ro qua mac phu hop.

3.3. Két qua phan mém giam sat trén Web

Website c6 thé hién thi di¥ liéu thu thap & mién thoi
gian va mién tan sé trén phut theo thoi gian thuc, theo
doi tinh trang cia may bom.

Thong sé hoat dong

GIAO DIEN GIAM SAT THONG SO DONG CO

TEnthi4n|  Trang el van hdnh  Dong dMnfA)  MASEOH("C]  Thid glan van ninh paoty  Tieh trang thiét bj

GIAO DIEN GIAM SAT THONG SO PONG CO'

May om 1

Binh thirtmg

May bom 2 Pang OFF

Mty boem 3 Dang OFF

Hinh 16. Website str dung giao thitre MQTT

4. KET LUAN

Céc nghién ctru trong va ngoai nwéc da chi ra rang,
chan doan su cb tiém an clia dong co trong qua trinh
van hanh dang dwgc quan tdm dac biét. Nghién ctru
da thiét ké va thi cong mot thiét bi do va giam sat trang
thai hoat dong clia dong co. Két qua nghién ctvu da
chirng minh thiét bi nay hoat déng chinh xac trong viéc
do tin hiéu rung tr mé hinh th&r nghiém. Trong twong
lai, nhém tac gid dy dinh tich hgp cac thuat toan hoc
sau, nham cai thién chan doan 16i may méc va mé ra
trién vong dang ké trong linh vic nay.

TAI LIEU THAM KHAO

[1]1. Benbouzid, M. ElI Hachemit (2000), A review
of induction motors signature analysis as a
medium for faults detection, |IEEE transactions
on industrial electronics 47.5: 984-993.

[2]. Benbouzid, M. E. H., and H. Nejjari (2001), A
simple fuzzy logic approach for induction motors
stator condition monitoring, IEMDC 2001. |IEEE
International Electric Machines and Drives
Conference (Cat. No. 01EX485). IEEE, 2001.

[3]. Cardoso, AJ Marques, S. M. A. Cruz and D. S.
B. Fonseca (1999), Inter-turn stator winding fault
diagnosis in three-phase induction motors, by
Park’s vector approach, |IEEE Transactions on
Energy Conversion 14.3: 595-598.

[4]. Dorrell, David G., Wiliam T. Thomson and
Steven Roach (1997), Analysis of airgap flux,
current, and vibration signals as a function of
the combination of static and dynamic airgap
eccentricity in 3-phase induction motors, |IEEE
Transactions on Industry applications 33.1:
24-34.

16 Tap chi Nghién ctru khoa hoc, Truoing Dai hoc Sao D, S6 4 (87) 2024



[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

LIEN NGANH DIEN - DIEN TU - TU DPONG HOA

Milimonfared, Jafar, et al (1999), A novel
approach for broken-rotor-bar detection in cage
induction motors, |IEEE Transactions on Industry
Applications 35.5: 1000-1006.

Toliyat, H. A (1999), Condition monitoring and
fault diagnosis of electrical machines, a review,
IEEE-IAS 1999 Annual Meeting, Phoenix, AZ.

Chen, Z., Li, C., and Sanchez, R. V (2015),
Gearbox Fault Identification and Classification
with Convolutional Neural Networks, Shock and
Vibration, vol. 2015, p. 390134.

Zhao, J., Yang, S., Li, Q., Liu, Y,, Gu, X., and
Liu, W (2021), A New Bearing Fault Diagnosis
Method Based on Signal-to-Image Mapping and
Convolutional Neural Network, Measurement,
vol. 176, p. 109088.

Gao, Y.; Liu, X.; Huang, H.; Xiang, J (2021),
A hybrid of FEM simulations and generative
adversarial networks to classify faults in rotor-
bearing systems, ISA Trans. 2021, 108, 356-366.

Liu, H.; Zhou, J.; Xu, Y.; Zheng, Y.; Peng, X.; Jiang,
W (2018), Unsupervised fault diagnosis of rolling
bearings using a deep neural network based on
generative adversarial networks, Neurocomputing
2018, 315, 412-424.

Wang, R.; Jiang, H.; Li, X.; Liu, S (2020), A
reinforcement neural architecture search method
for rolling bearing fault diagnosis, Measurement
2020, 154, 107417.

Y. A. Almatheel and M. Osman (2021), Bearing
Element Fault Diagnosis Using Support Vector
Machine, 2020 International Conference on
Computer, Control, Electrical and Electronics
Engineering (ICCCEEE), Khartoum, Sudan,
2021, pp- 1-5

AUTHORS INFORMATION

Pham Van Nam?, Trieu Tuan Anh?,
Vuong Anh Duc’, Do Van Dinh?

*Corresponding author: dinh.dv@saodo.edu.vn

"Hanoi University of Industry;
2Sao Do University.

Tap chi Nghién ciru khoa hoc, Trudng Dai hoc Sao Do, S6 4 (87) 2024

[13].

[14].

[15].

[16].

[17].

[18].

[19].

X. Zhang, Y. Liang, J. Zhou, and Y. zang (2015),
A novel bearing fault diagnosis model integrated
permutation entropy, ensemble empirical mode
decomposition and optimized SVM, Measurement,
vol. 69, pp. 164-179, 2015.

C. Zhang, J. Chen, and X. Guo (2010), A gear
fault diagnosis method based on EMD energy
entropy and SVM, Journal of Vibration and
Shock, vol. 29, no. 10, pp. 216-220, 2010.

S. Zgarni and A. Braham (2018), Classification of
Bearing Fault Detection Using Multiclass SVM:
A Comparative Study, 2018 15" International
Multi-Conference on Systems, Signals & Devices
(SSD), Yasmine Hammamet, Tunisia, 2018, pp.
888-892.

J. Redmon and A. Farhadi (2017), YOLO9000:
better, faster, stronger, in Proceedings of the
IEEE conference on computer vision and pattern
recognition, 2017, pp. 7263-7271.

C.-Y. Wang, A. Bochkovskiy, and H.-Y. M. Liao
(2022), YOLOv7: Trainable bag-of-freebies sets
new state-of-the-art for real-time object detectors,
arXiv preprint arXiv:2207.02696, 2022.

Van-Nam Pham, Quang-Huy Do Ba, Duc-
Anh Tran Le, Quang-Minh Nguyen, Alberto
Ernesto Coboi, Thanh - Lam Bui (2024), Using
Artificial Intelligence (Al) for Diagnosing Electric
Motor Faults Based on Vibration Signals
2024 International Conference on Information
Networking (ICOIN). IEEE, 2024.

Van-Nam Pham, Quang-Huy Do Ba,... (2024),
Applying SVM network to build a diagnostic
system for bearing faults in electric motors based
on vibration signals, H6i nghi VCCA-2024

17



