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Abstract. Structural Health Monitoring (SHM) plays a key role in long-term maintenance of
infrastructure. With the aim of contributing to the construction of an economical alternative
to the high-cost commercial SHM systems. Based on the analysis of feasible hardware
structures, in this paper, the authors present a process of designing and fabricating a low-cost,
wireless structural vibration monitoring system using the MEMS MPU-6050 accelerometer,
ESP32 chip integrated with 4G mobile communication module SIM7600CE. The device is
aimed to measure the acceleration of the structure in the Z direction, processing the
preliminary data on ESP32 and transmitting the data in real time via 4G connection. Tests
taken on laboratory were conducted on steel beams to evaluate the performance of data
collection. Comparison with commercial measurement systems was also conducted. The
results show that, although this low-cost system still has some limitations compared to
dedicated systems in terms of data accuracy, long-term reliability, the SHM device can be
used for research, education or in cases where high accuracy is not required.

Keywords: Structural Health Monitoring (SHM), Vibration Monitoring, MPU-6050, ESP32
Chip, SIM7600CE, IoT in Construction, 4G.

@ 2025 University of Transport and Communications

650


https://doi.org/10.47869/tcsj.76.5.1

Transport and Communications Science Journal, Vol 76, Issue 05 (06/2025), 650-661

Tap chi Khoa hoc Giao thong van tai

PHAT TRIEN THU NGHIEM THIET BI SHM SU DUNG CHIP BAN
DAN ESP32 VA CONG NGHE 4G-LTE

Pham Viin Hii?, Nguyén Duy Anh', Pao Thanh Toin""
'B6 moén Ky thuét dién tir, Truong Pai hoc Giao thong van tai, S6 3 Cau Gidy, Ha Noi, Viét
Nam
>Trudng Pai hoc Mo Ha Noi, Nha B101, phd Nguyén Hién, phuong Bach Khoa, quan Hai Ba
Trung, Ha No6i, Viét Nam

THONG TIN BAI BAO

CHUYEN MUC: Céng trinh khoa hoc
Ngay nhan bai: 06/05/2025

Ngay nhén bai stra: 09/06/2025

Ngay chap nhan ding: 10/06/2025
Ngay xuat ban Online: 15/06/2025
https://doi.org/10.47869/tcsj.76.5.1

* Tac gia lién hé

Email: daotoan@utc.edu.vn

Téom tit. Giam sat stc khoe két cau (SHM) dong vai trd then chdt trong bao tri cong trinh ha
tang dai han. Vi muyc tiéu gop phan xay dung mot giai phap thay thé kinh té cho cac hé thong
SHM thuong mai c6 gia thanh cao. Trén co s6 phan tich cau tao phan ctmg kha thi, trong bai
bao nay, tac gia trinh bay qua trinh nghién ct, thiét ké va ché tao mot he théng giam sat dao
dong két cau xay dung khong day, chi phi thap, str dung cam bién gia toc MEMS MPU-6050,
chip ESP32 tich hop module truyen thong di dong 4G SIM7600CE. Thiét bi duoc thiét ké dé
do luong gia téc dao dong cia két cau theo phuwong Z, xir Iy dir lidu so bo trén ESP32 va
truyén dir liéu theo thoi gian thuc thong qua két ndi 4G. Cac thtr nghiém duoc thyc hién trén
dam thép trong phong thi nghiém dé danh gia hiéu nang thu thap dir li¢u do. Dbi sanh véi hé
do thuwong mai ciing dugc tién hanh va so sanh. Két qua chi ra rang, mic du hé thong chi phi
thép nay con tdn tai nhitng han ché so voi hé théng chuyén dung vé d6 chinh xac dir liéu, do
tin cdy dai han, thiét bi SHM c6 tiém ning tmg dung trong céc trudng hop khong yéu cau do
chinh x4c cao hoac lam cong cu nghién curu, gido duc.

Tir khoa: Giam sat strc khoe két cdu (SHM), gidm sat dao dong, MPU-6050, chip ESP32,
SIM7600CE, IoT trong xay dung, 4G
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1. PAT VAN PE

Sy an toan va hiéu suét hoat dong cua cac két chu xay dung cAu, toa nha cao téng, dap,
duong ham... 1a moi quan tdm hang dau trong k¥ thuat xay dung cong trinh [1,2]. Trai qua thoi
gian st dung, cac két céu nay chiu tac dong cua tai trong tinh va dong nhu gio, giao thong, dia
chan, dan dén su suy giam vé chat luong va tiém 4n nguy co mét an toan. Giam sat strc khoe
két cau SHM (Structural Health Monitoring) 1a linh vuc tmg dung cac ky thuat do luong va
phan tich dit liéu dé danh gia tinh trang hién tai cta ket cAu, phat hién sém cac hu hong, du bao
kha nang chiu lyc con lai va dua ra canh bao khi can thiét [3-8]. Dudi tac dong cua tai trong
kich thich vao két cau, tin hiéu dao dong co duoc chuyén di thanh tin hiéu dién tur tuong tu
thong qua cam bién gia toc Tt tin hiéu dao dong nay, cac dac trung dao dong nhu tan sd riéng,
dang dao dong va hé s6 tat dan c6 mdi lién hé chit ché véi cac dic tinh vat 1y cua két cdu: do
cung, khdi luong, hé s6 tit dan. Su thay ddi cua cac dic trung nay theo thoi gian hodc dudi tac
dong cua tai trong co thé 1a ddu hiéu cua su Xuéng cép hoac hu hong. Tai Viét Nam, SHM da
duogc st dung gan day trong mot sb cong trinh trong diém nhu [3-6]:

- Tai nha cao tang va toa nha quan trong: Mot s6 cong trinh cao ting & TP.HCM va Ha Noi
nhu Lagdmark 81, Keangnam Tower da ap dung hé thong SHM do yéu cau kiém dinh an toan
dong dat va gio;

- Cho cong trinh thuy loi va dép 16n: Mot sO dap thity dién 16n nhu Hoa Binh, Son La, Lai
Chau d3 lap dit cam bién do 4p luc nudc, bién dang than dap va rung dia chén;

- Cho dudng sat d6 thi va metro: Tuyén Metro s6 1 TP.HCM (Bén Thanh — Subi Tién) c6
st dung hé thong cam bién d€ giam sat rung dong va lan tai cdc doan ham va cau can trong giai
doan thir nghiém;

- Cho céc cau 16n: Cau My Thuan, Cau Céan Tho, Cau Rach Miu va Cau Nhat Tan da dugc
nghién ctru hodc trién khai hé thong SHM véi cac cam bién do dao dong, bien dang, nhiét do
va chuyén vi...

Nhitng ndm gén day cac Truong Dai hoc ciing bat dau dau tu manh vao nghién ctru vé linh
vyc nay [3-9]: dién hinh nhém Trudng Pai hoc GTVT thuc hién viéc do dac phan tich dit liéu
tai cac cau Nam O, Ca Nén bang hoc may, tri tu¢ nhan tao; nhém Truong PH Xay Dung, hay
nhom Truong Dai hoc Thuy 1oi thue hién do va phan tich cac dao dong thuong gap cho cau day
vang. Nhin chung, cac nghién ctru nay st dung cac thiét bi SHM thuong mai tir Trung Qudc,
Chau Au, Nhat Ban, Hoa Ky nhu hé thong thiét bi A2272, PCB352C68, 622B01, TDS303 cua
Kyowa, Keithley, National Instrument, Tokyo Measuring Instruments Lab... [3-8]. Méc du cho
két qua chat lugng cao, chi phi dau tu va van hanh cua cac hé thong nay thuong rat 16n, gy
kho khian cho viée trién khai rong rai, dic biét 1a & cac nudc dang phat trién hodc cho cac cong
trinh quy mé nhé. Chii dong nghién ciru thiét ké va ché tao thiét bi SHM 1a mot trong cac nhiém
vu quan trong trong linh vuc giao thong hién nay.

Trong bai béo nay, cac yéu cau ky thuat va Iya chon phan ctng phi hop duoc phan tich va
t6i wu. Tiép theo, bai bao nay trinh bay qué trinh thiét ké va ché tao mot thiét bi giam sat dao
dong két cau str dung cam bién MPU-6050, ESP32 va SIM7600CE. Thiét bi dugc xay dung
v6i muyc tiéu thu thap dir liéu gia toc va truyén vé may chu qua 4G. Cac thir nghiém dugc thyuc
hién dé danh gia kha nang hoat dong cua hé thong Dic biét, bai bao s& phan tich dbi sanh chi
tiét hiéu ning ctia hé thong dé xuét voi cac h¢ théng SHM thuong mai. Nghién ciru nay gop
phan chil dong phat trién thiét bi SHM cung cap cho nganh xay dung cong trinh, ciing nhu cho
nghién ctru va gido duc.
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2. PHAN TiCH CAC KHOI CHINH TRONG THIET BI SHM

Thiét bi SHM dién hinh bao gém: cam bién gia tbc chuyén dung, chip xt 1y dit liéu, va module
truyén dan tin hiéu [1,11].

2.1. Cam bién
_ Khi giam sat cac két’ céu nhu c’a“lu nhip hay tda nha cao téi’ng, muc dich la phat hién cdc thay

do1 trong do cung, tan so riéng, bién dang, hodc dao dong bat thuong. Dicu nay dit ra cac yéu
cau kha nghiém ngat doi vdi cac cam bién do, véi yéu cau ky thudt chinh [11,12]:

- Dai do: Tu £0,05 g dén +2 g, da dé do hét cac dao dong ty nhién;

- Dai tan: 0,1 Hz — 100 Hz, vi tan s6 dao dong chinh cua cac két cu thuong <30 Hz;

- b6 nhay: Cao hon 0,1 mV/g dé co thé phat hi¢n rung nho;

- D6 phén giai: Cang nho cang tbt, < 1 ug dé do dé rung tir nhiéu goc;

- Anh hudng nhiét do, d6 Am: Phai on dinh dé 1am viéc ngoai troi, trong mi trudng nhiét ddi.

Céc cam bién gia toc pho bién duoc sir dung trong SHM hién nay dugc ché tao trén co so
ap dién (plezoelectrlc) dién dung (capacitive), va Vl co dién (MEMS). Cac cam blen MEMS
v6i chi phi thap, d6 nhay cao, dap mg cac yéu cau vé dai tan, 46 phan giai va do o 6n dinh nhiét
trong diéu kién khi hau nhiét d6i cua Viét Nam. Vi vay cam bién kiéu MEMS nhu
ADXL355/356, SCA3300, WT901BLEC,.. 1a lya chon phu hop,..
2.2. Chip xw ly tin hiéu

Béang 1. So sanh cac cong nghé xur 1y.

Cong Toécddxir Tiéuthu Picdiém Uu diém Nhuwoge diém
nghé ly nang
luong
MCU Thap (10 Thap Pho bién,  Tiét kiém ning Han ché trong
MHz - 1 dé str lwong, gia thanh thap kha ning xir Iy
GHz) dung dir liéu 16n
FPGA  Ritcao Cao Phan cing  Toc do xir Iy cao, c6  Tiéu thu ning
(100 MHz - cothélap  thé tbi wu hoa cho luong cao, phuc
vai GHz) trinh g dung cu thé tap trong lap trinh
SoC Trung binh  Trung Tichhop  Tich hop cao, tiét Phai tuy chinh
nhing (1 GHz- binh nhiéu kiém khong gian, phan cimg cho
vai GHz) chtric nang  hiéu suat tot, gia tmg dung cu thé
thanh thap

Hé thong xur 1y tin hiéu do trong SHM dong vai tro quan trong trong vi¢c thu thap, phan
tich va luu trit dir liéu tir cam bién, dong thoi diéu khién viéc truyén dir 1i€u. Yéu cau k¥ thuat
do1 voi hé thong xur 1y:

- Toc d6 xtr Iy: Can xit 1y tin hiéu dlu vao tir cdm bién nhanh chong va hiéu qua, dic biét
trong céc tng dung thoi gian thye nhu SHM. Toc d6 xt 1y c6 theé dao dong tir vai MHz dén vai
GHz, Kha nang xtr ly song song

- Tiéu thy nang lugng: Do h¢ théng SHM thuong sir dung nang luong tur pin hodc nang
luong mat troi, cac yéu cau vé tiét kiém nang luong 1a rit quan trong, dic biét ddi véi cac hé
théng khong day.

- Kha nang mo rong: Can thiét ké d€ mo rong vdi sO lugng cam bién 16n va cé thé tich hop
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cac chuic nang mai.
- Kha ning két nbi: Hé thong xir Iy can c6 kha ning giao tiép véi cac thiét bi truyén dan va
két ndi voi cac phan mém phan tich tu xa.

Céc cong nghé chip phd bién hién nay bao gém vi diéu khién (MCU: Micro-Controller
Unit), FPGA (Field Programmable Gate Array) va H¢ thong trén chip nhang (SoC: System on
Chip). Mdi cong nghé nay c6 nhimng uu diém va han ché riéng duoc tong hop tai bang 1 [13-
15].

C6 thé thay tir bang 1: cac vi diéu khién MCU phu hop cho céc tmg dung c6 yéu ciu xUr ly
tin hi€u & muc do co ban va tiét kiém nang luong. Trong khi do, cac hé thong FPGA c¢6 thé
duge xem x¢ét cho cac tmg dung c6 yéu cau xu 1y tin hi€u toc d cao hodc cac cong trinh doi
hoi d6 chinh xac cao. Cac SoC nhing s€ 1a sy Iya chon ly tuong khi yéu cau tinh toan cao voi
chi phi thap.

2.3. Cong nghé truyén déin khong day

Hé thong SHM can tguyé{l dir liéu (,ié'n trung tdm, tram do mot géch tin cay, thoi gian thuc
[16]. Cac cong ngh¢ truyén dan vo tuyén pho bién hién nay dugc tong hop ¢ bang 2. Tinh téi
dau nam 2025, 5G chua cho phép phat trién cac tng dung riéng, vi vdy bang 2 tong hop dén
cong ngh¢ 4G.

Béng 2. So sanh cic cong nghé truyén dan pho bién.

Cong nghé¢ Bang thong Pham vi Tiéu thu P9 tin Kha ning ing dung
truyén din  dién ciy
Wi-Fi Cao (11-100  ~50-100m  Cao Trung Phu hop voi hé thong cb
Mbps) (~500 binh  dinh, c6 dién ludi nhu
mW-— tdoa nha cao tang ¢ trung
1W) tam thanh phd
Zigbee Thap (~250  ~10-100m  Réatthip Trung Phu hop mang cam bién
kbps) (~30 binh  nho, tin suit thip nhu
mW) tdoa nha cao tang ¢ trung
tam thanh phd
LoRaWAN  Rat thap 1-10 km Ratthap Tot  Pha hop mang dién
(~0.3-50 (~10-50 rong, giam sat khong
kbps) mW) thoi gian thuc nhu cau

vuot nong thon, khong
cd dién ludi, kho bdo tri

NB-IoT Trung binh 1-10 km Trung Cao Phu hop giam sat lién
(~20-200 binh tuc, mang ha tang san co
kbps) (~200 nhu cau vugt nong thon,

mW) khong co6 dién ludi, kho
bdo tri

4G/LTE Cao (~10 Rong (>5 Cao (~1- Rat Phu hop hé thong 16n,
Mbps) km) 2W) cao dir liéu cao, truyén vé

dam may nhu cau day
vang tai khu d6 thi 16n,
c6 ha ting mang vién
thong

Céc co so trinh bay tai muc 2, c6 thé nhan thay, cac giai phap SHM c6 chi phi thap va d&
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trién‘khai nhu st dung cam bién MEMS, két hop vdi cac cong nghé truyén dan khong day va
vi diéu khién, s€ gitp nang cao hi¢u qua gidm sat va bao tri cac cong trinh giao thong trong yéu
v&i chi phi thap.

3- PHAT TRIEN THIET BI SHM DAO PONG KET CAU QUA MANG 4G
3.1. Thiét ké va liea chon linh kign

Hinh 1 trinh bay so d6 khéi cua thiét bi SHM phat trién tai Truong Pai hoc GTVT cho
nghién cuu nay [1,17].

Khoi hién thi

Cam bién Khéi Chip nhiing

MPU6050 ESP32 SIM 7600CE

Khoi nguon

Hinh 1. So d6 khdi thiét ké bd DAQ KIT WIFI ESP32 4G SIM7600CE.

Béng 3. So sanh phan cimg cho SHM.

Tiéu chi MCU STM32H7  FPGA Xilinx Artix-7 ESP32 + SIM7600CE
Kién tric ARM Cortex-M7, Khong c6 CPU cd dinh;  Xtensa LX6, dual-core,
CPU 32-bit 1ap trinh logic tuy chinh  32-bit
Toéc @) xung  Lén dén 480 MHz  Lén dén 300 MHz Lén dén 240 MHz
nhip
B¢ nho Flash  Lén dén 2 MB Khong c6 Flash tich 448 KB
hop; can bd nhé ngoai
Tich hgp Khong (can Khéng (can module WiFi, Bluetooth; két ndi
khong day module ngoai) ngoai) 4G thong qua
SIM7600CE
Tiéu thu 2.95 pA (Standby) 50 mW —>10 W, tuy 5 nA (Deep Sleep) — 240
nang lwong — 100 mA (hoat thudc vao thiét ké va tan mA (WiFi hoat dong)
dong) s6
Kha nang xit Han ché Rét cao; hd tro xur ly Han ché
ly song song song song manh mé
D¢ linh hoat  Trung binh Rt cao; c6 thé ty chinh  Thap
phén cirng theo nhu cau
Chi phi Trung binh Cao Thép

- Cam bién MPU-6050: 1a mét m6-dun cam bién tich hop bao gdm gia toc ké 3 tryc va
con quay hoi chuyén 3 tryc, dugc sir dung phd bién trong cac ung dung do luong chuyén dong
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va dinh huéng. MPU-6050 bao gém: gia toc ké 3 truc (Accelerometer): Do gia toc tuyén tinh
theo ba truc X, Y, Z (bao gdm ca trong luc), con quay hdi chuyén 3 truc (Gyroscope): Do toc
d6 goc (tbe do quay) theo ba truc X, Y, Z (ing dung nay khéng str dung dén tinh ning do tdc
d6 goc); chuyén ddi ADC 16-bit: chuyén ddi tin hiéu twong tu tir cam bién thanh tin hiéu sd; bo
loc k¥ thuat s6 va FIFO buffer: loc va luu trir dit liéu tam thoi; va giao tiép 12C: Truyén dir liéu
dén chip nhung.

- Khdi chip nhing va truyén dan 4G: La khdi quan trong nhét vi nd s& nhan va xir Iy cac
tin hiéu roi truyén tin hiéu 1én cloud. Viéc lira chon phan ctmg phu hop cho hé thong Giam sat
Stre khoe Két cu (SHM) tai Viét Nam doi hoi sy can nhéc ki ludng gitta hiéu nang xu 1y, tai
nguyén bo nhd, tiéu thu ning lwong va chi phi. Bang 2 so sanh chi tiét giita ba loai phan cing
phd bién: ESP32 két hop voi module 4G SIM7600CE, vi diéu khién STM32 va FPGA.

Qua bang 2 c6 thé thiy, giai phap sir dung ESP32 két hop v6i SIM7600CE 1a mot lya
chon kha t&i wu cho hé théng SHM tai Viét Nam, dap ung céc yéu clu vé két ndi, dinh vi, tiét
kiém nang lugng va chi phi. Véi kha nang 1ap trinh linh hoat va cong déng ho tro rong i, viéc
trién khai va bao tri hé thdng trd nén dé dang hon.

PWRKEY

Hinh 2. Thiét ké (layout) ban mach in PCB cua thiét bi.
3.2. Thiét ké va thi cong mach PCB

Mach in PCB duoc thiét ké la mach béng phﬁn mém Altium Designer 18 nhu thé hién &
cac hinh 2. Mach in sau khi dugc kiém tra k¥, dugc lam thir tai phong thi nghiém sau do tiép
tuc duoc dat tai nha may vdi cong nghé mach in 2 16p. Hinh 3 1a hinh anh bo mach chinh va
thiét bi sau khi dong hop. Bo mach chinh dugc han bang cong nghé han dan bé mit SMT
(Surface Mount Technology) tai phong thi nghiém: linh kién dugc dat Ién PCB cung voi thiéc
han, sau d6 dugc dua vao budng nhiét trong 90 s tai nhiét d6 100 -150°C. Sau d6, cac mdi han
duoc kiém tra cin than bang kinh hién vi dién tir. V6 bang vat liéu nhya va nhom duge st dung
dé giam thiéu cac nhiéu dién tur cling nhu dam béo tranh nudc, ddm bao do bén khi st dung.
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Cam bién

Hinh 3. PCB sau khi han dén linh kién va thiét bi sau khi hoan thanh.

3.3. Chwong trinh diéu khién cho chip
Bang 4 1a ma gia chuong trinh. Chwong trinh cho chip dugc viét sir dung ngon ngit C va
nap truc tiép vao chip qua cong USB.
Béng 4. Ma gia chuong trinh cho chip.
Ma gia (pseudocode) chuong trinh cho chip
BEGIN

// Khoi tao hé théng

Initialize ESP32

Initialize SIM7600CE

Initialize MPU-6050

Initialize LCD

// Thiét 1ap két ndi

Connect ESP32 to SIM7600CE

Connect ESP32 to MPU-6050

Connect ESP32 to LCD

WHILE true DO
// Lay dit liéu tir MPU-6050
Read data from MPU-6050
Z axis_data = Get Z-axis value from MPU-6050
// Hién thi dit ligu 1én LCD
Display Z axis_data on LCD
// Truyén dit liéu qua mang 4G
Transmit Z_axis_data over 4G using SIM7600CE
Delay (1000)

END WHILE

END

Sau khi phan cimg dugc khoi tao (initialize), cac két ndi tir chip ESP32 véi
SIM7600CE, cam bién MPU-6050, man hinh hién thi LCD dugc thyc hién. Dit liéu tir
cam bién MPU-6050 duoc doc lién tuc va giri qua 4G sau mbi ms. V6i khoang thoi gian
nay dam bao khoi phuc kha tu nhién tin hi¢u dao dong, déng thoi dam bao lugng dir li¢u
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can xtr 1y va truyén dan khong qué 16n. Trong nghién ctru ndy, cac ham chuyén dung
dugc sir dung: ReadMPU6050(): tra vé gia tri gia toc hodc goc nghiéng & cac truc X,
Y, Z; SendDataOverd4G(data): gui dir liéu 1€n server/cloud hodc qua giao thuc
HTTP/MQTT thong qua SIM7600CE.

4. THU NGHIEM VA DANH GIA HIEU QUA HE THONG
4.1. Mo ta kich ban thur nghiém trong diéu kién phong thi nghiém

Hinh 4. Thr nghiém cac thiét bi do tai phong thi nghiém Truong Pai hoc GTVT.

Thir nghiém duoc tién hanh trén thiét bi do dao dong chuan WT901BLEC va thiét bj phat
trién trong nghién ciru ngay dugc sir dung dé so sanh. Thir nghiém duoc tién hanh trén dam
thép ddc v6i mat cat hinh chir nhat ¢6 kich thudc chiéu rong 40 mm, chiéu cao (day) 8 mm,
chiéu dai 1a L = 1030 mm. Piéu kién bién cua cac dam 1a hai déu tua don. Khoang cach gitra
hai gdi 1a 1000 mm. Dao dong cua két cdu nhip thuong chu yéu theo phuong thang dang. Vi
vay, cam bién thuong dugc dit sao cho truc Z vudng goc voi mat phang két cau, tirc 1a theo
phuong thang dung. ta 13y tin hiéu gia toc theo truc Z dé phan tich dao dong (hinh 4). Tan s6
ldy mau: 200 Hz - don vi gia tdc (g). Pau do gia téc duogc dit 1an lugt & cac diém khac nhau
trén dam. Mdi lugt do, bua cao su tac dong 1én dam, thoi gian ghi dir liéu khoang 60s cho 1 s6
li¢u. Méi truong thur nghiém 1a phong thi nghiém tai Truong Pai hoc GTVT, dugc kiém soat
nhiét d6 va 46 am 6n dinh dé dam bao db tin cay cua dir lidu.

4.2. Tin higu do va trich xudt tham sé dao dong

Tin hiéu gia tdc thu duoc tir cam bién MPU-6050 thé hién 15 cu thé:

Hinh 5 13 biéu d6 gia toc theo thoi gian thu duoc tir cam bién MPU-6050 sau mot kich
thich. Tin hiéu thu duoc tir hé théng do co ban giéng véi thiét bi chuan, va kiéu tin hiéu dao
dong tat dan (damped vibration)-dién hinh ctia dao dong tu do cua két cAu sau va dap:
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- Pha dau (0 — ~80ms): gia tdc ting nhanh, do luc kich thich

- Phin gitra (~80 — ~400ms): dao dong tat dan voi bién do giam dan, tan sb dao dong rod
rang

- Phan sau (~ 400 — 800ms): tin hi€u suy giam gan bang 0, két c?éu gan dat trang thai tinh

bénh gia strc khoe két cau: Tan s6 dao dong ri€éng va hé so tat dan 1a nhiing chi s6 quan

trong dé theo ddi tinh trang ctia két ciu. Su thay ddi ctia cac tham sb nay theo thoi gian c6 thé
chi ra su thay d6i vé d6 ctmg hodc su thay d6i vé kha nang tiéu tan niang luong. Tir biéu d6 gia
tdc theo thoi gian hinh 5, Tan s6 dao dong riéng (f,) tinh dugc, tan sé dao dong tat dan (fi), va
hé sé tat dan (¢) tinh duoc 1an luot 1a: 11,101 Hz, 11,1003 Hz, va 0,0068. Gia tri f, phu thudc
truc tiép vao cac dac tinh vat 1y cua dam: do cung va khdi luong, cling nhu diéu kién bién: lién
két & hai dau dam: ngam, khép, tu do.... H¢ s6 tit dan C rat nhé, cho théy murc do can dao dong
ctia dam thép 1a rit thip. Piéu nay kha phu hop véi dic tinh cua vat lidu thép va cac két ciu
thép nodi chung, von c6 do tit dan ndi tai thip thudng tir 0,2% dén 2% [18,19].

4.3. Phén tich déi sanh vdi thiét bi chudn

Mit khac, dé 1am giau hon tinh kha thi ctia thiét bi SHM phét trién trong nghién ciru nay,
tan s6 dao dong riéng (f.), tn s6 dao dong tat dan (fd) va hé so tat dan (C) duoc tinh tir biéu 46
gia tdc theo thoi gian thu dugc so sanh hé thong do thuong mai trong bang 5.

e Biéu do gia toc theo thoi gian
’ I [ [ I
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()]
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|
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1,50 w \ w ! \
0 100 200 400 600 800 700 800
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Hinh 5. Tin hiéu thu tir hé théng trong nghién ctru nay.
C6 thé quan sat thay tir bang 5, cac tham sé thu dugc bam kha gén v6i thiét bi chuan, sai s6
& day c6 thé xuat phat tir nhidu tin hién tin so thap do tai nguyén phan cimg ciia chip ESP 32
chwa cho phép xir 1y cac chuong trinh loc s6 phuc tap. Van dé nay s€ dugc ching toi tap trung
nghién ctu trong thot gian téi, trong d6 tra trong dac biét dén t8i wu hoa thuat toan va tdi vu
héa hon nita phan ctrng cho SHM.
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Béng 5 Tham s trich sudt tir 2 hé thdng do.

Tham s Thiét bi SHM chuan Thiét bi SHM trong nghién
WT901BLEC ciru nay

Cam bién WT901BLECL MPU-6050

Mt tin hi¢u Khong Khong

Truyén din Stur dung day Khong day

Do tin ciy dai han Trung binh Thap

Gi4 thanh Cao Thép

fa (Hz) 10,302 +0,015 11,1001 +0,012

fa (Hz) 10,018 £ 0,012 11,1003 £0,013

¢ 0,0062 +£0,0001 0,0068 +0,0001
5. KET LUAN

Trong bai bdo nay, thiét giam sat dao dong két ciu xay dung khong ddy, chi phi thap, su
dung cam bién gia tbc MEMS MPU-6050, chip ESP32 tich hop module truyén thong di dong
4G SIM7600CE da dugc phat trién thanh cong. Thiét bi dugc thur nghiém trong phong thi
nghiém dé dam thép. Tan sb dao dong riéng (fn), tan s6 dao dong tat dan (fq), va hé sd tat dan
(€) tinh toan tir tin hiéu do cho thdy kha pht hop véi cac tham sb ciia dim thép, va tuong dong
v6i voi hé do nhap khau trang bi tai phong thi nghiém. Tuy hé théng nay con ton tai nhirg han
ché dang ké so voi hé théng chuyén dung vé d6 chinh xac dir liéu, d0 tin cdy dai han va kha
nang phén tich chuyén séu, tiém nang tng dung cta thiét bi 13 rat 16n trong cac truong hop
khong yéu ciu do chinh xac cao hodc lam cong cu nghién ciru, giao duc. Nghién ctru tiép theo
s€ tap trung vao t61 uu hoa tai nguyén phan clg, tinh on dinh tin cdy cua hé thong thong qua
nghién ctru vé thoi gian hoat dong, hiéu suat nang luong, thir nghiém véi cac méi trudng lam
vi¢éc khac nhau.

LOI CAM ON

Nghién ctru nay dugc tai trg béi Bo Giao duc va Pao tao trong dé tai ma s6 B2025-GHA-02.
Téc gia xin chan thanh cdm on cac thi nghiém vién Trung tam KHCN GTVT, Truong Dai hoc
GTVT da ho trg trong qua trinh thyc hién nghién ctru thuc nghiém.
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