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ABSTRACT

This paper presents the development and experimental evaluation of an in-
cabin automotive noise monitoring system designed to acquire and analyze
acoustic data for assessing the noise characteristics of different vehicle
models. The system integrates multi-point sound pressure measurement
within the cabin of passenger vehicles and provides real-time visualization
through a computer-based interface. INMP441 acoustic sensors are
installed at designated seating positions, transmitting signals to a central
processing unit built on the Teensy platform, where signal processing and
SPL computation are performed. Additionally, the processor retrieves
engine speed and vehicle speed information from the vehicle’s CAN
network to serve as reference parameters. The measured data are displayed
via a LabVIEW interface and stored in Excel format to facilitate
comparative analysis. The system has been experimentally deployed on
three vehicle models representing common market segments in Vietnam.
Experimental results enable the assessment of cabin noise levels,
comparison of acoustic characteristics among seating positions, and
identification of noise variations under different operating conditions.

Phat trién hé thong quan tric tiéng on trén Cabin 6 t6 dua trén nén ting
LabVIEW va vi diéu khién Teensy
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TOM TAT

Bai bao nay trinh bay két qua nghién ctru xay dung hé thong quan tric tiéng
dn trong cabin 6 t6 nhdm thu thap va phan tich dit liéu phuc vu danh gia
mirc d6 On cia timg dong xe. Hé théng dwoc thiét ké tich hop kha niang do
tiéng on tai nhiéu vi tri trong cabin cua xe du lich, dé)ng thoi hién thi két
qua theo thoi gian thyc théng qua giao dién may tinh. Cac cam bién am
thanh INMP441 dugc bb tri tai cac vi tri ghé ngdi, truyén tin hidu vé bo xir
1y trung tAm dua trén nén tang Teensy dé thuc hién xtr 1y va tinh toan SPL.
Bén canh do, bo xtr 1y con truy xuit dir lidu tir mang CAN cua xe dé léy
tbc d6 dong co va tde d6 xe 1am thong sb tham chiéu. Dir liéu do duoc hién
thi tryc quan bang giao dién LabVIEW va luu trit dudi dang Excel dé phuc
vu so sanh va phan tich. H¢ théng da duoc trién khai thir nghiém trén ba
dong xe dai dién cho ba phan khic phd bién tai Viét Nam. Két qua thuc
nghiém cho phép danh gia murc n trong cabin, so sanh d6 dn gitta cac vi
tri ghé va xéac dinh su khac biét vé d6 on khi xe van hanh.
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1. Gi6i thiéu

Tiéng on trong 6 t6 khi van hanh la mgt trong nhiing yéu t6 quan trong anh huong t61 nguoi ng01
trong xe ca vé mit strc khoe va tinh than. Chinh vi thé trong thoi gian gan day, nghién ciru vé tiéng on
va rung dong trong 6 t6 da dugc quan tam rong rai boi cac nha khoa hoc, nha san Xuat va t6 chuc tiéu
chuan qudc té. Cac cong trinh tiéu biéu tap trung 1am rd co ché phat sinh tiéng 6n, bao gdm ca duong
truyen qua khong khi va két ciu khung xe, tir 46 xdy dung khung Iy thuyét toan dién vé hién tuong nay,
dong thoi dé xuét cac giai phap ky thut nhiam ting kha nang cach am va giam rung dong [1]-{4]. Bén
canh do, nhiéu nghién cliru tiép can bai toan tir goc dd co ché va md hinh hoa ngudn 0n, chi ra cac yéu
to nhu nhiéu khi dong, tiép xtic 16p voi mit dudng va dao dong két ciu c6 anh hudng dang ké dén mirc
on trong cabin [S]-[7]. Trén co s¢ do, cac huéng nghién ctru hién dai tap trung vao viéc nhén dang
ngudn on va dy doan tiéng on trong cabin dwa trén dir liéu thyc nghiém va mo6 hinh s0, gop phan nang
cao do chinh xac trong danh gia tiéng on [7]-[9]. Cac nghlen ctru thyc nghiém trén xe thuc té cling dugc
trién khai nham danh gia hiéu qua cua cac giai phap giam dn, bao gom ca ky thut diéu khién chu dong
va cac phuong phap thich nghi [10]-[12]. Nhitng nghién ctru nay cho thay tiém nang 16n trong viée cai
thién chat luong tiéng On bén trong xe thong qua két hop gilia thiét ké vat 1y va diéu khlen tin hiéu. Xu
hudng gan day, cic nghién ctru tap trung vao viéc phat trién cac hé thong do va giam sat tiéng 6n théng
minh. Céac hé théng nhung chi phi thap sir dung cam bién MEMS két hop vi diéu khién da ching minh
hiéu qua trong viéc xay dung thiét bi do tiéng 6n linh hoat va c6 kha ning trién khai thuc té [13], [14].
Dang chi Y, cac nghién ctru vé thiét ké va toi uu hoa cam bién 4am MEMS dé gop phan cai thién déng
ké do nhay va do 6n dinh, tir d6 nang cao d6 chinh xac ciia phép do trong moi truong phure tap [15]. Cac
cam bién thuong mai nhu INMP441 ciing duoc st dung rong rii trong cac hé thong do thyc nghiém nho
tinh nho gon va hiéu nang phu hop [16]. Song song vai d6, cac quy chuan qudc té nhu ISO 5128:2023
dong vai tro quan trong trong vi¢c dinh huéng phuong phap do va dam bao tinh nhit quan gitra cac phép
do trong linh vuc 6 t& [17]. Ngoai ra, cac ki thuat xtr 1y tin hiéu sd, ddc biét 1a bo loc trong s6 A-
weighting, duoc ap dung nhdm phan anh chinh x4c cam nhan am thanh ctia con ngudi trong qué trinh
do luong [18]. Mot sd nghién ctru gin ddy con khai thac cac thiét b pho thong nhu dién thoai thong
minh de danh gia muc on, két hop v6i cac phuong phép phan tich phé theo thoi gian thuc [19]. Trong
thuc té, viée trién khai hé thong do con lién quan dén viéc sir dung cac thiét bi do chuyén dung va tich
hop dit liéu van hanh cta xe. Céc thiét bi do mirc 4m thanh theo tiéu chuin qubc té dugc sir dung dé
hi¢u chuan va kiém chimg hé thdng [20], trong khi dir liéu tir hé thong CAN/OBD-II cho phép lién két
tiéng on voi trang thai hoat dong cua xe, tir d6 hd tro phan tich nguyén nhan gay 6n méot cach toan dién
[21].

Tuy nhién, phan 16n cac nghién ctru hién nay van mang tinh roi rac, chi yéu tap trung riéng 1é vao
ting khia canh nhu m6 hinh hoa, thiét ké cam bién, xu 1y tin hiéu hoac thyc nghi¢m, ma chua tich hop
day du cac thanh phan trong mot hé théng quan tric hoan chinh danh riéng cho méi trudng cabin 6 t6.
Do d6, viéc phat trién mot hé thong giam sat tiéng 6n dua trén su két hop gitta cam bién MEMS, xir Iy
tin hiéu sd, tiéu chuan do luong quéc té va dir liéu van hanh cua xe 1a mot van dé can thiét. Nghién ctu
nay sir dung cam bién INMP441 két hop thu vién xir Iy 4m thanh cua vi diéu khién Teensy dé thu thap
dir liéu mirc 6n trong cabin, sau d6 gui vé may tinh theo bdn kénh doc 1ap dé hién thi trén mot giao dién
may tinh chay bang phan mém LabVIEW. Hé thong nay bude dau cho phép thu thap dir liéu da kénh
tao nén tang cho cac nghién ciru nang cao nhim cai thién do on trong cabin 6 to hién dai.

2. Noi dung nghién ctru
2.1. Xdy dung hé thong quan tric dp on
2.1.1. Thiét lgp mé hinh hé théng thu thdp xir Iy dm thanh

Hé théng thu thap tin hi€u do on trén 6 t6 duoc thiét ké nhim ghi nhan cac dao dong song am thanh
trong dai tan nghe dugc, thong qua ma tran cam bién dugc bo tri tai nhi€u vi tri bén trong khoang xe.
Cac tin hi€u nay dugc truyen vé b di€u khién trung tam dé xu 1y so cap. Trong qua trinh xu 1y, tin hi¢u
am thanh duoc loc va tach thanh céac dai tan ddc trung nho thuat toan phan tich tan s6 dugc lap trinh
trong bd di€u khién. Song song d6, hé thong con thu thap cac thong sO van hanh ¢ anh hudng truc ti€p
dén dac tinh d6 on, bao gom toc do dong co va toc d6 xe, thong qua mang truyén thong CAN va cong
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chan doan OBD-II. Toan b dit liéu sau khi xir Iy duge truyén dén may tinh chu, noi giao dién nguoi
dung cho phép truc quan hoa phd tan va phan bd ning lugng ciia cac thanh phan gy on trong cabin. Dir
liéu nay dong thoi duge Iuu trir d& phuc vu cho viée danh gia, so sanh va hiéu chuan trong cac lan thir
nghiém khéc nhau. So db khéi tong thé cua hé thong cung cac ludng xur 1y dir liéu dugc thé hién trong
Hinh 1, bao gom ba khdi chirc ning chinh: tinh toan mirc ap suat am thanh (Sound Pressure Level —
SPL), phén tich pho tan sd, va thu thap thong s tdc do xe va téc do dong co.

’-___,_,___________f]___j [T Ty e 5 |
‘ " RMS me-weighting | { : :
! po & [ | |
: ” | | | |
— | | |
Adsightng SPL{dBA) : | | u |
I [ | SPL((IBA): : e :
1'3 s | | | |
‘ e e T e I |, ————
'_’1 ( Fast Fourier Transform A [_'_’l'_"l J |
‘ ) | |
‘ . i o | |
‘ L\J , | | X |
| N > RPM SO | |
e A g el S g o R J
s=s=s=zazas . |
| |
L CAN — | | |
I st Amotiest |
I 3 | | I
A L o S SNk T S L Sy R R = | S PR O J

Hinh 1. So d6 tong quan quy trinh xzz ly.

Trong Hinh 1, cam bién MEMS microphone INMP441 duoc st dung dé do tin hiéu 4m thanh, véi
kha ning giao tiép k¥ thuat s6 théng qua chuan I2S. Cam bién c6 do nhay 26 dB FS, dap tng tan s tir
60 Hz dén 15 kHz, murc nhiéu dau vao twong duo‘ng (EIN) 33 dBA SPL, va ngudng do t6i da 120 dB
SPL, dap mg yéu cau do chinh xéc trong moi truong cabin 6 t6. Bo diéu khién trung tdm st dung vi
diéu khién Teensy 4.1, trang bi hai cong I2S, cho phép két ndi toi da bén cam bién INMP441. Vi bd xir
1y hiéu nang cao va thu vién Teensy Audio, hé thong hd trg xir 1y tin hiéu 4m thanh chét lugng CD (44.1
kHz, 16 bit), ¢4 kha nang tinh toan cac ham phrc tap nhu gia tri hiéu dung Root Mean Square — RMS,
loc s6 va bién ddi nhanh Fast Fourier Transform — FFT. Dé thu thap dir liéu van hanh tir xe, h¢ thong sir
dung mo-dun CAN transceiver SN65HVD230 dam nhiém giao tiép giita mang CAN néi by cua xe va vi
diéu khién Teensy, dam bao tinh 6n dinh va d6 tin cdy trong qua trinh truyén dit liéu.

2.1.2. Nhdn dién va xur Iy tin hiéu dm thanh trong cabin 6 t6

'Song am tur ngudn gay tié’ng,(A)n trong cabin tdc dong mot ap suit p[Pa] twong tmg 1én mang cam
bien INMP441. Tu gia tri ap suat nay, hé thong s€ udc lugng thanh dai lugng muc ap suat &m thanh —
SPL (Sound Pressure Level) . Gia tri SPL [dB] dugc xac dinh theo cong thire (1) [16].

SPL = SPLy¢ + 20l0gs <p”"s> L
pref

Trong d6 p,,s dugc xac dinh theo cdng thuc (2).

1 T
Prms = v (P2 = ’Nf p?(t)dt =
0

Trong cong thic (1) va (2): SPLy.; — Mitc ap suat am thanh tham chiéu [dB]; p,.; — Ap suat am
thanh tham chiéu & tan s6 1 kHz [Pal; p,-ms — Ap suat &m thanh hién tai [Pa]; T — Khoang thoi gian do
[s]; t — Thoi gian [s]; N — Mau thu thap; p,, — Gia tri 4p suét thir n.

)
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Chon diém tham chiéu cam bién INMP441 ¢ tan s6 1 kHz tai 94 dB SPL twong (ing 4p suét 1 Pa c6
d6 nhay tham chiéu la -26 dB FS [15] 4p dung vao c6ng thirc (1) ta ¢6 cdng thirc (3).

SPL = 94 + 20logy, (pq’”) 3)

Gia tri pqps trong cdng thuc (3) 12 gié trj tiéu chuan, trong khi vi diéu khién Teensy can chuan hoa
bién do &p suat &m thanh nay sang hé bién do tr 0,0 dén 1,0 dé thuc hién cac thuat toan tach dit liéu nén
Drms CAN phal Chuyen qua Pyomsr — & &p suat 4m thanh quy ddi theo bién do cua Teensy. Dé chuyén doi
gia tri nay can mot diém tham chiéu bién d6 riéng p,-, sr- Tai diéu kién tham chiéu nay INMP441 c6 d6
nhay -26 dB FS nén ta xac dinh p,.,,¢r theo cong thurc (4).

—26 = 20log (prif 5) @)

26 r 4 N ,
Tir cong thuc (4) ta ¢ prepr = 10720 = 0,0501 [Pa]. Thay gia tri ap suat tham chiéu va muac ap
suat &m thanh ¢ diéu kién tham chiéu trén vao cong thirc (1) ta dugc cong thire xac dinh SPL nhu (5).

PrmsT )
0,0501

SPL = 94 + 20logs, ( (5)

Luu d6 xac dinh SPL duoc xay dung nhu Hinh 2.

r ?
| Khéiam | - ot AP Tinh SPL

o / 1
R Ry
| méu 16 bit | 9 Ll tansé | / /

Nhan va - 7
INMP441 tach goi
am thanh P ,

| Kknéiam | | Béloc AF;,“‘-‘”Q TinhSPL |/
./ thanh 128 | »|Biquad A-|»| Tinh RMS | »| wei;::ng |-»| theo diém |»/ SPL[dB] |

/ méu 16bit | | Weighting tham chiéu| /

(Fast)

Hinh 2. So do khéi xi ly, tinh toan SPL tir tin hiéu &m thanh sé cho méi micro.

Trong luu d6 trén ¢6 hai ludng xu ly tin hiéu, ludng thir nhat Teensy nhan khdi dir lidu tir INMP441
bao gdm 128 miu 4p suat &m thanh c6 d6 phan giai 16 bit tuong duong véi doan am thanh c6 d6 dai 2,9
ms. Khéi dit liéu nay dugc dua qua bd loc Biquad A-weighting 1a bo loc phan mém trong thu vién
Teensy theo tiéu chuan IEC 61672 thong qua ham cai dat cac hé s6 co ban [18]. Gié tri Py duoc tinh
trung binh theo cdng thirc (2) véi N = 128. Sau khoang thoi gian lay mau 2,9 ms s& c6 mét gia tri Drms
méi duoc tinh toan, chudi gia tri lién tiép p,.,s duge dwa vao bd loc Time weighting theo tiéu chuan
IEC 61672 nham xap xi sy bién thién cua gia tri 4p suat am hiéu dung p,.,s theo thoi gian. Qua trinh
nay dugc thuc hi¢n thong qua phép lay trung binh mii (Exponential Movmg Average — EMA) trong do
hang s thoi gian T = 125 ms tuong tng Voi ché d6 Fast quy dinh trong c4c thiét bi do mirc 4p suat am
thanh. Gia tri p,.ns cudi cting trong chudi loc dugc &p dung cong thuc (5) dé tinh gia tri SPL gui lén
may tinh.

Ludng thir hai Teensy xéc dinh SPL theo phé tan s nham boc tach céc tan s6 gay on khi phan tich
tleng on trén cabin bang cach xu ly tung kho| am thanh 1.024 mau 16 bit, véi tan s6 lay mau 44,1 kHz
gan tuong dwong vdi d6 phan giai phé tan sb 1a 43 Hz. Khéi am thanh nay s& dua qua hiéu ung cura s6
Hanning cho 1.024 mau dé giit nguyén bién d cua mau chinh giita va giam dan bién d6 vé hai phia nén
cuong do khéi tin hiéu s& giam di 2 1an so véi gia tri that nham muc dich giam ro ri phd &m thanh. Khoi
mau nay sau d6 duoc Teensy thuc hién thuat toan Fast Fourier Transform — FFT dé trich xuét bién do.
V6i 1.024 mau &p suit am thanh, thuat toan FFT chia ra 512 Bin tan s duoc chuan héa tir bin[0] t6i
bin[511]. D6 rong mdi bin 1a 43 Hz. Biéu nay c6 nghia la bin[0] dai dién cho cudng dé tin hiéu cua dai
tan tir 0 — 43 Hz va cho tai bin[511] dai dién cho cudng d tin hiéu caa dai tan tir 21.973 — 22.016 Hz.

SPL mdi bin tan s6 SPLy;n; duoc tinh theo cong thirc:
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SPLpinj;) = 94 + 201logyo (W (6)

2.1.3. Hiéu chudn bo do dé on

'Dé giam thiéu cac yéu t6 chu quan khi phat trién bo do tiéng on, nghién ctu tién hanh higu chinh he
thong theo mot thiét bi do da dugc kiem g:hl’xng theo tiéu chuan quoc té. Thiét bi lya chon 1a may do am
Class 2 Laserliner 082.070A c6 thdng s6 nhu Bang 1 [20].

Bdng 1. Théng sé méy do dm Class 2 Laserliner 082.070A.

TT Théng s6 ky thuit Gia tri va tinh chét
1 B6 loc tan s6 A-weighting, C-weighting
2 B¢ loc thoi gian Time weighting fast, slow
3 Pap iing tan s6 31,5 Hz — 8 kHz
4 Khoang do 30dB - 130dB
5 Do chinh xdc cua gia tri SPL +1,5 dB (tai diéu kién 94 dB/ I kHz)
6 D¢ phan giai SPL hién thi 0,1dB

Thi nghiém thir nhat, so sanh kiém tra higu chinh do 6n do duoc tir h¢ thong dang phat trién voi may
do chuan khi dat thiét bi trong phong kin. Thi nghiém hiéu chinh dugc b6 tri nhu Hinh 3.

Laserliner
g ) f
JBL PartyBox Clup
120 )
I=1m
iiBRia#L Teensy 4.1
&2 y

Hinh 3. B4 tri hiéu chinh hé thong thu thdp &m thanh.

Trong d6 4m thanh chuin don tan duoc phét ra tir loa JBL Partybox Club 120 trong méi trudng yén
tinh. May do va hé thdng phat trién dugc dit song song céch loa 1 m. Sau d6 so sanh mirc 4m luong va
hiéu chinh lai bg thu thap dang phat trién dé giam thiéu sai s6. Muc tiéu la SPL cua hé thong phai gan
nhét véi may do trong mot dai tan sb xac dinh. Két qua thi nghiém c6 dac tuyén so sanh, dic tuyén sai
s6 nhu Hinh 4.

100 — Laserliner 082.070A SPL [dB] —— sai s (dB]
B& thu thap [dB] /\_/ 6| === Gia tri trung binh = 1.41 [dB]
| \/\/ 4_
S w0l / g 2
= 2
5 | 2
5 -
= wy
ol
701
-2
60
Phuong sai: 7.715
—41/Dg léch chudn: 2.778
: 5 ‘
10 - 10 10 02 0 ot
Tan sa [Hz] Tén 56 [Hz]

Hinh 4. Sai sé SPL giira hé thang vdi mdy do Laserliner trong ddi tan tir 40 — 1.000 Hz.
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Theo két qua thé hién trén Hinh 4, d6 thi so sanh gitra mac &p suit &m thanh cua hé théng nghién
ctru va thiét bi do chuan cho thay su twong dong cao. V& mat dinh tinh, hai dac tuyén gan nhu tring
khép vé hinh dang va xu huéng bién thién theo tan sb thi nghiém, ching to hé thong do trong nghién
ctru ¢6 kha ning dap (mg 4m thanh twong d6i chinh xac. Tuy nhién, khi xem xét dinh lwong, c6 thé nhan
thay sai s6 xuat hién tai cac dai tan s6 khac nhau, diéu nay phan &nh sy chénh léch nhat dinh gitra hai
thiét bi do. Pac biét, ving tan s tir 1 kHz dén 5 kHz ghi nhan bién d6 sai s6 1on nhat, cho thay day 1a
mién can chi y trong viéc hiéu chuin va xu ly tin hiéu. Trén toan dai tan khao sat, do léch trung binh
gitra hai thiét bi 1a 1,41 dB, gié tri ndy nam trong giéi han cho phép ctia phép do 4m hoc thyc nghiém.
Theo thong ké cho thay phuong sai la 7,751 dB2, tuong ung vai d6 léch chuan 2,778 dB, chitng minh
d6 6n dinh va dé tin cdy twong di cao cua hé thong do dugc dé xuat.

Thi nghiém tha hai tién hanh so sanh két qua do do on cua hai hé théng nhu trén trong méi truong
cabin 6 t6. Thi nghiém tién hanh cé dinh cam bién INMP441 véi may do Laserliner 1én mét vi tri tua
dau ghé trudc, cac cira s6 dong kin, tit diéu hoa, tién hanh cho xe chay khoang 3 km & diéu kién mat
duong nhya ngau nhién, toc d6 khong vurot qua 50 km/h. Gia SPL ctia may do va hé thong s& duoc luu
vao Excel mdi gidy mot lan. Két qua thir nghiém hiéu chinh cho thay nhu Hinh 5.
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Hinh 5. Gia tri SPL cua Laserliner va hé thang phat trién khi thiz nghiém trén xe.
Sai s6 da phan dudi 1,5 dBA so v6i may do Laserliner. Tuy khong dat duoc do chinh xac qué cao
nhung ciing dat mac chap nhan dugc véi micro gia ré nhu INMP441.
Giir nguyén cach bd tri nhu hiéu chuan dap &ng tan s nhung cho loa phat white noise, ¢ dinh muc
am lugng, cac micro lan lugt dugc ¢o dinh vao mét vi tri duy nhat, tién hanh do va luu gia tri SPL cho
tirng micro.

2.1.4. Thu thdp dit liéu xe qua CAN
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Hinh 6. Céch thic giao tiép truy xuat da liéu theo giao thizc OBD I1.

Khi xe hoat dong, hai thong sO tac dong manh nhat t6i do O on trong cabin 1a toc do dong co Ne [RPM]
va tbe do xe Speed [km/h]. Dé danh gia khach quan cac ngudn giy on trén xe, nghién ctru thu thép hai
thong s6 nay thong qua mang CAN. Theo tiéu chuin 1SO 15765-4 [21], thiét bi yéu cau truy xuat dit
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lidu tir cong OBD-I1 ¢6 1D 0x7DF, md-dun diéu khién dong co va truyén luc c6 ID 0x7E8 t6i 0x7EF.
Dir liéu toc d6 dong co va tde do xe c6 dia chi PID 0x0C va 0x0D. Dit liéu téc do dong co bao gom 2
byte dang 16 bit dugc giai ma theo cong thirc quy dinh chung trong khi dir liéu Speed chi ¢6 1 byte dugc
lay truc tiép gia tri. So dd két ndi va luu d6 doc gia tri hai thong sé nay duge mé ta nhu Hinh 6.

2.1.5. Ldp trinh giao dién hién thi théng s6

Dit liéu vé d6 6n, phd tan sb, toe do dong co va tde do xe sau khi duoc xar ly bai phan mém lap trinh
chay trén vi diéu khién Teensy 4.1 s& dwoc tong hop thanh chudi di liéu giri 18n may tinh théng qua
cong USB. Trén may tinh, mot giao dién hién thi thong tin dugc xay dung bang phan mém LabVIEW
V6i chirc ning thu thap, xi 1y, tinh toan va hién thi dix liéu 1én cac biéu do dé theo dai tiéng on, phd tan
s6 theo thoi gian thuc. Bong thoi phan mém c6 chirc nang luu toan b gia tri qué trinh quan trac tiéng
dn vao 6 ctiing may tinh duéi dang bang sé dinh dang Excel phuc vu cho viéc truy xuat khi can thiét.
Giao dién chwong trinh may tinh vé cau tric c6 dic diém nhu Hinh 7.

CABIN NOISE * g i ol CABIN NOISE
MOMNITORING SYSTEM — 2l MONITORING SYSTEM

CABIN NOISE
MONITORING SYSTEM

Hinh 7. Giao dién hién th; diz liéu trén may tinh.

Trong d6, Hinh 7a 1 giao dién hién thj tong quat cac thong s6 va dic tuyén thu nghiém. Hinh 7b 1a
giao dién hién thi pho tan sb ctua 4 cam bién trong khi Hinh 7c hién thi pho tan s6 va bién do timg cam
bién riéng khi duoc lya chon. Hinh 7d 12 giao dién hién thi thong sé thir nghiém truy xuét tir dit liéu luu
trir phuc vu cho viéc so sanh danh gia tiéng on khi can thiét.
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Hinh 8. Két qua do th; thyec té va khi trich xudt.
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O chuc nang hién thi dit liéu trich xuat tir bo nhé may tinh, dé giam luu lugng, toe d6 luu dugc chon
14 1.000 ms do d6 dit liéu cac db thi khi khdi phuc s& c6 6 phan giai thap hon so vai khi thu thap theo
thoi gian thuc. Didu ndy dan dén cac dic tuyén trich xuat khong hién thi duoc cac xung nhidu 4m dot
Xuit nhu nhitng tiéng chan dong dot ngot hay nhiing tin hiéu thay ddi tirc thoi co thé bi bo sot. Tuy
nhién, xem xét mot cach tdng thé dé phan tich tiéng 6n c6 tinh chit lién tuc trong khoang thoi gian dai
thi dir liéu du kha nang dap tng. Sy khac nhau nay dugc thé hién nhu Hinh 8.

2.2. Thir nghi¢m hé thong

Dé budc ddu danh gia mot s6 chte néng cua b do, nghién cuu tién hanh gan thiét bi I&n xe thyc té
dé tién hanh thu thap thong tin vé tiéng 6n trong cabin. Hé thng bao gém 4 cam bién duoc b tri trén
phan tya dau cua ghe ngdi, sat véi tai ciia nguoi ngdi trén xe va duoc danh sé tir 1 dén 4 dé tién hanh
thir nghiém. Céch b tri nay dugc md ta nhu Hinh 9.

Hinh 9. V; tri gdn twong img cho timg cam bién am thanh—-Micro.

Nghién ciu thir nghiém duoc tién hanh trén ba xe thugc cac phan khic khac nhau bao géom Ford
Focus 2017 (hang C), Toyota Vios 2009 (hang B) va Chevrolet Spark 2010 (hang A). Can cir tiéu chuan
ISO 5128:2023 [17], diéu kién do duogc thiét 1ap véi cac thong s6 van hanh trong dong nham bao dam
tinh so sanh giita cac xe. Thi nghiém thtr nhat thuc hién khi xe dimg yén dé danh gia muc do lan truyén
tiéng on tir dong co vao cabin. Cac phép do tién hanh tai ba ché do tbc do dong co: cam chirng, 2000
rpm va 3000 rpm, thoi gian mdi lan do 1a 15 s. Két qua dugc trinh bay trong Hinh 10. Trong d6, SPLuw
No1 téi SPLy, No4 la gid tri trung binh SPL cua cac cam bién theo thir tu nhu Hinh 9; SPLy 1a muc on
trung binh tong hop.

IDL rpm 2000 rpm 3000 rpm
25 95,43 2622 a1 Exl 5528

Wios 2009 Spark 2010 Focus 2017 Vios 2009 Spark 2010

Focus 2017 ios Spark 2010

Hinh 10. Théng s6 thit nghiém trong diéu kién xe khéng di chuyén.

Tir céc thong sb trong Hinh 10 cho thiy gia tri thu dugc tir bon cam bién b tri tai cac vi tri khac
nhau trén xe phan anh mic do 6n khong dong nhét. Gia tri trung binh SPLy c6 xu hudng tang rd rét khi
toc d6 dong co tang tir ché do cam chimg 1&n 2000 rpm va 3000 rpm & ca ba mau xe. Ford Focus 2017
thé hién dic tinh 6n dinh nhét, véi bién do dao dong SPL nho va do phan tan thip, phan anh chét lwong
cach am khoang l&i tét hon. Nguoc lai, Chevrolet Spark 2010 ghi nhan mirc SPL téng manh tai 3000
rpm, dic biét & cAc cam bién dat tai hang ghé trudc véi mic 6n cao hon. Didu ndy cho thay hé thong
cach am gitra khoang dong co va cabin cua dong xe nay chua hiéu qua. Toyota Vios 2009 duy tri gia tri
SPL trung binh & muc trung gian giita hai xe trén, véi xu hudng gia ting tuong ddi dong déu va it bién
dong bat thuong.
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Thi nghiém thir hai dwoc thuc hién trong didu kién xe di chuyén nham danh gia mirc d6 tiéng on tir
mit dudng truyén vao cabin. Thir nghiém duoc tién hanh trén quang duong gisi han 250 m, chia thanh
ba giai doan. Trong 50 m dau, xe ting toc tir 0 dén 30 km/h Vi toe do dong co khong vuot qua 2000
rpm; 150 m tiép theo xe duy tri van toc 6n dinh 30 km/h; 50 m cudi cing xe giam téc dan vé 0 km/h.
Muc dich cua thir nghiém nay 1a so sanh mic 6n trong céc trang thai ting tbc, chuyén dong 6n dinh va
giam tbc cua ting xe. Tuy nhién, do mdi mau xe c6 hé thong truyén dong va dic tinh dong co khac nhau
nén viéc so sanh truc tiép cac dac tuyén gap nhiéu kho khan. Ngoai ra, diéu kién bai thir chua bao dam
tinh chuan hoa cao, vi vay thi nghiém chi tap trung xac dinh muac n trung binh trén toan b quang
duong khao sat. Két qua duoc trinh bay trong Hinh 11.

50

I SPL Nol
10, E=9 SPL No2
I SPL No3
I SPL Nod
[ SPLTB

Focus 2017 Vios 2009 Spark 2010

Hinh 11. Thong so thiz nghiém trong diéu kién xe di chuyén.

Thong s6 trong Hinh 11 cho thay khi xe di chuyén ¢ toc do thap, tiéng on trong cabin khong phai tir
dong co ma cha yéu phat sinh tir tiép xuc gitra 16p va mat duong truyén vao cabin. Do d6, mac 6n ghi
nhan tai hai cam bién bé tri & hang ghé sau cao hon so v6i hang ghé truéc do vi tri ndy gan banh xe hon.
Bén canh do, gia tri trung binh d6 dn thé hién sy khac biét rd rét gitra ba mau xe khao sat. Ford Focus
2017 duy tri SPLy, thap nhét tai tat ca cac vi tri do, dao dong khoang 52-54 dB, trong khi Toyota Vios
2009 va Chevrolet Spark 2010 ghi nhan SPLy, cao hon, dic biét tai hang ghé sau véi muc xap xi 56-57
dB. Két qua nay phan &nh kha ning cach 4m cua mau Focus vuot troi so vai hai mau con lai khi van
hanh trén duong. Nhin chung, hé thong quan tric cho phép khang dinh Ford Focus dat hiéu qua cach
am t6t hon, trong khi Vios va Spark can dugc xem xét cai thién dac tinh cach am trong diéu kién xe di
chuyén.

3. Két luan

Nghién ciru d phat trién thanh cong hé thong thu thap va phan tich tiéng On trén 6 t6, hién thi thong
s6 thong qua giao dién may tinh dugc xay dung trén nén tang LabVIEW, dong thoi c6 kha nang luu trix
dir liéu thi nghiém. Bén canh d6, hé¢ théng truy xuét hai thong s6 hoat dong cua 6 t6 cé anh hudng truc
tiép dén tiéng 6n, bao gom tbc do dong co va toc do xe, nham lam dir liéu tham chiéu B0 phén thu thap
tleng on da dugc hiéu chinh so véi mot thiét bi chuan hoéa theo tiéu chuan do tleng on cong nghiép, véi
sai s& nam trong ngudng cho phép. Hé thong gdm bdn kénh cam bién budc ddu di dugc thir nghiém
trén ba dong xe khac nhau, dai dién cho ba phan khuc xe pho bién tai Viét Nam. Dit liéu thu dugc tir
cac thir nghiém co ban cho phép danh gia mirc d6 cach am va d6 6n tai cac vi tri khac nhau ctia ngudi
ngdi trong cabin.

Mic du dat dwoc nhitng két qua ban déu quan trong, nghién ctru van t6n tai mot sb han ché can tiép
tuc cai tién. Trudc hét, nghién ciru méi chi tap trung vao viéc xdy dung hé théng do am thanh & giai
doan thir nghiém, do do nhiéu chi tiét chua dat mic hoan thién vé tinh thim my va do bén cong nghiép.
Bén canh d6, do gip kho khin trong viéc thiét 1ap diéu kién thir nghiém, pham vi thir nghiém con han
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ché khi méi ap dung trén sb luong xe it va chua khao sat day du cac diéu kién dic trung cua giao thong
tai Viét Nam.

Dinh hudng phat trién ciia nghién ctru 1a chudn hoa hé théng do, nang cao d6 6n dinh cta phéan clng,
ddng thoi mo rong sb luong kénh thu nham tién toi xay dung ban db tiéng 6n ba chiéu trong cabin theo
bién do va phan bd pho tan. Qua do, ting cudng kha ning danh gia va so sanh muirc d on gitra cac dong
xe trong diéu kién van hanh thyc té.

Loi cam on

Tac gia xin cam on Truong Dai hoc Cong nghé Ky thuat Thanh Phé Ho6 Chi Minh da cép kinh phi
thyc hién dé tai nghién ciru khoa hoc cdp co s6 mé s6 T2026 - 74. Chan thanh cam on phong thi nghiém
Co bién Tir O t6, Khoa Giao Thong va Nang Lugng, Dai hoc Cong nghé K¥ thuat Thanh Phé HO Chi
Minh da hd tro thiét bi thi nghiém.

Xung dot lgi ich
Céc tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
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