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Tom tat

Ung dung tri tué nhan tao (AI) trong hé thong tiii khi trén 6 té dang mé ra nhitng buéc
tién I6n trong viéc ndng cao an toan giao théng. Céc nghién ciru dd chi ra rang Al c6 thé cai
thién kha nang phat hién va cham thong qua viéc phan tich dir liéu tir cam bién trong thoi gian
thuwe, givip kich hoat tii khi nhanh chéng va chinh xdc hon. Ngodi ra, AI con hé tro téi wu héa
viéc trién khai tii khi, diéu chinh luc bung tui khi dwa trén murc do nghiém trong cua va cham,
tir do gidm thiéu chan thwong cho hanh khdch. Mot s6 hé thong tién tién tich hop Al con ¢é kha
ndng giti théng bdo khan cdp dén cdc dich vu ciru hé ngay sau khi tii khi dwoc kich hoat, givip
ting cwong khd ning phdn g trong cdc tinh huong nguy hiém. Al ciing dwoc sir dung dé phan
tich hanh vi ciia nguoi ldi xe, dw dodn va ngdn ngira cdc tinh huong nguy hiém truée khi xday
ra va cham. Bai bdo nay s dung phan mém matlab dé mé phong g dung Al trong nghién
cibu i khi trén 6 t6. Tuy nhién, viéc tich hop Al vao hé thong tii khi ciing dét ra nhitng thach
thire, bao gom dam bdo tinh ddng tin cdy va tudn thii cdc tiéu chudn an toan nhw ISO 26262.
Cdc nghién cieu dang tiép tuc phat trién dé khdc phuc nhitng han ché nay va dwa ra cdc gidi
phap an toan hon trong twong lai.

Tar khoa: Tui khi trén 6 t0, Al, 1SO 26262, Matlab
Abstract

The application of Artificial Intelligence (Al) in automotive airbag systems is opening
up significant advancements in enhancing traffic safety. Studies have shown that Al can
improve collision detection by analyzing real-time sensor data, enabling faster and more
accurate airbag deployment. In addition, Al supports the optimization of airbag deployment by
adjusting deployment force based on the severity of the collision, thereby minimizing injuries
to passengers. Some advanced Al-integrated systems are also capable of sending emergency
notifications to rescue services immediately after airbag activation, enhancing response
capabilities in critical situations. Al is further used to analyze driver behavior, predict potential
risks, and prevent dangerous situations before collisions occur. This paper uses MATLAB
software to simulate the application of Al in automotive airbag research. However, integrating
Al into airbag systems also presents challenges, including ensuring reliability and compliance
with safety standards such as ISO 26262. Ongoing research continues to address these
limitations and develop safer solutions for the future.

Keywords: Automotive airbags, Al, 1ISO 26262, MATLAB
1. Mé dau
Trong nganh cong nghiép 6 t6 hién dai, an toan luén 1a mot trong nhing yéu té wu tién
hang dau trong thiét ké va phat trién xe. Mot trong nhitng h¢ thong an toan quan trong nhét 13
tai khi, dugc sir dung nham giam thiéu chin thuong cho hanh khach trong truong hop xdy ra
va cham. Tuy nhién, véi su gia ting clia cac yéu td phuc tap trong méi truong giao thong, tir

mat d6 phuong tién dong duc dén cac tinh hudéng khan cip kho ludng, nhu cau cai tién va toi
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vu hoa hé thdng tai khi ngdy cang tré nén cap thiét. Pay 1a lic tri tué nhan tao (AI) xuat hién
nhu mot giai phap day hia hen.

Trong vai nam trd lai day, sy tién bod vuot bac cua Al di mang dén nhiing ing dung
dang cht ¥ trong nhiéu linh vuc khac nhau, tir y té, tai chinh dén cac cong nghé ty dong hoa.
Trong linh vuc 6 t6, Al khong chi tip trung vao phat trién xe ty hanh ma con duge ing dung
manh mé trong cac hé thong an toan, trong d6 c6 hé thong tai khi. Vi kha nang xu 1y dit liéu
trong thoi gian thuc va hoc tap tur dir 1i€u 16m, Al d@ mo ra nhiéu co hdi dé cai thién hiéu sut
va dg tin cay cua cac h¢ théng an toan trén xe hoi.

Hé thong tai khi tich hop AI hira hen mang lai nhiéu loi ich vurot bac, bao gdm kha ning phat
hién va phan tich va cham chinh xac hon, t6i vu hoa luc bung thi khi dya trén thong tin vé hanh
khach va mirc do nghiém trong cta tai nan. Khong dung lai ¢ do [1] [2]

Tuy nhién, viéc tich hop Al vao hé théng tui khi khong chi don thuan 1a mot budce tién
k¥ thuat ma con dit ra nhiéu thach thirc vé dam bao tinh an toan, tudn thu cac tiéu chuan quéc
té nhu ISO 26262, va tdi wru hoa chi phi trién khai. Bai bao nay nham kham phé cac ing dung
cua Al trong h¢ théng tai khi trén 6 t0, déng thoi thao luan nhiing loi ich, thach thiec, va trién

vong trong twong lai ciia cong nghé nay ddi véi nganh cong nghiép 6 6.

2. Giai quyét van dé

Hé théng tai khi va dai an toan trén xe 6 t6 dong vai tro quan trong trong viéc giam thiéu
chan thuong cho hanh khéach khi xay ra va cham. Tuy nhién, cac hé thng truyén thong chu yéu
dra vao ngudng gia téc dé kich hoat tai khi, dan dén viéc kém linh hoat va c6 thé giy nén tinh
trang kich hoat khong can thiét hodc tré, d& kich hoat sai 1am trong cac va cham nhe. Phan tng
cham, khong t6i uu theo timg loai va cham; Thiéu tinh thich ing véi toc do, vi tri va cham.
Béng 1 thé hién sy hoat dong ciia ngudng gia tdc kich hoat tiii khi. [3]

Bing 1. Ngudng gia toc kich hoat tii khi

Tinh hudng Gia toc (m/s?) Tai khi
Phanh gap (khong va cham) 5-15 Khoéng
Dam nhe vao xe trude (10km/h) 15-25 Khoéng
Va cham trung binh (30 km/h) 25-35 Co thé
Va cham manh (50km/h) 35-50 Chéc chan hoat dong

Trude nhitng han ché dé, viéc ap dung tri tué nhan tao (AI) vao hé thong tai khi va dai
an toan nham ti vu hoa kha nang du bao va cham va kiém soat viéc kich hoat 1a mot giai phap
hiéu qua. AI gitip phan tich nhanh chong dit liéu tir cdc cam bién, du doan mirc do nghiém trong
ctia va cham va diéu chinh hanh vi kich hoat phu hop

2.1 M6 hinh hoat dong ciia hé thong tdi khi kiéu truyén théng
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Tai khi 12 mot trong nhitng hé théng an toan bi dong quan trong nhit trén 6 to, giup
giam thiéu tac dong 1én ngudi l4i va hanh khach trong trudng hop xay ra tai nan. Hé théng nay
hoat dong bang cach phat hién va cham va trién khai tai khi trong vai mili gidy dé hap thuc luc
tac dong.

Hé théng tai khi bao gém cac bd phan chinh sau: Cam bién va cham: Phat hién va cham va gui
tin hiéu dén bo diéu khién; Bo diéu khién tai khi (ACU - Airbag Control Unit): Xir 1y tin hiéu
tir cam bién va quyét dinh viéc trién khai tai khi; Bo phan kich né: Tao phan ung hda hoc dé
bom phong tui khi trong vong 20-50ms sau va cham;Tdi khi: La tim vai nylon bén, chiu duoc
&p suat cao, Hap thu xung luc va bao vé nguoi ngdi trén xe; Day dai an toan tich hop: siét chat
day dai an toan khi phat hién va cham, gidp giir chat ngudi ngoi trén xe.
Hoat dong cua tdi khi 6 t6 ¢6 thé duoc chia thanh ba giai doan chinh:
1. Phat hién va cham
Trong giai doan nay, cam bién gia toc do gia tdc va cham a(t) va tich hop dé xac dinh
van toc va dich chuyén (1)
v(t) = [a(t)dt
s() = [v(t)dt (1)
Néu gia tdc hodc van tdc vuot qua ngudng kich hoat ar hoac vinr, hé théng s€ kich hoat bo
kich né tai khi. Theo bang 1.
2. Pha bom khi va trién khai tdi khi:

Sau khi kich hoat, tai khi dwgc bom cang bang khi tir phan tng héa hoc. Qué trinh nay

c6 thé dugc md hinh hoa bang phuong trinh khi 1y tuéng:

PV = nRT
dapP RT dn
w=va (2)

Véi: P la &p suat bén trong tai khi;V Ia thé tich tai khi; n 1a sé mol khi sinh ra tir phan ung; R
la hiang s6 khi 1y twong; T 1a nhiét 6 khi
Téc @6 sinh khi tir phan @ng hda hoc dugc md ta bang phwong trinh dong hoc:

S =kC 3)
Véi: k la hang s6 tdc do phan ung; C 12 ndng d6 chat phan tng
Tai khi mé rong va tiép xuc véi hanh khach, 1am giam téc do caa ho bang huc can khi:
F = PA — pv?AC, (4)
Véi: A la dién tich tiép xuc cua tai khi; p 1a mat ¢6 khong khi; v 1a van téc cua hanh khach; Cq
la hé s6 can

3. Pha xd khi va hdp thu nang lwong
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Sau khi hip thu ning luong cua hanh khéach, tdi khi xa khi thong qua céc 15 thoat dé

giam &p suat. Qua trinh nay cd thé dugc md ta bang phwong trinh Bernoulli:

Q = Cadlo ﬁ (5)

Trong d6: Q 1a luu luong khi thoét ra; Cq 1a hé s6 xa khi; Ao 12 dién tich 16 thoat khi; P
12 &p suat bén trong tdi khi

Bdng 2. Gia tri dau vao ciia mé phong tui khi truyén thdng

Khoi A Dién

Z. Dién tich luong Thé tich Héng $b Nhiét E) ) ¢ ,

Khoi A, . £ - N e . suat tich 10
. tiép xuc | H¢ so riéng ban dau khi ly d6 khi . ,

luong hanh S , R . ) .. khi thoat
khéch (k) thi khi can khong cua tai tuong | trong tui in Khi
91 m khi | khi(m3) | (Ikg.K) | khi (K) qzlpya) ()

(kg/m3)
70 0.3 0.6 1.225 0.005 287 300 101325 | 0.005

Két qua mo phong trong Matlab ta nhan duoc dang dd thi gia toc, van téc p suat tai khi
theo thoi gian. Hinh 1

Y
File Edit View Insert Tools Desktop Window Help E

Qdde | 2[(0E|&E

Gia toc va cham

o . .
K
B
2 40l
|
Q &0 1 . . I 1 I 1 I 1
o 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.08 01
Vian toc clia xe
0 : ; " ;
2
E.oaf
o
8
E04r
= 06 1 1 h T T T T T T
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.08 0.1
Ap suét tiii khi theo thoi gian
250 . . . : :
]
i
=200
z
w150
o
Y

=
=]

G
Hinh 1. 6 thi gia tbc va cham, van tc xe va p suat tai khi theo thoi gian

Nhu vay: Hé thong tai khi truyén thong dwa trén cac ngudng cé dinh dé quyét dinh mo
tai khi. Tuy nhién, cach tiép can nay cé thé gap mot sé han ché: Chua téi wu hoa duoc toe do
va do chinh xac; C6 thé kich hoat cham hozc sai (kich hoat khéng can thiét); Khdng phan biét
duge cac trudng hop va cham khéac nhau; Khong ¢4 nhan hoa theo nguoi dung; Mot sb yéu td
nhu vi tri ghé ngdi, trong luong hanh khach cé thé anh huong dén muc d6 an toan.

2.2 Ung dung AI trong diéu khién tGi khi trén 6 to

Al ¢6 thé gitp cai thién kha ning diéu khién tai khi bang cach phan tich dit liéu phirc

tap va du doan va cham théng minh. [4]
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Céc phuong phap Al trong diéu khién tdi khi nhu: Machine Learning (ML): st dung dé
hoc cac mau dir lidu tir cac va cham thuc té va dua ra quyét dinh chinh xac hon vé viéc kich
hoat tdi khi; Deep Learning (DL): véi kha nang xir ly dit liéu 16n va tu dong trich xuat dic
trung; Deep Learning dic biét phi hop dé phan tich dir liéu cam bién phirc tap; Reinforcement
Learning (RL): hoc ting cudng c6 thé duoc sir dung dé téi wu hoa chién lugc kich hoat tai khi
bang cach thir nghiém cac kich ban va cham khac nhau trong mé phong va hoc cach phan ung
t61 wu. [5]

Quy trinh tich hop AI vao diéu khién tdi khi: Bugc 1: Thu thap dir liéu va cham; Buéc 2: X
ly va tién xir ly dit liéu; Budc 3: Huan luyén mo hinh Al; Budc 4: Kiém thir trén mé phong va
thue té; Bude 5: Tich hop vao ECU cua xe
Str dung phan mém Matlab dé md phong su hoat dong cuia Al trong diéu khién tai khi trén 6 to.
Trinh tu mo phong:

1. M@ phong va cham xe sir dung mo hinh vat ly.

2. Mang no-ron nhan tao (Al) du doan xéc suat va cham nghiém trong.

3. Kich hoat ti khi néu Al xac dinh va cham ning.

4. Tinh &p suat tGi khi da trén phuong trinh khi 1y tuéng.

Mo hinh héa dong luc hoc ctiia va cham dé xé4c dinh cac yéu t6 anh huong dén quyét dinh
kich hoat tai khi.

Phwong trinh ddng luc hoc va cham: Xét chuyén ddng cia xe va hanh khach trong
va cham, ta sir dung mé hinh khéi hrgng - 10 xo - giam chan (Mass-Spring-Damper):

mix + cx + kx = Fynpact (6)

Trong d6: m: 1a khdi lugng hanh khach;c: 1a hé sé giam chan (tac dong cua ddy dai an toan);k:
1a d6 cting cua xe khi hap thu va cham; x: 1a vi tri ciia hanh khach so véi ghé; Fimpact 12 luc tac
dong do va cham. Str dung dit liéu tir cam bién gia t¢ asennor dugc st dung dé xac dinh lyc tac
dong:
Fimpact= M Fimpact (7)
M6 hinh Al s& nhan dir liéu tir cam bién dé dy doan mirc d6 nghiém trong va quyét dinh
kich hoat tdi khi. Dir liéu dau vao cho Al c6 thé bao gom: Gia toc a(t), van toc v(t), vi tri x(t)
cua xe. GOc va cham 6
Thong tin ngudi ngoi: trong lugng My, Vi tri Xy,
X:[a(t) v(t) x(t) 6 my, x, ] (8)

M6 hinh hoc may c6 thé du doan xac suit va cham nghiém trong bang hdi quy logistic:

1

Py =1IX) = —omm (9)

5
Tap 1, S6 1, 2025 DOI: https://doi.org/10.65153/1pnq7h79



Tap chi Khoa hec va Cong nghé¢ Truong Pai hoc Cong nghé Pong A

Trong dé: P(y=1) 1a x4c suét xay ra va cham nghiém trong; w 1a trong s6 mé hinh; b 1a hé sb
diéu chinh. Tui khi dwoc kich hoat khi xac suat vugt qua mot ngudng Pinreshold
Kich hogat néu:
P(y = 1X) > Pehreshola (10)
M6 hinh mang no-ron nhan tao (Deep Learning) véi mang no-ron nhiéu 16p, ham dau ra cé thé
dugc mo ta bang:
h® = f(W(l)h(l—l) + b(l)) (11)
véi: h(l) 1a dau ra cua 1op 1; W(1), b(l) 1a trong s6 va hé sé diéu chinh; f(x) 1a ham kich hoat
(ReLU, Sigmoid). Két qua cudi cing 1a xac sut kich hoat tdi khi:
P(y = 1|X) = o(W DRI 4 p1)) (12)
M6 hinh hoc ting cudng (Reinforcement Learning):Véi hoc ting cudng, hé théng hoc céch toi
wu phan tng qua mé phong va cham. M6 hinh Markov Decision Process (MDP) gom trang thai
st=(a, v, x, 0, mp, Xp,) (13)
Hanh dong a, (kich hoat hodc khdng kich hoat tdi khi). Ry, dua trén mac d6 chan thuong. T6i
vu duoc tim bang phuong trinh Bellman:
Qspap) = Re +ymaxQs,, 11,4 (14)
Trong d6 y 1a hé sé quyét dinh diéu khién tai khi
Sau khi Al dy doan, bo diéu khién s& quyét dinh kich hoat tai khi dua trén luat kich hoat néu:

P(y:l) > Pthreshold HOdC Q(st,at=1) > Q(st,at=0) (15)

Str dung mang no-ron nhan tao (ANN - Avrtificial Neural Network) trong MATLAB dé

diéu khién tui khi trén 6 td, cong cu Deep Learning Toolbox gitip huan luyén ANN

A AAA A AN ARAA AT AR AN Ao i N AN At

AnA ARG T 2 Aot TS By R T ) P LI P

Hinh2. Huin luyén ANN trong Matlab

Két qua mo phong trong matlab c6 Al diéu khién su hoat dong cua tli khi dang do thi

gia toc, van toc ap suat tai khi theo thai gian Hinh 3.
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Hinh 3. Két qua md phong trong Matlab c6 Al diéu khién

2.3 Panh gia mé hinh diéu khién tai khi AI diéu khién véi tiéu chuan 1SO 26262

ISO 26262 [6] yéu cau hé thdng tdi khi phai dat céc tiéu chi an toan sau: Phat hién va
cham chinh xac (False Positive & False Negative); False Positive (FP - Kich hoat sai): Tui khi
kich hoat khi khong c6 va cham nguy hiém; Tiéu chuan: FN < 0.1% dé tranh rui ro tinh mang;
Thoi gian phan ung cta hé thong phai < 10ms dé kip bao vé hanh khach. [7]. D6 tin cdy cua
mé hinh (Accuracy & ASIL Compliance) Do chinh xac cta Al phai > 95% trong cac tinh huéng
nguy hiém. Phén tich sai s6 cia mé hinh truyén théng va mé hinh c6 Ai diéu khién trong matlab
duoc thé hién trén hinh 4

So sanh dé chinh xdc: Al vs. M6 hj w]ruyén théng
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80

@
=
T

rs
S

D6 chinh xac (%)
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Truyén thdng Al Bliéu khign

Hinh 4. Sai s6 caa md hinh truyén théng véi mé hinh AT diéu khién

3. Trao d6i va két luan
Bai béo di trinh bay viéc ing dung tri tué nhan tao (Al) trong diéu khién hé théng tai
khi 6 t6 nham tdi wru hoa kha ning phan tng va dam bao an toan cho hanh khach trong truong
hop va cham. Bfmg cach st dung mang no-ron nhan tao (ANN) va cac thuat toan hoc may, hé
théng ti khi c6 thé phan tich dit liéu tir cac cam bién va cham theo thoi gian thyc va dua ra

quyét dinh chinh xac hon so véi mé hinh truyén thong tir 85% 1én dén 98% khi tmg dung AL
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Céc thir nghiém mé phong cho thdy ring Al c6 thé nang cao d chinh x4c trong viéc
nhan dién mirc 4 nghiém trong cua va cham, tir d6 giam thiéu céc truong hop kich hoat sai thi
khi hoic kich hoat khong kip thoi. So vé6i cac phuong phép truyén thong, hé thong Al gitp cai
thién d6 chinh xac 1én khoang 10-15%, giam nguy co chin thuong do kich hoat khong phu hop
cua thi khi.

Tiéu chudn ISO 26262 [6] quy dinh cic yéu cu vé an toan chirc ning ddi v6i hé thong
dién - dién tir trong 6 t6, bao gom ca hé thong tai khi. Tir cac két qua mo phong, hé thong Al
trong nghién ctru ndy co6 thé dap tng cac yéu ciu trén bang cach str dung dir liéu cam bién thoi
gian thuc va thuat toan hoc sau dé t6i vu hoa viéc phat hién va phan tng voi va cham. Tuy
nhién, mot sé thach thirc van can duoc giai quyét dé dam bao hé thong Al thuc su dat tiéu chuan
ISO 26262 khi trién khai thyc té.

Chimg minh rang viéc 4p dung Al trong diéu khién tai khi c6 thé giup nang cao d6 chinh
xéc, giam thiéu sai s6t va t6i uru hoa thoi gian phan (g ctia hé théng so v6i phuong phap truyén
thong. Hé thong Al c6 tiém ning 16n trong viée dap Gng tiéu chuan an toan ISO 26262, nhung
van can c¢6 thém cac nghién ctu dé dam bao tinh minh bach, do tin cdy va kha ning kiém thir
cua hé théng trude khi trién khai thue té.

Trong twong lai, viéc két hgp Al véi cac cong nghé an toan chii dong khac va tdi uu hoa
mo hinh hoc méy s& gitp hé thong thi khi tré nén thong minh hon, ting cuong bao vé ngudi
ngdi trong xe va giam thiéu thuong vong trong cac vu tai nan giao thong. Day 1a mot bude tién
quan trong trong viéc nang cao an toan giao thong va tmg dung cong ngh¢ Al trong nganh cong
nghiép 0 t0.
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