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TOM TAT

Bai bdo trinh bay qud trinh thiét ké va phat trién mot mé hinh xe nguyén mau chi phi thap
cho xe tw ldi co tich hop mot 6 chire nang co ban cua hé théng ho tro ldi xe tién tién (ADAS). Mo
hinh dwoc xdy dung theo hwdng mé-dun nham phuc vu nghién ciru va dao tao vé diéu khién chuyén
déng, bam lan, duy tri khodng cach an toan, tranh va cham va khd ndng mé réng truyén thong giira
cdc xe. Hé thong phan cimg ciia xe gom vi diéu khién Arduino Mega 2560 + CH340, mach diéu
khién déng co L9110S, cam bién khoang cich hong ngoai SHARP GP2Y0A21YKOF, cam bién do
line 3 kénh, cam bién toc do hong ngoai diing bé so sanh LM393 va encoder quang. Vé phan mém,
hé théng dwoc Idp trinh trén nén tang Arduino IDE bang ngén ngit C/C++, trong do dit liéu tir cdc
cam bién dwoe thu thap, xir 1y va chuyén thanh tin hiéu diéu khién dong co theo thoi gian thie. Két
qud thiee nghiém cho thay mé hinh c¢é kha nang phdt hién vdt can phia truée, diéu chinh van toc va
gitF khodng cdch an toan trong méi trwong phong thi nghiém. Mé hinh dé xudt ¢é wu diém chi phi
thcfp, cau triic don gian, dé trién khai, phut hop cho cdc nghién cuu budc dau vé xe thong minh va
xe tu hanh.

T khéa: Hé thong ho tro ldi xe tién tién; Hé thong diéu khién thich nghi hanh trinh; Xe
thong minh; Xe tw hanh; Robot di dong tw hanh.

ABSTRACT

This paper presents the design and development of a low-cost prototype model car for
autonomous vehicles equipped with basic Advanced Driver Assistance System (ADAS) functions.
The proposed model is developed in a modular manner for research and educational purposes in
motion control, lane following, safe-distance keeping, collision avoidance, and possible vehicle-to-
vehicle communication expansion. The hardware system includes an Arduino Mega 2560 + CH340
microcontroller, an L9110S motor driver, a SHARP GP2Y0A21YKOF infrared distance sensor, a
3-channel line tracker sensor, and an infrared speed sensor using an LM393 comparator with an
optical encoder. The software is implemented on Arduino IDE using C/C++, where sensor data are
acquired, processed, and converted into motor control signals in real time. Experimental results =
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indicate that the prototype can follow detect obstacles ahead, regulate its speed, and maintain
a safe distance in an indoor laboratory environment. The proposed model is low-cost, simple in
structure, and suitable for preliminary studies on smart cars and autonomous vehicles.

Keywords: ADAS; ACC; Smart car; Autonomous vehicle; Autonomous mobile robots.

1. PAT VAN PE

Trong nhitng nim gan day, xe tuy hanh
va cac hé théng hd tro 14i xe tién tién ngay cang
gilr vai trd quan trong trong giao thong thong
minh. Céac hé thong nay khong chi huéng dén
nang cao an toan van hanh ma con gép phan
cai thién nang lyc luvu thong, giam Un tic, giam
tiéu hao ning luong va tang muc do tién nghi
cho nguoi sir dung. Trong d6, cac bai toan cdt
16i thuong gip 1a diéu khién doc, diéu khién
ngang, bam lan, duy tri khoang céach, tranh va
cham va phdi hop giita cic phuong tién trong
do6i hinh chuyén dong [1], [2].

Mot huong nghién ctru duge quan tam
la str dung cac mo hinh xe thu nhé trong phong
thi nghiém dé kiém chtng thuat toan diéu khién
va danh gia kha nang tich hop cam bién. Cach
tiép can nay c6 wu diém 14 chi phi thap, an toan,
d& tai cau hinh va phu hop véi méi trudng dao
tao ciing nhu nghién ctru ban dau. Nhiéu cong
trinh d4 cho thdy mé hinh xe nguyén mau c6
thé dugc xdy dung theo dang xe bam line, c6
cam bién khoang céach, cam bién tdc do, truyén
thong vo tuyén va kha niang ghi nhan dir liéu
thuc nghi¢m dé phan tich ngoai tuyén [1], [2].

Bén canh d6, cac nghién ctru vé giao
tiép gitra cac xe cho thay truyén thong V2V la
thanh phan quan trong ctia hé thong giao thong
thong minh. Thong tin vé van tdc, tinh trang
giao thong hodc canh bao an toan cé thé dugc
trao ddi gitra cac xe dé hd tro ra quyét dinh didu
khién nhanh hon. Céc thir nghiém trén nén tang
Arduino cho théy WiFi ¢6 thé duoc sur dung
nhu mot giai phap kha thi cho truyén thong

gitra cac xe & quy mo mo hinh [4], [5].

Xuat phat tir cac co sé trén, bai bao nay
dé xuat thiét ké mot mo hinh xe nguyén mau cho
xe tu 141 dugc trang bi cac chirc naing ADAS co
ban. Muyc ti€u cia mo6 hinh 1a bam lan, phat hién
vat can phia trude, gitt khoang cach an toan va
diéu chinh vén tdc phu hop trong méi trudng
thyc nghiém trong nha. Hudng thiét ké duoc
lwa chon 14 chi phi thip, cdu tric mo-dun, dé
ché tao va d& mo rong cho cac nghién ciru tiép
theo vé ACC, V2V hoic IoT giam sat phuong
tién.

2. THIET KE KHUNG XE

Khung xe dugc thiét ké theo hudng dbi
xing trai — phai, s dung bon banh xe song
song, phu hgp véi thtr nghiém trong phong thi
nghiém nhu trong hinh 1. Pay 1a cu trac don
gian, thuan lgi cho viéc bd tri cam bién, pin,
mach diéu khién va cac mo-dun truyén thong.
Theo cac nghién ctru tham khdo, mé hinh xe
dang thu nho c6 thé duoc ché tao bang phuong
phap thiét ké CAD va in 3D nhu trong hinh
2 dé bao dam tinh 1ap lai, kha ning thay thé
linh kién va dé hiéu chinh trong qué trinh thu
nghiém.

P6i v6i md hinh duge dé xuét, than xe
duoc chia thanh cac cum chinh: cum dau xe,
cum gitta va cum dudi. Phia trude than xe nhu
trong hinh 3 bd tri cam bién do line va cam bién
khoang cach dé nhan biét lan duong ciing nhu
phat hién xe hodc vat can phia trude. Phan gitta
b6 tri bo mach diéu khién, ngudn pin va cac
day két ndi nham rat ngin duong tin hiéu. Phan
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sau bd tri dong co di¢n, cam bién tdc do va cac
co cau truyén dong nhu trong hinh 4. Cach bd
tri nay gitip giam nhiéu day dan, thuan loi cho
viéc kiém tra, bao tri va mé rong phan cimg sau
nay.

Mo hinh lam viéc chii yéu trong moi
truong trong nha nén sir dung ngudn pin Li-
ion hodc LiPo 1 pht hop nhd khdi lugng nho,
kha ning cdp dong twong ddi tt va thuan tién
cho viéc nap lai nhiéu 14n. V&i cu trac bdn
béanh, viéc d6i hudng chuyén dong c6 thé dugc
thuc hién thong qua chénh léch vén tdc giita
cac banh hodc gitra hai phia cua xe, phu hop
v6i nguyén 1y diéu khién co ban cho robot di
dong tu hanh chi phi thap.

Hinh 2. Hinh 3D mé hinh xe nguyén mau

Hinh 3. Hinh 3D mat sau cua moé hinh xe
nguyén mau

Hinh 4. Hinh 3D mat trweoc cua mo hinh xe
nguyén mau.

3. THIET KE PHAN CUNG

S ——

ok ik ma
-

Hinh 5. Cau truc phan cung cia mo hinh xe
nguyén mau.
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3.1. B vi xir ly

Nhu trong hinh 5, bo diéu khién trung
tam cua mo hinh la Arduino Mega 2560 +
CH340 st dung vi diéu khién ATmega2560. Vi
diéu khién nay c6 sb luong chan vao/ra s6 va
twong tu 16m, phu hop v6i mé hinh ¢6 nhiéu cam
bién va co cAu chap hanh. Day 14 Iya chon thich
hop cho cac nghién ctru thyc nghiém ban dau
vi dé lap trinh, tai nguyén phan ctng tuong ddi
phong phu va twong thich tot voi méi trudng
Arduino IDE. Trong cac nghién ctru tham khao
vé xe nguyén mau platooning, Arduino Mega
2560 ciing dugc dung dé diéu khién mé hinh xe
tur hanh chi phi thap.

3.2. Module diéu khién déng co L9110S

Mach L9110S nhu trong hinh 6 Ia
module diéu khién dong co hai kénh, kich
thuéc nhd gon, phu hop vdi cac mo hinh xe
dién cong suat nho. Mdi kénh co thé didu khién
mot dong co DC véi dong lién tuc xap xi 800
mA, cho phép diéu khién dong thoi toc do va
chiéu quay ciia hai dong co. Module c6 thé hoat
dong trong dai dién ap tir 2,5 V dén 12 V nén
phu hop véi ca hé théng 3,3 V va 5 V. Tc do
dong co duogc thay doi béng tin hiéu PWM, con
chiéu quay duoc diéu khién thong qua tin hiéu
s6 tai cac chan diéu khién cua driver.

Hinh 6. Kiém tra Module diéu khién dong co
L9110S.

3.3. Cam bién khoing cich

Pé thyc hién chirc nang duy tri khoang
cach an toan va hd tro tranh va cham, mo hinh
sir dung cam bién khoang cich hong ngoai
SHARP GP2Y0A21YKOF. Cam bién nay c6
ngo ra tuong tu va dai do phu hop trong khoang
10 cm dén 80 cm, dap tmg yéu cau ctia md hinh
ADAS trong khong gian thi nghi¢m nho. Trong
cac hé thong xe platooning, théng tin khoang
cach toi xe phia trude 14 bién quan trong dé bo
diéu khién ra 1énh giam téc, ting toc hodc ding
khan cép khi can thiét.

3.4. Cam bién do line

D¢ thyc hién diéu khién bam lan, mo
hinh su dung cam bién do line 3 kénh. Mbi
kénh gom mot cip phat/thu hong ngoai dung dé
nhan biét sy khac biét phan Xxa gitra nén trang
va vach den. Khi cam bién nam trén nén trang,
anh sang hong ngoai phan xa vé dau thu nhiéu
hon nén ngd ra & mirc HIGH; khi cam bién nam
trén vach den, kha nang phan xa giam nén ngo
ra chuyén vé mirc LOW. Nho @6, bo diéu khién
¢ thé xac dinh xe dang léch trai, 1éch phai
hay ¢ dung vi tri mong mudn so véi vach din
huodng.

Cam bién do line dong vai trd dau vao
cho khdi diéu khién ngang, tic la diéu khién
huéng chuyén dong cua xe theo quy dao dinh
san. Trong cac md hinh xe platooning dang
bam line, cach tiép can nay thay thé cho cac hé
thong cam nhan lan duong phtc tap hon nhu
camera hodc GPS, qua d6 giam chi phi va don
gian hoa thtr nghiém trong phong thi nghiém.

3.5. Cam bién téc dd banh xe
Dé do van tdc quay cta banh xe thé

hién nhu trong hinh 6 va phyc vu di€u khién
toc do, mo hinh str dung cam bién toc d§ hong
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ngoai voi by so sanh LM393 két hop encoder
quang. Mot dia quang co cac khe duoc gan 1én
truc banh xe; cdp phat/thu quang dugc dat o
hai bén dia. Khi dia quay, anh sang di qua cac
khe s& tao ra chudi xung sd tai chan DO. Tan s6
xung thu duoc ti 18 véi van tc quay ctia banh
xe, tir 46 ¢ thé tinh dugc van tée goc va suy ra
van tdc chuyén dong cua xe.

Thoéng tin toc d6 14 thanh phan can thiét
cho cac bai toan diéu khién doc, duy tri khoang
cach va dong bo van tdc giita cac xe trong doi
hinh. Ngoai ra, tin hi¢u encoder con giap danh
gia chit luong dap tng ctia dong co, hd tro hiéu
chinh tham sé diéu khién va giam sat sai léch
gilta van tdc dat vai van tde thuc té.

4. PHAN MEM

Phan mém diéu khién duoc xdy dung
trén nén tang Arduino IDE béang ngon ngit C/
C++. Moi trudng ndy cung cip trinh soan thao
mi ngudn, ving thong bao, cira s6 console va
cac cong cu nap chuong trinh truc tiép xudng
vi diéu khién. Trong mo hinh hién tai, Arduino
Mega 2560 + CH340 dong vai tro trung tam
thu nhan di liéu tir cam bién khoang cach, cam
bién do line, cam bién toc dd va cdc mo-dun
phu trg dé dua ra 1énh diéu khién dong co thong
qua driver L9110S.

CAu trac chuong trinh gom hai ham bét
budc 1a setup() va loop(). Ham setup() chi dugc
thyc hi¢n mot 1an khi h¢ thong khoi dong hogc
reset, diung dé cdu hinh ché do hoat dong cua
cac chan /O, khoi tao truyen thong noi tlep
va thiét 1ap cac ngudng ban dau cho cam bién.
Ham loop() dugc thuc hién 13p lién tuc, trong
d6 chuong trinh 1an lugt doc tin hiéu cam bién,
danh gia trang thai bam line, tinh toan khoang
cach toi vat can, xir Iy tin hiéu téc do va phat
sinh xung PWM diéu khién dong co.

V& nguyén ly didu khién, phin mém
duoc to chirc theo chu trinh cam nhan — xir
1y — tac dong. Khi cam bién do line nhan thay
xe 1éch khoi vach din huéng, bo diéu khién s&
diéu chinh chénh léch toc d6 giita hai phia banh
xe dé dua xe tro lai quy dao mong mudn. Khi
cam bién khoang cach phat hién vat can hoic
xe phia trudc tién vao ving khong an toan, van
tbc duoc giam dan; trong truong hop khoang
cach giam xudng dudi ngudng bao vé, hé thong
phat 1énh dimg. Tu duy diéu khién nay phu hop
véi cac chirc naing ADAS murc co ban nhu hd
tro gitt 1an va hd trg duy tri khoang cach an
toan.

Ngodi ra, néu md rong hé thong theo
huéng két ndi, mo hinh co thé tich hop thém
mo-dun WiFi hoic ESP8266/WeMos dé truyén
dir li¢u trang thai xe Ién may tinh, dién thoai
hodc may chu cuc bd. Cac nghién ctru lién quan
cho thay cach tiép can nay cho phép trién khai
truyén thong V2V hoic IoT véi cac thong diép
an toan ngén, dit liéu van toc va thong tin gidm
sat trong pham vi thi nghi¢m.

5. THIET LAP THUC NGHIEM

Két qua thir nghiém cho thdy cam bién
khoang cach hong ngoai cho phép nhéan biét vat
can trong vung lam viéc phu hop, tir do tao ra
phan tng giam toc hodc dimg xe trude khi xay
ra va cham. Cam bién toc do st dung encoder
quang tao ra chudi xung twong ddi on dinh, du
dé suy ra van tdc quay va lam tin hiéu phan hoi
cho bo diéu khién. Nhin chung, mé hinh dap
mg duoc yéu cau thuc nghiém ¢ mirc co ban
cho mot nén tang ADAS thu nho.

D6i v6i hinh 7 biéu dién quan hé van
toc — thoi gian, co thé nhan thay trong khoang
tir khoang 6,5 s dén ngay trudc thoi diém 10 s,
van toc cua xe duoc duy tri twong d6i 6n dinh

quanh gia tri xap xi 0,40 m/s. Bién do dao dong &
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ciia dudng cong nhod, cho thay tin hiéu didu
khién dong co va tin hiéu phan hoi tir cam bién
tdc d6 hoat dong kha 6n dinh trong giai doan xe
chay theo lan. Tai thoi diém dugc danh dau 1a
“Braking start”, van toc giam rat nhanh tir gia
tri on dinh vé gan 0 m/s. Dién bién nay ching
t6 bo dicu khién da phan tng kip thoi khi nhan
dugc tin hi¢u canh bao khoang cach khong con
an toan, dong thoi kha nang him cta mo hinh
1a ¢t nhanh d¢ tranh va cham trong méi truong
thi nghiém.

Déi voi hinh 8 biéu dién khoang cach —
thoi gian, khoang cach tir xe dén vét can giam
dan tir khoang 35-40 cm xudng con xap xi 10
cm khi xe tién gén vat can. Mac du tin hiéu c6
xuét hién dao dong, dac biét ¢ giai doan dau,
xu hudng chung van 1a giam déu theo thoi gian;
day 1a hién tuong phu hop véi dédc tinh cia cam
bién hong ngoai khi do trong cy ly ngan va co
nhiéu nhét dinh tir bé mat phéan xa. Khi khoang
cach giam dén ngudng cai dat, hé théng kich
hoat 1énh phanh, thé hién bé'mg vach danh dau
thoi diém bit dau ham. Sau thoi diém nay,
khoang cach gan nhu khong giam thém déang
ké, ching té xe da dung lai trudc vat can va
churc nang duy tri khoang cach an toan ciia mo
hinh d4 hoat dong dung nhu yéu cau thiét ké.

Tuy nhién, ciing can luu ¥ rang do chinh
xé4c ctia cam bién IR c6 thé giam khi lam viéc
trong diéu kién 4nh sang manh, bé mat phan xa
cao hodc do6 am 16n. Vi vay, cac phép thir nén
duoc thuc hién trong moi trudong trong nha co
diéu kién chiéu sang twong d6i 6n dinh dé bao
dam d¢ tin cdy cua két qua. Day ciing 1a 1y do
mo hinh dugc dinh huéng chi yéu cho phong

0.5 - . .
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w 0.3
E
> 0.2
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- ] . . |
65 7 T5 & 85 & 95 10
Time [s]
Hinh 7. Téc d¢ ciia xe phia sau
50
— Braking stant
E 40
A
@ 30
e
=20
w
O 10
0
9.4 9.6 9.8 10
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Hinh 8. Khodang cach gitia cdc xe khi co xe khac
phia trudc trén duong.

6. KET LUAN

Bai bao di trinh bay mot giai phép thiét
ké mo hinh xe nguyén mau cho xe tir 13i c6 tich
hop cac chiic ning ADAS co ban trén nén tang
phan cimg chi phi thap. Cau tric nay bao dam
tinh don gian, d& 1ap rap, d& lap trinh va thuan
tién cho viéc thur nghiém trong moéi truong
trong nha.

Két qua thyc nghiém cho thay mé hinh
¢6 thé thyc hién cac chirc nang cot 161 gdm bam
lan, phat hién vat can phia trudc, diéu chinh
van tdc va duy tri khoang cach an toan. Do do,
md hinh c6 thé duoc su dung nhu mdt nén tang
phu hop cho nghién ciru va dao tao vé xe thong

thi nghiém. minh, robot di dong ty hanh, diéu khién doc —
ngang va cac bai todn ADAS quy mod nhd.
ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
456 TAP CHI CO KHI VIET NAM, S6 342, thang 6 ndm 2026

cokhivietnam.vn



NGHIEN CU’U - TRAO DBOI

Trong tuong lai, hé théng c6 thé duoc
mé rong bang cach b sung cam bién & hai bén
than xe, tich hgp camera hoac LiDAR, tang
cuong truyén thong V2V/IoT, va trién khai cac
thudt toan diéu khién tién tién hon nhu ACC
hodc MPC nhim nang cao d¢ tin cdy va muc do
ty hanh ctia mé hinh. Day 14 hudng phat trién
pht hop cho cac nén tang xe nguyén mau va
robot tranh vat can.
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