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Trong linh vuc diéu khién xe khong ngudi 1ai, xe tu hanh ng dung
xir 1y anh k¥ thuat s thu hut dugc sy quan tim va nghién ctru cua
nhiéu nha khoa hoc. Cac thanh twu thu dwoc dd gop phan nang cao
chat luong diéu khién va kha nang thich nghi vao cac Umg dung thyc
té doi séng. Bai béo da trinh bay phu’orng phép diéu khién xe ty hanh
tich hop voi thuat toan nhan dang va du doan quy dao di chuyén cua
doi twong. M6 hinh thyc nghiém 1a xe ty hanh bam ngudi da dam bao
céc tinh dang dén cta phuong phap nghién ctru 1y thuyét.
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In the field of driving unmanned vehicles, autonomous vehicles using
digital image processing have attracted the attention and research of
various scientists. The achievements have contributed to improving
the quality of control and adaptability to real-life applications. The
article presents the method of controlling autonomous vehicles
integrated with the algorithm of motion trajectory recognition and the
prediction. The experimental model is the autonomous vehicle
guaranteed the correctness of theoretical research methods.
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1. GIOI THIEU

Trong céc thap nién gin ddy, rat nhiéu cac hé théng thi giac duge ding cho din duong xe,
canh béo lan dudng va tranh vat can da dugc quan tam nghién ciru va phat trién. Mot trong cac vi
du nhu hing Daimler-Benz dua ra miu xe VITA II cho phép lai tu dong trén duong cao tdc va vuot
qua cac bai test thir nghiém ma khong can twong tic v6i ngudi lai. Hon nita, cac hing nhu Tesla,
Uber, Google, Apple,... ciing dang ddy manh viéc - ap dung x(r ly anh trong hé thdng 1ai xe ty hanh
khi tham gia giao thong [1+8]. Bén canh dd, cac mau xe ty hanh trong linh vie dich vu dang tré nén

gan gili trong y té, siéu thi, trudng hoc, ..

. Dir liéu quan sat thu dugc tir camera s& dugc guri vé bo xir

I trung tam, két hop cung cac dir liéu tir cam bién hdng ngoai, siéu am gitp cho xe co thé dam bao
lai bam theo cac yéu cau dit ra vé doi tugng, lan dudng, va tranh vat can [2, 7, 8].
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Thuat toan nhan dang anh bang phat hién dém mau sic (blobs detection) phuong phap
quan trong trong linh vyc thi gidc may tinh. Phuong phép nay thong thuong 1a bude dau tién
trude khi tién hanh cac bude phan tich tap hop céac dir li¢u cua hinh anh [1, 6] hay Iya chon tap
hop cac diém dic biét bat bién [1]. Phuong phap phat hién dém mau sic dugc thyc hién thong
qua viéc tinh toan cic cuc tri cia cac dao ham trong biéu dién md hinh toan hoc tuyén tinh ctia
mdt hinh anh [1, 3]. Phuong phap nhin dang ving mau sic duoc thuc hién thong qua bién doi
Laplace cac biéu dién md hinh toan hoc tuyén tinh. Dé xac dinh kich thudc viing nhan dang mau
sdc, bai bao da dé xudt mot cach tiép can mdi xdy dung dudng bao cuc dai lién quan dén cac
dlem cyc. Khoang cach gitra vi tri cua gia tri modun cuc dai tai hai tap hop s€ cho ra ban kinh
gan dung ctia viing mau sic. Dua vao tip hop cac duong bao vung mau sac dé xac dinh duogc ddi
tugng. Vi su tro giup ciia may tinh, vang giéi han mau sdc duoc xac dinh boi tdm va ban kinh.
Dua vao véc to gia toc va van téc ctia tim anh di chuyen [3, 4], thuat toan du doan chuyén dong
ctia d6i twong dugc phat trién két hop véi bd loc nhidu giup ting do chinh xac trong qué trinh
didu khién bam ddi twrong thong qua viéc nhan dang hinh anh ddi tugng [5, 6]. Dit liéu di chuyén
ctia d6i twong theo thoi gian thue co sé cho didu khién xe ty hanh. M6 hinh thyc nghiém va két
qué kiém nghiém d3 minh ching cho phuong phap 1y thuyét xay dyng.

2. PHUONG PHAP NGHIEN CUU

2.1. Thiét ké hé thong diéu khién cho xe tw hanh

Phuong an diéu khién 1ai cho xe phd bién ¢ 2 phuong an: diéu khién lai 1 banh va diéu
khién 14i dong thoi 2 banh. D€ ddm bdo yéu cau chinh xac trong di chuyén, phuong an lya chon
la xe ty hanh di€u khién van toc 2 banh dong thoi, banh con lai 1am nhi€ém vu can bang cho xe.

§ I .
A 2 banh lai
\ yr‘ - \
s o » Xm
"\ (e —C
\ \ \ A &
Y 9 k“-nq ]
i ICC =(x-Rsinf, y +Rcost)
. »
a). M6 hinh xe ty hanh dan dong 2 banh b). Bong hoc ciia mo hinh xe ty hanh

Hinh 1. C4u trac ciia m6 hinh xe tuw hanh

Vi vi(t): van tdc tuyén tinh ctia banh phai; vit): van tdc tuyén tinh ciia banh trai; (t): van
tdc goc clia banh phai; w@i(t): van tde goc cua banh phai; r: ban kinh mdi banh xe; L: khoang cach
giita hai banh 1ai; R: ban kinh cong tirc thoi clia quy dao robot, lién quan dén tryc giira cta xe;
ICC: tam ttrc thoi cia dudong cong quy dao; R-L/2: ban kinh cong cia quy dao miéu ta bdi banh
trai; R+L/2: ban kinh cong cuia quy dao miéu ta boi banh phai.

Phuong trinh dong hoc xe trong khong gian xOy nhu sau:

x(t)=v(t)cosO(t)
y(t)=v(t)sin6(t) (1)
é(t):w(t)
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Xay dung phuong trinh tuyén tinh mé ta vi tri ctia xe nhu sau:

%(Vr +V,)cosd

v, (t)| [cos® 0 v(t)cos®
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Luat diéu khién PID duoc str dung cho diéu khién banh 14i, cho phép co thé doc lap didu
khién cac banh riéng biét. BO diéu khlen c6 kha ning triét tiéu sai sb xac lap, ting toc do dap
ung, giam dg vot 16 khi cac bd thong s6 Kp, Ky, Kp duoc tinh chon phu hop.
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Hinh 2. So dd diéu khién PID

Sau khi c6 phuong trinh mé ta ctia hé thong, thiét 1ap so dd diéu khién Matlab-Simulink:
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Hinh 3. So dd diéu khién Matlab-Simulink
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Pé do xac dinh trang thai khong gian ciia robot tac gia lwa chon cam bién do goc MPU-
6050. Cam bién gdm 2 thanh phan co ban dugc tich hgp trong mach 14 con quay hdi chuyén vi
co dién tir va gia toc ké vi co dién tir. Khi do goc bang dit liéu thd két qua s& bi nhidu (White
noise) nén dir li¢u s€ dugc dua qua b loc Kalman dé loc bt cac thanh phén nhiéu.

2.2. H¢ théng xir 1y dir liéu

Toan b thiét bi duoc lp dat cd dinh. Khi co vat thé chuyén dong trong tam quan sat cua
camera Logitech ¢930e, camera s€ li€n tuc chup dnh, may tinh s& xtr 1i &nh chup thu dugc va xac
dinh toa d6 muc tiéu. Ngay lap tirc dong co servo quay hé théng co khi vao muc tiéu va bam theo
muc tiéu theo thoi gian thie. Hé thong sir dung may tinh Raspberry pi 3 b+né chira thong tin dau
vao bao gdm thong sé k¥ thuat hé théng va dit liéu xir 1y hinh anh truyén vé va dit lidu truyén di
diéu khién co cdu chip hanh, ciing nhu théng sb hd trg cac vi diéu khién, ngudn cung cép cho
Raspberry thong dung SVDC.

Camera quan sat

chypanh | XUIf hinh anh tir camera , xac dinh toa d0 muc tiéu

My tinh x(r i dnh

thu dugc 16 mpch o
X{t i, truyén taitin hiéu xung didu khién servo

Hé théng bam
myc tiéu dang di
dong

|¢

b6 o ci chip hinh

Truyén xung digu Xac dinh tam muc
i i Ludn bam chinh xdcvao myc tiéu i dong

a). Nguyén 1y hoat dong cua hé théng xur 1y dir lidu ~ b). Nguyén 1y didu khién bam muc tiéu
Hinh 4. Hé théng xir Iy dir lidu va didu khién xe

2.2.1. Xdc dinh dwong bao déi twong nhin dang:

Bai toan bam theo muyc tidu chuyén dong. c6 rat nhiéu phuong 1 (2 |3
phap bam muc tiéu nhung phuong phap thuén tién va t6i wu nhat day
1a dya vao su thay d6i vung chuyén dong cua muc tiéu. Vat thé 4 6
chuyén dong dugc khoanh ving, dong khung va ding thuat toan tim
ra toa d§ pixel cia tdm muyc ti€u. Tu toa d§ do, qua budc can chinh dé 7 8 9
chuyén ddi ra toa do thuc, diéu khién 2 dong co servo dén dang vi tri

tdm muc tiéu chuyén dong Dé tim ra dugc tAm vat thé, ta can 1a phai Hinh 5. Quy tic 9 diém
tim ra dugc dudng bao cua vat thé, tir d6 moi xac dinh duge tdm cua
duong bao do. Bé c6 thé xac dinh dugce dudng bao vat thé, ta st dung
quy tic “9 diém” tai Hinh 5.

Theo do, sau khi xac dinh duoc pixel anh c6 d xam thay d6i theo khung hinh, ta s& v& 1
tap hop 9 6 tuong tmg véi 9 pixel anh. Tiép theo ta s& so sanh do xam cua cac pixel voi 6 trung
tam s6 5 (vi tri pixel co vat chuyén dong) c6 mirc xam 1a 1. Trong 8 6 vudng con lai, néu sb 6
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vuong co6 muc xam bang 0 16n hon 3 va nam canh nhau thi pixel tai 6 s6 5 dwoc coi la nﬁm o
vién vat the Ngu:cc lai, néu s6 6 vudéng c6 mirc xam bang 0 nho hon 3 thi pixel tai vi tri s6 5
khong nim & vién vat thé. Tir d6 ta c6 dugc tap hop toa do dudng bao vat thé va sau khi khir
nhiéu sé& tinh toan duoc tdm muc tiéu, ta xac dinh toa do X max, Xmin, Ymax, Ymin ctia cac
diém do, toa d6 tAm vat thé s& 1a (Xmax-+Xmin)/2 va (Ymax+Ymin)/2.

E—— .
Xac dinh toa do
.33 e Start
diém khac biét trén
\. Anh A
Te < <
v h 4
Xac dinh tim ) Chup 2 khung Hinh li&n
tiép
4 J |Quay phai dong ¢
col.2
Tinh cac gia th M
& ralver .5
¥ Acceleration XY
Quay trai dong
col.2 Loc nhigw:

Tralver va Acceleration wwat gua

3 R Sl o :
dd phan giai cho trwdc?

Cap nhatvectar dw doan
diém

a). Luu do thuat toan bam ddi tuong b). Luu db thuat toan du doan chuyén dong dbi tuong

Hinh 6. Luu do thuat toan dit liéu co sé cho diéu khién chuyén dong ciia xe ty hanh

2.2.2. Du dodn quy dao di chuyén ciia déi twong: Sau 2 khung hinh, ta tinh duoc van toc va gia
tdc cua vat thé tir 2 gid tri tam da c6 tir do cap nhat lién tuc toa do du doan chuyén dong cua vat
tai hinh 6. D liéu sau khi qua bd loc loai bd cac diém gia tri dac biét, co gia tri vot qua dai trung
binh s& duoc chuyén doi thanh toa do x, y trong khong gian xOy. Tir d6 bd diéu khién s& thiét lap
vong diéu khién kin dong dién va vi tri cho diéu khién dong co secvo banh trai va banh phai véi
cac van tdc doc lap. Cac gia tri vé vi tri goc s& duoc diéu khién phan hdi kin dam bao do chinh
xac vé quy dao bam theo dbi tuong di chuyén.
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Vitri Servo doc: 050

Tracking

Quet luc ldie

Hinh 7. Giao dién tuong tac diéu khién nguoi - xe

3. KET QUA THUC NGHIEM

Mo hinh dugc lira chon kiém nghiém véi chirc ning bam nguoi theo 2 phuong doc va truc
di¢n. Két qua thu dugc ddm bao xac dinh chinh xac doi twong bam.

2 ¥4 - W4

a) Nhan dang bam ngudi theo truc doc
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b) Nhan dang bam nguoi theo hudng truc dién

Hinh 8. Két qua xur 1y dit liéu bam lién tyc theo ddi twong di chuyén

Khi thay ddi d6i tuong bam, vi du mot cudn s6 hay mét thé dac thu c6é duong bao va mau
sdc, hé thong dam bao kha nang nhan dang va bam chuyén dong doi tuong.

Hinh 9. Két qua bam theo ddi twong smartphone ngudi sit dung

Dua trén két qua thuc nghiém trén hinh 8, dam bao cho viéc xéc dinh chinh xac ddi tugng
chuyén dong 1a ‘nguoi theo phuong doc va truc dién, két qua duogc sir dung cho cac bai toan xe
ty hanh bam d6i tuong chuyen dong phuc vu trong si€u thi, bénh vién, san bay. Két qua bam
theo duong bao va mau sic cia hinh s6 9 dugc sir dung khi thay vi truy bat nguoi thi ¢6 thé chon
mbi ddi tuong dién hinh c6 nét dac thu, diéu nay lam giam khdi luong tinh toan va tang kha ning
diéu khién cho xe tu hanh khi truy bat dbi tuong két hop xur Iy dir doan quy dao di chuyén.

Hinh 10 m6 ta két qua so sanh gitra bo diéu khién PID va P voi chuyen dong cua xe. Xe tu
hanh xuét phat tir gbc toa d6 xOy dam bao chuyen dong bam theo déi tuong chuyen dong Voi
hinh 10a la goc 1éch tuong tmg vo6i bo diéu khién va hinh 10b 1a khoang cach tir xe dén vi tri x4c
dinh cach 48 cm véi dbi twong di chuyén. Két qua danh gia chit lwong bd diéu khién PID cho su
linh hoat vé goc diéu khién va kha nang dap mg nhanh hon so véi bo diéu khién P. Két qua nay
rat can thiét cho qua trinh didu khién va xtr 1y thoi gian thuc v6i xe ty hanh bam ddi twong ap
dung xtr 1y anh k¥ thuat s6.
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LR QU0 SECUNUS)
a) So sanh goc dap tmg diéu khién b) So sanh vé khoang cach bam ddi tugng
Hinh 10. Két qua so sanh trong diéu khién xe tyr hanh vé6i bo diéu khién P va PID

4. KET LUAN
Bai bao da trinh bay phuong phap diéu khién xe ty hanh tich hop véi thuét toan nhn dang

va du doan quy dao di chuyen ctia doi tugng. Viée sir dung camera ky thuat sO trong viée xay
dung bd co sé dit liéu trong dan duong va diéu khién xe tu hanh dang duogc st dung rong rai va
phat trién manh gan day. Cac két qua thuc nghiém con phu thudc vao kha ning xir 1y ciia may
tinh nhung raspberry sir dung ciing nhu thuat toan va kha nang loc bo cac dir liéu nhiéu dau vio.

Vi két qua thu dugc cho phép viéc ap dung va phdi hop camera 3D va cac hé thong cam bién
quanh xe néu phat trién tot hoan toan kha thi khi 4p dung vio cdc md hinh hé thng xe tu hanh

thyc té khi tham gia hoat dong giao thong hién nay.

LOI CAM ON
Nghién ciru nay duoc tai trg boi Quy phat trién khoa hoc va cong nghé qudc gia

(NAFOSTED) trong d& tai mi s6 107.03-2013.15.
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