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TOm tat

Bai bao nay nghién cizu ing dung xiz ly dnh dé xdc dinh doi twong va tir dé, dinh vi
doi tiwong. Bai bao ciing 1ing dung bé diéu khién vi tich phan ty I¢ PID (Proportional
Integral Derivative) dé diéu khién téc dé ciia dong co trén xe theo gia tri dwoc dat trudc
nham bam chinh Xac theo déi twong mong muon. Phan xi Iy anh sé #ng dung thi giac
mdy tinh dé phat hién déi tweong trén Kit Raspberry Pi 3. Dya vao video dau vao, Kit
Raspberry Pi 3 sé tinh todn cac théng sé can thiét cho Kit Arduino théng qua chudn giao
tiep UART (Universal Asynchronous Receiver/Transmitter). Sau dé, Kit Arduino sé xuat
cac xung diéu ché dg réng xung PWM (Pulse Width Modulation) tir b diéu khién PID dé
diéu khién dong co cho xe bam theo déi twong khi doi tiwong di chuyén theo thoi gian
thiec. Nhiéu két qua minh hoa cho thdy xe bdam theo déi tieong Véi dé chinh xac cao.

Tur khoa: Arduino, PID, PWM, Raspberry Pi 3, xiz ly anh
Abstract

DESIGN AND IMPLEMENT THE OBJECT-TRACKING VEHICLE

This article researches the application of image processing to identify the object and
then, determine the location of the object. This article also applies the Proportional Integral
Derivative (PID) controller to adjust the speed of the vehicle'’s engine according to a preset
value to precisely track the desired object. The image processing part will apply computer
vision to detect the object on Kit Raspberry Pi 3. Based on the input video, the Kit Raspberry
Pi 3 will calculate necessary parameters for Kit Arduino through UART (Universal
Asynchronous Receiver/Transmitter) communication standard. Then, the Kit Arduino will
output PWM (Pulse Width Modulation) pulses from the PID controller to control motors
for the vehicle to track the object when the object is moving in real time. The results in this
article expose that the vehicle tracks the object with high accuracy.

1. Mé dau

Cac nha nghién ciru trong va ngoai nudc dang quan tim rat nhiéu vé xu ly anh va
thi giac may tinh trong nhitng nim gan day (Habib va cs., 2022; Sheela, 2022; Kan va cs.,
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2022; Wei va cs., 2022). Ngoai ra, thi giac may tinh cd thé két hop véi cac ki thuat khac
nhu dién tir, tw dong hda, co khi, truyén thdng, céng nghé thong tin, ... dé tao ra vo sb ung
dung cho tir doi séng hang ngay dén quan sy, y hoc, an ninh, ... (Pratapagiri va cs., 2022;
Dinesh va cs., 2022; Mujaddid va cs., 2022). Bai bao nay sé tng dung thi giac may tinh
dé xac dinh ddi twong va tir d6, diéu khién xe bam theo di twong mong mudn.

Xe bam dbi twong dd duoc nghién  Cowarobot biét ban dang & dau va gui canh

ctru trong nhiéu cdng trinh da cong bé  bao khi ban & cach xa hon 6 feet. Cowarobot
(Cowarobot, 2022; Samuel, 2018; da trd thanh san pham thuwong mai va c6 duoc
Guillen-Garcia va cs., 2022; Liu & Lin, nang cap thém nhiéu chirc ning khac dé thoa
2022; Li va cs., 2022; Lee va cs., 2022; man c4c yéu cau caa ngudi dung.
Guo & Zhao, 2022). Céc cbng trinh nay
dugc tom tit nhu sau. Cowarobot (xem
hinh 1) 1a vali robot str dung tri tué¢ nhan
tao dau tién trén thé gigi co thé tu dong
bam theo chua nhan cua minh (Cowarobot
USA, 2022). Khéng can thiét bi deo hoic
diéu khién tir xa tir chi nhan cua minh,
Cowarobot voi kha nang ty dong di
chuyén va duoc hd trg bai Al s& nhan ra
chu nhéan caa né mot cach ty dong. Ngoai
ra, Cowarobot con c6 kha nang trdnh
chuéng ngai vat théng minh gidp
Cowarobot tranh chudng ngai vat va con
ngudi dé nhanh chéng tro lai ding duong  Hinh 1. Cowarobot (Cowarobot USA, 2022)
di. Cach thuc theo d6i thong minh gitp

Ngoai Cowarobot thi hé théng tw phap vé bam theo d6i tuong. Tuy nhién,
cAn bang va bam theo d6i twong mang tén  (Guillen-Garcia va cs., 2022; Liu & Lin, 2022;
RS5 Robot da duoc néu ra trong (Samuel,  Li va cs., 2022; Lee va cs., 2022; Guo & Zhao,
2018). RS5 Robot nay c6 kha ning ty cdn  2022) khong dé cap dén giai phap bam theo ddi
bang véi hai banh xe va di chuyén theo tuong dua vao mau sic nhu trong bai bao nay.
mét dbi teong duoc chon trude (xem hinh
2). Hon thé nira, RS5 Robot di chuyén khé
muot ma trong diéu kién &nh sang 6n dinh
va dbi twong can bam theo di chuyén véi
téc do vira phai. Ngodi cac san pham
thuong mai (Cowarobot, 2022; Samuel,
2018), céc cong trinh nghién ctru khac nhu
(Guillen-Garcia va cs., 2022; Liu & Lin,
2022; Li va cs., 2022; Lee va cs., 2022; IR ST
Guo & Zhao, 2022) ciing dé xuat cac giai Hinh 2. RS5 Robot (Samuel, 2018)
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Bai bao nay thiét ké va thi cong xe bam theo di trgng. Xe bam theo ddi tuong dua
vao hinh anh thu duoc cia ddi twong tir camera duoc gin trén xe. Tuy nhién, khi ddi
tuong chuyén dong lién tuc thi viéc phat hién va bam theo déi twong 1a rat kho khin. Diéu
nay bai vi thiét ké hé thng xt Iy anh dua trén vi diéu khién rat kho hién thuc. Ngoai ra,
viéc 1ap trinh va str dung cac phan mém va thu vién hé tro ¢6 sin nhu libuve, OpenCV,
libjpg 1a khdng kha thi. Bai bao nay dé xuat giai phap cho van dé trén la st dung may tinh
nhung linux dé thu thap va xu 1y video dau vao. Véi giai phap nay, ching ta c6 thé sir
dung dé dang cac thu vién hd tro xtr Iy anh c6 san. Bai bao nay st dung Kit Raspberry Pi
3 ¢6 gan module camera dé thu thap video va khai thac thu vién OpenCV dé xur ly hinh
anh va tinh toan ma tir d6 tra vé cac thong sb can thiét vé cho Arduino. T céc thdng sé
nay, chdng ta c6 thé tinh toan va lap trinh cho Arduino cap xung phil hop dé diéu khién
cac dong co dé xe di chuyén bam theo ddi twgng mong muén.

Bai b&o nay mang lai cac dong gop chinh sau day:

e Chung t6i thiét ké thanh cong xe bam theo dbi tugng véi két cau don gian, nho
gon, hoat dong on dinh trong diéu kién anh sang khéng qua tdi va méi truong xung quanh
khdng cé vat cling mau véi déi tuong can bam theo.

o Két qua thiét ké caa ching t6i c6 thé hoan thién thém thanh mot giai phéap loT
(Internet of Things) dé phuc vu doi séng hang ngay (vali théng minh) 13n céng nghiép
(xe day hay kéo hang thdng minh).

Phan tiép theo cua bai béo trinh bay thiét ké phan cang trong khi d6 phan 3 trinh
bay thi cong hé thong. Phan 4 trinh bay céc két qua minh hoa trong khi d6 phan 5 néu ra
céc két luan cho bai bao nay.

2. Thiét ké phan cirng

Thiét ké phan cting ciia xe bam  thuat diéu khién PID dé diéu khién bon banh xe di
theo dbi twong dugc mo ta & hinh 3. chuyeén tién, I0i hay qua trai, qua phai dé bam theo
Phan cting ctia xe bao gdm mot camera  ddi tuong dua vao céc thong sb vé vi tri duoc g
dé thu nhan video dau vao. Sau d6, xuéng tir Kit Raspberry Pi 3 trudc do.
video dau vao duoc tach thanh cac
khung anh dé tir d6 xur ly va phat hién
d6i twong trong khung anh sir dung Kit
Raspberry Pi 3 (Priyanka va cs., 2021).
Sau khi x4c dinh dugc ddi twong can
bam theo thi Kit Raspberry Pi 3 s¢ tra
vé cac thong sé nhu dién tich cua ddi
tuwong trong hinh va d¢ léch cua dbi
tugng so véi diém trung tm cua khung
anh cho Arduino theo chuan giao tiép  Hinh 3. So' d6 khéi phdn ciing cia hé thong xe
UART. Arduino ciing ¢ng dung giai bam theo doi twong
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3. Thi cong hé théng

Luu d6 giai thuat van hanh cua xe bam theo d6i twgng duoc trinh bay nhu hinh 4.
Video dau vao thu duoc tir webcam bao gom cac khung anh. Trudc tién, kich thuéce khung
anh dugc thay d6i dé cd chiéu rong 400 pixel. Viéc giam kich thuéc khung anh nhu vay
cho phép xir Iy khung anh nhanh hon, dan dén ting sé khung anh trong mot gidy FPS
(Frame Per Second) do gidi han phan ciing cua Kit Raspberry Pi 3. Sau d6, khung anh s&
duoc 1am mo dé giam nhiéu tin sé cao va dé tap trung vao cac ddi tuong c6 cau tric bén
trong khung anh, vi du nhu qua béng. Cudi cuing, khung anh s& duoc chuyén dbi sang hé
mau HSV (Hue, Saturation, Value). Khi khai tao hé thong, cac muc giéi han dudi va gioi
han trén cho mau sic can xac dinh déu dwoc dinh nghia. Trong bai bao nay, ching toi
minh hoa dbi twong 1a qua béng mau xanh 14. Hé thong s& xu ly va tinh toan ra cac ving
anh c6 chtra mau xanh 14. Khi tim thay vi tri qua bong, mot hinh tron bao quanh né s&
duogc xéac dinh. Tir d6, hé thdng s& tinh dugc vi tri ciia qua bong va do léch cia no dé tra
xuéng Arduino. Arduino dung céc tin hiéu vi tri nay dé cip xung PWM phu hop dé diéu
khién xe bam theo dbi tuong.

Hinh 4. Luu do gidi thudt vdn hanh cia xe bam theo doi twong
Pé hiéu mot cach tudng minh hon, ching ta c6 thé tach hé théng 1am hai phan nhu
sau:
3.1. Phdn 1: thu nhgn va x ly hinh dnh

Phan nay dé phat hién trai bong, tir d6 14y ra cac thong sb vi tri gui xudng cho
Arduino. Phan nay gdm tam budc duoc liét ké nhu sau:

Chuyén cac Pinh nghia

Video thu khung inh Khoang gidi
duogc tir 2 nay sang hé han cia mau
webcam dau vao mau HSV xanh

Piu vao: £ , q
Lay cac hinh

anh tir video

Thyc hién
Piu ra: Mau Tao dudong toan tur
siic duge xac bao quanh ddi “AND> giira
dinh tuong hinh anh va
mit na

Bién dbi anh,
giam nhiéu

Hinh 5. Quy trinh thu nhén va xiz ly anh
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Buéc 1: Thu video dau vao tir webcam.
vs = VideoStream (src=0).start ()
time.sleep (2.0)

Budc 2: Lay cac khung anh tir video dau vao dé tién hanh xir 1y budc tiép theo.
frame = vs.read()

Budc 3: Dinh lai kich thuéc khung anh dé tang téc d6 xir Iy do han ché vé phan
ctring cua Kit Raspberry Pi 3. Sau d6, chuyén cac khung anh tir hé mau RGB (Red, Green,
Blue) sang hé mau HSV dé dé dang xu 1y hon (Luis, 2015).

frame = imutils.resize (frame, width=450)
blurred = cv2.GaussianBlur (frame, (11, 11), O0)
hsv = cvZ.cvtColor (blurred, cv2.COLOR BGRZHSV)

Budc 4: Xac dinh pham vi cia mau va tao mat na tuong (ng véi khoang mau duoc
dinh nghia tur trudc. Trong bai bao nay, nhu 1a vi du minh hoa, ching tdi chon mau xanh
14 1a mau can xéc dinh.

greenLower = (29, 86, 6)
greenUpper = (64, 255, 255)

Budc 5: Bién ddi anh dé loai bo nhitng nhiéu trong anh (Python cv2.erode()

Examples, 2022).
mask = cvZ2.erode (mask, None, iterations=2)
mask = cvZ2.dilate(mask, None, iterations=2)

Budc 6: Thuc hién phép “AND?” bit gitra khung anh dau vao va mit na dé xac dinh
vung mau xanh trong anh.

mask = cvZ.inRange (hsv, greenLower, greenUpper)
Budc 7: Tao duong vién cho viing mau xanh sau khi di xac dinh.
cvZ2.circle (frame, (int (x),int(y)),int (radius), (0,255,255) ,2)
Budc 8: Xuét ra cac thong sb can thiét dé diéu khién dbi tuong.
def tranfer():
start buff = "9876\r"
ser.write (start buff.encode())
str area = str(S) + "\r"
ser.write (str area.encode())
str x = str(int(x)) + "\r"

ser.write(str x.encode())
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3.2. Phan 2: diéu khién xe di chuyén theo déi tirong

Do léch

= ~ E

Dién tich
Dién tich mong
-200 -> 200

Hinh 6. B¢ diéu khién PID diéu khién hai dong co chay bam theo doi tirong

Xung PWM

Céc thong s vé dién tich va do léch sau khi duoc tinh todn s& duoc truyén xudng
Arduino qua chuan giao tiép UART nhu Hinh 6. Dé bam theo dbi tuong thi ching t6i dé
Xuit giai thuat cd hai rang budc. Rang budc thir nhét 1a khoang cach cua dbi twong va xe
phai 12 ¢ dinh. Dwa vao hinh anh thu vé tir webcam, Kit Raspberry Pi 3 sé tinh toan khoang
cach va tra xudng Arduino. Tir do, sai léch gitra gid tri dat va gia tri do s& duoc tinh ra. Gia
tri sai léch nay dugc dua qua bo diéu khién PID dé tinh toan dau ra vai gia tri da dugc chan
trong khoang tir -200 dén +200 (Arduino PID Library, 2022). Chiéu quay cua dong co s&
phu thudc vao dau cua gia tri sai léch va dugc diéu khién bai mach cau H. Rang budc thi
hai 12 ludn giir hoanh d6 diém tam cua ddi tugng nam & chinh giira khung anh. Tir hoanh
d6 tam cuia d6i twong, chling ta ciing tinh dugc gié tri sai léch hoanh d6. Twong ty nhu cach
lam véi sai léch vé dién tich thi sai léch vé hoanh d6 ciing duoc dua qua bo diéu khién PID,
roi tinh ra dau ra dé cap xung PWM cho motor B. Khi dbi twong léch sang tréi thi gié tri
nay s& duong va vi vay, banh xe bén phai s& quay nhanh hon dé dwa ddi twong tro vé vi tri
chinh gitra. Tuong tu khi d6i tugng léch qua phai thi gia tri sai léch s& &m, tir d6 banh xe
bén phai s& quay cham lai dé dua d6i twong vé chinh gitra khung anh.

4. Két qua minh hoa

Hinh 7 cho thdy mé hinh xe
bam dbi twong khi hoan thanh. Xe
nho gon va khi thuc thi chuong
trinh thi xe c6 thé hoat dong doc
lap. Ngudn cap tir pin sac du
phong cho Kit Raspberry Pi 3 va
Arduino. Pin Lipo ding cap
ngudn cho hai dong co c6 thé hoat
dong khoang mot gio dong ho.

Hinh 7. M6 hinh xe bam déi teong khi hoan thanh
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Maoi truong chay thir nghiém cua xe la trong phong, ca ban ngay vai anh sang tu
nhién va ban dém khi bat dén thi hé thng van hoat dong 6n dinh. Xe hoat dong gan nhu
twong dong trong ca hai diéu kién anh sang trén nén ching toi chi trinh bay phan két qua
khi xe chay trong diéu kién anh sang ban ngay dé tranh trang lap. Xe c6 thé di chuyén
bam theo trai bong khi trai bong di chuyén theo quy dao dudng thang ra xa hoic lai gan
xe trong khoang tir 15cm dén 120cm.

Hinh 8. Hé thong phat hién trai bong

Hé thdng phét hién trai bong, vé duong bao quanh, tinh dién tich va toa o x duoc
minh hoa trén Hinh 8. Dién tich va toa d6 dwgc truyén tir Kit Raspberry Pi 3 qua Arduino
theo chuan giao tiép UART rat thanh cong.

Sau day, mot vai két qua minh hoa qua trinh hoat dong cua xe trong diéu kién &nh
séng tu nhién trong phong sé duoc trinh bay. Hinh 9 minh hoa truong hop xe ding im khi
qua bong ¢ khoang cach mong muédn so véi xe. Mtic ngudng ban dau ching tdi dat cho
dién tich qua bong trong hinh Ia 700 va cho phép chénh 1éch 20% (twong duong vdi
khoang cach sip xi 25-35cm trong thyc té), va gié tri doc vé tir camera la 721. Ldc nay
xe s& dung yén vi thoa man khoang céch véi dbi tuong can bam theo.

Hinh 9. Xe ditng im khi qua bong ¢ khodng cach mong muén so véi xe
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Hinh 10. Xe di Iii khi trai bong gan xe hon mirc nguong
Hinh 10 minh hoa trudng hop xe s& di lui khi trai bong gan xe hon mirc ngudng.
Dién tich doc duoc tir hé thdng xt ly anh 1a 5021 (twong dwong véi khoang cach thyc té
xap xi 15cm) 16n hon so v6i ngudng ban dau va do d6, xe s& di ra xa trai bong cho tai khi
doc duoc gia tri dién tich thoa man muic ngudng ban dau.

Hinh 11. Xe di tién khi trdi bong xa xe hon mikc nguéng

Hinh 11 minh hoa truong hop xe di tién khi trai bong xa xe hon muc ngudng. Dién
tich doc duoc tir hé théng xur ly anh 1a 104 (twong duong voi khoang cach thuc té xap xi
120cm) 16n hon so véi ngudng ban dau va do dé, xe sé tién lai gan trai bong cho tsi khi
doc duoc gia tri dién tich thoa man muic ngudng ban dau.

Bai bao da thi cong dwoc mé hinh xe ty dong bam theo dbi twong. Phan xir ly anh
trén Kit Rasbperry Pi 3 qua thir nghiém da phat hién muc tiéu chinh xac vai tbc ¢ nhanh
va tra vé cac hé sb can thiét cho Arduino Uno R3 qua chuan giao tiép UART rét thanh
cong. Tuy nhién, viéc xir Iy anh bi anh huang nhiéu bai anh sang nén khi anh sang khéng
6n dinh, vi du nhu thiéu anh sang hay anh sang mau chiéu 1én ddi twong, thi dbi twong s&
bi thay d6i mau sic trong khung anh va dan dén nhiéu tang 1én, cé thé gay ra nhan dang
bi sai. Hoac khi c6 vat mau xanh khac c6 kich thuéc 16n di vao khung hinh ciing lam hé
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thdng xac dinh sai d6i twong. Hon nita, cac két qua thuc nghiém cho thay Arduino Uno
R3 nhén chinh xéc cac thdng sé dwoc Kit Raspberry Pi 3 truyén xudng theo thoi gian
thuc, tir d6 cdp xung PWM diéu khién chinh xéc cac dong co.

5. Két luan

Bai bao nay da thiét ké va thi cong thanh cong xe bam theo d6i twong. Xe duoc thiét
ké cd két cau nho gon, don gian, va hoat dong on dinh trong cac diéu kién anh sang khac
nhau. Xe di chuyén kha muot khi dbi twong can bam theo di chuyén véi toc do vira phai.
Do d6, m6 hinh xe da duoc thi cdng cd thé phat trién va hoan thién thém dé tré thanh san
pham thuong mai. Cac hudng phét trién dé hoan thién mé hinh xe hién hitu 1a cai thién
téc do xur ly bang cach nang cip bo xir ly trung tam dé co thé huan luyén phat hién cac
d6i twong dic thu, tir d6 di theo mot d6i twong theo lya chon cia nguoi dung. Ngoai ra,
bai bao nay co thé phat trién thém tinh nang tranh vat can dé hé thdng cé thé hoat dong
trong moi truong c6 nhiéu vat can hay phat trién trén cac ung dung dién thoai dé canh
bao khi muc tiéu di quéa xa hé théng ciing nhu theo ddi duoc camera cua hé thong trén
ing dung cuaa dién thoai. Hon thé nixa, bai béo nay ciing c6 thé thi cong thém hé thdng
dinh vi dé tranh bi that lac xe. Cudi cting, ¥ tuong cia bai bao nay co thé hoan thién hon
bang cach thay ddi két ciu co khi cua xe dé mo rong tng dung nhu xe van chuyén hang
hoa hay vali thdng minh.
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