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TOM TAT
Bai bdo trinh bay két qua xdy dung thudt todn va thire nghiém diéu khién bam doi twong iimg
dung xur ly anh cho UAV quadrotor sir dung mé hinh dong luc hoc cua UAV quadrotor, mé hinh
hoc sdu va dwoc toi wu hoa cho hé thong phan cung. Hé thong phan cieng stk dung camera do sdu,
may tinh nhung dé thu thdp dir lieu hinh anh, thong tin khodang cach cua doi twong va tinh toan,
xur Iy dé dwa ra cac tin hi¢u dieu khién cac dong co thong qua bg diéu khién bay nham dam bao
bam va gitr khoang cach gitta UAV va doi twong. Két qua dat dwoc cua bai bao co thé danh gia
kha nang dap vng thoi gian thuc bai toan bam doi twong dung xit Iy dnh voi phan cing co tai
nguyén han che.
Tir khoa: Thiét bi bay khong nguoi 1ai; Quadrotor; Mang hoc sau.
1. MO PAU

Mot trong nhitng thiét bi bay khong ngudi 14i (UAV - Unmanned Aerial Vehicle) duoc biét dén
va str dung ph bién nhit 1a UAV quadrotor do chiing c6 cu tao dién hinh, déi xiémg. Chung dugc
g dung rdng ri trong nhiéu linh vuc nhu «cong nghiép [1], gido duc [2], y té [3], hang khong vii
tru [4], quan sy [5],... Cung v6i sy phat trién cua k¥ thuat thi gic mdy tinh, ngay cang nhiéu san
pham tich hop thi gidc may tinh vao dé tao ra tinh linh hoat trong diéu khién cua san pham, trong
do c6 UAV noi chung va UAV quadrotor noi riéng. Thi giac may tinh la ky thuét cho phép nhén
dang, dinh vi d6i tuong va tir d6 dwa ra cac thong tin diéu khién can thiét giup cho san pham thye
hién cac bai toan khac nhau, cu thé nhu bai todn bam ddi twong. Ngay nay, cting voi sy phat trién
cua cong ngh¢ may tinh va cac thuét toan thong minh, nhitng cdng nghé nay da dugc ap dung vao
trong thi giac may tinh va lam cho chat luong nhan dang, dinh vi d6i tuong va dua ra dugc nhiing
thong tin diéu khién chinh xac hon [6-9].

Trong nhitng nim gan déy, c6 nhidu cong trinh nghién ciru vé UAV, cac nha nghién ciru di tim
giai phap, thuét toan nham ning cao hiéu sudt bam ddi twong dua trén thi gidc may tinh trong cac
diéu kién khac nhau. Trong cong trinh [10] céc tac gia da s dung phuong phap phan 16p dac trung
Haar Casade dé dinh vi tim guong mit con ngudi, tir d6 tinh toan cac tham sb diéu khién cho UAV
bam theo guong mat ngudi, tuy nhién, phuong phap nay gap khé khan khi guong mat bi nghiéng
hodc dot ngot bi che khuat. Cong trinh [11] cAc tac gia da phat trién mot phuong phap phat hién
dbi tuong di chuyén hiéu qué trong anh chup tir trén cao dua trén ky thuét tach nén va khac biét
khung hinh, tuy nhién, phuong phap nay co han ché 1a khi giap phai rung dong tan sé cao trén
UAV. Ngoai ra, nghién ctru [12] d str dung mé hinh hoc séu YoloV3 va thuat toan bam ddi tuong
KCF (Kernelized Correlation Filters) dé ting hiéu suit cho hé thong UAV. Tuy nhién, nghién ctru
nay yéu cau sir dung phan cting c6 cau hinh cao, tuong ty nhu trong cong trinh [13]. Ngoai ra, md
hinh thtr nghiém sir dung co céu ga cling camera 1am giam tinh linh hoat va pham vi quan sat ciia
UAV. Trong nghién ctru [7] sir dung YoloV2 dé nhan dang d6i twong nguoi cho UAV quadrotor,
tuy nhién, toc d6 xtr Iy ciia thudt toan con c6 do tré cao. Tai Viét Nam, cac cong trinh nghién ctru
diéu khién UAV bam theo ddi twong ciing da dugc cong bd. Trong [14], nhom tac gia st dung mod
hinh nhén dang tu thé nguoi va mang no-ron LSTM (Long Short Term Memory networks) dé xac
dinh hudng di chuyén cia con ngudi tir d6 diéu khién UAV sao cho ngudi ludn & trong tim camera,
tuy nhién, nghién ctru nay chua dé cap t6i khoang cach cu thé gitta d6i twong va UAV.
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T nhitng phan tich trén, c6 thé dua ra nhan xét rang, ky thuat phat hién déi twong va diéu khién
bam dbi tuong da dat dugc nhiéu két qua, trong d6 c6 ca viée tich hop cac ky thuat Al (Artificial
Intelligence) nham nang cao chat lwong nhan dang dbi tuong. Tuy nhién, van con nhimng ton tai
nhu khéi lugng tinh toan xir ly nhan dang doi tugng con 1on, do do, ti€u chi thoi gian thuc gap kho
khan. Do d6, ndi dung nghién ctru ctia bai béo tip trung vao tich hop thi giac may tinh v6i yéu cau
xtr Iy thoi gian thyc hodc gan thyc bang cac thudt toan tbi wu cing voi thuat toan didu khién tu
dong bam ddi tuong cho UAV cau hinh thap noi chung va UAV quadrotor néi riéng.

Céu truc bai bao gdm: Phan khai quét vé cac van dé lién quan dén xay dung thuét toan xac dinh
vi tri 3 chiéu cua d6i tugng va chuong trinh sir dung mé hinh hoc sau két hop thuat toan bam ddi
tuong duoc trinh bay trong muc 2. Trong muc 3 trinh bay két qua thuc nghiém va danh gia va cudi
cuing 1 phan két luén cua bai bao.

2. CO SO XAY DUNG HE THONG BAM POI TUQNG TREN CO SO XU LY ANH

2.1. CAu tric chung hé thong bam ddi tweng trén co sé xir Iy anh

Nhom tac gia dé xuat so dd cu tric ciia hé théng bam ddi twong trén co s& xtr Iy anh cho UAV
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quadrotor (hinh 1).
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Hinh 1. So do chitc ndng hé thong bam déi twong trén co sé xir Iy anh cho UAV quadrotor.

PixHawk
248

Céu trac hé théng bao gom: Giam sat va didu khién tir xa (gom tram mit dat, tay cém didu
khién), diéu khién trung tim (may tinh nhing), mach diéu khlen bay, khuéch dai cong suat, dong
co, hé thong camera (gia can bang va stereo camera) va ngudn.

2.2. Phat hién, nhan dang va bam doi twong
2.2.1. Phat hién va nhdn dang doi tuong

Thuét toan nhan dang va bam dbi tugng trong bai bao duoc xdy dung dua trén mo hinh YoloV8
[15] dugc huan luyén, toi wu cho may tinh nhing Jetson Nano st dung GPU cua NVIDIA tich hop
va thuat toan ByteTrack [16] giup toi vu toc do xu ly.

a) Bai todn phat hién va nhdn dang doi twong

Mo hinh nhén dang dbi tuong dugc st dung trong bai bao dugc xay dung dua trén mo hinh
YoloV8 nano cua Ultralytics ”[15]. Mo hinh YOLO (You Only Look Once) sur dung cac 16p tich
chép (convolutional layers) d¢ trich xuat dac trung hinh anh va cac 16p mang noron dugc néi day
du dé du doép xac suat va toa do ctia doi tugng, véi dau vao 1a mot hinh anh va dau ra 1a cac khung
bao quanh doi tuong va nhan tuong tng.

Muc tiéu cta nghién ciru ctia bai bao 1 nhin dang va bam theo ddi twong con nguoi, vi vay, dé
tang d6 chinh xac cho bai toan nhan dang, nhom tac gia xdy dung bo dir liéu vé doi tuong nguéi voi
goc nhin thu dugce tir camera trén UAV dé tien hanh huan luyen md hinh. B$ dir liéu bao gobm 3000
anh v6i cac anh xoay, nghiéng, mo twong ng voi cac moi truong anh sang yéu, ddy du anh sang
gip md hinh c6 thé hoc dé cho ra xac sudt nhan dang chinh xac cao nhét trong cac diéu kién moi
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truong khac nhau. Trong qua trinh huan luyén mé hinh, dit liéu dugc chia thanh ba phan chinh: b
dit liéu huan luyén, bo dir liéu xac nhan va b dir liéu kiém tra. Trong bai bao nay, ti 1 ba thanh phan
nay dugc chon tuong g 1a 70%, 20%, 10% va dugc gan dan va tao trén RoboFlow [17].

Tinh chinh xac ctia mo6 hinh sau hudn luyén dwoc danh gia qua thong sb do chinh xac
(Precision). Do chinh xac [18] 1a thudc do quan trong trong linh vuc phén loai va phat hién d6i
tuong trong hoc may va dugc xac dinh nhu sau:

Precision:L (1)
TP+FP

Trong do: True Positives (TP) 1a s6 lugng cac trudong hop ma mé hinh du doan ding; False
Positives (FP) 1a s0 lugng cac truong hop ma mé hinh du doan sai.

frame_0020.jpg frame_0000.jpg frame_0022.jpg frame_0001.jpg

Hinh 2. B di liéu hudn luyén mé hinh dwoc xdy dung trén RoboFlow.

Trong huan luyén mé hinh toan bo qua trinh dugc thyc hién va thé hién trén nén tang Comet [19].
Comet la mot cong cy manh mé cho phép quan 1y, hién thi cac két qua trong qu4 trinh huén luyén va
truc quan hoa két qua trong thoi gian thuc dudi dang cac biéu do (hinh 3).
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Hinh 3. Két qua dg chinh xdc sau hudn luyén.

b) T6i wu mé hinh cho phdn cirng ciia Jetson Nano

Nhoém tac gia sir dung TensorRT [20] nhérp t6i vu hda mod hinh hoc sau da dugc huin luyén nham
tang kha nang xu 1y thoi gian thuc cua hé thong. TensorRT tdi wu cac tham s6: hi€u chinh d6 chinh
xac (Precision Calibration), két hgp 16p va tensor (Layer and Tensor Fusion), toi uu hoa tham so ctia
nhan tinh toan trén GPU (Kernel Auto-Tuning), quan ly bd nhé dong (Dynamic Tensor Memory),
thyc thi da 1uong (Multiple-Stream Execution) dé t6i uu qua trinh tinh toan trén phan ctimg do hang
NVIDIA cung cap. Cac budc tién hanh dé t6i vu héa mo hinh duoc thyc hién nhu sau:

1. Str dung Framework bat ky dé huén luyén mé hinh YoloV8n.pt nhan dang d6i tugng mong mudn.

2. Chuyén dbi \fé mdt mang noron trung gian. Dé chuyén ddi vé dinh dang TensorRT, md hinh
phai c6 bude chuyén doi trung gian v€ dinh dang .uff (thich hop v&i cdc mo hinh Tensorflow) hodc
.onnx (thich hop v6i nhiéu loai mé6 hinh khac nhau).

3. Str dung ham chuyén d6i cua TensorRT SDK dé chuyén déi tir .onnx hodc .uff sang dinh
dang TensorRT.

4. Thu dugc md hinh TensorRT, c6 dinh dang .engine.

5. Sir dung ham load_model (cua thu vién TensorRT) dé khoi dong mo hinh.
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2.2.2. Bai todn bam doi twong

Bai toan bam ddi tugng c6 thé chia lam hai loai: bom mot d6i twong va bam nhiéu dbi twong.
Nhom tac gia sir dung thuat toan ByteTrack dé giai quyét bai toan bam nhiéu dbi twong trong thoi
gian thuc voi viée sir dung mang noron sau. ByteTrack c6 thé bam cac ddi tugng mot cach chinh xac
hon, ngay ca khi chting bi che khuét hodc bién mat khoi khung hinh. Hoat dong dua trén ba m6 hinh
mang noron sau: M6 hinh phat hién sir dung YOLOX; M6 hinh biéu dién trich xuét cac dic trung
ctia ddi tuong dugc phat hién; Mo hinh lién két lién két cac ddc diém cua cac dbi tugng duoc phat
hién trong cac khung hinh lién tiép dé tao ra cac duong din bam. So véi cac thuat toan bam nhiéu
dbi tuong, ByteTrack c6 kha nang xir 1y video nhanh hon tuy nhién d6 chinh xac thap hon [16].

2.2.3. Co so xay dung thudt toan xdc dinh toa do 3D va bam doi tuong

Xac dinh toa do dbi tuong la dau vao quan trong cua bai toan bam ddi tuong, toa do cua ddi
tuong dugc tinh toan va chuyén doi vé hé toa do gan véi UAV quadrotor. Hinh 4 mo ta cach xac
dinh toa do doi tugng tu toa do cua diém doi tugng trén man thu cuia camera.

Toa dd clia diém ddi twong duge xac dinh boi cong thirc (2) voi tham s6 Z duge thu tir anh do
sau cua camera do sau Realsense D435i.

Diémanh (x;, ) Toa do diém (X,. ¥, Z,) “ L

(‘:lmum‘ Tiéucw [ Zs z
Y

Min thu

Hinh 4. Toa dé diém déi tuong trong khung toa do camera.

)

Trong d6: Xs, Ys, Zs [m] 1a toa do cua d6i twong trong khung toa do camera; U, V, Cx, Cy [m] 12
toa do cua doi tugng va tdm anh trong khung toa d man thu; X;, yi [m] 1a toa do di€ém anh doi
tuong trén man thu trong khung toa d6 camera; f [m] 1a tiéu cu clia camera.

) Tur hinh 4, Zs1a khoang cach giira déj tuong va camera trong hé toa do camera. Do camera duoc
gan vao UAV thong qua mot gia can bang va luén lu6n nghiéng mdt gbc a=45° khong doi so voi
phuong ngang. Do d06, khoang cach Ds tir camera dén doi tugng theo phuong ngang duogc xac dinh
boi cong thue sau:

D, =Z,.cos(@) (3)

Theo thong S(f) k§y thuat cua Realsense D4351 co tdc do chup 1a 30 fps, tuy nhién, can ’nhiéu thoi
gian xu ly anh d¢ xac dinh cac thong s6 doi tugng, qua thuc nghjém ctiia nhom tac gia, toc do chup
giam xudng con 10 fps. Trong bai bdo nay, nham dam khong mat thong tin bam doi tugng, céc tac
gia sur dung khoang cach dich chuyen ctia d6i tuong giita hai khung hinh 1a 0,15m. Do d6, tdc do
chuyén dong ciia di twong 16n nhat dwoc xac dinh nhu sau:

s=Tfpsxe, (4)

Trong d6: s 1a tde do cua dbi tuong, trong bai bao nay s =10x 0,15=1,5 m/s; fps la tde do
thuc té cua camera khi st dung; esla khoang dich chuyén cta doi tuong giira hai khung hinh.
2.3. X4y dung thuit toan diéu khién bam ddi twong

Thuét toan bam ddi tuong (hinh 5) duoc xay dyng dua trén két hop kha ning nhén dang cia mo
hinh YoloV8n dugc huan luyén va thuit toan bam doi tugng ByteTrack.
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Hinh 5. Luu do thudt todn bam déi tuong.
3. THUC NGHIEM VA PANH GIA

3.1. Thiét bj thir nghi¢m

M5 hinh thyc nghiém duoc xay dung trén khung UAV quadrotor F450 (hinh 6, hinh 7) gom
cac thanh phﬁn chinh sau: may tinh nhiing Jetson Nano dé xtr 1y thuét toan hoc sau va bam dbi
tuong, bo diéu khlen bay Pixhawk 2.4.8 diéu khién 04 dong co, hé thong cam bién phuc vu bay
gdm cam bién 4 ap sudt, thiét bj thu GPS, bo thu RF, camera do siu Realsense D4351 duge gan trén
gi4 can bang dé nang cao chit lugng anh. Ngoai ra, tram mat dat gdbm mdy tinh véi phan mém
giam sat bay Mission Planer, tay cAm diéu khién FlySky i6 va bo thu phat tin hiéu RF.

Tay cim diéu khién May tinh xéc tay Thu nhan RF

Phan mém Mission Planner

Hinh 6. UAV quadrotor dung thir nghiém. Hinh 7. Thiét bi va cong cu dong bé.
3.2. Kich ban thir nghiém
3.2.1. Kjch ban thir nghiém 1

Thuc hién thtr nghiém UAV quadrotor nhan dang va bam theo ddi tuong don, khong bj che
khuét trong diéu kién du 4nh sang. Muc tiéu cua thu nghiém nay la danh gia kha nang nhén dang

dbi tugng va diéu khién UAV bam theo d6i twong khi di twong di chuyén véi toc d6 cham va duy
tri khoang cach twong dbi biang 4 mét.

Trén hinh 8 13 anh 640x480 pixel dugc thu vé tir camera gin trén UAV, sau d6 dugc két hop
véi anh d6 sau va xtr ly boi thuat toan xac dinh vi tri dbi tuong so voi UAV dé dua ra sai 1éch gitta
dbi trong va tdm khung hinh theo truc x cing khoang cach twong dbi t6i dbi twong nham diéu
khién chuyén dong cia UAV. Hinh 9 trinh bay sai léch bam trong qué trinh diéu khién bam d6i
tugng khi ddi tuong di chuyén.

Tap chi Nghién citu KH&CN quén sw, Sé Pic san FEE 2024, 65-71 69



Diéu khién — T djpng héa

(903, -810, 4) { |

Frame

Hinh 8. Hinh anh bam doi twong. Hinh 9. Sai léch bam trong quda trinh bam doi twong.

Tur két qua thyc nghiém cua kich ban 1, UAV da nhén dang va bam dugc dbi tuong voi do sai
1éch bam khi 6n dinh nho hon 0.05m. So sanh v&i nghién ctru [13] vé thong s sai s6 xac lap theo
phuong x, két qua cua thue nghiém cho thdy thuat toan ap dung trén phan cing gia ré c6 két qua
gan bang nhau, nhung vé thoi gian xir Iy ciia hé théng cham hon.

3.2.2. Kich ban thir nghiém 2

Kich ban thir nghiém 2 nham thir nghiém nham danh gia kha nang tiép tuc bam dbi twgng khi
xudt hién cac d6i tucmg tuong tu trong khung hinh camera ctia UAV quadrotor

Hinh 10. Thue nghiém thudt todn diéu khién bam doi twong kich ban 2.

Trong hinh 10 trinh bay két qua bam dbi twong cia UAV quadrotor khi dang bam d6i twong
ban déu, sau d6 dbi twong bi che khuét. Két qua trén hinh cho thay rang, UAV vén duy tri qua trinh
bam dbi tugng va khong c6 su thay doi dot ngot khi ddi tuong bi che khuat va xudt hién lai.

T nhitng kich ban trén c6 thé két luan rang, thuat toan bam ddi twgng cho UAV quadrotor ma
nhom tac gia xay dung di 1am viéc tot, cho phép nhan dang, diéu khién bam ddi twong voi do sai
s6 bam nho hon 0.05 m va duy tri dugc qua trinh bam sau khi d6i tuong dang bam bi che boi dbi
tuong tuong tu.

4. KET LUAN

Trong bai bao nay da trinh bay viéc xay dung hé théng bam dbi tuong duya trén xi 1y anh cho
UAV quadrotor. Nhom tac gia di xay dung thanh cong thudt toan diéu khién UAV quadrotor bam
dbi tuong trén co sé md hinh hoc sau YoloV8n va thuét toan ByteTrack. Bai bao da duwa ra phuong
phap cu thé, timg budc xay dung, toi uu va danh gia thut toan bam doi tugng 1a nguoi. Két qua
thuc nghiém vai hai kich ban da chitng minh hoat ddng cua thuat toan da dugc xay dung. Két qua
nghién ciru ndy s& 1am co s cho viéc phat trién cac hé théng bam ddi tugng thoi gian thuc phuc
vu trong céac bai toan thyc té khac nhau va 1am co s¢ cho viéc nghién ctru phét trién cac bai toan
khac cho UAV véi cong nghé thi gidc may tinh.
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ABSTRACT

Building an object tracking algorithm based on image processing for UAV quadrotor

The paper presents the results of algorithm construction and the experimental control of

object tracking based on image processing for quadrotor UAV using a dynamic model of
guadrotor UAV, deep learning model and optimized for hardware system. The hardware
system uses a depth camera, embedded computer to collect image data, object distance
information and calculate, process to give control signals to the motors through the flight
controller to ensure tracking and maintain distance between UAV and object. The results
achieved in the paper can evaluate the ability to respond in real time to the problem of
object tracking using image processing with hardware with limited resources.

Keywords: Drones; Quadrotors; Deep learning networks.
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