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UNG DUNG MO HINH YOLO PIEU KHIEN
THIET BI BAY KHONG NGUOI LAI
BAY XUYEN QUA VAT THE DANG CUA
TRONG MOI TRUGNG TRONG NHA

® HOANG HUU TRUNG' - NGUYEN THI MINH HUGCNG!
Trudng Bai hoc Kinh t&, Bai hoc HUé

TOM TAT:

Nghién cttu trinh bay mdt hé thong diéu huéng thi€t bi bay khong ngudi 1di (UAV) trong moi
trudng trong nha dya trén md hinh phét hién doi tugng YOLO. Trong tAim clia nghién cttu 1a nhiém
vu diéu khién drone bay xuyén qua ctta trong diéu kién khong c6 tin hieéu GPS. Qua thir nghiém
thuc t&, hé thong dat ty 1é thanh cong 100% trong 30 1an bay tai cdc vi tri va khoang cich khac
nhau, cho thdy kha ning tng quat hoa &t khi chuyén tir moi trudng md phdng sang diéu kién thyc
nghiém. K&t qud chitng minh tinh kha thi ctia gidi phap diéu huéng chi phi thap dua trén thi gidc
mdy tinh cho UAV hoat dong trong khdng gian hep, md ra tiém ning Gng dung trong gidm sit,

ki€m tra cong trinh va robot bay trong nha.

Tir khéa: diéu huéng drone, thi€t bi bay khong ngudi 14i (UAV), YOLO.

1. Dit van dé

Trong bdi cdnh tri tué nhan tao va ty dong héa
phét trién manh mé&, thiét bi bay khong ngudi 14i
(Unmanned Aerial Vehicle - UAV hay con dudc
goi 1a drone) dd tr§ thanh cong cu quan trong
trong nhiéu linh vyc nhu ndéng nghiép, 1am
nghiép, citu hod cifu nan va logistics, ddng thdi cho
thy tiém ning ¢ng dung rong rii trong xa hoi
hién dai (Skorobogatov et. al., 2020). Tuy nhién,
dé€ van hanh hiéu qué trong cdc khong gian phic
tap, dic biét la moi trudng trong nha hodc khu vuc
dd thi chat hep, UAV can dudc trang bi kh3 ning
nhin thitc mdi trudng chinh xdc. Thich thic 16n
nhi't nim & viéc diéu huéng qua cidc khong gian
han ché, noi tin hiéu GPS (Global Positioning
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System) khong dn dinh hoiic khong kha dung, lam
suy gidm hiéu qui clia cic phuong phip diéu
huéng truyén thdng va gia ting nguy cd va cham.

Mic di nhiéu nghién ctu vé diéu huéng dua
trén thi gidc mdy tinh da dugc dé xut, phan 16n
gidi phédp trudc day st dung cdc cdm bi€n chuyén
dung nhu LiDAR hoic camera chiéu siu, von c6
chi phi cao va doi hdi ndng lyc tinh todn vugt qua
kha ndng cla cdc dong UAV ¢3 nhd (Redmon et.
al., 2016). Trong bdi canh d6, viéc phat tri€n mot
hé thong diéu huéng ty dong dua trén cdm bién
thi gidc don k&t hdp v6i cdc md hinh hoc sau t8i wu
nhu YOLO trén nén ting UAV gid ré trd thanh
huéng ti€p can can thiét, ¢6 tinh kha thi cao va
mang lai gid tri tng dung thuc tién 1o rét.
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2. Cd'sé 1y thuyét
2.1. M6 hinh YOLO

M6 hinh YOLO (You Only Look Once) la mot
trong nhitng ki€n tric tiéu bi€u thudc linh vuc
nhan dién d6i tugng trong thi gidc mdy tinh va tri
tué nhan tao (Redmon et. al., 2016). Piém ndi bat
ctia YOLO niim & khd niing xt& Iy nhanh va dat do

chinh xdc cao khi thyc hién phdt hién d6i

trén cd dit liéu hinh dnh va video (Redmon et. al.,
2016). M6 hinh nay dugc Joseph Redmon va cédc
cong sy dé xuat 1dn diu vio nim 2015 (Redmon

et. al., 2016). Trai qua nhiéu giai doan ph4
va cdi ti€n, YOLO da dudgc md rong thanh

phién ban khic nhau, trong d6é phién ban
YOLOVI11 dudc cong bd vao thang 9 ndm 2024 1a
mdt trong nhitng phién bdn mdi nhi't hién nay (He

et. al., 2023).
Khic v6i cdc md hinh phan loai truyén

chi dy dodn nhin cta toan bd hinh dnh, YOLO
dugc thi€t k& cho bai todn phdt hién d6i tugng,
trong d6 md hinh ddng thdi thuc hién xdc dinh vi
tri vd phan loai vat thé. Nhd d6, YOLO c6 khi

ning phat hién va gdn nhin cho nhiéu ddi

khdc nhau xuat hién trong ciing mot dnh, thay vi
chi dua ra mot nhan duy nhi't dai dién cho toan bod

ndi dung hinh énh.

Kién tric c¢d ban ctia YOLO (You Only Look
Once) ndi bat nhd viéc ti€p can phat hién vat thé
nhu mot bai todn hdi quy don 18, khic biét so vdi
cdc phuong phdp dua trén cdc khu vuc dé xuit
(region proposal) trudc d6 (Redmon et. al., 2016).
Toan bd mang ludi x& Iy mot hinh dnh diu vao
duy nhat, chia hinh 4nh d6 thanh mot Iu6i SxS
(Redmon et. al., 2016). Mdi 6 1uSi sau d6 chiu
trach nhiém du dodn cdc vat th€ c¢6 tAm rdi vao

tugng

bén trong ranh gidi cia n6. PSi v6i mdi 6 1uéi,
YOLO dy doan B hop gi6i han (bounding boxes),
t trién mdi hop kém theo mot di€m tin cdy (confidence
nhiéu  score) phdn d4nh do chic chin cia hdp chita vat
thé€ va do chinh xdc clia vi tri hop, ciing v6i C xdc
sudt 16p (class probabilities) c6 diéu kién
(Redmon et. al., 2016).

Mang YOLO ban dau st dung mdt ki€n tric
mang no-ron tich chidp (Convolutional Neural
Network - CNN) duy nhat, 14y cdm hidng tir mang
ImageNet d€ trich xui't cdc dic trung hinh dnh. C6
24 16p tich chap dudc sit dung d€ gidm kich thudc
(downsample) hinh dnh dau vao, ti€p theo 1a 2 16p
k&t ndi ddy da (fully connected layers) d€ tao ra

thdng

tugng
cdc du dodn diu ra cudi cuing. C4u tric ndy hgp
nhit cdc budc riéng biét thudng thdy & cdc hé
thong khéc (nhu trich xuit dic trung, tao khu vuc

Hinh 1: Kién trac cd ban cia mé hinh YOLO
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dé xuat, phan loai va hau xt 1) vaio mdt md hinh
don 1&, cho phép t81 wu héa tryc ti€p trén hiéu suat
phét hién vat thé. Nhd thi€t k& tich hgp va don
gidn nay, YOLO c6 thé xi 1y hinh 4nh véi toc do
cao trong thdi gian thyc. Hinh 1 md t4 16 kién tric
cdban cia YOLOVI.

2.2. Thiét bi bay khéong nguvi ldi (Unmanned
Aerial Vehicle - UAV)

Trong linh vyc hang khong vii try hi€n dai,
thi€t bi bay khong ngudi 14i dudc hi€u 1a phuong
tién bay hoat dong ma khéng cé phi cong hi€n
dién trong budng ldi (Fahlstrom et. al., 2022).
Duéi géc do k§ thuadt, UAV dugc van hanh dua
trén cac nguyén ly khi dong hoc d€ tao luc ning
va c6 thé hoat dong theo cd ché& hoan toan tu dong
thong qua mdy tinh diéu khién tich hgp hoic chiu
su’ diéu khién tir xa clia phi cdng tai tram mit dat,
cling nhu cdc dang van hanh lai gitta con ngudi va
hé thong tu chii (Akbari et. al., 2021). Nhitng dic
di€m nay cho thdy, UAV 12 mot hé thong phic
hgp ddi hdi sy phan dinh ré rang vé ciu tric va
muc d6 ty chd trong van hanh.

Thiét bi bay khong ngudi 14i dong thdi 12 mot
thanh phin quan trong cia Hé thng Bay Khong
ngudi ldi (UAS), bao gdm 3 c&u phan: UAV, tram
diéu khi€n mit dit va kénh lién lac dir liéu
(datalink) (Skorobogatov et. al., 2020). C4u triic
nay bdo ddm sy phdi hop lién tuc gitta thi€t bi bay
va hé thong diéu khi€n nhim duy tri hoat dong 6n
dinh trong cdc nhiém vu gidm sat, din dudng hoic
thu thap thong tin. Viéc hi€u rd vai trd cia tirng
thanh phan tao nén tdng cho viéc trién khai va tdi
uu hda cdc ng dung dva trén drone.

Trong bdi cdnh Cdch mang Cong nghiép 4.0,
drone tr§ thanh mot trong cdc tru ¢t cong nghé
quan trong nhd khad nidng cd dong, tich hgp cdm
bi€n va thu thap dit liéu thdi gian thyc. Cong nghé
nay dia va dang dudc tng dung rOng rii trong
nhiéu linh vuc nhim ning cao hiéu qua, dd chinh
xdc va mic do an toan trong van hanh. Trong
nghién citu ndy, DJI Tello dugc lya chon 1am thiét
bi bay khong ngudi 1di thr nghiém do kich thudc
nhé gon, chi phi thdp va kha ning phit hgp véi cdc
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yéu ciu thu thap dif liéu va thyc nghiém trong moi
trudng trong nha.

3. Phuong phap nghién citu

3.1. Thu thdp dii ligu

Trong bdi cdnh Tri tué nhan tao va Hoc siu
phét trién manh mé, chat lugng va quy md dit liéu
déng vai tro then chdt d6i véi hiéu suit cla cic
md hinh thi gidc mdy tinh, ddc biét trong bai todn
diéu huéng drone khong c6 GPS. P& mo phdéng
diéu kién thuc t&, nghién cttu sit dung mot vat thé
dang khung ctta hinh chif nhat véi khodng trong
trung tam, kich thudc 100 x 80 cm va do day 10
cm. Khung dugc lam tir vat liéu x8p nhim gidm
rii ro va cham va dudc phii mau xanh 14 d€ ting
do tuong phdn, hd tr¢ mo hinh nhan dién rd rang
cdc bién va ciu tric hinh hoc cda vat cdn. Hinh 2
mo t truc quan vat thé dudc sit dung.

Hinh 2: Hinh énh vét thé cé dang hinh chir
nh@t cé khodng tréng & gitia mé phdng cua,
clia s6

Trong bd tri thi nghiém, vat thé dugc dit co
dinh § d9 cao 50-100 cm trong mdi trudng trong
nha v6i dnh sdng &n dinh nhim han ch& nhidu
dnh. Nén phia sau dudc lya chon khic mau véi
khung vat can d€ t6i uu héa kha ning phan tich
viing quan trong cla thuit todn xit 1y 4nh. Cach bo
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tri nay ddm bao drone c6 thé quan sit va hoc dudc
cdc dic trung hinh hoc dic trung cla vat can trong
nhiéu vi trf va diéu kién nhin khic nhau.

D6i véi mo hinh YOLO, dit liéu dugc thu thap
bing 4nh RGB d9 phan gidi 960 x 720 pixel tir
camera DJI Tello nhim ddm bdo dd chi ti€t cho
viéc du dodn bounding box. Dit li€u thoé dudc gdn
nhin biing cdng cu Roboflow theo chuin YOLO,
bao gdm class ID, toa do tAm, chiéu rong va chiéu
cao ctia khung bao. Bo dif liéu cudi cing gdm 779
4nh huan luyén va 384 4dnh ki€m dinh, bao gébm
diy dd 6 16p tuong ng véi 6 hudng bay 1a ti€n tdi
(Forward), lui (Back), trdi (Left), phéi (Right), 1én
(Up) va xu6ng (Down). (Hinh 3)

3.2. Hudn luyén mé hinh YOLO

D€ gidi quyét bai todn nhin dién huéng di
chuyén cho thi€t bi bay khong ngudi 14i, quy trinh
huin luyén dugc thi€t 1ap duwa trén ki€n tric

YOLOv8n (Nano) (Ultralytics, 2023). bay la
phién ban nhé gon va t8i wu nhat vé toc do trong
ho cdc mo6 hinh YOLOVS, dac biét phu hgp cho
céc thi€t bi bién (edge devices) c6 tai nguyén tinh
todn han ch€ nhu bd x{t 1y trén thi€t bi bay khong
ngudi 1di hodc cdc mdy tinh nhiing di keém. Cau
hinh m6 hinh YOLO dugc md ta trong Béng 1.

Quy trinh huan luyén mo6 hinh dugc xay dung
trén ki€n tric YOLOv8n (Nano), phién bdn nhé
gon nhi't trong ho YOLOVS va dudc tdi wu hda dic
biét cho téc do, nhim phuc vu nhiém vu xdc dinh
huéng di chuyén ctia thi€t bi bay khdng ngudi 14i.

3.3. Diéu khién thiét bi bay khong nguvi ldi

Bo thu vién DjiTelloPy dudc st dung dé diéu
khién DJI Tello, cho phép thi€t 1ap k&t nSi va thuc
thi cdc 1énh bay mdt cach truc ti€p. DjiTelloPy 1a
thu vién Python md ngudn md, dugc phét trién
nhim hd trg 1ap trinh diéu khién thi€t bi bing

Hinh 3: Mét s dif liéu dnh dudc gdn nhan bdng céng cu Roboflow
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Bdng 1. C&u hinh mé hinh YOLO

Tham s6 Méta Giatr
train Dudng dan téi thu muc chia anh huan luyén. Dudng dan
nc S616p (classes) trong dii ligu. 6
model Mé hinh YOLO s( dung yolov8n.pt (phién ban nho gon)
imgsz Kich thudc anh dau vao (image size) cho YOLO. 960%720px
workers | S0 lubng xUi Iy song song cho viéc tai dii liéu. 2
freeze DBong bang cac 16p (0: khong déng bang 16p nao). 0
val Pudng dén téi thu muc chia anh dé kiém thi (validation). Pudng dén
names Danh sach tén cac I6p. ["Back", "Down", "Forward", "Left", "Right", "Up"]
epochs | S&vong lap huén luyén (epochs). 10
batch S6 lugng &nh trong mot batch. 4
half Su dung Mixed Precision (True dé st dung). True

céch triru tugng hda cdc giao thic trong SDK cia
DJI Tello thanh cdc 16p va phuong thic dé sit
dung, pht hgp cho cidc tng dung robot va thi gidc
mdy tinh (Escoté and Low, 2023).

Pbé diéu huéng DJII Tello c6 thé bay xuyén qua
vat thé, mot kich ban bay dudc thi€t k& theo 7
budc nhu sau:

- Budc 1: Drone dugc khdi dong va thiét 1ap
k&t ndi v6i mdy tinh thong qua mang Wi-Fi do
thi€t bi phdt ra. Sau khi k&t ndi 6n dinh, hé thong
s&n sang ti€p nhan va x& 1y ludng dit liéu hinh
anh.

- Budc 2: Camera clia drone bit ddu truyén
hinh 4nh thdi gian thuc vé mdy tinh, dong thdi
thié€'t bi dugc diéu khién bay 1&én dd cao xap xi 1 m.
Giao dién hé thong chi hién thi 4nh gdc tir camera.
Tai thdi di€m nay, chuong trinh budc vao vong
lip xt 1y lién tuc cho dé&n khi drone vudgt qua vat
thé.

- Budce 3: Trong mdi vong lip, mdé hinh YOLO
da dugc huan luyén dudc kich hoat dé nhan dang
va suy luan huéng di chuyén dya trén hinh 4nh thu
dudgc tur drone.

- Budc 4: Sau khi hé thong xdc dinh dugc
huéng bay, thu vién DjiTelloPy sé& gti 1énh diéu
khién tuong tGng cho drone. Mdi buéc, drone di
chuyén 20 cm theo huéng dudc du dodn trude khi
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quay lai budc 3 dé ti€p tuc qud trinh nhan dang.

- Buéc 5: Khi mé hinh du dodn hudng
“Forward”, drone dudc diéu khién bay thing
thém Im nhiim duy tri 6n dinh quy dao va tranh
nguy cd 1éch huéng hodc va cham vao khung vat
thé. Sau dé, drone ti€p tuc quay lai budc 3 d€ xac
dinh huéng di chuyén k& ti€p.

- Buiéc 6: Khi drone ti€n dén vi tri ma mo hinh
khong con nhian dién dugc vat thé trong khung
hinh - titc drone da vugt qua ctia thi nghi€ém hodc
dang ditng ngay sdt ving mé - thi€t bi s& dugc
diéu khién bay thém 1m vé phia trudc d€ bdo ddm
da hoan toan di qua vat thé.

- Budc 7: Sau khi xdc dinh drone da bay vugt
qua vat thé, vong lip diéu khién dugc dirng lai.
Drone dudc dua vao ch& dd ha canh an toan va két
ndi gitta drone va mdy tinh dudc ngit, ddnh dau
viéc két thic quy trinh diéu huéng.

4. K&t qua nghién cifu va thdo luan

4.1. Két qua hudn luyén mé hinh YOLO

Qud trinh huin luyén mé hinh YOLO dudc
thuc hién trong 10 epoch véi téng cong 384 anh
ki€m thir va 382 ddi tugng (instances) thudc 6 16p:
Back, Down, Forward, Left, Right va Up. Céc chi
s6 quan trong bao gdm Box Loss, Precision
(Box(P)), Recall (R), cling nhu mAP@50 va
mAP@50-95, dugc trinh bay chi ti€t trong Bing 2.
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BAng 2. K&t qud phén logi mé hinh YOLO

Epoch Box_loss Box(P) R mAP@50 mAP@50-95
1 0.8228 0.523 0.718 0.669 0.575
2 0.5656 0.646 0.858 0.872 0.766
3 0.5427 0.655 0.783 0.821 0.723
4 0.509 0.736 0.829 0.84 0.765
5 0.4469 0.824 0.909 0.945 0.854
6 0.4065 0.829 0.803 0.924 0.849
7 0.3644 0.863 0.917 0.926 0.874
8 0.3296 0.913 0.964 0.952 0.891
9 0.307 0.922 0.955 0.952 0.9
10 0.2875 0.93 0.968 0.965 0.915

Trong giai doan diau huin luyén, mo hinh
YOLO con cho thdy, mifc 16i cao va do chinh xadc
han ch&, nhung chi sau vai epoch da nhanh chéng
hoi tu, thé hién kh3 ndng hoc dédc trung manh mé¢.
Céc chi s6 Box(P) va Recall ting &n dinh, véi
Recall vugt 0.90 tir epoch thit 5. P&n epoch thit 10,
mo hinh dat hi€u ndng cao vdi Precision 0.93,
Recall 0.968, mAP@50 dat 0.965 va mAP@50-95
dat 0.915, cho tha'y khd niing nhan dién chinh xdc
va 6n dinh d6i vdi toan bo 6 16p huéng di chuyén
ctia thi€t bi bay khong ngudi l4i.

Hinh 4. mo6 td 10 k&t qud nhan dién 6 hudng
bay. K&t qua ma trin nhim 14n cho thi'y, mo6 hinh
YOLO nhin dién rit t6t cdc 16p c6 so lugng mau
16n nhu Left va Right, v6i do chinh xdc chuin héa
1an lugt dat 0.93 va 0.99. Cic 16p khic nhu
Forward va Back dat do chinh xdc trung binh tir
0.77 dé&n 0.85, trong khi 16p Up c6 mitc chinh xdc
thdp hon (0.53) do dit liéu han ch& va hinh dang
mau da dang. Mot s6 nhim 14n x4y ra gifta cic 16p
¢ dic diém hinh hoc tuong ddng, song khong dnh
huéng ddng ké d&€n hiéu ning tong thé.

Hinh 4: Ma trén nhdm I&n (Confusion Maitrix) va ma trén nhdm Ian chudn héa

(Normalized Confusion Matrix)

Confusion Matrix (Counts)
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Tdéng thé, YOLO cho thdy tinh 6n dinh cao
trong viéc phan loai huéng bay va kha ning hoc
dic trung tot, phu hdp lam mo6 hinh nhin dang
trong hé thong diéu huéng drone dua trén thi gidc
mdy tinh. Mitc d0 hoi tu nhanh, do chinh xdc cao
va kha ning téng quit héa t6t chitng minh YOLO
ddp tng hiéu qua yéu cAu ciia bai todn dinh vi va
diéu hu6ng thiét bi bay khong ngudi 1di trong moi
trudng trong nha.

4.2. Két qua bay thuc nghiém thuc t¢

DPé& dinh gia kha ning ng dung thuc tién cla
mo hinh phan loai huéng bay, mdt kich ban dugc
str dung véi viéc th nghiém bay trong moi trudng
thuc t€. Thi€t bi bay khong ngudi 141 duge dit doi
dién vat thé & cic khodng cich khic nhau, dao
dong tir 1m d&€n 3m. Pdng thdi, drone dudc b tri
tai nhiéu vi tri khong gian gdm: 1&ch trdi, léch
phai, va chinh dién so vdi vat thé nhim bio ddm
ki€m tra day dd hiéu ning md hinh trong céc tinh
hudng da dang.

Trong tdng s& 30 1an bay thit nghiém dudc thyc
hién, tit cd déu dat ty 1& nhan dién va diéu huéng
ding 100% va c6 thé bay xuyén qua vat thé, bat
ké vi tri va g6c nhin ctia drone. Piéu nay cho thdy,
mo hinh YOLO c¢6 khd ning tdng quit héa tot khi
chuyén tir dit liéu huin luyén sang mdi trudng

Loicam on:

thuc t&, ddng thdi khong bi Anh hudng ding ké bdi
thay d6i vi tri, khodng cach hay géc nhin clia thi€t
bi bay khong ngudi 14i so v6i vat thé.

5.Ké&tluan

Nghién cttu nay da phét trién va ddnh gid mot
hé thong diéu hudng drone dya trén md hinh
YOLO nhiim gidi quy€t bai todn bay xuyén qua
clta trong mdi trudng khong c6 GPS. K&t qua
huin luyén cho thdy YOLOv8n dat do chinh xdc
cao vdi Precision 0.93, Recall 0.968 va mAP@50
dat 0.965, chitng minh kha ning hoc dic trung dn
dinh va hiéu qua. Thit nghiém thyc t& véi 30 1an
bay & nhiéu vi tri va khodng cdch khdc nhau dat
ty 1& thanh cong 100%, khing dinh kha niing tdng
qudt héa va do tin cAdy cla mo hinh trong diéu
kién thuc.

Hé thong dé xui't mang lai mdt huéng ti€p can
chi phi thdp nhung hiéu qua cho cidc tng dung
diéu huéng drone trong khong gian hep, dic biét
phlt hgp v6i nhiém vu tim ki€m ctu nan, ki€m tra
cong trinh va robot bay trong nha mady. Trong
tuong lai, md hinh c6 thé cdi thién hon nita thong
qua tich hgp dit liéu do siu, gidm nhiéu chuyén
dong va st dung cdc phién ban YOLO tién ti€n
hon dé€ ting cudng hiéu suidt trong moi trudng
phiic tap hodc 4nh sing han ché m

Cong trinh nghién ciiu nay duoc tai tro béi Dé tai Khoa hoc va cong nghé cdp Dai hoc Hué,

ma s6: DHH2023-06-137.
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YOLO APPLICATION TO CONTROL UNMANNED
AERIAL VEHICLES FLYING THROUGH DOOR-SHAPED
OBJECTS IN AN INDOOR ENVIRONMENT
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® NGUYEN THI MINH HUONG'

University of Economics, Hue University

ABSTRACT:

This study presents a vision-based indoor navigation system for unmanned aerial vehicles
(UAVs) operating in GPS-denied environments, enabling autonomous flight through window-
like openings using the YOLO object detection framework. A dataset of 1,163 RGB images
captured by a DJI Tello drone was annotated into six navigation commands: Forward,
Backward, Left, Right, Up, and Down. The YOLOv8n model was trained over 10 epochs and
demonstrated high performance, achieving a precision of 0.93, recall of 0.968, mAP@50 of
0.965, and mAP@50-95 of 0.915. To validate real-world applicability, 30 indoor flight
experiments were conducted at varying positions and distances, all of which resulted in
successful autonomous navigation, corresponding to a 100% success rate. These results indicate
strong generalization capability and robust performance of the proposed system. The study
confirms the feasibility of a low-cost, vision-based UAV navigation approach for confined
indoor environments, offering practical potential for applications such as inspection,
surveillance, and autonomous robotic operations.

Keywords: drone navigation, Unmanned Aerial Vehicle (UAV), YOLO.
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