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A METHOD TRACKING MOBILE ROBOT INDOOR ENVIRONMENT
USING CEILING CAMERA USING YOLOV9
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Received: 11/9/2024 This study presents a method for determining the position of a mobile
. robot within an indoor environment using a ceiling-mounted camera
Revised:  29/10/2024  4n4 the YOLOVO deep learning network. Conventional solutions often
Published: 30/10/2024 involve attaching a QR code tag to the robot; however, such tags are
usually small, prone to noise, and affected by lighting conditions.

Therefore, we propose the YOLOV9 deep learning network to track the
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random movement of the robot. Additionally, the robot's state while
Mobile robot navigating through a maze is represented using optical flow methods.
YOLOV9 We also conduct transforming coordinates from the camera coordinate

system to the Cartesian coordinate system to detect the current position
) ) of the mobile robot. The results indicate that the proposed solution can
Casterian coordinate system effectively record the entire trajectory of the robot within the maze. At
Optical flow a instantenous point, the optical flow method also demonstrates the
robot's state during straight movement, rotation, and proximity to
obstacles. These results provide a foundation for addressing advanced
problems in mobile robotics, such as trajectory planning and tracking in
indoor environments.

Detection and tracking

GIAI PHAP THEO DOI ROBOT DI PONG HOAT PONG TRONG NHA
BANG CAMERA TRAN SU DUNG MANG HQC SAU YOLOv9

Luu Trong Hiéu", Nguyén Tén Diing
Truong Bich khoa - Triong Pai hoc Can Tho
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Ngay nhan bai:  11/9/2024 Nghién ctru ndy trinh bay mét gidi phap xdc dinh vi tri cua robot di

. o dong trong mdi trudng trong nha bang mot may anh tran st dung mang
Ngay hoan thign: 29/10/2024 5“5y YOLOV9. Nhitng giai phap cb dién, robot di dong duoc gén
Ngiy ding: 30/10/2024 Mot thé gr-code, tuy nhién thé thuong c6 kich thudc nhé, dé bi nhidu va

bi anh huéng boi do sang. Vi vy, nhom nghién ctru dé xuit giai phap

TU KHOA su dung mot mang hoc sau YOLOV9 dé theo ddi qua trinh di chuyen

ngau nhién cla robot. Thém vao d6, trang thai cta robot khi di chuyén
Robot di dong trong mé cung dugc biéu dién b.':flng phuong phap dong quang hoc.
Mang hoc sdu YOLOvV9 Nhom ciing dé xuat mot giai phap bién doi hé toa do tir hé toa do may

anh sang hé toa do Descartes dé c6 thé xac dinh dwoc vi tri hién tai cua
R R : robot di dong. Két qua cho thay giai phap dé xuat co thé ghi lai toan bo
HE toa do Casterian quy dao di chuyén cua robot trong mé cung. Trong thoi diém tac thai,
Dong quang hoc phuong phap dong quang hoc ciing cho thdy duoc trang thai ciia robot
khi chuyen dong thang, xoay va gan chuéng ngai vat. Két qua nay la
tién dé dé giai quyét cac toan nang cao trong robot di dong nhu lap va
theo doi quy dao trong moi trudng trong nha.

Phat hién va theo doi ddi twong
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1. Gioi thigu

Robot di dong da duge nghién ctru va ngay cang dugc ing dung nhiéu hon trong cac linh vuc
thuc té: san xuat cong nghiép, dich vu y té, nhiém vu quan s, hoat dong nha 06, tham hiém hanh
tinh, gidi tri,... Trong k¥ thuéat diéu khién robot di dong, van dé diéu huéng 14 mét trong nhitng
hoat dong quan trong nhit. C6 thé chia thanh ba van d& co ban: lap va theo ddi quy dao, theo ddi
duong di va 6n dinh diém. Trong van dé theo ddi dudng di, cac nghién ctru dé cap dén viée trich
xuat phat hién, nhan dang va theo ddi robot di dong tir moi trudng cua no dé co duge cac thong
s6 chuyén dong nhu vi tri, quy dao, van toc va gia tdc cua robot di dong.

C6 nhiéu giai phap dé dinh vi robot trong dleu kién trong nha, n6i bat nhat gom hai giai phap:
sir dung hé cam bién va sir dung mady anh sO. Trong giai phap sir dung hé cam bién, Banu [1]
trinh bay giai phép dinh vi robot bang mang hoc séu sir dung tin hiéu tir cam bién laser. Mic du
phuong phap cho két qua dinh vi tot, viéc tich hop cam bién laser 1én robot thuong khong phu
hop khi ¢6 twong tac voi con ngudi. Khan va cac dong nghiép [2] sir dung mot hé cam bién gin
trén robot di dong dé dinh vi vi tri trong nha kin, tuy nhién sir dung nhiéu thiét bi [trong mot
khong gian 16n co thé gay lang phi tai nguyén. Bén canh d6, Liping [3] ciing dé xuit mot giai
phap dinh vi robot bang hé cam bién khong déy, tuy nhién giai phap nay khong cho biét trang
thai dang chuyén dong cua robot trong thoi diém ngiu nhién. Cac nghién ciu [ [4] — [6] dé xuat
giai phéap dinh vi robot di dong dua trén cong ngh¢ nhén dang tan s6 vo tuyen (radio frequency
identification (RFID)). Trong phuong phéap nay, mot s6 thé RFID duoc gan trén san dé cung cap
thong tin tham chiéu vi tri va chung dugc phat hién va nhan dang boi dau doc RFID gin trén
robot. D chinh xac va d6 bén cua cac phuong phap nay phu thudc vao khoang cach gitra cac the
va khoang cach giira cac thé va dau doc. Dé ting d6 chinh xac dinh vi, s6 lugng thé RFID trén
mét don vi dién tich phai duoc tang 1én. Do do, ky thuét nay co thé khong mang lai giai phap
kinh té va d& mo rong quy mé do s6 luong thé can thiét ngay cang tang va chi phi trién khai lién
quan. Trong giai phap sur dung hé may anh, nghién ctru [7] dé xuat giai phap dinh vi robot bang
thé ma QR dé dinh vi vi tri ctia robot di dong trong méi trudng trong nha. Mic du giai phap nay
¢6 thé dinh vi dugc vi tri, tich hop thém mdt dién thoai thong minh dé dinh vi goc robot trong mé
cung la mét giai phap tuong (101 t6n kém vé kinh té. Nhitng nghién ctru gan day vé theo doi robot
di dong sir dung may anh tran duoc cac nhoém [8] — [10] gidi thiéu, déc diém chung cua nhimg
nghién ctru nay chi trong dén viéc dy doan chuyén dong va téi wu hoa quy dao di chuyén cua
robot trong khong gian kin. Trong nuéc, giai phap dinh vi robot di dong bang phuong trinh dong
luc hoc duoc trinh bay bai [11], tuy nhién nghién clru nay chi méi mé phong va phan cing dang
dugc tién hanh dé so sanh vé6i két qua trude do.

Nghién ciru nay trinh bay mot giai phap sir dung YOLOV9 dé theo ddi robot di dong chuyén
dong trong mot mé cung nhén tao. Robot vira di chuyén vira tranh né cic chudng ngai vat xuat
hién trén quy dao di ciia minh. May anh s6 theo ddi, luu vi tri va xdc dinh vén téc clia robot trong
thoi gian thyc. Dé xac dinh trang thai robot trong thoi gian ngu nhién, giai phap dong quang hoc
(optical flow) dugc nhom st dung dé danh gia huéng cling nhu van tdc ciia robot. Nhom nghién
clru ciing bién ddi hé toa d6 anh sang hé toa do Descartes dé ban dja hoa cu thé vi tri cua robot.
Két qua cho thiy giai phap YOLOV9 c6 thé xac dinh dugc chinh xéac vi tri ciia robot. Giai phap
dong quang hoc ciing miéu ta duoc trang thai chuyén dong ciia robot trong cac diéu kién khac
nhau khi gip chudng ngai vat. Két qua cho thdy hiéu qua tdt cua cac phuong phéap dé xuat.

2. Phwong phap nghién ciru
2.1. Bé tri thi nghiém va doi twong thi nghi¢m

Thi nghiém dugc bb tri trong nghién ctru ndy bao gdm mot may anh thuong mai dugc bb tri trén
trAn nha, mdt mé cung nhén tao va mdt robot di déng (hinh 1). Chi tiét hon, may anh thuong mai (c6
tiéu cy f = 3.6mm) duoc gan lén tran (hinh la) & d6 cao 3.25 m so véi nén nha. Méy anh duoc bd
tri cho chiéu thang dimg vuéng goc v6i mit phing thi nghiém (hinh 1a) (gdc nadir bang khong, hay
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khoang cach giita tim ctia may anh va tim mdt phang thi nghiém 1a ngan nhét), dwoc cdu hinh voi ché
d6 chup ty dong, anh thu dugc co do phan giai 1920 x 1080 vai thoi gian 1dy miu 1a 30 khung
hinh/gidy, va dugc diéu khién thu thap dir liéu tir mot may tinh riéng. Mé cung nhan tao dugc xay
dung vai kich thudc 3.25 X 2.45 m (hinh 1b, 1c). Robot di dong c6 kich thudc 0.25 X 0.2 m, dugc
1ap trinh dé c6 thé di chuyén xung quanh va né chudng ngai vat trong mé cung.

Hinh 1. Viing b6 tri thi nghiém ciia mdy anh tran

2.2. Higu chinh mdy dnh sé

Trong nghién ctru nay, nhom sir dung mét mdy anh s0 thuong mai, vi vy hiéu chinh anh )
(camera calibration) la can thiét dé hiéu chinh cac thong so cua dng kinh (lens dlstomon) Cac
tham s6 may anh bao gém cac thong sO noi (intrinsic parameter), thong sd ngoai “extrinsic
parameter” dung dé miéu ta mdi quan hé giita toa d6 Descartes 3D voi toa d6 2D trén khung anh.
C6 nhiéu phuong phap dé hiéu chinh may anh s6, nhung trong nghién ctru nay, nhém sir dung
phuong phap do Zhang [12] dé xuat. Theo d6, mdi quan hé giita toa do Descartes 3D va toa do
anh chiéu 2D dugc thé hién qua phuong trinh sau:

sm = A[R t]M Q)

Voi:

e m 12 hé toa d6 ctia diém tham chiéu trén anh (pixel),

e s 1a phén tur ti 18,

0 c

X X

eA=10 f, cy] la ma trén quay thé hién moi quan hé gitia toa do that va cac thong so ndi
0 .0 1

cuia may anh so,

e [R | t] 1a ma tran quay cuia thong s ngoai (extrinsic parameters),

. (cx, cy) 1a diém trung tdm cia khung anh,

. (fx, fy) 1a tiéu cu (pixel). 7 )

Trong nghién ctru nay, nhom su dung phuong phap ban c¢ d¢ hiéu chinh thong s6 may anh.
Nhom nghién ctru str dung mot ban co ¢6 kich thude 8x8 6 voi dién tich 20x20 mm moéi 6 d€ hiéu
chinh thong s6. Ban co dugc bo tri ¢ nhitng vi tri khac nhau véi cac d nghiéng ngau nhién khac

http://jst.tnu.edu.vn 186 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(14): 184 - 191

nhau (hinh 2a). Két qua cua thuat toan hiéu chinh cho thiy c6 su thay d6i do cong cua khung hinh
tai vi tri phia trén va dudi (nhu hinh 2b, 2c¢).

" Hinh 2 JHleu -chmh théng s6 may anh s6 bang phmmg phap ban co
2.3. Gidi phdp theo doi robot di dpng bang YOLOv9

Hién nay, c6 nhiéu k¥ thuat va mé hinh toan theo ddi va phan loai d6i tugng, tily vao timg tng
dung cu thé ma cac nhém nghién ctru c6 thé chon nhiing giai phap phu hop. Trong nghién ctru
nay, nhom nhan manh téi k¥ thuat theo ddi theo thoi gian that, ma thuat toan YOLO wu thé vé
giai phap nay. Pugc gidi thi€u vao thang 3/2024, [13] YOLOV9 gidi thi¢u hai ky thudt méi:
thong tin gradient c6 thé 1ap trinh (Programmable Gradient Information (PGI)) va Mang tong hop
16p hiéu qua tong quat (Generalized Efficient Layer Aggregation Network (GELAN)). PGI cai
thién viéc cap nhat mang dé nhan dang déi tuong chinh xac hon, trong khi GELAN t6i wru hoa
kién tric - mang dé tang do chinh xac va toc do. Hai néng cap nay cho phép xu ly va hoc hi¢u qua
tr cdc mau dir liu phire tap, duy tri d chinh xac va tbc do cao trong nhiéu méi trudong dién toan
khac nhau. Chi s6 hiéu suat: YOLOvV9 giam 49% sb luong tham s6 va giam d¢ phirc tap tinh toan
xudng 43% so voi YOLOVS, dong thoi dat duge mirc ting 0,6% trong D9 chinh xac trung binh
(AP) trén tap dit lieu MS COCO. Piéu nay 1am cho YOLOV9 nhanh hon va chinh x4c hon so v&i
cac phién ban trudc.

Trong nghién ciru nay, nhém chi chii trong dén theo ddi robot di dong trong méi trudng mé
cung nhan tao kin nén sb luong anh dé hudn luyén va kiém tra vira phai (nhu bang 1).

Bang 1. Tdp dit liéu hudn luyén va kiém tra

Tén tap dir liéu Anh huén luyén Anh kiém tra
Robot di dong 150 20
M0oi trwong ngoai 150 20

2.4. Miéu td vin téc robot di dong b&ng phwong phdp dong chdy quang hoc

Dong chay quang hoc 13 mot phuong phap miéu ta sy chuyén dong ctia vat thé trong khung
anh khi d6i twong hodc ngudi quan sat chuyén dong C6 nhiéu phuong phdp khac nhau dé tinh
van toc, trong nghién ctru nay, nhom sir dung giai phap Lucas-Kanade [14] de miéu ta trang thai
chuyén dong cua robot di dong trong mé cung. Vé co ban, cach tinh vén toc giita 2 anh duoc
trinh bay nhu sau:
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Lu+Lv+1, =0 2
U =+ u?+v? 3)
Vi I, I, va I 1a cac vi phén d§ sang theo khong gian va thoi gian cua ting khung anh.
e u:van tdc theo truc ngang ciia khung anh,
e v: van tdc theo truc doc cua khung anh,
e :van toc theo 2 truc ciia khung anh.

2.5. Phwong phdp bién déi hé toa dp (pixel qua mér)

Dé xac dinh vi tri ctia robot trong toa do Descartes, nhom nghién ctru da bién ddi hé toa do tir
may anh sé (pixel) sang toa d6 Descartes (mét). Mot vung quan sat c6 dién tich 0,3 x 0,3 m ngay
tam dugc xac dinh trén khung anh. Két qua cho thay mau kich thudc (ground distance ~sample) la
0,005 m/pixel. Khi xem xét viung bén ngoai khu vuc trung tm, két qua cho thiy sai sd trong qué
trinh chuyen do6i tir toa do pixel sang toa dd Descartes 1a khong dang ké so véi gia tri 0,005
m/pixel. Bidu nay cho phép umg dung phuong phap chuyén d6i toa do nay vao viéc diéu khién
robot di dong ma khong can diéu chinh nhiéu cho cic vi tri ngoai tdm anh, dam bao tinh chinh
x4c va on dinh khi thuc hién céac phép bién d6i hé toa do tlep theo.

Tur do, phuong trinh bién ddi hé toa d6 hién tai cta robot tir toa do may anh sang toa d¢ duogc
thé hién nhu sau:

(4)

(5)

CXpy = (_%(x) + cx) * gsd(x)
ma

CYm = (# - cy) * gsd(y)

Véi:

CXy VA CYy, 1 toa dO tm xe trong hé Descartes (mét),

cx va cy la toa dg tdm ctia khung xe trong hé anh (pixel),

map(x) va map(y) la do dai cta toan bd mé cung (pixel).

gsd(x)va gsd(y) la gia tri mau kich thudc (ground distance sample (m/pixel)).

3. Két qua
3.1. Hiéu sudt hudn luyén ciia mang hoc sdu YOLOV9

Nhom nghién ctru di huan luyén mé hinh ¢ 100 epoch véi ti 1& huan luyén 1a 0,01. Dya trén
mo hinh duong cong tu tin-chinh xac (precision-confidence curve) (Hinh 3), m6 hinh héi tu vé 1
véi do tu tin 1a 0,832.

o Puong cong chinh xac-tu tin
j? Robot di dong =2
Hoi tw v 1.0 tai 0.832 g
08 2 20 0
°
9 2
T 06 ‘% ~
£ 2
5 £
S 'lg
a
g 20 0
02 i
) 0.2 0.4 o8 038 1.0 Robot di déng Khung nén
Ty tin D doan
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Sau khi két thac huan luyén, nhém nghién ctru tinh toan cac hé s chinh xac, dw doan, goi lai
va F1_diém (accuracy, precision, recall and F1_score) nhu phuong trinh tir (1) — (4) tir ma trdn
nham lan (confusion matrix):

; L TProbot + TNrobot (6)
chinh xac =

TProbot + FProlg}g}t)"' TNrobot + FNrobot

dl_l’ doan = robot (7)
TProbot + FProbot
goi lai = ———robet ®)
o Tprobot + FNrobot
e chinh xac  goi lai 9)
F1_diém = 2 *

chinh xac + goi lai

Trong do chi s6 TP/TN dai dién cho hé sb duong tinh thét (true positive) va am tinh that
(negative positive), chi s6 FP/FN dai dién cho hé sé dwong tinh gia (false positive) va am tinh
gia (false negative), robot dai dién cho s6 1an dém.

Hiéu sudt cia md hinh dé xuét duoc wéc tinh bing cach st dung ma trin nhdm 1n (Hinh 4).
Trong truong hop robot di dong, chiing t6i di thir nghiém voi 20 buc anh ngau nhién, két qua cho
thiy khong co phat hién sai. Trong truong hop hinh nén, (khéng xuét hién robot di dong), chung toi
ciing thir nghiém véi 100 anh, va khong cho két qua sai. Diéu nay cho thdy YOLOV9 cho két qua
dung gan nhu tuyét d6i, c6 ¥ nghia rit 16n trong viée v& lai quy dao di chuyén cta robot di dong.

3.2. Qud trinh theo doi robot chuyén dpng

Sau khi hoan thanh huén luyén mang hoc siu, nhém nghién ciru tién hanh danh gia két qua dé
xuit. Theo do, robot di déng duoc chay ngiu nhién trong mé cung nhan tao. May anh tran theo
ddi robot di dong va xéc dinh tdm cua robot theo thoi gian thyc (hinh 5). Hinh 5a miéu ta trang
thai cua robot khi phia trude 1a chudng ngai vat, cac vector van tdc xudt hién ngau nhién theo cac
hudng, diéu nay ching té robot sé chuyen dong cham lai trude khi ra quyet dinh. Hinh 5b, 5c¢, 5d
cho thiy sy dong nhat cua cac vector van tc khi robot trong trang thai dang xoay hay chuyén
dong thang theo twong mé cung nhan tao. Cuy thé, robot dugc lap trinh voi van téc téi da khi di
chuyén trong mé cung 1 0,5 m/s. Tuy nhién tity theo vi tri va cac chudng ngai vat khi di chuyén,
van tc cua robot co su khéac biét (bang 2). Robot dat van tde trung binh tha‘ip nhét khi phat hién
phia trude 1a chudng ngai vat (hinh 5a) véi van tdc trung binh 0,13 m/s, cao nhat khi di chuyén
thang (hinh 5d) véi van toc 0,47 m/s.

Bang 2. Vin toc ciia robot khi di chuyén trong mé cung

Trang thai cia robot Vin toc trung binh
Phia trude 1a chudng ngai vat 0,13 m/s
Robot dang xoay 0,21m/s
Pa hoan thanh qua trinh xoay va chudng ngai vat bén trai 0,22m/s
Di chuyén thing v6i chuéng ngai vat bén phai 0,47 m/s

Hinh 6 trinh bay két qua theo doi quy dao di chuyén cua robot trong mé cung, diém mau dé
biéu dién vi tri tAm cua robot trong sudt quéa trinh di chuyen Su dao dong cua quy dao cho thay
robot thuong xuyén thay doi goc, dau trong sudt qua trinh tién hanh thi nghiém. Twong ung, hinh
6b biéu dién toa do sau khi chuyen ddi tir toa do anh sang hé toa do Descartes. Qua danh gia truc
quan, phuong phép theo ddi quy dao di chuyén cta robot di dong khong xuét hién sai léch dang
ké, dam bao tinh chinh x4c cao.

Nhom nghién ciru da thay d6i do sang ciia phong dé danh gia kha nang dap Umg cua giai phap
dé xuét khi theo ddi robot di dong trong cdac didu kién anh sang khac nhau. Cu thé, robot duoc di
chuyén tir vi tri sang dén vi tri toi dan, va trong sudt qua trinh di chuyén gia tri d6 xam ciia robot
s€ dugc ghi lai dé so sanh (Hinh 7). Theo do, thuit toan dé xuét co thé theo ddi robot véi mire
x4m tai anh 7a, 7b 1an luot 1a 77,6 va 58; voi d6 sang thap nhat ma may anh c6 thé theo dbi dat
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23% tai khung énlg 7b. Trong truong hop anh 7c, gia tri mic xam dat 27,6, tuc d6 sang dat 10%,
may anh khong the theo ddi dugc robot.

a)Phia trudc la chuéng ngai vat mobile robot 0.91

mobiie robot C.!

mobile rabet 091

imabile robot 0.91

mobile robiot 1D:1

Hinh 7. Qud trinh theo déi robot di chuyén véi dj sang thay doi: a) Gid tri mirc xdm la 77,6,
b) gia tri mirc xam la 58, ¢) gia tri micc xam la 27
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4. Két luan

Nghién ctru trinh bay mot giai phap theo ddi robot di dong bang may anh tran sir dung mang
hoc sdu YOLOV9. Tap huéan luyén gdm 100 anh robot di dong va 100 anh ciia mé cung duoc tao
ra va hudn luyén véi ti 1¢ chinh xac dat 100%. Phu'orng phap dong quang hoc cling cho thay duogc
trang thai di chuyén cta robot khi gip chudéng ngai vat, khi chuyen dong xoay va chuyén dong
thang. Nhom nghién ciru ciing trinh bay mot phuong phap bién dbi hé toa do tir h¢ mdy anh
(pixel) sang hé toa do Descartes (mét). Bé danh gia phuong phap dé xuét, may anh s theo ddi
robot di dong di chuyén va né tranh chuéng ngai vat quanh mé cung theo thoi gian that. Két qua
cho thiy may anh theo ddi duoc toan bd quy dao chuyen dong cua robot va két qua bién ddi toa
d6 ciing cho két qua chinh xac. Két qua ciing cho thiy mdy anh cé thé theo ddi robot di chuyén
theo thoi gian thyc dat hiéu qua tot nhat véi toc d6 1y anh dat 30 khung anh/gidy véi thoi gian
tré 1a khong dang ké. Nghién ctru ciing chi ra ring giai phap dé xuét co thé dap tmg véi su thay
d6i do sang khac nhau, cu thé khi gia tri x4m 16n hon mirc 23%, may anh di c6 thé theo ddi robot
mot cach lién tuc theo thoi gian thuc. Két qua nay tao diéu kién tSt cho nhimg nghién ctru siu
hon vé robot di dong nhu 14p quy dao, tinh toan sai sb giita quy dao thuc t& va mé phong.

Loi cam on
Nghién ctru nay duoc tai trg boi Truong Pai hoc Can Tho, Ma sb: T2024-71.
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