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This study proposes a solution using a mobile robot for patrolling and
detecting intruders in an indoor environment based on the YOLOV9
deep learning model. The robot is designed with a two-wheeled
differential drive mechanism and integrated with sensors, including a
LiDAR for mapping and an Intel D453i camera for human detection. A
PID controller is implemented to ensure stable operation throughout the
process. After the SLAM-based mapping phase, the robot performs
patrols using the Behavior Tree method on the ROS2 platform. The
YOLOV9 deep learning model enables the robot to detect intruders,
both with and without masks, in a maze environment. Experimental
results show that the robot successfully detects all individuals in the
maze after two patrol rounds, functioning effectively in both day and
night conditions. These findings highlight the practical potential of
mobile robots in patrolling and alarm systems.
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Nghién ciru nay dé xuat mdt giai phap st dung robot di dong dé tuan tra
va phat hién ngudi la trong phong kin bing mang hoc siu YOLOVY.
Robot dugc thiét ké voi co ciu vi sai hai banh va tich hop hé cam bién
gdm lidar dé quét ban dd va may anh sb Intel D453i dé nhan dién ngudi
la. Bo diéu khién PID giup robot duy tri hoat dong 6n dinh trong sudt
qua trinh van hanh. Sau giai doan SLAM tao ban dd, robot thuc hién
tuan tra bang phuong phap ciy hanh vi trén nén ting ROS2. Mang hoc
sau YOLOV9 h tro nhan dién ngudi la, ¢6 hoic khong deo khéu trang,
trong moi truong mé cung. Két qua thi nghiém cho thiy robot ¢6 thé
phat hién toan b ngudi trong mé cung sau hai luot tuan tra, hoat dong
hiéu qua ca ban ngay 13n ban dém. Diéu nay khang dinh tiém ning tng
dung cua robot di dong trong cac nhiém vu tuan tra va bao dong.
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1. Gioi thigu

Robot di dong 1a mot hé théng co khi ty dong c6 kha niang di chuyén trong khong gian nhd
céc co ciu truyén dong nhu banh xe, hoac co cAu dic biét khac. Chtng duogc trang bi cam bién va
bd diéu khién dé thu thap thong tin tir moi truong va ty dua ra quyét dinh di chuyén. Trén thé
gidi, trong nhitng nim gan ddy, véi sy phat trién ctia hé phan cimg va phin mém lap trinh, robot
di dong dd duoc sir dung rong rai trong nhiéu ing dung khic nhau. Trén thuc té, trong cac hé
thng ban tu dong, cac ung dung robot cé thé duge sir dung trong néng nghiép [1], [2], quy trinh
cong nghiép [3] va dich vu cong nghiép [4], [5]. Thém vao do, voi su phat trién manh mé cia cac
thiét bi di dong, robot co6 thé duoc tich hop phat trién 1én cac hé diéu hanh di dong [6] - [8].

Tai Viét Nam, cac nghién ctru vé robot di dong tép trung vao xdy dung bd diéu khién [9],
[10], va thiét 1ap quy dao cho robot bang mang than kinh [11] trong trudng hop c6 nhiu bén
ngoai [12]. Trong mdt hudng nghién ctu khac, robot SLAM (simultaneous localization and
mapping) xay dung ban do [13] va danh gia chit lugng ban db tao ra [14].

Tuy nhién, sau khi qua trinh SLAM két thuc, hau hét cac nghién ciru chi tap trung vao viéc
danh gia do chinh x4c ctia ban dd di tao va khong cung cip ung dung cu thé dua trén ban do nay.
Ngay nay, v6i sitc manh ctia phan ctrng méi, may tinh nhung c¢6 thé chay nhiéu tng dung 16n nhu
mang hoc sau va tri tué nhan tao. Nghién ctru nay dé xuit mot ung dung tudn tra robot di dong
dua trén mang hoc sdu YOLOvV9 (You Only Look Once) sau khi robot hoan thanh qua trinh
SLAM. Céu triic ctia bai bio nay bao gdm: phan phwong phép gi6i thiéu hé thong phan ctng va
cam bién tich hop [én robot di dong vi sai hai banh. Qua trinh SLAM va tudn tra dugc thue hién
thong qua hé diéu hanh ROS2 (Robot operating system). Mot mang hoc siu YOLOV9 duoc sit
dung dé phat hién nguoi la trong khu vire quan sat. Trong phan két qua, nhoém nghién ctru trinh
bay do chinh xac ctia mang hoc sau va kha ning lam viéc cua robot trong cic nhiém vu tuan tra
vao ca ban ngay va ban dém.

2. Phwong phap nghién ciru
2.1. So do tong qudt ciia hé thong

So do tong quét cua nghién ctru nay duoc trinh bay nhu Hinh 1. Pau tién, nhém nghién ciru
ché tao mot mo hinh robot vi sai hai banh c6 tich hop h¢ da cam bién, co thé hoat dong tot & moi
truong trong nha. Tiép theo do, robot duoc diéu khién thong qua mé hinh hinh hoc, SLAM tao
ban dd thong qua h¢ diéu hanh ROS2. Dua trén ban dd duoc tao ra, nguoi diéu khién sé ra lénh
cho robot di tudn tra cac vi tri cu thé trong ban do thong qua thuét toan cay hanh vi. Trong sudt
qua trinh di chuyén, robot c6 thé chup anh, phét hién ngudi va truyén thong tin hinh anh vé may
chu cho nguoi diéu khién giam sat.

. A 1A Buée 2: SLAM su Buéce 3: Tuan tra Buée 4: phat hién

Budce 1: Thigt ké ) . ) 5, s .

P . dung cam bién trong ban do vira ngudi  trong  khi
ché tao robot di : P i ;) 2

N . ) . Lidar dé xay dung tao dugc bang tudn  tra  bang
ddng vi sai hai ) 'O R A .

banh ban 40 viang lam phuong phap ciy mang hoc sdu

viée hanh vi YOLO

Hinh 1. So dé hoat dong cua hé théng
2.2. Thiét ké robot vi sai hai banh c6 tich hop hé da cim bién

Mot robot di dong vi sai hai banh chu dong duoc thiét ké bao gém cac khdi nhu Hinh 2 sau:

* Khung robot: Dugc thiét ké bang phén mém SolidWorks va ché tao bang cat laser. Khung
duogc lam bang thép cacbon day 3 mm dé dam bao kha nang chiu tai, trong lugng Va do bén.

o Khoi nguén: Bao gom pin Lippo 3S, mo-dun ha ap LM2596, cau chi, tu gém va ty dién
phan. Khdi ngudn cung cap dién ap 12 V cho dong co va mo-dun diéu khién.
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e H¢ thdng diéu khién va xir y: St dung may tinh nhung Latte Panda Delta 3 két ndi véi mot
Arduino Nano qua cong USB. Bg vi diéu khién diéu khién hai dong co DC thong qua mach cong
suat L298. Mic dinh, robot di chuyén véi tbe do 0,5 m/s.

e H¢ thong cam bién: 1a sy két hop cua hai cam bién lidar va may anh RGB-D Intel D453i.
Cam bién lidar LDS-006, c6 tam quét trong khoang 0,2 — 5 m, phul hop véi cac ing dung trong
nha cho robot nhu tao ban dd, di chuyén va né chudng ngai vat. Cam bién c6 toc do léy mau la
4500 lan/gidy véi tan s6 quét 5 — 8 Hezt. Thém vao d6, may anh RGB-D Intel D453i c6 tich hop
cam bién IMU, giup ngudi diéu khién doc chinh xac goc quay cling nhu tinh todn dwoc van toc
va vi tri cua robot trong méi trudng lam viéc.

(" KHOI NGUON

NGUOM 12“}—-| MACH HA |—>| MGUON 5V
[ |

\.

vy

b

KHOI HIEN THI
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KHOI
co CAU CHAP HANH
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VI BIEU KHIEN

MAY TiNH NHONG
CAMERA

3

Hinh 2. So dé két néi phan cimg ciia robot di déng
Y

Banh trai

Hinh 3. M6 hinh robot di déng va hé toa dé quan tinh
2.3. M6 hinh dong hoc ciia robot di dong

Robot di dong duoc thiét ké va ché tao dudi dang vi sai hai banh chu dong nhu Hinh 3. Goi L
1a khoang cach giira hai banh xe v6i C 1a trung diém gitra hai banh. Van tdc cac banh lan luot 1a
banh trai (V4, ¢4) va banh phai (Vg, @g). Goi (T, R) 1a tim quay tirc thoi va ban kinh tc thoi caa
robot (x,y, #) trong hé toa do quan tinh (X,Y) (Hinh 3). Bang cach diéu chinh van téc cua hai
banh xe, quy dao di chuyén robot ciing dugc thay doi. Do van toc goc w 1a nhu nhau déi véi ca
hai banh xe, phuong trinh van tdc ¢6 thé dugc biéu dién lai nhu sau:

1)

L
L 2
~ V6i L 1a khoang céch hai banh, V4 va Vp lan luot 1a van toc cua banh trai va banh phai. Van
toc goc w va ban kinh tic thoi R ¢ thé duge biéu dién lai nhu sau:

o LVst Vs 3)
T2V =V,
Vg —Va (4)
©="7
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Luc nay, tim quay tic thoi T (Ty, T,) clia robot ¢6 thé duoc biéu dién nhu sau:
T =(x—Rsin6,y + Rcos @) (5)
Tai thoi diem t + At bat ky, vi tri cua robot dugc tinh toan qua phuong trinh sau:

cos(0) —sin(0) 0 - T, T,
] == [sm(e) 605(9) y—T, T, (6)
1 (7] wAt

Dé thiét 1ap van téc on Simh, mot bo diéu khlen PID duoc thiét ké dé diéu khién 2 bé}nh di chuyén
mot cach chinh xac. B9 diéu khién PID sir dung tin hiéu tur hai encoder ctia dong co dé lam tin hiu
ngd vao va ngd ra la van toc cua robot di ddng. Phuong trinh PID dugc trinh bay nhu sau:

RPM = Kpe(t) +Kifed(t) + K, d( ) 0

V6i RPM 1a van tbc mong mudn; e(t) 1a sai s6 van téc hién tai, e(t) = r(k) — y(k) véi r(k)
1a van toc xac 1ap, y(k) 1a van téc do dugc trong khoang thoi gian ¢.

Bang cach sir dung phuong phap Ziegler-Nichols [15], bo diéu khién PID cho hai banh dugc
thiét 1ap vai gia tri cho dong co bén phai 1a Kp = 20,K; = 0, K, = 12.2 va Kp = 19,5, K, = 0,
Kp = 12 cho dong co bén trai. Qua trinh ché tao va tich hop hé cam bién 1én robot di dong nhu
Hinh 4 véi thong s ky thuat dugc thé hién tai Bang 1.

Bang 1. Thong sé ky thudt ciia robot di déng

Théng so Pon vi
ky thuat
Kich thuéc 250 x 200 x 100 (mm)
Khdi lugng 3 (kg)
Vin toc 0,5 (m/s)
Ngudn 12 (V)
Thoi gian hoat dong 2 (gi0)

Hinh 4. Robot di dong va cdc ngoai vi: a) khung
robot, b) may tinh nhung Latte panda 3, ¢) Lidar
Ids-006, d) may dnh Intel D453i

2.4. Qud trinh SLAM xdy dung bdn do

ROS2 mang lai nhiéu loi ich cho 1ap trinh robot di dong, cung cép mdt khung lam viéc manh
mé& va hiéu suét thoi gian thuc. So voi _phién ban trudc d6, ROS2 st dung phuong thirc DDS
(data distribution service) cho phép truyén thong theo thoi gian thue. Didu nay giap ROS2 ¢6 do
tré thap hon va dé dang giao tiép giita cac may tinh trong cung khong gian mang. Trong nghién
Clru nay, qua trinh SLAM duogc thuc thi thong qua goi dir liéu Navigation 2 (Nav2 framework).
Trong nghién ciru nay, ciu hinh SLAM sir dung cam bién lidar két hop thuét toan dinh vi AMCL
(Adaptive Monte Carlo Localization) voi cac tham sb duoc cdu hinh lai nhu sau:

e Tan sb cap nhét cia Lidar: 5 Hz

e Thuét toan xac dinh vi tri (localization): amcl, v6i s lugng hat (particles) 1a 500 va cac
tham s nhiéu dugc diéu chinh phu hop voi dic tinh dong hoc ctia robot.

Thuét toan lap ké hoach duong di:

« Dinh vi toan cau (global planner): NavFn

e Dinh vi cuc bg (Local planner): DWB (Dynamic Window Approach)

Tham sb ban do chi phi (costmap):
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e Tan s6 cap nhat (update_frequency) = 5,0 Hz, dam bao tinh lién tuc trong cap nhat dir liéu
moi truong

e Tan sb quét (publish_frequency) = 2,0 Hz, phi hop v6i yéu cau hién thi va phan hoi

Tham sb tranh vat can:

¢ Ban kinh anh huong (inflation radius): 0,4 m

¢ Pham vi phéat hién vat can (obstacle range): 2,5 m

Viéc lya chon ciu hinh trén nham can bang giira hiéu ning xr Iy va kha nang phan tmg kip thoi
trong mdi trudng trong nha, noi c6 nhiéu vat can tinh. Dic biét, tan sd 5 Hz duoc danh gia l1a phu
hop dé dam bao d6 chinh xac va do tré thap trong qua trinh cip nhat dit liéu cam bién va ban do.

2.5. DPiéu huwong robot trong bin dé quan sdt sir dung cdy hanh vi

Sau khi qua trinh SLAM hoan tat, robot ding lai chd 1énh tuan tra tir ngudi diéu khién. Qua
trinh tudn tra dugc tién hanh théng qua thuat toan cdy hanh vi. Khic véi cac giai phap thong
thuong khi sir dung giai phap nay tr géi Nav2, nhom nghién ctru st dung ham thu vién Behavior
Trees do Faconti [16] phat trién. Thu vién nay cho phép tich hop cac ung dung c6 d phirc tap
cao nhu xur 1y anh va nhan dang nguoi tir mé hinh mang hoc sau.

Cay hanh vi 13 mot phuong phap c¢6 ciu trac ding dé mé hinh hoa qué trinh ra quyét dinh cho
cac hé thong tu dong, dic biét 1a trong cac ung dung robot va tri tué nhan tao. Vi md hinh cay
hanh vi, viéc thiét ké va 1ap trinh cac hanh vi diéu khién dugc thyuc hién dudi dang m6-dun va phan
cp, gitip d& dang xéac dinh va diéu phdi cac hanh dong phuec tap cua robot. Diéu nay khong chi giup
don gian hoa qua trinh thiét k& mo hinh ma con tao diéu kién thuan loi cho viéc mo rong va cai tién
céc chirc nang diéu khién trong tuong lai. Mot cdy hanh vi thudng bao gom:

e Nut gbc (Root Node) — Diém bit dau thyc thi.

e Nut diéu kién (Condition Nodes) — Kiém tra diéu kién va quyét dinh hudng di tiép theo.

e Nut hanh dong (Action Nodes) — Thyc hién hanh dong cu thé (chay, nhay, tin cong...).

o Nut t6 hop (Composite Nodes) — Diéu khién thir ty thuc thi cua cac nit con, bao gdm:

0BG chon (Selector) (|[) — Chay 1an lugt cac nat con dén khi tim thdy mot nat thanh cong.

oTrinh ty (Sequence) (—) — Chay cac nut con theo thtr tw, néu mot nit that bai, toan b that bai.

oSong song (Parallel) (ll) — Chay ddng thoi nhidu hanh vi.

Trong nghién ctru nay, luu d6 mé hinh cay hanh vi cho robot di dong di tudn tra trong phong
duoc trinh bay nhu sau:

Lénh tuan tra tir ngudi diéu khién (Nut gbc — root node)
— Di chuyén dén vi tri chi dinh (Action)
I— Tranh chudng ngai vat méi xuat hién (Action)
—— Dén vi tri chi dinh (Action)
Xoay mot vong dé phat hién ngudi (Condition)
Phat hién nguoi? (Condition)
L Néu C6 — Chup anh (Action)
—— Gtri anh vé may chu (Action)

2.6. Phat hi¢n nguwoi sir dung mang hoc sau YOLOv9

YOLO dé phat hién dbi twong 1a mot giai phap hiéu qua va linh hoat dugc sir dung rong rai
trong cac tmg dung thi gidc may tinh. Dong YOLO 1a mot mé hinh hoc sau duoc thiét ké dé nhan
dang va phan loai ddi tugng trong hinh anh va video mét cach nhanh chéng va chinh xac.
YOLOV9 [17] gi6i thiéu hai ky thuat cai tién: Programmable Gradient Information (PGI) va
Generalized Efficient Layer Aggregation Network (GELAN). PGI tang cudng qua trinh hoc bang
cach cai thién ludng gradient, dan dén phat hién d6i tugng chinh xac hon. Trong khi d6, GELAN
tinh chinh kién trac cua mang, ting cuong ca tdc do va do chinh xac.
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Trong nghién cltu nay, mot tap dir li€u dugc nhom tao ra dé huan luyén cho mo hinh. Co téng
cong 2000 tam hinh c6 ngudi bao gdm mang khau trang, khéng mang khau trang, troi sang tbi
dugc nhom st dung huén luyén. May tinh Intel core i7-10700 v&i ram 16 GB dugc st dung dé
hudn luyén mé hinh. Chi tiét mé hinh duoc trinh bay trong Bang 2.

Bang 2. Thong tin tap di liéu

Thong tin mé hinh Don vi
S6 tam anh huan luyén 2000 hinh
Sb tim anh kiém tra 200 hinh
Kich thuéc 640 x 640 pixels
Thoi gian huan luyén 2 gio

3. Két qua va thao luan

3.1. Phat hi¢n ngwoi sir dung mang hoc sau YOLO

train/box_loss train/obj_loss metrics/precision metrics/recall
0.12 1.0 1.0
0.05 —e— results : ’
0.10 gaaailsmoot 0.8 0.8
0.04
0.08 0.6 0.6
0.06 0.03 0.4 0.4
0.04 .05 05 0.2
0.02 -~ 0.0
0 50 100 o 50 100 (o] 50 100 0 50 100
val/box_loss val/obj_loss metrics/mAP_0.5 metrics/mAP_0.5:0.95
0.035 1.0
0.10 0.8
0.030 0.8
0.08
0.6
0.025 0.6
0.06 0.020
69 0.4
0.04 0.015
0.2 0.2
0.02 0:010
0.005 0.0 0.0
¢} 50 100 0 50 100 o 50 100 0 50 100

Hinh 5. D6 thi hudn luyén mé hinh mang hoc sau YOLOv9

a) Khong khau trang b) Co khflu lrang

Hinh 6. Kiém tra dé chinh xdac ciia mé hinh YOLOV9

Tham sb huén luyén ciia YOLOV9 duoc thé hién trong Hinh 5. Sau 50 epoch, m6 hinh dat gia
tri d0 chinh xac (precision) va thu hdi (recall) hoi tu & 95% (Hinh 5). Dbé danh gia do chinh xac
ctia md hinh dé xudt, nhom nghién ctru thir nghiém mé hinh vé6i anh trong mot s trudng hop bao
g0om ngudi deo khau trang, ngudi khong deo khau trang va diéu kién ban dém (Hinh 6). Dé danh
gia kha ning dap tng cta mang hoc sau khi tich hop 1én robot di dong, két qua huan luyén dugc
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kiém chung trong trudng hop anh tinh va thoi gian thyc trén may anh intel D453i, két qua duoc
trinh bay tai Bang 3.
Bang 3. Phdt hién doi twong thoi gian thue bang mdy anh RGB-D

Phuwong phap thir nghiém Sb nguoi Sb ngwoi phat hién P9 chinh xidc (%)
Anh tinh 40 40 100%
Thoi gian thuc 40 33 82,5%

3.2. Qud trinh tuén tra bang robot di djng

M6t ban d6 nhan tao c6 kich thudc 3,3 m x 2,4 m duoc tao ra voi khu vue cd nguoi duge dan
ngau nhién 1én céc vi tri khac nhau cia mé cung nhu Hinh 7. Robot thuc hién qua trinh SLAM
trong hon 10 phut véi ban dd tao ra co kich thudc 3,25 mx 2,45 m voi sai s6 udc tinh tim
1,5% x 2%.

a) Ving thi nghiém

b) Ban d4 viing thi nghiém duge tao ra tir robot di dong

Hinh 7. SLAM tao bin dé

a)Tuan tra ban ngay ©)Quan sat trire tiép tir may tinh

b) Tudn tra ban dém va phét hién ngudi

APRDY  ASTWE AMATUDY ANUDY eTiLpy  BMADy A Ay A
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i
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i
|
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|
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Hinh 8. Qud trinh tuan tra cia robot di dong
Sau khi két thiic qua trinh tao ban dd, robot dimg yén va doi 1énh. Lic nay ngudi diéu khién
s&€ thi€t 1ap cac vi tri tri can tuan tra cho robot. Khi dén vi tri da xac dinh, robot s€ quay mot goc
180° dé quan sat khu vyc xung quanh. Qué trinh tuan tra ciia robot ciing duoc hién thi théng qua
giam sat truc ti€p (remote) bang giao thuc ssh (Hinh 8). Trong suodt qua trinh di chuyén, robot
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cling c6 thé tranh cac chudng ngai vt moi bat ngd xuat hién va tiép tuc nhiém vu ciia minh. Khi
phat hién ra ngudi trong luc dang tuan tra, may anh s& ty dong chup anh va giri dén may chu de
kiém tra an ninh sau. Do tich hop mdy anh c6 cam b1en hdng ngoai, robot c6 thé hoat dong 6n
dinh trong diéu kién ban ngay ciing nhu ban dém. C6 tong cong 7 vi tri voi 9 nguoi khac nhau
duge b tri trong mé cung. Sau 2 vong tudn tra, robot dd c6 thé phat hién va chup hinh dugc toan
bd nhitng nguoi trong mé€ cung. Qua trinh van hanh cia robot dugc chia sé tai link sau day:

https://drive.google.com/drive/folders/1pMrjwd_2YO1xyj-FNKGtQOb96i4vyBdW?usp=sharing

3.3. 8o sdanh vdi cdc nghién civu khac

Nghién ciru trude do nhom tac gia [18] dé xuit mot phuong phap tw dong hoa va tranh vét can
trong moi truong kho hang. Quy dao di chuyén cta robot dugc tinh toan duwa trén xac suit va
cham nham xac dinh vung an toan. Tuy nhién, do khong tich hop cac cam bién do khoang cach,
hé théng van tiém 4n nguy co xay ra 16i trong qué trinh van hanh. Bén canh do, nghién ctru [19]
mo phong chuyén dong ctia robot di dong thuc hién tuan tra trong nha kho bang cach sir dung
cam bién LiDAR trén hé diéu hanh ROS2. Giai phép dugc xdy dung dua trén thuit toan
Gmapping cho ban d6 2D cuc b, tuy nhién van chua dugc trién khai trén mo hinh thyc t&. Ngoai
ra, nghién ctru [20] dé xuit mét chién luge di chuyén cho robot trong nha ludi nhim dam bao kha
ning bao phu toan bd khu vuc trong ban do. Két qua thuc nghiém cho thiy robot cé thé tiép can
khoang 86% dién tich trong ban dd cuc bo, thé hién hiéu qua cua giai phap dé xuit trong diéu
kién tng dung thuc tién. Khac véi nhitng nghién ctru trén, nghién ctru ndy c6 tich hgp mot mo
hinh cdy hanh vi, gitp nguoi diéu khién d& dang ra 1énh cho robot thyc hién nhiing tac vu phirc
tap. Thém vao do, robot con dugc tich hgp mot mang hoc sau, gitp nhan dang ngudi trong ving
tuan tra. Ung dung nay c6 uvu diém hon hé thdng gidm sat bang may anh do robot ¢ thé di
chuyén dén nhiing viing khuét tam quan sat. Cu thé, cac so sanh dugc trinh bay tai Bang 4.

Bang 4. So sanh cdc két qua nghién cieu voi nghién civu dé xudt

Nghién citu  Muc tiéu dat duogc Phuwong phap va két qua Nhuoc diém
[18] Ty hanh trong nha kho Duya trén x4c sut va cham nhaim Khéng tich hop hé thng
tao ving an toan cam bién
[19] Mo phoéng robot tuan tra trong St dung thuat toan Gmapping cho Chua trién khai ra mé
nha kho sir dung cam bién lidar ban dd cuc b hinh thyc té
va h¢ diéu hanh ROS2
[20] Robot tuan tra trong nha ludi SLAM va tranh chudng ngai vat Chua trién khai ra mé
bang thuét toan TEB (Timed hinh thue té
Elastic Bands)
Nghién ctru SLAM va tudn tra Str dung phuong phéap cay hanh vi Chua phan biét dugc nguoi
hién tai két hop mang hoc sau YOLOV9  quen va ngudi la mt

4. Két luan

Nghién ciru trinh bay mot giai phap tuin tra trong khong gian kin bang hé nhidu cam bién
duoc tich hop trén robot di dong. Theo d6, mot cam bién lidar dugc st dung dé tao ban dd va mot
mdy anh RGB-D ding dé phat hién ra nguoi la trong diéu kién binh thuong 1an thiéu sang. Robot
di tuan tra bang phuong phap cay hanh vi trong khi phat hién ra nguoi la bang mét mang hoc sdu
YOLOV9. Ket qua cho thiy robot c6 thé hoat dong di tuan tra dén dung vi tri mong mudn. Sau
hai vong tuan tra, robot ¢ thé phat hién ra toan bg s anh ngudi bd tri trong khu vuc thi nghiém.
Két qua nay cho thay tinh 6n dinh cao ctia mé hinh thiét ké ciing nhu kha ning thuc thi cac 1énh
tuan ty bang phuwong phap cdy hanh vi, 13 co sé cho cac nghién ctru séu hon béng robot di dong.

Trong nghién ctru ndy, mic du robot c6 thé tao ban do tudn tra va phat hién ngudi trong vang
quan sat, viéc nhan dang nguoi quen, nguoi la va vt thé khong phu hop xuat hién bat thudong van
chua duge dé cap dén. Trong tuwong lai, nhdm tich hop thém céc ing dung nay cho robot c6 thé
hoan thién hon kha ning tuan tra, dé c6 thé ap dung vao thuc té.
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