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TOM TAT

Viéc nhdn dang va dinh vi robot la bai todn cét 16i trong
diéu hwdng robot trong nha, ddt nén tdng cho cdc nhiém vu
nhw ldp ké hoach quy dao va téi wu héa di chuyén. Nhiéu
phwong phdp da dwoc nghién ctru, chdng han nhw so sdnh dir
lidu quét laser v&i bdn do, sir dung thé RFID, md QR, hodc hé
théng iGPS. Trong bai bdo nay, chiing téi dé xudt mét gidi
phdp chi phi thdp st dung camera gidm sdt dé nhdn dang va
xdc dinh vi tri robot trong khéng gian rong nhw sdnh Ion tai
sdn bay, bén tau, v.v. Phwrong phdp két hop hoc sdu dwa trén
mé hinh SSD_MobileNet_v2 dé nhdn dang robot va xi Iy dnh
nhdm tinh todn khodng cdch tir camera dén robot théng qua
d6i twong nhdn dang gdn trén robot. Két qud thwc nghiém cho
thdy ty 1é nhdn dang chinh xdc dat 96% va sai s6 vi tri t6i da
la 150 mm, khdng dinh tinh khd thi cia gidi phdp trong méi
trudng thuec té.

ABSTRACT

The recognition and localization of robots represent a
core challenge in indoor robot navigation, laying the
foundation for tasks such as trajectory planning and movement
optimization. Numerous methods have been explored,
including laser scan data comparison with maps, the use of
RFID tags, QR codes, or iGPS systems. In this paper, we propose
a low-cost solution utilizing surveillance cameras to recognize
and determine the position of robots in expansive indoor
spaces, such as large halls in airports, piers, etc. The approach
integrates deep learning based on the SSD_MobileNet_v2 model
for robot recognition and image processing to calculate the
distance from the camera to the robot via an identification
object mounted on it. Experimental results demonstrate a
recognition accuracy of 96% and a maximum localization
error of 150 mm, confirming the feasibility of the solution in
real-world environments.

1. Ditvan dé/Gidi thiéu

Trong nhitng ndm gan diy, cac loai
robot lam viéc trong nha da tré thanh mot
linh vwc nghién ciru va phat trién quan
trong, véi muc tiéu hd tro con ngudi trong
viéc gidm bot cong viéc tha cong, nang cao

hiéu qua lao dong va tiét kiém thoi gian. Cac
trng dung thyc tién cta robot 1am viéc trong
nha bao gom van chuyén hang hoa trong
kho, cung cip dich vu trong khach san, bénh
vién, hodc thAm chi hd trg phuc vu tai cac
khu vyrc cong cong nhw sin bay, bén tau. Mot
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trong nhitng hwéng nghién ctru dwoc cac
nha khoa hoc dic biét quan tim la phéat trién
cac dong robot c6 kha nang ty dong héa cao,
chang han nhw robot van chuyén hang héa
tw hanh hoac robot dich vu théng minh. Tuy
nhién, dé nhirng robot nay c6 thé hoat dong
hiéu qua trong moi trwong trong nha, vin dé
dAu tién va quan trong nhit cin giai quyét la
kha nang nhan dang va xac dinh vi tri chinh
xac cia robot trong khong gian lam viéc. Pay
la buéc co ban, dat nén tang cho cic nhiém
vu tiép theo nhu 14p ké hoach quy dao di
chuyén, t6i wu héa dwong di, hay twong tac
v&i moi tredong xung quanh.

DE giadi quyét bai toan nhin dang va
dinh vi robot, nhiéu phwong phap da dwoc
cac nha nghién ciru dé xuit va trién khai
trong thoi gian qua. Chang han, phuwong
phap so sanh dir liéu quét laser véi ban do
(Chou & Liu, 2013) tdn dung kha nang quét
khong gian ctia cong nghé laser dé xay dung
ban d6 moi trwong, tir d6 xac dinh vi tri
robot dwa trén div liéu thu thap dwoc. Mot
cach tiép can khac l1a str dung thé RFID hoac
ma QR (Xiao-Long et al., 2017), trong d6 cac
thé hodc ma dwoc bo tri tai cac diém cd dinh
dé robot doc va xac dinh vi tri cia minh. Hé
thong iGPS (Norman et al.,, 2010) cung cap
mot gidi phap dinh vi dwa trén tin hiéu héng
ngoai, trong khi hé thong dinh vi quan tinh
(INS) két hop véi cdm bién IMU (Shamseldin
et al, 2018) st dung gia toc ké va con quay
ho6i chuyén dé theo doi chuyén dong cla
robot tir diém xudt phat. Ngoai ra, cong nghé
LIDAR (Gallant & Marshall, 2016) v&i kha
nang quét 3D dod chinh xac cao cling dwoc
ung dung rong rai trong viéc dinh vi robot.
Tuy nhién, cic phwong phap nay thwdng gap
phai mot s6 han ché khi trién khai thuec té.
Chang han, cong nghé LIDAR va cam bién
IMU chatlwong cao doi héi chi phi dau twlén
cho thiét bi, trong khi phwong phap st dung
thé RFID hodc ma QR yéu cau lap dit thém

co s& ha tAng nhw cic thé dinh vi tai nhiéu vi
tri trong khéng gian lam viéc. Phwong phap
quét laser lai phu thudc vao viéc xay dung
ban do chi tiét trwedrc d6, doi hoi thoi gian va
coéng strc chuin bi, chwa ké hé thong iGPS can
thiét 14p mang lwéi tin hiéu phic tap, giy
khé khan khi 4p dung trong cac khu vwc rong
16m nhw sanh ché san bay hay bén tau.

Trwée nhitng thach thirc do, trong bai
bao nay, ching t6i dé xuat mét giai phap chi
phi thdp nham nhan dang va xac dinh vi tri
robot lam viéc trong nha, tan dung cac
camera giam sat sdn c6 tai nhitng dia diém
nhw sanh lén ctia sin bay hodc bén tau.
Phuong phap nay khéng chi gidam thiéu sw
phu thudc vao thiét bi chuyén dung dat tién
ma con don gidn héa qua trinh trién khai
trong thuec té. Cu thé, ching t6i két hop hoc
sau dwa trén md hinh SSD_MobileNet_v2
(TensorFlowerGardener, 2021) dé nhéin
dang robot mot cach nhanh chéng va chinh
xac, dong thoi str dung xtt Iy dnh dé tinh toan
khodang cach tir camera dén robot thong qua
mot d6i twong nhan dang gin trén robot.
Giai phap nay hwéng téi viéc cung cdp mot
phwong thirc hiéu qua, dé tiép can va linh
hoat cho viéc diéu huwdéng robot lam viéc
trong nha, ddc biét trong cac khdng gian
rong lém va phikc tap, mé ra tiém nang Gng
dung thuc tién trong nhiéu linh vuc.

2. Giai phap nhan dang va dinh vi
robot trong khong gian lam viéc

2.1. Phwong phdp xdc dinh tga dj
robot trong khéng gian

bé xac dinh vi tri robot trong khong
gian, ta st dung 2 camera nhw Hinh 1. Trong
d6 Oxy la mat phang san con Oyz 1a mit
phang thang dirng vudng gbc véi Oxy. Vi tri
cua 2 camera, chiéu cao camera so v&i san va
khoang cach giita 2 camera dwoc dam bao
sao cho robot luén nam trong trwdng quan
sat cia 2 camera.

Tdp 22 (12/2025)



TAP CHI KHOA HOC YERSIN - CHUYEN PE KHOA HOC CONG NGHE

y

Robot

R0

z Yr ]_L3|

Camera\N % J
1

7EER

& G 7 HER

\\ Yl 1 \\
Y % o
N / i \\
SO L, 1 \
AN il : A\
~ 1
he S~ / i N\
SO ’ 1 \
~ /7 1
S~ , H \
1 SN R 7 ! \
HlL
o] 1 < | :
opot 4 1 2/\
) 1 ¢ vR X H,, \ ¢ Hl 4 A H, '=x
o Yr Camera 1[ o *R ( Camera 2
1-a 1-b

Hinh 1. Hinh chiéu ctia robot trong khéng gian lam viéc

Trén robot, dit mot doi twong dwoc
nhan dang (mot qua béng mau xanh trong
Hinh 1). Déi twgng dwoc nhin dang dworc dit
trén robot, vi vdy no6 di chuyén cung véi
chuyén dong cia robot. Chiéu cao hg thé hién
chiéu cao cua doi twong dwoc nhin dang so
vGi mat phang chuyén dong ciia robot. Néu
xac dinh dwoc khoang cach gitra camera va
doi twong dwocnhan dang (RC, va RC,),ta
hoan toan c6 thé xac dinh do dai hinh chiéu
cia RC, va RC, trénsanla RH, va RH,
twong wng. Tlr d6 xac dinh dworc toa do xz va
yr clia robot.

Phwong phap nhan dang robot va xac
dinh khoang cach RC, va RC, dwoc trinh
bay trong Muc 2.2, st dung phwong phap
hoc sdu dé€ nhin dang robot va phwong phap
xap xi ham da thirc d€ xac dinh khoang cach
cla camera va déi twong dwoc nhan dang.

Theo Hinh 1-b, toa dd chia robot

(xR ,yR) duoc xac dinh nhu sau:

X, = RH cosp, —OH |,

(1)

Mat khac theo Hinh 1-a (v6éi i=1 twong
trng Camera 1 va i=2 twong &ng Camera 2):

v, =RH, sing,

RH, = |RC} —(h.~h,)*, RH,=\RC;~(h.~h,)
(2)
Véi 2 camera dwgc bo tri quan sat

robot nhw Hinh 1-b nén toa do yr ctia robot
luén dwong nén ta co:

cosg, (RH,Y +(H,H,)" —(RH,)’
' 2(RH,)(H H,)

sing, = \/I_{(RH1 )2 +(H,H2)2 _(RH2)2

2(RH,)(H,H,)

(3)

Thay (2), (3) vao (1) ta tinh dwgrc toa
do cua robot:

(RC,)' +(H,H,)' ~(RC,) )

R OH,
2(H,H,)
\/4(HIH2)2 [(RCY ~he )| (RCY + (81, - (RC,) |
Y= 2(H,H,)
(4)

2.2. Xay dwng cdc bwéc nhdn dang
va xdc dinh vi tri ctia robot

Tr phwong phap da trinh bay & Muc
2.1, ¢6 thé dwa ra cac buéc tong quat dé xac
dinh vi tri cia robot trong khéng gian lam
viéc clia n6é nhw mo ta trong Hinh 2.
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Phat hién va Xac dinh
nhén dang »  doituong
robot nhan dang

Xac dinh

»  khodngcach
camera dén robot

Hinh 2. Cdc bwéc xdc dinh vi tri ctia robot

Buwdre 1: Phdt hién va nhdn dang robot.

Hé thong 2 camera (camera 1 va
camera 2) dong vai tro thu nhan hinh anh
khoéng gian hoat dong cta robot theo thoi
gian thuec, tir 6 chwong trinh sé phat hién va
nhdn dang robot trong khéng gian lam viéc.

Hién nay nhiéu phwong phap dwoc st
dung dé phat hién va nhan dang robot trong
d6 phwong phap hoc su (deep-learning) noi
bat véi kha nang nhan dang nhanh va do

chinh xac cao. Nhéom tac giad lwa chon
phwong an st dung bd thw vién Tensorflow
va mo hinh SSD_mobilenet_v2 (Single Shot
MultiBox Detector) cé téc do xir Iy nhanh
nhung van dam bao do chinh xac dé huin
luyén mang (t6c d6 x ly 27ms v&i anh do
600x600
(TensorFlowerGardener, 2021), phu hop

phan giai pixel
v6i tng dung theo doi doi twong theo thoi
gian thuc. Cac budc tong quat dé thuce hién
huén luyén dwoc mo ta trong Hinh 3.

Thl{ thap CSDL ) Gén r?lAlan dir
anh robot liéu

Lya chon md »  Huin luyén

™| hinh hoc sau o

A

Khéng

A\ 4

Kiém thir va

Dap ting

<a—]
«

danh gia

Két thuc

Hinh 3. Cdc bwéc tong qudt phdt hién va nhdn dang robot

Bwdc 2: Xdc dinh doi twong cdn nhdn
dang trén robot

Chuong trinh sé thuc hién xac dinh
doi twong nhan dang 1a qua bdéng gan trén
robot. Néu ddng l1a quad béng c6 mau xanh
(dding vé hinh dang, mau sic, kich thwdc) thi
chwong trinh sé cung cip cac thong s6 vé
kich thwéc dwong kinh ctia qua bong (tinh
bang pixel).

Bwéc 3: Xdc dinh khodng cdch tiwr
camera dén robot

Sau khi xac dinh dwoc kich thwéc
dwong kinh clda béng, chwong trinh sé
chuyén sang tinh toan khoang cach tir cac

camera dén dé6i twong nhan dang (D va Da).
Khodang cach nay ciing chinh la khoang cach
tir camera dén robot. Khoang cach tir camera
dén vt thé nhian dang (dit trén robot) dwoc
tinh theo céng thirc (5).

Hién nay, c6 nhiéu phwong phap khac
nhau dé xac dinh khoang cach tlir camera dén
ddi twong dwoc nhan dién. Mdi phuong
phdp c6 wu diém va nhwgc diém cta no.
Trong phwong phap str dung camera stereo
(Krishnan & Kollipara, 2014), wu diém 1a d6
chinh xac cao, nhung hé théng camera nay
c6 gia thanh rat cao. Phwong phép st dung
camera két hop v&i cdm bién con quay hoi
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chuyén ciing cho két qua twong do6i chinh
xac, tuy nhién nhwoc diém cta né 1a gia
thanh hé thong con cao do st dung cdm bién
con quay hoi chuyén va qua trinh thiét 1ap
tinh toan phtrc tap (Satoh et al., 2004).

D& khac phuc nhuwoc diém cua cac
phwong phap trén, tic gia dé xuit s
dung phwong phap thwc nghiém. Bang
cach dat qua béng & cac vi tri va khoang
cach c6 dinh, ching ta cé thé xac dinh
duoc kich thuwéc dwong kinh qua béng
bang pixel trong hinh anh thu dwoc. Lip

lai nhiéu lan do & cac khoang cach khac
nhau, ta nhan dwgc mot tp dir liéu dau
vao. Tr dd, xay dwng ham twong quan
gitra kich thwédc cia qua bong trén anh
véi khodng cach clla qua béng toéi
camera.

V&i cac thong s6 thwe nghiém nhw sau:
dwong kinh bong 1a 110 mm, d6 phan giai
cua camera la 1280x720 pixel. Ta xay dung
dwoc bang twong quan gitra kich thuéc cia
bong trén anh thu dwoc va khodng cach thuc
ctia bong téi camera (Bang 1).

Bdng 1. Bang twong quan giira kich thwéc qud béng va khodng cdch ctia né dén camera

Thir tw thwe nghiém 1 2 3 4

5 6 7 8 9 10 | 11 | 12

Khoang cach thwc tir

camera dén qua 50 | 80 | 110 | 140 | 170 | 200 | 230 | 260 | 290 | 320 | 350 | 380
bong (cm)
buongkinhbong | 5\, 1 256 | 210 [ 130 | 100 | 80 | 70 | 58 | 52 | 48 | 44 | 42

trén anh (pixel)

Ap dung phwong phéap ndi suy va xap
xi ham da thic, ching ta tim dwoc ham
twong quan bac 4 giita kich thwéc cia qua
boéng trén anh va khoang cach giita qua bong

va camera.

3. Thwc nghiém
3.1. Xdy dwng méi trwong thwc
nghiém

CAMERA 2

CAMERA 1
z

RC, =2.72887 p* — 25214 p* + 0.0824p* — |

(5)

Trong doé: p 1a dwong kinh cia béng do
dwoc trén anh (pixel); RC;i la khoang cach
thuec té tir qua bong dén camera.

Bworc 4: Xdc dinh vi tri ctia robot

Sau khi tinh dwgc khodng cach cua
robot dén camera theo céng thirc (5), ap
dung cong thirc (4) ta tinh dworc toa do xz va
Yr cla robot trong mat phang Oxy gan voi
khong gian lam viéc cta né.

Hinh 4. Méi trwong thuc nghiém hoat dong
cta robot
DE tién hanh thi nghiém, nhém tac gia
da thiét 1ap moi treong hoat dong theo Hinh
4 véi cic thong sé cu thé nhuw sau:
- Kich thwéc viing di chuyén ctia robot:
200 x 500 (cm);
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- Chiéu cao clia camera so v&i mat san:
H,=H, =100cm

- Khoang cach gitra 2 camera: L =
200cm;
- Xac dinh goc toa d6 Oxy, sao cho:
+Vitri dat camera 1 #ng véi toa do:
Xcam1 = 0 cm; Yeams = 0 cmy;

+ Vi tri dat camera 2 (rng v&i toa do:
Yeamz = 200 cm; Xeamz = 0 cm.

Ngoai ra, trong khoéng gian hoat dong
cua robot, ta danh d4u cac vi tri véi toa do
dwoc xac dinh trwéce. Cac vi tri nay sé dung
dé kiém tra d6 chinh xac cia chwong trinh
tinh vi tri ctia robot so v&i vi tri thuec té.

3.2. Thwenghiém va danh gid sai sé

bé thuc nghiém, danh gia sai s6 nhan
dang ctia robot va thuit toan xac dinh vi tri
cla robot, nhém tac gia st dung Google
Colab dé huin luyén nhin dang va xay dung
chwong trinh tinh toan vi tri cia robot trén
phin mém LabVIEW.

3.2.1. Thwc nghiém va ddnh gid sai
s6 nhdn dang robot

Trong thi nghiém nay, dau tién
nhém tac gia xay dung co s& dir liéu huén
luyén gém 275 anh chup khac nhau cia
robot. Sau khi hudn luyén mo hinh nhan
dang tir co s& dit liéu anh trén véi 4033
bwdc huln luyén, tac gid st dung 25 dnh
robot khac dwoc chup tir camera véi cac
vi tri va cac géc khac nhau dé kiém tra.
Két qua thu dwoc biéu dién trén Bang 2
voi 24/25 anh (ty 1€ 96%) dwoc nhan
dang chinh xac v&i do tin cady dy doan dat
trén 0.96 (d6 tin cdy dw dodan c6 gia tri tir
0 dén 1, cang gan 1 thi d6 khing dinh
chinh xac déi twong cdn nhin dang cang
cao). Anh con lai (anh s6 18 - hinh 5) tuy
robot vin nam trong khung hinh nhan
dang nhwng do khung bao qua 16n (bao
gébm cd nhitng vung khong phai la anh
robot) nén van danh gia 12 nhan dang
khéng chinh xac.

Bdng 2. Bdng két qud nhdn dang robot

7o | s Togangy| T | St | 20t [ an [ oo
. ang . 2 ang | cayduw | . ang cay dw
Anh | gyng dwdoan | Anh ding | doan |Anh| gung doan
1 Co 1 10 Co 1 18 | Khéng 1
2 Co 1 11 Co 1 19 Co 1
3 Co 1 12 Co 1 20 Co 0.98
4 Co 1 13 Co 1 21 Co 1
5 Co 1 14 Co 1 22 Co 1
6 Co 1 15 Co 0.97 23 Co 0.96
7 Co 1 16 Co 1 24 Co 0.98
8 Co 1 17 Co 1 25 Co 1
9 Co 1
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robot: 100%

Hinh 5. Két qud nhdn dang robot trong
dnh s6 18

3.2.2. Thuwc nghiém va ddnh gid sai sé
khodng cdch tir camera dén robot

Trong thi nghiém nay, nhom tac gia
tién hanh kiém tra d chinh xac ciia ham xap
xi (5) dé xac dinh khoadng cach tir camera t&i
robot. Cac buéc thwc nghiém nhw sau: di
chuyén robot dén cac vi tri cho truéc trén
san (khoang cach cac vi tri nay t&i camera da
biét). Sau do, so sanh két qua tinh toan tir
chwong trinh va dir liéu thuec té.

Sai s6 khoang cach cia camera 1 va
camera 2 t&i robot dwoc biéu dién trén Hinh
5. Ta quan sat thay sai s6 1&n nhit cia anh
ctia camera 1 1a 80mm. Sai s6 1&n nhat cta
camera 2 1a 100mm. Robot di chuyén khoi
camera cang xa thi sai s6 tinh toan khoang
cach cang lon.

®Sai s6 Camera 1 ™ Sai s6 Camera 2

8

6

4

o | M

5 SE !0 1' I70 2 290 320
4

6

8

Khoang cach thye té tir robot dén camera (cm)

Sai s6 khodng cach (cm)

Hinh 5. Két qud thi nghiém do khodng cdch
tir robot dén camera

3.2.3. Thuwc nghiém va ddnh gia sai
s@'vi tri ctia robot

Trong thi nghiém nay, nhom tac gia sé
kiém tra sai s6 vi tri (sai sO tong thé og) cua
robot so véi vi tri thwe dwoc tinh toan dwa
trén hai treong hop: (i) sai s6 theo toa do xz
(sai s6 oy), va (ii) sai sO theo toa do yr (sai sO

oy).

o, = O'f +0'y2 (6)

K&t qué thwc nghiém dwoc biéu dién
trong Bang 3. Ta quan sat thiy sai s0 t6i da
la 150mm. Sai s6 c6 xu hwdng tang 1én khi
robot di chuyén xa hon khoi treong giam st
cta hai camera.

Bdng 3. Bdng sai s6 vi tri ctia robot

Yr(cm) 50 | 80 |{110|140|170|200|230|260|290|320|350|380
Xr(cm)
0 10 | 8 7 7 7 6 7 |11 |12 | 13 | 14 | 14
20 8 7 6 6 5 6 7 9 |11 |12 | 14 | 14
40 5 6 | 4 | 4 3 4 5 5 7 8 | 13 | 13
60 3 4 5 2 2 3 4 | 4 5 7 |11 | 12
80 2 4 | 4 1 2 1 2 3 5 6 9 | 10
100 2 2 1 0 0 0 2 3 5 6 9 | 10
120 3 2 1 0 1 2 2 2 6 6 | 10 | 11
140 4 3 3 1 1 3 3 3 6 7 | 11| 12
160 5 4 3 3 2 4 5 7 8 | 10 | 13 | 14
180 7 7 6 5 4 6 7 8 |10 | 12 | 14 | 15
200 11 110 | 9 8 7 8 9 9 |11 13|14 ] 15
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4. Kétluin

Bai bdo trinh bay &ng dung phwong
phap hoc siu trén bd thu vién Tensorflow dé
nhan dang robot va giai phap tng dung xi ly
anh dé xay dung ham twong quan khoadng cach
gilra camera quan sat va robot thong qua doi
twong nhan dang (dat trén robot). Qua do, xay
dung chwong trinh tinh toan vi tri (X, Yr) cta
robot trong khong gian lam viéc. Két qua thuc
nghiém thé hién két qua t6t cia chwong trinh
nhan dang va chwong trinh tinh toan vi tri (kha
nang nhan dang chinh xac 96%, sai so vi trilén
nhit la 150mm). Nguyén nhin nhin dang
nham la co' s& dit liéu it, s6 buéc huan luyén va

déc trung hinh anh robot thip. Trwong hop sai
s0 vi tri, nguyén nhén la chat lwong thu nhin
hinh dnh ctia camera bi thay déi khi robot di
chuyén ra xa camera. S6 lwgng pixel cia déi
twong dwoc nhin dang cang it thi sai s6 tinh
toan khodng cach tir camera dén robot cang
16m. D& nang cao d6 chinh xac vi tri, cin ting d6
phan giai ciia camera quan sat.

Trong cac nghién ctru tiép theo, nhom
tac gia sé tap trung vao cai thién do chinh xac
cta viéc nhan dang va thudt toan xac dinh vi
tri ca robot sau d6 tién hanh nghién ctru st
dung camera giam sat d€ lap quy dao cho
robot di chuyén trong khong gian lam viéc.
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