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Tém tit:

Cap nhat ban do ciia mdi truong thay ddi theo thoi gian la m{t thach thirc quan trong trong qua trinh hoat dong cia cac loai
robot di dong tw hanh (Autonomous mobile robots). Trong bai bao nay, cac tac gla de Xuét mjt glal phap méi daé cap nhat ban
do cuc b cia robot trong moi treomg dong theo thoi gian thwe. Phwong phap dé xuit duva trén sy két hop gitra dir liéu quét cia
LiDAR (Light detection and ranging) va thuit toan nhan dang, nhim muc dich phat hién, dinh vi cac vat thé méi xuat hién cho
phép robot cip nhat ban dd mét cach lién tuc. Dik liéu quét ciia LiDAR ciing mot khu vue tai cac thoi diém khac nhau dwoc so
sanh dé phat hién sw thay ddi; khi c6 dii s6 1an thay doi & cung mét vi tri, ban do sé tyw dong cip nhat nham loai bé cac dbi twong
cii hodic thém vao cac ddi twong méi. Nham toi wu viée cip nhét ban do, phwong phap nhan dang va dinh vi vt thé cho cac dbi
twong di chuyén dwoc sit dung dé quyét dinh doi twong nao sé dwoc thém vao ban do. Két qua thir nghiém dwoc hién thi trong

moi trweong md phéng cho thiy kha niing cip nhit ban dd trwée nhiing thay doi méi trudng trong thoi gian dai.

Tir khéa: bin db cuc bd, mdi trudng dong, phwong phap nhin dang vat thé, robot tw hanh.

Chi 56 phén logi: 2.2

1. Dét van dé

Pé diéu hudng ty dong cho qué trinh di chuyén, robot can cé
thong tin clia moi tm(‘mg hoat dong dudi dang mit cit clia kh()ng
gian theo hinh chiéu bang, duoc goi la ban d6 2D (bao gom cac
diém biéu didn chudng ngai vat, ving trong va vung khong xac
dinh). Khi méi truong ¢6 su thay doi, doi hoi ban do phai dugc xay
dung lai, viéc nay tiéu ton thoi gian, gdy anh huong 16n dén ning
sudt lam viéc cua robot. Vi véy, mot trong nhirmg muc tiéu cua
nghién ciru robot ty hanh 1a phat trién kha nang tur xdy dung va cap
nhat ban d6 lién tuc mdi khi méi truong co sy thay dbi.

Céc ban d6 dugc xdy dung bang dinh vi va xdy dyung ban db
dong thoi (SLAM - Simultaneous localization and mapping) cung
cép cho robot trong viéc ty dinh vi va lap ké hoach duong di, voi
diéu kién céc vét thé nim trong moi truong d6 khong thay doi vi tri
twong quan so vdi ban do duoc lap tur dau [1]. Trong thuc té, hiu
hét cac moi truong hoat d()ng cua robot trong nha may, nha kho,
van phong... ludn co thay doi gy ra boi su tham gia giao thong
ciia ngudi, xe van chuyén hang, gia dé hang... boi qua trinh hoat
dong ciia hé thong noi tai bén trong n6. Nhitng thay doi nay c thé
1a do déi twong ¢6 tinh dong nhu con ngudi hodc phuong tién di
chuyén, hay céc di twgng c6 tinh tinh nhu pallet, may moc, thiét
bi ¢6 dinh [2-4]. Viéc xem xét nhimg thay doi trong méi truong do
cac doi tuong co tinh dong hodc tinh co thé cai thién kha nang ty
dinh vi cua hé théng robot [4] va cai thién viéc ap ké hoach duong
di cia cac doi robot 16n [5] ciing nhu sy phdi hop ciia hé thong
nhiéu robot. Hién nay, mot s6 nghién ctru da duoc dua ra nhim
cap nhét ban d6 trong moi truong dong [6]. D. Sun va cs (2016) [7]
cai tién thudt toan SLAM dé co thé quét ban dd khi robot van dang
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hoat dong nhim tao mot ban dd méi. X. Hu va cs (2018) [8] su
dung két hop kha niing dinh vi ctia robot va thong tin méi trudng tir
thiét bi LIDAR [9] dé cap nhat ban do. Tuy nhién, céc tac gia ndy
chi sir dung dit liéu tir LIDAR dé cap nhat ban d6, din dén ban do
¢ thé s& cap nhat ca nhimg thay d6i tam thoi do vat chuyén dong
gy ra. Pé khic phuc han ché nay, nhom tic gia dé xuat mot giai
phap mdi la ngoai thong tin tir LIDAR, tich hop thém mdt camera
3D va thuat toan nhan dang vat thé [10] dé loai bo chmh xdc nhiing
thong tin tam thoi do cac vt thé dong gay ra, gitip ti wu hoa viéc
cap nhat ban do.

2. Phuang phap nghién ciu

Ban do ban dau ciia moi truong duoc xdy dung bang thuat toan
SLAM tiéu chuén, chi chira céc phan tinh ciia méi truong (tte la
céc burc tuong va cic cong trinh ldp dit ¢b dinh), ban dd nay duoc
goi 1 ban dd tinh. Nhimg thay d6i ciia méi truong duoc ghi nhan
boi cam bién LIDAR. Mot camera 3D va ph?m mém nhén dang aoi
tuong dugc su dung dé c6 thé quan sat va dinh vi vat thé dya trén
anh d6 sau. Céc thong tin tir LIDAR va camera 3D duoc két hop
str dung dé phat hién nhiing thay d6i trong méi truong so véi ban
6 tinh. Sau d6, robot bat dau xay dyng ban 6 tam thoi va sé dugce
cap nhat vao ban dd hién tai khi dat dii yéu cau. Hinh 1 mo ta so do
cua thuat toan dugc dé xuét.

l Théng tin I Dinh vi vat ———

— ° Ban do cap nhat i aa Ban do cap uhit FRPTURT
Ban do tinh laser am thit the dong tom thi — Ban do tinh moi
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Hinh 1. So’ d6 clia phwong phap nghién ctru dé xuét.
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Abstract:

Keeping maps up to date in a time-varying environment is
a big challenge in the development of autonomous mobile
robots. In this paper, the authors propose a new solution to
update the local map of the robot in a dynamic environment
in real time. This proposed method works based on a
combination of lidar scan data and object recognition and
positioning algorithms to allow the robot to update the
map continuously. Laser scan data for the same part of the
environment at different times are compared to perform
change detection. When there are enough changes in a
location, the map will be edited to remove old features or
add new features. To optimise updates for moving objects,
authors use object recognition and positioning to decide
which objects should be added to the map. The results
are displayed in a simulated environment, showing the
ability to maintain an up-to-date map despite long-term
environmental changes.

Keywords: autonomous robot, dynamic environment, local
map, object detection.
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2.1. Ciip nht bin o tam thoi dua trén thong tin cim bién LiDAR

Trudce tién, ban do luoi va tin hi€u quét tur laser s€ dugc bicu
dién dudi dang ma tran. D¢ thuén tién cho viéc theo doi, thuat toan
quy udc nhu sau:

- Tai c4c vi tri c6 ton tai vat thé, gia tri diém anh trén ban do
bang 1.

- Tai cac vi tri tréng, gia tri diém anh trén ban do béng 0.

- Toa d6 ciia mot diém trong mdi trudng so voi cam bién
LiDAR ky hi¢u 1a p(x, y).

- Toa d6 ciia p(x, y) so v6i ban dd ky hiéu 1a P(X, Y).

Trong pham vi nghién ciru ndy, chung toi chi dé cap dén cap
nhat ban do cuc bg, do d6 chi cac thong tin quét nam trong pham
vi nho s€ dugc thu thap. Cu the, goc quét o s€ twong ung voi goc
rong (vung nhin thay) cia camera va khoang cach quét d s€ trong
pham vi ma camera van c6 thé nhan dang dugc doi tugng (hinh 2).
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Hinh 2. M6 hinh quét laser.

Trudc tién, tin hiéu quét tai goc 0 (vdi 6<a) tir laser s€ dugc
thu thap. Néu xuét hién vat can nam trong khoang gioi han d, tin
higu s& tra vé khoang cach d, tir vat toi cam bién. Tir d,va®,toa dd
cua diém duoc quét Pyar(® y) 50 voi cam bién duoc tlnh nhu sau:

x = dg X cos(0)

y = dg X sin(6) (0

Sau khi x4c dinh duoc toa do diém quét so v6i cam bién, ta
can chuyen d6i dé thu duoc toa do diém quét Py ¥) so v6iban
o dé co thé so sanh véi cac diém tuong (mg trén ban do, nho vao
thong tin chuyén vi. Hinh 3 minh hoa méi lién két giita cam bién
LiDAR va ban dd. Cac vector tinh tién 7' va quay R dugc cap nhat
lién tuc dé dam bao do chinh xac khi chuyén di toa do diém quét.

(A) (B)

Hinh 3. Méi lién hé giira ban dd, thong tin tir LIDAR va may anh
(A) va cac vector tinh tién, vector quay chuyén déi thong tin
gitra ban dé va LiDAR dwoc cap nhat lién tuc (B).

Tlep theo, ta tlen hanh kiém tra gia trj tai diém Pyap(X_Y) trén
ban d6. Tai ddy, néu 1Py (X, Y)=1, trong ban d0 d ton tai san diém
tai vi tri nay, ban do s& bo qua vi tri nay va khong cap nhat thém.
Nguoc lai, trong truong hop p, , (X, ¥)=0, tirc 1a khong tOn tai vét
can trude do, gia tri diém anh tai vi tri ndy s€ dugc cap nhat lén (1)
va dua vao ban do tam thoi (phwong trinh 2).

{Pgde(x Y) =1,
P, (X, Y) =0,

do nothing

_ 2
set Ppq,(X,Y) = 1.

Trong truong hop tin hidu tra vé cua laser cho thiy khong xuét
hién vat can trong khoang cach d, gia tri plxel taivitrip, (X Y)
trén ban do s& duoc kiém tra, twong tmg véi diém Pya(X ) s0 v6i
cam bién LiDAR. Néu DyapX ¥)=1, trén ban d tinh co vat thé tai
vi trf ndy trude d6. Didu nay c6 nghla 1 vat thé da timg ton tai &
vi tri d6 duge di doi sang vi tri khac, do vay laser khong con quét
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dugc tin hiéu tir vt thé nay nira. Lic nay, gia tri p pap (X 1) s€ duge
gan vé 0. Néu Pyae X ¥)=0, ban 6 khong c6 gi thay doi tai vi tri
nay (phuong trinh 3).

Pg,d(X, Y) =1,
Pg_d(X, Y) =0,

set Pyq,(X,Y) =0
do nothing

3)

Minh hoa céc diém va so do thudt toan dugc thé hién lan lugt &
hinh 4 va 5. Sau khi toan bo cac gi4 tri nam trong khoang gii han
goc quét va khoang cach quét da dugc cap nhat, ta thu dugc mot
ban do tam thoi moi dé st dung trong ndi dung tiép theo.

(A) (B)

Ban d6

Ban do

Lorapoagter)
Pg, dg ((X,V)

Hinh 4. Minh hoa diém quét tai géc 8 trong trwong hop c6 vat
can trong khoang gi¢i han d (A) va khéong cé vat can trong
khoang gi¢i han d (B).

Nhan tin hi¢u laser tai
Goc quét 8
Khoing cich dg

Ding
Ch\lyen
ing Pogs(.V) =1 | St | Pyg,(X¥)=1
= Poe (X ” Poas (X n :Zoula diém) (them did)

Chuyén

01
Po,a(xy) Pe,a(X,Y)

Poax1)=1 |Pine[ Py 1) =0 |

(cb ton i diém) (xta diém)

153, |

Hinh 5. So d6 phwong phap cap nhat ban dé tam thei dwa trén
thong tin cam bién LiDAR.

2.2. Nhin dang, dinh vi vit thé dong - tinh

Trong qué trinh di chuyén, d6i véi moi truong xuat hién cac
d6i twong chuyén dong lién tuc, robot s& gap phai cac vat can. Cic
vat can nay co thé xuat hién tam thoi roi bién mét duge goi la vat
can dong (nhu xe kéo, con nguoi) hodc xuat hién va duy tri trong
thoi gian dai duge goi la vat can tinh (nhu thung hang, may méc,
thiét bj méi). Céc vat can tinh s& anh huéng dén quy dao di chuyén
cua robot trong thoi gian lau dai, trong khi cac vat can dong chi
anh huong tai thoi diém tirc thoi. Do d6, robot can phan biét duoc
dau 1 vat can dong, du 1 vit can tinh lau dai dé c6 thé dua ra
quyét dinh cap nhat vio ban do.

Dé c6 thé nhan dang va dinh vi dugc vat thé trong thoi gian
thuc, cdn c6 mot mé hinh nhan dang két hop dugc hai yéu t6 nhanh
va chinh xdc. Hién nay, cic md hinh Al (tri tu¢ nhén tao) dang
duoc phat trién manh va ngay cang dap ing dugc yéu cau vé toc
do va d¢ chinh xéc, dugc s dung rong rai trong nhiéu | ung dung
nhu hé thong ty lai xe, video giam sat, tim nhin robot trong cong
nghiép. Trong nghién ctru nay, chung t6i da chon mo hinh YOLO
(You only look one) dé ap dung vao bai toan nhan dang vat thé bai
do chinh xéc cling nhu toc do xir Iy ctia m hinh nay.
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YOLO 1a mot m6 hinh mang tich chdp neuron c6 khd ning
nhan dang vat thé voi wu diém ndi troi 1a nhanh (100 fps khi st
dung voi GPU GTX Titan X), do chinh xac cao (Ién toi 93%)
[11]. Péu vao ctia md hinh 12 mot anh. M6 hinh s& nhan dang anh
d6 ¢6 d6i twong nao hay khong, sau d6 xac dinh toa do cua doi
tuong trong anh. Hién tai, phién ban YOLOv4 [11] day du cho
phép nhan dién hon 80 loai aoi tugng khac nhau. Néu can nhan
dién mot déi twong mai khong duoc hd trg boi YOLO, ching ta
can day may (training) lai. Trong pham vi nghién ctru nay, ching
to1 su dung mo hinh YOLOvV4 véi mang da duge hoc tir trude va
tich hop vao phan mém thu vién ROS (Robot operating system).

Tuy nhién, dAu ra ciia md hinh YOLO 14 toa do ctia ddi tugng
s0 voi truc toa do trong anh. Dé c6 thé chuyén doi gilta toa do cua
di twong trong anh ra toa d ctia ddi tuong trong ban do, ching i
két hop st dung anh d¢ sau thu dugc tir camera dé xac dinh khoang
cach tir ddi twong dén camera (hinh 6), sau d6 chuyén ddi ra toa
d6 ban do. Thong tin toa dg s€ dugc s dung dé két hop véi ban do
tam thoi thu duge tr ndi dung trude dé cap nhat thanh ban d6 méi
hoan thién. Noi dung chi tiét vé két hop thong tin dé cap nhat ban
dd s& duoc trinh bay ¢ phan sau.

(A) (B)

Hinh 6. Théng tin ctia anh nhan dang déi twong (A) sé dwoc chuyén
sang anh d6 sau (B) dé xac dinh toa do cua vat so véi robot.

3. Két qua va ban luan
3.1. Phuwong phdp, cong cu mé phong

Dé danh gia két qua cua phuong phap nay, ching toi tién hanh
mo phong trong chuong trinh Gazebo vdi robot Turtlebot (hinh
7A). LiDAR chung t6i st dung mo phong 1a LiDAR LDS-01,
v6i goc quét 360°, giéi han khoang cach quét tir 0,12 dén 3,5 m.
Camera d¢ sau dugc str dung trong nghién ctu nay la 3D Camera
Intel RealSense R200.

(A) (B)
9
s, F—

Hinh 7. Méi trwong ban dau (A) va ban db tinh (B) dworc tao twv
moi trwdng ban dau.
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Ban déu, mot ban do hoan chinh vé moi truong vai cac vat thé inh
dugc xy dyng bang Hector SLAM (hinh 7B). Céc thong s6 xay dyng
ban do duoc cai ddt nhu sau: P phan giai ban do 0,05 m, chu ky cap
nhat ban do 1a 2 's. Sau d6, mot md hinh ngwoi va mot mé hinh khoi
1ap phuong (lan Tuot dai dién cho vét thé dong va tinh) duoc dit vao
trong moi truong tinh ban dau (hinh 7A). Robot md phong Turtlebot
sé tién hanh thyc hién nhiém vu di t6i 2 diém cd dinh trén ban do,
trong d6 quy dao dwong di cua robot c6 di qua cdc vat thé da dat thém
vao. Gid tri cac th6ng s0 dugc cai dat trong thi nghiém nay nhu sau:

9
A

Khodang céch gioi han d=3 m, goc gidi han 0=60°, kich thudc ctra s6
MxM=5x35, diéu kién s lan thay doi dé cap nhat tai mot vi tri n=3.

3.2. Két qud mé phéng

Nhu duoc thé hién ¢ hinh 8, robot da phat hién va nhan dang duoc
con ngudi xuat hién trong méi trudong. Dua vao két qua nhan dang va
dinh vi nay, robot s& xir Iy dit liéu dé cap nhat vao ban dd. Hinh 9 cho
théy, mic du robot nhan duoc tin hiéu laser tir ca 2 vt thé, nhung chi
d6i twong tinh 1a md hinh khéi dugce cap nhat vao ban do, trong khi dbi
tuong con ngudi bi loai bo. Két qua cudi cng sau 3 1an di chuyén qua
céc vat thé, ban do ban dau da duge cap nhat (hinh 10).

Hinh 8. Két qua nhan dang va dinh vi con ngui.

Cip nhit —j

Hinh 9. Ban dé cap nhat tam thi trong khi robot dang di chuyén.
Thong tin laser tra vé bao gom ca thong tin cda vat the tinh va dong
nhwng ban dd chi cap nhat thang tin cta vat thé tinh.

A (8)

Hinh 10. Két qua cap nhat ban dd. (A) M6i truong thay dbi voi
vat thé tinh va dong (trong khoanh tron dd); (B) Ban dd cap nhat
chi bao gdm céc théng tin cla vat thé tinh, trong khi vat thé déng
khong dwoc cap nhat vao ban db.
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4. Két luan

Trong bai bao nay, nhom tac gia da gidi thiéu mot phuwong phap
méi nhdm t6i uu hoa cap nhat ban do cuc bd cho robot trong moi
truong co tinh bién dong cao nhu nha mdy, kho, xudng. Phuong
phdp ndy st dung thong tin quét tir cam bién LiDAR dé phat hién
nhitng d6i twong trong pham vi nhét dinh xung quanh robot, két
hop voi thudt toan nhan dang vt thé dé nhan dang va dinh vi cac
vit thé dong. Sau d6, thong tin quét tir cam bién va thong tin vé vat
thé s& dugc két hop dé cap nhat vao ban do. Két qua thi nghiém
trén moi trudng md phong cho thiy robot ¢6 kha ning cap nhat
ban d6 chinh xac, toi wu khi c6 thé loai bo dugc nhing thong tin
cua vt thé dong khong can thiét, gitp robot c6 thé hoat dong trong
thoi gian dai trong moi truong dong ma khong can xdy dung lai
ban do. Trong cac ndi dung nghién ctru tiép theo, chung t6i s& tiép
tuc thir nghiém kha néng cp nhit ban 6 trong moi truong thue té
aé €0 thé cai thién ciing nhu t6i wu hiéu qua ciia phuorng phap dé
xudt, huéng t6i tich hop giai phap vio cac san pham robot ty hanh
san ¢6 trong cong nghiép.

LO1 CAM ON

Nghién ctru nay dwoc thyc hién thong qua dé tai cap bo
“Nghién ciru phat trién robot ty hanh diéu huéng thong minh st
dung cong ngh¢ LiDAR”. Nhom tdc gid xin tran trong cam on.
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