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Bai bao nay trinh bay giai phap thiét ké hé théng diéu khién cho robot di dong clu tric
Skid-steering dworc trién khai trén hé diéu hanh robot (ROS2). Hé thdng dinh vi cho robot
st dung cac cdm bién encoder, la ban s va cam bién quét laser dé thu thap thong tin vé
méi trwdng lam viéc. Quy dao chuyén dong cla robot dwoc thiét lap st dung thuat toan A*
va quy dao cuc bd dwgc xay dwng s dung phwong phap Dynamic Window Based (DWB)
cho bai toan tranh vat can. K&t qud mé phdng trén phan mém Gazebo cho thay robot
thanh cong trong viéc thiét lap quy dao chuyén dong, déng thoi tranh dwoc cac vat can dé
di chuyén tir diém tr diém xuét phat dén diém dich dat trwde.

Robot di dong, hé diéu hanh robot, robot ciu tric Skid-steering, thuat toan A*, phuong
phap DWB.

This paper presents a control system design for a Skid-steering mobile robot, implemented
on the Robot Operating System (ROS2). The robot's localization system includes encoder
sensors, a digital compass, and a laser scanner, which are used to collect environmental
data. The system employs the A algorithm* for path planning based on a 2D grid map and
the Dynamic Window Based (DWB) for obstacle avoidance. The simulation results in
a Gazebo simulation environment show that the robot is successfully generate moving
path and avoid obstacles to move to the goal points.

Mobile robot, robot operation system, skid-steering robot, A* algorithm, DWB method.

1. GIO1 THIEU

Trong bdi canh cudc Cach mang cong nghiép
4.0, robot di dong ngay cang dong vai tro
quan trong va duoc tmg dung trong nhiéu linh
vuc nhu logistics, ctu ho va tham hiém.
Trong do, robot di dong dang Skid-steering
(SSMR) dugc g dung bdi cho phép chiu tai
16m, kha nang co dong cao trén cac dia hinh
phirc tap [1]. Tuy nhién, viéc diéu khién chinh
xé4c loai robot nay van la thach thic 16n do
dac tinh dong hoc phi tuyén va hién tuong
trugt khi chuyén hudng [2].

Hé diéu hanh robot (ROS) [3, 4] di tr¢ thanh

nén tang phd bién trong nghién ctru va phat
trién hé thong diéu khién robot nho kién trac
phan tan, kha ning tich hop da cam bién va
thu vién thuat todn phong phu. Bén canh do,
véi sy hd trg cia cic cong cu md phong
nhu Gazebo va RViz, ROS cho phép trién khai
thiét ké, thir nghiém nhanh chong trude khi ap
dung vao thuc té. Nghién clru nay trinh bay
mot hé théng diéu khién cho SSMR trén nén
tang ROS2 [5], bao gdm cac dong gop chinh
sau: D& xudt mo hinh diéu khién SSMR trén
hé diéu hanh ROS2; Hé théng diéu hudng co
kha ning thiét ké quy dao toan cuc st dung
thuat toan A* [6] dya trén ban d6 2D va thiét
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Ké quy dao cuc bg dya trén phuong Dynamic
Window Based (DWB) [7] cho bai toan tranh
vat can [8].

Két qua m6 md phong trén nén tang Gazebo
cho thay robot c6 thiét 1ap quy dao thanh cong
trong moi truong lam vi¢e dugc xac dinh
trude, dong thoi cé kha ning thiét 1ap lai quy
dao dé tranh vat can va di chuyén dén diém
dich mong mudn.

2. XAY DUNG HE THONG DIEU KHIEN
TREN HE PIEU HANH ROS

2.1. M6 hinh ddéng hoc cuia robot

Pé khao sat mo hinh dong hoc cia SSMR,
robot dugc xem nhu chuyén dong trén mit
phfmg cua h¢ truc toa do vuong géc (Hinh 1).
Hg¢ truc toa do tuong ddi gén trén robot co géc
toa do dat tai trong tam (COM). Toa do cua
COM trong trong h¢ truc toa do ¢b dinh 1a
COM = (X, Y, 2) [9].
Gia sir robot di chuyén trén mat phang voi van
tde tuyén tinh duoc biéu thi hé truc toa do
A . \ T \ r..
tuong doi la v= [VX v, O] va quay voOi
vecto van téc géc @=[0 O a)]T . Goi
q=[X Y H]T 1a vecto trang thai mo ti
trang thai cua robot (trc vi tri COM, X va Y va
hudéng € cua h¢ truc toa do tuong ddi voi voi
hé truc toa do cd dinh), thi vecto van tdc cua
robot trong h¢ toa do ¢ dinh duoc biéu dién:
. . T
q=[X Y 4] .
Tl hinh v& ¢6 thé biéu dién X va Y theo cac
vén tdc trén hé truc toa do robot nhu sau:

X | [cos@ —sind] v, O
Y | |sing cosé ||v,
Vi robot chuyén dong trén mit phang nén co
thé biéu dién 0= .

C6 thé thdy phuong trinh (1) khong c6 rang

budc nao dbi voi chuyén dong cua mat phing
SSMR, vi n6 chi mo ta trang thai dong hoc.
Do d6, can phai phan tich mbi quan hé giita
van tdc banh xe va van tdc thanh phan trong
hé toa do robot. Gia st banh xe thur i quay véi
van toc goc @ (t), trongdoi=1,2, ..., 4. Cac
dai lugng v, va v, biéu thi toa dd doc ctua van
tdc banh xe trai va phai, Vp va v, lan luot 1a
thanh phan véan téc cla banh trudc va banh
sau.

-

X

[

Hinh 1. So dd biéu dién cac hé truc toa dd robot
Thuc hién cac phép bién doi ta cd bicu thuc
mod td moi quan hé gilta van toc banh xe va
van toc cua robot:

A 1 -
Vg lec Vv,
= )
Ve 0 Xg+b| @
Vg 0 —Xxgr—a

Gia sur ban kinh hiéu dung cia mdi banh xe 1a
rL=r,taco:

o] 1[v
e

V61 @, va wy lan lugt 1a cac van toc goc cua

banh xe bén trai va phai.
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Két hop (2) va (3) ta c6 phuong trinh biéu
dién quan hé day giita van téc goc banh xe va
van tdc cua robot:

o, + g
Vs 2
nz[ }Zr (4)
@ -0 + )y
2c

Trong d6 7 1a thong sd diéu khién dau vao &
cép do dong hoc.

T phuong trinh cubi cung ta thdy, cip van
toc @, va w, cb thé duoc coi la tin hidu dau
vao dong hoc diéu khién cling nhu van tde v,
va o . Tuy nhién, d6 chinh xéc cta mbi quan
hé (4) chu yéu phu thudc vao su truot doc.
Ngoai ra, cac tham sd I va cc6 thé dugc xéac
dinh bang thuc nghiém dé dam bao su tin cay
cta viée xac dinh van tdc robot dbi véi van
tdc goc cua banh xe.

Dé hoan thién mo hinh dong hoc cia SSMR,

rang budc dong hoc dugc dé xuat:

V, +X,cz0 =0 ®)

Phuong trinh (5) ¢6 thé duoc biéu dién lai nhu
sau:

[-sing cos® xc][X Y 6]
=A(@)q=0

Vi vecto van toc tong quat ¢ luén nam trong

(6)

khong gian rdng cia A4, st dung ma trn bién
ddi hé truc toa do téng quat, SeR¥?, ta co
thé viét:

q=S(a)n (7
Trong do:
ST(q)A"(q)=0 (®)
cosé  XgSIiNG
S(q)=|sin@ —X,xC0SH 9)
0 1

Vi dim(n)=2<dim(q)=3, ta c6 phuong
trinh (2.14) mo ta dong hoc cua robot

2.2. Sor d6 hé thong diéu khién

Dé robot ¢ di dén diém dich mot cach chinh
xac thi giai phap diéu huéng déng vai trd then
chét. Hé thong diéu hudng dugc thiét ké
nhim kiém soat qua trinh di chuyén cta robot
dua trén thong tin vé vi tri, hudng di chuyén
va moi trudng xung quanh tai mdi thoi diém.
Céc dit liéu can thiét cho diéu hudng dugc thu
thap tor cam bién encoder, la ban sb, va cam
bién quét laser.

Waypoint
Follower

Action/navigate_to_pose

BT
Navigator

Action/computer_path
_to_pose
Controller
Server
local
costmap

Planner
Server

global
costmap

Hinh 2. So' dé cac node hé théng diéu hwéng
trén ROS2

Trong nghién ctru nay, giai phap xay dung h¢
théng diéu huéng cho robot dya trén goi
Navigation2 Stack cia ROS2 nham gitp robot
di chuyén ty dong va an toan trong mdi
truong lam viée, trong d6 ciu triic hé thong
duoc chia thanh cac node ddc lap, mdi node
dam nhan mdt chuc nang cu thé. Céac node
trao ddi thong tin v6i nhau thong qua cac tin
nhin st dung cac giao thic chuin di duogc
dinh nghia sin, tao thanh mot hé théng lién
két théng nhét va thuan 1gi cho viéc mo rong.

Céac thanh phan trong kién trac ROS2 duoc
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xdy dung bao gdm cic node thudc
Navigation2 stack, cam bién LiDAR 2D cho
phat hién vat can, va mot ban do tinh duoc sir
dung cho 14p ké hoach chuyén dong. So do
kién trac cua hé thdng dugc mod ta trong
Hinh 2.

Bang 1. Chirc néng cac node trong hé théng

STT | Tén node Chtre nang
1 BT Nhén diém dich tr node
Navigator | Waypoint follower va thuc
hién diéu phdi qua trinh
diéu hudng.

2 Planner | St dung thuat toan A* dé

Server | tim va tao duong di tur vi tri
hién tai dén muc tiéu.

3 Controller | Si dung thuat toan DWB

Server | dé diéu khién chuyén dong
cua robot theo duong di da
1én ké hoach va tranh vat
can khi can thiét.

4 | Waypoint | Nhan dau vao diém dich

Follower | (toa d0 x, y, hudng) sau do
giri diém dich dén node BT
Navigator Server dé kich
hoat quy trinh diéu hudng.

5 Local Phat hién vat can trong

costmap | pham vi kiém soat.

6 Global | Xay dung ban db tinh tir dit

costmap | liéu ban d6 duoc cung cip
trude.

7 Encoder | Poc tin hiéu chuyén dong
quay cua cac banh xe.

8 MU Doc tin hiéu tir la ban s6 dé
tinh toan van tdc dai va van
tdc goc cuia robot.

9 LiDAR | Poc dit liéu ddm may diém
clia cam bién laser dua ra
ban d6 cuc bo.

10 Map Cung cap dir liéu cia ban

server d6 méi truong duge cap
nhat trudce.

STT | Tén node Chure nang
11 AMCL | So sanh thong tin giira ddm
mdy diém hién tai va ban
dd lam viéc toan cuc dé
dua ra dugc vi tri va hudng
cua robot.
12 EKF Két hop cac tin hiéu dinh

vi tor encoder, la ban so,
ban do so dé udc luong vé
vi tri va goc cia robot.

Chtra thong tin vé vi tri va
gdc cua robot phuc vu qua
trinh diéu khién chuyén
dong.

13 Position

Giai phap dinh vi dugc thiét ké véi node
Encoder thuc hién viéc tinh toan vén téc dai
va van toc goc cua robot. Node IMU c¢6 chirc
nang doc dir liéu cua la ban sb va tra vé dit
liéu dau ra 1a goc va van tdc gdc cua robot.
Thong tin ctia ban do cua robot dugc xac dinh
qua cac dam may diém tir cam bién quét laser,
dir liéu nay duoc node AMCL dbi sanh véi
ban d6 cia moi truong lam viéc dugc nhap
trudc vao hé théng dé tim ra vi tri cta robot
trén ban dd. Cac thong tin dinh vi tir ba loai
cam bién trén duoc dua vao vao node EKF dé
xac dinh vi tri va huéng cua robot tai mdi thoi
diém phuc vu qua trinh diéu khién chuyén
dong cua robot. Node BT Navigator Server
hoat dong nhu mot trung tim diéu phdi toan
b6 tién trinh diéu huéng. Khi node Waypoint
Follower gii Action/navigate to pose dén
node BT Navigator thi node s€ c6 nhiém vu
diéu phéi dau tién thuc hién goi node Planner
Server. Node Planner Server s€ su dung di
liéu dau vao 1a computer path to pose, Pose
va global costmap dé tinh todn va tao ra
duong dan tr vi tri hién tai dén dich.
Dit liu duong din s& duoc chuyén tiép
dén node Controller Server thong qua
Action/follow_path dé node co thé tinh toan
va diéu khién robot di chuyén theo duong di
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da lap ké hoach. Trong qua trinh thuc thi,
node Controller Server s€ st dung thong tin
tir local costmap dé tranh vat can dong va t6i
wu hoa chuyén dong. Trong hé théng phat
trién trén ROS2, cac node hoat dong voi
nhiém vu va churc nang ddc 1ap, do do khi can
thay d6i hodc nang cép chi can thuc hién trén
ting node cu thé ma khéng anh huéng dén
toan bo hé thong.

3. XAY DUNG MO HINH MO PHONG, THU
NGHIEM VA DANH GIA HE THONG

3.1. Xay dwng mé hinh mé phéng

Dé danh gia giai phap dé xuat, mo hinh robot
va moi truong lam viéc dugce xdy dung trén
nén tang phan mém Gazebo va md phong trén
phan mém Rviz. Méi truong hoat dong cia
robot dugc bao quanh bdi cac tudong bao, cac
khu vyc hinh chitr nhat tugng trung cho cac
vét can gan lién voi moi trudng 1am viéc, day
1a khu vuc robot khong dugc phép di chuyén
vao (Hinh 3). M6 hinh robot dang SSRM
dugc thiét ké nhu Hinh 4 véi thiét ké bao gom
khung xe, bén dong co din dong cho bén
banh xe. Cac cam bién gdm c6 encoder, la ban
s6 va cam bién quét laser. Thong s ciia cam
bién duge mo ta nhu trong Bang 2.

Dé thir nghiém kha nang thiét lap quy dao va
tranh vat can cua robot, trudc ti€én cong cu
Google Cartographer dugc st dung dé thu
thap théng tin vé madi truong hoat dong va
thiét 1ap ban d6 lam viéc. Ban d6 sau d6 duoc
tich hop vao cac khi cost_ map va move base
dé phuc vu cho qua trinh diéu hudng, dong
thoi duge mod phong trén Rviz. Ban do sau khi
xur 1y trong cost_map, dai mau s€ co gia tri tur
0 dén 255, trong d6 cac ving mau den biéu thi
dudng bao clia vat can, mau trang 1a khong
gian cho phép robot chuyén dong. Pudng bao
mau tim xung quanh céc vat can dugc dinh
nghia dé tao thém vung an toan nham dam

bao robot khong va cham trong qué trinh di
chuyén.

Hinh 3. Mé6i trwong gia lap

Hinh 4. M6 hinh 3D cta robot SSMR

Bang 2. Thong s6 cam bién

Cam bién | - Khoang cach do: 0,15-12 m
Laser | . Goc quét: 360°
- Téan s6 lam viéc: 5,5 Hz
Labansb |- Tra vé thong tin goc quay cua doi
tuong vai d phan giai 0,015°
- Tan s6 1am viéc: 200 Hz
Encoder - B§ phan giai: 500 xung/vong
twong d6i | - TAn s dap tmg: 100 kHz

Hé théng dinh vi cua robot st dung két hop ca
AMCL va EKF, trong d6 EKF dong vai tro
nhu 13 bd loc trung tim, tong hop hop dit liéu
cam bién encoder va la ban s6 dé wdc tinh lién
tuc vi tri ctia robot. AMCL cung cap vi tri
tuyét déi dé hiéu chinh sai sb tich [y cua
EKF.
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3.2. Két qua thir nghiém va ban luan

Robot dugc dugc thur nghiém chuyén dong
theo hai trudng hop: Xuét phat tir diém A c6
toa do (—5,0; —6,0) chuyén dong dén diém B
c6 toa d6 (5,0; 2,0); xuat phat tr diém A
chuyén dong dén diém C c6 toa do (3,0; 5,0).
Van tdc dai va van tde goc lon nhét duoc thiét
1ap 1an luot 13 0,26 m/s va 1 rad/s.

Bs.0,2.0)

¥ A5.0-60)

Hinh 5. Quy dao chuyén déng cta robot
dén diém B khi chwa xuét hién vat can

] C3.050)

¥ A¢5.0-60)

L\

Hinh 6. Quy dao chuyén déng cua robot dén diém C
khi chwa xuat hién vat can

Quy dao chuyén dong cua robot tao ra boi
thuat toan A* trong hai trudng hop dugc biéu
dién nhu trén Hinh 5 va 6. Sau d6, dé danh gia

kha nang trdnh vat can cua robot voi thuat
toan DWB, céc khéi vat can tron duge bd
sung vao moi trudong lam viéc (nhitng vat can
nay khong dugc dinh nghia trén ban do cua
moi truong lam viéc). Hinh 7 va 8 mo ta quy
dao chuyén dong cua robot khi chua co vét
can va khi ¢6 vat can. Két qua mo phong cho
thay, khi robot chuyén dong dén khu vuc co
vat can, quy dao moi duoc thiét 1ap dé tranh
cac vat can, & cac khu vuc khac robot van
chuyén dong bam theo quy dao dd duoc thiét
1ap theo thuét toan A" dé di dén diém dich.

— Actual

2 | | . Busozn

-2 4

5 -4 2 0 2 4 6
X (m)
Hinh 7. Quy dao chuyén dong cua robot
dén diém B khi xuéat hién vat can

Cooso Actual

Y (m)

X (m)

Hinh 8. Quy dao chuyén déng cua robot dén diém C
khi xuat hién vat can

4. KET LUAN
Bai bao da trinh bay mot giai phap thiét ké hé
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thong diéu khién cho SSMR dua trén h¢ diéu
hanh robot ROS2. Hé thong dinh vi duoc thiét
ké su dung da cam bién, trong d6 bd loc EKF
dugc str dung dé tong hop dit liéu dinh vi. Bai
toan thiét ké quy dao chuyén dong cho robot
sir dung thuat toan A" két hop véi thuat toan
DWA dé tranh vat can. Két qua mé phong cho
thiy robot da thiét 1ap thanh cong quy dao dé

robot chuyén dong dén diém dich dat trudc
trong hai trudng hop chuyén dong theo ban do
thiét 1ap trude va trudng hop xudt hién vat can
trong moi truong lam viéc. Bén canh do, giai
phap thiét ké hé thong trén ROS2 cho phép
nguoi dung c6 thé linh hoat trong viéc diéu
chinh, céu trac lai theo timg Gmg dung cu thé.
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