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ABSTRACT

This paper is aimed to study autonomous mobile robots according to the
Ackermann principle. The robot model was built to simulate the
localization, path-finding, and path-following sub-systems based on
Robot Operating System (ROS) and Gazebo. The simulation method is
based on the Behavior Tree structure and nodes in ROS 2, which
navigated the robot moving to fixed position. Simulation results show that
the proposed solution is better than the normal and multi-directional
driving principle on slippery and rough terrain. The test results indicated
that the robot successfully reached the target, where distance deviation is
96% for greater than or equal to 1 m and 79% for less than 1 m. This
study effectively enables practical modeling regarding positioning by
GPS.

TOM TAT

Bai bdo nay dwoc thiee hién nham nghién ciru xe ti hanh ldi theo nguyén
Iy Ackermann. M6 hinh xe dwoc xdy dung dé mé phong hé thong dinh vi,
tim dwong, bam dwong dwa trén Gazebo va Robot Operating System
(ROS). M6 phong thiee hién dwa trén cdu triic Cdy hanh vi va cdc node
duoe thiét ldp trong ROS 2 nham dwa xe dén diing vi tri theo yéu cau. Két
qud mé phong cho thay gidi phdp dé xudt da ddp img tot hon so véi nguyen
Iy lai hai banh chu dong va lai da hwudng khi thuc hién trén dia hinh dé bi
trweot va go ghé. Két qud khdo sdt cho thay robot di chuyén dén muc tiéu
voi d¢ léch khoang cach lon hon hodc bang 1 mdat 96% va nho hon 1 m
dat 79%. Dong thoi, nghién civu nay cé thé lam tién dé dé trién khai mé
hinh thuc té trén co sé dinh vi b&ng hé thé'ng GPS.

1. GIGI THIEU

Xe ty hanh (Autonomous Mobile Robot — AMR)
1a nhpm robot di d(f)nvg c6 kha nang dinh vi va di
chuyén mét cach chuan xac trong moi truong hoat

— binh vi: xac dinh vi tri robot trong moi
trueong lam viéc. Robot dua vao thong tin tir cac cam
bién khac nhau dé tw d4anh gia vi tri hién tai cua ban
than va cac vat can.

dong. Vén dé nay goi 1a didu huéng robot (robot — Tim duong: 1ap ké hoach duong di ngén nhét
navigation). Nhin chung, diéu huéng robot c6 thé tir vi tri hién tai dén vi tri mong muén.

chia thanh cac bai toan con:
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— Bam duong: diéu khién cac co cdu chp hanh
bam theo dudng di da hoach dinh. Néu vat can trong
moi truong 1am viée co thé thay déi linh hoat, thuat
toan diéu khién bam duong co thé can phai xir Iy
tranh vat can.

Robot ty hanh dang xe thuong c6 ba bac ty do,
duogc thé hién qua cac bién miéu ta vi tri va goc xoay
cuia robot trong khong gian lam viéc. Tity vao sb tac
dong didu khién, co thé chia nguyén ly 1ai robot
thanh hai kiéu: lai thuong (hé thiéu tac dong diéu
khién — underactuated) va lai da huéng (hé du tac
dong diéu khién — fully actuated).

Trong hai kiéu l4i trén, xe 14i da huéng (Hiép va
ctv., 2020) (Hiéu va ctv., 2022) c¢6 kha ning di
chuyén linh hoat nhét, c6 tiém nang ung dung cho
nhiéu mdi truong hoat dong. Tuy nhién, do daic
trung vé co ‘hoc cua nguyén ly lai da huéng, su
chénh léch vé chat luong diéu khién cua timg co cau
chap hanh cong véi ty suat trugt co anh huong nhiéu
dén tinh toan dong hoc robot (Chi & Van, 2019). Vi
vay, hién tai, hiu hét ing dung xe da huéng chi gigi
han & dia hinh bang phang, it trugt. Ngoai ra, viéc
phéng to thiét ké ciing gap phai nhitng van d& nhu:
tang chi phi ché tao do c6 nhiéu chi tiét phuc tap
chwa dugc tiéu chuan hoa (nhu banh xe da huéng);
chua c6 nghién ctu téng quat dugc cong bd vé
phuong phép thiét ké bo khung dong lec hoc cho xe
da hudng kich ¢c& lon.

Trong khi d6, am hiéu vé mat co hoc déi véi xe
lai thuong da phd bién rong rai. Co hai nguyén ly lai
dugc sir dung nhiéu: 14i hai banh chu dong va lai
theo nguyén ly Ackermann.

Lai hai banh chu ddng — con duoc goi 1a 1ai “vi
sai” (differential driven) — 1a diéu khién huéng dua
trén su khéc biét téc do dan dong hai banh hoac hai
hang banh hai bén. Vi nguyén 1y 14i nay, xe ¢ thé
bé cua gét va xoay duoc tai chd, gitip d& tranh vat
can. Vi wu diém trén, nguyén 1y l4i hai banh chu
dong duoc sir dung phé bién trong nghién ctu, voi
robot kich thudc nho, moéi truong trong nha (Huong,
2022; Stefek et al., 2021). Nhugc diém néi chung
van la kho diéu khlen chinh xdc ban kinh quay vong
do anh hudng tuong quan giira nhiéu tac dong diéu
khién nhu treong hop 1ai da hudng (Stefek va ctv.,
2021) (Qin va ctv., 2021).

Nguoc lai, cac xe thiét ké 14i theo nguyén ly
Ackermann quay vong bang cach diéu chinh truc
cac banh dan huéng. Puong kéo dai céc truc banh
xe ddng quy tai mot diém (tdm dudng vong) dé gitp
banh khong bi trugt ngang (trugt theo phuong doc
truc). Do d6, nguyén 1y 1ai Ackermann c6 uu diém
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bao vé 16p xe va co tac dong diéu khién ban kinh
quay vong doc 1ap véi toe d6 dai; 1a Iya chon wu tién
cho cac robot hoat dong nhidu trén mat dwdng
(Elverum, 2022), hoic can di chuyén téc do cao
(Lee, 2022). Ché tao robot lai kiéu Ackermann ciing
dan trg nén dé dang hon vi thi truong hién nay cung
cép céc chi tiét co khi 6 to da chuan hoa (céc chi tiét
trong banh xe, bo truyén vi sai, thude 14i,...) véi gia
thanh phu hop.

Van dé Ion nhat ddi véi thiét ké dang nay la
thuong bi gidi han goc lai, gdy ra khé khan cho viéc
giai quyét bai toan hoach dinh chuyén dong va tranh
vat can. Dé giai quyét cho van dé nay, nhiéu nghién
ctru da duge cong bd. Cu thé, Dubins (1957) da dé
XUt cach tinh bién dang duong di ngan nhat cho xe
¢6 gi6i han goc 1ai va chi chay téi. Tiép d6, Reeds
and Shepp (1990) mé rong gidi han bai toan cho cac
truong hop xe chay lui. Tir do dén nay, trong cong
ddng nghién ctru di co nd luc két hop cac phuong
phap trén vai nhitng giai thuat tranh vat can. Dién
hinh 13 Dolgov et al. (2010), da gidi thiéu thuat toan
tim duong “Hybrid A*”. Thuat toan duwogc ap dung
trong cudc thi DARPA Urban Challenge 2007 va da
phd bién rong rai cho ung dung cac kiéu robot ty
hanh c¢6 goc 14i gigi han.

Nhu vay, nguyén 1y l4i kiéu Ackermann hoi tu
du diéu kién dé lam phuong an thiét ké chi phi vira
phai, thoi gian ché tao ngan, c6 thé ng dung thuc
té. Bai bao nay 1a mot nd lyc nham két ndi giira
nghién ciru va Gng dung robot ty hanh thong qua
viéc thyc hién mo phong khao sat chat luong cua hé
thong tim dudng va bam dudng cho robot l4i theo
nguyén ly nhu da néu.

2. PHUONG PHAP NGHIEN CUU
2.1. Phin co khi mé phéng

Phan co khi mé phong robot dugc thiét ké dua
trén xe ctia nhom luan van (Tan & Phuc, 2021). Cac
thong s6 quan trong cua xe duge mé ta & Hinh 1 va
Bang 1. Thong s6 day du cua xe, bao gém kich
thuoc, khdi lwong, md hinh va cham dugc moé ta
trong (Khanh, 2022).

Theo nguyén ly 1ai Ackermann, goc lai ctia banh
trong 16n hon goc 1ai banh ngoai. Gidi han ban kinh
14i cta xe duoc tinh nhu sau:

b L
R, =—+

min
2

1)

tan a,,,,

Thé b, L, omsx vao, duoc gid tri Rmin 12
1591,5 mm.
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Hinh 1. Céc kich thuéc quan trong

Bing 1. Céc thong so cia xe

A & Ki s
Thong so hiéu Gia tri
Khoang.cach gitra hai khop 1ai b 803mm
(pivot distance)

Khoang cach giita hai banh sau B 1066 mm
(wheel track)

Khoang cach giira cau trudce va cau L 1190 mm
sau (wheel base)

Béan kinh banh xe (wheel radius)  rpsnn 250 mm
Goc 14i tdi da (max steering angle) oimax 45°
Toc d6 xoay khép 1ai (steering - 90 /s
speed)

Toc df) tQi da Viax 1m/s
Gia tGC t61 da Amax 1 m/S

2.2. Hé théng phan mém

Hé théng phan mém cua robot duge xay dung
trén Robot Operating System 2 (ROS 2), va van
hanh thong qua céc chuong trinh con chay song
song véi nhau, goi 1a node. Thong tin vé& cach van
hanh cta ROS 2 ¢6 thé dwoc tham khao trong Open
Robotics (2022) va Macenski et al. (2022). So d6 hé
thdng dugc trinh bay so luge trén Hinh 2. Trong do,
hé tim duong duoc chay trén node planner_server,
st dung thuat toan Hybrid A* (Dolgov va ctv.,
2010). HE bam duong chay trén node
controller_server, vai thuat toan bam dudng dugc sir
dung 1a Pure Pursuit (Coulter, 1992). Hé dinh vi 1a
mot tap hop cac node chay B6 loc Kalman Mo rong
(Extended Kalman Filter — EKF): local_ekf,
global_ekf va navsat. Dit liéu cam bién dau vao bao
goém gia toc, goc xoay do dwoc tir mot cam bién quan
tinh (bao gdm con quay hdi chuyén 3 truc va cam
bién gia toc 3 truc), van tc dai, van téc goc tir dong
hoc thuan ctia bo driver moé phong, va dir liéu tu
GPS. Thiét ké cua cic EKF duogc tham khao &
(Moore & Stouch, 2014; Moore, 2016a, 2016b).
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Théng sb va nhidu caa cac cam bién mé phong dugc
cho & Bang 5. Thong s6 cai dat thiét yéu cua cac
node trén lan luot dugc ghi lai & cac Bang 2, Bang
3 va Bang 4. Thong s6 day du cua hé thong phan
mém c6 thé dugc tra ciru & (Khanh, 2022).

Hé bam dwdng

~ A z
Tip dicm
trén quy dao
L

Cay
hanh [— & H¢ tim dudmg
vi x
vi tri,
hm‘fmg
Hé dinh vi
(loc Kalman)

the dj dai
tham chiéu,
the d goc
tham chiéu

the dp dai,
the df goe
L

Kinh d§,
vidg

- gia the,

Driver toe df goe

<A <R n |

(diéu khién dong hoc)

ditu khién b
servo

Cam
bién

quan
tinh

hdi tiép
vi triftoe dg
1

GPS

Cic co chu chﬁp hanh

Hinh 2. So' d6 truyén dit ligu giita cac thanh
phan trong hé thong phan mem

Bing 2. Thong sé h¢ tim dwong

Théng sd Gia tri
Tan s6 lay mau 20 Hz
Thuét toan Hybrid A*
Phuong phap tim bién dang duong di  Reed — Shepp
Bén kinh cong tdi thiéu cho phép 16m
Hé s6 wc ché dbi vai lva chon chay lui 2
Bing 3. Thong s6 h¢ bam
Théng sb Gia tri
Tan s6 lay mau 20 Hz
Thuat toan Pure Pursuit
Khoang cach dén diém can bam (look

. Im
ahead distance)
Toc do dai 0,5 m/s
Sai s6 khoang cach cho phép 04m
Sai s6 goc huéng diu xe cho phép 4.58°

Bing 4. Thong sé hé dinh vi (cac bd loc EKF)

Thong s6 Gia tri
Tan s6 lay mau 30 Hz
Phuong sai nhidu vi tri [0,001 0,001 0,001]
Phuong sai nhiu van tc [05 05 0,1]
Phuong sai nhidu gia toc [03 03 03]
Phuong sai nhidu géc xoay [0,3 03 0,1]
Phuong sai nhiu van toc goc [03 0,3 0,3]

Ghi chii: don vi cua dit liu theo tiéu chuén REP-103
(Foote & Purvis, 2010)
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Bing 5. Thong s cac cam bién mé phong
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Cam bién Théng sb

Gia tri

Tan s6 lay mau

Trung binh nhiéu

Do léch chuén nhiéu
Trung binh d6 léch khéng

Con quay hdi chuyén

Do léch chudn ctia d6 léch khong

100 Hz

0 rad/s
0,0002 rad/s
7,5%10 rad/s
0,8x10° rad/s

Tan s6 lay mau 100 Hz
Trung binh nhiéu 0 m/s?
Cam bién gia toc Do léch chuén nhiéu 0,017 m/s?
Trung binh d6 léch khong 0,1 m/s?
Do léch chuan cua do léch khong 0,001 m/s?
Tan s6 lay mau 1Hz
Do léch khong ciia nhiéu vi tri 0,001 m
GPS Do léch chuén cua nhiéu vi tri 0,05m
Do léch khong cua nhidu van toc 0,001 m/s
Do léch chuén cua nhidu van toc 0,5 m/s

Thong thuong, trong thiét ké xe 1ai theo nguyén
1y Ackermann, hai banh sau dugc dan dong bang
mot dong co thong qua bd truyén dong vi sai, con
hai khop 1ai cta banh trude ciing dugc diéu khién
bang mot khau dan thong qua mot co cau phang toan
khép thap. Trong nghién ciru nay, dé don gian mo
phong co hoc, mé hinh xe dwoc diéu khién boi 4 co
c4u chap hanh doc lap: 2 servo

L « Khoing ciu truée — chu sau
b «— Khoang giira 2 khop lai
Ibanh < Banh kinh bianh sau

a1 < Géc lai phai hién tai

a2 «— Géc lai trii hién tai
®1 < Tbe dp goc banh sau phai hign tai
2 «— Toc d§ goc banh sau trai hién tai

I

vV ryh(o] + ®3)/2

® < Ipinh(©2 - ©1)/b

I

Xuit te dd dai, the dd goc
hién tai (v, ®)

diéu toc 2 banh sau va 2 servo diéu khién vj tri 2
khép 14i. Luu d6 bd diéu khién dong hoc dugc mo
ta trén Hinh 3.

Hé quan 1y tac vu st dung Cay hanh vi (Behavior
Tree) duge mo ta trong Hinh 4. V& co ban, cac tac
vy déu 1a nat 14 cia cay hanh vi, va chi chay khi
dugc cdy hanh vi cap quyén (ticking). Chi tiét vé
hoat dong cta Cay hanh vi va uu diém so vdi cac
phuong phap truyén théng hon dugc mé ta trong
(Colledanchise & Ogren, 2017).

Q

vref Vin te dai mong mudn
o — Vin tée géc mong mudn

R « yref, gref

ap"ef  arctan [L/ (R - b/2)]

as"ef  arctan [L/ (R + b/2)|

w17l vl (R - b/2) / (Rorpann)
oyl Vel (R 4 b/2) / (Rorpann)

{
\

S |

Diéu khién hé chip hanh tir (a1, 02, 0, ©2)

aén (alref’ azref“”lref. mzref) /

®

Hinh 3. Lwu dd chwong trinh diéu khién dong hoc xe
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v/_/%,

Tuén
tur

Bam dudng

[C

Tim duong

Dy
phong
0 ml:l‘l.t‘)tlell] Tudn
moi’? tr
Doi 5s Lui 0,3m

Hinh 4. Cay hanh vi

Logic hoat dong cta Cay hanh vi trong Hinh 4
¢0 thé duoc miéu ta so Iwgc nhu sau:

— Tac vy tim duong va bam duong duoc C’?lp
quyen hoat dong va dugc kiém tra tuan ty vai tan
so 1 Hz.

— Khi phat hi¢n I6i — do khéng tinh duoc
duong di dén muc tiéu hodc bam duong vuot sai
$0 cho phép — h¢ thong lién tuc kiém tra xem c6
Iénh di chuyén den muc tiéu moi khong, néu khong
thi thyc hién lan luwgt 2 tac vy “phuc hoi”
(recovery): doi trong 5 gidy, sau do lui 0,3 m.

- Néu khong con 13i hoic ¢6 1énh di ghuyén
dén muc tiéu mai thi ngung tac vu “phuc hoi”.

2.3. Mo phong

Phin mém chay mé phéng co hoc 1a Gazebo
11. Phan cimg chay md phong 1a méy tinh ca nhan
véi CPU Intel Core i5-8265U 1,6 MHz, RAM
4GB, card db hoa Intel UHD Graphics 620 va
NVIDIA GeForce MX130.

Trong qué trinh m6 phong, 64 thi nghi¢m duoc
tién hanh voi s6 1an 13p lai mdi thi nghiém 1a 3.
Trong mdi phép thir, xe bat dau tir trang thai ding
yén. Goi vi tri va huéng cua xe so vai hé quy chiéu
¢b dinh luc nay 1a xo, Yo va 0. Vi tri va goc huéng
dau xe cua muc tiéu can di chuyén t6i Xme, Yme va
Omt dugc xac dinh nhu sau:

Xme = Xo + d; cos(@0 + (pi) )
Vor = Vo T di sin(@o + <pl.) ®3)
0, = 6, + 46, (4)
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Trong d6, di, ¢i va A®; 1a tham sb cia thi
nghiém thir i. Moi tham s6 mang mét trong cac gia
tri cho ¢ Bang 6.

Bang 6. Tap gia tri cia tirng tham sé thi nghiém

Tham s Tap gia tri
d {25m;5m}
10) {0°, -60°, -120°, -180°}
AB {kx45° k € {0, .., 7}}

3. KET QUA VA THAO LUAN

Video mo phong, tha ty, tham sb tung thi
nghiém va két qua dwoc ghi lai trong (Khanh,
2022). Trong d6, sb liéu két qua bao gdom thoi gian
dé dén muc tidu At;, sai s6 khoang cach va goc
hudng dau xe khi dén muc tiéu &qi, €oi.

Hinh 5. Puwong di hoach dinh & thi nghiém 45
(das =5 m; @45 = -60°; AG4s = 180°)
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Hinh 6. Pwong di hoach dinh & thi nghiém 55
(d55 =5 m; @55 =-120°; AGS5 =270°)

Hinh 7. Puwong di hoachdinh ¢ thi nghiém 60
(d60 =5 m; @60 = -180°; A060 = 135°)

Hinh 5, Hinh 6 va Hinh 7 md ta mot s6 bién
dang duong di hoach dinh.

Trong 192 lan thir véi d6 léch khoang cach &g
trung binh 13 0,7 m va 16n nhét 1a 1,9 m; d léch
goc hudng dau xe e trung binh 14 4° va d6 léch I6n
nhét 13 10° dat duoc két qua nhu sau:

Xe di chuyén thanh cong dén muc tiéu dat
100%.

Xe di chuyén thanh cong dén ding vi tri chi
dinh va c6 d6 léch khoang cach dudi 1 m dat 79%
va trén 1 m dat 96%.
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Biéu dd histogram ¢ Hinh 8 thé hién phan bd
tan s6 xuat hién cac gia tri Ati. Qua biéu do, c6 thé
thiy Ati nam chu yéu trong khoang 5 dén 40 giay.
Trong d6 céc 1an thir c6 At; tir 5 dén 10 gidy thudc
nhiing thi nghiém khong bi 16i do nhiéu dinh vi va
c6 bién dang duong di don gian (vi du chay thing
t6i truée nhu & thi nghiém 1). Nhiing lan thi c¢6
At; > 30 gidy 1 do nhiéu dinh vi va dap mg goc
1ai khong dii nhanh dan dén xe léch khoi myc tiéu,
lam cay hanh vi thuc hién “phuc hoi”.

Tan s6 xuat hién

0-

10 Zb 3‘0 4‘0 5‘0 66 76
At (s)
Hinh 8. Phén bo thoi gian dén muc tiéu At;

4. KET LUAN VA PE NGHI

Nghién ctru nay 1a mot nd lyc nham két ndi
gitra nghién ctru va tng dung Robot ty hanh. Bai
viét cung cap giai phap vé mo phong khao sat chat
lwong cua hé thdng tim duong va bam duong cho
xe ty hanh l4i bang nguyén 1y Ackermann trén
ROS va Gazebo. Két qua khao sat cho thiy hé
thdng da dua Robot thanh cong dén cac vi tri chi
dinh trong tat ca cac thi nghiém dat ra véi sai s6 vi
tri nhé hon 1,9 m va sai s6 hudng dau xe nho hon
10°.

Nhom tac gia d& xuit thyc hién thém nghién
ctu khao sat chét luong cac hé thong thuong ding
chung voi ROS vi hé théng dinh vi dua trén
Simultaneous Localization and Mapping va cac
Cay hanh vi con phuc tap
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