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Study of a Two-wheel Mobile Robot with Linear Workspace
Extension Structures
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(Yeong-Geol Bae' and Seul Jungl’*)

'Mechatronics Engineering Department, Chungnam National University

Abstract: This paper presents a two-wheel balancing mobile robot with linear workspace extension structures. The two-wheel
mobile robot has two linear motions at the waist and shoulder to have extended workspace. The linear motion of the waist and
shoulder provides some structural advantages. A dynamic equation of the simplified robot system is derived. Simulation studies
of the position control of the robot system are performed based on the dynamic equations. The dynamic relationship between a
two-wheel mobile system and linear extension mechanism is observed by simulation studies.
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Fig. 1. Balancing mobile robot.
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Fig. 2. Shoulder extension structure.
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Fig. 3. Waist extension structure.
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Fig. 4. Waist sliding structure.
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Fig. 5. Dynamic model of a balancing mobile robot with extension
structures.
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Fig. 6. Control block for simulation.
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Table 2. Simulation parameters.

d,, Desired right wheel position
dy Desired left wheel position
0, Desired balancing angle
dy, Desired sliding position
dy, Desired lifting position
d., Actual right wheel position
dy, Actual left wheel position
0, Actual balancing angle
d, Actual sliding position
dy, Actual lifting position

. Right wheel control torque
7 Left wheel control torque
T Sliding control torque

T Lifting control torque




k=

(Ll

OQL

o]7], g=® A Ar|2 FA= WA ZA] Ao
& PDAO)7], olF2HE o] R Ao, eefold F=9} g=
B 7z 9] AlojollE PIDAIOI71E AHEsITh

a3 64 AlEdoldolA AREE PID B PD Aloi7]9
Ao P2 o3 o] A3tk

u= ket ke +kl/edt (14)

k, k, K ER'® = PID Ao}7] AlRle]th.

F 2v AEdolde s8] Hstel ol A7
TS MeE AEd Zlolth
1. WY HMo| AlS2olM

a9 72 ZRo] Mulz Ajle AR o) 25 7E
ZA7E ] 7 JASA e FHedAE gHem
Z718k2 & 5 vl tig AlEdeld Aafelth

5‘37] o2 2RO AA7} 50 71&03 FHE A

JLo] Al Al AlEdolde FHsiIt. 1Y
°l cHHoR 2he] A Wsph dAE 1
ER Q8 I8 7@t 2ol 2R AA7E Ao
I+ Ak
12 Ho| AlSaolM
27185 she FAolA mupdel A
5 Ao FEE FAFH Al A
=7kl Aig AlEdelde Eﬁo}%lu}.
Z7)e] 2He] AATE 5° 7]1&fx] ElE AZ
Z Fo| F7I2 mnlde] ARE HAT Ao A
A Aoty 27)9] AL a1 79 AlEEelA
Feo} At A=rt AE W ¥ 8@ 2ol Ed
] Ztzol] Wishyh dske AS FIT F glen o=
a9 8ol = = A=l 9A =
ZEAlE 2 891 F Stk o]F WaA Aoyt g H
BA GA A7 dehs AER FEde Sdsith
3. 2% &Alel 2|=g Hof AlSaolM

9 95 2RO AL 50 71eolRl 2] 24, 52 &
2R AR Y 23 fEo] gy =20 A Wt
7F & we] Ao} Aol Adolth I Ya)ollA &
T U0l EE el Ao exte] WMeE FAIsH
WA fx]e] WEkE FEshs BES I £ 9o Z
0729 o]Folgke 540 Q3 tE T vAE
FFol 5183 YehA dsksS st
4. 2R dHo| £2folF Hof AlZ2fold

a9 102 2Eo AATE 50 el 27] =24, 5&
T EE AR Y, 102 F 2" 72 9A] ws,
2L 202 § Sty FRAE $A] Hs} BAysh=
o] Ao AlEH o)A AFo|th. BE AxHle BE T2
7 FEHE FElAe] AlEHeld AFfolE® AlHe
A B4 7P S 1T F e AlEdelAdol
. I8 10 AR Gagt A2 =gl oyt
BdE Lah sk flem 1™ 10(b). (o)A <t
9 Tz ez s AT FASAY] Wsrh wd

mrpde] 2 Alofel $1A] Alojol= PR PIA|AL §
S IRIE k. o|HY &etold T2 FAYL Al

ot

G
o
m\;

7

N_&{g%
ﬁﬁ,ﬁw:‘”@f MY
kNmE—‘imloré
AN
Olt}i
o
[}

O

[e]

Mo Qoo
— W

ox i mm O LI U B

ro
:‘.’é’
_(&
o 4
oo
oft
o
L)
>

|

Hlo oi o o O
>

A g9 & 2xE VR F

BHF 1S 2812 20 CHet A+ 345

balancing control
T T T

Desired

angle(degree)
[

o) g 10 15 20 25 30 38 40 48 €0
Time(msec)

(a) Balancing angle.

rmobie posifon contolfdr)

(b) Mobile position.

sliding poaidon contol
T T

B

Desired

B

B

R

o
=

positon my
[=]

&
2

______________________________________________

&
B

=)
T
'
'
'
a
1
'
'
|
-
'
'
'
o
|
'
'
'
"
'
'
'
a
|
'
'
|
4
'
'
'
4
'
'
'
'
|
'
'
'
.
'
'
'
I

&
B

&
7

=
Tim e m 9e cy

(c) Sliding position.

liting posidon contml

' . ' ' ' . ' I .
' : ' . ' : : ! :
= e

poaitonmy
IS

Time maecy
(d) Lifting position.
19 7.8 Alof AlgE ol 23t

Fig. 7. Result of balancing control simulation.
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