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Abstract

This paper presents implementation and control of a two wheeled mobile robot system which consists of two systems,
an inverted pendulum system and a mobile robot system. Control purpose is to regulate its balancing and navigation. The
balancing robot has advantages of one point turning and robust balancing against disturbances from the ground.
Simulation studies of local and global control methods are performed. Since the robot is implemented to have a
symmetrical structure, simple linear control algorithms are used for balancing and navigation. Low cost sensors such as
gyro and tilt sensor are fused together to detect the inclined angle. Experimental studies of following desired circular
trajectory are conducted.

Keywords : Two wheeled mobile robot, Inverted pendulum, balancing control

12 = pze _—,L%g% o]%i% v 7hohs] W) o A Hioji} 2918 A}k e PUMA7} N =S
zro B 22 4rs A5 #PEE 74 PUMATE £ 53¢ =ASAdA A olsd +
st olFats 2Rg woth uEhA WYY 2R i eHrEnoR Ausa g
QA A28} o] FRRA|~Eo] Fatold ZRTE wok WYy 2R AojFete] fEAL BA Al
gl XA A~ o ExAo]a AgAonm
*X(éﬂ%, )%ﬂiw pla WA= A3 AL e Aol ARdeld WdA
Mando _ _
P P R RE R e I Ry PR DA Y 23L& H|A¥o|al nonholonomic Al&Ho|BRE HHE
(Chungnam National University) Z fAEh o)FstEE sh7] fldl 2P Ao olES
Hom mEe 0106 wEselERel dNATAY  qgee Ak dn AsAlel oEe Aeaw
3 %2 AAE g2 gziqleq FA el A~2 5
5 2-5]_14_ [4~6]
4 AgA Y vyEgeld AEHe JdF4AHdz A T

Qo) FA=F . TS A9 4EANE dohf AAZE DE A
gk 201193928Y, A=Y 2011999214



o|gx ¢

| 28 Hof

ste 0

=
o

HFZ

=
-+

|
— ) =) |
3 IZ % = i
Ny a
wrop Hl=| o ] S
= = Al | Gl N ] et R =
T ™ | ~ Sy Wl |5
S ow I P ol o ] e =
E A ﬂmﬂyﬂﬂﬂ%mﬂupv%éﬁl
LSy ) ‘BO N o= | = o B[ ol M
& o oK o et ol e e el N FHE Sl E
oju K ﬂ,ﬂiﬂ7m‘xu_|w_mﬂumﬂ E%EL_.
o= Cn_ ‘ul =~ | o o ]yl].l\mle#m_x N
= 4romoa _ Z e o e g |2
o SRS > 11 ~ NENE LUl iy
8 < ] s " = |
—~ o~ ™ —_
§ §f..TfizzTow -
S 2 = r_f o N Dy "8 _
ST oMo & T R EREES —
M5 e e = - S EEEEERRE
o9 S zo_mmE AJ ° 5 wgm[m[m[mW[[[KW = -
2 < 3 - O — — L.
e g 5 N = d o4 M RI K 5
ke © » i~ = = £
1Ho .m Sl o e A N o N 3 M ¢ <G < <~ Tv Lo
|% qu‘mﬂﬂ ‘CIOWLy s = .(JLT[gaa - N/m ]
N ! S ouE K o I e e I |~ S N
. O (é. .o o ||| S =
Al Twnyfw Nﬁl ,ﬂl . %
Al o FE OHE
M -
— fl
) R o#o ,mWL W % T ﬁi 63 ,HA_I _/u_ XO Exﬁ EE ,m_-% .
®OH T g o U | AN Ty o )
5 T X Ry R o = oW s o X 0%
wy o 9 e o ] o N B
@ crﬂmww%_s@. NeEZ2E 5 ﬂﬁww d Py W £
o S CHE Ko g mw LR iy
BT TE chezopr HRTE FLEILE s
~ = -7 v o H —
G TG &V@w%%ﬂmo © B = g &i%aﬁmm mo N
ﬂ;wﬂimmwo_uqﬂ@@rmﬁﬁ mwﬁm Muﬁ.auﬁ MAQ%EME ._m_.___ H
ey ! 0 ) - @ o <R T )
o oo o = o_aﬁrﬂoﬂoxmﬂ@rrmiﬂu oy F =~ M & N
o = 9P —_ T omo o ro= Nr = o g o s o — & No = N “__._A
S Aerﬁw,ﬂrﬁ%fwg%%ﬂnwﬁoww;:ﬁhﬂug %ﬂi%oﬂ MH o
W S @H%ﬁs1onﬁomﬂ$%ﬂHﬂ¢mwm@%ﬂﬁ TETN LT g & M
= "R oy E X T Tom oW =Yy = 2 L 0 =
& T o i 92N ! - N # - oy
T S _tl%mogmur%ﬂq %W%E%%A%H N o =
) o sy P 5T XUy Ee WERE XX T R o
W2 Hﬂwegﬁﬂa%wwﬁW_M%%m%m.ﬂwmw TR ) g ooz
2 8 @P@LE%%E% ulmoﬂmgﬂ__ﬂoaq.%ﬂ%ﬁ% = o
il 0 = o o mo R G B oo M) o T N o
ml < N C..# o ity 2y o= MW R E < s - :i W
R TR A o R Poop TR gy Wy oy M = M
]dlf < . 5 N Bﬁ o ~ o~ mﬂmyﬁu Loﬁ = H Bowr 3% ow —
mT N=ge gty TRURDENT RN M ER
oW T o o Gl o
Te TETZEIRUTEIRATREETEZ
=_._,__._n|w T W N N o

Jell A 9 &= 7]

_1134

1

Yy Zy)dlA 71+
(469)

(OpXy

b
3t

olgRite] Mo

2l

Kas|



2011 11g MASss ==X H 48 @ SC # X 6 = 3

fstel 7@ A4 AL et grpl

M(q)q + Hqg, q) +G = ET+A(q)T)\ (2)
[ M, 0 MMy 0 0 |
0 M, MysMyy 0 0
Mgy M3y M35 0 0 0
My My 0 My 00
0 0 0 0 M5 0
0 0 0 0 0 Mg
My = My =—1,M,sinysing,,
M,y = My = 1, Mcosycose,,
= M, = [ M cosysing,,

Myy = My, = 1, M,sinycosg,,

5
|

My, = (2Msin*p+ 1, sin*)+ I cos™)p+21,,+21,)
My, = (l;Mng] )

vy

M55 = (er?v + Iu’a + Ira’yQ)
M66 = (Mu;Ti; + [’wd + [7”1172)

—1 M sindcose,, ($+¢2,) — 21, M b, cosibsing
—1, M sinysing,, (V>4 ¢2,) +21, M, costbcose

m

m

H(g q) = 2(Z§Mg +1,— 1 )singcostp ¢>m;1;/;
— (M, + 1, — L, )sineosy) ¢,
0
0
0 0 0
0 0 0
= 0 = 0 0 J— TT"IL‘
¢= — M,gl,siny E=1_ 1-11 77 [le
0 1 0
0 0 1

%’ 047]}\1 q:[xm7ym7¢m7w7arwu97~w]TO]D]'. &l(2>
M(@QER & #4348, H(gq)ER "= 27

o2 A e rSF = 493 pepfr? =
=Lk

W3 g8 = R 'E control torque, Ag)E =

o

T4 34 181 A& Lagrange multiplier o]t}
T4 PP o]FREo] FHOR o|Fd F i,
¥l

QolupA] gh=th 7Hgel ols) thgt 2

sing,, —cos¢,, 0 00 0
Alg) = |cos¢, sing, L/2 0—r 0 (3)
cos¢,, sing,, —L/20 0 —r

o

P A(q)t A(q)S(g)=0°] ®HE3sHE, = null
space ¥ FHS S(g) 2 3 2

% e,

¢

1=
=
)
iy
o
-1
1k

[cos¢p,, 0 0]
sing,, 0 0
0 1 0
so=| 9 21 @)
o 0
1 _ L
| r 2r

greF o] null spacedld & EAsta, AR &
=HEEZ ¢=[u,,0,,0] 2 F5E e} 2o 2

smjsrae] EA5) A,

q= S(g)¢ ()

q= Sg)e+ Slg)¢ (6)

2@l Sg)T & #ate] S(g)TA(g)T =0 =

322 Lagrange multiplier 2 273bd thS-3} 74t}
S(q)"M(q)q+ S(q)"Hgq,q) + S(q)'G= S(q)"Er  (T)

2 el A G )= Hdska st oot
Faguy

]Al['er[A{(fa.f)Jr G= Er ®)

A @) Tl AL ol FmE e FEE ] A
[e]

HeHE QEE o] AMFAV|E ZEES A



4 F

%5 -l Distance
P PID I
?, -O Direction 1 Torque [ Pe’\ﬁmfm H;
* PID Conv. [ Dynamics I
Angle f '
F PD
a8 3. AlgdolMd Mo EE
Fig. 3. Simulation block diagram.
oj i},
a9 3ol MEAo}7|wtow FAHE AojEZo] L}
U itk 718013 2HS Alolalr] 18] PD Aol 715 AL
43101, Weky) 91X = Ao)slr] 918 PID Alo]71= Al
Stk 7F Alo)7)e] E92 geto] 2(9)9] LE£T
A% walel FE 23 o) Htk

= K (b, =)+ K, (4~ 1)
+ K (¢, = ,,) T K, (w,

t
)+K/ mrl_ m dt
+K/

+'[(6(zﬂi{17$ )

Umd —

K (g =) + K (,~ )
71{3 (¢md 7¢m ) - K w,

md 7wm)7

+[(6($md_w )

Uma —

7}

Zt= ool PDA|O] 7S AME3F o]f& F
o 7

59 2 23157] Aol

%
_
A3

A=ge) ]

= D= ired Circle
Resa| Circle

____________

--------------------------------

________

_______________________________________________________

_________________________________________________________

Y m]

0_] 74§ 7:_7F_ 7:1‘l|.

Fig. 4. Circular trajectory tracking result.
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