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Development of Ballbot LQR Control System
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Abstract: A ballbot has free mobility to move in all directions. It is a typical example of a dynamic system with an unstable
equilibrium point, and thus it is important to design a reliable control system for it. In this study, a ballbot model is decoupled into a
2D model and analyzed using the Euler-Lagrange dynamic equations. The relationship between the wheels of the 2D model and the
omni-wheels of an actual system is presented. The nonlinear dynamic system of the ballbot is linearized using the Taylor series
expansion, and an LQR control with integral action is proposed. In this study, an integral controller is added to the LQR control to
solve the problem due to the uncertainties in the dynamics model and to improve the stability of the ballbot control system.

Experimental results are presented to validate the proposed controller.

Keywords: ballbot, decoupled model, Euler-Lagrange dynamic equation, LQR control
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Fig. 1. Ballbots. (a) Tohoku Univ. [13], (b) Swiss Federal Institute
of Technology [14]
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Fig. 2. The CAD model of a ballbot.
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Table 1. Parameters of the X-Z plane model.
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Fig. 3. The X-Z plane model of a ballbot.

Hl1E 2D RelF WA 7o R ole Rolug A
B AEel] A g3] S W g waw s

3. ouel-elnes Sofst oy

P ZAL ol gste] T, w, 2R BAY AUAE T

b, 9 Slel kT A olgele] Bt Azdle] F9

A P w L 2 BAS ET B AL

1] oA = vk} 2tk
P= Pball + P wheel + Pbad} (1)
K=K,y +K, o+ K,

10 ol—_].l

Ol

jﬂ

ﬂJ
[ 1%

al

)

ody
o714 P AR §, K EduA e S ofng
T;]" Za:ﬂ‘ })ball > theel > I)budy > Kball > Kwheel > [md‘ % Z—}—Z—]—
&, 1, mA1e] fIRelUA] B EEell|AE ovrlsh 2zt
o] ol\Al= vt 22 BAA S 2=tk

B =0 ?)

P =m,g(1, +1,)c0s 0 ©)

By =my gL cos @ @
T

Koy =—m,ne)" +-J,¢ ®)

2 2

Ko =5 mop b+ 50 5 ©
wheel 2 wp w p w 2 wl//
1 7. 1 -

Kbady :EmMpM Py +5JM0 0

pu=l,+r)sin0+nrg 0 (r,+r,)cosd]' ®

y =[Lsin@+rnp 0 Lcosd] ©)

o [e]

= 5 U

SolUAl WAl £ W 54 9o How wAU, &

& vhls] A&E B3} wal Aole] vinezle] glons
U 2

=+($-9) (10)

i el wde Wso) dHe & 200 Aelsigl

gl



258 g 1 F,
Table 2. Parameters of the energy equation.
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Table 3. Parameters of the 2D model system and the actual system.
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Table 4. Parameter values of the actual ballbot dynamics.
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Fig. 5. The actual ballbot system.
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