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Dynamic Modeling and Balancing Control of a Two-wheeled Mobile
Manipulator With Internal Disturbance Compensation
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Abstract: Two-wheeled mobile manipulators combining the mobility of a balancing platform and manipulation capability are suitable
for various industrial and logistic applications requiring fast and swift tasks. However, their underactuated and nonlinear nature makes

them sensitive to the internal disturbances caused by joint movements. This paper addresses this issue using a nonlinear disturbance
observer that generates compensation inputs for the underactuated two-wheeled system, modeled as a three-dimensional inverted
pendulum model with a moving base. The dynamic model includes the roll and pitch motions of the virtual inverted pendulum,
reflecting more accurate system behavior of the multi-joint balancing manipulator. The balancing control method based on the nonlinear
disturbance observer leads to enhanced tracking performance, as shown in the numerical experimental results.
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Table 1. Model parameters of the virtual inverted pendulum robot.

Parameter Definition
mg ,m, mass of pendulum body and each wheel
AP MOI of the pendulum
J,K MOI of the wheel
d width between two wheels
| length of inverted pendulum
r radius of wheel
X forward velocity of chassis
4.0 roll and pitch angle of inverted pendulum
17 yaw rate of the entire robot
T Tr input torque of left and right wheel
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(a) Home position.

(b) Task preparation (0~10 sec).

(c) Task start (at 10 sec). (d) Tracking (10 sec ~ final).
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(a) Error contour (PID). (b) Error contour (NDOB).
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(c) Tracking errors.
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Fig. 8. Comparison of tracking errors.

(@) pitch(IMU) = 6, , pitch(CoG) = ., in Fig. 4.
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APPENDIX

Elements of the matrices and vectors in (22)
m, =mg+2m, +23/r7 My =(1°mg +1,)c’0
m,, =m,, = —Im_ sgsfcd  m,, =m,, =—(1’m, +1,)s6co
m,, = my, = Im, cgcd my, = (I’mg + 1,)c’¢— 1,5°¢
my, =M, =Imgsg m,, =m,, = (1°’mg + 1, — 1,)sgcpcd
m,, = (1°mg +1,)s°0+(1°m, g+ 1,5°¢+1,)c*0
+d?m, /2+Jd?/2r? + 2K
G, = My SChsO (250 +¢0) x—(2Im, cgsoc’0) §
G5 = —Imy s (C*gs0c0 + 20 +c0) — (2Im, cps6) 6
—(Img sgc’gs0co) yr
Gy = —(My SPCHSOC’0) X+1mg Chco (%0 + 0 +5°¢s0c0 +1)
—2Img cgs0(s’gc’0+1)yr
Cyy = —Imy cgcd(c?0 - s0c0 +30) g — (Img cs’0co )y

Cyy = {1°myc?pc?0 + (1°m, + 1,)s0cH}g
+sgeped(20°mg +1,-1,)0
Cyp = —(17mysgepc0)d —c?0{1°m, g+ 1, + (1, — 1,)c24}0
—2sgcgc®o(l, — 1)y
Cy =C33 =0
Cyp = —SgpCp(1?mg + 1, — 1,)(cO+ 1)
+cO(1Pmc?g+ 1, 2 p— |, S*g)yr
Cy = —C2O(-1°my 2p— 1, + 1, S2g+ 1, C°P)
—2s50cO(1°m, g+ 1, — 1, 8% — 1, )y
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Cyy = 1’My Cs0(c’0 — 500 +50) ¢ + (I cs°6 )y

Cyp = —1°Mg (—CPS0CO — 50 + 5°4C’0 + 5°¢c0) 6
+17mg sgegc0(s0 +co +1)yr

Co =—{1,C0+(1,5°0+1,¢°0)cO— (1,°p - 1,5°4)c’6 ¢
—2sgegs (1’ mg +1, - 1,)6

Coy = —SOCO(—1°myCp— 21, +21,5°¢+21,¢°¢) 0
— (21’ mgsgegsoc®o)y

9, =—mggl S¢C291 9; = -Mmgglcpsd
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