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Balance Control of a Roll Angle of Two-wheeled Transformation Robot
With Arms (TWT-A) Using a Disturbance Observer
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Abstract: In this paper, the roll angle balance control in the bicycle mode of a two-wheeled transformation robot with
arms (TWT-A) for logistics is presented. TWT-A has two modes : Segway mode and bicycle mode. While in Segway
mode, the pitch angle is controlled by two wheels, the roll angle in the bicycle mode is controlled by two synchronized
reaction wheels. Since the reaction wheels are slow to respond to maintain balance, a disturbance observer (DOB) is
designed to deal with any disturbing input to the roll angle balance. Balancing performance of DOB is evaluated through
impact experiments. The disturbance observer reduced the disturbance by 47.7% more compared to the PID controller
and showed the effect of suppressing vibration.
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Table 1. Two wheeled robot.

Robot Figure Year Reference
Two Balancing
Robots cooperation 2013 [18]
Balan_cmg Robot 2014 [19]
with arms
KOBOKER ﬂ 2018 [20]
Two wheel robot E!
. 2018 [21]
with a drone
evoBOT ﬂ 2023 [23]
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Fig. 1. Two-wheeled transformation robot with arms (TWT-A).
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Fig. 2. Bicycle mode.
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Fig. 3. Bicycle robot modelling.
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Table 2. Parameter values.

Parameters Description Value Unit
Jrobor |29 ¥4 HHE| 06092 kg - m?
m 23X A% 7.42 kg
g THEE 9.8 m/s?
Jwheet | B W3 BEAE | 001775 kg - m?

¥ 3. PID Alo}7] o5,
Table 3. PID controller gain.
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Balancing angle Wheel
Kpo 80 Ky wheel 0.06
Kag 0.6 Kawheel 0.002
K i 700 K i,wheel 4
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