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Development of oxygen transport cart that uses inverted pendulum control
- Performance evaluation by the experiment -
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Abstract: In this paper we propose a new type of power assist cart for Home Oxygen Therapy patients. To achieve the
purpose, we adopted the inverted pendulum control technology to operate the cart, and also adopted the differential gear for
actuation unit to enable passive turning control. And then we investigated the cart's effectiveness and proved its availability.

Key Words: Home Oxygen Therapy, Power assist cart, Inverted Pendulum control, Passive turning by differential gear
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Fig.1 Portable oxygen tank and it’s carrier
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Fig.2 The power assist method
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Fig.3 Developed cart

DC gear/ed moter

Rotary Encoder

Differential Gear
Fig.4 The drive unit and wheels

PC
Interface board| CPU:intel Core 2Duo
JIF-171 CLK:2.66GHz
Justware Co, Memory:2.00GB

OS:Linux/Fedora8

Inverted pendulum mode —»
Power assist mode ----[>

Rotary Encoder — Position of cart
OIS 38 - TS5300N510-C3-12V Counter
Speed of cart
2 5[V]+1.00[V/g] 0.0[V]+10.0[V/g]
Acceleration sensor . . . Angle
Cart >| KXM52-1050 Differential Amplifer }D AID
Angle
i s —=
1.35[V]#9.1[mV/deg/sec]  0.0[V]+91[mV/deg/sec]
Gyro sensor | . . . |_>
Differential Amplifer AID
1XZ-500 P Angular velocity

—| DC geared motor |<—| Motor Driver F—@F

Fig.5 System construction
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m[kg] : Mass of body

M [kg] : Mass of wheels and drive shaft

€ [m] : Length between the wheelaxis and
A mlC The gravity center of body
2 1[kgm?]: Moment of inertia of Body

J [kgm?]: Moment of inertia of wheels

r [m]: Radius of wheel

C [Nms]: Viscosity coefficient of body axis
g [m/s?] : Gravity acceleration

6 [rad] : Angle of body

o[rad] : Angle of wheel

x [m]: Position of cart

Fig.6 Modeling of the system

Tablel Parameters

m [kal 3.85
M [ka] 2.25
L [m] 0.1

| [kg-m?] 0.0878
3 [kg-m?] 0.849x107
r [m] 0.0725
c [N-m-s] 0.0586
g [m/s?] 9.8
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=[-100.00, —155.23, —710.65, —159.33] (2)
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Fig.7 Experimental result
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Fig.8 Experiment of the traction
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Fig.10 Results of evaluation experiments



