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Design of a First-order Annular Inverted Pendulum System
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Abstract. In this paper, a ring inverted pendulum system is designed. The rotating arm is driven by a motor
to move back and forth. Drive the pendulum rod to do reciprocating motion perpendicular to the plane. By
controlling the pendulum bar from the vertical state to the vertical state, the validity of the control algorithm
is verified. Experiments show that the system can realize the stability control of inverted pendulum and is
used to study the effectiveness of the algorithm.
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1. Introduction

A rotating inverted pendulum is a nonlinear, variable, strongly coupled, and absolutely unstable system!*
‘. The inverted pendulum system can effectively verify the feasibility of the control algorithm®*®., Therefore,
we call the inverted pendulum system a bridge of control theory to practice.

In this paper, a rotating inverted pendulum system is designed. The mechanical part includes a rotating
arm, a swinging rod, a stepping motor, and an incremental photoelectric sensor. The hardware part is
composed of data acquisition module, power supply module, driving circuit and so on. The experimental
results show that the designed system can achieve the desired rotation effect and control objectives.

2. System Principle

The annular inverted pendulum system collects two rotary encoder data through the data acquisition card.
The two rotary encoders are respectively connected to the rotating rod and the swing rod, and the motor is
connected to the rotating rod. Therefore, through the computer we can get the angular displacement of the
rotating rod and the pendulum already angular velocity, and then calculate the control amount in the control
algorithm according to the formula. The amount of control is transmitted by the computer to the servo motor
driver through the data line. There are drives that control the motor to achieve control of the entire system.
The working principle diagram is shown in Figure 1.

PC Driver module =— DC motor Swing rod
Data « Encoder 1
acquisition
Card “ EHCOder 2 |

Fig. 1: System schematic block diagram
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3. Design of Hardware System

The inverted pendulum system hardware is mainly composed of a data acquisition module, a power
module, a drive circuit, and a motor. Its system block diagram is shown in Figure 2. The system uses the
photoelectric encoder to measure the angle of the rotating rod and the swing rod, and transmits the digital
signal output by the encoder to the data acquisition module. The data acquisition module processes the
transmitted signal and transmits it to the upper computer through the data line, and then Achieve overall
control of the system.
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Fig. 2: Hardware system block diagram

3.1. Stepper motor drive circuit

Stepper motors are one of the most common control components in industrial control and
instrumentation. It has the characteristics that the pulse is proportional to the motor shaft. By the frequency
of the pulse signal outputted by the stepping motor drive circuit, the speed of the stepping motor can be
changed, and the effect of controlling the rotation angle of the rotating arm can be reached. Its circuit
schematic is shown in Figure 3.
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Fig. 3: Stepper motor drive circuit

3.2. Power module

The normal operation of the system is inseparable from the power module to provide power to all parts
of the system. The modules that the system needs to supply include a data acquisition card, a stepper motor
drive circuit, and a rotary encoder. Each electronic module has an operating voltage of 3.3V. In order to
provide a large capacity and output a stable voltage, it can be used for long-term use and can be easily
carried, and a lithium battery power supply method is adopted. Its circuit schematic is shown in Figure 4.
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Fig. 4: Circuit schematic diagram of power module
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4. System Software Design

The system builds the labview PC software through the system. Implement communication with the data
acquisition module, to verify the effectiveness of the system, according to the paper [7], the system is first
modeled by the LaGrange method. The mathematical model of the system is obtained by Lagrange method.

6 =4~ (3191 cos 6, + %Izgf sin(26,) + g sin 92)/[3 *[5) (1

Then by finding the relationship between the control torque exerted on the rotating rod and the energy of
the inverted pendulum system, Use the additional control torque to change the energy of the inverted
pendulum system until the pendulum is inverted. The structure of its software algorithm is shown in Figure 5.
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Fig. 5: Structural Chart of Software Algorithms

The system software is built by labview, and the system parameters are set by reserving editable controls.
The parameters of inverted pendulum physical system are input into the software system to maintain the
correspondence between the software system and the physical system. The swing-up equation of energy
method is written into Simulink control, and then the space coefficient is fine-tuned according to the actual
operation parameters of the motor, and then the whole system is built.

Since the energy method can only change the inverted pendulum system from the vertical downward
state to the vertical upward state, and can not always maintain the stability of the inverted pendulum system,
the LQR steady pendulum control is finally introduced into the system to maintain the stability of the system.

5. Rresults and Analysis

In this paper, through the combination of hardware and mechanical parts, the construction of the first-
level rotating inverted pendulum hardware equipment is completed. In fact, the object map is shown in
Figure 6.

Fig. 6: System Physical Chart
In order to better verify the effectiveness of the hardware system, complete the software construction,
read the encoder angle information in real time through the data line to the upper computer software, and use
the change of the pulse frequency of the motor drive circuit to realize the control of the rotating rod, and then
achieve the pendulum control of the pendulum. In fact, the physical experiment corresponds to the upper
computer software interface shown in Figure 7. The interface consists of four parts. The first part is the



system input channel and sampling frequency system setting module. The module mainly completes the task
of system setup. In the process of software construction, several input channels are reserved to ensure that
the software system can provide real-time data monitoring for multiple inverted pendulum devices. The
second module is the system parameter input module, which is mainly for users to input suitable swing
parameters of energy method and LQR stabilization parameters. The third part is the system monitoring
module, which can be used to monitor and control the data of swing rod, rotating rod and motor voltage, so
as to facilitate users to record the experiment.

As can be seen from Fig. 7, the system completes the swaying motion in about 4.5 s and keeps it in an

upright state. It proves that the system hardware and software design are very complete.
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Fig. 7: System Software Test Chart
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