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Development of a low-cost robust controller for a rotary inverted pendulum

with increasing mass

Tae-Youl Jeon' - Young-Chan Lee* - Myeong-Bo Sim® - Byung-Gun Jung*

foF: 3HY ARk Aloj= Ak, =ebd, this, v Alagely, o)ge] WAshd Ao m HstEA]
SolA wol AHEE7] wiZol AujAlo AT Al A i B

she B40] AR, mite] el Ale] % 2AE 4y ;
of tholth el J1E ATES H0F JAAE Avht whE Az o] 29 9 A QA B A &
e A2 o] oA Aol 299e ¥ AN} Fu ATFHALL AW, ¥ =Re 90Y G2
Wt zide] HRao] vi2Mass) FAet] 2YPS HuF Aoy)E HASL AF APk wF HAY 42
Aol #e AFES WAl PCE AHESte] Wol FAHY O B ATl A 1§ SHE AVR-ATmegal28% ol
83l & 29 4 4% M S aan

FAo: 349,

Abstract: The control of a rotary inverted pendulum is a high-order, unstable, multi-variable, and nonlinear system. When a dis-
turbance occurs, it does not stabilize by itself. However, since it is widely used in space equipment, robot leg control and up-
right rocket have been extensively studied in modern control research. Previous research has mainly focused on how fast the
swing-type inverted pendulum will swing up using the energy that minimizes the movement of the pendulum. However, in this
paper, a controller was designed to swing up the mass of the rotating-type pendulum. Studies on the rotary-type pendulum
have been performed using a high-end PC, but in this study, the swing-up performance was improved using a low-cost 8-bit
AVR-ATmegal28.
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Table 1: Rotary pendulum system specifications
Symbol Description Value Unit
m, Mass of the pendulum 0.127 kg

m Mass of the rotary arm 0.257 kg
L, Total length of the pendulum | 0.337 m
J

Pendulum moment of inertia

T2
about center of mass 0.156 kgm

Pendulum viscous damping

. . . 0.0012 |N-m-s/rad
coeffici ent at the pivot axis

7 Rotary arm length from pivot

. 0.216 m
to tip

Rotary arm moment of inertia

oA . kgm?
! about center of mass 0.000998 | kgm
R - -
p, | Rotary arm viscous damping | o) 0 |\
coefficient at the pivot
g Acceleration of gravity 9.81 m/s?
R, Motor armature resistance 2.6 Q
k, Motor current-torque constant | 0.00768 | N-m/A
k., Motor back-emf constant 0.00768 | V-s/rad
k, Gear ratio 70
N Motor efficiency 0.69 +12%
My Gear efficiency 0.90 +10%
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0 0 1 0 0
_ 10 0 0 1 . 0
A= 10 814973 — 2976309317 | B |51.9622 (12
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Figure 12: Overall Control Diagram
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Figure 13: Test result for a-encoder positions

Figure 14: Test result for a-encoder positions at forced inverted pendulum
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