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Inverted Pendula Modeling and Control (IPMaC) Inverted Pendula Model Equation Derivator

- structured, thematic Simulink block library (extended & improved 2009 version) - generates the mathematical model (equations of motion) for a user-chosen type of inverted pendula system _

- comprehensive software framework for the problems of analysis & control of inverted pendula systems - implements a general procedure which derives the motion equations for a generalized (n-link) classical and a generalized rotary

- supports classical & rotary inverted pendula systems system of inverted pendula

- strong emphasis on the generalized approach to modeling _ . _ . '

- contains custom function blocks, GUI applications and a set of links to demo simulation schemes selection of system type & number of pendulum links Advantaaes of the
employed approach, based
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Simulation Models of Inverted Pendula Systems Example Structure of a Simulation Model (Rotary Single Inverted
- Inverted Pendula Models sublibrary contains function blocks which implement the generated motion equations for three Pendulum

characteristic representatives of inverted pendula systems - each block is equipped with a dynamic block mask which enables the user to edit the physical parameters and initial
conditions, to enable or disable the input port and to flexibly adjust the number of the block’s output ports
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B Simulink Library Browser
_Flle Edit View Help

O @ =  Enterseachien - 4 &
Libvasies eary Inver

fi0 cart position

fi0 cart position

Library: Imerted Pergeia Modeling and Contrad | S |+

T 7 fi1 lower pendulum angle
+-Addtional Math & Discrete

+ W Aerospace Blockset

+ B Communications Blockset
W Contral System Taolbox
W Data Accuisition Toalbax

— @
fi1 pendulum angle

fi1 pendulum angle

F external force on the cart

. S

fi2 upper pendulum angle

@

: : i M external torque

b df0dt cartvelocity§  +{F extemal force on the cart q fi arm angle

- Fuzzy Loge Toolbo :

: ;GZ;;E;;Z. ' afiddt cart velocity dfi1dt pendulum angular velocity
W image Acquisition Toolbax '_..@

M Instrument Control Toolbox
E
W Model Predictive Control
+ ¥ Meural Hetwork Toolbox

dfildt arm angular ve locity

dfi1dt pendulum angular velocity

dfi1dt lower pendulum angular velocity

W OPC Toalbex Classical Single Inverted Pendulum
# W REX Industrial Blackset @ Irvurted Penduta Dty Simulations
+- | AF Blocksst dfi2adt upper pendulum angular velocity ngw Single Inverted Pendulum
W Real-Tirne Windows Target
+ W Real-Tiens Warkshop 2 » ——————————————
i f r?l Modeling and Lineatization T Pendulum

Classical Double Inverted Pendulum

- - - Rotary single inverted
N Classical single inverted pendulum
pendulum
Classical double inverted )

pendulum

Rotary Single Inverted Pendulum

rotary arm subsystem pendulum subsystem

Inverted Pendula Demo Simulations Examples of Demo Simulations

Open-loop response to an impulse signal for a classical double inverted pendulum system (force model) —
simulation scheme and time behavior results (cart position and pendula angles). The scheme is located in the

Inverted Pendula Analysis 1/ Nonlinear Analysis section.
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model) — simulation scheme and time behavior results (arm and pendulum angles). The scheme is located in the

ApBIying LQR control (optimal state-feedback control) to a rotary single inverted pendulum system (voltage
e
Control Algorithm 2 / Summator Control section.
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Inverted Pendula Model Linearizator & Discretizer e

- generates the state-space matrices of the continuous-time linear approximation of the system in a selected equilibrium
- also returns the matrices of the discrete-time state-space model if the sampling period constant is known _ _ )
- performs the standard expansion of the symbolic nonlinear state-space description of the system into the Taylor series with Sl e
higher-order terms neglected = =
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