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Abstract

This study demonstrates a detailed presentation for building a linear mathematical
model of a four-part inverted pendulum carried on a cart moving on a not inclined surface.
This is done by deducing kinetic and potential energy equations of all pendulum parts, and
deploying the Lagrange method to find the state equations of the parts of the pendulum
using SolidWorks environment and the instruction set available in the Symbolic Toolbox
within MATLAB environment. Then we will build a controller using the LQR algorithm to
adjust the pendulum parts angle to the upwards vertical position, and then display the
construction of a controller using the OMPC algorithm, which will outperform the
performance of the LQR controller in the phase preceding the stable state. After that, the
performance of the designed controllers will be presented alongside the designed
mathematical model, emphasizing areas where the OMPC algorithm significantly improves

the performance of the LQR controller.
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function [ck,index] = fcn(ck_matrix,past_index,nc_KKK)

if (past_index<=nc_KKK)

index=past_index+1;

ck=ck_matrix(past_index);

else

ck=0;

index=100000;%A value larger than nc_ KKK

end

OMPC Constrained Control Command
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System CQuiput using OMPC <==> (Bar4 Angle)
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S ¢ lagd pSaiall aladinly aded asi (e ) 0Sa cuglia (gl aSa)
fylail padle 1(4-1) Jsad
GUasdla Gilsall S L8 u_limit Ne c_cost | A
40yl
S G 238, Y OMPC (1-4) 5000 8 1
=¢, [0  6.02E-17  -0.00378  7.29E-10 1
0.006951  -1.26E-09  —0.00549 0]
S G 238, Y OMPC (1-4) 1800 8 1
¢, 0 6.02E-17  -0.00378  7.29E-10 2
0.006951 -1.26E-09  -0.00549 0]
S Ut 235, Y OMPC (1-4) +1800 10 1
¢, 0 6.02E-17  -0.0037 .29E-10  1.0069 3
-1.26E-09  -0.0054  1.43E-10  1.0016 ~2.46E-10]
S L 235y Y OMPC (1-4) +1800 6 1 A
¢ 0 .02E-17 -0.0037 '.29E-10  1.00695 ~1.26E-09]
Ui 235 OMPC (2-4) +1800 0.9 5
c. 0 .02E-17 -10.865 .19E-10  12.2647 -1.24E-09]
OMPC aasiy (a3 Juiadl (3-4) +1800 6 (0.5 ;
¢ 0 1.02E-17 -80.0701 1.85E-10  24.95 ~1.20E-09]
S Jasd aag Y (3-4) +1800 6 |0.4 :
¢ 0 6.02E-17  -88.098 '.21E-10  35.91 ~1.25E-09]
SY Jpaet aa Y (3-4) +1800 8 0.4
c. 0 .02E-17 -88.941 7.27E-10  37.075 8
-1.26E-09  -78.204  8.41E-10]
S Jasd aag Y (3-4) +1800 5 0.4 o
=c, [0 6.02E-17 -88.098 7.46E-10 135.9128]




g

-1000

-1500

-2500

Tartous University Journal. Eng. Sciences Series 2019 (2) 34l (3) alaall duwaigl) a glal)

Apalad) (pugh s daaly dlae

System Output using LOR <==> (Bar4 Angle)
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