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Nonlinear model predictive control of Stewart platform 6 dof
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ARTICLE INFORMATION ABSTRACT

This paper presents a nonlinear predictive approach for Stewart platform (6 degrees of freedom). The
optimal control is computed directly from the minimization of receding horizon cost function with
offline optimization. The main purpose of this research is to design the predictive controller for Stewart
platform. In this study, the kinematics and dynamics of Stewart robot are introduced, considering the
dynamics of actuators. Following the introduction of nonlinear model predictive control will be
discussed and according to robot dynamics, controller will be designed. In addition, given the various
uncertainties, robot dynamic equation could be rewritten. The controller is designed according to these
uncertainties and then stability control is confirmed using Lyapunov theory. Due to the limited engine
power and the output torque electric drive in practice, the proposed controller manages Stewart platform
in such a way that it could track the desired trajectory well. To review the proposed method at the end
of the study, Stewart platform is simulated and the control method proposed in this paper was compared
with computed torque control (CTC) method, sliding mode control and Proportional-Integrator-
Differentiation (PID) controller.
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Fig. 7 Desired trajectory rotation around the x, y and z axes
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Fig. 8 Error of tracking desired trajectory moving along the X,

y and z axes with PID controller
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y and z axes with PID controller

oolital LZ g y, X (gl ygme Joo oy 90 elgzds e Do, (sl O YL
PID ouisS J S |
bl b ol 5l s coenl (line dlas j9dome JISEH e 4y a9l
Ol il oS s jadz e sl (ol Sl jlog aales LSy e
ol (6] 4595 4 ool o9 Siglite (pl g 0 dbles 1S 15 )] Conl
Sodl Gline Ut (ol BIL a8,ai8) 5 Coenl (o Lo )i 52l slallas o5
Aber Gl ez poo (g Cod b

Sl (i dla jsdme jo ploj oo fol> SN jlae Sl
Oy ol b jlre (pl o s LSy e Slel g Ta] o Uz
<l sl Ol g 99boe 03938l i s Coenl Gline p axd s,
il walet ol 4 Caed] picw

e gl o e Gl 4 drgl Sl geans S
dalys las |y 650k jlada K00 g 99 4 e ISE 5 TAE o Lxe
7S ATSE Jlae 0aiis 8 ol yige 2l by 4 a2l Jy ol
Sy BL Gl Bl 4 az g b fagh (nl )0 gl by 090 sals

47

. 1
S5 3illas 32,570 Jo> 0590 9 %Y s970 Jo lig X 37 Js> 0lygo

Olime 05 a2y ol 4 Gilo 4t pBin Wb &5 SIS alex
Goe orl 5o Sl Gileand sl il oS e (b jgige g S Ta>
6999 Olyie 4 S 1 Jgar Gllae (go59m0 jlaie Lo jgige ,glsS iSlax
ol 00y 42,8 Jlas o il oo b, (S S

S sbagiy, LG nl o edd By oS 5
. . 5 ... e 4o wnE
= el (GouisS S 7 shis) de (geaisS S Coud awle jgliiS
Joe o baoatiS S 5l alaS e 5 oot duglie Oy e 5 1S5l
ol 423,518 ) 050 O lainl by ool (g 5lwand

(ol slooyy sl PID (gouisS JyuS [22] a2 e 4 4zl
el oy (ol 039 Sy o walys (Fhp sl Eie 9 JISS]
09l S sl J5S Glep lessl Jade (085S L aS sd e
ok Jleel plSal gl sgaome JyS b &S Jy5e jo cnlple
LS Jaie s dgame g o W) ol dnlys casliol [la S,
a5l o) 63k Sl (2o, sl PID (goaisS S5 5ige (sl
>l b, sl B 35 sla JSi,s cas eols lis elgsds e
S| mgh sdalsl 4o 13 og amlss 9 5 8 la S sillae sarsS S
30,5 oo, 8o laouisS S plo beassS S ol anglie

5 00 densloms HglitS o L3l (loodisS ]S 5l 0,8 eolid b
So & @z ye e 05 2Ly b Ol comiie S s S5
4dS oy, dw awgl Lo, sl ojluil e dslio Lol dales | San
] 00 00l ul.w.» 10 waa JERRW

sl oo 5l oass JpuS glas liwe anlie gl Gimgh ol jo
s jpize o ol oo ol J,S0l (ISE) Tl jsiome 1,5
ol 0y o0l (IAE) *laz 3llas 108 1,551 (ysizeas 5 (ITSE)

ol b 1o 5l Uas el e ol 3llas 03 151 Lre Ll 5
S RTS ALY PRSP

15p === \/0ving along the x axis
== ®Moving along the y axis
~ . )
E =0—Moving along the z axis
>
p .
O .
e
(&}
2
©
=
o
@ 0.
P .
7
A 1
~~- -
-1.5¢ | | ] I I I
0 1 5 6

Time (s)
Fig. 6 Desired trajectory moving along the x ,y and z axes

Z5y,XLng)jmdm‘))oQLg)QS)}o\}édaWGJ&&

- Rotation around the x axes (roll)

- Rotation around the y axes (pitch)

- Rotation around the z axes (yaw)

- Computed Torque Control (CTC)

- Sliding mode control (SMC)

- Proportional-Integrator-Differentiation (PID)
- Integral Square Error (ISE)

- Integral Time Square Error (ITSE)

- Integral Absolute Error (IAE)
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Fig. 12 Three-dimensional movement of the movable plate
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Fig. 13 Absolute total control effort of controllers (Torque
actuators)
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