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Design and test a controller for a double-acting — — 2.62 mm 1.55 mMm 0) 7.48 )
pneumatic cylinder using piston-position and Atmosphere ; Atmosphere
chamber-pressure feedback. * Duringthe 30 mm and 100 mm holds, the mean absolute tracking

Jse moqel prediCtiV? controlto anticipate how Figure 1. The air pump pressurizes a storage tank, and inlet valves direct compressed air into either cylinder errorwas 1.00 mmand 0.81 mm, respectively.
valve adjustments will change the chamber y P PP ’ P y * The controller required an average computation time of 0.17 ms

pressure and piston motion, allowing the piston chamber. Exhaust valves release air to the atmosphere. Chamber-pressure sensors and a position sensor oer sample

to follow a commanded path while staying within Kmeasure the actuator’s response and provide the feedback needed to control piston motion. j K /
safe position and pressure limits.

9 Evaluate position-tracking accuracy and chamber-pressure response
on the physical system, and investigate how valve and pump energy Control Architecture Discussion
use can be reduced without sacrificing tracking performance or safe

\_ operation. %

This cascaded controller uses two connected feedback loops * The close agreement between the desired and measured
positions during the holds shows that the controller can
maintain a requested piston position on the physical system.
The desired motion is then converted intro pressure targets for Chambers A and B. * Most of the remaining tracking error occurs during the initial
position change and rapid motion transitions. This behaviour is

What is Model Predictive Control?

-
v

The motion and force controller compares the desired and measured piston positions.

The model predictive controller (MPC) uses the desired pressures and the measured chamber pressure to

=¥ consistent with the delayed response of compressed air and the
select the ideal valve commands. nonlinear behaviour of the valves and actuator.
o . . . * Theseresults are based on one selected trial. Repeated
Measure K Predict Optimise ] Apply By admitting or releasing compressed air, the valves create the pressure difference needed to move the experiments and comparison with a baseline controller are
. . o piston needed to evaluate repeatability and determine whether energy
* Model predictive control (MPC) uses a model of a system to estimate how it will ) 5 . consumption was reduced
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* Experimental nonlinear model predictive control was used to
Why it matters Measured chamber pressures move a double-acting pneumatic actuator through a multi-
position trajectory on real hardware.
. o . . \ — N y * Experimental achieved a position RMSE of 2.62 mm and
. Pngumatlg Actuation is useful where compliance and high force-to- ( Measured piston posiﬁonj completed without a safety stop, supporting the feasibility of
weight ratio are val.uable . coordinated chamber-pressure control.
* Better control can improve repeatability and broaden the use of « Future work will compare energy consumption against a
neumatic systems in automation and robotics. . : . .
. $he work co:nects sredictive control theory with sensing, real-time = 5 Th ti biective is t lated into ch b i i d del dicti baseline controller, repeat the experiment across multiple trials,
experimentation. and physical system Consliraints ) Igure Z. e mF) 10N OPbjectlive IS. ranstated Into chamber-pressure targets, and model predictive pressure and improve the response during position transitions without
’ - \control determines the valve actions. / increasing oscillation.
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