
Author: Victor Yanev

Supervised by: Dr Maria Elena Giannaccini, Dr Sumeet Aphale

Control of a Soft Actuator using a Long 

Short-Term Memory Neural Network

THE CARNEGIE TRUST
FOR THE UNIVERSITIES OF SCOTLAND



Topic: Soft robots offer new opportunities because of their compliant physical structure and their wide range 
of applications. Currently the development of such robots is hampered by their low controllability. One of the 
main constituents of soft robots is the soft actuator. The aim of this project is to improve the control of a non-
linear system, the soft actuator, and its interaction with the environment, by training a long short-term 
memory (LSTM) neural network, a class of recurrent neural networks (RNNs) which is widely used for time 
series predictions, to accurately predict the actuator’s position in space, its curvature, and the force applied by 
its end-effector on an external object.

Methodology: A dataset was created from series of 
experiments performed with a load cell fixed at 
different distances (10 mm, 20 mm, 30 mm) from a 
PneuNets soft pneumatic actuator. Its main body is 
comprised of a series of channels inside an 
elastomer, forming chambers arranged in a row 
which inflate when pressurized, creating motion. A 
set of images was taken for every load cell distance 
and for every different soft actuator internal 
pressure from 0 psi to 6 psi. All chambers of the 
actuator as well as its end-effector were marked 
with green dots acting as image processing 
detectable references used to track  the kinematic 
positions and calculate the curvature of the 
actuator at different pressure values. The LSTM 
network was then trained with the dataset to 
accurately predict the actuator’s position, 
curvature and force output from its end effector.



Results: The proposed neural network using 12 markers on the actuator’s body gave 10 times more accurate predictions of the 
actuator’s position and curvatures at its different chambers compared to current existing solutions which only track the 
actuator’s end-effector position and obtain its overall curvature from sensor readings. We have demonstrated that is not enough 
due to its non-uniform bending especially in scenarios where the actuator tries to wrap itself around an external object.

Figure 2: Predicted curvature using 12 markers, Predicted overall curvature using 3 markers, Measured curvature and
Prediction Error at 10 mm, 20 mm, and 30 mm from the load cell. Here n stands for the number of markers used.

Conclusion: The work conducted in this study demonstrates the effectiveness of a LSTM  
network at characterising the physical interaction between a PneuNet actuator and a 
stationary object. The ability of the neural networks at informing this interaction can be 
used in multiple applications including grasping and wearable devices.

Figure 1: Predicted positions using 12 markers and
Measured positions at 10 mm, 20 mm, and 30 mm
distance from the load cell.


