
FAST AND ACCURATE MODELLING 
OF HYDRAULIC CONTROL SYSTEMS 
USING MACHINE LEARNING

Machine Learning:

Artificial intelligence, fueled by machine 
learning, will undoubtedly accelerate future 
engineering achievement. In the automotive 
industry, with commercial pressures and 
public safety concerns, AI is seen as integral 
to delivering advanced systems such as ADAS 
and autonomous vehicles in a timely yet safe 
manner.

As part of their effort to shorten development 
cycles, reduce costs and improve performance, 
the DSD team are continually seeking out 
opportunities to leverage new technologies, 
and have been exploring ways to utilise 
machine learning in different contexts. 

A traditional approach to engineering 
development requires real-world data, acquired through testing, to validate the design. However, 
long lead times and the cost of acquiring real-world data mean companies strive to minimise the 
number of hardware test and development cycles - hence the growing use of simulation models in 
the early stages of product design and analysis.

Machine learning offers us another step along this road by using data we may already have in new 
ways. In a 3-part series, DSD will detail the outcomes of some recent R&D studies in this exciting 
new field.

TECHNOLOGY BREAKTHROUGHS:
•	 Improved analysis of potential design changes; faster than physics-based models, cheaper than 

hardware testing
•	 Correlation of high-fidelity physics-based models; faster and cheaper than prolonged use of 

hardware test facilities
•	 Increased potential for improving the quality of control software that governs a given system; 

data models require a small amount of computing power and can be run in real-time feedforward 
control environments

This study modelled the behaviour of an automatic transmission valve body which contains both 
electrical and hydromechanical control elements. It was chosen for the complexity and non-
linearities within a mechatronic unit. We focused on a subsystem within the valve body; namely 
a single clutch control circuit, comprising four components: a variable force solenoid (VFS), an 
accumulator, a pressure regulator valve and a latch valve.

The system’s input variable is the current applied to the VFS solenoid, which is governed by 
nominal current, dither frequency and dither amplitude. The controlled variable or measured 
variable of the system is clutch pressure. In DSD’s test arrangement, the clutch circuit is connected 

Hydraulic schematic depicting the subsystem of interest. A variable 
force solenoid (VFS) is controlled by a PWM current source, ultimately 

piloting a clutch control valve through the VFS accumulator.



to an accumulator (not shown) to replicate the 
damping provided by a real clutch. The resulting 
clutch pressure is measured at another nearby 
dead-headed port connected to the clutch 
circuit.

Data was collected from three commanded 
variables (VFS Current, Dither Amplitude, Dither 
Frequency) and two measured variables (Prime 
Pressure and Supply Pressure). A non-linear 
support vector classifier (SVC) method was used 
to classify the data into two different behaviour 
schemes, and gaussian process regression 
(GPR) techniques were then used to predict the 
pressure response of the system, given a set of 
known inputs.
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The final model was trained using data sets where VFS current was ramped up and down at three 
different rates of change, categorised as fast, medium and slow. The model was trained using the fast 
and the slow ramp and then the unseen medium ramp is predicted using this learned model. Results 
for unlearned datasets were compared with the measured data, and also simulated data from a 
representative Amesim model.

The algorithm was able to successfully predict the expected behaviour for all rates of change, which 
becomes apparent when examining the performance of the algorithm in predicting the hysteresis 
between the rising and falling pressure response of the system. The machine learning model was able 
to accurately distinguish between the observed levels of hysteresis when applying current at different 
ramp rates.

These results show the effectiveness of machine learning algorithms in modelling physical hydraulic 
systems if sufficient data can be obtained. The techniques can model many systems and their 
usefulness is far reaching. A highly accurate data-driven model can be utilised in several ways during 
the subsequent development cycle and learning can also be carried forward to future product design 
cycles.

DSD sees considerable potential for machine learning and data driven concepts in a variety of 
applications, to improve virtual validation, create novel adaptive control strategies and push forward 
developments in fault detection, diagnostics and prognostics.

Hysteresis between the rising and falling pressure curves 
as a function of VFS current at various ramp rates.
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