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Publishable Summary
Background
The aim of this deliverable is to provide an efficient implementation of a thermal cabin model that can be
used to rapidly and virtually assess cabin comfort making use of the assessment framework (D1.2) and the
holistic comfort model (D1.3).
This deliverable aims to resolve a conflict that often occurs in computer aided engineering and design.
Specifically, the need for accuracy and spatial resolution is in conflict with the computational speed required
to optimize a system within a reasonable amount of time and using available computer resources.
In this case, high accuracy and spatial resolution is provided by simulating the car cabin thermal
environment with computational fluid dynamic (CFD) simulation. For this project, the CFD model has been
produced and validated as part of task 1.3 resulting in deliverable D1.4.
This high accuracy simulation typically takes around 10 minutes (elapsed time) to compute one second of
transient simulation.
DOMUS, however, calls for much faster simulation for several key reasons:
1. The assessment framework requires simulation of 28 different scenarios that vary in length
between 10 minutes to 30 minutes and thus the total simulation time for a single assessment is
considerable.
2. Machine learning approaches that learn control algorithms such as Reinforcement Learning tend
to require months or even years of simulation time to converge to the optimal solution.
3. Machine learning approaches that can evolve optimal cabin configurations may first require relearning the control algorithm (point 2) for every new configuration and even then require
thousands of assessments (point 1) to arrive at the optimal configuration.
Despite this severe contrast between the computational speed possible for high accuracy simulation and
the computational speed required for full optimization, there is some cause for hope. This hope stems,
firstly, from the possibility of using machine learning to approximate the high accuracy simulation and,
secondly, the realization that a perfect simulation may not be needed to perform optimization on such
things as the HVAC control algorithm.
Alongside work to speed up the CFD simulation (produced in Task 1.3), a back-up plan of using a 1D cabin
model is also pursued. By 1D cabin model, we mean a model that is based on “lumped thermal capacity”
that uses simplifying assumptions to produce approximate but reasonably fast thermal simulation.
This additional work provides a check and a safeguard. It is a check in the sense that the final accepted
simulation should be at least comparable or better than the 1D simulator in terms of accuracy and
computational speed. Thus, results for the 1D simulator are needed to perform this check.
Producing a 1D cabin model also safeguards the overall aims of the project by providing mitigation for the
risk that the machine-learnt approach fails to produce a sufficiently capable simulator.

Task objectives
The objectives of the sub-task carried out are the following.
1. Produce a machine-learnt simulation of the thermal aspects of the car cabin focusing on those
aspects needed to assess thermal comfort.
2. Produce a 1D thermal cabin simulation model focusing on the same aspects.
3. Compare the two models in terms of their accuracy against the CFD simulation provided in D1.4
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4. Compare the two models in terms of their accuracy against available measurement data produced
in a climatic wind tunnel.
5. Compare the two models in terms of simulation performance on roughly equivalent computational
hardware.

Methods
All involved partners in the task engaged with defining overall methods through regular teleconference and
face to face workshops (activity started as part of T1.4).
The methods consist of:
- Ordinary 1D modelling of the car cabin using AMESIM or GTSuite
- Machine learning to map current state and control values into next state values.

Results
The key results include:
1. The machine learnt cabin model has an average normalized RMSE over all sensors of 1.8%. The
RMSE for the average air temperature for the front bench is 0.4 K (0.8%) over all trials.
2. The machine learnt cabin model computes a second of simulation time in 5.44 × 10−6 s.
3. The machine learnt cabin model is able to interface to the holistic comfort model and, in
comparison with the CWT data, gives a misclassification rate that ranges from 1.3% to 3.4%.
4. The 1D cabin model predicts the cabin average air temperature within ± 1 K (1.52%) with respect
to the reference temperature.
5. The 1D cabin model predicts AC pressure with an average error less than 0.6 bar (3%) at high
pressure and 0.1 bar (6%) (steady state) at low pressure
6. The 1D cabin model computes a second of simulation time in 0.25 s (worst case – when the AC
compressor is on) or 0.0076 s (AC compressor off).
These results meet the requirements set out in the objectives for this part of the project and provide a
strong foundation for the remainder of the DOMUS work to build upon.
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