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Introduction

Open-source software — Control, Security, Stability and Community

Aim

* Investigate the coupling of OpenModelica and GenOpt
Objectives

 Script alteration

« Simulation-based optimisation

* Analysis and evaluation
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Buildings

Catering 8%
™~

Cooled storage 7% l
Hot water 5% V

£\ 40 % Total Energy Use
74 36 % Total Greenhouse Gas Emissions

L« 30 % Total CO2 Emissions

(UN, 2019)
ICT equipment E‘;ﬁ -
Fans 4% _ Building Performan;e Gap
Small power 3% " @gé = 2%% ;é (IPEEC, 2019)/

Cooling & Humidification 3%
(YU Energy, 2018)
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Simulation-Based Optimisation

Modelling

Screening out

- Formulation of . Creating a
Pre . the optimisation ucg?iggﬁasnt surrogate model
processing problem sl (optional)
Simulation
I S Controlling Detecting errors
RU n.mng Cgﬂn%rgﬁoggge termination or simulation
Optlmlsatlon g criteria failures
. Performing Opt|m|sat|0n
POSt' cljntt?r;pi;eattliggr]\ Verification sensitivity Presenting the
Processing presults (optional) analysis on the results

results (optional)

(adapted from: Lee, 2007)
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GenOpt

)

« Optimisation program
« Lawrence Berkeley National Laboratory
* Minimisation of a cost function
* Multi-dimensional and one-dimensional
* Library of optimisation algorithms

» External simulation program
» Text input and output files

MATLAB
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Algorithm Selection

Discrete (Pd)

PSO -

k.

Input
Parameter(s)

Continuous &
Discrete (Pcd, Pedg)
.

Golden Section
Fibonacci
Parametric

GPSHJ
DAG

Hybrid Algorithm

Continuously
Differentiable

Continuous (Pc, Pcg)

Hybrid Algorithm
PS50

Not Continuously
Differentiable

Hybrid Algorithm
GPSH)

Hybrid Algorithm
GPSHIJ
PSO

Select Simulation Program |Dymola -

Number of Paramters

Continuous Varaibles
Discrete Varaibles

with Constraints [ without Constraints

Select Optimisation Algorithm

‘PSOIW -Particle Swarm with Inertia Weight j

Algorithm settings

Algorithm

{

Main = PSOIW;

NeighborhoodTopology = vonHeumann;
NeighborhoodSize = 5;
NumberQfParticle = 20;
NumberQfGeneration = 20;

Seed =1;

CognitiveAcceleration = 2.8;
SocialAcceleration = 1.3;
MaxVelocityGainContinuous = 0.5;
MaxVelocityDiscrete = 4;
InitialInertiaWeight = 1.2;
FinallnertiaWeight = 0;

}

Max Itrations Numbel (1000 :

GenOpt User Interface

Max Equal Results

Step size (0.500 |-

Start Optimisation

(Dudhee, Abugchem and Vukovic, 2020)

v

Varaibles
O @imEe T |13'5 | Max ‘37'49 | o |13'5 | Ade Stop Optimisation
Simulation Start Command |\dymosim.exe\" dsin.bd" |
Save Results
Load Simulation Model Save Sittings Load Sittings
Key Algorithms
0 — Notrelevant E o
1 — Optional éj %
2 —Relevant = 7 E
3 —Required g = N g =
4 — Essential JE 2 = 3 % 2
s @) [ [ &} <3
Rating | Weight User Re quire ment
2.6 0.13 |Convergence to optinmum value 510,65 4/0.52] 3039 4/052 5400 40
34 0.17 |Low computational time 2034 4068 3051 3051 508 50
0.6 0.03 |Generation of alternative designs | 5/0.15| 5/0.15 40.12 4/0.12| 4012 30
2.0 0.10 |Ease ofuse 3030 5050 4040 4040 5050 50
1.4 0.07 |Algorithm customisation 2014 5035 3021 3021 4028 30
34 0.17 |Applicability range 5085 4/068 3051 4068 4068 30
34 0.17 |Low integration effort 3/0.51 3/051 4/068 4068 5085 5[0
2.6 0.13 |Comprehensibility 3039 5065 4052 4052 5065 50
0.6 0.03 |Trade-off decision support 5015 3009 4012 4/0.12 4012 30
20 1 < << Total Score >>> 3.48 4.13 3.46 3.76 8.05 4
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Optimisation Algorithms

« Golden Section Interval ) NSNGA'l.l | o
. . » Nondominated Sorting Genetic Algorithm |l
* Fibonacci « PSO
¢ PSO » Particle Swarm Optimisation
« Particle Swarm Optimisation e SA1
* HyESrIOd( iobal) and Hooke-J (local) ¢ Simulated Annealing
. global) and Hooke-Jeeves (loca .
+ GPSHJ SPEAZ

« Strength Pareto Evolutionary Algorithm 2

» Generalized Pattern Search with Hooke-Jeeves
. DAG SPEA2Adapt

) ) _  Auto-adaptive
» Discrete Armijo Gradient
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Methodoloqy - Overview

| Simulator
— Slmuiatmn input W .
m w ? template 5 ® OpenMOdellCa
ke, . -
= | Optimiser
Output ‘ | ‘ Simulation output 1 % ¢ GenOpt
retrieval O
; ‘_J Program Call
—
v | o g
- i
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Energy System Modelling

TSet product inty
feedback ——
T 1|
- >
« Simple room heating system offset=0 178
U — Heat source Ao g
h 7,
+ Ini =25 AVmn T
freqHz=1 ... can
o Tset THea UAHea @ TMea
* 0, 288.15 (15 °C) W G% K
+ 25200 (7hr), 293.15 (20 °C) T
+ 68400 (19hr), 288.15 (15 °C) et
* 86400 (24h|"), 28815 (15 OC) (adapted from: GenOpt example)
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OpenModelica and GenOpt Coupling

OpenModelica

* Results file
» Objective function
e results.txt

» Simulation script
* Load and simulate model
 script.mos

* Log file

« Same folder as model.mo

GenOpt

* |nitialisation file (.ini)
« Load/copy all required files
* script.mos

« Configuration file (.cfg)

« Command opens OMC and
script.mos
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Simulation Results — OpenModelica

» StopTime = 86400 o

* Interval: 1s g

 Method: dassl °

- f(x) = 7.39415
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Optimisation Results - GenOpt

Result overview

000000

* OpenModelica > GenOpt
* Discrete Armijo Gradient ..
» U — Heat source W\

e Min =20
e Max = 30
« Step =1

» Objective function minimised e

T
|
|
%
|
|
|
1
|
|
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Issues and Recommendations

* Coupling OpenModelica with GenOpt
» Result file location
« Changeable
 Log file

« Simulation #: cannot rename file model.log

¢ ™3 INVESTORS | ¢
¢ Y INVESTORS | Goiq
%, & IN PEOPLE | i

14




University tees.ac.uk

&4 % Teesside School of Computing, Engineering & Digital Technologies

Conclusion

» GenOpt coupled with OpenModelica -
* Decreases the cost function of a problem » - -
* Energy systems simulation-based optimisation
« Save energy and decrease CO2 :

'''''''
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Future Plans

« Comparative analysis of OMOptim and GenOpt

* Integration of real-time information

« Sensory data
« Accurate parameters
* Enrich models

* Digital Twin-based simulation
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Thank you

Any Questions?

Vishak Dudhee | V.Dudhee@tees.ac.uk
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