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Functionality of Component
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Python Controller GUI
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Component Parameters

• Python module
– Enter/browse for path to target .py script
– default folder is: ..\data\PythonScripts

• Function
– dropdown list of all functions in

target .py script (with at least one input)
– is executed in every call to the PYC

• Inputs
– Number of inputs is recognized from

the function selected above
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Component Parameters

• Inputs (and outputs)
– Identifier: 

are shown in Circuits / Air Path UI
– Function Parameter: 

respective arguments of Python function
(cannot be changed)

– Comment:
any text

– Unit:
select from list of units
must be selected for each input
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• Outputs
– Number of outputs is not set automatically
– Multiple outputs are possible

• min: 0 outputs
• max: depends on script  open script

• outputs = return values 
(separated by comma, from left to right)

– Need to be created one by one
– Units are required

Component Parameters
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Component Parameters

• Optional functions
– dropdown list of all functions with no

input arguments
– Initialization function:

• called at the start of the simulation
(before the first iteration)

– Termination function:
• called at the end of the simulation

(after the last iteration)
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Practical Examples
… without too much coding
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Replace complex signal paths

First Example
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Battery Cooling for Tesla Model S
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Replace subsystem
“Charging Strategy”
by a Python Controller
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The Python Script
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1. product of
characteristic curves

2. minimum function
3. custom function (units!)

1.

1.
2.

3.

2.

3.
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The Python Script
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data for
characteristic

curves

constants

mappings
(linear interpolation)
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New Model
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Data Analysis – Moving Average

Second Example
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Moving Average

• Calculation of the arithmetic mean of data points in 
a subset of the full data set.

• Data set is continuously updated
– size of data set increases with time

• Subset consists of the latest few entries of full data set
– either contains the latest n entries
– or contains points that have been added during the 

last delta_t seconds

• Analogous for the calculation of the moving minimum 
and maximum
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The Python Controller
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Time Step vs. Iteration

• PYC is called (i.e. Python function is executed) in each 
Iteration. A time step has multiple Iterations.

• In function: differentiate between new time step/iteration
– return value: „remember“ n latest inputs (store in global list data), 

calculate sum over those inputs, divide the sum by n. 
– If new time step: remove oldest input from and add current input to the 

global list data.
– if new iteration: update latest input in global list data.

• Track time steps/iterations with global variable Lasttime
– Define globally as Lasttime = -1
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Time Step vs. Iteration
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Transient Optimization

Third Example
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Motivation

• KULI has a powerful built-in optimization
– Single or multiple targets
– Optimization to value, minimum, maximum
– Adjustable accuracy
– Etc.

• For transient simulation optimization only works for single 
value obtained for complete time frame
– E.g. integral of deviation between simulated and measured value

• Sometimes there is a demand to optimize a value for each 
timestep during a transient simulation
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Transient Optimization of Compressor RPM
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Adjust compressor rpm 
such that desired discharge 
pressure is achieved
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Optimizer Subsystem

• Define bounds for parameter
• Define desired value
• Define desired accuracy
• Read current time
• Read current value

• Obtain next parameter value
• Use value of “destabilizer” to prevent convergence until 

internal optimization has finished
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Results and Details

• Script implements a 
Newton method into the 
iteration process

• Method can also be used 
for steady state 
calculations
– Separate function available

• Optional output of internal 
values possible
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Plotting with Python

Fourth Example
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Create Figures During Runtime
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Parameters for Plot Python Controller

• Function: Scope1(t, x)
for each time step of the 
simulation (input t), plot given 
values (input x)

• Initialization function: 
SetupFigure()

before the start of the simulation, 
create an empty figure to where
the data can be plotted.
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KULI Analysis Server

De-Coupling KULI and Python

• How to keep a script running after end of simulation?
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Start
Simulation

Simulation Runtime

End of
Simulation

KULI-Python RuntimeInitialization Termination

Script/PYC Function
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python.exe

De-Coupling KULI and Python
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KuliAnalysisServer.exeStart
Simulation

Simulation Runtime

End of
Simulation

KuliPythonRuntime.exeInitialization Termination

PYC

Separate Process
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Creating a Separate Process

• Define python.exe as executable for separate process
– default: KuliPythonRuntime.exe, terminates with KuliAnalysisServer.exe

• Information is passed from sconn to rconn (send/receive)
• Separate Process executes function DrawConsumer and gets 

argument rconn (i.e. it only receives information)
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initialization
function
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PYC Function

• Is executed in each KULI iteration

– access global variable sconn to send inputs x and t from KULI to the 
separate process

• Sends data from KULI to external process in each time step
• There, the plot is being created, updated and kept open
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Get operation points from Excel®

Fifth Example
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Given Data Set

• Excel® sheet containing some NEDC data
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MS Excel®
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The Python Controller
• Function: getValuesExCar_PM(t)

for a time during the simulation 
(input t), read values from a 
given data source

• Initialization function: 
readFromXLS()
before the start of the simulation, 
read all data from Excel® into the
python process, such that it can 
be accessed during runtime
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The Python Script
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The Python Script
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Python-Simulink Interface

Sixth Example
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Co-Simulation with KULI as Master

• Simulink is started from KULI at the start of simulation
• Both perform transient simulation
• They exchange data during simulation

• PYC eliminates disadvantages of built in Simulink Controller:
– max number of inputs is restricted
– only one output
– strict formal criteria are required
– only works with .mdl (not with .slx)
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Assumption: Time Steps Match

• Co-simulation in general: simulation of two de-coupled 
models in parallel with communication
– depend on each other with regard to the transmitted data
– independent of each other with respect to the duration (start/end time) 

and the time step of both models

• Simplification: 
start/end time and time step in both models are equal
– of course it is also possible otherwise
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Python as Interface
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start/load
model

close
MATLAB®

run Simulink model

initialization terminationscript/PYC function

start simulation end simulationKULI simulation
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Interfaces

• KULI – Python: PYC

• Python – Simulink: “MATLAB® Engine API for Python”

– start MATLAB® and load Simulink models from Python
– send commands to MATLAB® from Python, e.g.
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The Python Script

• Inputs:
– current time
– any number of inputs necessary for Simulink model

• Use global variables
– Lasttime = -1 to track time steps
– prev_result = 0 to „remember“ result(s) from previous iteration

• define a „prev“ global for each desired output

• Once during each time step, data is exchanged
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The Python Script
• Initialization function

1. Load specified MATLAB® Simulink model
2. Start the model and instantly pause it

• Main function
1. IF new time step, THEN

1. set inputs for Simulink from KULI
2. perform a step in time in Simulink
3. return the outputs from Simulink to KULI

2. ELSE 
1. return previous result

• Termination function
1. Quit MATLAB® Simulink
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Co-Simulation with other Software

• Co-simulation is possible for every software that offers a 
Python (or COM) interface

• FMI: FMPy (has already been implemented)
• Motor-CAD: PyMotorCAD

• Idea for co-simulation is the same regardless of the software
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Conclusion
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Conclusion

• Extend functionality of KULI
– Custom functions (e.g. data analysis)

• Make use of Python modules (libraries)
– matplotlib

– numpy

– CoolProp

– many more

• Create interface for 3rd party software applications
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Visit our Online Library!

• Access via online search function

• Detailed examples 
• Out-of-the-box solutions 
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