Integration of C code in Simulink via S-Functions
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This note provides instructions for integrating C code into a control algorithm
developed using the ACG SDK via S-Functions, which is probably the best way to
include C code into a Simulink model.

With S-Functions, users can create a custom Simulink block, whose behavior is
defined by code (C, C++, Fortran or MATLAB), and thus implement advanced
algorithms that would be complex to develop with the graphical approach. However,
S-Functions have specificities that are good to have in mind, several are discussed in
this article.

The integration of C code in PLECS is straightforward and thus briefly discussed at
the end.

Creating an S-function

Simulink provides an S-function Builder block that generates the necessary files and
helps define the inputs, outputs and parameters of the S-function.
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The inputs, outputs and parameters can be defined in the Data Properties tab:

¥ S-Function Builder: untitled1/S-Function Builder - [m| X
r Parameters
S-function name: my_function Build
S-function parameters
MName Data type Value
Gain single 1
x
picaEaimeley Initialization Data Properties |ibraries Outputs Continuous Derivatives Discrete Update Build Info
—El Input Ports L
& u0 r Description
W Use the Add and Delete buttons to add/remove ports and pararmeters to the S-function. Use the table below to
Output Ports configure the data type, dimensions, complexity and frameness of each 5-function port and to configure the data
: 0)‘0 type and complexity of each parameter,
= Parameters
_____ 0 Gain rPort and Parameter properties
Input ports  Qutput ports Parameters  Data type attributes
=
Port name Dimensions Rows Columns Complexity Bus Bus Name
Ea ul 1-D w1 |rea| w | off w
pd
¥
Cancel
S-function builder input/output configuration
Then, your C code can be written in the Outputs tab.
¥ S-Function Builder: untitled1/S-Function Builder - [m| X
r Parameters
S-function name: my_function Build
S-function parameters
MName Data type Value
Gain single 1
x
picaEaimeley Initialization Data Properties Libraries Outputs Continuous Derivatives Discrete Update  Build Info
P p
Ml input Ports Code description
Enter your C-code or call your algorithm., If available, discrete and continuous states should be referenced as,
=xD[0]..xD[n], C[0]...=xCn] respectively. Input parts, output ports and parameters should be referenced using the
symbols specified in the Data Properties, These references appear directly in the generated 5-function.
/* This sample to the
yO[0] = Gain[0]*ul[0];
Inputs are needed in the cutput function(direct feedthrough)
Cancel Help

S-function builder output code
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Finally, the following build options can be configured in the Build Info tab:

¥ S-Function Builder: untitled1/S-Function Builder - [m| X
r Parameters

S-function name: my_function Build

S-function parameters

MName Data type Value

Gain single 1

X

[ Port/Parameter Initialization Data Properties Libraries Outputs Continuous Derivatives Discrete Update  Build Info

=Rl Input Ports i . .

r Compilation diagnostics

P 0 ul

Bﬂ Output Ports

""" oy Click the desired options below or click BuildiSave....

- Parameters

..... § Gain

r Build options:
[ show compile steps
O L E Generate wrapper TLC [] Enable access to SimStruct
Create a debuggable MEX-file
[] Enable support for coverage
[ Save code only Additional methods...

[] Enable support for Design Verifier

Cancel

S-function build options

When finished, the Build button on the top right corner generates the necessary files.
These include:

Is the S-function files that define the function
name.cpp inputs, outputs and parameters and call the
wrapper function.

Is a function that contains the user-written code of
name_wrapper.cpp | the S-function. This file is the only file compiled by
the imperix toolchain in code generation.

Is an interface defining how the code should be

Al
fame.tic called by Simulink Coder.

name.mexw64 Is the compiled version of the S-function.

Make sure that MATLAB is in the same folder as your model when you click the Build
button. This ensures that the generated files will have the same path as your model
and that the compiler will be able to find them when generating code for the whole
model.

A MEX compiler is required to use S-functions. If none is installed, please follow the
instructions of the section “Mex compiler add-on” from Installation guide for imperix
ACG SDK (PN133).
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Good to know about S-Functions

Auxiliary functions

Auxiliary functions can be placed in the Includes input box, along with any
potential define directives (as shown with the simulate_state function in the figure
below).

W 5-Function Builder: MPC_voltage_controlled_inverter/Closed_loop_control/5-Function Builderl — m} *
r Parameters
S-function name: MPC Build
S-function parameters
MName Data type Value
=
-Poralparameter Initialization Data Properties Libraries Qutputs Continuous Derivatives Discrete Update Build Info
=%t Input Port
----OHp\:j Dt s Enter any library/object or source files used by the S-function, Then, specify any necessary include files
o cptr or enter the external function declarations. These functions can be called in the Qutputs, Derivatives and
-~ ii_ptr Update methods. |
@ ve_ptr r Library/Object/Source files (one per ling) rinclude files and external function declarations
i@ io_ptr Includes:
i@ vref_ptr float simulate_state( ~
""oAd_ptf const float sw[3],
0 Bd_ptr float Vdc,
----OAdD_ptr float IO[2],
-4 Bd0_ptr float Vref[3],
-4 maode_ptr float ii k1[3],
[‘Jil Output Ports float vc k1[3],
. © out Flomse AAT21191 e
&y Parameters < >
External function declarations:
“TEXLeIn double Iunc(double a); =
Cancel Help

S-Functions : auxiliary functions via the Includes input box

Arrays as arguments

The S-function supports arrays as arguments. However, arrays of dimension higher
than 1 are flattened and must be resized in the C script to recover the desired shape,
as in the following example :
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W S-Function Builder: MPC_voltage_controlled_inverter/Closed_loop_centrol/5-Function Builder] — [m] x
Parameter
S-function name: MPC Build
S-function parameters
Name Data type Walue
x
PDortélPTrame;er Initialization Data Properties Libraries Qutputs Continuous Derivatives Discrete Update Build Info
Fl nput Ports Code description
i"oyd‘-p“ Enter your C-code or call your algarithm., If available, discrete and continuous states should be referenced as,
H o ol 9
!0 ii_ptr xD[0]..xD[n], xC[0]..xC[n] respectively. Input ports, output ports and parameters should be referenced using the
f“g"‘-ptr symbols specified in the Data Properties. These references appear directly in the generated S-function.
: io_ptr
g“gj;:;if’ fleat Ad[2]([2] = {{Ad_ptr[0], Ad ptr(2]},{Ad ptr(ll, Ad ptr(3l}}:
G edp float BA[21[2] = {{Bd ptr[0], Bd ptri21},{Bd ptrill, Bd ptri3l}};
g'ﬁ‘:g;’t" flcat AdO[2][2] = {{Ad0 ptr[0], Ad0 ptrl21},{Ad0 ptrlll, Ad0 ptrl3]}}:
" mode_ptr float BAO[2][2] = {{BAO ptr[0], BAO ptr(21},{Bd0 ptr[l], BAO ptri31}}:
- Output Ports
o .
-.§p Parameters int mode = *mode ptr;
// constants
const float _1 3 = 0.33333333;
const float _2 3 = 0.6666EEET;
const float sgrt3 3 = 0.57735027; v
< >
Inputs are needed in the output function(direct feedthrough)
Cancel Help

Reshaped array arguments in a S-Function

Note that Matlab is based on the column-major ordering. That means that arrays are
transposed compared to the row-major ordering usually used in C, C++ and Python,
for example. This explains the position of the terms [..[_ptr[1]and [..[_ptr[2]in the
figure above.

Path issues with the .mat file

Path issues can occur when the project is located after the build of the S-function.
Those issues can be avoided by removing the SFB__[s-function name]_SFB.mat file
before transferring the project folder. Removing the .mat file does not affect the
simulation or the code generation of the model.

Reuse the S-Function

The S-Function Builder block also serves as a wrapper for the generated S-function,
which means that it can be used inside a model as any other Simulink block.
Alternatively, an S-function block can be used to integrate the generated files into a
Simulink model.
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input R
0 —»u0 my_function y0pR— output

S-Function Builder

m;aut —p»| my_function ——» output

S-Function

Example

A working example is available in the Simulink code (CPU version) of TN162.

C code on PLECS

PLECS provides a handy C-Script block that lets you write and compile custom C
code to integrate it into your model. It works in both simulation and code generation
modes.

inputﬂ D—b C-Script —D-D output

C-Script
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