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Part |
Installation

1 Software versions

Following software versions were tested for full X2C® functionality:

Software Version
Required:
Scilab (www.scilab.org) 6.1.1
Optional (for standalone operation):
Java Runtime Environment Java SE 8/ ojdkbuild 13 JRE
Optional (for documentation):
MiKTeX (www.miktex.org) 29
Doxygen (www.doxygen.org) 1.9.0
Graphviz (www.graphviz.org) 2.38
Optional (for programming):
Tl Code Composer Studio 11.x
Tl Code Generation Tools €c2000_16.9.5.LTS /arm_16.9.4.LTS
Tl TivaWare TivaWare_C_Series-2.X.X.XXX
ST STM32CubelDE 1.15.x
Infineon DAVE IDE 4.x.x
Microchip MPLAB® X 6.xx
Microchip XC16 1.xx

Different versions of these programs may work but without warranty.

2 Setup with Scilab & Xcos support

2.1 Installation

1. Open Scilab and with the File Browser navigate to
<X2C_ROOT>\System\Scilab\Scripts. Right click on setup.sce and click Execute in
Scilab.

2. Restart Scilab
3. The setup command creates a X2C configuration file which will automatically load X2C
libraries and palettes at startup of Scilab .
2.2 Uninstallation
1. Open Scilab and execute the command initX2C(%£) in the Scilab console.
2. Restart Scilab

3. Once above command was executed, the X2C configuration file is deleted and Scilab
will not load any X2C libraries or palettes anymore.


www.scilab.org
http://github.com/ojdkbuild/ojdkbuild
www.miktex.org
www.doxygen.org
www.graphviz.org

For the unlikely event that Scilab freezes at startup and remains in a deadlock state, the
deinstallation can be done manually by deleting the file scilab.ini located in the Scilab home
directory (for Windows typically C:\Users\<your user name>\AppData\Roaming\Scilab\scilab-
6.X.X).

3 Configuration of Code Composer Studio

3.1 Install the Tl v16.9.5 compiler

Itis necessary to use the compiler version Tl v16.9.5 in Code Composer Studio in combination
with X2C . Navigate to Project — Properties click General and in the Advanced settings
area see what compiler versions are available. It is necessary to use the compiler version Tl
v16.9.5. If this version is not selectable go to Help — Install new Software and in the Work
with drop down menu choose Code Generation Tools Update. In the section TI Compiler
Updates find C2800 Compiler Tools Version 16.9.5 and mark it as seen in Figure 1. Click
Next and install the update. Now go back to the Project Properties and change the compiler.

s« Install L i
Available Software
Check the items that you wish to install, )-..__
Work with: Code Generation Tools Updates - http://software-dlti.com/dsps/dsps_public_sw/sdo_ccstudio/codegen/Updates/p2wind2  » [ Add... II

Find more software by working with the "Available Software Sites” preferences.

type filker text
Mame Version T
[ G+ C2800 Compiler Tools 17.6.0
[ &= €2300 Compiler Tools 17.3.0
[ &+ C2800 Compiler Tools 16.12.0
Lk C2800 Compiler Tools 169.6
[7] 4= C2800 Compiler Tools 16.9.5'
T Gk L2800 Compiler Tooks 1654
[ &= C2800 Compiler Tools 1693
[ L= C2800 Compiler Tools 169.2 7
[ Select All I I Deselect All 1 itern selected
Details

Forthe list of Closed Defects in this release, see http://software-dl.ti.com/codegen/esd/cgt_public_sw/C2000/16.9.5.LTS/Closed_defects.html

["] Show only the latest versions of available suﬁ:warel Hide items that are already installed
Group items by category ‘What is already installed?
[] Show only software applicable to target envirenment
Contact all update sites during install to find required software
'/?3' < Back Mext = Finish W

Figure 1: Code Composer Studio Compiler Download

3.2 Texas Instruments target processor types

3.2.1 Supported processors families

Currently the following Texas Instruments processor families are supported by X2C .
« Tl C28x 32-Bit CPU

» TI TM4C12x 32-Bit CPU (ARM Cortex-M4 core)



3.2.2 Change target processor in Code Composer Studio
In the following section file names may vary with different processor types.

1. Import the Blinky demo application in Code Composer Studio (see Section 17 for more
information).

2. Change the Predefined symbols (see Section 3.3) suitable for the used processor type.

3. With the OS file browser navigate to the controlSUITE subdirectory
device_support and search for your processor type
(e.g. C:ti\controlSUITE\device_support\f2806x\v130\F2806x_headers).

4. Copy the folders cmd, include and source into the project directory
<PROJECT_DIRECTORY>\Texaslnstruments and replace the existing folders from the
processor used in the Blinkdy demo application.

5. In Code Composer Studio open the F28xxx_Device.h file in the folder
<PROJECT_ DIRECTORY>\Texaslnstruments\include. In the section User To Select
Target Device search for your processor and change the 0 to TARGET. An example is
shown in Figure 2.

57 #define D5P28_28867P @
58 #define D5pP28_28887UP a
59 #define D5P28_28867PL a
58 #define D5P28_28867UPL a
52 #define Dap28_28@68P a
63 #define D5P28_28868UP ]
64 #define D5P28_28868PZ @
65 #define D5P28_28868UPZ @

7 #define D5P28_28869PF a

o O O

=
3
(=%
m
-+
s
=
]

D5P28_28869UF a
69 #define D5P28_28869PL a
i 76 #define D5P28_28869UPL TARGET

Figure 2: Change processor type in the device.h file

6. In Code Composer Studio open the files Hardware.h and X2cDataTypes.h and adapt
the file names in the include directives for the F28xxx_Device.h file.
3.3 Change predefined Symbols

The X2C project uses predefined symbols to give the preprocessor information before
compiling the project. Navigate to Project — Properties open Build — C2000 Compiler —
Predefined Symbols.

Currently three different processor families can be choosen

* __GENERIC_TI_C28X__ for Texas Instruments Processors
* __GENERIC_ARM_ARMV7__ for ARM Processors

e __GENERIC_MICROCHIP_DSPIC__ for Microchip Processors

The definition

e __CUSTOM_DATATYPE_DEFINITIONS__



is needed to avoid compiler warnings caused by multiple typedefs.

In addition the definition
e SCOPE_SIZE=8000

like seen in Figure 3 needs to be made. The value of Scope Size is changeable and depends
on the intended application and the used target processor. In the Blinky demo applications
these values are already defined.

' Properties for Blinky Dema (TMS320F28089 - contralSTICK) |
type filter tet Predefined Symbols Prorw
> Resource
CCS General
4 CC5Build Configuration: |Debug [ Active ] '] lManageConfigurations..‘]

4 C2000 Compiler
Processor Options
Optirization

Include Options Pre-define MAME (--define, -0} 288 3
Performance Advisor __GENERIC_TI C28X__

_ CUSTOM_DATATYPE_DEFINITIONS_

Predefined Symbols SCOPE_SIZE-8000

> Advanced Optiens
> C2000 Linker
C2000 Hex Utility [Disabled]

Builders
» C/C++ Build
> C/C++ General

Debug

Project References

Run/Debug Settings Undefine NAME (--undefine, -} {a

':?;' Hide advanced settings [ QK ] l Cancel ]

Figure 3: Predefined symbols for generic processor type in Code Composer Studio

4 Configuration of MPLAB® X

4.1 Install the XC16 compiler

When working with MPLAB X the compiler to build the project has to be installed manually.
Which compiler is needed depends on the used processor type. In the demo application
Blinky the xc 16 v1.21 compiler from the Microchip web page
(http://www.microchip.com/pagehandler/en_us/devtools/mplabxc/) can be used.

4.2 Microchip target processor types
4.2.1 Supported processors families

Currently the following Microchip processor families are supported by X2C .

+ dsPIC 16-Bit CPU

4.2.2 Change target processor in MPLAB X

Right click on the Project — Properties. In the Configuration area Devices can be picked in
the drop down menu. Click OK to save the changes.


http://www.microchip.com/pagehandler/en_us/devtools/mplabxc/

4.3 Change predefined Symbols

The X2C project uses predefined Symbols to give the preprocessor information before
compiling the project. In the the sample project these symbols are already defined. Right
click on the Projectname — Properties — XC16 Global Options — xc16-gcc to eventually
change them. In the section Define C macros a list of defines is available as seen in Figure 4.
Depending on the used target processor three different processor families can be choosen

 __GENERIC_TI_C28X__ for Texas Instruments Processors
e __GENERIC_ARM_ARMV7__ for ARM Processors

* __GENERIC_MICROCHIP_DSPIC__ for Microchip Processors

In addition the definition
e SCOPE_SIZE=5000

like seen in Figure 4 needs to be made. The value of Scope Size is changeable and depends
on the intended application and the used target processor. In the Blinky demo applications
these values are already defined.

-
3 Project Properties - Blinky_dsPIC33Fio00 MicrostickPlus [==]
Categories: P Az
o Generdl ptions for xc16-gee (v1.21)
[l @ Conf: [Debug] Option categories: | Preprocessing and messages -
- O Starter Kit (PKOB)
Y Loading C incude dirs X2CCode;Manitor; Application;D:) -
- @ Libraries Define C macros __GENERIC_MICROCHIP_DSFIC_ ;_ DEBUG_ ;SCOPE,
i @ Building —
NSI-std C support
- @ ¥C16 (Global Options) PP 5] A
o xcloas Mse CCI syntax B i
e @ xc16-gec Lse TAR syntax &
@ xcl6dd
Errata
@ xclG-ar i 0
Smart IO forwarding level 1 -
Smart I0 format string (Mfa)
Make warns into errors B -
Additional options:
Option Description | Generated Command Line
Manage Configurations...
(o) (e ] oy ] [ s

Figure 4: Predefined Symbols in MPLAB X
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Part Il
General

5 Introduction to X2C®

5.1 General structure of X2C

X2C can be seen as a two layer application, as it is depicted in figure 5.

PC

(Xcos/Simulink)

I Java
Application

Target
(ANSI C)

Figure 5: General X2C structure

The top layer is the abstraction layer located on the PC. Either in Xcos or in Simulink the
model-based development takes place. This means the user designs the control algorithm
graphically.

Based on the graphical model X2C generates C-code with its java tool Communicator. The
generated C-code together with the so called frame program form the application. Since the
model-based design is independent of hardware, the generated model code is (more or less)
too. The model code is called from the frame program, which is manually coded and handles
the initialization and configuration of the hardware peripherals and provides the hardware
signals for the application.

In the commercial version a bootloader is available. With this bootloader programming of
the target can be executed over Serial/CAN/Ethernet interface, so no programming device is
needed.

5.2 Connection between frame program and model

As already mentioned in the previous section, the generated code from the model is embed-
ded in the manually coded frame program. For the most minimalist application imaginable
(no communication between target and PC, no hardware peripherals used by the target), the
frame program consists of only two function calls:

« X2C_lInit() once at startup
» X2C_Update() cyclically with the sample time defined in the model

The schematic structure of such a minimal frame program can be seen in figure 6a, where
the generated code by X2C is marked in light blue.

11



I | X2C_Init() |
X2C_Init() | T

| initialize hardware |

read hardware inputs
write X2C Inports

!

X2C_Update() |
X2C_Update() I 1

read X2C Outports
write hardware outputs

t>Ts S¥EE
es
t>Ts -
ne communicate with PC |
(a) minimal (b) typical

Figure 6: Frame program structure

However, in real life applications hardware peripherals will be used, and in most cases an
X2C communication should be possible. Therefore, the startup process will be enhanced
with an initialization routine of the target’s peripherals, such as ADC, Timer, Interrupt, PWM,
etc. and communication interfaces such as UART, CAN, Ethernet, etc.

The cyclic part of the frame program will be enhanced too. Before the X2C_Update() function
will be called, the hardware inputs are read, and the values are assigned to the corresponding
X2C Inports. For example, given an X2C Inport labelled as Anin1 in the model and the
analog-to-digital conversion result available as ADCResult[0] variable in the frame program,
the code would be:

x2cModel.inports.bAnin1 = ADCResult[0];

After the X2C_Update() function call the computed X2C Outports are read and the values put
to the corresponding hardware outputs. For example, given an X2C Outport labelled LED1
and the target’s name for port A hardware register is GPADAT the code for controlling a LED
connected to pin 4 of hardware port A could be:

if (»x2cModel.outports.bLED1 != 0) {
GPADAT |= 0x0008;

} else {
GPADAT &= OxFFF7;

}

While the target waits for the next cycle the X2C communication can be executed. It enables
online parameter tuning and signal monitoring with X2C Communicator and Scope.

These enhancements are depicted in figure 6b.

Typically, the cyclic part is handled in a high priority interrupt service routine and the commu-
nication with the host PC is handled in a low priority task, e.g. the while(1) loop.

5.3 Boolean data representation

Boolean data is based on the header stdbool.h introduced in C99 in the C Standard Library
for the C programming language.

12



Bool

Implementation Boolean
type

Format C99
Minimum value 0 (false)
Maximum value 1 (true)

5.4 Fixed point data representation
5.4.1 Standard signals

Standard signals are symmetrically scaled about zero and their scaling range is ]-1...1][.
In a case of an overflow the signal will be limited to 1 (or -1 respectively). For example a
subtraction of a signal with value 0.5 from a signal with value -0.7 will lead to a signal with
value -1.
Depending on the chosen implementation the values are handled in one of the following
formats:

FiP8

Implementation
type

8-bit fixed point

Format

Q7

Minimum value

—0.992 187 500

Maximum value

0.992 187 500

Resolution

0.007 812 500

FiP16

Implementation
type

16-bit fixed point

Format

Q15

Minimum value

—0.999 969 482 421 875

Maximum value

0.999 969 482 421 875

Resolution

0.000 030 517 578 125

FiP32

Implementation
type

32-bit fixed point

Format

Q31

Minimum value

—0.999 999 999 534 339

Maximum value

0.999 999 999 534 339

Resolution

0.000 000 000 465 661

13




5.4.2 Unlimited/Unbalanced signals

The scaling of unlimited/unbalanced signals is [-1...1[. While the standard signals omit one
value to achieve a symmetrical value range, the unlimited (or also called unbalanced) signals
utilize the full value range which leads to a slightly unbalanced value range. As the name
implies unlimited signals won’t be limited. In fact unlimited signals utilize wrapping/overflow
functions of the DSP. For example a subtraction of a signal with value 0.5 from a signal with
value -0.7 will lead to a signal with value 0.8.

So the primary use of the unlimited signal is as angular signal where (-1...1) corresponds to
(-...m).

Depending on the chosen implementation the values are handled in one of the following
formats:

FiP8

Implementation
type

8-bit fixed point

Format

Q7

Minimum value

—1.000 000 000

Maximum value

0.992 187 500

Resolution

0.007 812 500

FiP16

Implementation
type

16-bit fixed point

Format

Q15

—1.000 000 000 000 000
0.999 969 482 421 875

Minimum value

Maximum value

Resolution 0.000 030 517 578 125
FiP32

Implementation 32-bit fixed point

type

Format Q31

—1.000 000 000 000 000
0.999 999 999 534 339
0.000 000 000 465 661

Minimum value

Maximum value

Resolution

5.5 Floating point data representation
5.5.1 Standard signals

The standard signals in floating point format are not restricted, the full value range according
to the IEEE 754 standard is available.

14



Float32

Implementation
type

32-bit floating point

Format

IEEE 754

Minimum value

—3.4028234663852885981170418348452¢ + 38

Maximum value

3.4028234663852885981170418348452¢ + 38

Resolution

£1.1754943508222875079687365372222¢ — 38 (normalized)

Float64

Implementation
type

64-bit floating point

Format

IEEE 754

Minimum value

—1.797693134862315708145274237317¢ + 308

Maximum value

1.797693134862315708145274237317¢e 4 308

Resolution

£2.2250738585072013830902327173324e — 308 (normalized)

5.5.2 Unlimited/Unbalanced signals

Contrary to their names the unlimited/unbalanced signals in floating point format are limited
to [—m, +=]. All other properties are similar to the unlimited signals in fixed point format.

Float32

Implementation
type

32-bit floating point

Format

IEEE 754

Minimum value

—3.14159265358979323846264 33832795

Maximum value

3.1415926535897932384626433832795

Resolution

+1.1754943508222875079687365372222e — 38 (normalized)

Float64

Implementation
type

64-bit floating point

Format

IEEE 754

Minimum value

—3.14159265358979323846264 33832795

Maximum value

3.14159265358979323846264 33832795

Resolution

£2.2250738585072013830902327173324e — 308 (normalized)

5.6 Angular Signals

The unlimited/unbalanced signals are typically used for angular signals, especially in the
proprietary X2C MotorControl library. An angular signal is needed for the field oriented control
of permanent magnet synchronous motors. For such a case, the zero value has to be defined.

15



For the X2C MotorControl library the zero value is the angle where the Back-EMF voltage of
the first motor phase has its negative zero-crossing (see figure 7).
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Figure 7: Angle in respect to Back-EMF voltage

5.7 Simulation

It is possible to simulate a X2C-model in Xcos . All blocks except hardware dependent ones
(e.g. Inport, Outport) contain glue code which are linked with the corresponding source code
of the X2C-block. This enables a simulation of a X2C-model in Xcos . Hence testing of DSP
control algorithms is possible without the need for a DSP connected to the simulation PC.

5.8 Restrictions
5.8.1 Algebraic loops

Algebraic loops as depicted in Figure 8a are not possible due to a execution order problem.
Therefore a block is required which breaks the loop at a specific position. This can be
achieved by inserting a block with no direct feedthrough functionality, e.g. Block: LoopBreaker
from the X2C General library (see Figure 8b).

H — H|—— —»H — H
—>

—>
%HZ_HBT HZ_HB
H, — H

H, —H 3 ©
Ml v

(a) forbidden (b) allowed

Figure 8: Algebraic loops
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5.8.2 Connection of blocks with different implementations

Though blocks with different implementations are allowed (and computed correctly) in the
same model, connections of ports with different datatypes are not permitted. The conversion
blocks Block: TypeConv, Block: Int2Real and Block: Real2Int can be used to resolve datatype
incompatibilities.

5.9 Model Identifier
The Model identifier is an 32-bit value to uniquely identify an X2C Model based on its
 Blocks and the used Implementation
 Block connections
* Block label names
» Block Parameter identifiers

However, the initial Block parameter values are *“NOT* part of the Model identifier. So, if you
only change the initial Block parameters, the Model identifier will not change. The Model
identifier is added to the generated X2C files and may be used by the user application as
well.

5.9.1 Communicator and LNet services

The X2C Communicator is able to check the Model Identifier on the target against the
currently loaded X2C Model in the Communicator itself. To enable this feature, the user
application must implement the LNet Model Identifier services. Once these services are
available on the target, the Communicator checks the Model Identifiers on every connect. In
case of a Model Identifier mismatch, the Communicator outputs a warning in the log window
and shows a warning dialog. The latter can be disabled in the Communicator settings. If the
target does not support the Model Identifier feature, the Communicator outputs a warning in
the log window as well.

5.9.2 Method

The Model Identifier uses a CRC-32 checksum.
To add the elements in the correct order, the following steps are required:

1. Update the Parameter Identifiers of all Blocks in the Model so that each Block has a
valid Parameter ID

2. Sort all Blocks ascending by the Parameter ID
3. Repeat the following sequence for each block
(a) Get the unique Block label (containing all parent sub-systems) and add the ASCII

value of each character to the checksum, starting with the first character

(b) Get the 16-bit Block Implementation identifier and add the value as 2 8-bit values,
LSB first

(c) Get the 16-bit Parameter ID and add the value as 2 8-bit values, LSB first

(d) Get the Parameter ID of the Blocks connected to each Inport, starting with the
first Inport, and add each 16-bit Parameter ID as 2 8-bit values, LSB first
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6

Basic structure of the C Code

When setting up a new project with X2C code generation it is necessary to configure the
hardware on the target system. The following section provides basic information how the
Blinky demo applications are structured. With this understanding one should be able to adapt
hardware configuration for further projects.

In the following the Blinky demo application in combination with the T/ Piccolo F28069
ControlSTICK and the TMS320F28069 Processor is used for demonstration.

Info: The *.c files listed below need to be updated in case of changes in the Xcos model
configuration.

6.1

Main.c
« initinterruptVector() defined in Hardware.c configures the target specific interrupts.
« initSerial() defined in Hardware.c initializes the serial interface.

+ initHardware() defined in Hardware.c here the peripheral devices such as Watchdog,
GPIO Ports, ADCs, Timers and others are defined.

« X2C_init() defined in X2C.c calls the initialization functions of the X2C blocks.
* The while(1) loop is mainly used for the serial communication.

» The mainTask() function is the key structure of the project. Here the connection
between Outports and Inports are defined and the X2C_Update() function (defined in
X2C.c) is called. The basic structure of the mainTask() is

1. Assign Inports
2. Call X2C_Update()
3. Update Outports

The mainTask() function is usually called by an Interrupt Service Routine (Isr) which
can be triggered by multiple sources.

Example: In the Blinky Demo Application after each ADC conversion cycle the ADClsr
calls the mainTask() function.

+ KICK_DOG resets the Watchdog timer periodically. During operation this timer contin-
uously counts a certain time span (configured in Hardware.c). If the application has
an unexpected failure KICK_DOG can not be called and the Watchdog timer exceeds
its limit and therefore the target reboots. If the operation executes as expected the
Watchdog timer is within the limit and can be reseted by KICK_DOG without any further
actions.

6.2 Hardware.c

In this file all connections and peripheral device settings should be made.

+ In initHardware() all peripheral function should be initialized.

Watchdog timer

GPIO Ports

Interrupt initialization

— ADC, Timer, PWM and all the other peripheral devices

« initSerial() initializes the serial interface on the target. The settings made here should
match with the setting made in the Communicator described in Section 11.
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7 Testing

7.1 JUnit tests

To minimize the risk of software bugs most parts of X2C are tested. The Java core of X2C is
tested wit JUnit tests.

7.2 CuUnit tests

Much care is also taken of testing the C-code of the blocks. These so called CUnit tests are
conducted directly on the target. In Figure 9 the test setting can be seen.

input vector /\

PC parameter vector } > Ta I’g et
C

Java

A

output vector  \/
RS-232

Figure 9: CUnit test setting

In the test environment on the PC a input vector and a parameter vector, if necessary, are
defined and sent to the target via serial interface. On the target the update function of the
block under test is executed. The resulting output vector is transferred back to the PC where
it is compared with a reference output vector. If the difference between the actual and the
reference output vector is below a specified limit the test is marked as passed. Otherwise an
error is reported.

Basically, the generation of the test vectors are done with one or a combination of these
methods:

Equivalence class testing To reduce the number of test items they are grouped into classes
with same behavior. Only one member of each equivalence class is used as entry
for the test vector. Two simple equivalence classes could be positive and negative
numbers.

Boundary testing The entries for the test vectors are chosen in such a way that they lie
below and above critical boundaries. For example, typical values for a FiP16 imple-
mentation would be -32768, -32767, -1, 0, 1, 32767.

Back-to-back testing For complex blocks this method is used. The vectors are generated
by simulating a block or model with the same functionality in Simulink or Xcos.

Several different targets are used for testing. The test reports can be found in the library
documentation Library.source.pdf in the directory <X2C_ROQOT>\Library.
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8 Coding Conventions

8.1 Language

The native language of X2C is English. Hence all documentation, file names, variables,
comments in source files, etc. should be in English.

8.2 General naming conventions

* Unless otherwise stated, all names should use the camel case notation. A definition
of camel case can be found on http://en.wikipedia.org/wiki/CamelCase. The type of
camel case (upper or lower) depends on the type of name, see sections below.

Examples: ThisIsUpperCamelCasing.java, showLowerCamelCaseExample ()

+ Only meaningful names should be used. Abbreviations should be avoided, unless they
are widely used.

* Non-ASCIlI characters should be avoided. Also the space character schould not be
used.

* Due to a character limitation in Scilab 5, names with more than 27 characters should
be avoided.

+ Names should not start with a number.

» Hungarian notation should not be used.

8.3 Naming of files

In general files should have a meaningful name. If abbreviations are used, easy understand-
able ones should be used. Upper camel case is recommended.
Examples: Hardware.c, SystemControl.c, GlobalDefines.h

8.4 Naming of functions and methods

Function and method names should contain a verb to describe the action of the function.
The verb is placed first and is in lower case and subsequent nouns start with a capital letter
(lower camel case).

Examples: readADC(), setPWM()

8.5 Naming of macros

Macros should be written in capital letters. Macro names which contain mutiple words should
use a underscore as separator (screaming snake case).
Examples: DISABLE_PWM, NO_ERROR

8.6 Naming of variables

Based on the proposed convention from Sun Microsystems following guidelines should be
considered:

"Variables are in mixed case with a lowercase first letter. Internal words start with capital
letters. Variable names should be short yet meaningful. The choice of a variable name
should be mnemonic- that is, designed to indicate to the casual observer the intent of its
use. One-character variable names should be avoided except for temporary "throwaway"
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variables. Common names for temporary variables are i, j, k, m, and n for integers; ¢, d, and
e for characters."
Examples: int16_t i; float32_t myWidth;

8.7 Naming of type definitions

Type definitions as well as structure definitions should be written in upper camel case to
distinguish them from variables.
Example:

typedef uint16_t MyType;

struct MyStruct
{

uint16_t memberi;
int32_t member2;

}s

struct MyStruct myStructi;
struct MyStruct myStruct2;

8.8 Naming of model parameters

Parameter and variable names in Matlab or Scilab should follow lower snake case notation.
This means the first word can either start with a lower or upper case letter, all subsequent
words have to start with a lower case letter, and the words are separated by underscores.
Examples: i_ref, n_max, k_T, U_dc_max

8.9 Naming of X2C blocks

Block and Subsystem/Superblock names in Matlab or Scilab should follow upper camel case
notation. Exceptions are words with abbreviations, then a underscore character as separator
is allowed to increase readability.

Examples: CurrentController, OffsetAngle, AnInl, DigOutl, i_Phasel, m_Phasel,
iq_Ref

8.10 Formatting
8.10.1 Intending

For code intending four spaces should be used, tabs should be avoided.

8.10.2 Braces

Braces should be placed according to the Allman style. "This style puts the brace associated
with a control statement on the next line, indented to the same level as the control statement.
Statements within the braces are indented to the next level.”

Though braces in separate lines increase the line count they have some advantages in terms
of identification of code blocks, selecting statements by pre-processor macros, commenting
out statements without breaking the code, etc.

An exception is the do-while loop, where the braces should be on the same line as the
statements to make it easy to see that the while statement belongs to the loop.
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8.10.3 Spaces

Between a statement and its opening parentheses a space should be inserted.

A space is also suggested after the comma between two function parameters, variables,
array elements, etc.

Before and after an operator, relation symbol, etc. a space should be inserted.

8.10.4 Return statement

The return argument shall be enclosed in parentheses.
8.10.5 Example

Listing 1: Formatting example

/**
» @brief Function to read ADC results.

+ @param result Array with ADC results

« @param method Variable which averaging method information
+ @return Number of iterations

*/

int16_t readlnputs(uint16_t result[], int8_t method)

{
intilé_ t x =0, i = 0;

if (method < 0)
{

}

else if (method > 0)

{

readADC(result[0], result[1]);

readADC(result[2], result[3]);
}

else

{

/+ Do nothing in the else branch «/

}
for (i = 0; i < MAX_SIZE; i++)
{
X++;
}

do {
X =X — ij;
} while (x > 0);

return (x);
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8.11 Source and header files

Every *.c source file should have a corresponding *.h header file. A minimalistic header with
prototype definitions is sufficient.

Due to MISRA rule 8.1 (see MISRA-C 2004 compliance) it is required to have prototypes for
every function, including static ones. To avoid conflicts between global and static function
prototypes when including header files, the following rule shall apply:

+ Global function prototypes should be located in its header file

« Static function prototypes should be located at the beginning of its source file

8.12 File headers
X2C developers should use following headers in the source files.

Listing 2: *.c header template

» $Revision: 4131 $
» $Date :: 2026—03—16 17:20:39 +0100#$

» ===== CONFIDENTIAL =====
+ The content of this file is confidential according to the X2C
Licence Terms and Conditions.

*

Copyright (c) 2026, Linz Center of Mechatronics GmbH (LCM), web:
www. lcm . at

« All rights reserved.

«/

Listing 3: *.h header template

/**

« @file

« @brief Enter here a brief description

«/

/*

» $Revision: 4131 $

x $Date :: 2026—03—16 17:20:39 +0100#$

» ===== CONFIDENTIAL =====

« The content of this file is confidential according to the X2C
Licence Terms and Conditions.

*

Copyright (c) 2026, Linz Center of Mechatronics GmbH (LCM), web:
www. lcm . at

« All rights reserved.

«/

8.13 Global definitions

Definition of macros which are used in more than one source file should be placed in
GlobalDefines.h. Macros only used in one file should be defined in the source file in which
they are used.

Globally needed variables should be defined in GlobalDefines.c and declared in
GlobalDefines.h. This way all global variables are at one place and can be referenced
from every file which has the GlobalDefines.h header file included. Exceptions 