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Introduction
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I ~ :

_I:L[C_{—\_:)'L_/—\_B allows to develop embedded control system architectures
at different hierarchical levels offering a pre-organized environment that
supports the control designer in all the design steps.

During the programming phase, three

main areas are available in the
SIMBUILDER:

* the Plant Area

 the Control Area

* the Mission Area

specifically devoted and customized to
program the different parts of your project.

Special attention is given to support
the designer during the programming
phase of the different areas, going
from the possibility to use a graphical

high level language to the possibility to

directly program in standard ANSI C
(or to combine both programming

[@ EICASLAB SIMBUILDER - System Layout - home/MyUser/MyProject.elp [][x]
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How to program in ANSI Cin FicaAs[AB™

__JI QL«f_D *“ allows an easy programming in ANSI C by
means of a pre-organized structure that allows you to
focus just on specific and crucial aspects of the system to
be programmed, being relieved from all the other aspects
that are automatically managed by EICASLAB.

The pre-organised structure is open and customizable:

« you have all the potentialities of the standard ANSI C
language,

« you can complete the pre-organised structure adding
personal files, folder or libraries,

« you can exploit the pre-organised structure totally or
partially.
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Pre-organised structure for C programming
The Eicasl Ap™ file manager

Current Directory:

File ‘work3pace State Variable Mumber

B =) & B ¥ od

Common

ReadResolc
 RWatatec
| StateEg.c
Typedefh

Filter: |

&l File Manager of Continuous Plant - CP

& 3| =

Every block programmed in
ANSI C has its own file manager
through which it is possible to

Contuous Plant

|| see all the pre-organised

Directories structure

and to program the block.

i
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Pre-organised structure for C programming
Customization for Programming Areas

Bl File Manager of Controll P1 - C1P1 .
Fia oiEhace Evelry specific block Iof the |
Plant Area, Control Area an
BN 0 .. ’ :
5] & @ E 3 & Mission Area has a particular
S and customized file
File W urrent Directory: | PROC - ]
o SiM organization.
& 1) PROC
Processor header
Curre Common — For the control blocks the files are
| pEh separated in order to clearly
DBInterface.h . .
Defines.h identify:
Proce) Prototypes.h . - -
q Typedeth » the files only useful for simulation
purposes,
» the files for control algorithm:
destinated to the target (the
Fiter: [ Application Software to be
' transferred to the final target).

Fiter: |F
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Pre-organised structure for C programming
Templates

= .../home/MyUser/MyProject.elp/Modules/ContPlant/Param/ContPlant.par - KWrite EHELEJ

file Modifica Visualizza Segnalibri Strumenti Impostazioni Aiuto For eve ry bIOCk Of your proj eCt
MR S.0.9.655 8488 . programmed with standard ANSI C
code EICASLAB provides a set of
T T template files subdivided in:
32 UUa0 seRCBEan . data files,

#ifdef CONTPLANT_C

 header files,
e C files.

= file:///home/MyUser/MyProject.elp/Modules/ContPlant/StateEq.c - KWrite
Eile Modifica WVisualizza Segnalibri Strumenti Impgstazioni Aiuto

BB &6 9@ ':.'."?':tl EIEEEY

You can write and customize these
e files in order to implement your
= block.

[»

void, CP_Exel(double t,double x[],double derx[])

4]»]
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Pre-organised structure for C programming
Functional organization

The templates are organized in a functional way.
The C files contain functions devoted to a specific task,
having at disposal:

« pre-configured data files,

* header files.

)
—> [ Initialization functions] \

<—>[ Execution functions ]
]

Skt www.sicas.it ) vww.zicaslab.com

User or automatic
managing of the data files

Data Base

P— [ Final functions
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Pre-organised structure for C programming
Data Base: Header files

/*STANDARD

#include

/*COMMON
#include
#include
#include
#include
#include

Standard. h>

INCLUDE*/
=<GPDefines. h=
<GPTypedef. h=>

\-Plantlibrari

<GPLibraries. h>

EIS 'y

=l ommaon

#include

J*PLANT
#include
#include

<WSFLArea. h>

MODULE INCLUDE*/

"Defines.h"”
“Typgdgf "

#include
#include

"DElntertace.h"

#include

S

II[:)BI hll
"Prototypes.h

Every block has its own header files included by all its

C files.

include

#include
#endif

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

#1fdet Linux

All the header files are generated
by EICASLAB, there are:

<stdio. h>

<stdarg.h> « header files available through
<math . h> the file manager,
<signal.h>

» header files not directly

<sys/time. h> )
! available:

<string.h>
<strings. h>
<unistd.h=>

« defined by the user through

<stdlib.h> a window,

<ctype.h=> .

<float h= . flxed_,_that cannot be
<sys/types.h> modified

<sys/stat.h>

Welcome to Innovation
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Pre-organised structure for C programming
Data Base: User Header files

& File Manager of Controll P1 - C1P1

B = ol 2 yod B H 8 O o

Current Directory: |

Processor header I

Sim
PROC

Common

DBP.h

Filter: |F

Common.h

Header files of the pre-organised
structure that are written by the user.

Defines.h

?Typedeth

DB.h

DBP.h

Available for all the |
' blocks programmed in C

- Definition of
' user constants

Definition of user

- structures

Definition / declaration of
' user variables

Prototypes.h Declaration of

- the function prototypes

" Available for all the

' controls of a processor

Welcome to Innovation
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Pre-organised structure for C programming
Data Base: WorkSpace

Bl workspaca: Global Variablas Bixl  The WorkSpace contains a set of
00 S v s i & e global C variables,
o defined by the user
Set
double .
> - : In EICASLAB there are the following
hJ T WorkSpaces:
Dimensions: 1,0
value « the Plant Area WorkSpace
— » the Mission Area WorkSpace
Qrmment:
 One WorkSpace for every processor
(of the Control Area)
\
Ok 7 Cancel
Gt 7
Welcome to Innovation
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) _ (Processor WorkSpace) _
Pre-organised structure for C programming
Data Base: Header files scope

Scope of the Control Area block | Plant Area block Mission Area block
header files | header files § header files | Header files

J\

Defines.h Defines.h

[ ] )
(_ Typedeth ] ([ _Typedefh ]
[ DB.h ] DB.h )
[ | )

Prototypes.h Prototypes.h

([ Defines.h
(__ Typedef.h
[

I Block DB.h
k[ Prototypes.h

: I S

n ;
(_DBinterface.h ) (_DBiInterface.h ) (_DBinterface.h )

) _
WSPLArea.h WSMSArea.h .

DBP.h

WS.h
_ Working Area,
[processor for controls] ! (Processor WorkSpace)

Processor

(Plant Area WorkSpace) (Mission Area WorkSpace)

Project, except controls

 [_GPheaders ] [ GPheaders |

Project [ Common.h, Standard.h }

iﬁk; www.eicas. it 12 ) wwrw.sicaslab.com
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Pre-organised structure for C programming
Initialization functions

Function ) Function e — » " Plant [ Control ] Mission
description suffix Area J Area L Area

Parameter flle readlng | eadPar ReadPar.c %<b|ock name>.par P4 P4 8

" Resolution file reading éReadResoI i: ReadResol.c Resolution.par Only
: + Continuous
u ' Plant

Control design 'Des - CtrDes.c : : " :
| i | x i

) }

| |

Specmc c |

fleof the R R %

~ block

" User initialisation function ' Ini
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Pre-organised structure for C programming
Data Base for the reading functions

File Manager of Continuous Plant - CP

File WorkSpace State Variable Number

Bl File Manager of Continuous Plant - CP

A Library Read/Write Functions | of Continuous Plant - CP

Initial State Read/Write Function Filg Shud e | Edil Filg State Variable Number
Resolution Read/Write Function Filg Shustisg Edil Filg J | |
3 ¥ o 3 <o)
Parameters Read/Write Function File Structure Edit File B = 5 = — ==
y: | ( Finstate ) I
Quit 7

== [ContPlantfinstate

Filter:
. - Filter:

Welcome to Innovation
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Pre-organised structure for C programming
Execution functions

EICASLAB performs a like real time simulation of your project:
to perform such a simulation the user has to provide the following scheduling parameters for every block

of its project:
* Phase time at which the block begins to work,
* Period all the blocks are periodic,
¢ Duration duration of the periodic activity of the block.

duration

D —
N R 9§
—t————————F—F——F—F+——> {

phase ’ period

To guarantee the correct scheduling of the block it is necessary to take into account its duration:
this is done by writing two functions for the periodic activity of the block:

tion functi . executes all the operations that the block called when the block is scheduled (considering its |
execution func 'Onj must perform each time it is scheduled | phase and its period)

computes the outputs of the block called after the fixed duration

output function as a function of its current state

Welcome to Innovation
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Pre-organised structure for C programming
Final functions

Function Function CFile Data File Plant Control MISSIOI‘I
description suffix Area Area Area

e . SpecificC ¢ i - -
; User flnal functlon + Fin : ) ; i }
; file of the 8 8 8

" block

e _
Final state file writing “ WriteState u RWState c <block name>.finstate ;; x x x

O U DU

Welcome to Innovation
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Pre-organised structure for C programming
Interface between the blocks programmed in C
and the rest of the project

[E EICASLAB SIMBUILDER - System Layout - jhome/MyUser/MyProject.elp
File Edit Plot Schedule MPKCPO  ACG  Layout Library

B ¥ E S = e

SIMBUILDER |@

Help
-)

2! Block Setting: Input/Output The inpUt/OUtpUt Variables
of the block are defined by
( DISTUREBAMCES COUTRUTS \ means Of an appropriate
dd oufle yop; &~ output n. 1% WindOW_
Del
Set
A me: EBI'CFI‘I
v Dimension: 1
Commen t: Dutputn.ZI
add [double ucp; / input n.iC?‘TM;P\ J The input/OUtpUt
variables are C variables
A that can be used in any C
v\ ox ? function of the block.
L
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Pre-organised structure for C programming
Benefits of the pre-organised structure

No need to manually create all the base structure necessary for a good ANSI C programming.

Automatic standard managing of data files (opening, reading, writing, closing).

Automatic generation of the Makefile needed for compiling your ANSI C code.

Automatic link of your blocks programmed in ANSI C with the rest of your project.

You can modify the proposed structure adding:
= new user files,
o data files,
o header files,
o C files,
= new directories.

You can link your code with external libraries.

You can take full advantage of the facilities offered by EICASLAB.

You have all the potentialities of the standard ANSI C language.

Welcome to Innovation
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Blocks programmable in ANSI C language

i A
»

. R
Control area
Processor Input/Output
/
Mission area !'
(5 ,
HicasLAER™ Tools

Welcome to Innovation
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Hicaslas™

Function names: <prefix (type of block)>_ <suffix (type of function)>

/ Continuous Plant \

Discrete Plant

Experimental Data

A/D Converter

D/A Converter

\

-

Control

Processor Input

ProcessorOutput

4

~

Mission

AD<block >

ProcIn<control index>P<processor index>

[ Function prefix J [ Example J

CP

DP<block index >

ED<block index > ED1_Exe

AD1_Exe

DA<blockindex>

C<control index>P<processor index>

ProcOut<control index>P<processor index>

ey

M<block index>
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Function list

Function names <prefix (type of block)>_<suffix (type of function)>

" Function ‘
suffix

Cni

. Des

. ReadPar |
. ReadState.
. ReadResol

Exe

' Out

Fin

WriteState

‘ Function ‘
description

User initialisation function for Continuous Plant / Discrete Plantj

for Experimental Data
Control Design for Controls
Parameter file reading
Initial State file reading

Resolution file reading (just for Continuous Plant)

Computation of the State derivative for Continuous Plant
Computation of the next state for the DiscrPlant

Reading of one cycle data for the Experimental Data

Post processing of the read data for the Experimental Data
Computation of the outputs of the converters

Mission execution

Control execution

Processor Input/Output execution

Computation of the outputs
User final function for Continuous Plant / Discrete Plant

for Experimental Data
Final State file writing

StateEqg.c

RWState.c

‘ File

Ini.c
CtrDes.c
ReadPar.c
RWState.c
ReadResol.c

StateEqg.c

Exe.c

PostProc.c
ExeConvAD.c/ExeConvDA.c
Mission.c

Ctr.c

Procin.c / ProcOut.c

(same as ‘Exe’ functions)

StateEqg.c
Fin.c

Welcome to Innovation
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EicaslLAB™

The Professional Software Suite
for Automatic Control Design
and Forecasting

EICASLAR De b

POC L
I.‘. .
\
\) )
i
S IMBUT _l,i

= LinuxIRTAT ' L .AJ:&mh_tlc
Coda Generation *=algerithm
, -~ Ganeration: e I‘HU{ )}.’a?fg“
(R «
Hfor Linux Ly '
0, £q; | for Windows
aslab.com
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