—yes \ 4 e AN

excellence and passion in automatic control design

**33 EICAS Automazione S.b.A. r@"

A/D and D/A Converters in EICAS[AB™

Welcome to Innovation

. 439011 56 23 798 +39 011 56 23 083
%4 Fax +39 011 43 60 679
EICAS Automazione S.p.A. 1 **.‘"- www.sicus. 1t




-

** Automazione S.p.A. =
e * excellence and passion in automatic control design

TABLE OF CONTENT

General description of the A/D and D/A converters

The Library Converters

The ANSI C Converters

The scheduling of the A/D and D/A converters

Welcome to Innovation




-

?Vé:;k;}g EICAS Automazione S.p.A. @

excellence and passion in automatic control design

Concept

The A/D and D/A converters are the interface between analogical and digital
signals.

There are then 2 types of converters:

« the analogical — digital (A/D) converters (sensors),
« the digital — analogical (D/A) converters (actuators).

All the digital signals are characterized by a quantization level.
The converters need to know it for working: it is their fundamental parameter.
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The A/D and D/A connections in EICASLAB

In EICASLAB the Continuous Plant block works on analogical data while all the
other blocks use digital data.
To connect a Continuous Plant to any other block it is necessary to insert between
them the A/D and D/A converter blocks that translate the analogical signals
belonging to the Continuous Plant (analogical data) into discrete signals (discrete

data) and vice versa.

© EICASLAB SIMBUILDER: /home/MyUser/MyProject.elp - System Layout
File Edit Plot Configuration Scheduling MPKCPO ACG Layout View
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The A/D and D/A converter blocks in EICASLAB

The converters are blocks belonging to the I/0O Devices library.
They can be inserted in:

» the System Layout

(they are available in the I/O Devices library of the System Library window)
» the Hybrid Plant Layout

(they are available in the I/O Devices library of the Hybrid Library window)

System Library

& EICASLAB SIMBUILDER: /home/MyUser/MyProject.elp - System Layout

& Hybrid Plant Library

@

File Edit Plot Configuration Scheduling MPKCPO ACG Layout View

(2] ¢ B e = = = o

>
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EICASLAB SIMBUILDER - Hybrid Plant
eeeee

File Edit Plot Scheduling WorkSpace Layout View
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The Programming modes of the A/D and D/A
converters

You can program the A/D and D/A converters in two ways:

using predefined models that you can customize setting suitable parameters
(Library Converters),

using the ANSI C language
(ANSI C Converters).
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The Library Converters

Associated popup menu

When you insert a converter in your project it is, by default, a Library Converter.

&2 Programming Mode

Block Setting: Data

IDEAL MODEL

Quantization level

e e
output n.1 -
y_dl

\11.0000008-03

*u at! I v d1 ANSI C
e | =
n»: AD1 ¥ | o Libary FINE MODEL
wla AD |
| First non linearity coefficient 0.000000e+00
Programming Mode ok ?
S ; Second non linearity coefiicient .0000008+00
Block Setting F Mame -
g I Delta for hysteresis EU-UUUUUUHUU
Sk Plotting InputOutput
(POST Recording Data Range for whits hoiss /10.000000e+00
S [ Min value for saturation £1.000000e+03
5 Name: EP«D‘I Max value for saturation 1 900000803
Delete ,
Paste
ot - N
Help ok | 7 Cancel
: ‘ Welcome to Innovation
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The Library Converters
The pre-defined model for A/D converters (1)

T i

Block Setting: Data [o][x]

| Ideal Model:
characterised only by the quantization level.

output n.1
IDEAL MODEL y_di

Quantization level 1.000000e-03

Fine Model:
T models the measurement errors:

* non linearity,
Second non linearity coefficient | | 0-000000e+00 . h YSte res | S ,

Delta for hysteresis W o W h |te n O I Se ,
Range for white noise W « saturation.

Min value for saturation W
Max value for saturation IW

First non linearity coefficient

v ' A/D Converter fine model
= = Analog D:gital
signal Non | . White - Janal
ok | 2 I ey Linearity | Hysteresis . Saturation ? Quantization

Welcome to Innovation
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The Library Converters
The pre-defined model for A/D converters (2)

Block Setting: Data

— Quantization:
IDEAL MODEL y_ai divides the measure for the quantization value.
Quantization level i1.000000e-03
Non Linearity:
it adds to the measure 'y’ the term ‘a sin(y b)’
S [ ) where ‘a’ and ‘b’ are respectively the first and the second

non linear coefficients;

Second non linearity coefficient | | 10.000000e+00

J
Delta for hysteresis {0.000000e+00 H ys teresis:
- it models the behaviour of incremental encoders.
Fsnge or whit noes b It works by verifying the difference between the new
NisElis o saraton 'L1.000000e+09 ) measure and the old one, decreasing/increasing the new
: measure if the difference is greater/minor than a factor
Max value for saturation e ) delta :

) S White noise:
— = | |: it adds to the measure a signal described by an uniform
distribution with a specific range;

A/D Converter fine model

Analog / Digital Saturation:
igna : ( signal . . .
. % 8, H HysteresasH iite H saturation Houamnzanon " applies an upper and a lower limit to the measure;
\ Welcome to Innovation
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The Library Converters
The pre-defined model for A/D converters (3)

*u_al v dl & Block Setting: Data [o][x]
Wu_ﬂ; ADI v_dZ output n.1 output n.2 output n.3
== IDEAL MODEL
y_d1 y_d2[0] y_d2[1]
Quantization level i1.000000e-03 111.000000e-03 i1.000000e-03

An A/D and D/A converter block A _
can have more inputs and outputs. | rusteninesiy costient All oufputs characterisics independent

-~ Default parameter values

(L

Second non linearity coefficient All parameter values equal to the ones of output n.1

For complying the pre-defined
model the number of outputs must | ostaormseess
be equal to the number of inputs.

Range for white noise Ok ? Cancel |
Eve ry in p Ut/O Utp ut can be it valus for saturation £1.000000e+09 £1.000000e+03 £1.000000e+03
Cu StO m |Zed h aVl N g ItS own m Od e I Max value for saturation 1.000000e+03 1.000000¢+03 11.0000002+03
parameters.
Ok Set all ? Cancel

Welcome to Innovation
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The Library Converters

The pre-defined model for D/A converters

B Block Setting: Data

IDEAL MODEL

Guantization level

FINE MODEL
First non linearity coefficient
Second non linearity coefficient
Delta for hysteresis
Range for white hoise
Min value for saturation

Max value for saturation

output n.1
u_a2

|§1 .000000e-03

|§n.0000005+nu
|Eu.000000e+00
|§u.nuunnne+uu
Izo.ooonuomu
|§»1.nuuunne+us
|§1 ,000000e+03

Cancel

Ideal Model:
characterised only by a quantization level.

Fine Model:
considers also other phenomena:
 saturation.
* non linearity,
» white noise,
* hysteresis.

D/A Converter fine model

Quantization»| Saturation Non White
Linearity noise

Digital
signal

M Hysteresis

Welcome to Innovation
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The Input/Output variables (1)

e E

INPUY

EL_DOUBLE *u_a ; /*(dim
EL_DOUBLE *w2 ; /*(dim=

Del ||
Set §
A

& EICASLAB SIMBUILDER - Hybrid Plant

' & Variable Characteristics

Type:
Name:
Dimension:

Comment:

Ok

File Edit Plot Scheduling WorkSpace Layout View

e ] < | X

EL_DOUBLE

Wi
|

Angular rate

Help

SIMBUILDER @-

=+ AD2

Cancel

Cancel

The input/output variables of the
block are defined by means of an
appropriate window.

For complying the pre-defined
model the number of outputs
must be equal to the number of
outputs: if you add an input a
corresponding output is
automatically added.

The input/output
variables are ANSI C
variables .

Welcome to Innovation
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The Library Converters
The Input/Output variables (2)

2. EICASLAB SIMBUILDER: /home/MyUser/MyProject.elp - System Layout

Fle Edt P Confguaion Scheduing MPYCPO ACG Lajout View Hlp The converters work directly on

B Y E S e O Swwuivee €. the output variables of the
blocks to which they are
connected.

Any quantity has to be
measured when it is available
(every measure corresponds to

Continuous_Plant

& Block Setting: Input/Output a preCise measuring time)-
VE'L DOUBLE *u a<f*(I;;S:;f'f*’Angul'érréte 5 | acsl[ELINT y_o; e The IanIt va rlable IS then d

- EL_DOUBLE *w2 ; /(dim=2)"/ /* &ngular rate */ = EL_INT y_d1[2]; pointer to the Output Va riable
to which it is connected (e.g.:
- variable *u_a).

Welcome to Innovation
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B The Library Converters
" SIM plotting and POST recording

& POST Recording @[]
YOU can SeleCt the input, OUtpUt, and " Enable the POST Recording for this block
state variables for plotting and nput
recording them during the simulations. | = ,
" w2 .
Input area(1-6)  N(1-4)
Output u_afo] R '31
| y_d T o
w2[0] 2 H
——————— 1 "y di[ - e
"u._al ! a : Y_dl % ¥
"i AD AD ‘ States .w2[1] ';2 “2
_____ Programrﬁing Mode ‘ -4 Mmeaealu g o e
= | y-d A i
Block Setting - meas.ofwz[Z] = s
5IM Plotting £ e
POST Recording y_d1[1] 125 »§2
ey States Area(1-8) N{1-4)
meas.ofiu_a
Delete meas.ofw2[0]
Paste
Rotat meas.of:w2[1]
otate -
, ok Labels
Help . ;
o— ok ? Cancel
Welcome to Innovation
et - ;
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The Converter programmed with ANSI C language
The Converter file manager

i

The Converter programmed with ANSI
C language has its own file manager ©) File Manager of AD1 - AD1
through which it is possible to File Workspace

program the block. I8 | o

8 @] =

EICAS LAB prOVideS d Current Directary: D1 !
pre-organised structure: i ——
. nistate
a set of template files Cormmorn FinState
subdivided in: T \ —
« data files gl . b - DB \
~/ | Open File Manager | Defines.h
 header flleS, Programming Mode ExecConvaD.c
° ANSI C f||es, ;ilbra':ySR;alerite Functions | :;ﬂgg’;’:‘j’h & m
. ock Sefting RWState.

that you can erte a nd Settings for Export Type:ei.r?
customize in order to s Pputing \_ Y,
implement your block. T

Delete

Paste -

Rotate Filter: |

VHeIp ' L I

Welcome to Innovation
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& File Manager of AD1 - AD1
File  WorkSpace

B = 8 B ¥ oo & B =

Current Directory: | Caommon

A1

ot

excellence and passion in automatic control design

The Converter programmed with ANSI C language
The header files

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

Definition of

Defines.h user constants
Typedef.h Definition of user
structures
DB.h Definition / declaration of

user variables

Declaration of

Prototypes.h )
the function prototypes

Available for all the blocks

2

Common.h :
programmed in ANSI C
Fitter: |¥
Welcome to Innovation
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. The Converter programmed with ANSI C language
Initialization functions

>
)
#*
=]

Name Description ANSI C File Data File
e e TT--TTT TS T T TS TS S TS TS S ES |
. AD#_ReadPar . Parameter file reading | ReadParc | ConvAD.par :
1 1 I | 1
SN SR I N N N :
. AD#_IEpadState : Initial stateflle reading - RW3hte.c : ConvA lLinistate :
I : : : :
1 1 | 1 I
| I e TTTTT T TS T T T T TSI S E TS TS S ES a

: 1
1
1
1

1
User initialisation function E ExecConvAD.c,
| I

e e e e ey e e = e - - = = = -y

Welcome to Innovation
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~ The Converter programmed with ANSI C language

Execution functions

ol ) (Ceme )

Executes all the operations that the activity must perform each time it is scheduled
and updates its outputs

Welcome to Innovation
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. The Converter programmed with ANSI C language

Final functions

(e ) oo (e ) o)
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.
Y

. - -:I" _-r._. .
- A eicaslab co

e



AW i T
excellence and passion in automatic control design
The Converter programmed with ANSI C language

Data file management

JEREEEEEEEEEERRRRRRRRRRRRRRR )

void. AD@_ReadPar (FILE *fp)

/st

INPUTS:

fp. file pointer to the file ConvAD.par

OUTPUTS:
value of the AD@ parameters

OBJECTIVES:
The function can read the parameters of the AD@ module from the file ConvAD.par.

All the parameters should be defined in:
DB. h, g database of the AD@ Module

SCHEDULE:

The function is called by the EICASLAB simulator nucleus,
once at the beginning of the simulation session,

before the functions AD@ ReadState and AD@ Ini.

*/

{

return;

}

/****t****t****t****t****t**/

Welcome to Innovation
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The Converter programmed with ANSI C language
The Library Read/Write Functions

%y 31! 1 File Structure

scalar parameters
1.000000e+00, 0.
array parameter
ar[el[e]l[e]:.
ar[el[e][1]:.
Eﬂar[@][@][Z];
ar[el[e]l[3]:.
ar[el[1]1[0]:.
[ar[@][l][l]:.
ar[el[1]1[2]:.
ar[0][11[3]:.
ar[el[2][0]:.
ar[ol[2][1]:.
ar[el[2]1[2]:.
L_ar[el[2][3]:.
ar[11[e][0]:.
ar[1]1[e][1]:.
ar[1][e][2]:.
ar[11[0]1[3]:.
ar[1]1[1]1[0]:.
ar[1]1[1][1]:.
ar[11[11[2]:.
ar[11[11([3]:.
ar[1]1[2]1[0]:.
ar[11[2]1[1]:.
ar[11[2]1[2]:.
ar[11[2]1([3]:.

ool oo NoNoNoNoNo oo NoNo oo NoRNo oo R o R R o R o R o B

add I1,5cal2
of - Mg

s 5call,scalz
0000OBe+00,
ar[2][3]1[4]

Variables

Structure: Onhe of more scalar {if wou give more than one scalar separate their names and values with spaces or commas)
2, Variables Talel
Structure: Array {Inzerting the name yau have to indicate the dimensions: ex m2][E)
Type: double horizontal
verical
Show names in row: yes noa

File Structure Edit File

Cancel

= .
—

Welcome to Innovation
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The Converter programmed with ANSI C language

]
The Input/Output variables
The input/output variables of the block are defined
@ by means of an appropriate window.
e —
Sven ElBManager | The converters work directly on the output
Programming Mode variables of the blocks to which they are
Library Read/Write Functions | connected.
Block Seffing " Name - The input variables are then pointers to the
2oz iy E oot output variables to which they are connected .
The input/output variables
: — o\ | are ANSI C variables that
T sl | can be used in any ANSI C
- :ig function of the block.
A A
Y Y
e /

Welcome to Innovation
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The scheduling of the Converter functions

-@ The Converter functions

The Converters may be programmed through a set of activities (functions):

Library Converter:
all the functions are entirely created and managed by EICASLAB.

Converter programmed in ANSI C:

all the functions have a template provided by EICASLAB and
are managed by the user.

Welcome to Innovation
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. @The scheduling of the Converter functions
D/A-
Functions categories

The activities are subdivided in three main categories:

)
¢ <> | Initialization functions | —> called just once at the beginning of the simulation
=
3]

f <> | Execution functions |—> periodically scheduled

£

()

=

S |« Final functions —> called just once at the end of the simulation
—/

Welcome to Innovation
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.~ The scheduling of the Converter functions
%),

Scheduling parameters

The user has to fix a simulation step,
which represents the time resolution applied in the simulation of the overall project.

The converters are by default istantaneous activities (their duration is negligible
with respect to the duration of the other activities).

Their execution functions implement periodic activities characterized by the following
scheduling parameters (expressed as a multiple of the simulation step):

- Phase time at which they are called for the first time,
 Period their sample time interval.
III¢Iﬁ0ll¢lllllt
phase period period

executes all the operations that the activity must , called when the block is scheduled (considering its
perform each time it is scheduled and phase and its period)
updates its outputs

execution function

Welcome to Innovation
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é‘he scheduling of the Converter functions
AR = D/AR Lo ) i} ) )
Initialization and final functions

Library converter:
-2 functions entirely created and managed by EICASLAB,
Converters programmed in ANSI C:
-2 functions created by EICASLAB (template) and managed by the user.

The initialization functions are called just once at the beginning of the simulation,
in the following order:

1) Parameter file reading,
2) Initial state file reading,

3) User initialisation function (Only when programmed in ANSI C language).

The final functions are called just once at the end of the simulation
in the following order:

1) User final function (Only when programmed in ANSI C language),

2) Final state file writing. Welcome to Innovation
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The scheduling of the Converters

3 @ How to set the scheduling

&, EICASLAB SIMBUILDER: /home/MyUser/Projects/MyProject.elp - System Layout
File Edit Plot Configuration  Scheduling | MPIKYCPO  ACG  Layout  Wiew
. . Activities Scheduling & Activities Scheduling
B ¥ B & Err e gle Yow
Block
\ e ..y[. e
6 i I
T l I U T
’ .
=y_dl —
o * DAl H Current Simulation step: 1.000000e-04
Continuous Plant —
CP [1 Continusous Plant OVERALL PERIOD = 50 simulation steps
Live Function Execution flags Period  Duration  Phase 6 12 18 24 30 36 4 48 54 60 66 72 78 84 90 96
u] |C’ Continuous_Plant I on ‘ moze...| |1 1 i
L. / AD converters
Plant Mission e I Encrion. Execution flags Period  Durtion  Phase 6 12 18 24 30 36 4 48 54 60 66 72 78 84 90 96
N S Oy O O (GO A
M1 o |Aln |m1 | on i | lmore.| | |0 Na o
Refrn |- —
q
M DA converters
Live  Function Execution flags Period  Duration  Phase 6 12 18 24 30 36 & 4 54 60 66 72 Te 84 w0 96
S ) fom) s (fowa o[RS
Control1 P1 g
C1F1 Missions
Live  Function Execution flags Period  Dunation  Phase 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 9
| | Stept ] on | EERY| | |E0 Na |
[ | | |B=M"°iﬂ= | on | | 4B NA D
Processorn.l
Live Function Execution flags Period  Duration  Phase f 1|2 1’8 2‘4 3‘0 3|6 4|2 4|8 5.4 Glﬂ GIG ?:2 7;8 3‘4 9‘0 vlﬁ
[ |'¢m Control1_P1 ] on | me| (50 B0 b
0Ok 7 Cancel
System Layout : :
il L
Welcome to Innovation
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