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Abstract

Today, the shortest time-to-market in the electric drives industries is being a pressing requirement, consequently development
time of new algorithms and new control systems and debugging them must be minimized. This requirement can be satisfied only
by using a well-defined System-level design methodology and by reducing the migration time between the agorithm
devel opment language and the hardware specification language.

In this report, we propose to use the SpecC language for the development (specification and validation) of new control

algorithms. This includes the specification of the control systems (algorithms and 1/O interfaces) in SpecC and its validation by
simulation using a SpecC specification model of the process under control.

This new approach will alow designers to implement easily the retained specification according to the SpecC methodology.
Indeed, the same language (SpecC) is used for the study of new control systems and their design and implementation.

We first begin with a brief presentation of the electric drives and of the SpecC language. Then, we discuss the specification
models in SpecC of the whole system including the control unit and the process under control. We illustrate this approach by an
application example of a DC system. Finally, we present the main advantages of the SpecC language in the devel opment of new
control systems.
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ABSTRACT

Today, the shortest timeto-maket in the dectric drives
industries is being a pressng requirement, consequently
devdopment time of new dgorithms and new control
systems and debugging them must be minimized. This
requirement can be satisfied only by usng a well-defined
Sysem-levd design methodology and by reducing the
migration time between the dgorithm  deveopment
language and the hardware specification language.

In this report, we propose to use the SpecC language for
the devdopment (specification and vdidation) of new
control agorithms. This includes the specification of the
control systems (algorithms and 1/0 interfaces) in SpecC
and its vdidaion by dmulaion usng a SpecC
specification mode of the process under control.

This new approach will dlow designers to implement
easdly the retained specification according to the SpecC
methodology. Indeed, the same language (SpecC) is used
for the study of new control systems and their design and
implementation.

We fird begin with a brief presentation of the dectric
drives and of the SpecC language. Then, we discuss the
specification models in SpecC of the whole system
including the control unit and the process under control.
We illugtrate this gpproach by an application example of a
DC sysem. Findly, we present the main advantages of
the SpecC language in the devedlopment of new control
systems.

1 [Introduction

Today, variable speed motor control systems have a wide
range of gpplications from indudrid robotics to domestic
washing machines each with a secfic st of
requirements. Therefore, Motor control is being a vast
market (estimated to be $5 hillion annudly for motors and
motor controllers [1]) and the motor control industry is
being a drong aggressive sector. Each indudry to remain
competitive has to answer the customer and governments
demands for lower cogt, grester rdiability, environmenta
concerns regarding power consumption, emitted radiation
and requirements for grester accuracy achievable only by

the use of sophigticated control agorithms. Developments
are usudly done according to two fidds:

- Control dgorithms: Motor control  researchers  are
increesingly developing new  sophisticated  control
dgorithms to increese peformances e Sensorless
control, <df-adaptive  control, Neurd  network
control, Fuzzy logic control... These developments
ae dways characterized by a growth of complexity
and needs more performance devices.

- Control device Motor control circuit designers are
increesingly developing new hardware sysems with
new dedicated processors in order to obtain red-time
implementation of these  sophisticated  control
dgorithms [2,3]. Some ASM (Application Specific
Microprocessor) for motion control  gpplications are
devdoped [4,56]. These processors include both
high performance core (usudly DSP core [7]) and
dmogt dl the required peripherds and memory
(andog input channds, encoder inteface, PWM
outputs, serid communication channds, Timers ...).
Today, indudries are working on developing fully
integrated solutions for motor control  [1](ASSPs
Application Specific Standard Products) which  will
dlow inheret benefits like lower codt, greater
religbility, greater flexibility, lower power
consumption and greater precison. These solutions
ae becoming a key maket for IC manufacturers like
Anaog Devices, Hitachi and Texas Instruments.

The chortest timeto-market is a pressng requirement,
consequently  development  time of new dgorithms and
new control device and debugging them mugt be
minimized. This requirement can be satidfied only by
usng a wdl-defined Sysem-levd design methodology
and by reducing the migration time between the dgorithm
devdopment languege and the hardware specification
languege

In this report, we use the SpecC language for the
development and vdidaion of new control dgorithms.
This will dlow designes to implement eesily this
dgorithm according to the SpecC  methodology  [8].
Indeed, the same language (SpecC) is used for vdidation
of the agorithm and specification of the device.



We firg begin with a brief presentation of the dectrica
drives and of the SpecC language. Then, we present the
specification modd of the eectric drive system in SpecC
(control unit and process under contral). Findly, we
illustrate this gpproach by an application example of a DC
sysem and we present the main advantages of the SpecC
language in the development of new control systems.

2 Electrical Drives

The dectricd machine control is performed following the
diagram of figure 1. Such a sydem is composed of two
main parts:

- The process to control (CMS. Converter / Motor /
Sensors);
- Thecontrol unit.

The control unit receives process date information from
the sensors and generates control signas to the converter
switches.

Sensors

DIGITAL CONTROL
UNIT

Figure l: Electrical drive structure

As shown in figure 1, dectricd drives have the fallowing
basic 1/0 requirements:

- currentsivoltages measurements,

- position/speed measurements;,

- pulse width modulation for power converter
switching.

Today, modern applications mostly employ A.C. motors.
PMSM  (permanent magnet synchronous motors), IM
(Induction  motors), SyncRd  (Synchronous  reluctance
motors). In fact, if the complete life of the drive is
conddered A.C. drives peformance and cost ae better
than those of D.C. drives since their higher initid cos is
quickly baanced by the reduced energy consumption and
the lower or absent maintenance.

SO0 in most of sysems, two phase currents (generaly
measured by Hal sensors) are sufficient since the third
one can be essily computed. Podtion signds, needed by
speed/position  control  and  field oriented control  are
messured ether by usng opticd encoders (generdly

incrementa encoders)  or  resolvers.  Pulse  width
modulation (PWM) is achieved in severd ways dther
hadware or <oftware, usng ether the dngle
microprocessor or external ASIC.

According to the previous description, al motor control
sysdems require, besides the powerful processor core, a
significat aray of additiond circuits for correct
operation, including such functions as:

- Andog to Digitd converson for current or voltage
feedback: requires both high accuracy and fast
converson rate usudly 10-12 hit andog to digitd
converters with a few ns converson times are
neaded;

- Pulse width modulation (PWM) blocks for generation
of the inveter switching commands PWM
generation represents one of the most interesting part
in drive desgn and the chosen modulaion technique
affect both peformance and sysem complexity.
Smple modulaions do not require  complex
cdculation, so they can be easly implemented ether
by HW and SW without any externd component;
more complex dgorithms often  present  high
computational load, then they require externd ASIC
or dedicated microprocessors,

- Postion/sensor  interfaces for  higher-performance
applications  Encoder outputs are two quadrature
suare wave dgnas which frequency is up to some
MHz.;

- Seid  ports for hot communications Because
modern drives cannot neglect communications, high
geed serid channds and or specific interfaces (eg.
CAN bus) are often highly desired;

- Generd-purpose digital input/output ports.

3 SpecC Language[8,9,10]

3.1 Design Consideration for System Leve
Design Language

A syslem can be described a any one of severa distinct
levels of abdraction (logic levd, architecture leve,
conceptua levd, ...). Each of them saves a paticular
purpose.

In paticular, a the conceptuad leved, it is possble to
describe the system’'s functionaity without any notion of
its components. Description of such level can serves as
specification of the system for designers to work on.
Indeed, incressingly designers need to conceptudize the
sysem udng an executable Specification language, in
order to verify the correctness of the system’s intended
functionality.

According to the Co-Desgn methodologies it is dedrable
that the specification language be used for dl modds a



dl dages of the desgn process (homogeneous
methodology). Therefore, this methodology does not

auffer  from  dmulaor  intefacing  problems  or
cumbersome  trandations  between  languages  with
different semantics. Instead, one set of tools can be used
for dl modds and syntheds tasks ae merdy
trandformations from one program into a more detaled
one usng the same language. This is dso important for
reuse, because desgn modds in the library can be usad in
the system without modification (“plugand-play”’), and a
new design can be usad directly as alibrary component.

Such  spedification and modding  languege mugt  be
executeble, modular  and  complete.  Furthermore,  these
concepts  should be organized orthogonaly (independent
from eech other) s0 that the language can be minimd. In
addition to these reguirements the language should be
easy to understand and easy to learn.

3.2 Traditional Languages

Most of traditiond languages lack one or more of the
requirements discussed in the previous section and
therefore canot be used for system modeing without
problems aising. Fgure 2 ligs examples of current
languages and shows which requirements they support
and which are missing.
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Figure 2: Language Comparison

3.3 SpecC Language

The SpecC language is huilt on top of the ANS-C
programming language, the defacto dandard for software
development. It is a true superset, such that every C
program is dso a SpecC program. C was sdected because
of its high use in software development and its large
library of dready existing code.

The SpecC language is based upon the program dae
mechine (PSM) modd of computation. The SpecC moded
clearly separates communication from computation. It
condgs of a hierarchicd network of behaviors and
channels and supports “plug-and-play” for easy |P reuse.

In  addition, the SpecC languege has extensons for
hardware design. It supports al the concepts that have
been identified as requirements for embedded systems
desgn, such & dructurd and behaviord hierarchy,
concurrency, explicit dae trandtions, communication,
synchronization, exception handling, and timing Some of
these specia congtructs are described in the next sections.

331 Structural Hierarchy

Semanticaly, the functiondity of a system is captured as
a hierarchicd network of behaviors interconnected by
hierarchicadl channds. Syntacticdly, a SpecC program
condsts of a st of behavior, channel and interface
declarations:

- A behavior is a class condsting of a set of ports, a set
of component ingtantiations, a set of private varigbles
and functions, and a public main function. In order to
communicate, a behavior can be connected to other
behaviors or channds through its ports. The
functiondlity of a behavior is <specified by its
functions starting with the main function.

- A channedl is a cdass tha encapaulates
communication. It condsts of a s of variables and
functions, cdled methods, which define a
communication protocol.

- An interface represents a flexible link between
behaviors and channels. It condsts of declarations of
communication methods, which will be defined, in a
channd.

For example, the SpecC description in figure 3b specifies
the sysem shown in figure 3-a The example system
specifies a behavior B condgting of two sub-behaviors bl
and b2, which execute in padld and communicate via
integer vl and channd c1. Thus dructurd hierarchy is
specified by the tree of child behavior instantiations and
the interconnection of their ports through varigbles and
channels. Behaviors define functiondity and the time of
communicetion, whereas channds  define how  the
communicetion is performed.

332 Behavioral Hierarchy

The compostion of child behaviors in time is cdled
behaviord hierarchy in SpecC. Child behaviors can either
be executed sequentidly or concurrently.  Sequentid
execution is specified by dandard imperative dtatements
or as a finite state machine with explicit state trangtions.
Concurrent  execution is dther padld or pipdined
(Figure 4).

Syntectically, behaviora hierarchy is gpecified in the
main function of acomposite behavior.
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(a)

interface 11

bit[63:0] Read(void);
void Write(bit[63:0]);
b

channel Climplements|1;
behavior B1(in int, 11, out int);

behavior B(in int pl, out intp2)
{
intvl;
C1 ci;
Bl bl(pl, c1, vl),
b2(v1, c1, p2);

void main(void)
{ par { bL.main();
b2.main();

(b)

Figure 3: Basic structure of SpecC program

Sequential execution FSM execution
behavior B_seq behavior B_fsm
{ {
B b1, b2, b3; B bl, b2, b3,
b4, b5, b6;
void main(void) void main(void)
{ bl.main(); {fsm { bLl:{...}
b2.main(); b2:{...}
b3.main(); .}
} }
¥ ¥

Concurrent execution Pi pe| ined execution

behavior B_par behavior B_pipe

B b1, b2, b3; {B b1, b2, b3;

void main(void) void main(void)

{ par{bl.main(); {pipe{bl.main();
b2.main(); b2.main();
b3.main(); b3.main();

} o} } o}

b b

Figure4: Behavioral hierarchy

333 Communication

The cear separation of communication from computetion
isone of the strengths of the SpecC language.

Communiction can be modded by use of variables or
channds between behaviors (Figure 3). Vaiables are usd
to represent a shared memory communicaion modd in
SpecC. However, channds are used to represent more
complex communication including  protocols,  which
inviove  synchronization,  timing, buffering,  error
correction, etc.

The specification of the channd is separated in the
interface  declargtion and the channd definition. The
interface defines a set of function prototype declarations
without the actuad function body. The channd
encgpaulates the communication media and provides a st
of function implementations.

3.34 Synchronization

Concurrent behaviors usudly need to be synchronized in
order to be cooperdtive. In SpecC, a built-in type event
sarves as the basic unit of synchronization. Events can be
used only as argumentsto wait and notify statements.

A wait daement suspends the current behavior from
execution until one of the specified events is notified by
another behavior. The notify doaement triggers Al
oecified events so that dl behaviors waiting on one of
these events can resume their execution.

3.35 Exception Handling

SpecC provides support for two types of exceptions,
namely abortion (or trap) and interrupt.

For abortion, the execution of the initid behavior is
aborted immediady and will not be resumed. This
exception is usualy used to modd the reset of asystem.

In contrast to this, an interrupt exception will resume the
execution of theinitid behavior.

3.3.6 Timing

In the desgn of embedded systems, the notion of red
timeisan important issue.

SpecC  differentiates  between two types of timing
information, exact timing and timing ranges.

Exact timing is used when the timing is known, as in the
execution delay of an aready synthesized component.

Timing ranges are used to pecify timing condraints a
the specification levdl. SpecC supports timing information
in tems of timing diagrams with minimum and
maximum time condraints. Timing ranges are pecified as
4-tuples T={I11; 12; 10; 20} with the range statement. This
specifies that at least min but not more than max time
units spent between labels11 and 12.



Timing ranges dlows avoiding the over-specification
problem often obtained with the hardware description
languages such as VHDL.

337 Additional Features

In addition to the concepts explaned so far in this
chapter, the SpecC language supports other constructs that
are necessary for system-level design. It provides explicit
support for Boolean pool) and bitvector pit[ : ]) types,
in addition to al types provided by ANSI-C. SpecC dso
provides congructs for binary import of precompiled
SpecC code and support of persisent annotation for
objectsin thelanguage.

It is very important thet the advantage of SpecC lies in its
orthogond  condructs, which  implements  orthogona
concepts. The SpecC language covers the complete st of
sydem concepts with a minimal sat of congructs. It is
therefore easy to learn and easy to understand.

4 Electrical Drives Specification Using
SpecC

In the traditiond way, developers of new control
dgorithms validate their dudies by Smulaion using
sandard language (C, C++, MATLAB, ...). The control
dgorithm is tested usng mahematicd modds of the
process written in the same program, with the same
language. Therefore, designers of the control devices have
to trandate this specification from the origind language
(dtandard  language) to the co-design  methodology
language. Thisintroduces atime/schedule delay.

In this work, we propose to use the SpecC language to
specify the whole motor drive system that includes
control dgorithms, I/O modules and Process to control. In
contrast to other language, the SpecC dlows to specify
the sysem functiondity in a clear and precise manner and
the obtaned specification, used for dmulaion, will
sarves, without the need for tedious rewrites, as the input
to the synthess and exploraion stages in the SpecC
design methodology.

In this section we present the generd case of dectricd
drives then we destribe the case of a DC system as an
exanple This gpproach can be genedized to dl of
Power Electronics and Electricd drives system.

4.1 Overview

Figure 5 shows the top leve of the dectric drive
specification in SpecC, condgting of process and control
device sub-behaviors running in pardld. The process sub-
behavior is specified usng mathematicad modes of the

eectric device in order to vdidate the control agorithm.
It recdves control dgnds and generates information
about the dectric process date.  Control device on the
other hand, captures this information and generates
control signals according to the used dgorithm and to the
user orders.

The highest behavior in the hierarchy (Process CTL) is
the “Man” behavior smilar to the main()-function in
eech C program. Ths manbehavior contains the
testbench including the process specification (Process)
and the control system under Test (CTL).

In the following sections we describe these modules in
more detalls.

ﬂ?roc&ss_CTL G [D] = w

Process Di CTL
(Process

under c (Coqtrol
Control) [« Device)

Ci: Control Signals/ Di: State process information

Figure5: Top-level specification model of electrical
drive system

4.2 Process Specification

The dectric drive is composed of three module
caegories Converter, Motor/Load, and Sensors. On the
physicd process these modules operate in pardle. Then
in our specification we reproduce this structure by using
three padld behaviors (Figure 6). Each of these
behaviors will be decomposed on  child-behaviors
according to the following considerations:

- In the motor/load modd, we usudly diginguish two
modes dectric mode and mechanicd mode So,
when digitized, the mode is composed of two
equation systems. one for the dectric mode and one
for the mechanicd mode. Then the motor behavior is
decomposed of two child-behaviors  (Electric
behavior and Mechanic behavior).

- On the physca process we usudly use severd
different sensors. Each of them is specified in a child-
behavior (sensor, sensory, ...).

- According to the fact that these modules don't have
the same temporad condraints and rates, we propose
to add to each behavior a clock (represented by
another  sub-behavior Clky) that generates its
corresponding  computing step  for the sSmulation.
Thee clocks must be defined according to the user
specification.



Usudly, we use the same clock for the smulation of
dectricd device, and different clocks for different
SENsors.

The find specification mode of the process under control
is then represented by figure 6.

(" Process
T — |‘_| |y =
Converter Moator/L oac
o

Converter

Figure6: Detailed specification model of electric drives
systems

This specification mode present severd advantages:

- The SpecC specification describes the process in a
cdear, moduar and precise manner.  Avalable
padldisn and behavior dependencies are explicitly
shown. This gredly esses the understanding and
therefore  supports quick  exploration of  different
design dternatives a the sysem level in the firg
place.

- According to this principle, we have a modular
Sructure that is essy for use and configure with a
library of components. User has jus to make his

choice of modules from this library according to his
application.

- Manipuletion of time is very useful since we define
for eech module or sub-module (for the sensors) a
clock behavior that specifies the computing time of
corresponding behaviors.

- Usng the ssor modules we obtan a good
representation of the physica system and then a good
vaidation of the control device So, some phenomena
can be dudied like resolution of the converter and the
encoder sensors, influence of delays and noises,...

4.3 Control Device Specification

Besdes the dgorithm implementation, al motor control
sysgems require a dgnificant array of additiond circuits
for correct operation, including such functions as.

- Andog to digitd converson for cagpture of eectric
meagnitudes (current and voltage);

- Postion sensor interfaces for capture of mechanica
maghitudes (position and speed);

- Pulse width modulation (PWM) blocks for the
generation of the converter switching commands;

- Serid portsfor host communication;

- Generd-purpose digital input/output ports;

- Wachdog timer and event timers ...required for red
time embedded control systems.

According to the user application some or dl of these
blocks ae integraed in the control device So in our
Specification we resarve for each of them a sub-behavior
that can be decomposed of some child-behavior... These
sub-behaviors  will be specified indde two principle
behaviors, which ae the ACQ behavior for the
information cepture and the PWM behavior for the
generation of control signals.

On the other hand, in the dectric drive, we usudly
diginguish two control loops. an outer motion loop and
an inner current loop. The motion loop handles the
mechanicd load and mantans rotary postion  and
velocity. It has typicaly bandwidths of the order of 20 to
30 Hz with sample rates of 500Hz to 3 kHz. The current
loop handles the dynamics of the motor eectricd system
and controls torque production. It has typicaly
bandwidths of the order of 1 to 2 kHz with sample rates of
up to 20 kHz.

Then, a behavior CTL_Alg incduding two sub-behaviors
one for the mation control (M_Alg) and one for the
current control (C_Alg) can specify the control agorithm.

Each of these behaviors is associated to a clock generator
behavior (CIky).



The Figure 7 represents the specification mode of the
control device.

(CTL

[T Je

Lt

Figure 7: Specification model of the control device

4.4 Caseof D.C. System

To vdidate this new approach used in the development
(specification and vdidation) of new control dgorithms
for dectric drives and based on the SpecC language, we
describe in this section, the case of a DC system. This
process is composed of a DC motor fed by a four-
quadrant chopper and associated to current and  speed
SeNsors.

441 DC Process

The DC sydem is composed of a DC motor, a four-
quadrant chopper, a Hal sensor for the current capture
and an Optical incrementa encoder for the Speed.
The SpecC modd of this system is represented by figure
8, where each module hasits own clock generator.

Figure 8: Specification model of a DC system

The Hal sensor output is a voltage magnitude thet
represents the current value. This output voltage depends
on the Hal sensor characteridics and the current vaue. In
our case this dependency is represented in the behavior
Sensor; by the eguationl: Vout=im*5/15 volts. A more
sophisticsted modd  (induding  influence of  noises,
temperature, wear,...) can be pecified in this behavior in
order to reproduce more precisdy the Hall sensor outpt.

The opticd incrementd encoder generates two quadrature
uare wave dgnds (S0 and Sl1) with the same frequency
(proportional to the motor frequency) as represented by
figure 9.

o— L I

< >
T
S _| |—|
_ Rotation sense
T=(int qué : 8)-'9|—|' S 0y T

a1 SL_I_I_I'

Figure9: OIE sensor Specifications

Thee dgnds ae reproduced by the behavior Sensoryy
More complex modes can be added to this behavior



specification in order to reproduce more precisdy the
optical incremental encoder outputs.

442 Digital Control Device

This device incudes three man padld behaviors that
decribe  respectivdly the PWM  modules, the control
agorithms and the different used sensors. Each of them is
digtributed in different child-behaviors according to figure
10.

Figure 10: Control device specification — case of DC
system

The Control Algorithm behavior is composed of two sub-
behaviors one for the motion control and one for the
current control. The current loop period is 284ns while
the motion loop period is 20ms.

The current is measured by Hal sensor and the
information is obtained in a voltage form. So, the control
device has to indude an ADC module The current
capture requires both high accuracy and fast conversion
rae usudly a 10-12 bits ADC with a few s conversion
times are needed. In order to have a precise gpecification
of this module, the description of the ADC is done using
two parameters. resolution (number of bits) and deay

(time necessry for converson). More specifications can
be added to this behavior in order to represent more
precisaly the ADC component functioning.

The current control module uses the average vdue of the
current (at the scae of the current control period). So, we
add to the current cgpture behavior a module to compute
thisaverage vdue.

For the speed control, the rotation direction and the speed
absolute vaue ae obtaned from the optica incrementa
encoder signals SO and S1.

To contral the four-quadrant chopper, a least, two ontrol
sgnds ae required. Thee dgnds (CO and Cl) ae
generated by the PWM behavior according to the current
control order. This behavior can be defined with three
configurable parameters: clock, period, pulse width.

443 Results

Specificanion Mode] Besube = Cise of Motion Coneral
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Figure11: Specification model results

Using the specification modd of the DC system, user can
test the control agorithm and the influence of its different
parameters (regulators parameters, control periods,...). He
can dso test the impact of the 1/0 circuits like the
resolution of the CAN and it's delay and the precison of
the speed capture module according to the used clock. ..

Figure 11 shows results obtained with two different speed
control parameters.

More sophigicated models can be used in order to
represent  others complex phenomena like the influence of
the temperature, of the wear, of the noise,... The user will
be able to add these specification in very easy way and he
will be then able to vdidate his control device under
pecific conditions...



The ue of SpecC language in the development of new
control systems present severd advantages that ae
developed in the following section.

5 SpecC Language Advantages

During this project, we use the SpecC language for the
specification and vaidation of new control  systems.
According to this work we note severa main advantages
of thislanguage that can be described asfollows:

- The obtaned specification modd is executable and
vidation by Smulation is done essly. Indeed,
results dorage, reditution and manipulation  for
veification can be peformed clearly in the testbench
module

- The SpecC language offers modulaity in form of
dructurd and behaviord hierarchy, dlowing the
hierarchicd decomposition of the specified system.
The €dectric drives systems are then described in a
cdear, moduar and precise manner.  Avalable
padldism, behaviors dependencies and tempord
condraints are explicitly shown. This greatly eases
the underdanding and the modification of the
Specification modd.

- The SpecC language supports the incdusion of
precompiled desgn libraries into the gspecification
decription.  This  dmplifies  the handling  of
component libraries and adso dlows a Speedy
compilation. The modular specification modd  of
dectric drives can be obtaned easily by the
association  of  specific  component  libraries to  the
SecC languege. Therefore, user has just to make
her/his choice of modules from these libraries
according to his gpplication.

- The SpecC language has extendons for hardware

design. It supports dl the required concepts for
embedded sysems dedgn, such as dructurd and
behaviord  hierarchy, concurrency, explict date
trangitions, communication, synchronization,
exception handling and timing.
Figure 2 compares some traditiond languege against
a st of these requirements The SpecC language
shown in the lagt column of this table, has been
specificaly designed to support al the required
concepts.  Moreover, SpecC precisdly covers these
reguirementsin an orthogona manner.

- The obtained specification mode will serves, without
the need for tedious rewrites, as the input to the
gynthess and exploretion stages in the SpecC design
methodology for thefina control device design.

On the other hand, the SpecC language is built on top of
the ANS-C programming languege, the defacto standard
for software development. It is a true superset, such that

every C program is dso a SpecC program. This implies
two main additiona advantages of the SpecC languages:

- The magor works in the control of Power Eectronics
and Eledromechanicd Sysems ae done in C
languege. Then, the large amount of dreedy exiding
codes and libraries can be re-used eesly with SpecC
language. Converson of these C programs to SpecC
programs can be done rapidy and we edimate the
manualy converson time to be between few minutes
and one hour according to the complexity of the
program.

- The ANS-C is wdl known by the control systems
developers. Then, the adaptation of these developers
to the SpecC language is very easy and can be done
in a short time. A 4 hours tutorid seems to be
aufficient for C language programmers to be able to
devel op specification moddsin SpecC.

6 Concluson

In this report, we described the use of the SpecC language
to the gpecification and vaidation of new control systems
for power eectronics and eectric drives.

The SpecC specification of dectrica drives is captured in
a naurd, cear and precise manner showing explicitly
avalable padldisn and behavior hirachy  and
dependencies. This greatly eases the undersanding and
the use of this specification modd in order to validae
control devices.

The modular structure used in this specification dlows
facilitating the vdidation of new control agorithms.
Indeed, the SpecC can integrate a library of dectricd
modules incduding different motor modds,  different
converters and different sensors So the user can sdect
among these modules those correponding to  higher
application process. He will be able, dso to choice the
control  device modules like PWM generators, Speed
acquistion module... and configure them according his
control congtraints.

Only the modules corresponding to the chosen
configuration will be sdected in the library of modules.
This dlows to have optimized running programs a the
smulaion stage.

The SpecC language is built on top of the ANS-C
progranming languege. This dlows the reuse of the
large amount of dready existing C codes and libraries and
fecilitates the adaptation of the control developers to the
SpecC languege.

The main advantage of the use of SpecC language is that
the obtaned specification, used for smulation, will



serves, without the need for tedious rewrites, as the input
to the synthess and exploration stages in the SpecC
desgn methodology for the find control device design.

This will reduce dgnificantly the timeto-market by
minimizing largdy communication among designers and
customers.
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