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Introduction
Complex reactive systems (CRS) with
safety-critical aspects require design
techniques that facilitate continued
verification and validation of control
software/hardware in their life-cycles.
There are no integrated laboratory set-
ups for these (Drusinsky et al., 2008).
The objectives of this research project
have been (I) the development of such
a nlatform ("'1\ +" facilitate research ;~plal.J.V 1.1, •.•, LV .1 ~J"". ,,"-'."".:)"'".•..•..••H.

reconfigurable controller design for the
target systems on the set-up, (3) use
the it to demonstrate how different
disciplines of engineering can be
brought together for energy saving and
(4) demonstrate different operational
modes of motors, their control issues
and safety considerations in a real-
scale complex system. An elevator
prototype was built for the purpose. A
modelling framework based on
statecharts was developed to facilitate
experimentation. The current Control
implementation is on a Programmable
Logic Controller (PLC) and this is
being ported to a Field programmable
Gate Array (FPGA).

Methodology
For objective 1: a generic CRS was
characterised (Dewasurendra, 2006a)

and the verification/validation tests
developed following (Bringmann and
Kramer, 2008) 5 level design:Model-
in-the-Loop (MiL), Software-in-the-
Loop (SiL), Processor-in-the-Loop
(PiL), Hardware-in-the-Loop (HiL)
and Real system.
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Fig. 1. Simplified physical model.

MiL: functional testing of CRS on
simulation environmentls (Simulink-
statetlow). The modular verification
methodology for statecharts of
(Dewasurendra, 2006b) is used: the
statechart is decomposed into a set of
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effective method of component-based
design. The need for the design objects
(the components) to come under
version control is addressed by the
strategy of local verification of each
language generator (which models a
component) only with its port
structures. This is a useful
compositionality result in our design
method.
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language generators (LG)
communicating through port structures
(PS) and controllability and liveness
checks done for each LG-PS pair;
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Fig. 2. Part of the stateflow model

SiL: The CRS is software tested in
closed/open loop. The statechart model
for two super-states was translated into
C-<:ode and simulated in Proteus 6 for
PICI6F877 'C (Bandara et aI., 2006);
PiL: PiL testing is similar to SiL, but
the control software runs on a target
board (FPGA) with the target
processor or on a target processor
emulator. This is yet to be done.
Presently the controller is implemented
on a telemecanique TSX PLC which is
programmed using SFC (Grafcet)
which permits analysis;
HiL: HiL testing requires real-time
behaviour of the environment model to
ensure that the communication with
the controller is the same as in the real
application. This is yet to be done;
Real system: The final controller runs
in the real system (Elevator).

For objective 2 (reconfigurability): the
communicating language generators
and the port structures provide an

For objective 3 (demonstrating energy
saving): a stochastic performance
model is to be built from the statechart.
The elevator prototype is used to
validate the performance model by
direct measurement: yet to be done.
Finally for objective4: suitable
supervisory controllers are developed
as outlined in (Dewasurendra, 2006a).
Modular supervisors with full/partial
observability are facilitated by
component based design: in progress.
Speed reference pattern generation and
position control strategy for the
elevator involve dynamic modelling of
the physical system with the drive.
Using the elevator rig for validating
these serves as a multi-disciplinary
pedagogic tool: work is in preparation.

Results
MiL: construction of communicating
language generators (LG's) and port
structures (PS '). The super-state
MOVING DOWN (MD) (Fig. 2) with
two sub-states car_moving_down
(CMD) and stop 11 (S 11) results in the '
following sub-tree ofLG's:

Fig. 3. Statecbart decomposition
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Theport alphabet for communication
between GMD and GCMD is then l!
=~/) n lfMD = (enteredCMD,
leftCMD, ieaveCMDj, the intersection
oftheirrespective event alphabets. The
port automaton, sp, is constructed by
maskingthe transitions corresponding
to events not in 1!' from GMD and
GCMD and taking the union of the two
resulting LG's. Controllability check
under prioritised-synchronous
compositionbetween Sp and GMD and
test for non-blocking behaviour
succeed immediately. Same is true
between Sp and GCMD• Broadcast
communication of events generated on
state entry and state transition is
treated as value updates of global
variablesof which each current update
can be read multiple times before it is
written over by a new value. This is
tile asynchronous mode. In
synchronous mode these variables are
represented by FIFO queues of update
values. The value at the head is
consumed after a synchronous read by
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all receptive transitions. Port structures
for these communications are built and
tested in an analogous manner. Non-
blocking simulation run of the
simulink-statechart model validated
these results. The other results will be
reported in a later communication.

Discussion and Conclusions
The task of designing and installing an
integrated research facility for
developing critical control
technologies needed in the life-cycle of
complex reactive systems/automated
utility systems was undertaken and
accomplished successfully. Validation
of control design methodology with
respect to reconfigurability and formal
verification has then been done at a
first level and continues.
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