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Abstract: This paper presents a new modelisation of smart sensors based on a
representation of the sensor by it's INternal Operating Modes (INOMs) and by services
it uses or it proposes. Sensor INOM relies on internal states of the sensor and is
characterized by the set of sensor services that can be aclivated when the mode is
active. The software of the sensor is automatically derived from the modelisation. This
approach permits sensor designer to use their skill on the transducer and on the sensor
service definition instead of losing time on the writing of the sensor software.
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1 INTRODUCTION

Since the eighties the concept of intelligent instruments (i.e. smarts sensors or smarts actuators)
communicating over a fieldbus network, in order to drive an industrial process, has been developed. At
the beginning, intelligent instruments were only defined by their hardware. And then, it appears that it
was necessary to define a functional description of intelligent instruments. Last works propose models
based on a set of functionalities organized with a general behavioural description, i.e. automation graph
or object model [1][2][3][4]. The internal modelisation of intelligent instruments is not sufficient for the
conception of large applications. Obviously, intelligent instruments need to inter-operate. Therefore an
external model of intelligent instrument is needed. In [6] and [6], Staroswiecki proposes to modelize a
sensor by a set of services. Services are organized into subsets called "USer Operating Modes". In this
model, a sensor service can be requested, and so serviced, only if the current active User Operating
Mode (USOM) includes this service. This prevents the request of services when they can not be
available.

The approach discussed in [5] was proposed to modelize existing instruments from the external point
of view. In particular, the external model of the instrument can be used to build a global model for an
application dealing with several instruments. In this paper, we show that this kind of approach can also
be used to define the internal functional model of a sensor. We also show that this kind of modelisation
can be used to simplify the sensor design by the way of an automatic generation of the sensor software
and the testing software.

2 PRESENTATION OF USOMS

Smart sensors can be defined by their structure, by their functionalities and their general behaviour.
From the user point of view, sensor functionalities are used like services requested by the user. From
this same point of view, the sensor have several operating modes, also call states, during its life which
begins with the configuration and ends with its destruction.

USOMs (USer Operating Modes) are used to define sensor functionalities from an external point of
view, i.e. from the application point of view or from the user point of view. Bouras [6] define USOMs with
4 principles:

Let ES be the set of services provided by the intelligent sensor, and U be the set of USer Operating
Modes.

- A USOM is a subset of the set of services provided by the intelligent sensor.

ue U= ue {xxcES) (1)
- A USOM includes at least one service.
Yiue WHuzd (2)

- Each service belongs to at least one user operating mode.

V(se ES)F(ue U)seu (3)
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A service can be requested only if the current USOM owns this service

This approach protects the sensor against a wrong use of its services, Indeed, if an application
requests a measurement service during an installation phase, the result would be wrong and can
induces dangerous consequences if the sensor is part of a regulation process.

Classical examples of USOMs for sensors are “"configuration”, *measurement”, *maintenance™ and
“out of order”. Services can then be “Perform measurement”, "Perform auto-test”, *Change parameter B”
or “GGet history” (Figure 1.). In this example, the service "Perform auto-t2st” can not be requested if the
sensor USOM is the "measurement” one, but only if the sensor is in the "configuration” USOM or in the

‘maintenance” USOM.
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Figure 1. User Operating Modes example

After a structural definition of USOMs and services, an application can be specified by the definition
of logical conditions, which allow the change from one USCOM to ancther. The set of USCMs and the
logical conditions entirely define the management of the user operating modes ot the intelligent
instrument. This management can be described by a state graph. A transition from a USOM to an other
one is a service provided by the USOM which is the source of this transition. The whole condition is to
prohibit the existence of terminal states on the state graph. This means that any USOM have at least
one transition servica.

This modelisation of an intelligant instrument allows the conception of large applications respecting
constraints over the availability of services providing a reliable design.

3 INTERNAL SERVICES AND INOMS

It is possible to use this model for the sensor definition but we consider that even if this approach can
be useful for the application designer, it is not enough for the sensor designer. Indeed, The sensor
designer is guided for the conception of the interface between sensor functionalities and users or
applications, but he does not have any guide for the implementation of these functionalities.

3.1 Internal services

The idea presented in this paper is an extension of the USOM approach to the definition of the internal
sensor behaviour. We consider now an intemal point of view of the sensor. Preceding services are then
called external services. New services, called internal services, are defined. These internal services are
invisible by the user, and they can only be requested by an other service of this sensor. We distinguish
internal services from external ones, with the arigin of service requests. Each request is considered as
an event produced by the sensor itself or by an other instrument or the user :

- Extemnal events are produced by another processing unit, which is connected to the intelligent
sensor by a communication link. This can be the usar or another intelligent instruments. External
events trigger any type of service.

- Internal events are produced by the processing unit. The designer of the intelligent instrument
declargs internal events and he is responsible for their use. In addition, tha end of each internal
sanvice produces an internal event which can be employed to trigger other internal services.

In order to protect the intelligent sensor we introduce a basic filter based on the medium used by

extemnal events. The sensor designer can chose which link an external event must use. Usual links are
geral asynchronous connection, fieldbus (CAN network in owr case), or link to internet with TCR/IP
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protocol, These three links define three levels of filter. The first level accepts local event from an opearator
connected to the serial link of the sensor, the second level accepts site event from any instrument or
computer connected to the local fieldous. The third level accepis events from any processing unit.

3.2 INOMs

IMternal Operating Modes (INOMs) are the different internal states of the sensor. As for internal
services, INternal Operating Modes do not have to be directly visible by the user. An intemal operating
mode is a subset of the set of internals and external services used by an intelligent sensor. The set of
sensor INOMs includes sensor USOMs and additional modes which are not visible by the final user.
Each INOM bealong to a USOM. This means that each INOM owns the same external services than its
associated USOM.

Let 5 be the set of intemal and axternal sensor services, ES be the set of extemal services, U be the
set of USOMs and IN the set of INOMs

An INOM is a subset of the set of infernal and external sensor services

ueIN=ue [XxxcS] (4)
An INOM belong to an USOM if it has the same external services
Yiue U).¥(ve IN),v belongtou<=unES = vnES (5)

In the following example (Figure 2 ), three INOMs belong to the USOM which owns external services
“measure” and “transition to configuration”. Each INOM is defined as a set of services. Remember that
transitions to other INOMs represented by arrows are also services.

transition to configuratian
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Figure 2, Example of state graph of US0OMs (fat linas) and INOMs (thin lines).
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Figure 3. Example of state graph of external services (fat lines) and intarnal services (thin lines) of
the USOM "measurement”.

4 AUTOMATIC GENERATION

The design of an intelligent instrument depends on the way in which it will carry out the services that
it offers. This stage is thersfore strongly related to the material architecture of the systam. [t thus consists
in subdividing the system into a few components. Each subsystem includes the aspects of the system
which share the same properties i.e. similar functionalities.

Luttenbacher [7] proposes a decomposition of the smart sensor into six subsystems;

- a communication subsystem allowing amongst other things the management of the messages
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coming from the operators or others intelligent instruments. These messages are placed in
gueue and are treated one by one according to their priority.

- a control subsystem allowing the control of the user operating mode and services, as well as tl
correct operation of the smart sensor.

- a measuremeant subsystem whose principal goal is to work out an operational measureme
which will be put at the user's disposal,

- an acquisition subsystem where the conversion of physical sizes into numerical sizes takes plad

- afiling subsystem where the permanent storage of configuration information, the models and ti
history of measurements are stored.

- alow level layer allowing the management of time and timers. This layer can be accessed by
the other subsystems.

4.1 Principles

A subsystem is defined by the servicas which it renders. We will consider them as intarnal servic
of the intelligent instrument since these are completely transparent from the user's paoint of vie
Therafore, the conception of a smarnt instrument relies on the definition of a set of internal services, a
the set of INOMs, Generating an intelligent instrument for a specific processing unit is time-consumin]
This is why our approach for the design of smart instruments relies on automatic generation tools bas
an the CAP language.

In order to simplify the action of the smart sensor designer, we have developed a tool whi
generates the software which will run on the intelligent sensor, and which generate also a graph
intarface for the test of this sensor, The dasigner only has to create the INOM's model of the sensor,
define all services and to translate this model into a source code written with the language CA
developed in our laboratory (Figure 4.). After the download of the software into the intelligent sensor, t
designer can test its sensor with the graphic interface. It can send external events or variables a
receive variables exported by tha sensor. Depending on the links used for external variables, the graph
interface can be use on a computer connected to the sensor throw a serial connection, a fieldbus ort
intarnat network.

INOMs Model CAP source code [services and INOMs definitions)
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Figure 4. General behaviour of automatic sensor generatian
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4.2 CAP source code of the example

The following CAP example is used to generate the smart sensor and its graphic interface described
in paragraph 3.2, Elemants of the CAP grammar have been included in comments,

number = 1 /* identification of the sensor ™/
var double value; ™ local variable */

I~ link declaration syntax: link importiexport LINK_MNAME ~/

link import cantcp_in; [ link = internet throw CAN fieldbus */
link export cantcp_out;

INONM config, useBothSensors, usaeSansor!, useSensor?; ™ INCM definition */
USOM configuration with config;

USOM measurement with useBothSensors, useSensorl, useSensar?;

avent S2DOWN, S1DOWN, SENDRESULT:

/* transition service syntax: transition MODE_NAME to MODE_MNAME on LINK_MAMEIEVENT %/
transition measureament to config on cantep_ing™transition service of USOM measurement */

transition configuration to useBothSensors on cantep_in; * service of USOM configuration®/
transition useBothSensors to useSensor! on event=S2D0OWN; Sinternal service ™/
transition useBothSensors 1o useSensor2 on event=51D0WN: ~internal service ™/
transition useSensor! to configuration on S1DOWN; Minternal service */
transition useSensor2 to configuration on S2DOWN; Minternal service */

/* gervice syntax: service SERVICE_NAME on LINK_MAMEIEVENT in MODE_NAMES */
{* this service can be requested by an external event throw internet and CAN if the current USOM is
“‘configuration” */
service init on cantcp_in in configuration {
initializeSensor(1});
initializeSensor(2);
}
/" this is an external service of the USOM “measurement” and of INOMs which belong to it */
service measure on cantcp_in in measurement {
iflisdown(1)) CreeEvent(S1DOWMN); /* defaut on sensor 1 %/
iflisdown(2)) CreaEvent{S20D0WN); M defaut on sensor 2 %/

)

M this intermal service is included only in the USOM "useBothSensors” */

sarvice getValue on end{measure) in useBothSensors |
value={getval(1}+getval(2) /2 .0; * simple agregation */
CreeEvent{SENDRESULTY;

}

service getWithSensor! on end(measure) in usesSensort |
value=getval{1);
CreeEvent{SENDRESULTY;
}
service getWithSensor? on end(measure) in useSensor2 |
value=getval(2);
CreeEvent{SENDRESULT);
}
[ the pre-defined service "export” send a variable using the indicated link =/
service sendValue =
exportivalue,cantcp_out) on event=SENDRESULT in useBothSensors, useSensor?, useSensaord;
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5 CONCLUSION

The concept presented in this paper has been introduced in order to distinguish the sensor designer
functions and the software designer functions. Indead, the role of the sensor designer is not to spend a
lot of time into software conception.

Tha prasentad tool offers a frame for sensor modelisation and an automatic generation of the sensor
software. Furthermore, it produces a graphic application dedicated to the test of this sensor. This
approach reduces main software errors and conception time. Indead all the communication protocol, the
service management and INOMs managemeant are parformed by the automatic generation tool, and are
not visible by the sensor designer.

An other advantage of the INOM based conception is the security induced by the respect of
constraints associated with this model,

Presently, the sensor designer needs to program each service with a C-like language and neads to
transiate the INOM model into a simple but new language. We are presently working on a full graphic
approach in order to allow a smart sensor conception based on INOMs without any software
programming knowledge.
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