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Electric site example

n The development of large, complex, heavy construction
equipment can be difficult, time consuming and expensive,
even more so if the goal is to design a complete site solution.

n The example used is taken from an ongoing real project named
Electric site. The aim is to electrify a transport stage in a quarry
— from excavation to primary crushing and transport to
secondary crushing.

n This example uses a standards-based enterprise architecture
model to describe how this model can be used to significantly
influence continued system engineering efforts as well as the
software architecture for the application developments
needed.
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A quarry site
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Electric site considerations

n The overall interests here are the following:

a The handling of all of the machines need to be managed
such that production of materiel can run efficiently.

n Disruptions due to errors of various kinds needs to be
handled.

n Personnel security of the site needs to be maintained.

a Interactions between different functions in different
machines need to be covered.
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Capabilities considered as required
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Operational performers and known resources for the
logical model
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Tying capabilities and performers
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Resulting in a logical model
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Once again, the logical model?

n The elements described in the logical model are essentially
pre-requisites, i.e. some are known resources and some
are operational performers that have been decided upon
from the start.

n They also have a defined purpose and this purpose can be
logically explored.

n From a site perspective it therefore makes sense to look in
detail as to what logically is required by these entities in
the form of interactions with other elements, the
information they need to deal with and the actions and
behaviours they need to be able to perform.
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Interface definition example

«Operationallnterface»
OpChrgTrnsprtiF

flowProperties
«FlowProperty» out chrg : ElectricalEnergy

ProvidedByOperationalPerformer
«Event» OpTransportingChargingDisconnected (in id : Trnspririld, in enter_queue : Boolean)
«Event» OpTransportingChargingRequest (in id : Trnsprtrid)

RequiredByOperationalPerformer
«Event» OpTransportingChargingRequestAck (in spot : Integer)
«Event» OpTransportingChargingRequestNack ()
«Event» OpChargingMajorFailure ()
«Event» OpTransportingChargingRequestQueuePos (in pos : Integer)
«Event» OpTransportingChargingDisconnectRequest (in id : Trnsprtrid)

«Operationalinterface»
OpSprvsChrglF

ProvidedByOperationalPerformer
«Event» OpChargingStatus (in condition : MachineStatus, in size_of_queue : Integer, in currently_charging : Integer)
«Event» OpChargingStartRequestAck ()
«Event» OpChargingStartRequestNack ()
«Event» OpChargingStopped ()
«Event» OpChargingFastRateRequestAck ()
«Event» OpChargingFastRateRequestNack ()
«Event» OpChargingNormalRateRequestAck ()
«Event» OpChargingNormalRateRequestNack ()

RequiredByOperationalPerformer

«Event» OpStatusRequest ()

«Event» OpChargingStartRequest ()
«Event» OpChargingStopRequest ()
«Event» OpChargingFastRateRequest ()
«Event» OpChargingNormalRateRequest ()
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Information example
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Charging logical state machine
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The state machine

n The state machine defines the states for the element from a
Site perspective.

a |t deals with the whole element from a site management
perspective since this is the whole purpose of the model.

n |t details the behaviour that the element is required to perform
based on the interactions with other elements.

n Since there are areas that need to be explored that cannot
occur on their own in the logical model, some of these
interactions presume an external influence and are received
from the border of the scenario, errors are an example of this.

C _ Syntell



The realization model

n The intent of this model is to represent the real machine types
rather than their logical representation.

a This means that consideration needs to be given to the parts
that a machine is broken down into.

n This has been done here from a site management perspective.
If a more complete description of the machine had been
intended, this would presumably have been done somewhat
differently.

n Let us therefore look at the realization model.
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Realization
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This looks like the logical model?

a True, but there are differences.

Various elements have been defined as natural resources and have no
internal structure or behaviour associated with them.

» The external connections have gone.

» The elements by and large do not communicate directly but rather through
a defined communications resource that only the ones capable of
communications make use of.

» The interfaces between elements are quite different and not really
considered since they are either representations of physical flows or totally
implementation dependent.

Also, the elements of interest have a breakdown structure.
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Charging station
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Breakdown structure

n From a site management perspective there was an interest
in looking at the following aspects of the parts of the
machine.

»~  Machine itself
» Communications

» Sensors
» Possible human machine interface

n As stated, had the intent been to define a model of the
element from a complete design perspective, this
separation would presumably not have been done.
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ChargingStationCoPilotHw

a The breakdown shows a monitor as well as adaptors for the
interfaces to other parts of the machine and the actual application

software.

«ResourceArtifact»
ChargingStationCoPilotHw
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CoPilotChargingSw
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Application software architecture

A quick look at the logical model part dealing with charging
will reveal that the elements of this architecture
corresponds to the elements that the logical model is
defined as connected to, in this case, to the charging
station.

n |n addition, special elements devoted to each of the

internal parts of the charging station has also been
defined.

a This has been done to ensure that the interactions with
each can be dealt with separately.
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ChrgSupervisionAndControlSw

«ResourceStateMachine»
ChrgSupervisionAndControlSw state machine

«ResourceAtomicState»
Operational

SwChrgCommSprvsn Sig/DeriveApplicationSignalsFromSwChrgCommSprvsnSig();

when( chrgSprvsn_sigKind=FastRateRequest )/SendChrgFastRateRequest_ToChargingSw ();
when( chrgSprvsn_sigKind=NormalRateRequest )/SendChrgNormalRateRequest_ToCharging Sw();
when ( chrgSprvsn_sigKind=ChargingStartRequest )/SendChrgStartRequest_ToChargingSw();
when( chrgSprvsn_sigKind=ChargingStopRequest )/SendChrgStopRequest_ToChargingSw ();
when( chrgSprvsn_sigKind=ChargingStatusRequest )/SendChrgStatusRequest_ToChargingSw();

SwChrgStatus/SendSw ChrgCommsDataForCharging Status_ ToChrgCoPilotCommsFP();

SwChrgFastRateRequestAck/SendSwChrgCommsDataForFastRateRequestAck_ToChrgCoPilotCommsFP();
SwChrgFastRateRequestNack/SendSwChrgCommsDataF orFastRateRequestNack_ToChrgCoPilotCommsFP();
SwChrgNormalRateRequestAck/SendSw ChrgCommsDataF orNormalRateRequestAck_ToChrgCoPilotCommsFP();
SwChrgNormalRateRequestNack/SendSw ChrgCommsDataForNormalRate RequestNack_ToChrgCoPilotCommsFP();
SwChrgStartRequestAck/SendSwChrgCommsDataForStartRequestAck_ToChrgCoPilotCommsFP();
SwChrgStartRequestNack/SendSw ChrgCommsDataF orStartRequestNack_ToChrgCoPilotCommsFP();

SwCh rgStopRequestAck/SendSw Chrg CommsDataForChargingStopped_ToChrg CoPilotCommsFP();

L when( IgstcsChrg.oprtn.criticalO ngoing=True )/ : when( chrginfra.electricity<chrgSprvsn_ eIL|m|t )/ J

«ResourceFinalState»
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The ChargingSw state machine

. The behaviour of the actual application of the ChargingSw
is defined in the state machine.

n This definition reuses a great deal of the handling that was
already defined as part of the logical model and is
therefore relatively quick to produce.

n The site management realization representation shows this
to an even greater degree and the last slides of this
presentation deals with the site management part.

(; Syn te" © Copyright Syntell AB, 2016.



Site management

n The site management part
is only concerned with
interfaces towards the
human machine interface
and communications.

B There are no local sensors
or a “machine” that needs
to be considered.
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«CapabilityConfiguration»
SiteManagement

«ResourceRole»
sprvsr : SiteSupervisor

-

«Proxy»
sprvsSiteHmi : SysSprvsrSiteHmilF

«proxy»
sprvsrSiteHmi : ~SysSprvsrSiteHmilF

L4

1
«ResourceRole»

hmi : SiteManagementHmiHw

{<}
«Proxy»
iteHmil

.........

«ResourceRole»
siteMgmnt : SiteManagementHw

|

«proxy»

omm : i ommiF

L34

«ResourceRole» 1
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«proxy»

«Proxy»
siteMmntComm : SysSiteMgmntCommIF

«proxy»
mgmntExt : SysMgmntExtIF
o

SiteManagementCommsHw s

=1

«proxy»

mgmntComm : SysMgmntCommIF

«Proxy»
mgmntComm : SysMgmntCommIF

mgmntExt : SysMgmntExtlF
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Site Management hardware model

«ResourceArtifact»

[ Adaptors are made SiteManagementHw

use of here as well. 1

«ResourceRole» o
hmiAdptr : SiteHmiAdaptor s =

a The only item left to

consider is the )

architecture of the == 1

. «ResourceRole»
Site Management L siteMgmnt : SiteManagementSw
software itself. mm— e =

oo

SteMmotConm ; SysSteMgmeiConmiF

StoNmiCom : SysStaNgTComMIE

«ResourceRole»
comms : SiteCommsAdaptor
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SiteManagementSw model
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Conclusions

n  There is an uncanny resemblance between the software
architecture structure and the logical model.

»  This goes far beyond the superficial resemblance and is
essentially true throughout all software architectures for the
applications dealing with the total site.

n  Therefore, UAF and enterprise architecture can be used as a
shortcut in systems development and seamlessly transfer from
system of system considerations to relatively detailed design.

n  This however necessitates a specific approach to how to model
that hopefully this presention has been able to present in such a
manner that it will be food for thought.
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Questions
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