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Abstract

Thedesigncompleity of embeddedystemss rapidly increasingas more functionalityand
higher performanceis demanded.As a result, the designprocessmustbe broken downinto
multiplestepdo achievesystemrequirementsin this paperweemploysud a designprocessy
presentinga casestudyfor the modelingand simulationof an Elevator Contiol Systen{ECS.
Our systemmodelcombinesnstantiationsof Elevator Contol Units (ECU)which communicate
through a central broadcastchannelimplementedy a Contoller Area Network(CAN) bus.
Our genericmodelwas speci ed usinga Systemni_evel DesignLanguaye (SLDL), SpecClin
particular, our ECSwascustomizedo simulatethe behaviorof four elevator shaftsoperating
in atenstorybuilding. Themodelwassuccessfullgpeci edandsimulatedat threeabstaction
levels: the speci cation,transactionand busfunctionallevel.
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Abstract

Thedesigncompleity of embeddedystemss rapidly increasingas more functionalityand higher
performancas demandedAsa result,the designprocessmustbe brokendowninto multiple steps
to achieve systenrequirements.In this paper we employsud a designprocessby presentinga

casestudyfor themodelingandsimulationof an Elevator Control SystenfECS. Our systenmodel
combinesinstantiationsof Elevator Control Units (ECU) which communicatehrougha centil

broadcastchannelimplementedyy a Contoller AreaNetwork(CAN) bus. Our genericmodelwas
speci edusinga Systenievel DesignLanguaye (SLDL), SpecCIn particular, our[ ECSwascus-
tomizedo simulatethebehaviorof four elevator shaftsoperatingin a tenstorybuilding. Themodel
wassuccessfullgpeci edand simulatedat threeabstractionlevels: the speci cation,transaction,
andbusfunctionallevel.

1 Intr oduction

Themassie succes®f portableelectronicdeviceshasinitiateda demandor complec andcompu-
tationally intensve embeddedystems.Thetime to market andfunctionality of thesedeviceshas
becomehighly competitve. Companiesirgesystendesignerso developbettersystemsn ashorter
time. Consequentlythe designprocesdecomes greaterchallenge.
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Figurel: AbstractionLevelsin Embedde®ystemDesign[2].

Underthesecircumstancegjesignersnodela System-on-ChigSOQ usingmultiple levels of
abstraction. Figure/1 describeghe typical design o w of an embeddedystem. First, a system
mustbe proposedvith well-de ned requirementsvhich de ne the systembehaior. Thisformsa
speci cationmodel. Modelsarefurther re ned until a synthesizableepresentatioms developed.
Embeddedsystemsare alsodesignedby exploiting hierarcly. Hierarchicaldesignis critical with
large systemsdecausét reducesompleity andeasesielugging.

SystemlLevel DesignLanguage$SLDL), suchasSpec( 1] andSystem3], provide aviable
solutionto modelinganddesigninchighly complex systemsSLDLsassisthedesigno w described
in Figure 1 by supportingmodulardesign executability synthesizabilityandsimplicity.

1.1 CaseStudy: An Elevator Control System

This paperwill describethe modelingprocessof an Elevator Control System(ECS using SpecC.
Theproposedsystemwill actasa setof elevatorstypically foundin a high-risebuilding. The[ECS
will beadistributedembeddedystem consistingof a setof communicatingelevator ControlUnits
(ECU) implementedasa System-on-ChigSOQ. Our designwill be describedat roughlythe rst
threelevelsillustratedin Figurel. In addition,the ECSwill bemodeledasa setof ElevatorControl
Unit (ECU)s,eachECU representing.subcomponertf thesystem A hierarcly of subcomponents
will bemodeledandvalidatedindividually.

1.2 Paper Organization

Thefollowing sectiondescribeghe designof thelECS Our casestudywill designthe ECSusing
threelevels of abstraction:the speci cationmodel, the TransactiorLevel Model (TLM), andthe
Bus FunctionalModel (BFM). The behaior of eachECU is describedseparately Section3 will
thendiscusghe simulationenvironmentandparametersisedto validatethe ECSmodel.



2 Elevator Control System

In this section,we will describethe designof an Elevator Control System(ECS). The purposeof
this sectionis to give someinsighton how alarge systemcanbe brokeninto subsystemandincor-
poratedo work together Thedesignprocessanbedescribedn four parts.First,eachsubsystenis
speci edandmodeled.Secondahierarchicaktructurds constructedisingsubcomponentshird,
acommunicatiorchannels integratedto allow subsystems communicatevith eachother Lastly,
eachsubsystenis integratedandmodeledasonesystem.

2.1 SystemOverview

The ECSis modeledasa setof multiple[ECUs, all runningin parallel. All ECUsareindividual
systemsbut behae assubsystemembeddeadvithin theECS.EachECU s responsibldor adistinct
taskwithin the system.The designcompleity is reducedoy modelingeachECU separately All
ECUsaretypical of anelevatorsystem.Table1 lists theeight ECUsmodeled.

Table1: Elevator ControlUnit Descriptions

ElevatorControlUnit | Functionality
1 | FloorPanel Panelateach oor andeachshaftwith up-dovn controls
2 | FloorDisplay Displayof current oor anddirectionateach oor
3 | Floor Door Controlunit to open-closeloorsat each oor
4 | CarPanel Panelin eachcarwith requestontrols
5 | CarDisplay Displayof current oor anddirectionin eachcar
6 | CarDoor Controlunit to open-closaloorateachcar
7 | Motor Controller Controlunit for the motoratopeachshaft
8 | Main ControlUnit Centralcontrolto controltheentireECS

2.2 Modeling ECUs

A speci cationmodelrequireswell de ned requirementandbehaiors. The ECUsare carefully
modeledusing theserequirements.The ECS consistsof eight distinct ECUs. The structureand
behaior of eachECU is describedelow.

2.2.1 Door Units

The oor andcardoorunitsmaintaincontrolof theelevatordoors.Their structureandbehaior are
similar, but placeddifferently within the ECS.For example,an elevator shaftcan consistof only
onecardoorandseveral oor doors,onefor each oor. Thetaskof thedoorunitsis simplyto open
andclosethedoorwhensignaled.Thestructureof thesesystemsonsistof anoutputportto signal
closeor open.Theseaventsaretriggeredby listeningto a bidirectionalcommunicatiorport. Figure
2lillustratesthe structureof the doorunits.
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Figure2: CarandFloor Door Units.

2.2.2 Display Units

Floorandcardisplayunitsaredistributedsimilarly asthedoorunits. A oor andcardisplaysystem
continuouslydisplaysthe locationandthe directionof movement,if ary, on amonitor Thesetwo
systemsconsistof three outputports. Oneto indicatethe oor number andtwo for direction.
Directioncanbe identi ed with only oneport, but a non-maing staterequiresthe additionof the
secondort. Theinternalbehaior is alsotriggeredby a bidirectionalcommunicatiorport. Figure3

shavsthestructureof the oor andcardisplayunits. Whenanupdateis receved,thedisplayunits
areupdatedaccordingly

integer integer

up up

down down

(@) (b)

Figure3: CarandFloor DisplayUnits.

2.2.3 PanelUnits

The oor panels purposes to dispatchelevator requestdrom outsidethe elevator It consistsof
two buttonsthat act asinputsto specify the direction of the request. Floor panelsare typically
designedwith a LED light asa meangfor acknavledgement.Thereforea oor panelunit canbe
modeledwith two input portsandtwo outputportsfor requestandLEDSs respecitiely. Internally,



the oor panelconstruct@a messagavith therequestandsendst out. A oor requespanelreceves
message$o updatethe LED requestbuttons. Therefore,a bidirectionalport is alsorequiredfor
communicatiorpurposes.

up up LED

floor buttons % Car Panel % floor button LEDs Floor Panel

down down LED

n = number of floors

(a) (b)
Figure4: CarandFloor PanelUnits.

The structureof the car panelis differentcomparedio the oor panel. Figure/4 shavs the
structuraldifferenceslin the carpanel,insteadof buttonsto identify direction,the buttonsrepresent
oor numbers.The oor numbersarerepresentedby a bus-like wired port. In essencethe input
portis abundleof wires,whereeachwire representa oor number A similaroutputportis needed
for eachLED light usedfor acknavledgemen{aswith the oor panel). The portis continuously
monitored.A statechangdn ary of thewirestriggersa request.The bidirectionalcommunication
portis usedto sendout requestandto updatethe stateof the LED lights for eachbutton.

2.2.4 Motor Controller

The motor controllerunit manageshe positionof the elevator car Structurally it is formedwith
two outputportsusedto enable/disabléhe motorandto indicatethedirectionof movement.Figure
5 shaws the structureof the motor controller The outputportsaredesignedasinputsto the motor
that movesthe elevator. It mustwork closelywith the motor to identify its location. The motor
controllermustalsowork closelywith the main controlunit. Thisinteractionis conductedhrough
thebidirectionalcommunicatiorport. The motorcontrollerandthe maincontrolunit communicate
throughthis port to ensurerequestsarecompleted.By requesbof the main control unit, the motor
controllerdetermineghe directionto move in orderto satisfythe request. It disablesthe motor
whenit hasmovedto adifferent oor to allow themaincontrollerto determinef it shouldcontinue
moving. However, if the elevatoris locatedat the requestedoor, it composes seriesof messages
to indicateits oor location,its directionandannounce# hasarrivedatarequestedoor .

2.2.5 Main Controller

The main control unit is the mostcomplex ECU. It is the centralizedcontrol elementof the|ECS
It works closelywith all processingelementsdy delegatingandhandlingall requestghatarrive in
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direction

Figure5: Motor ControllerStructure.

the system. The motor controllerand main control unit procesanostof the control of the ECS.
The main controllerstructure however, is muchsimpler Figure 6/ shavs the structureof the main
controller It consistsof only one bidirectionalcommunicatiorport. In contrast,the behaior is
more comple. The overall rangeof supportedfeaturesthat are designedn eachECU canvary
from very simpleto highly complex. A maincontrolunit mustkeeptrack of request@andmanage
stability. Thefocusof this studyis to properlymodelanddescribehebasicbehaior of anelevator
controlsystem.Thereforethe maincontrolunit only supportsessentiafeatures.

Figure6: Main ControllerStructure.

Themaincontrolunit performsthreebasictasks.First, it keepgrackof all requestsnadeby the
oor andcarpanelslt useghisinformationto verify if arequeshasbeencompleted Secondit is
responsibldor makingdecisionsandassignsommandsin arequesinitiatedby a oor panelthe
main control unit determinesvhich elevator will servicethe request.Therefore the main control
unit alsomonitorsevery elevators oor location.Lastly, it is alsoresponsibldor notifying all ECUs
oncearequeshasbeencompleted.

Ourimplementatiorof the maincontrolleris primitive in designandimposessomelimitations.
For example,carrequestdave priority. Thereforejf all shaftsareactive, no elevatorcarwill ever
arrive to a oor request.If multiple car requestsare madein a car shaft,only the rst requestis
serviced.Clearly theselimitations have solutionswhich canbe addedin future work. Ultimately
thedesignof the maincontrollercanbe expandedo supporta multitudeof featuresFor simplicity
sale, thesefeaturesareomittedfrom this implementation.



2.3 Systemintegration

Systenintegrationissuesanbesimpli ed if ahierarchicabktructureisimplementedThe modular
ity of thesemodelsalsomakesaddingfeatureseasier In the ECS,multiple unitscanbeinstantiated.
This requiresthe ECU structurego include portsfor identi cation purposes.To supportthis, the
port canbe declaredwith a hardwiredidenti cation number For example,a car panelin elevator
threecanhave a threeasa shaftID. Furthermorea oor panelwill alsoneedanidentifying oor
number This canbe modeledby addingyet anothermort dedicatedo identify the oor ID. In the
ECStwo mainhierarchicacomponentsiregroupedthe oor andcarunits. A oor unit consistf
apaneldisplay andadoor. Similarly, acarunitis composeaf theseunitsaswell. Thesestructures
areillustratedin gure 7. For clarity, the portsuniqueto eachstructurenave beenomitted,shaving
only theidenti cation andcommunicatiorport.

FoorUnit _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - Carlnit__ _ _ _ _ _ _ _ _ _ ____ _ -
f I [
| Floor Door Unit : I Car Door Unit I
e P
' | [ |
: ] | |
MAC | MAC
| MAC , WAL (==
: | A5 |
| |
| | o |
|  Floor Display Unit : I Car Display Unit I
p
' | [ [
: | [ [
| MAC | | MAC |
LINK I | LINK |
' | [ [
: | | [ [
| Floor Panel Unit : : Car Panel Unit :
s s
: . |
| | |
| MAC I I MAC I
| LINK | I LINK I
: | [ |
I | I
I | I~ [
\ L __ _ N e e e 7

Figure7: TheFloorandCarUnit HierarchicalStructure.

Hierarchicalmodelingcanbefurtherapplied.Thecarunitand oor unitcanbesubcomponents
of a new structure,a shaftunit. In this module,the motor control unit is alsointegratedwithin
the shaftunit. An ECS systemcan modeledby instantiatinga shaft unit and a main controller
Multiple elevatorscanbe declaredoy instantiatingmultiple shaftunits. Thereforeby implementing
ahierarchicaimodel,a genericmodelis designed.



2.3.1 ECU Communication

It is clearthat ECUsheavily rely on abidirectionalcommunicatiorport. This is the primary com-
municationmediumof all ECUs. The ECSmodelemploys a broadcasthannelwhichin our im-
plementatioris a ControllerAreaNetwork (CAN) bus[4]. The CAN|busis awidely implemented
broadcastommunicatiorprotocolthatis widely adoptedor automotve purposes.The speci ca-
tion modelis thenre ned to a Transactior_evel Model (TLM). The TLM alsoutilizesthe CAN
bus modelasa communicatiorchannel.In fact,eachECU is wrappedarounda structurethatim-
plementshe MAC link channelIn Figure7, thebidirectionalporthasbeenreplacedvith achannel
interface.

Furtherre nementof the ECScanbe appliedusingthe CAN bus model. In the Bus Functional
Model (BFM) the timing of bus can be properly modeled. The structureof the BFM becomes
slightly different. A communicatiorchannels nolongersharedy all subcomponentdnsteadthe
CAN buscommunicatiorportis embeddedavithin eachECU andconnectedia a bus. This model
canaccuratelysimulatethetiming of the ECS.

The CAN bussupportghe broadcasof messageto all unitswithin theECS.A messagstruc-
ture is de ned andsupportedoy all ECUs. Nine messagédypeswere designedor ECU commu-
nication. Eachmessageés broadcasto all ECUs (exceptfor the one who createdthe message).
The ECUscontinuouslyistenthroughthe communicatiorchannefor any incomingmessagesAl-
though,all ECUsreceie every messageeachunit is responsibldor identifying if it is the proper
destination.The shaftand oor identi cation numberarecomparedo thosespeci edin the mes-
sage.lf amessagés not addressedtb a speci ¢ ECU, it is simply ignored. The following arethe
ninemessagean ECU canreceve and/ortransmit.

Floor Request A oor requestmessagés createdby a oor panelasaresponsdo a user The
messageonsistsof the oor ID andthe direction. It is usedby the main control unit and
other oor panelssharingthesameoor ID.

Car Request A carrequestis similarto a oor requestbut originatesfrom within the elevator.
Therefore the elevatorshaftID is speci ed. This messageonsistof a shaftlD anda desti-
nation oor number This messagés destinedo the maincontrolunit.

OpenDoor An opendoor requestis createdby the motor controllerwhenit is signaledby the
motorthatit hasarrived at a requestedoor. The messagés composedf the oor ID and
shaftID. It signalsboththe cardoorandthe oor doorunits.

CloseDoor A closedoor messagedoesas named,closesthe car and oor doors. Its message
contentsarethe sameasanopendoormessage.

Car Go To Thecargo to requesis a messagereatedoy the main control unit. This messagés
createdn responséo a oor or carrequesinessageThis messageonsistof ashaftiD, and
oor ID andis sentto the motorcontroller

Car Position Thismessagallowsthecar/ oor ECUsto displaythecurrentlocationof anelevator.
The messagalsoindicatesthe directionmovement(or if it is stationary). The messagés

9



transmittedby the motor controllerandis awaitedfor by the car/ oor panelsandthe main
controlunit.

Car Arri ved A car arrived messagenforms the main controller an elevator hasarrived at a re-
guesteddestination. This messageentout by the motor controller The main control unit
useshis messagé¢o updatethe statusof pendingrequests.

Floor RequestGranted Upon completionof a request,the main control unit informs the oor
panelsto updatetheir LED ports.

Car RequestGranted Similar to a oor requestgrantedmessagebut destinedto the car panel
LED ports.

2.4 Summary

This sectionhasdescribechowv eachECU wasmodeled. The hierarchicaldesignallows reusabil-
ity by groupingsimilar componentsnto one. The/CAN bus providesan ef cient communication
mediumusedto broadcastmessageto all ECUs.A completeECSsystenmwasmodeled.

In thefollowing sectiona validationernvironmentis constructecindsimulated.

3 Model Validation

In this section,the validation methodis described. The genericmodel of the Elevator Control
System(ECS is instantiatedand simulatedasfour elevator shaftsin a ten story building. A test
benchwaswritten to ensureéhe ECSbehaesasexpected.Thefollowing sectionwill describethe
simulatedbehaior, the ECStestingstructure andsimulationervironment.

3.1 Simulation Environment

TheECSwasdesignedo provide acustomizablesimulationervironment.Speci cally, it allowsthe
userto modify the numberof oors andthe numberof elevator shafts.The coreof the ECSmodel
is illustratedin Figure8. Note thatthe diagramusesthe carunit and oor unit modulespresented
in Section2. In addition,this gure describeshe ECSsystermwith the CAN bus TransactiorLevel
Model (TLM). The CAN busis distributedto eachECU. For simplicity, theinput andoutputports
of eachindividual ECU have beenomitted.

For simulationpurposesa variablenumberof oor unitsandshaftunitscanbedeclared.The
numberof oor units correspondso the numberof oors desired.Lik ewise, the numberof shaft
units speci es the numberof elevator shafts. Our testmodel consistsof ten oor units andfour
elevatorshafts.All ECUsmanagedy onemaincontrolunit which communicatéhroughthe same
communicatiorchannel.

In Figure/9 a generaloverviewv of the testingstructureis shavn. The structuraldifferences
betweena TLM and BFM modelare clearly shavn. To control the simulationervironment,the
panelECUsweredisabledto preventthemfrom creatingtheir own requestsA testbenchunit was
integratedandcommandsvereinjectedthroughthe CAN bus.

10



Elevator Control System

Figure8: ECSGenericModel.
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Figure9: Elevator Control SystemTestCon guration.

3.1.1 UseCaseDescription

The ECSinitial conditionsestablisheachelevator on the rst oor. Thereareonly two waysto
requeskelevatorservice thatis, throughthecaror oor panels.Let usassume userrequestso go
down while currentlyatthe5th oor. Theuserpresseshedown button. This eventtriggersthe oor
panelto light up the LED button. A oor requesimessagés composedndbroadcastAll ECUs,
exceptthe oor panelsandmaincontrolunit, discardthis messageOnly the oor panelswith the
sameoor ID usethisrequestindenabletheir LED buttons.The maincontrolunit, however, plays
amorevital role. It assignghe elevatorto servicethe request.It follows by transmittinga car go
to message.The motor controller proceedsas signaledby the request. The motor controller unit
determineghe currentposition of the elevator shaft,and,in this example,it ascends.As it is in
motion, it generatea seriesof carpositionmessage® updatethe stateof the oor andcardisplay
units. In addition,the maincontrolunit is informedasthe elevatortransitionsfrom one oor to the
next. As it arrivesto the2nd oor, the main control unit veri es if ary other oor requesthave
beenissuedatthenewn oor. A new cargoto messagés re-issueckitherwith the samerequesor a
new one. This processontinueauntil the elevatorarrivesattheinitially requestedoor. Themotor
controllersendsa messagéo openthe doorsandinforms the main controllerto clearits request.
Thedoorscloseshortlyafter.

For testingpurposesa monitorwasconnectedo eachECU outputport. This allows for quick
delugging and veri cation that every messagds managedcorrectly and the systembehaes as
intended.A printoutof the monitoris shavn in the Appendix. The printoutshavs the responsef
eachECU asit progressesntil therequestompleted.

In the event that a requestis madefrom inside the elevator, a car requestis produced. The
processs similar asrequestingserviceby usingthe oor. Insidehowever, the car paneldirectly

12



de nestheelevatorandthe oor numberdestination.The main controllerthenkeepstrack of this
requesandpreventsary oor requestfrom beingissuedo thiselevator. It is evidenthow themain
controllerplaysa critical role in maintainingstability. The ECU exchangemessageasdescribed
earlier

Theexampledescribeds a simpleway to showv functionalityandhow the modelworksoverall.
The model,however, wastestedusingmultiple commandswith elevatorsrunningin parallel. The
testbenchandresultsfrom the simplersimulationcanbereferencedn the Appendix.

Overall, the simulationrun successfullwalidatesthe ECS model. It is importantto notethat
thesimulationof the BFM abstractiortook considerablyongerthanthe TLM. Thereforethe TLM
modelwasusedasthe primary modelto validateour system. It is reasonabléo assumehatthe
samebehaior canbereproduciblebasedon theresultsof the BFM.

4 Conclusion

This paperhasdescribed casestudyfor themodelingof anElevatorControlSystem(ECS usinga
System_evel DesignLanguagg€SLDL). TheECSwasdesignecandmodeledisingasetof Elevator
Control Units that interactvia a centralbroadcastommunicationchannel. The communication
channelis an abstractmodel basedon the Controller Area Network (CAN) bus. The ECSwas
modeledat threeabstractiorlevels: the speci cationmodel,the TransactiorLevel Model (TLM),
andthe BusFunctionalModel (BFM).

The ECSwasdesignedo pravide a con gurable simulationmodel. The ECSmodelwasvali-
datedby simulatingfour elevatorshaftsoperatingn atenstorybuilding. Thesimulationof the ECS
exhibitedthe expectedbehaior.

The simulationresultsalsoprovide someinsightinto possiblefuture work. The main control
unit provides ECS with the basiccontrol to function, but imposessomelimitation. In addition,
safetyconsiderationsvere not consideredn the designand could be addedto the modelin the
future. Overall, the systemmodelsuccessfullydescribe@n ECS
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A Appendix

A.1 SpecCSource

SelectedspecCSourcehasbeenprovidedbelow.

A.1.1 ecs.sh

#include <sim.sh>

#define NUM_FLOORS 10
#define NUM_SHAFTS 4

/! Clock period for the CAN 0.2 microsec > 500MHz
#define CAN_CLK_PERIOD 200000ull
#define BUFFER 100

enum ECSMSG.TYPE / the types of messages in the ECS system /
f

ECSMSG_CAR REQUEST,
ECSMSG_OPEN_DOOR,
ECSMSG_CAR_ARRIVED,
ECSMSG_CAR_POSITION,
ECSMSG_FLOOR_REQUEST_GRANTED,
ECSMSG_CAR_REQUEST GRANTED,
ECSMSG_CLOSE DOOR,

ECSMSG_CAR GOTO,
ECSMSG_FLOOR_REQUEST

g;
enum direction fUP, DOMN, NONEg;

struct ecsmsg /[ define our message data type /
f

enum ECSMSG.TYPE Type;

enum direction moving_direction;

int ShaftlD;

int FloorlD;

bool flag;
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[/l EOF ecs.sh

A.1.2 ecs.sc

#include <stdio.h>
#include <stdlib.h>
#include ”"ecs.sh”

import " canBus/network”;
import "MainController”;
import ” ShaftUnit”;
import " TestBench”;

behavior Main()
f
/ (BAV) wire for the CAN bus
signal resolved bit4[1] CANDATA; /

[ Transaction Level Model (TLM) of the CAN Protocol /
CanProtocolTLM canProt;

/[ (BAM) pull up resistor for the CAN wire
PullUpResistor canPullUp (CANDATA); [/

/ Instantiate (BRMV) /

/ ShaftUnit elevatorl (1,CANDATA);
ShaftUnit elevator2 (2,CANDATA);
ShaftUnit elevator3 (3,CANDATA);
ShaftUnit elevator4 (4 ,CANDATA);
MainUnit controller (CANDATA);
TestBench message_provider (CANDATA); /

/ Instantiate (TLM) /

ShaftUnit elevatorl (1, canProt);
ShaftUnit elevator2 (2, canProt);
ShaftUnit elevator3 (3, canProt);
ShaftUnit elevator4 (4, canProt);
MainUnit controller (canProt);
TestBench message_provider (canProt);

int main(void)f
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par f

/1 (BFRM) canPullUp;
elevatorl;
elevator?;
elevator3;
elevator4;
controller;
message_provider;

g

return O;
g;

/! EOF ecs.sc
A.1.3 ShaftUnit.sc

#include <stdio.h>
#include <stdlib.h>
#include ”"ecs.sh”

import " canBus/network”;
import " FloorDisplay”;
import " FloorPanel ”;
import " FloorDoor”;
import "CarUnit”;

import " MotorUnit”;
import " FloorUnit”;

| (BAM)
behavior ShaftUnit(
in const int elevator_no,
inout signal resolved bit4[1] CANDATA)f
/

behavior ShaftUnit (

in const int elevator_no,
ICanProt canProt)f

/ Instantiate (BRM) There will be 10 floors per shaft /
/ CarUnit shaft (elevator_no , CANDATA);

17



FloorUnit funitl(l, elevator_no, CANDATA),
funit2(2, elevator_no, CANDATA),
funit3(3, elevator_no, CANDATA),
funit4 (4, elevator_no, CAN.DATA),
funit5(5, elevator_no, CANDATA),
funité6 (6, elevator_no, CAN.DATA),
funit7 (7, elevator_no, CANDATA),
funit8 (8, elevator_no, CAN.DATA),
funit9 (9, elevator_no, CANDATA),
funitl0 (10, elevator_no, CANDATA);

MotorControllerUnit motorunit(elevator_no, CANDATA);

[/ Instantiate (TLM) /

CarUnit shaft (elevator_no, canProt);

FloorUnit funitl(l, elevator_no, canProt),
funit2(2, elevator_no, canProt),
funit3 (3, elevator_no, canProt),
funit4 (4, elevator_no, canProt),
funit5(5, elevator_no, canProt),
funit6 (6, elevator_no, canProt),
funit7 (7, elevator_no, canProt),
funit8(8, elevator_no, canProt),
funit9 (9, elevator_no, canProt),
funitl0(10, elevator_no, canProt);

MotorControllerUnit motorunit(elevator_no, canProt);

void main(void)f

par f

shaft;
funitl;
funit2;
funit3;
funit4;
funits;
funit6;
funit7;
funit8;
funit9;
funitlO;
motorunit;
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g;

//EOF ShaftUnit.sc
A.1.4 FloorDoor.sc

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include ”"ecs.sh”
#include "sim.sh”

import " canBus/network”;

behavior FDoorMonitor(in signal bit[1] door)f
void main(void)f

char string[BUFFER];
while (1)f
wait door;
printf("%d secnt%llu psntnt%sntFloor Door is: %dnn”,

(int) (now()/(1 SEC)) ,now (), active_path(string ,BUFFER 1),
(bool)door);

g
g
g;

behavior FloorDoor (
in const int FloorNo,
in const int ShaftNo,
ICanMacLink link ,
out signal bit[1] DoorOpen)f

void main(void)f
struct ecsmsg msg;

/

19



Initial Conditions:
Door should be closed.
/

DoorOpen = 0; / closed /
while(1)f

link . msgReceive(NONE, &msg, sizeof(msg));

switch(msg. Type)f
case ECSMSG_OPEN_DOOR:

if ((msg.ShaftiID == ShaftNo) && (msg. FloorID==FloorNo))f
DoorOpen=1;
g

break ;

case ECSMSG_CLOSE_DOOR:

if ((msg.ShaftID== ShaftNo) && (msg.FloorID==FloorNo))f

DoorOpen=0;
g
break ;
default:
break ;
g
g
g
g,
/[ BRV

behavior FloorDoorUnit(
in const int floorid,
in const int shaftid,
inout signal resolved bit4[1] CANDATA)f

/
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/[ TLM /

behavior FloorDoorUnit(
in const int floorid,
in const int shaftid,
ICanProt canProt)f

signhal bit[1] outl;
! (BFAM)
CanProtocol Tr canProt (CAN.DATA, CAN_CLK_PERIOD); /

CanMacLink canMacLink (canProt);

FloorDoor floordoor (floorid , shaftid ,canMacLink ,outl);
FDoorMonitor fdoor_m(outl);

void main(void)f

parf
[ (BFAM)
canProt; /
floordoor;
fdoor_m;
g
g
g,

/! EOF FloorDoor.sc
A.1.5 CarDisplay.sc

#include <stdlib.h>
#include <stdio.h>
#include ”"ecs.sh”
#include "sim.sh”

import "canBus/network”;

behavior CDMonitor(
in signal int FloorOut,
in signal bit[1] Up,
in signal bit[1] Down)f
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void main(void)f
char string[BUFFER];

while (1)f
wait FloorOut ,Up,Down;
printf("%d secnt%llu psntnt%sntFloor: %d, Up:%d Down:%dnn”,
(int)(now()/(1 SEC)),now (), active_path(string ,BUFFER 1),
FloorOut , ( bool )Up, ( bool )Down);

g

g
g;

behavior CarDisplay (
in const int ShaftNo,
ICanMacLink link ,
out signal int Floor,
out signal bit[1] MovingUp,
out signal bit[1] MovingDown)f

void main(void) f
struct ecsmsg msg;
/[ Initializations: 1st Floor, stationary /
MovingUp = O;

MovingDown
Floor = 1;

0;

while (1)f

/' Check incoming messages /
link . msgReceive(NONE, &msg, sizeof(msg));

switch(msg. Type)f
case ECSMSG_CAR_POSITION:

if (msg.ShaftlID == ShaftNo)f
Floor = msg. FloorID;

switch (msg. moving_direction)f
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case UP:
MovingUp = 1;
MovingDown = O;
break ;

case DOMN:
MovingUp = O0;
MovingDown = 1;
break ;

case NONE:
MovingUp = 0;
MovingDown = O;

break ;
g
g
break ;
default:
break ;
g
g
g
g,
/[ BRV

behavior CarDisplayUnit(
in const int shaftid,
inout signal resolved bit4[1] CANDATA) f

/

/[ TLM /

behavior CarDisplayUnit (
in const int shaftid,
ICanProt canProt)f

/ Wires connected to monitor /
signal int wirel;
signhal bit[1l] wire2, wire3;

|/ CanBus Behaviors /

/1 (BAM) CanProtocolTr canProt (CAN.DATA, CAN_CLK_PERIOD);
CanMacLink canMacLink (canProt);
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CarDisplay cardisplay (shaftid , canMacLink, wirel ,wire2,wire3);
CDMonitor car_display_m(wirel ,wire2 ,wire3);

void main(void) f

parf
/1 BRM canProt ;
cardisplay ;
car_display_m;
g

g
g9;

/1 End of CarDisplay.sc
A.2 TestBenchand Results

Thefollowing is a simpletestbenchusedto demonstraténow the ECSbehaeswith a oor panel
requestinda carpanelrequestA muchdetailedsimulationwasconductedbut the monitoroutput
is to largeto includein this appendix.

A.2.1 TestBench.sc

#include <stdlib.h>
#include <stdio.h>
#include " ecs.sh”
#include ”"sim.sh”
import "canBus/network”;

behavior MessageSender (ICanMacLink link) f

struct ecsmsg msg;
const char testbench[]=" Test Bench”;

void main(void) f

/  Floor Panel Request from 5th floor, user wants go Down /
msg. Type= ECSMSG_FLOOR_REQUEST;

msg . Shaftl D =4;

msg. FloorI D =5;

msg. moving_direction = DOM;

waitfor 5 SEC; / wait for system to initialize /
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link .msgSend (129, &msg, sizeof(msg));

/ Car Panel Request User in elevator 2 wants to go to 5th floor
msg . Type= ECSMSG_CAR_REQUEST;

msg . ShaftlD =2;

msg. FloorI D =5;

msg.flag = 1;

waitfor 15 SEC;

link .msgSend (129, &msg, sizeof(msg));

/' Quit the simulation /
waitfor 100 SEC;
printf("%d secnt%llu psnt%23sntDONE!nn”
(int) (now()/(1 SEC)),now(),testbench);
exit(1);

g
g,

/BRI MODEL
behavior TestBench(inout signal resolved bit4[1] CANDATA) f /

/ TLM MODEL /
behavior TestBench(ICanProt canProt)f

/!l CanProtocolTr canProt (CANLDATA, CAN_CLK_PERIOD); BFAV Only

CanMacLink canMacLink (canProt);
MessageSender msender (canMacLink);

/  main method of the PE /
void main(void) f

par f
/!l canProt; BAM ONLY
msender ;
g
g
g,
A.2.2 Simulation Log
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sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

sec

SecC

sec

sec

sec

0 ps
main controller initialized

0 ps

Test Bench initialized

0 ps

Test Bench composing FLOOR_REQUEST
0 ps

Test Bench msg composed: TYPE:8, FloorID:5, ShaftiD:4, direction:1
5000297995232 ps

main controller received ECSMSG FLOOR REQUEST from Floor# 5
5000297995232 ps

Test Bench sent FLOORREQUEST

5000297995232 ps

Test Bench composing CAR_REQUEST
5000297995232 ps
Test Bench msg composed: TYPE:O, FloorID:5, ShaftiD:2, direction:1

5000297995232 ps

Main. elevatorl. funit5.flr_panel .panel_m Floor Panel Light up: 0 down: 1
5000297995232 ps

Main. elevator2. funit5.flr_panel .panel_.m Floor Panel Light up: 0 down: 1
5000297995232 ps

Main. elevator3.funit5.flr_panel .panel_.m Floor Panel Light up: 0 down: 1
5000297995232 ps

Main. elevator4.funit5.flr_panel .panel_.m Floor Panel Light up: 0 down: 1
5000598990416 ps

Main. elevatorl. motorunit.motor GOING UP

5000598990416 ps

Main. elevatorl. motorunit.motor Currently at Floor:1 going to:5
5000598990416 ps

Main. elevatorl.motorunit.motor_.m ON and moving UP 0, DOMN 1 Status: O
5000899985600 ps

main controller received CAR_POSITION message: Motor 1 is on floor 1
5000899985600 ps

main controller updated the car location for car 1. It is now on floor

5000899985600 ps

Main. elevatorl.shaft.car_display.car_display.-m Floor: 1, Up:1 Down:0
5000899985600 ps

Main. elevatorl.funitl.flr_display.floor_display_-m Floor: 1, Up:1 Down:O
5000899985600 ps

Main. elevatorl.funit2.flr_display.floor_display_-m Floor: 1, Up:1 Down:O
5000899985600 ps
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Main. elevatorl.funit3.flr_display.floor_display_-m Floor: 1, Up:1 Down:O
5 sec 5000899985600 ps

Main. elevatorl. funitd4.flr_display.floor_display_.m Floor: 1, Up:1 Down:0
5 sec 5000899985600 ps

Main. elevatorl. funits5.flr_display.floor_display_.m Floor: 1, Up:1 Down:O
5 sec 5000899985600 ps

Main. elevatorl.funit6.flr_display.floor_display_-m Floor: 1, Up:1 Down:O
5 sec 5000899985600 ps

Main. elevatorl. funit7.flr_display.floor_display_-m Floor: 1, Up:1 Down:O
5 sec 5000899985600 ps

Main. elevatorl.funit8.flr_display.floor_display_-m Floor: 1, Up:1 Down:O
5 sec 5000899985600 ps

Main. elevatorl.funit9.flr_display.floor_display_-m Floor: 1, Up:1 Down:O
5 sec 5000899985600 ps

Main. elevatorl.funitl0.flr_display.floor_display_-m Floor: 1, Up:1 Down:0
15 sec 15001197980832 ps

main controller received CAR_POSITION message: Motor 1 is on floor 2
15 sec 15001197980832 ps

main controller updated the car location for car 1. It is now on floor

15 sec 15001197980832 ps

Main. elevatorl. shaft.car_display.car_display.m Floor: 2, Up:1 Down:0
15 sec 15001197980832 ps

Main. elevatorl.funitl.flr_display.floor_display_-m Floor: 2, Up:1 Down:O
15 sec 15001197980832 ps

Main. elevatorl.funit2.flr_display.floor_display_m Floor: 2, Up:1 Down:0
15 sec 15001197980832 ps

Main. elevatorl.funit3.flr_display.floor_display_-m Floor: 2, Up:1 Down:0
15 sec 15001197980832 ps

Main. elevatorl.funit4.flr_display.floor_display_-m Floor: 2, Up:1 Down:0
15 sec 15001197980832 ps

Main. elevatorl.funit5.flr_display.floor_display_-m Floor: 2, Up:1 Down:0
15 sec 15001197980832 ps

Main. elevatorl.funit6.flr_display.floor_display_-m Floor: 2, Up:1 Down:O
15 sec 15001197980832 ps

Main. elevatorl.funit7.flr_display.floor_display_-m Floor: 2, Up:1 Down:O
15 sec 15001197980832 ps

Main. elevatorl. funit8.flr_display.floor_display_-m Floor: 2, Up:1 Down:0
15 sec 15001197980832 ps

Main. elevatorl. funit9.flr_display.floor_display_-m Floor: 2, Up:1 Down:0
15 sec 15001197980832 ps

Main. elevatorl.funitlO.flr_display.floor_display_m Floor: 2, Up:1 Down:0
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15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

20

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

sec

sec

sec

sec

sec

15001498976016
main controller

15001498976016
main controller
15001799971200
Main. elevatorl.
15001799971200
Main. elevatorl.
15001799971200
Main. elevatorl
15002100966384
main controller
15002100966384
main controller

15002100966384
Main. elevatorl.
15002100966384
Main. elevatorl
15002100966384
Main. elevatorl
15002100966384
Main. elevatorl
15002100966384
Main. elevatorl
15002100966384
Main. elevatorl
15002100966384
Main. elevatorl
15002100966384
Main. elevatorl
15002100966384
Main. elevatorl
15002100966384
Main. elevatorl
15002100966384
Main. elevatorl
20000595990464
main controller

20000595990464

PS

received ECS.CAR_REQUEST from Car 1 to floor

PS

sending CAR.GO_TO message to Shaft# 1

PS

motorunit . motor GOING UP

PS

motorunit.motor Currently at Floor:2 going to:5

PS

ps
received

ps
updated the car

ps

shaft. car_display.car_display_.m Floor:

ps

funitl . flr_display.

ps

funit2 . flr_display .

ps

Lfunit3. flr_display .

PS

funitd . flr_display.

PS

funits. flr_display.

PS

funité. flr_display.

PS

funit7 . flr_display.

PS

funit8.flr_display.

PS

.funit9.flr_display .

PS

PS

received ECS.CAR_REQUEST from Car 2 to floor

ps
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CAR_POSITION message:

location for

car

floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m

floor_display_m

I't

Floor:
Floor:
Floor:
Floor:
Floor:
Floor:
Floor:
Floor:
Floor:

.funitl0.flr_display.floor_display_m Floor:

Up:1
Up:1
Up:1
Up:1
Up:1
Up:1
Up:1
Up:1

Up:1

. motorunit.motor_.m ON and moving UP 0, DOMN 1 Status: O
Motor 1 is on floor 2

is now on floor

2, Up:1 Down:0

Down:
Down:
Down:
Down:
Down:
Down:
Down:
Down:

Down:

0

0

2, Up:1 Down:0



20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

25

25

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

sec

sec

sec

sec

sec

main controller
20000595990464
Test Bench sent
20000595990464
Test Bench

20000896985648
Main. elevator?2.
20000896985648
Main. elevator?2.
20000896985648
Main. elevator?2.
20001197980832
main controller
20001197980832
main controller

20001197980832

main. elevator?2.
20001197980832
Main. elevator2
20001197980832
Main. elevator?2
20001197980832
Main. elevator?2
20001197980832
Main. elevator?2
20001197980832
Main. elevator?2
20001197980832
Main. elevator?2
20001197980832
Main. elevator?2
20001197980832
Main. elevator?2
20001197980832
Main. elevator?2
20001197980832
Main. elevator?2
25002398961616
main controller
25002398961616

sending CAR.GO_.TO message to Shaft# 2

ps
CAR_REQUEST
ps
Quiting
ps

in 100 seconds

motorunit . motor GOING UP

PS

motorunit.motor Currently at Floor:1 going to:5

PS

motorunit.motor_.m ON and moving UP 0, DOWN 1 Status: 0O

ps
received

ps
updated the car

ps

shaft. car_display.car_display_.m Floor:

ps

funitl . flr_display.

ps

funit2 . flr_display .

ps

Lfunit3. flr_display .

PS

funitd . flr_display.

PS

funits. flr_display.

PS

funité. flr_display.

PS

funit7 . flr_display.

PS

funit8.flr_display.

PS

.funit9.flr_display .

PS

PS

received CAR_POSITION message:

PS
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CAR_POSITION message:

location for

floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m

floor_display_m

car 2. It

Floor:
Floor:
Floor:
Floor:
Floor:
Floor:
Floor:
Floor:
Floor:

.funitl0.flr_display.floor_display_m Floor:

Up:1
Up:1
Up:1
Up:1
Up:1
Up:1
Up:1
Up:1

Up:1

Motor 2 is on floor 1

is now on floor

1, Up:1 Down:0

Down:
Down:
Down:
Down:
Down:
Down:
Down:
Down:

Down:

0

0

1, Up:1 Down:0

Motor 1 is on floor 3



25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

sec

SecC

sec

sec

main controller

25002398961616

Main. elevatorl.
25002398961616
Main. elevatorl
25002398961616
Main. elevatorl
25002398961616
Main. elevatorl
25002398961616
Main. elevatorl
25002398961616
Main. elevatorl
25002398961616
Main. elevatorl
25002398961616
Main. elevatorl
25002398961616
Main. elevatorl
25002398961616
Main. elevatorl
25002398961616
Main. elevatorl
25002699956800
main controller

25002699956800
main controller
25003000951984
Main. elevatorl.
25003000951984
Main. elevatorl
25003000951984
Main. elevatorl.
25003301947168
main controller
25003301947168
main controller

25003301947168

Main. elevatorl. shaft.car_display.car_display.m Floor:

updated the car

PS

shaft.car_display.car_display_m Floor:

PS

funitl . flr_display.

PS

funit2 . flr_display.

PS

funit3 . flr_display.

PS

funitd . flr_display.

PS

funits. flr_display .

ps

funité . flr_display.

ps

funit7 . flr_display .

ps

funit8.flr_display.

ps

funit9. flr_display.

ps

PS

received ECS.CARREQUEST from Car 1 to floor

PS

location for

car

floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m

floor_display_m

I't

Floor:
Floor:
Floor:
Floor:
Floor:
Floor:
Floor:
Floor:
Floor:

.funitl0.flr_display.floor_display_m Floor:

sending CAR.GO_TO message to Shaft# 1

PS

motorunit . motor GOING UP

PS

PS

Up:1
Up:1
Up:1
Up:1
Up:1
Up:1
Up:1
Up:1

Up:1

is now on floor

3, Up:1 Down:0

Down:
Down:
Down:
Down:
Down:
Down:
Down:
Down:

Down:

0

0

3, Up:1 Down:0

. motorunit.motor Currently at Floor:3 going to:5

motorunit.motor_.m ON and moving UP 0, DOWN 1 Status: O

ps
received

ps
updated the car

PS
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CAR_POSITION message:

location for

car

I't

Motor 1 is on floor 3

is now on floor

3, Up:1 Down:0



25

25

25

25

25

25

25

25

25

25

30

30

30

30

30

30

30

30

30

30

30

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

25003301947168
Main. elevatorl
25003301947168
Main. elevatorl
25003301947168
Main. elevatorl
25003301947168
Main. elevatorl
25003301947168
Main. elevatorl
25003301947168
Main. elevatorl
25003301947168
Main. elevatorl
25003301947168
Main. elevatorl
25003301947168
Main. elevatorl
25003301947168
Main. elevatorl
30001495976064
main controller
30001495976064

main controller

30001495976064
Main. elevator?2
30001495976064
Main. elevator2
30001495976064
Main. elevator?2
30001495976064
Main. elevator2
30001495976064
Main. elevator2
30001495976064
Main. elevator?2
30001495976064
Main. elevator?2
30001495976064
Main. elevator?2
30001495976064

PS

funitl.

PS

funit2.

PS

.funit3.

PS

.funit4d.

PS

.funits.

PS

.funit6.

PS

funit7.

ps

.funit8

ps

.funit9.

ps

ps

received CAR_POSITION message:

ps

updated the car

PS

PS

PS

funit2.

PS

.funit3

PS

.funit4.

PS

.funits.

PS

.funite.

ps

funit7.

ps

flr_display.
flr_display.
flr_display .
flr_display .
flr_display.
flr_display .
flr_display.
.flr_display.

flr_display.

funitl . flr_display.
flr_display.
.flr_display.
flr_display.
flr_display.
flr_display .

flr_display .
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location for

floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m

floor_display_m

.shaft.car_display.car_display_.m Floor:

floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m

floor_display_m

car 2. It

Floor:

Floor:

Floor:

Floor :

Floor :

Floor :

Floor :

Floor :

Floor:

.funitl0.flr_display.floor_display_m Floor:

Floor:

Floor:

Floor:

Floor:

Floor:

Floor:

Floor :

Up:
Up:
Up:
Up:
Up:
Up:
Up:

Up:

1

1

Down:

Down:

Down:

Down:

Down:

Down:

Down:

Down:

3, Up:1 Down:

3, Up:1 Down:0

Motor 2 is on floor 2

is now on floor

2, Up:1 Down:0

Up:1 Down:

Up:
Up:
Up:
Up:
Up:

Up:

1

1

1

1

1

1

Down:

Down:

Down:

Down:

Down:

Down:



30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

Main. elevator?2
30001495976064
Main. elevator?2
30001495976064
Main. elevator?2
30001796971248
main controller

30001796971248
main controller
30002097966432
Main. elevator?2.
30002097966432
Main. elevator?2.
30002097966432
Main. elevator?2
30002398961616
main controller
30002398961616
main controller

30002398961616

Main. elevator?2.
30002398961616
Main. elevator?2
30002398961616
Main. elevator?2
30002398961616
Main. elevator2
30002398961616
Main. elevator?2
30002398961616
Main. elevator2
30002398961616
Main. elevator2
30002398961616
Main. elevator?2
30002398961616
Main. elevator?2
30002398961616
Main. elevator?2
30002398961616

PS

PS

PS

.funit8.flr_display .floor_display_-m Floor:
funit9. flr_display.floor_display_m Floor:

.funitl0.flr_display.floor_display_m Floor:

2, Up:1 Down:O0
2, Up:1 Down:0

2, Up:1 Down:0

received ECS.CAR_REQUEST from Car 2 to floor

PS

sending CAR.GO.TO message to Shaft# 2

PS

motorunit. motor GOING UP

PS

motorunit.motor Currently at

ps

ps

received CAR_POSITION message:

ps

updated the car

PS

shaft.car_display .car_display_-m Floor:

PS

PS

.funit2

PS

.funit3

PS

.funit4

PS

.funitb

PS

.funit6

PS

funit?

PS

.funit8

ps

.funit9

ps

funitl . flr_display.
.flr_display.
.flr_display.
.flr_display.
.flr_display.
.flr_display.
.flr_display.
.flr_display .

.flr_display .

32

location for

floor_display_-m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m

floor_display_m

car 2. It

Floor :

Floor :

Floor:

Floor:

Floor:

Floor:

Floor:

Floor:

Floor :

Floor:2 going to:5
. motorunit.motor_.m ON and moving UP 0, DOMN 1 Status: O
Motor 2 is on floor 2

is now on floor

2, Up:1 Down:0

2, Up:1 Down:0
2, Up:1 Down:0
2, Up:1 Down:0
2, Up:1 Down:0
2, Up:1 Down:0
2, Up:1 Down:0
2, Up:1 Down:0
2, Up:1 Down:O0

2, Up:1 Down:O



35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

sec

SecC

sec

sec

sec

Main. elevator2 .funitl0.flr_display .floor_display_-m Floor:

35003599942400
main controller
35003599942400
main controller

35003599942400
Main. elevatorl.
35003599942400
Main. elevatorl
35003599942400
Main. elevatorl
35003599942400
Main. elevatorl
35003599942400
Main. elevatorl
35003599942400
Main. elevatorl
35003599942400
Main. elevatorl
35003599942400
Main. elevatorl
35003599942400
Main. elevatorl
35003599942400
Main. elevatorl
35003599942400
Main. elevatorl
35003900937584
main controller

35003900937584
main controller
35004201932768
Main. elevatorl.
35004201932768
Main. elevatorl.
35004201932768
Main. elevatorl.
35004502927952
main controller
35004502927952

.funit2

.funit3

.funitb

.funit6

funit?

.funit8

PS

received CAR_POSITION message:

ps
updated the car

PS

shaft.car_display .car_display_-m Floor:

PS

funitl . flr_display.

ps
.flr_display.
ps
.flr_display.
ps

funitd . flr_display.

ps
.flr_display.
ps
.flr_display.
ps
.flr_display.
ps
.flr_display.

PS

funit9. flr_display.

PS

PS

received ECS.CARREQUEST from Car 1 to floor

PS

location for

car

floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m

floor_display_m

It is now on floor

Floor :

Floor :

Floor :

Floor :

Floor:

Floor:

Floor:

Floor:

Floor:

.funitl0.flr_display.floor_display_m Floor:

sending CAR.GO_TO message to Shaft# 1

ps
motorunit.
ps

motorunit.

PS

motor GOING UP

2, Up:1 Down:0

Motor 1 is on floor 4

4, Up:1 Down:0

Up:1 Down:

Up:1
Up:1
Up:1
Up:1
Up:1
Up:1

Up:1

Up:1 Down:

Down:

Down:

Down:

Down:

Down:

Down:

Down:

0

0

4, Up:1 Down:0

motor Currently at Floor:4 going to:5

motorunit.motor_-m ON and moving UP 0, DOMN 1 Status: O

ps
received

ps

33

CAR_POSITION message:

Motor 1 is on floor 4



35

35

35

35

35

35

35

35

35

35

40

40

40

40

40

40

40

40

40

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

sec

SecC

sec

sec

sec

main controller

35004502927952

Main. elevatorl.
35004502927952
Main. elevatorl
35004502927952
Main. elevatorl
35004502927952
Main. elevatorl
35004502927952
Main. elevatorl
35004502927952
Main. elevatorl
35004502927952
Main. elevatorl
35004502927952
Main. elevatorl
35004502927952
Main. elevatorl
35004502927952
Main. elevatorl
35004502927952
Main. elevatorl
40002696956848
main controller
40002696956848

main controller

40002696956848
Main. elevator?2.
40002696956848
Main. elevator2
40002696956848
Main. elevator2
40002696956848
Main. elevator?2
40002696956848
Main. elevator?2
40002696956848
Main. elevator?2
40002696956848

34

car

car

I't

Floor:

Floor :

Floor :

Floor :

Floor :

Floor :

Floor:

Floor:

Floor:

I't

Floor:

Floor:

Floor:

Floor:

Floor :

updated the car location for

ps

shaft.car_display.car_display_m Floor:
.?znitl.flr,display.roor,dispIay,m
.?znitz.flr,display.roor,dispIay,m
.?znitS.fIr,display.roor,dispIay,m
.?3nit4.f|r_display.roor_dispIay_m
.?3nit5.f|r_display.roor_dispIay_m
.?3nit6.f|r_display.roor_dispIay_m
.?zniﬁ.flr_display.roor_dispIay_m
.IfoznitS.fIr_display.roor_dispIay_m
.lfojnitQ.fIr_display.roor_dispIay_m
.|1?jnit10.flr_display.roor_dispIay_m Floor:
IOfeceived CAR_POSITION message:
IOlSdeated the car location for

ps

shaft. car_display.car_display_m Floor:
.Ifoﬁnitl.flr_display.roor_dispIay_m
.?Enitz.flr_display.floor_display_m
.?znits.flr,display.floor,display,m
.?znim.flr,display.roor,dispIay,m
.?3nit5.f|r_display.roor_dispIay_m

ps

Up:1
Up:1
Up:1
Up:1
Up:1
Up:1
Up:1
Up:1

Up:1

is now on floor

4, Up:1 Down:0

Down:
Down:
Down:
Down:
Down:
Down:
Down:
Down:

Down:

0

0

4, Up:1 Down:0

Up:1
Up:1
Up:1
Up:1

Up:1

Motor 2 is on floor 3

is now on floor

3, Up:1 Down:0

Down:
Down:
Down:
Down:

Down:



40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

Main. elevator?2
40002696956848
Main. elevator?2
40002696956848
Main. elevator?2
40002696956848
Main. elevator2
40002696956848
Main. elevator?2
40002997952032
main controller

40002997952032
main controller
40003298947216
Main. elevator?2.
40003298947216
Main. elevator?2.
40003298947216
Main. elevator?2.
40003599942400
main controller
40003599942400
main controller

40003599942400
Main. elevator?2
40003599942400
Main. elevator2
40003599942400
Main. elevator?2
40003599942400
Main. elevator2
40003599942400
Main. elevator2
40003599942400
Main. elevator?2
40003599942400
Main. elevator?2
40003599942400
Main. elevator?2
40003599942400

.funit2

.funit3

.funith

.funit6

funit?

funité . flr_display.

PS

funit7 . flr_display .

PS

funit8.flr_display.

PS

funit9. flr_display.

PS

PS

floor_display_-m
floor_display_m
floor_display_m

floor_display_m

Floor :

Floor:

Floor :

Floor:

.funitl0.flr_display.floor_display_m Floor:

3, Up:1 Down:0
3, Up:1 Down:O
3, Up:1 Down:O
3, Up:1 Down:O

3, Up:1 Down:0

received ECS.CAR_REQUEST from Car 2 to floor

PS

sending CAR.GO_TO message to Shaft# 2

ps

motorunit . motor GOING UP

ps

motorunit.motor Currently at Floor:3 going to:5

ps

motorunit.motor_.m ON and moving UP 0, DOWN 1 Status: O

ps
received

ps
updated the car

PS

PS

funitl . flr_display.

ps
.flr_display.
ps

.flr_display.

PS

funitd . flr_display.

ps
.flr_display.
ps
.flr_display .
ps
.flr_display .
ps

35

CAR_POSITION message:

location for

.shaft.car_display.car_display_.m Floor:

floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m
floor_display_m

floor_display_m

car 2. It

Floor:

Floor:

Floor:

Floor:

Floor:

Floor:

Floor :

Motor 2 is on floor 3

is now on floor

3, Up:1 Down:0

Up:1 Down:O
Up:1 Down:O
Up:1 Down:O0
Up:1 Down:O0
Up:1 Down:O0
Up:1 Down:O0

Up:1 Down:0



40

40

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

sec

SecC

sec

sec

sec

Main. elevator?2
40003599942400
Main. elevator?2
40003599942400
Main. elevator?2
45004800923184

main controller

45004800923184

main controller

45004800923184

Main. elevatorl.

45004800923184
Main. elevatorl
45004800923184
Main. elevatorl
45004800923184
Main. elevatorl
45004800923184
Main. elevatorl
45004800923184
Main. elevatorl
45004800923184
Main. elevatorl
45004800923184
Main. elevatorl
45004800923184
Main. elevatorl
45004800923184
Main. elevatorl
45004800923184
Main. elevatorl
45005101918368

main controller

45005101918368

main controller

45005402913552

Main. elevatorl.

45005402913552

Main. elevatorl.

45005703908736

.funit8.flr_display .floor_display_-m Floor:

3, Up:1 Down:0

.?3nit9.f|r_display.roor_dispIay_m Floor: 3, Up:1 Down:0
.?3nit10.flr_display.floor_display_m Floor: 3, Up:1 Down:0
pfeceived CAR_POSITION message: Motor 1 is on floor 5
IOEpdated the car location for car 1. It is now on floor
ps

shaft.car_display.car_display_-m Floor: 5, Up:1 Down:0
.?3nit1.f|r_display.roor_dispIay_m Floor: 5, Up:1 Down:0
.?EnitZ.fIr_dispIay.roor_dispIay_m Floor: 5, Up:1 Down:0
.?znit&flr_display.roor_dispIay_m Floor: 5, Up:1 Down:O
.Ifoznit4.flr_display.roor_dispIay_m Floor: 5, Up:1 Down:O
.lfojnitS.fIr_display.roor_dispIay_m Floor: 5, Up:1 Down:O
.?3nit6.f|r_display.floor_display_m Floor: 5, Up:1 Down:0
.?znitY.fIr_display.floor_display_m Floor: 5, Up:1 Down:0
.?znitB.fIr_display.roor_dispIay_m Floor: 5, Up:1 Down:0
.?3nit9.f|r,display.roor,dispIay,m Floor: 5, Up:1 Down:0
.?jnitlo.flr,display.roor,dispIay,m Floor: 5, Up:1 Down:0
IOfeceived ECS.CAR_REQUEST from Car 1 to floor

ps

sending CAR.GO_TO message to Shaft# 1

I?nsotorunit.motor sending CAR_POSITION

ps

motorunit . motor_m OFF

ps

36



45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

45

50

50

50

50

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

sec

sec

sec

sec

sec

main controller

received CAR_POSITION message:

car 2. It

It is now on floor

Floor :

Floor :

Floor :

Floor :

Floor:

Floor:

Floor:

Floor:

Floor:

is: 1

is: 1

Motor 1 is on floor 5

5, Up:0 Down:0

Up:0 Down:

Up:0
Up:0
Up:0
Up:0
Up:0
Up:0

Up:0

Up:0 Down:

Down:

Down:

Down:

Down:

Down:

Down:

Down:

0

0

5, Up:0 Down:0

45005703908736 ps

main controller updated the car location for car
45005703908736 ps

Main. elevatorl. motorunit.motor sending OPEN_DOORS
45005703908736 ps

Main. elevatorl.shaft.car_display.car_display_-m Floor:
45005703908736 ps

Main. elevatorl.funitl.flr_display.floor_display_m
45005703908736 ps

Main. elevatorl.funit2.flr_display.floor_display_m
45005703908736 ps

Main. elevatorl. funit3.flr_display.floor_display_m
45005703908736 ps

Main. elevatorl. funitd4.flr_display.floor_display_m
45005703908736 ps

Main. elevatorl. funits5.flr_display.floor_display_m
45005703908736 ps

Main. elevatorl.funit6.flr_display.floor_display_m
45005703908736 ps

Main. elevatorl. funit7.flr_display.floor_display_m
45005703908736 ps

Main. elevatorl.funit8.flr_display .floor_display_m
45005703908736 ps

Main. elevatorl.funit9.flr_display.floor_display_m
45005703908736 ps

Main. elevatorl.funitl0.flr_display .floor_display_m Floor:
45006004903920 ps

Main. elevatorl.motorunit.motor waiting for 10 sec to close
45006004903920 ps

Main. elevatorl . shaft.car_door.cdoor_m Car Door
45006004903920 ps

Main. elevatorl.funit5.flr_door .fdoor_.m Floor Door
50003897937632 ps

main controller received CAR_POSITION message:
50003897937632 ps

main controller updated the car location for
50003897937632 ps

Main. elevator2.shaft.car_display.car_display_-m Floor:
50003897937632 ps

37

Motor 2 is on floor 4

is now on floor

4, Up:1 Down:0



50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

sec

SecC

sec

sec

sec

Main. elevator?2
50003897937632
Main. elevator?2
50003897937632
Main. elevator?2
50003897937632
Main. elevator2
50003897937632
Main. elevator?2
50003897937632
Main. elevator2
50003897937632
Main. elevator?2
50003897937632
Main. elevator?2
50003897937632
Main. elevator?2
50003897937632
Main. elevator?2
50004198932816
main controller

50004198932816
main controller
50004499928000
Main. elevator2.
50004499928000
Main. elevator?2.
50004499928000
Main. elevator?2.
50004800923184
main controller
50004800923184
main controller

50004800923184
Main. elevator2.
50004800923184
Main. elevator?2
50004800923184
Main. elevator?2
50004800923184

.funitl.flr_display .floor_display-m Floor: 4, Up:1 Down:0
.?3nit2.f|r_display.roor_dispIay_m Floor: 4, Up:1 Down:0
.?3nit3.f|r_display.roor_dispIay_m Floor: 4, Up:1 Down:0
.?3nit4.f|r_display.roor_dispIay_m Floor: 4, Up:1 Down:0
.IfoznitS.fIr_display.roor_dispIay_m Floor: 4, Up:1 Down:0
.lfojnitG.fIr_display.roor_dispIay_m Floor: 4, Up:1 Down:0
.?3nit7.f|r,display.floor,display,m Floor: 4, Up:1 Down:0
.?znitS.fIr,display.floor,display,m Floor: 4, Up:1 Down:0
.?znitQ.fIr_display.roor_dispIay_m Floor: 4, Up:1 Down:0
.?3nit10.f|r_display.roor_dispIay_m Floor: 4, Up:1 Down:0
IOfeceived ECS.CAR_REQUEST from Car 2 to floor

ps

sending CAR.GO_TO message to Shaft# 2

I?nsotorunit.motor GOING UP

ps

motorunit.motor Currently at Floor:4 going to:5

ps
motorunit.motor_-m ON and moving UP 0, DOM 1 Status: O

IOfeceived CAR_POSITION message: Motor 2 is on floor 4
IOzpdated the car location for car 2. It is now on floor
ps

shaft.car_display.car_display_-m Floor: 4, Up:1 Down:0
.?znitl.flr,display.roor,dispIay,m Floor: 4, Up:1 Down:0
.?3nit2.f|r_display.roor_dispIay_m Floor: 4, Up:1 Down:0
ps

38



50

50

50

50

50

50

50

55

55

55

55

55

55

55

55

55

60

60

60

60

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

Main. elevator?2
50004800923184
Main. elevator?2
50004800923184
Main. elevator?2
50004800923184
Main. elevator2
50004800923184
Main. elevator?2
50004800923184
Main. elevator2
50004800923184
Main. elevator?2
50004800923184
Main. elevator?2
55006004903920
Main. elevatorl.
55006302899152

Main. elevatorl.
55006302899152
Main. elevatorl
55006603894336
main controller
55006904889520

main controller
55006904889520
Main. elevatorl
55006904889520
Main. elevator2
55006904889520
Main. elevator3.
55006904889520
Main. elevator4
60005098918416
main controller
60005098918416

main controller

60005098918416
Main. elevator?2.
60005098918416
Main. elevator?2.

.funit3.flr_display .floor_display-m Floor: 4, Up:1 Down:0
.?3nit4.f|r_display.roor_dispIay_m Floor: 4, Up:1 Down:0
.?EnitS.fIr_dispIay.roor_dispIay_m Floor: 4, Up:1 Down:0
.?znitG.fIr_display.roor_dispIay_m Floor: 4, Up:1 Down:0
.Ifoznit7.flr_display.roor_dispIay_m Floor: 4, Up:1 Down:0
.lfojnitS.fIr_display.roor_dispIay_m Floor: 4, Up:1 Down:0
.?3nit9.f|r,display.floor,display,m Floor: 4, Up:1 Down:0
.$3nit10.flr,display.roor,dispIay,m Floor: 4, Up:1 Down:0
I?nsotorunit.motor sending CLOSE DOORS
ICs)iaft.car_door.cdoor_m Car Door is: O
.?znitS.flr_door.fdoor_m Floor Door is: O

IOfeceived ECS.CARARRIVED message from Shaft# 1

pient FLOOR REQUEST GRANTED message to floor# 5

ps

.funits.flr_panel .panel_m Floor Panel Light up: 0 down: O
.?znitS.fIr_paneI .panel_m Floor Panel Light up: O down: O
IfoﬁnitS.fIr_paneI .panel_m Floor Panel Light up: O down: O
.lfoznitS.fIr_paneI .panel_m Floor Panel Light up: O down: O
IOfeceived CAR_POSITION message: Motor 2 is on floor 5
IOlSdeated the car location for car 2. It is now on floor
ps

shaft. car_display.car_display_.m Floor: 5, Up:1 Down:0

ps

funitl.flr_display.floor_display_m Floor: 5, Up:1 Down:0

39



60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

60005098918416
Main. elevator?2
60005098918416
Main. elevator?2
60005098918416
Main. elevator?2
60005098918416
Main. elevator?2
60005098918416
Main. elevator?2
60005098918416
Main. elevator?2
60005098918416
Main. elevator?2
60005098918416
Main. elevator?2
60005098918416
Main. elevator?2
60005399913600

main controller

60005399913600

main controller

60005700908784

Main. elevator?2.

60005700908784

Main. elevator2.

60006001903968

main controller

60006001903968

main controller

60006001903968

Main. elevator?2.

60006001903968

Main. elevator?2.

60006001903968
Main. elevator?2
60006001903968
Main. elevator?2
60006001903968
Main. elevator2

motorunit. motor sending OPEN_DOORS

ps
shaft.car_display .car_display_-m Floor:

PS

funitl. flr_display.floor_display_m Floor:

PS

funit2 . flr_display.floor_display_m Floor:

PS

funit3. flr_display.floor_display_m Floor:

40

Up:1 Down:O0

Up:1 Down:O0
Up:1 Down:O0
Up:1 Down:0
Up:1 Down:0
Up:1 Down:0
Up:1 Down:0
Up:1 Down:O

5, Up:1 Down:0

Motor 2 is on floor 5

is now on floor

ps
funit2 . flr_display.floor_display_m Floor:
ps
funit3 . flr_display . floor_display_m Floor:
ps
.funit4 . flr_display .floor_display_m Floor:
ps
.funit5.flr_display .floor_display_m Floor:
ps
.funit6.flr_display .floor_display_m Floor:
ps
.funit7.flr_display .floor_display_m Floor:
ps
funit8.flr_display.floor_display_-m Floor:
ps
funit9. flr_display.floor_display_m Floor:
ps
.funitl0.flr_display.floor_display_m Floor:
ps

received ECS.CAR_REQUEST from Car 2 to floor
ps

sending CAR.GO_.TO message to Shaft# 2
ps

motorunit.motor sending CAR_POSITION

ps

motorunit.motor_m OFF

ps

received CAR_POSITION message:

ps

updated the car location for car 2. It
ps

5, Up:0 Down:0

5, Up:0 Down:O
5, Up:0 Down:O

5, Up:0 Down:O



60

60

60

60

60

60

60

60

60

60

70

70

70

70

70

70

70

70

70

70

70

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

sec

SecC

sec

sec

sec

sec

sec

sec

sec

sec

60006001903968
Main. elevator?2
60006001903968
Main. elevator?2
60006001903968
Main. elevator?2
60006001903968
Main. elevator?2
60006001903968
Main. elevator?2
60006001903968
Main. elevator?2
60006001903968
Main. elevator?2
60006302899152
Main. elevator?2.
60006302899152

Main. elevator?2.
60006302899152
Main. elevator2
70006302899152
Main. elevator?2.
70006600894384

Main. elevator?2.
70006600894384
Main. elevator?2
70006901889568
main controller
70006901889568

main controller
70007202884752

Main. elevator?2.
70007202884752

Main. elevator?2.
70007202884752

Main. elevator?2.
70007202884752

Main. elevator?2.
70007202884752

Main. elevator?2.
70007202884752

Main. elevator?2.
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Up:0
Up:0
Up:0
Up:0
Up:0

Up:0

to Elevator# 2

#1

#2

#3

#4

#5

#6

is O

is O

is O

is O

.?3nit4.f|r_display.floor_display_m Floor:
.?znitS.fIr_display.floor_display_m Floor:
.?3nit6.f|r,display.roor,dispIay,m Floor:
.?zni'ﬂ.flr,display.roor,dispIay,m Floor:
.?znitS.fIr,display.roor,dispIay,m Floor:
.?EnitQ.fIr_display.roor_dispIay_m Floor:
.?3nit10.f|r_display.floor_display_m Floor:
I?nsotorunit.motor waiting for 10 sec to close
Fs)iaft.car_door.cdoor_m Car Door is: 1
ps

.funit5.flr_door.fdoor_m Floor Door is:
Ironsotorunit.motor sending CLOSE_DOORS
I:flaft.car_door.cdoor_m Car Door is: O
ps

.funit5.flr_door .fdoor.-m Floor Door is:
IOfeceived ECS.CARARRIVED message from Shaft# 2
Iozent CAR_REQUEST _GRANTED message
IZzaft.car,panel.panel,m CarPanel Button
ziaft.car_panel.panel_m CarPanel Button
F;iaft.car_panel.panel_m CarPanel Button
ICs)?laft.car_panel.panel_m CarPanel Button
Fs)iaft.car_panel.panel_m CarPanel Button
IZiaft.car_panel.panel_m CarPanel Button

Down:

Down:

Down:

Down:

Down:

Down:

5, Up:0 Down:0



70 sec

70 sec

70 sec

70 sec

120 sec

70007202884752 ps
Main. elevator2 . shaft.
70007202884752 ps
Main. elevator2. shaft.
70007202884752 ps
Main. elevator?2 . shaft.
70007202884752 ps
Main. elevator?2 . shaft.
120000595990464 ps
Test Bench DONE!

car_panel
car_panel
car_panel

car_panel
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. panel_m
. panel_m
. panel _m

. panel _m

CarPanel

CarPanel

CarPanel

CarPanel

Button

Button

Button

Button

#7

#8

#9

#10

is

is

is

is

0

0

0

0
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