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Chapter 2

Softwar e System documentation

2.1 Introduction

This document describes the system architecture of the climatic control system. The description of
requirements made in chapter 1.3 provide abasis.

Similarly to the analysis the concept will be object-oriented and created by using the OMT method. As
notation again the UML (Unified Modeling LANGUAGE) is used.

211 Concept decisions

EE Description of Concept decisions

EE1 Thetarget systemisacentral control computer with port components over that

* al sensorswill be read
+ all actuators will be regulated

EE2 Parallelism is simulated by use of a simple scheduler.

EE3 Thetimeisrealized by areusable component called Timer

Chart 1: Concept decisions
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2.1.2 Port components

All sensors and actuators are regulated by port components. Each type of actuators and sensors
possesses its own component with a sufficient number of connections. For control the hardware
manufacturer provides predefined LIBRARIES. Therefore these components in the object model are
realized as a class.

There are the following kinds of input and output ports:

1

Bit-Input ports for contacts.
Inquired by command: int CallBitInputPort(int LineNr1, int LineNr2, int PortNr)

Integer-Input portsfor temperatures.
Inquired by command: int CallIntInputPort(int LineNr1, int LineNr2, int PortNr)

Bit-Output ports for simple actuators.
Inquired by command: int CallBitOutputPort(int LineNr1, int LineNr2, int PortNr, int value)

Integer-Output ports for more complex actuators.

Inquired by command: int CalllntOutputPort(int LineNr1, int LineNr2, int PortNr, int value)

The actuators and sensors existing in the house are assigned as follows;

Bit-Input ports for contacts. presence contact, canted contact, open contact, rain contact
Integer- Input ports for temperature; Outside-, Inside(room)temperature, Heater temperature sensor
Bit-Output ports for simple actuators. Sway- und Cant Motors for the windows

Integer- Output ports more complex actuators. Boiler temperature, Heater valve

The following port assignments are specified:

Port > Port Type LineNr1 LineNr2
g

Room temperature sensor 0 Intlnput Section-Nr Room-Nr
Presence contact 1 Bitlnput Section-Nr Room-Nr
Heater temperature sensor 2 Intlnput Section-Nr Room-Nr
Heater valve 3 IntOutput Section-Nr Room-Nr
Cant contact 4 Bitlnput Section-Nr Room-Nr
Open contact 5 Bitlnput Section-Nr Room-Nr
Cant motor 6 BitOutput Section-Nr Room-Nr
Sway motor 7 BitOutput Section-Nr Room-Nr
Boiler temperature 8 IntOutput 0 0

Outside Temperature Sensor 9 Intlnput 0 0

Chart 2: Portassignment
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Port > Port Type LineNrl LineNr2
g
RainContact 10 Bitlnput 0 0

Chart 2: Portassignment

2.1.3 Paralelism

The past descriptions of the classes proceed from an inherent paralelism with classes. A parallel
implementation of the classes would be possible on the target computer (and/or on its operating
system), but for this a treatment of communication and synchronisation problems would be necessary.
In order to avoid the complexity which is added thereby, parald processing is smulated. This is
redized by a simple scheduler, which activates certain methods of the objects successively
periodically.

2131 Scheduler

The class scheduler was developed in the context of the CoDEX project. The following requirements
of the scheduler and the concept of the scheduler are literally taken from the system model of the
BauOS-system belonging to the CoDEX project.

2131 Requirements

The draft contains a set of automats, which work parallel and independently. These automats
are to work in the implementation quasi-parallel. The realization is to look in such away that
a certain method of an object is implemented in regular intervals. Inside this method the
behavior of the automat belonging to the object is ssmulated. For the periodic activation a
primitive scheduler is needed, with which the executing methods must be registered.

21312 Concept

For the realization of the requirements the concept provides two classes. On the one hand a
basic class, from which al objects must be derived. This base class makes a virtual function
available, which must be overloaded in the derived classes and which simulates the behavior
of the associated automat. The second class realizes the scheduler. The periodic activation is
implemented with the help of the UNIX signal mechanism.

2.1.3.1.2.1 TheBaseclass ScheduledFct

Each class, which has got a function and which is to be periodically activated, must be derived
from the class ScheduledFct(stands for ‘ Scheduled Function’).

cl ass Schedul edFct {

publi c:
virtual void callBack (void);
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voi d regi sterCal | Back (void);
voi d unregi sterCal |l Back(voi d);
} /1 class Schedul edFct

This class has two methods. The virtual method callBack has to be over-defined in derived classes. It
realizes that function, which can be periodically called. If several functions are to be periodically
executed, then these must be called by the function callBack.

The method registerCallBack ensures the fact that the object is registered with the scheduler for the
periodic activation. This method can be called by the object itself or (if it isleft public) from outside.
Canceling the registration is done via the call of the function unregisterCallBack by which the periodic
activation can be stopped again. The implementation of the methods registerCallBack and
unregisterCallBack will be described in section 2.1.3.1.2.

2.1.3.1.2.2 The class Scheduler

The Scheduler is realized by the class Scheduler:

cl ass Schedul er {
friend cl ass Schedul edFct ;

static Schedul er *nyPtr;

int intervall;
Cal | BackLi st cal | Backs;

static void signal Call Back (void);
voi d schedul e (void);
voi d regi sterCal |l Back (Schedul edFct *fct);

publi c:
Schedul er (int interv);
~Schedul er (voi d);

void start (void);
void stop (void);

I

[ nst ances

In the control system an instance of this class must exist. No more than one instance may
exist.

Use

The constructor of the class scheduler expects a parameter, which indicates in which distances the
periodic activation takes place in. This interval is specified in microseconds. After producing an
instance of the class scheduler, objects which were derived from the class ScheduledFct can register
itself at thisinstance(section 2.1.3.1.2.1).

By the call of the method ‘start’ the scheduler begins with the periodic activation of al registered
objects. The registration of further objects is still possible thereafter. By the call of the method ‘ stop’
the activity of the scheduler can be interrupted and be taken up if necessary with ‘start’ again. That
does not have any influence on the registered objects.
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I mplementation

The periodic activation of methods is realized by the fact that regularly a UNIX signdl
(SIGALRM) is produced and intercepted. In the course of the treatment of the signal the
methods are then implemented.

With the arrival of asignal UNIX calls a function, which must have been registered before as a Signal-
Handler. For this task smply a method of a class cannot be used. Methods always expect a pointer
with the call on the associated object (this-Pointer). At the call this pointer as Signal-Handler will not
be passed by the operating system. The problem can be circumvent by consulting a static method of
the class for this purpose. Therefore a static function (signal CallBack) is taken up to the class, which
can be executed with the arrival of the signal. Furthermore the class possesses a static member
(myPtr), that represents a pointer on the instance of the Scheduler (set by the constructor of the class).
Over this pointer the static method accesses the instance of the scheduler and calls the function
‘schedule’, which executes al registered Callbacks successively.

Theregistration of objects aso takes place over the static member, that points to the instance of the
scheduler. The method registercallBack from the class ScheduledFct calls over this pointer the method
registerCallBack from the scheduler. In order that ScheduledFct: :registerCallBack may accessthis
member and the method of the class scheduler, the class ScheduledFct has to be declared as ‘friend’ of
the class scheduler.

2.1.4 Modelling of the Time

The Modelling of timeis made by a Timer-class.

2.1.4.1 Timer

The class timer was created in the context of the CoDEX project. The following regquirements of the
timer and the concept of the timer are literally taken from the system design of the system BAUOS
belonging to the CoDEX project.

2.1.4.1.1 Requirements

The class Timer makes the current time available for the system. Thereis no reverting directly to an
operating system service, because for test cases determined manipulations are to be made at the time
of the control system. For that belongs starting at an arbitrary time, which not corresponds to the real
time and the grub of time.

2.14.1.2 Concept

2.1.4.1.21 Class Timer

The Time service is represented by the class Timer.

class Timer {
TimerInternalTimeType tO;
/1 user given starting time of the control system

Ti mer I nternal Ti neType tOreal;
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/'l real world starting tine of the control system

i nt speedup;

/'l speedup of control systemin conparison with the real world
Ti mer | nt ernal Ti meType get Systenili e ();

[l gets real world tinme fromthe operating systeman converts it
/1 to the requested type

publi c:
Ti mer (void)
Timer (Time t
Tinmer (int speed
Timer (Time t, int speed)

BAuSysTi meType get Actual Time ();

Instances

In the system there is an instance of this class..

Use

The result, which the function getActual Time sends, is calculated from the formula:
t0 + (getSystenilinme () - tOreal) * speedup

That means the elapsed real time since the start of the control system (GET system time () -tOreal) is
multiplied by the acceleration factor. Thus you receive the time interval, which isto have run off for
the control system meanwhile. Finally thisis added on the given point of starting time of the system.
Thus you receive the current time for the control system.

The different constructors of the class are present, in order to set if necessary default values
automatically.

215 Use Inteface

Setting the values by the user is made by a user interface (control panel). This is realized by an
autonomous subsystem. Communication between user interface and system is made by the methods of

the room, which serve for setting the values, like TimelntervalEntrance(Zeitspanne ),
Timelnterval Leaving(Zeitspanne ), TimelntervalHeating(ZeitspanneA ),PresenceTem
perature(AnwesenheitsTemp )and AbsenceTemperature(AbwesenheitsTem ). One assumes

each room possesses its own control panel (User-Interface).

2.2 UML-Concept

In the following the modifications are described briefly for the classes of the concept in relation to the
analysis. Afterwards the attributes and methods of the classes are described with the help of the class
diagram and the Classtables. Finally the sequence diagrams, the collaboration diagrams, as well as the
state diagrams are specified..
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2.2.1  Short description of the differences to the analysis

In the following sections the modifications are described for each class, in relation to the analysis
arose.

2211 classHouse

The class RainChecker was taken over by the class House. That access to the outside temperature
sensor shall only run over the class House. Thus a method is necessary, which passes the outside
temperature on at all sections and rooms (there is needed to cal culate holding and heating
temperature). The class House is derived due to its active behavior of the class ScheduledFct.

2212 classPRTempController

The class PRTempController is derived dueto its active behavior of the class ScheduledFct.

2.2.1.3 class PresenceController

The class PresenceConroller is derived due to its active behavior of the class Schedul edFctt.

2214 class Room

The class Room needs a further "Hand-Over function” for the outside temperature.

2215 class RoomtemperatureController

The class RoomtemperatureController informs the class TemperatureRegulator only on change of the
room temperature. Due to its active behavior the class RoomtemperatureController is derived from the
class ScheduledFct.

2216 class ScheduledFct

Newly the base class ScheduledFct was added. It represents the functionality described in section
213121

2217 class Scheduler

The class Scheduler is responsible for the periodic activation of different methods. Its functionality
was described in section 2.1.3.1.2.2.
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2218 class Section

The class Section did not change in relation to the analysis.

2219 class Temperatureregulator

In the class Temperatureregulator several methods, which belong together logically, were replaced by
only one (e.g. SomeoneThere() [Jemand and NobodyThere() [Niemand =/ ] with PresenceSet()
[AnwesenheitS ]). Were added also appropriate attributes, so that only a change of avalue still
haveto be assigned.

For the calculation of the heating temperatures the outside temperature and the room temperature are
needed. New attributes and methods in the class Temperatureregulator set and store these
temperatures.

The class Temperatureregulator is derived dueto its active behavior of the class ScheduledFct.

22110 classTimer

The class Timer represents the class described in section 2.1.4.

2.2.1.11 class Window

The report of a changed window condition is not given any longer directly to the
Temperatureregulator, but it runs over the class Room. Thisis necessary, since otherwise no Instance
sequence for the classes Window and Temperatureregulator can be specified. The class Window is
derived due to its active behavior of the class ScheduledFct.
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2.2.2 UML classdiagrams

2221 Packagestructure

This diagram shows the alocation of the system into individual subsystems (Packages). The
individual packages shows a sighting to the individual classes. Therefore not necessarily all methods
and attributes of a class are defined in a package.

User-Interface

I

TemperatureControl RainMonitoring

,
- ’ - ' N -
Scheduling | L e Time :Q L Hardware Wrapper I ~ > \.«

14



2.2.22Time

This diagram shows the modeling of the time:
==

Day

==

Clock

operator={ d:Day& ) : Day&
operator<( d:Day& ) : bool
operator<={ d:Day& ) : bool
operator>( d:Day& ) : bool
operator>=( d:Day& ) : bool
operator==( d:Day& ) : bool
operatorl={ d:Day& ) : bool

+ operator++() : Day

+ getDay() : imeCompType

+ getMonth() : timeCompType
+getYear() : timeCompType

+ setDay( d:timeCompType, m:timeCompType, y:timeCompType )
+ setMonth({ m:timeCompType ) : void
+ setYear( y:timeCompType ) : void
+getDayObject() : Day

+ isLeapYear( y:timeCompType ) : bool
+isLeapYear() : bool

+ daysInMonth() :int

FF F T FF

=+

- woid

+ operatur=( c:Clock& ) : Clock&

+ operator<( c:Clock& ) : bool

+ operator<=( c:Clock& ) : bool

+ operator>( c:Clock& ) : bool

+ operator>=( c:Clock& ) : bool
+ operator==( c:Clock& ) : bool

+ operatorl=( ¢c:Clock& ) : bool

+ operator+( c:Clock& ) : Clock
+ operator-( c:Clock& ) : Clock

+getMinute() : timeCompType

+getHour() : timeCompType

+ getClock{ h:timeCompType&, m:timeCompTyped& )
+ setMinute( m:timeCompType )

+ setHour{ h:timeCompType )

+ setClock( h:timecompType, m:timeCompType )

+getClock() : Clock
+ toDuration() : durationType

s void
: void

void

: woid

JAN

JAN

Time

operator=( t:Time& ) : Time&
operator<( t:Time& ) : bool
operator<=( t:Time& ) : bool
operator>( t:Time& ) : bool
operator>=( t:Time& ) : bool
operator==( t:Time& ) : bool
operatorl=( t:Time& ) : bool
+operator++() : Time

+ o+ ++ + o+

+ getTime( h:timeCompTyped&, mitimeCompType&, d:timeCompType&, mo:timeCompType&, y:timeCompType& )
+ setTime( h:itimeCompType, mitimeCompType, d:timeCompType, mo:timeCompType, y:timeCompType )

: void

> void

15

=

Timer

-speedup zint=1

+getActualTime()

- Time




2.2.2.3 Temperatureadjustment Control

This diagram shows all classes, which are involved in the temperature control.

Section

- SectionMr -int

+ PAussentel aturiVsiterleite
+ BencetigtekesselTempAbfrag:

emperaturtempType | - void

CentralHaatingSite

tempType
E ?
Reoeomn
< MNr -int <
-RoomNr - int <
- Flaeche - deuble =
+ BencetigtekesselTempAbfr empType PRTempCantroller
+ Fensterzustand| Position: 1 = woid - P ———
b Auscentemperatunie emperaturtempType ) - void Dot laﬁrg?ign)";e_= 10

e
durationType =5

and - CZeitspanneVerlassenDefault - durationType =

Fensterzu:
me

I'emperatureregulator

BEEEE
=l -RoomNr -int
- Bussentzmperatur - tempType
Window - Zmmeriemperatur - tempType = 15 PresenceController

- nster - zFensterType = CFensterGeschlossen

B '_"-' - ZAnwesand - zAnwesenheitType = CNiemandDa
- int - TemperaturStatus : zZimmerTempType = CZimmerTempGut i Zeit - Ti
— ferass
e — . fit erlas: eMETime ime

d

+Zim

[+ SiatusAktualisieren() - zAnwesenheitZeiType

\) T -
| durationType = 15 (Y
- CZeitspanneAuf durationType = 15
- Bencetigtebesseltemperatur - tempType =0
- ZeitspanneEintrittNormal - durationType =10 =]
- Flaeche - double Tontan]
& T e e e
Botor [ Zimmertempera

+  AnwesenheitSetzen
- FensterzustandSetz:
|- Bencetigtekessel
- HalteTempBi

- HeizTempBarachneni)
l-  TemperaturStatusSetzen{ Zustand:zZimmerTempType § - woid

[+ ZeitspanneEintrittNormalSetzeni Zeitspanne: fionType | woid

-R Nr - in

- Zieltemperatur - tempType = 15

+ I

urSetzen| Temperatur:tempType | - void
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2.2.2.4  Scheduling
Active classes must be derived from the basis class Schedul edFct. The scheduler activates these then

periodically.

== ==

Scheduler

+Start() : void 4D - registerCallBack() : void q

- unregisterCallBack() : void

+5Stop() : void
- registerCallBack() : void - callBack() : void

- unregisterCallBack() : void A A A

ScheduledFct q

= =
PresenceController | PRTempControIIerl I%ﬂ
| Housel
=
| RoomtemperatureController | Temperatureregulator |

2225 Rain Monitoring
This diagram shows all classes, which are involved in the rain monitoring.

== ]

House

- RegenAnSection() : wvoid

B
Section
=2

+ RegenAnZimmer() : woid I Contactl

==z ]

Room

+ Regendimmer() : wvoid

=]

WWindow

- FensterKippen() : wvoid
+ RegenFenster() : woid
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2226

Hardware Wrapper

This diagram shows all classes, which represent sensors or actuators.

=

=

Portbaustzin

CentralHeatingSite

=

- CallBitOutputPort{ SectionMrint, RoomMNrint, Porthrint, valueint ) void
- CallindinpuiPort] Sectionirint, RoomNrint, Porrint ) < int
- CallniOutputPorti SectionMrint, RoomNrint, Porthrint, valueint ) void
/ / H
Motor Contact

Temperaturesensar

b HesseltemperaturSetzen| Temperatur TempType | : void

+ Oeffnen() : void

2.2.2.7 User Interface

+ AbfrageKontakti) © int

+ AbfrageTemperatur() © tempType

+ Schliessen{) @ v

=

Radiator

+ ThermostatSetzen| TemperaturiempType | void

This diagram shows the user interface subsystem

=

E:I|

Room

ControlPanel

Tt +Ff T+ r

annsAufheizeniufDefault) : fehlerTyps
pannefufheizenNomalSetzen| Zeitzpanne:durationType )
senheitsTempAuDefault]) - void
AnwesenheitsTemghormalSetzen( TemperaturtempType )
AbwesenhetsTempaufDefault]) : void
AbwesenheitsTemphNomalSetzen( TemperaturtempType )
ZeitzpanneEintritaufDefault]) : void
ZeitzpanneEintritthormal Setzer itepanne:durationType )
Zeitspanne‘erlassenAufDefault() : void
Zeitspanne\VerlassenNomalSetzen| Zeitzpanne:durationType )

Zeitsp:
Zeits) : fehlerType

Anwe:

- void

- void

- woid

- void

il 1l X
Temperatureregulator PRTempCentroller
+ ZeitspanneAufheizendufDefault() : fehlerType + zeﬂspannevﬂr EEETmi gaauh.:- Svoid
+ ZeitspannetufheizenNomalSetzen( Zeitspanne:durationType ) - fehlerType + ZeitspannsVerlassentomalSetzen( Zeitspanne:durationType ) void
+ AnwesenheitsTempaufDefault) : void + ZeitspanneEintritaufDefault]) : void
+ AnwesenheitsTemghNomalSetzen] TemperaturiempTyoe ) - void +  ZeitzpanneEintritthomalSetzen| Zeitepanne:duraionTyoe | - void
+ AbwesenheitsTempAuDefault]) - void - - —— AR
+ AbwesenheitsTemphomalSetzen TemperaturtempType ) void
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Dokument

generiertes

2228 Constructors

This diagramm shows the constructors of the several classes.

=
RoomtemperatureController
+ FoomtemperatureController] IniiglSectionMNrint, Initial RoomMrint, TemperatureregulaterPir Temperatureregulator |
= -
Temperatureregulator
+  Temperatureregulator] IntialSectionMrint, InitialRoomMrint, Flaeche:doulle, WindowPtrWindow®* )
=
Room
+  Room{ IniizlSectionMrint, InitialRcomMrint, Flasche:double, ZetPtr: Timer® )
=]
Window
+  Window! InitialSectionMrint, IntialRoamirint, RoomPtrRoom® )
=
PresenceController
+  PresenceController] InitialSectionMrint, Initial Roombrint, ZeitPtr Timer* )
=]
T

PRTempControlle

— -
PRTemgController] PresenceControllerPir PresenceController®, TempearatureregulatorPir: Temperatureregulator® )

-
= |
Section
+  Section( InitialSectionMrint, ZimmerFlaschenListe-Slist<double=, ZeitPtrTimer* )
=
Houss
+  House( SectionZimmerListe:SList=doubles, ZeitPir-Timer* )
=
ContralPanel
+  ConirclPanel( TemperatureregulatorPtr Temperatureregulater*, PRTempControllerPir: PRTempConirollers )
=] = =]
Radiator

CeniralHeatingSite

Motor

+ CentralHeatingSite()

[ Motor( SectionMrint, Roomirint, Portrint )

+ Radiator| SectionMriint, RoomMr:int )

=

=

Contact

Temperaturesensor

+ Contact] SectionNrint, RoomMNrint, PartMrint )

+  Temperaturssensor SectionMrint, Roomirint, PortMrint )




