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The project had the following phases:

1. Development of a flight control system for an airship (1999-2006)

2. Development of a communication system (uplink and downlink) (2013)

3. Aerodynamic Investigations for a High-Altitude Airship (Platform) (2017)
4. Building of a small prototype of an airship (2017)

5. Development of a FCS and GCS (Ground Control System) (2018)
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Materials of the test device for the Low altitude test TEMO-Leb

Airship in Lebanese market - Balloons filled with Helium
The gasbags are replaced by the balloons, having 1.5 m as a diameter. It is important
to know the mass hold by the balloons and the pressure of Helium contained into the
Dalloon. To obtain these parameters, we want to perform this calculation:

Firstly, we calculate the volume of balloon:

V gatocn = 4/3°(D/2) 3 =4/3*7*(1.5/2) "3=1.77 m®

We know the density of Helium at 20°C: 0, = 0.178 kg/m3 141

By applying Eq.5, we obtain the mass theirs hold by the balloons:

™ by 1 balloon = (Quis ~ Cpty” V patloon = ((1,2041 - 0.178)"1.77 kg = 1.8 kg

M by basoens = 1.8 kg =72 kg

The pressure of Helium into the balloon can be calculate by using the equation:
P*V=(m/M)*R*T Eq.10

P: Pressure of Helium into the balloon (Pa)

V: Volume of balloon (m?)

m: Mass of balloon (kg)

M: Molar mass of Helium (kg/m?)

R: The universal gas constant = 8.314 JK"'mol*

T: The absolute Temperature of Helium (k)

To obtain the mass, we use Eq.5:

o=m/V; m=0.178"1.77=0.3 kg/m®

The pressure is:

P= ((ayM)*R*T)/V=((0.3/4)"8.314293.15)/1.77=108457.6 Pa=1.07 atm
o: Density of Helium at 20°c=0.178 kg/m®
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Abstract

In this project report the "alternative Lotte" airship flight control system project and its

results for August 2000 — July 2006 are described. In summer 2006 the project was cancelled.

The alternative Lotte project aimed to improve the flight control system of the solar airship

"Lotte" of University of Stuttgart.

The airship can be controlled from the

ground or fly automatically to specified

coordinates.
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3 Introduction

3.1 The LOTTE project and the “alternative Lotte”

Airships are becoming more and more important within the last years. At the
“Institut fiir Statik und Dynamik der Luft- und Raumfahrtkonstruktion” at the
University of Stuttgart a solar airship was built. In February 1992 the project
“Solarluftboot” was initiated. The purpose of this project was to find new materials,
new construction methods and a new concept for controlling and navigating an

airship run by a solar energy engine.

The “alternative Lotte” — a cooperation project between the universities of Karlsruhe
and Stuttgart and the Fachhochschule Karlsruhe - is planned to be an experimental
airship which can be controlled directly from the ground (first step of
implementation) or (second step of implementation) fly automatically to specified
coordinates. The energy supply is going to be conventional batteries in the first step
but it is planned to switch to solar energy later. With “alternative Lotte”
environmental data are collected during the flight via different sensors which can be
mounted on the airship. In the first step the speed of the wind, the temperature and
the solar radiation are measured. Apart from that flight data such as acceleration,
angular velocity and azimuth angle are measured for navigation purposes.

For the above mentioned Solarluftschiff an alternative flight control system (flight control

system - FCS) is developed, which takes into account modern information technology

methods.

The "alternative LOTTE" project is lead by the association VaEF e.V. As cooperation main
cooperation partners act the Universities of Karlsruhe and Stuttgart. The "alternative LOTTE"

project intends to use an airship for taking wind measurement data.

28



4 Project Management

4.1 Costs

Personal costs: About 3 man years
Material costs: 6000 EUR

Renting rooms, computers etc. 10 000 EUR

The project was undergone through student research works (mostly master thesises).

29



5  Flight Control System of an airship’

This Flight Control System is based on the IFR Control System of the Lotte airship of the
University of Stuttgart / Germany

219 A
i SDE e
sl
il

1Author> Samir Mourad
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Das Ergebis ist ein vertelts,

ind dann gegebenenfalls die E
zB. die Ruder. Der Entwurf der
ster (siehe zB. [1]) erfolgen.
oeglichkeit zu lokalen Aenderun

ibung enthaelt im wesentlichen 2 grosse Teile.

softwaretechnischen Methoden gegeben werden.
modulares und objektorientiertes Systemmodell

i
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nzelnen Bloecke des Blockschaltbildes des Regelungs
s wird auf die Flugregelungs- und die Messtechnik ei
h mit der Beschreibung der Softwarearchitektur,
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Bahngeschwindigkeitsve
Bahnn ’e‘ig’ungswmk“
hilfe einer Traeghé’lt,

Regelgroessen das hat aber zur
wird. i i
Bei éinem Bens*velchesf in [2] S.26f. mgegebm ist und auf Lenlcung vom Boden aus (z.B
durch Funkfeuer) beruht, wird deutlich, dass Bahnazimut xi einerseits und Horizontalpeilung rh

und Kurs ueber Grund igma andererseits sich grundsaetzlich verschleden verhalten und dah
sergfaeltlg zu unterschexden sm L s

ein axiomatisches Modell der flugzeugdynamik, naemlich ein
ystem, dessen wesentliche Koeffizienten sich mit
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Ausschlag selbst ceineswegs starre Aufhaengung. Schl
und Lose des zwischen Stellmotoren und Rudern wirkenden Ges
Regelkreis wirksam, Wird fuer den rechnerischen Regleres
angenommen, so bedeutet das eine Naeherung gegenueber dem wirkl
Faellen ist der Abstand zwischen den Eigenfrequenzen der Struktursc
starren flugzeugs gross genug, so dass beide weigehend voneinander entkopp
von filtern eine Anregung der elastischen freiheitsgrade durch den flugre
kann. Alle diese einfluesse verbieten aber hohe Reglerverstaerkungen und ho;

-

Die ﬂugregelu% ‘erfuellt gleichenhéssen Aufgaben der Flugmechanik und der F |

erstere betreffen hauptsaechlich die Verbesserung der flugeigenschaften, letztere hat
einen flug von A nach B in allen seinen flugabschnitten bei groesster Sich

wirtschaftlichkeit zu ermoeglichen.

1.1.8 Aufbau von Flugreglungssystemen

Ein heutiges Flugregelungssystem besteht aus der Zusammenfassung einer grossen Zahl von
reglerfunktionen, die aufeinander abgestimmt sind und die vom piloten in wechselnder
Kombination eingesetzt werden koennen. Es ist eng mit dem Anzeigesystem verknuepft , benutzt
die selbe messinformation und ist mit seiner hilfe vom piloten zu ueberwachen.

Beim Lotte-FCS wird die messinformation zum boden gelinkt und dort angezeigt.

In modernen ist generell folgende Arbeitsteilung zwischen pilot und Flugregler waehlbar;

1. Manueller FIUgit teilweiser Reglerunterstuetzung,

2. Flight-DirectorsBetrieb, d.h. manueller Flug, unterstuetzt durch Kommandoanzeigen, die auf
Grund reglerachnlicher funktionen dem Piloten die Bahnfuehrung erleichtern,

3. vorgaberegelung: Bahn-Sollwertvorgabe ueber die primaeren Bedienelemente mit automatischer
Regelung aller uintel:geordneter funktionen

4. Vollautomatischer flug: automatische Bahnfuehrung einschliesslich aller unter,
Regelungsaufgaben ohne Beteiligung des piloten. : ey
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eit folgt aus dem Drehimpulssatz. Die Gleichu 1
-ht um den Schwerpunkt. Tragheitstensor des
win ektors nach der Zeit ist gleich der S
aemdynmisdnn Momentenvektor und dem resultierenden Momenteny
Triebwerkschubes. Der Traegheitstensor des Flugzeugs wird als konstant angenommen
flugzeugfesten Aehsen: siehe [2], Gl 5.2.27.

1.2.3.1.6 fu i "

Die Integration damdnmkeitskomponemen liefert die Zustandsvariablen der Flugzeuglage
(Eulerwinkel): siehe [2], GI. 2.3.14.

Die Vektor-DGLen [2], GI. 5.2.1, 5.2.17, 5.2.27 und 2.3.14 sind einschlieBlich notwendiger Transformationen
in [2], Bild 5.4 als Blodtsdlalﬂd dargestellt. Eingangsgroessen sind die Kraft- und Momentenvektoren,
Ausgangsgroessen sind die 12 Zustandsgroessen der Flugzeugbewegung, d.h. die Komponenten der
Vektoren V_K, Omega_K, s und Phi. Alle vier Zustandsvektoren wirken auf die uebrigen Gleichungen
einschliesslich der\ﬂfnclglemungen zZurueck.

Kopplung zwischen Wind und Flugzeugbewegung

In [2], Bild 5.6 sind folgende Blcokschaltbilder zusammengefasst:
1. Reduziertes Blockschaltbild von Triebwerk und Aerodynamik (Stoemungsmechanik
2. Zustands-DGLen der Fhlnzalgbmgung (Kinematik) ke )

3. Blockschaltbild des Windeinflusses auf das Flugzeug (Windprozess)

Gueltigkeitsbereich des Gleichungssystems
ger l:enld. ‘é" Gleldmmsys(ems ist durch die Annahmen am Beginn von Kap.5 aus [2]

37



38

Reaktion des Luftschiffs nf'St"ellkommandos - Vedndgmg des ae

Reaktion des Luftschiffs auf Stellkommandos - Reaktion des luftschiff a
Reaktion des Luftschiffs im Windfeld S5t

1.2.3.3 Linearisierte Zustandsgleichungen

1.2.3.4 Analyse des dynamischen Flugzeugverhaltens

In diesem Abschnitt soll das Flugzeugverhalten "im Kleinen", d.h. bei kleinen Abweichungen von
Arbeitspunkt analysiert werden. Dafiir werden sowohl die Zustandsgleichungen (siehe [2], Kap. 7) selbst.
als augh die aus ihng; leiteten Ubertragungsfunktionen. Zur Vereinfachung werden die linearen
(delta) der Bewe, 3Ben nicht gesondert gekennzeichnet.
Bei dieser Analyse steht im Vordergrund erstens die Charakterisierung des dynamischen Verhaltens der Smecksi
ihres Verhaltens mit und ohne 4uBere Anregungen, zweitens die Einfiihrung der in der Flugregelung gebréuchlic}
E:;lenmgen mr:eschreibung emulszl; Freiheitsgrade und zur Abschitzung wesentlicher Einfliisse und Ei C
drittens die Auswahl geeigneter Ubertragungswege fiir die Regelung (Regelbargkeitsbetrachtungen). Diese
bildet die Grundlage fiir die Entwicklung von Reglemrchitckturen.g § 2 i

1.2.3.4.1 Losung der Zustandsgleichungen
Das mathematische modell der Flugzeugbewegung wurde in [2], Kap.7 auf folgende Zustandsform gebracht:

dx(t)/dt = A*x(t) + B*u(t)
y(t)  =C*x(t) + D*u(t)

Hierin hat x die Dimension n, u die Dimensio dy die di i i 1
I : : ion p und y die dimension q. Die Matrizen haben entsprechende
Die aﬂéemeine LMer ersten Gleichung (si 51,8 i
i | g (siche [2], G1.8.1.18) setzt sich aus der Summe der homogenen

_;v-,
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F und G sind konstante Matrizen:
gsmmm-oﬁ)’fﬁ»?“ﬁﬁT&A"’Dhochnﬁ)/ nﬂ)) %

Hiermit ergibt sich die méglichkeit der numerischen Simulation, d.h. der diskreten
selbst koplexer Gleichungssysteme auf beliebige Eingangssignale u(t_k). Bei geniiger
148t sich so ein quasi-kontinuierlicher zeitverlauf berechnen und als Kurvenverla
Vorgehensweise ist dabei wie folgt:
s Festlegung der Abtastzeit T (Shannonsches Abtasttheorem beachten!)
« Einmalige Berechnung der konstanten Matrizen F und G ; %
e Vorgabe des Eingangssignal-Signalverlaufs u(t_k), wobei dieser im Abtastintervall T als kor
anzunechmen - : o
o Schrittweise, ive Berechnung von Zustands- und Ausgangsvektor nach den diskreten |
Zustandsglei ’ 2
x(t_xk+1) = E*x(t_k) + G*u(t_k)
y(t_k) = C*x(t_k) + D*u(t &)

Der Vorteil dieser Losung besteht darin, da bei fester Abtastzeit T auch F und G fest sind. Di
Zustandgglgichung enthi_llt somit nur noch Multiplikationen und 1Bt sich relativ schnell be;'ec;;:en-
Nachteilig ist, daB daB sie nur auf lineare Zustandgleichungen anwendbar ist, Fisn

Numerische Integrat r Zustandsgleichungen

Unter dem Begriff "numerische Integration" wird die direkte, diskrete Lésung der Zustandsgleichung
dx(ty/dt = £1x(0), u®), X(t_0)=x 0

mit Hilfe verschiim{ntesraﬁonsalgorithmen vqrstandeﬁ'. Das bekannteste ist das Runge-Kutm-Verfahreﬁ

iche [3]). Ein Digitalprogramm zur numerischen Simulati ; - ; B
E::ffb 4y £ v en Simulation hat den in [2), Bild 8.3 gezeigten prinzipiellen
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* Gueliigkeit hi
 fehlerhafter Gleichanteile (bias)

zum Regelungs-, _
ertragen und dort evtl. zu speichern. Beim Lotte-FCS wird der C
ng vom IMU-Rechner (iMar) zum Regelungsrechner) die
erzu verwandt. P FIR

esswert wird vor der Weiterverarbeitung konsolidiert, d.h. auf se

n ueberprueft, von kurzzeitigen Ausreissern befreit und zur unterdrueckung

b und Messrauschen (noise) gefiltert. Dies geschieht beim Lotte-
FCS fuer die IMU-Messwerte im iMar-Rec

. hner, fuer die uebrigen messwerte im ifrsenso.
5. Verarbeitung: Falls nicht schop i

Messgroessen (Beispiel;—, Machzahlbestimmung
Temperatur). :

& ey L1




barometrischemHoehenmesser: : ; )
IMU (inertial measurement unit) mit Beschleunigungsmes
Inertialgroessen (50)

o ausS. - Ay e inemn .
* GPS. liefert Position (2D+Hohe/Heading + V_Grund)
o Beim Lotte-FCS wird ein Kalmanfilter zur Messwertkonsolidierung i

Die Daten der IMU werden im iMar-Rechner aufbereitet und ueber eine seriell
den ifrsenso-Rechner gegeben , der sie ueber die CAN-Schnittstelle weitergeben | S

Die RohmeBdaten aller anderen Sensoren kommen uber CAN-Bus zum ifrsenso w
aufbereitet. Die aufbereiteten Daten konnen vom iffsenso aus ueber den CAN-Bus

werden.

Das Modul bzw. asse "Messeinrichtung" hat folgende Methoden:
Messeinrichtung:gib_alpha()

Messeinrichtung;:gib_beta()
Messeinrichtung::gib_H()
Messeinrichtung::gib_dH_dt()

Bemerkung beziiglich der Softwarearchitektur

Ein Objekt qer Kl§s§e Messeinrichtung (Singleton) besitzt Objekte, die die einzelnen Sensoren
dars_tellep. Sie deligiert also die Messwerterfassung weiter zu einem virtuellen Sensor, der
schliesslich den entsprechenden physikalischen Sensor ansteuert. :

Es wird wohl guenstig sein, das Entwurfsmuster "Fassade" zu verwenden.

- 1.2.5 Sender fuer den Down-link der Messdaten

-

& ’
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Wuenschedw oten.
e die Mo l'hn ation

Reglerfunktionen dar. Di (
Bahnfuehrungsebene. Sie sind einge 'hrgé'
Starrkoerperbewegung, deren Ze nte
Bahnfreiheitsgrade. Sie stellen die i mnere
den aeusseren Regelschleifen zur Bahnfue

Da es sich beim Lotte-FCS um ein Automatlswmpgssystem han e t; soll ¢
KonZepte der A*nslenmgstechmk realisiert werden. 17
Bei der Kons n von Automatisierungssystemen mit Mikrorechnern
modulare und objektorientierte Systemstruktur unter Benutzung des Dien
Dienste werden meist mittels Software realisiert. Prinzipiell konnen Dienste
Hardware erbracht bzw. unterstiitzt werden.

2.1 Anforderungen

Die Entwicklung heutiger Automatisierungssysteme stellt eine Reihe von Anforderungen
und Software:

e modularer Aufbau von hard- und Software

o verteilter Aufbau von Hard- und software

o Baukastensysteme (soft- und Hardware-Komponenten, -Busse, -Stecker)

s Echtzeitfahigkeit einzelner Komponenten

7 = -
Vorteile: iﬁ

o Wiederverwendbarkeit
 Reduktion von Kosten und Entwicklungszeit
e Verbesserte Wart- und Testbarkeit

Automatisiertrungssysteme ~ werden aus Kompon i
enten eines Komponente:
zusammengesetzt. P p nbaukastens

Fur Hardware bedeutet das:

e Modulare Mikrorechnersysteme

» Konfigurierbare Hardware-Module
o Genormte Steckkarten und Busge

14
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~ Das Lotte-FCS hat eine verteilte

Abb. 3: Eine offene, phttfoemuﬁbhingige Dienste-Architektur fur die Automatisierung
¢ ¥ W L S

Basisdienste Anwendungen kommumz:eren tiber den Dienst Systemplattform. Der Die
Systemplattform wird auch Middleware genannt. Die Systemplattform abstrahiert vor
darunterliegenden Schichten (Betriebssystem, Hardware,

darunterli ) und unterstitzt somit di
Plattformunabhangigkeit. | S
Das System ist offen, es konnen jederzeit zusatzliche Basisdienste sowie Anwendungsdienste

Lott hat ein Architektur. Es gibt zwei Mikrorechner im System: dennfrseﬁso S
ﬁ"'c':ds iMar-Rechner. Die folgende Abbildung zeigt die Ansicht der Dienste-Architektur des Liotte- 22

|
|
|
|
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- Signal-
ruder leitung

i

Abb. 4: Die verteilte Dienste-Architektur des Lotte-FCS

2.3 Die Systemplattformen des Lotte-FCS

2.3.1 Die Aufgabn einer Systemplattform

Die Systemplattform verbindet die einzelnen Dienste und Anwendungen unterein:
Systemplattform besitzt im wesentlichen 2 Aufgaben:
 Dienstdefinition: Ankoppeln neuer Dienste an die Systemplattform. Es werden hlerd;

Dienste im System eingerichtet und bekanntgegeben
o Dienstzugang: Zugang zu den angekoppelten Diensten. Es wird die Kommunikation zwisc

Anwendungen und Diensten hergestellt, d.h. die SAP der angekoppelten Dienste wird hlerdu
zuganglich gemacht. :

2.3.1.1 Funktionalitiit
2.3.1.1.1 Funktionen der Dienstdefinition

‘ - o L ST sk
Aufgabe des Dl?ﬁnmon ist das Einrichten und Entfernen von Diensten.
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Auftriigen aanphsteund ‘der Ubermittlung
Auftraggeber kann hierbei sowohl eine Anwendung als au

Funktionen:
auftrag-erteilen:
AUFTRAG X DIENST-> VORGANG
Leitet einen Auftrag an einen Dienst weiter. ‘Es entst
‘ Vorganmﬂuftrag selbst wird in eine zum Dienst gehoren

Wartet, bis ein Auftrag in der Ablage des Dienstes vorhanden

existiert-aufriag:
ABLAGE -> WAHRHEITSWERT _
Priift, ob in der Ablage des Dienstes ein Auftrag vorhanden ist.

ergebnis-melden:

ERGEBNIS X VORGANG -> ABLAGE i
Meldet das Ergebnis eines Vorgangs an den Auftraggeber. Das Ergebms wird hl;,' :
zum Auftraggeber gehdrende Ablage abgelegt. g

 ergebnis-erwarten:
VORSCHEEET X ABLAGE -> ERGEBNIS

Wartet, blgpm Ergebnis auf einen Vorgang in der Ablage des Auftraggebers vorhanden i
holt dieses Ergebnis,

existiert-ergebnis:
VORGANG X ABLAGE -> WAHRHEITSWERT
Priift, ob in der Ablage ein Ergebnis auf einen Vorgang vorhanden ist

0
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i

Abb.5: Die Schichten der Systemplattform

Da die Dienste unabhéngig voneinander eingerichtet und betrieben werden miisse
eingerichtete dienst einem oder mehreren Prozessen. :

Basis der Dienstdefinition muf somit ein ProzeBdienst sein, der iiber das Betrie
Einrichtung und den Betrieb von Prozessen auf der Zielhardware erlaubt.

Wie die gesamte Systemplattform sollte auch der ProzeBdienst vom unterlagerten Betri
bzw. ‘der unter] | Hardware abstrahieren.

Der Vorteil ist,i,daﬂ die Systemplattform auf verschiedene Hard-/Software-kor
aufgesetzt werden kann, z.B::

a) Rechner mit Multitasking-Betriebssystem (z.B. Windows)

b) Rechner mit Singletasking Betriebssystem (z.B. MS-DOS)

c) Rechner ohne Betriebssystem (z.B. Mikrocontroller, Spezialrechner)

Es gibt verschiedene Varianten des ProzeBdienstes innerhalb der Systemplattform : B

Bei allen Varianten: Prozessdienst mit plattformunabhaen i '
bt i pl giger Schnittstelle sitzt auf einem Hardware- und

 Variante a (wenn ein Multitasking-Betriebssystem auf der Ha "
Hardware- und BetrlebssystemabhaengIgeryTelI: st

Anpassung auf Betriebssystem/-Prozesse

+ Variante b (wenn ein Singletasking-Betriebssyste i
b X
Hardware- und Betdebssystemabhaenglger 'Iyeilz e P

Eigenes Prozess-System unter Nutzung von Betriebssystem-Funktionen

e Variante c ( in Betriebssystem a re si
uf der Ha §
Hardware- u rjebssystemabha,englger Teil: il
Volistaendig eigénes Prozess-Systern :

Beim Lotte-FCS hand
ffrsenso-Rechner best:ltt\:: :I'ghmbel due" Systemplattform des Laptops am Boden um Variante a, beim
O€glichkeiten, entweder Variante a oder b zu benutzen. Die Betrachtung

19
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Prozessdienst von der unteriagerten son-mua

: * Nty
Vorteil: : T )4
Dlezsl naulverseh_ie;iensteKo[.;gg
a) Feldbusse (z. ) 3 sk

b) LAN (z.B. £ o 3
c) lokale Loe;% Kommunikationssystem
d) einfache serielle Schnittstellen
Der Nachrichtentransport-Dienst ist : wortlich, je
Kommunikationspartner (lokal, verteilt) einen optimalen Kommunikationsweg

Der Ort des Kommunikationspartners sollte darueber hinaus den daruet

<Bilder 1 und 3 (f4), Folie iv-21)

1.3 Echtzeitverhalt

Das Echtzeitverhalten einer Schicht haengt nicht nur von ihr selbst ab, sondemn auch in ¢
den darunterliegenden Schichten ab. "

Eine fioch so schlbdridlt kann von darunter liegenden langsamen Schichten "a
Vorhersagbarkeit: ’ %
Die Einhaltung hadfér Zeitbedingungen in einer Schicht sind moeglich, wenn auch alle benutzten
Funktionen der unterlagerten Schicht harte Zeitbedingungen einhalten. A

Zur Einhaltung fester Zeitbedingungen muessen die Funktionen der unteren Schichten entweder sehr ku
oder unterbrechbar sein. Eventuelle Aenderungen muessen temporaer oder in definierter Zeit <gaen
machbar sein. b -

Weiche Zeitbedingungen stellen die geringsten Anforderungen an die unteriagerten Schichten. Auch hi
muessen dann lediglich weiche Zeitbedingungen eingehalten werden. e
Fuer die Systemplattform bedeutet dies: g T
selbst wenn Prozess-, Auftrags- und Nachrichtentransportdienst die Einhaltung harter Zeitbedingungen

erlauben, haengt das Zeitverhalten der gesamten emplattform [ i ind
b s K g Systempl vom untergelagerten Betriebs- und

s

2.3.2 Die Systéffiglattform des ifrsenso
*

Die Systemplattform des i . . %
TS VxVIV’o s W‘m‘g;?:?eﬂ ::tfz:;nem Echtzeitbetriebs
Als Systemplattform wird das OSA+ Programm
und Automation der Uni Karlsruhe

Library vor. Alle Funktionen sing SO

system sitzen, wobei entschieden
paket benutzt, welches am Institut fiir Mikrorechner

entwickelt wurde (siehe [6]). OSA+ liegt in Form einer C-
mit aus den Programmiersprachen C und C++ zuganglich.
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OSA+ realisiert die in 2.3.1 vorgestellte Fur

Teilen. 3‘ B

Ein Auftrag dienthierbei als Mittel zur

« Kommunikation g
Durch den Inhalt des Auftrags, den der Auftraggeber

Erteilung eines Auftrages auch eine Antwort el
hierdurch implizit eine bidirektionale Kommunikatio

Durch Erteilung und Erwartung von Auftragen und E £
Auftragserteilung kann zudem die Ausﬁihrungsreihenfo.lz_ge L
« Parallelverarbeitung : e ¢
Durch gleichzeitige Auftragserteilung, sofern die Beschaffen
« Definition von Echtzeitanforderungen g
Durch Zuordnung eines Termins zu einem Auftrag

Im folgenden my + an VxWorks angepafit werden. o b
Aus diesem Gmﬁ' wird zunichst OSA+ vorgestellt; anschlieBend wird /
Danach wird beschrieben, wie OSA+ an VxWorks angepaft wird. T e

2.3.2.1. The OSA+ architecture

2.3.2.1.1 Introduction

OSA+ is 2 scalable realtime middleware. It allows to develop distributed apliications, wich run in realti
exist in heterogen networks. The hardware and the operation systems are optimal used for this pu

The architecture of OSA+ organizes an application into services, which communicate with each other with
orders. The communication is achieved with a platform. Services are "inserted". So all inserted services
communicate by the way of the platform.

The platotm itsself uses optionally special services to extend its functionallity:
- Base services ienste) - to make the platform independent of the OS and the specific HW;
- extending iterungsdienste)

In the folow;u there will be discribed the architecture of OSA+ in detail. OSA+ is portable (because of its
First, the 'naked' architecture is discribed with the functionallity that it offers. Then the base

d’ arch ¢ : services and the
extending services with the additional functionality are discribed. At last
e il discn'bedy the interfaces of the platform and the

2.3.2.1.2. The Components of OSA+
2.3.2.1.2.1 The orm

:r'lh'eﬁe platform is the eoarnnponem wich is visible to the user of OSA+.
e platform offers mema iCe 10 connect services to the platform.
platform alouds pplication or other services to make orders (Auftraege).

e e
3o :-akﬂows t:" inserted services, installs and deinstalls services, finds services.
make orders, to wait for orders, to announce and to wait for results of
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instances.

3. amser Inurﬁ"vostho uwam 4!
& ot

The platform uses the base services to maintain the encaj
which can be used by the platform. If there are no base se
can only use the standard of the implementation language (A!
more functionality is to be used it must be offered by the base s
1. process service (ProzeRdienst): allows the platform to
processes. The process service allows to divide the con!
subunits are possible. The heavyweighted processes need a
service (IPC service) is installed. So the service wich runs witf
with the platform through a mini-platform. The process service
administration of a OS. y &
2. real time storing service (Echtzeitspeicherdienst): allows rea
accessible memory is unificated in C and C++(mallocin C, n
installed the platform recognizes this and in the future the platform
a connection ime. & RREYe i A
3. communication services (Kommunikationsdienste): serve the platform
communication-mediums. (The interprocess communication is also regal
medium). g
4. event service (Ereignisdienst): with this service the platform can observe

2.3.2.1.2.3 Extending services (Erwgitgrungsdienstg)

These services add to the platform functionality which the OS does not offer. E.g. pro
safety/security service.

2.3.2.1.3. Description of the interfaces
In the following we describe the componelits with ist interfaces.

2.3.2.1.3.1 The interface of the order administration (Auftragsverwaltung)

The drder admini&iiéien has 4 objects:
o order (Auftrag) . :
« depot (Ablage
« order factory (Aufragsfabrik)
« order scheduler (Auftragsscheduler): delivers the orders with special algorithms which send to th
. . . Py e g
servers the orders with consideration to priority, time conditions etc. of the orders. g

2.3.2.1.3.1.1 The interface of the order object (Auftragsobjekt)

An order consists of 3 data sectors:

e connecting data: client, server i i ichis i :
limits are violated) , error instance (a service, which is informed if an error occurs or timing

e order data: order ID, realtime conditions (the client can choose the following parameters: point of time when the order is

delivered, earliest and latest pickup of i i
i pickup of the order by the server, latest execute, latest end), information about repeated

user data: i i
~’ the client writes the format of the datas about the called function with its data into the order

The scheduler eva ;
valiaies and supervises the connecting data and order data.

2.32.1.3.12 Theinterface of the tray object and of the connection



Trays are ressources of the
orientated than the depot is ate
communication) the tray is allocate

for the connection.

One connection object can have zero or one tray obje
In the following there are listed some interfaces of both the

class OSAJOB_Tray

public: ‘ . ,-x4
// Adds a job toghe tray. The tray sets the position
/I slot an the tray. The position of the result is the

1/ offset given in function call. S
OSA_Error addJob(OSAJOB_Job& job, OSA_UShort result

/l retrieves the current number of jobs inthe tray
OSA_UsShort getCurrentNbOfJobs(); g

¥

class OSAJOB_Connection
{5
public: X

// Returns the id of the client service
OSASRV_Serviceld getClientServiceld();

” :
R0 ;-
2.3 1.3 The interface of er fact: n r scheduler i

The order factory is responsible for the creation, the storage and destruction of orders. The n'eldlk)
orders, trays and connections is here administrated.

One job scheduler has zero or one job factory. One job factory can have an arbitrary number of jobs a
connections. One job can have an arbitrary number of time constraints.

2.3.2.1.3.2 The interface of the service administration

The service administration is a simple data storing component for the installed services. Beca
application is distributed also this data storing is distributed. e

class OSASRV._Si
{ S

public:

// Adds an ARS (Adress Resolution Service - to recoani i istri
/I 'and an ARS-list id that is used for adress resolutl?)?lg. bl UL Loy el L

OSA_Ermor addARS(OSA_PlatformAdress arsPlatformAddr,
OSASRV_Serviceld arsRemoteServiceld, OSAARS_Listld listid);
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2. 2.1.3.3 Th interface: »., w‘

The base services are components which offer m ice
0S and the hardware for which these base services ai impl

3.2.1.4 icati e
3.2.1.4.1 i Gl
OSA+ services can give orders which are to be worked out at aces

compliter. Such are worked off by the middleware with

For this purpose the communication has the following requiremer
«  There must be:@ complete network, so that each platform ree
assembly all platforms to one system. Between these platforms
different communication mediums. The necessary protocols are
integration of arbitrary mediums and protocolls is possible (e.g. CA
platforms are divided for this purpose into domains and get adresses
whole system. This adress has two parts: a domain number a
The passing from one domain to another is where a transition from ¢
takes place. In the Lotte-FCS system there are only two platforms
platform of the ifrsenso in the airship and the platform of the laptop at th
with radio ethernet. M L VAN
« Realtime communication and non-realtime communication must DO
system permits this): realtime communication requires that at a determined i
which are needed for the communication are allocated and after this (for the time
are not changed. For this purpose a static connection between the commu )
services) is built, which garants a fixed answer time. e
« Simple interface for the platform and other users: the communication offers ist funt
sgrvices of twtsmn and other users. It offers the possibility to construct and
along these s, to send/receive data and to ‘demand QoS(quality of service
e :

2.3.2.1.4.2 The communication layers

The communication component of OSA+ is achieved by a layer model. For this purpose the complete :
is divided into layers (see fig. below): i :

General-Service-Layer (GSL) General-Service-Layer (GSL)
Platform-Layer (PL) Platform-Layer (PL)
Protocol-Spanning-Layer (PRSL) Protocol-Spanning-Layer (PRSL)
Pmtloeol-Layer (PRL) X ; Protocol-Layer (PRL)
y ; : e 1
é" A
Communication Medium (COMM)
neral Si

The top layer is built of the service i
el oo e s o nS1 which realize the application. These services may not be in the same

€ computer. They communicate with each other by orders. There are
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4
g,

also services which abstract
Jie in the platform layer and are ¢
communication component of O

b

Platform Layer (PL) €]
The platform layer offers an interface. W
This layer consists of a platform. The
« installation and deinstallation of
« create connections between servi
« sending and ing of orders /
« investigation S parameters s

The platform layer has to pass on orders to local
services as packet data to underlying layers.

Protocol Spanning Layer (PRSL) s Yy
This layer sends data (not orders) from one lns.tlm;al an
following functions are needed:

« Construction and destruction of connections
« Data sending on these connections or not on th
« investigation of QoS parameters :
The PRSL must determine a suitable protocol for the connec
more than only the 2 instances between which the communi
the routing activity of the system. gor:
The PRSL offers ist functionality as a service, the High-Le

g AW p;h

This layer is the location of all communication protocols on all
on this layer. The rest of the layers which are nece cor
modef) are al y this layer. o e :
There are several in this layer, the Low vel Services, which
protocols and nication mediums. Each of this service offers a.
identify such a service and send data on it.
The Low-Level services must offer the following functionality: oo g
. Construction and destruction of connections

« Data sending on these connections or not on these connections
« investigation of QoS parameters

2.3.2.1.4.3 The interaction be n 1

The gaol of the communication component of OSA+ is, that services of the GSL can ¢
way of the AK ("Auftragskonzept", see [4]). For this puropse there must be offered 4 func
« Giving an order (ErteileAuftrag, SendJob)
« \Waiting for the result of a sent order (ErwarteAuftrag, WaitForJob)
« MeldeErgebnis, SendResult
« ErwarteErgebnis, WaitForResult :
The PL adresses the services to be able to procedure these functions. For this purpose the PL m Y
functions which “PL. These informations are in a distributed data base, the service tabl
use the following ons to inform the PL about changes in the data base: o
. lnstallation_ of aSérvice (InstalliereDienst, InstallService)
_-r Deinnsttallatllﬁon ofa s::'nv:ce (DeinstalliereDienst, DeinstallService) -
o garant realtime execution a connection betwe il
o IFetalee by the Gier en the services that communicate with each other. Thg :
o Connect to a server (VerbindeAnDienst, ConnectToService)

+ Disconnect from a server (L8seVerbindungMitDienst, DisconnectFromService)

Also the PL must give some information :
e e about the quality of the offered functions:

PL offers also non-realtime delivering and su
; pervision. In this case a static connection is not necessary an
the order can be directly given to a service or by the way of an already existing connection to the servlc'z. i
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/
/ The gifferentiati '
connection is dm
~ outside of a ooﬂn%u
« Connecttoa nication padmr
Disconnect from a communication p

.

« SendeDaten, SendData
EmpfangeDaten, ReceiveData
EmitteQoS, GetQoS

The PRSL expects the same functionality from th

2.3.2.1.4.4 Interaction i

The interaction between different instances of one la
besause these layer work off the communication tlsl&

off a user specific task. ‘

Pl i

The ﬁatfonn lay! e following 2. tasks e

« to store inf on about the services in a datlblul( '

® . todeliveror these services (order administration (Auft
The data bases of the service administration are ditributed. St
the data bases. In a instance there are only stored the data
the instances of the PL, that means the platforms. This localy ne
for local services and orders for far services that were contacted by
So an instance of the PL must get the help of other instances, if it want
This can be done in 2 ways:
1. the instance knows one or more central instances that can gi _,tl;g
2. the instance doesn’t know such an instance and must aks all oth

The central instances for adress resolution are offered as services: Adress Res:

: "
For the PSL it is the same as for the PL. The PSL has also distributed dat
instances of the PL and resolutes the adresses in the same way as the PL.

‘ v > Iie TN ) ,.;
The data stored in the PRL and the interacﬁons of the instances are not normed. There ‘
. anetafonnat. It is good to follow this proposal because in this way a homogeneous eommu
one.

2.3.2.1.5. Rem n the im i

See [6], p.27 for remarks on the implememation of the ord ;
S er administration, the service admlnlstratlon the

2.3.2.1.6. Stati

OSA+ - conform services offer several orders/funcions that allow the platform to work with arbitrary servloos
2.3.2.1.6.1 ity of Servi

In OSA+ all sewl?e  if they wareaked to do so, 1nfonnaﬁon about the quality of its execution of orders,
2.3.2.1.6.2 r and r

[
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At the creation of a service the
programming languages). Also be
destructor)

2.3.2.1.6.3 in

The call interface allows to use a servi
must be a interface for this purpose.

2.3.2.1.7 Initialization

The initialisation is done in the following defined
- initialize the platform
- register the initialisation service
- instdll the base S
- install the appli services g
- give (dt. absetzeny nitialization orders (optional) 3
- blocade: after the blocade initialization orders can be giv
- deinstall the application services -
- deinstall the base services
- log off initialization service

- end the platform
- end the application
i VxWorks
The content of the following is mostly extracted from [7].
3.2.2.1 Overview of the role of VxWorks in the developm

UNIX and windows hosts are excellent systems for program developmentand
applications. However, they are not appropriate for real-time applications.
On the other hawonal RTOSs provide poor development ;
to utilize two complementary and cooperating systems (e.g. VxWorks and Windows)
does best. VxWorkshandles the critical real-time chores, while the host machine is
development and for applications that are not time critical. s
You can scale VxWorks to include exactly the feature combinations your application requ
development, you can include additional features to speed yourwork (such as networking
exclude them to save resources in the final version of your application. s
You can use the cross-development host machine to edit, compile, link and store real-time
run and debug that real time code on VxWorks. The resulting VxWorks application can run sta
either in ROM or disk-based - with no further need for the network or the host system.

However, the host machine and VxWorks can also work together in a hybrid application, with the host
machine using VxXWorks systems as real-time "servers” in a networked emvironment. For instance, a
VxWorks system controlling a robot might itself be contmllpd by a host machine that runs an expert syste
or several VxWorks systems running factory equipment might be connected to host machines that track
inventory or generate reports.

our case the VXWorks system, running on the ifrsenso, controlls the airship FCS (a special robot). The
g‘cs gets commands fro_m the ground laptop. So the ground laptop (the host machine) controls the VxWorks

systefn. -

This section provides a summary of VxWorks facilities:

i
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Operating System
the UNIX operating system. The need for
wanted to be able to develop programs that coui
systems without having 1o be recoded. U :
partly because it was ne:
was a need to develop 2 common denc

smpﬁfwngyausmaum
The 1003.1b standand defines 2 standand ¢
application portability at the sourcecode
and system implementors. i
The following aspecits are part of the standand:

xWorks ﬁammﬂnuﬁcmmﬂ
:Y;emsoosmmmwuumi nmoﬁmwm
supponsscslmemaﬂaﬁmwm .

Development Support
G ion b general G+ supportinciuding the losiream Sorary and the Sandard templats

optional mwmmmwumwmm
_ \xWorks Wrapper Class library
. Tools.h++ library from Rogue Wave

red-Memory Objects (VxMP Option)
%':é'VxMP mmm,mm,mmm

anm 2

Virtual Memo (including VxVMi Option)
mmmmwmmmmmmmmmm
MMU, indudimﬂhﬂmmmdmummuw,umlulud
routines for virtual-memory management.

Target-resident Tools

library,



2.3.2.2.2 The Basic OS of VxWorks

interface (supporting
transmission), a BSD' Sockets-compliant prog g intel
(optional), remote file access (including NFS client and se
RSH, FTP, or TFTP), BOOTP, proxy ARP, DHCP, DNS, OSPF (of
i standard Intenet protooolsbothlooselyoou |

For WWWMIG network support,see [8]:

Modem real-time systems are based on the complementary concepts of multitasking anc
communications. A multitasking environment allows a real-time application to be construct
independent tasks, each with its own thread of execution and set of system resources.
communication facilities allow these tasks to synchronize an communicate in order to coordin
activity. In VxWorks, the intertask communication facilities range from fast semaphores to me
queues and pipes to network-transparent sockets.

Another key facility in real-time systems is hardware interrupt handling, because interrupts are the
mechanism to inform a system of external events. To get the fastest possible response to interrupts,
interrupt service routines (ISRs) in VxWorks run in a special context of their own, outside of any task's
context. & S

é : R e O
This section Mses the multitasking kemnel, tasking facilities, intertask communication, and interrupt
facilities which.dre the heart of the VxWorks run-time environment.

1 ial Wind F F

/’—— e
lBstmndsforBuklcySOﬁwaleDlsuibuﬁon,andrefmmavcrsionofUND(.

29

57









60



61



6
6.

Optimization of the Flight Control System architecture

1 The architecture of the Flight Control System and its simulation on the
middleware OSA+ running on the operating system Windows

Based on:

62

Samir Mourad, Diplomarbeit (Master Thesis) ,Anbindung des
Echtzeitbetriebssystems VxWorks an die Middleware OSA+ und Integration
dessen in eine dienstorientierte Test-Echtzeitsystem-Umgebung"

Institut flir Mikrorechner und Automation, Univ. Karlsruhe, Supervisor:
Prof. Dr. U. Brinkschulte"“, Institut flir Prozessrechnentechnik und
Robotik, Faculty of Computer Science, Universitédt Karlsruhe (TH),
December 2000

Uberblick

1. Einleitung

Allgemeingehaltene Einfilhrung in den Aufbau von Echtzeitsystemen.
Anforderungen an heutige Echtzeitsysteme: Rechtzeitigkeit der
Verarbeitung, wiederverwendbarer Aufbau des Gesamtsystems. Mogliche
Losung: dienstorientierter Aufbau (modular, einfache Erweiterbarkeit des
Echtzeitsystems, gibt natiirlich den funktionalen Ablauf bei einem
Echtzeitsystem wieder) mit Middleware (Trennung von Anwendungssoftware
und Betriebssystem bzw. Hardware)

2. Aufgabenstellung und Losungsansatz
2.1 Aufgabe

Erstellung eines dienstorientierten Test-Echtzeitsystem mit zwei
Rechnern, die mit Funk-Ethernet verbunden sind. Der zweite Rechner hat
einen CAN-Bus, an dem Sensoren und Aktoren hingen. Uber Funkethernet gibt
der erste Rechner dem zweiten Rechner Anweisungen beziiglich der Bedienung
der Sensoren und Aktoren. In die andere Richtung werden MeBdaten
ibertragen und auf einer Oberfliche des ersten Rechners dargestellt.

2.2 Vorstellung einiger vorhandener Systeme
2.2 Losungsansatz

dienstorientierter Systemaufbau (siehe entsprechende Abbildung in
Lottefcs vom Leptop.doc)

Begriindung fir die Auswahl von VxWorks: relativ einfache Handhabbarkeit
wegen umfangreicher Entwicklungsumgebung, in der Praxis erprobtes
Standard-RTOS.

3. OSA+

Beschreibung von ProzeBdienst, Ereignisdienst (SA von Sven),
Kommunikationsdienst und Datenhaltungsdienst (Zusammenfassung aus
Institutsbericht)

4. VxWorks

Vorstellung des Basic 0S, des I/0 System, des lokalen Filesystems und
des Kommunikationssystems (Zusammenfassung aus Programmer's Guide)



Anpassung von VxWorks an OSA+
.1 Prozeldienst

.2 Ereignisdienst (SA von Sven)

o o1 o

.3 Kommunikationsdienst

6. Integration ins Gesamtsystem

Beschreibung der Dienste, der Treiber, der HW und des Zusammenspiels des
Gesamtsystem

6.1 Oberflache des 1. Rechners und zugehdrige Dienste
6.2 Kommunikationsdienst zwischen 1. und 2. Rechner

6.3 MeBdienste und Stelldienste auf 2. Rechner

6.4 Treiber fliir VxWorks bzgl. CAN-Bus (DA von M. Subhan)
(6.5 Sensoren/Aktoren auf dem CAN-Bus)

7. Ausblick

Variierungsmdglickeiten: Ersetzung der Sensoren/Aktoren, Austausch des
VxWorks durch ein anderes RTOS bzw. direkte Anbindung an die HW,
Ersetzung des Funkethernet durch ein anderes Protokoll.

6.2 Results

Entwicklung einer verteilten
Experimentalumgebung fuer die Middleware OSA+
(ESfOSA+)

Diplomarbeit von Samir Mourad
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(Inhaltsverzeichnis)

1. Aufgabenstellung

Thema der Arbeit ist die Entwicklung eines Experimentalsystems
fuer die OSA+-Anbindung an Windows NT und die die
darauffolgende Durchfuehrung und Dokumentation von Test mit

diesem Experimentalsystem.

Das Experimentalsystem wird im folgenden mit EsfOSA+

(Experimentalsystem fuer OSA+) bezeichnet.

EsfOSA+ soll eine Simaulation eines embedded system werden,
wobei die Hardwarekomponenten wie Aktoren und Sensoren als

digitale Uebertragungsglieder simuliert werden.
[Der Kern von EsfOSA+ ist komplexer Regelkreis, der eine zu
automatisierende Anlage regelt.

Ausgangspunkt war ein der vorliegenden Arbeit ist ein analoger
Regelkreis, welcher digitaliert wurde und in dienstorientierter

Struktur realisiert wurde. Die Dienste sollen auf der Middleware
OSA+ ablaufen.

Es soll getestet warden, ob es Bedingungen gibt, unter denen eine
solche Regelkreisimplementierung unter OSA+/Windows NT

echtzeitfaehig ablaufen kann.
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2. Digitalisierung des analogen Regelkreises

Bild 1: Der analoge Regelkreis

Bild 2: Der digitale Regelkreis

3. Konstruktion der dienstorientierten Systemstruktur fuer
EsfOSA+

Die Dienste-Architektur des EsfOSA+

Anforderungen an "ideale" Dienste:
* Plattformunabhaengigkeit (-> Portierbarkeit)

*Skalierbar und Konfigurierbar (-> Anpassung an die Anwendung,

Erweiterbarkeit)

* Austauschbar (einfacher Wechsel von Komponenten)
* Kompatibel (->Datenaustausch)

* Testbar (->Fehlehrsuche, Wartung)

* Echtzeitfaehig (Wenn erforderlich)
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EsfOSA+ soll den in Bild 2.1.1 dargestellten Kaskadierten Regelkreis

implementieren.

4. Die OSA+ Architektur

OSA+ ist eine skalierbare echtzeitfaehige Middleware. Sie erlaubt es,
verteilte Anwendungen zu entwickeln, die echtzeitfaehig ablaufen
und innerhalb eines heterogenen Netzwerks existieren. Die
zugrundeliegende Hardware sowie die Betriebssysteme warden dazu

optimal ausgenutzt.

Der OSA+-Ereignisdienst

Der Ereignisdienst dient dazu, Jobs zu vorgegebenen Zeiten innerhalb
eines festgelegten Intervalls ausfuehren zu lassen. Er besteht aus 2
Teilen: dem eigentlichen Ereignisdienst und den Funktionen fuer
die Uhrzeit.

5. Experimentelle Ergebnisse

5.1 Die Simulationshardware

Die Simulation life auf einem PC mit einem Intel Pentium Prozessor
mit 133 MHz und 32 MB RAM ab.

Sensorik und Aktorik wurden softwaremaessig simuliert. Es war

keinerlei reale Sensorik oder Aktorik angeschlossen.
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5.2 Die Testreihe

Bei den Tests wurden verschiedene Dienste eingesteckt und das
Zusammenspiel getestet. Dabei wurde so vorgegangen, dass
zunaechst nur die Dienste der inneren Regelschleifen mit den
zugehoerigen Messdiensten und natuerlich der Streckensimulation
und des Stelldienstes eingesteckt wurden. Spaeter wird sukzessive

der ganze kaskadierte Regelkreis von innen nach aussen aufgebaut.

Einstecken von PS, S1_M, S2_M, S, R_In1, R_In2

Test 2.1

Festlegung der max. Antwortzeiten der einzelnen Dienste (durch

den Ereignesdienst)

PS 10ms
R Inl 20ms
R In2 100ms

Wie schon im vorigen Test warden einige Groessen ueber der Zeit

aufgezeichnet (Graphen von links nach rechts):

y_4,x_1,x5x12,x 8,y 1, (d.h. der 1. Graph v. L. zeigt y 4, der 2. Graph v.
1. zeigt x_1usw.)

Im Bild R_In2_KnappeAntwortzeit_1.bmp ist zu sehen, dass die
Dienste nicht vollstaendig ausgefuehrt warden konnten. Im naechsten

Versuch (siehe R_In2_KnappeAntwortzeit 2.bmp) wird daher die

Antwortzeit fuer R_In1 erhoeht.
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R_In2_KnappeAntwortzeit_1.bmp

Test 2.2

Einstellungen wie bei Test 2.1, nur ist die Antwortzeit fuer R_Inl

diesmals 30 ms.

R_In2_KnappeAntwortzeit_2.bmp
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Einstecken von PS, S1. M, S2 M, S, R Inl, RIn2, MV, 2, RM, MV 2 RA
(vollstaendiger Regelkreis)

Test 4.1

Festlegung der max. Antwortzeiten der einzelnen Dienste

(durch den Ereignisdienst)

PS 10 ms

R_Inl 30 ms

R In2 100 ms
MV _1 100 ms
R M 200 ms
R_A 300 ms

Testdauer: 30 Sekunden

Auf der folgenden Seite ist R_A_KnappeAntwortzeit_1.bmp zu sehen.
(vlnr:x_12,y MV1,x 8,y 1,y 4,x_1,x_3,x_5)
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6. Bewertung der experimentellen Ergebnisse und
Ausblick

Die Experimente ergaben folgende Erkenntnis: Wird im
Ereignisdienst die Rueckgabezeit eines Dienstes zu klein eingestellt,
dann wird nicht mehr richtig gereglt. Es ergeben sich Bilder wie
"R_In1_zuKleineAntwortzeit.bmp". Dies bedeutet: kommt man bei
einer OSA+-Anpassung an WindowsNT mit den geforderten
Antwortzeiten in den Bereich von ca. 20 ms, ist auch praktisch
gesehen kein rechtzeitiges Antwortverhalten garantiert. Dass die
zugrundeliegende Simulationshardware keinen grossen Einfluss hat,
wird dadurch bestaetigt, dass nahezu die gleichen Tests auf einem
AMD Duron 900 MHz Prozessor mit 256 MB gemacht wurden, und

dort fast die gleichen Ergebnisse herauskamen.

Es waere interessant, OSA+ auf ein Echtzeitbetriebssystem

anzupassen, und dort aehnliche Tests ablaufen zu lassen.
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6.2.1.1 System Architecture of Airship Flight Control System

"
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6.2.1.2 Simulation Code (in programming language C)

6.2.1.3 Simulation results
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7 Development of the Ereignisdienstes for the middleware OSA+

Based on Entwicklung des Ereignisdienstes fiir die Middleware OSA+, Studienarbeit von Sven

Forstmann, 2001

Studienarbeit (Bachelor Thesis)
of

Sven Forstmann

27 Sep 2001
Institute for ProzefSirechentechnik and automation, Univ. Karlsruhe
Supervisors:
Samir Mourad

Dipl. -Inform. Jens Riemschneider

Prof. Dr. Uwe Brinkschulte
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7.1 Abridged Version

Middleware systems support the development of real-time systems especially in
heterogeneous environments, in the present work is the event service with all the

details, as well as the Implementationsbeschreibung presented.

The event service extends the existing OSA+ to services for the timed start jobs or

functions, as well as to several functions to manage the time.

What is important is that the Ereignisdienstes the OSA+ now one step closer in the
direction of the real-time capability brings, this is achieved by, inter alia, that when
you start a job / a function also can be specified, in which interval This is to be
started, however, the extent to which this real-time capability achieved will depend
on the respective operating system, and is also by the handling of the time functions

of the same limited.

7.2 The nature of the task

In the framework of a joint project with several industrial partners, the Institute for
Prozefirechentechnik and Automation the open, scalable, and real-time middleware
platform OSA+ (Open System Architecture Platform for wuniversal services)
developed, today's real-time systems usually operate in environments with many
asynchronous events, and the processing of these events is often complex and may,
by the introduction of a own service established for this purpose will be much easier.
The aim of this thesis is the design of the service, a prototypical implementation and

integration into the OSA+ overall architecture.

7.3 The OSA+ architecture

The content of this chapter is [Brinks et al, 00] taken from the description of the

individual OSA+ -functions from [Brinks et al, 00] are not listed, it can be read there.
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7.3.1  Introduction
OSA+ is a scalable real-time middleware that allows to develop distributed
applications, the real timable expire and exist within a heterogeneous network. The

underlying hardware, as well as the operating systems to be used optimally.

The architecture of OSA+ is divided by a application in services that communicate
with each other on jobs, this communication is achieved by means of a platform, in
which services in the platform "Plugged in", in this way can inserted into all services

with one another using the Platform communicate.

The platform itself specifically used excellent services, to increase its capabilities,
including generic services, which ensure that the platform independent of the
operating system and the underlying hardware, it is, as well as Erweiterungsdienste,
the specific tasks for the platform provide the platform is, however, also run without

these services.

The following is the detailed architecture described by the OSA+.

. . Anwen . Anwen
Dlt:elnst Du;nst dung . Dltre]nst dung
1 m
| | | | | .
. . . Globale virtuelle
Lokale Systemplattform Lokale Systemplattform Systemplattform
[ [ [] []
| | 1 1 | |
Betriebs- Kommunikations Kommunikations Betriebs-
System System . System System
Kommunikations-

medium

1: OSA+ architecture
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Server Server/Client Client Dienst

n
Dienst Dienst An-
1 2 wendung
1 Dienstdefinition
A A A A
Auftrag Auftrag
Ergebnis Ergebnis Systemplattform
Dienstzugang

2: Communication of services using job and outcome ( =job)

First, it is described as the "naked" platform looks like and what functionality it
provides, so that you will be the base and Erweiterungsdienste explains and the
associated additional possibilities, thus acquires the the platform, and concludes the

interfaces of the platform and the basic and Erweiterungdienste described.

7.3.2 The components of OSA+
7.3.2.1 The Platform

The platform is the component to the user by the OSA+ is visible, it offers a interface,

with whose assistance services in the platform can be inserted and allowed the grant

of orders, which is divided the platform in three basic parts:

e A Service Management: she knows all inserted services and completed the
install and uninstall services, as well as locate of services;

¢ A job management: Allows the give and expect of orders and the report of results

of this and expect orders;
e A user interface: Is there a clear struktierte the user interface to these two bodies.

84



7.3.2.2 Generic Services

The platform uses the generic services, to an encapsulation of the operating system
functions, which you can use for your tasks are not generic services installed in the
platform, so must the platform without these features and can only get to make, what
as a recognized standard of the underlying implementation language is recognized,
based on the ANSI-Richtlilien for C and C++ or the JDK 1.0 . Beyond functionality of

the generic services must be available in each are this:

® Prozefidienst: it allows the platform lightweight and/or heavyweight to take
advantage of services, he provides a unified interface to process administration of
the operating system, and the OSA+ -Prozefidienst allows it, split the control flow
of the customer, so that the contractor and the customer (quasi) in parallel, each
with their Arbeitfortfahren can. This is possible, that of the Prozefidienst the
platform allowed, with a service to connect a Control Flow, heavyweight
Kontrollflusse are situated in their own space and are in need of a Miniplattform,
on the A Kmmunikationsdienst (IPC-service) is installed.

e Echtzeitspeicherdienst: it allows the realtime access to memory (in particular the
allocation and release), not real-time memory is in the above language
specifications standardized (e.g. malloc in C or new in C++ or Java). The service is
not installed, so the time conditions are checked only a job, but not guaranteed.

e Communications services: serve the platform to the shipping of orders over any
communication media, it is also the Interprocess Communication as a means of
communication.

e Eventing service: is the platform for the monitoring and control of temporal
processes. He provides specific Auftragspezielle jobs to the platform, so this on
certain events can be informed.
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7.4 Components of the OSA Eventing service

The event service is divided into the services for the management of the time, as well
as in the of the actual Ereignisdienstes. a separation of these two is not impossible,
but awkward, as the event service on the functions of the time is dependent on time,

to all the processes to start.

7.4.1 The time functions

7.4.1.1 The handling of the time
In the event service is managed the time in the UNIX FORMAT, as this is the easiest
to handle, and at the same time the implementation on UNIX/LINUX - systems much

easier.

In this format, the seconds since 1.1.1970 12:00:00 in a 32 ( soon, perhaps even 64 ) bit
- value paid, which means that extra for Sekunde/Minute/Stunde/ ... not a variable is
needed, and also that the invoices are carried out with the time, are now almost
easily.

In the OSA-event Service is the time but now not only in a 32-bit value, since there
often also in real-time applications to a higher accuracy is essential, therefore it is in
addition to the 32-bit variables for the seconds a further variable used for the
milliseconds. This makes it difficult and slows down while the calculation of time

differences, but it is for the time-exactly timed execution of the job is essential.

It could also have been upgrading the CMOS-clock for all of the operations of the
time, as well as to use of the Ereignisdienstes - this had caused some complications,
however, first of all it is not accurate enough, because you only on the time the tenth
stores, since the event service is to be real timable and there you have a accuracy is
promoted in the millisecond range, this is enough and not from, a further difficulty is
that when the time change this change affects the entire system and be influenced by

other programs, then what in these can create incorrect results.

86



p Zeitvariablen:

osatime
osamtime

¢

osalnitEvents 0saGetTime 0saSetTime 0saAddTime osaPrintTime

F~—_ %

System-Uhr System-Zeit
(Uhr + Datum) ( Millisekunden )

3: Structure of the time

Zeitver Ereignis Anwen | |Anwen| |Anwen
dienst dung dung dung
waltung 1 2
! !
Globale virtuelle
Systemplattform
el Systemplattform
[ ] [ ]
Betriebs- Kommunikations
System System
Rechnersystem

4: Integration of time management, and in the system of the Ereignisdienstes

7.4.1.2 Initialization
Before the time functions that can be called the initialization must be performed first,

which for the time periods required calculated variables.
This calculation is necessary, because the time with the help of two different
functions is calculated.

With the A is initially read out the time of the system and stored in the time variable, since
the system time but only on the second exactly is returned, only to a Sekundenwechsel must

be serviced to ensure the Millisekundenanteil can be initialized with zero.

Now, the difference to the value of the other function are calculated, which returns
the system time in Millisekundenformat. In this is the number of milliseconds since

the start of the system, since you can get with this 32-bit value but only 2 732
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milliseconds can be used to specify, which corresponds to 49.71 days, you can use
this function only to do this, read the time already with the help of this function to
update, and is now an offset is calculated at the beginning of the system time and
always corresponds to the difference of Millisekundenanteil indicating to system

time.

In addition, the initialization of the time and also the Ereignisdienstes starting values

for the set, in order to save another function call.

Init

Systemuhr (Sekunden seit 1.1.1970)
auslesen und zwischenspeichern

Ja
Systemuhr

Zwischenspeicher

Sekundenwechsel = Millisekunden=0

also
osatime = Systemuhr
osamtime =0
I
Systemzeit

(' ms seit Rechnerstart)
zwischenspeichern,
um damit dann Zeitdifferenzen

ZU messen

[
Ereignisdienst Initialisieren

[

Init Ende

5: PAP of the time initialization
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7.4.1.3 Functions for time management

Time Continued

When you set the time, the global time variable updated for seconds, and
milliseconds. This also takes into account whether Millisekundenanteile have been
specified, the Not in the range 0 to 999. In this case, a carryover for the seconds

portion of is calculated, and the Millisekundenanteil corrected accordingly.

But it is only the time of the OSA+ internally changed - the general CMOS clock of

the computer remains untouched.

The time periods necessary to offset the difference between milliseconds of the
system and the real time, must also be newly set so that it does not come to the
wrong calculations.

Reading Time

When reading the time, the global variable for seconds and milliseconds updated.
For this purpose, the difference in milliseconds since the last time the query with the

help of the system time calculated and added to the current time.

Since the system time to calculate is used, it should in fact not later than 49 days all
the time query be invoked once, but now that the event service is associated with the
time, it can be ausgegeangen that this due to its timer is called more often, in order to
start the events correctly, it must also of course at each time, in the course of which
he is called from the timer, the time queries, which is now the reason for this, that the

time of an application program does not necessarily have to be called regularly.

Aktualisierung der Zeitvariablen des OSA

I
osamtime = Systemzeit - Zwischenspeicher

Zwischenspeicher += 1000.
osamtime -= 1000.
osatime +=1

osamtime > 999 ?

Nein

Aktualisierung abgeschlossen

6: PAP of the time
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Move Time

This function adds to the current time a specified time difference in addition to this,
in principle, this function does not have been necessary, since one with the two above
functions exactly the same thing can reach had - but so is now saved time, and this
may be to match the time on the network can be of use, and the user will work when
calculating the carryover disconnected.

Spend time in a string

This function creates a string in which the current date and time is included with
milliseconds. ( This is especially handy in debug output ). This is done by first with
the help of the ctime from the current time, in the 32-bit value is stored, generated a
string, the date and time already contains, the only thing missing now is the

Millisekundenanteil, which simply by various Stringkopieraktionen is inserted.

742 The event service

7.4.2.1 General Information

The event service is responsible for ensuring that jobs at a specified time with a pre-
specified accuracy can be started. He is to guarantee the real-time capability of the
OSA, which but limited by the underlying operating system is, for jobs be started via
the network, must, however, only the clocks of the two systems are synchronized,
this is by a long-term observation of the Pingzeiten possible; as a result of the time
offset can then be calculated by which the current time has to be postponed, an
alternative would be the average of the Pingzeiten to calculate the last few minutes,

and with this to synchronize the clocks.

The event service is from Geschwindigkeitsgunden directly in OSA have been
implemented, it is therefore not directly to a LW/HW-service, but rather a

supplement to the OSA+ features available.
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Figure 7: Architecture of the Event Service (Ereignisdienst)




7.4.2.2 The initialization of the Event Service

The initialization of the Ereignisdienstes is automatically after the initialization of the
time. This is the first to be the necessary variables for the Eventing service set, the
next step is the timer function of the Ereignisdienstes started, what must be called
upon regularly in order to make it in time to start the jobs, in which intervals this is
to be called, depends on the desired accuracy of the Ereignisdienstes as well as the
speed of the underlying system, try showed that, for example on a Duron 900 even

an interval of one millisecond is possible.

On a Pentium 100 products, on the other hand, only 5-10 ms intervals possible. ( but

more about that later in the test runs.

It would also be conceivable, the performance of the Ereignisdienstes to increase that

zeitkirtische functions through the implementation of assembly code are replaced.

7.4.2.3 Features of the Ereignisdienstes

Add an Event

When you add new events there are several possibilities: The job can be either at a
specific time, or with a relative delay be called, and you can also be used to specify
whether the job repeatedly in a certain time interval is to be started (for example, is
for the regular queries of sensors helpful), and whether the result of the delivers to
the later check is to be saved, and also can be a optional to call a function if it
particularly in the short responses to local applications. When you add it can,
however, to get any error messages if the job was already over, the list is full, or too
many jobs at the same time are to be started, and this number in the same time
interval the job to be started is adjustable and should be to the respective system be
adapted to maintain speed and in addition must still be given a timeout, the

constrains the time window in which the job is to be started.

The job is only called after leaving the window, so is he skipped ( this happens but
only if it to failures or malfunctions in the system, the calling of the timer function
prevent ). If it is a repetitive job, it will be the next time but started again, and can still
be set, if he is as closely as possible to the Zeitgitter oriented, or the delay as precisely

as possible is to be met.

The Add/delete a job may be to delay a few milliseconds, since, as long as the
interrupt routine is active, no operations on the list of job to be started are allowed,
this of course also applies vice versa for the interrupt routine, if you an insert/delete

operation interrupts, this call is ignored, which may of course have the consequence
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that a(IGE) Event(s) to a few milliseconds late be started - what but only at very slow

computers into the weight cases is expected.

The job that you want to be the Ereignisdienstes in a circular list managed fixed-size,
you can, after you have been added to this list, also again be removed - if you have

not yet been started.

In order to results of the query again later delivers to, is not yet an additional list
managed, in the opened up for each event to an entry exists (the key is the ID of the

job), but for reasons of space is only for each EventID keep the latest result.

If the size of the lists is to be changed, is that in the source code simply by changing
the #defines in the beginning to reach the files.

In addition, it can not - real-time operating systems that have come to the timer not
in time will be called; the result may be that the events do not correctly can be started
and is currently are then to be started up to the point that started events at a time, i.e.

as long as the timeout of the respective jobs is not exceeded.

Another difficulty arises if a cyclic job has been called for, the back is to be added to
the list and an error occurs: a time already past, crowded or list the already too many
events to the desired time be called, in order to solve this problem, is, at the moment

a part installed, the attempts to the event to matureness, later to start dates.

This will be calculated by either, that either the next possible start times will be
taken, or but in the set for the job by increments is attempted, add the job again, the
number of retries can be adjusted - but should not be set too high, otherwise if there
are too many errors the time interval of the timer not longer sufficient, and the next
will be affected, if the rescue but is unsuccessful, the job will no longer be called.

Remove a Events

Back to an event from the table of the job to be started to remove, first waited until

requests on the table are allowed and then occupied the semaphore.

The next step will be for the complete table, and skipped the event you want to
delete, and the remaining are automatically when.

Reading a result/error codes

Now here is the error code returned, which when you start a job is created, it can
here, however, from being purged the last result which emerged only be queried,
and internally to a list of all mitzuloggenden Events kept, in the then at the start of
the event the result will be entered, if there are more events will be logged, as the list

is large, after the FI Fo-Prinzip approach.
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7.5 Short Overview
7.5.1  Time functions/variables
UINT osatime: Are Using Unixtime in seconds

UINT osamtime: related Millisekundenbruchteil ( <1,000 )

Osagettime: time reading
Osasettime: Time Set
Osaaddtime: Time-add offset

Osaprinttime: Spend time

7.5.2 Features of the Event Service (Ereignisdienst)

Osainitevents: Initialize event service and Time
Osadelevent: Delete Job
Osaaddevent: Add Job

Osageteventresult: Result of a running job reading

7.6 Configuration

The configuration of the Ereignisdienstes within the source code can be made, and by

modifying the various definitions ( #define) at the beginning of the source code:

( Alternatively, these parameters from the source code be relocated in the Makefile.

Variable instantaneous value propositions

Precision 1: determines the accuracy with which the event service is supposed to
work

EVENTSPERTIME 5 : determines the number of bootable events at the same time

TABLENGTH 255: Indicates the size of the Event-Tabelle (must be a 2 *n-1 number)

ERRORBUFFER 7 : Specifies the size of the Result-Tabelle (must be a 2 "n-1
number )

RETRYCOUNT 4 : specifies how often should be attempted, a recurring event in
the
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List should be entered, if errors occur
OSA_DEBUG: If defined, debug messages are issued, the

All of the important actions of the Ereignisdienstes describe

To the size of the event, and the table was a 2-he potency as a large selected to the to
accelerate for offset calculation for Tabellenzugriffe. ( then can namely an and instead
of a Modulo-Verkupfung be used - this difference is particularly noticeable on older

systems.
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7.7 Theory of Operation

7.7.1  Osagettime()

Parameters: None

Input integer:NONE

Reads the current time from and updates the global time variable ( osatime

and osamtime ).

Implementation:

The time is almost to the millisecond, and is calculated from a combination of the
internal clock and the system time, the clock will be at the beginning needed to fix
the start time in seconds, but not the accuracy is sufficient for OSA as a timer, in that,
it not the time to the millisecond that shows exactly, now here comes the system time
in the game, the milliseconds since the start of Windows in a 32-bit value, and if you
now waits until the clock the seconds count up to 1, then you can use it to calculate a
differential value to system time, and with the help of the value they get the missing

milliseconds for the time.

If so now osaGetTime() is invoked, the milliseconds updated, and at a value greater
than 1,000 according to also the seconds, and the difference between this and the

system time.

7.7.2  Osasettime(int,int)

Parameters:Seconds,Milliseconds

Input integer:NONE
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Sets the time seconds is the time in the Unixformat and milliseconds are the

associated thousandth.

However, this change also directly to the events that are already in the list are
entered, and are to be started; i.e. it quickly in case of major changes can lead to

errors.

Implementation:

Here are the global variables are updated; Millisekundenanteile greater than 999 will

be automatically converted in seconds.
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7.7.3  Osaaddtime(int,int)

Parameters:Seconds,Milliseconds

Input integer:NONE

Added to the current time in addition to the time difference of the call-up parameters

milliseconds greater than 999 will be converted to the seconds.

( Here are also negative values registered )

Implementation:

This function first reads the time from, and then added the desired time difference,

taking into account a Millisekundenuberlaufs, added.

7.7.4  Char * osaPrintTime( int, int )

Parameters:Seconds and milliseconds of output time

Input integer:String with the date and time.

This function returns a pointer to a string, the current date and time includes, in

debug output is very helpful, since also thousandths of a second to be issued.

Implementation:

The function will access the Function ctime back, which from a 32-bit value (Epoch) a
string with the date and time calculated. This string will then be modified, so that

even milliseconds with be returned.
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7.7.5 Osainitevents()

Parameters: None

Input integer:NONE

Initializes the table in which the jobs be entered later and sets the time.

Implementation:

All of the entries will be first in the list of events deleted, and the difference between
the internal clock and the system time for osaGetTime determined. The next step is
now set the timer, later also the starts the job, which is the Multimediatimer of
Windows, the a function with a definable accuracy can repeatedly. (image 5)5: PAP of

the time initialization

7.7.6  Int osaAddEvent(uint,uint, uint, uint,uint, uint,uint, uint, function)

Parameters:assigned id1, NUMCOUNT ID 2,Type,start, MSTART, repeat,mRepeat,
timeout, FUNCTION

Input integer:0 =OK, 1 =list already full, 2 =too many events to the same Zeit,3 =time

is already over

Assigned ID1,NUMCOUNT ID 2:ID's of the job that you want to (ID1 is the normal
ID of ajob, ID2 is

For the future of applications planned)
Type:Bit 0 =0:Start at the specified time ( Start, MSTART )
Bit 0 =1:Start in Start. MSTART Seconds
Bit 1 =0:start only once

Bit 1 =l:repeatedly at intervals of repeat.Start mRepeat

Bit 2 =0:return value of not logging osajbscdDeliver

Bit 2 =l:ireturn value of osajbscdDeliver log for later queries

(costs a little more time.

Bit 3 =0:start times will be respected as precisely as

possible
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Bit 3 =1:time differences are maintained as closely as possible

Bit 4 =0:When Retries try,the job to start at the soonest Time

Bit 4 =1:In retries the job in time intervals of repeat.Try to start

mRepeat
Start, MSTART:Start at/in Start. MSTART Seconds

Repeat,mRepeat:If in type is specified, the event in repeat.mRepeat seconds called
again
TimeoutGibt the size of the time window, in milliseconds, in which the job is to be

launched

FunctionWenn not zero, the specified function ( void function() ) called -

osajbscdDeliver is not running in the case

Adds a job to be launched to the Event List in addition to this, the function can be
specified the optional, but it is only intended for local use, if short response times are
of importance, this feature is this, that you will be called directly, with the same
priority as the timer function of the Ereignisdienstes started ( on Windows, this is the
the highest ). You should therefore not be longer than 1-5 ms to use it, as the
subsequent jobs this can be affected in some circumstances, since a while(1); in this
function, e.g. the system leads to Unbedienbarkeit, this option should go directly to a

function can only be used with extreme caution.

Implementation:

In order to prevent the paste that in between the timer function on the Event List is
accessing it, is a simple system with semaphores implemented. This checks at the
beginning of the paste operation, whether the timer function is currently active and
waiting if this is the case, everything is free, the semaphore is occupied, and it can
now be checked whether it is possible to add the event, the list is already full, an

error will be immediately returned.

If not, now is the time for a relative time into an absolute time converted so that can

be compared quickly as possible, whether the job is still is to run, or the time has
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already passed, the last thing now to check, is the number of jobs, the at this time are
to be started.

Now, if everything is in order, the job is in the Time sorted list is inserted; this

prevents that when starting from the correct position must be sought.

7.7.7 Int osaDelEvent(uint,uint,uint,UINT)
Parameters:assigned id1, NUMCOUNT ID 2,start, MSTART

Input integer:number of the deleted events

Deletes one or more events from the list, or if one of the parameters is 0 (up to the
Millisekundenanteil), it is not compared; i.e. , osaDelEvent(0,0,0,0 ) Deletes the entire
list, or if the time (start MSTART) is specified, it is always the absolute time

compared ( even if the call the relative is specified.

Implementation:

This function runs through the list of events from the front to the rear, and not to
delete the copied together events to be deleted with the be skipped, and here again is

the system used with semaphores, to avoid conflicts.

7.7.8  OSA_Error osaGetEventResult(uint,UINT)

Parameters:assigned id1, ID2

Input integer:result of the last Delivers

There is the latest result back, at the start of the event with the assigned id1, ID2 has

been created.

If OSA_ERR_SERVICE_NOT_FOUND is returned, the job was either not started yet,

or the result of change is already have been overwritten.

Implementation:

The list is after the first event with the two ID's being sought, and the returned result
of the job in question, and when the event is not found, the function returns
OSA_ERR_SERVICE_NOT_FOUND back.
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7.7.9 Internal functions of the Ereignisdienstes

Void callback TimerProc( UINT,UINT,DWORD,DWORD,DWORD )

This is the central function of the Ereignisdienstes, which with the Multimediatimer
from the desired accuracy of the Ereignisdienstes regularly is called ( default are here
2ms ). It is responsible for ensuring that the jobs to be started and repetitive jobs

again be entered in the list.

Implementation:

At the beginning of the function, it first checks whether the semaphore is busy, and if
so, this time interval is skipped; otherwise is now checked, whether the first job

needs to be started.

If yes, the next step is still being examined, whether the timeout has not been
exceeded and whether a function is to be called, or the job is to be delivered (in the

last case, optional, the result will be a list saved).

It is a job to be repeated, again this is in the list, taking into account the different

operating modes, it is registered.

7.8 Programming examples

7.8.1 For example: Changing the Time

There are several ways to do this, but one of the simplest is to set the time

with the help of the function osaSetTime ( seconds, milliseconds ).

For example, is specified

Osasettime( 986604168, 50 )

So the clock will be on

102



Friday the 06.April 2001, 4:42:48 PM set and 50 milliseconds.

However, since this is not too comfortable, and most of the time almost is set
correctly, it is often better if the clock is not set to a new, but before or is

adjusted, the function is osaAddTime ( seconds, milliseconds ) provided.

So causes for example

Osaaddtime ( -3600, 0 )

That the clock one hour is reset.

But you need have no concerns that the time of the system of such actions could be affected -

the time is purely OSAintern.

Yet now, in order to check that the Daylight Saving Time was successful, then the time you

can also still with the function osaPrintTime( seconds, milliseconds ) output:

Printf(" Date/Time: %s\n", osaPrintTime( osatime , osamtime ));

7.8.2 Example: Add an Event

7.8.2.1 Start a function at a specified time

Now here is the first variant customizationsavailable presented:

A unique feature is intended to be with a delay of 5 seconds will be called, is only required
once the function that should be called; this has, however, fixed call, and with, here's a little

example:

OSA_Error test (void)

{
Printf( "Test OK\n");
Return OSA_ERR_OK;
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Now, the Eventing service still be communicated, where he finds the function,

and

When he is to call you, and this is done with

Osaaddevent (1,0, //assigned idl, ID2
1, //type (bit1=1, so start time = delay.
5,0, // startin 5 seconds
0, 0,// time difference when repeats (if set)
1,000, // 1 second timeout

&Test // Function
);

As the start time is here now a delay of 5 seconds ( + 0 milliseconds ) as well as a timeout of a
second is specified at the end of the call must now only the pointer to the function to be

called be specified.

A timeout of 1 second means that the function call to a maximum of 1 second may be

delayed - for larger delays he will no longer run.

Are Normal delays of 0-10 milliseconds; on fast systems (0-1 milliseconds.

The whole sample program could then may then look like the following:

#Include "osa.h" /[ necessary include - Files

#Include "osa_ereignisdienst.h"

OSA_Error test (void)// function that the event Service is Started
{

Printf( "Test OK\n" ); // as soon as this issue is, the test was successful

Return OSA_ERR_OK;// everything OK
}
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Main( )// Main Function
{
/[ Initialize the Ereignisdienstes

Osainitevents( );

/] Test-Event entries

Osaaddevent (1.0, 1, 5.0, 0.0, 1000, &test );

// ... And to the start of the wait dfor
While(1)sleep(1000);
}

7.8.2.2 Repeated start a function

The next example shows how to do a job programd, the will be called repeatedly, which is to
the test - function the first time after 5.050 seconds, and then repeatedly at intervals of 1,005
seconds be called, the function is to be called repeatedly, the Eventing service by setting the
the 2, Bits communicated in the display type box. The timeout is as well as in the previous
example 1 second, and in the display type box the bit 3 is not set, attempts of the Eventing
service here, the function exactly as possible to enter the vorherberechneten time - in the

present example : Start Time + 5.05 s + X * 1.005 p.
(If the bit would have been set, he had tried, the delays exactly as possible.

The description for the function here is to be called, you can see from the example above, for

example, here is the actual function call to the event Service:

Osaaddevent (1,0, //assigned idl, ID2
142, // type ( delayed start [Bit 1] + repetition [Bit 2] )
5,50, // Start in 5.050 seconds
1,5,// repeated Start in 1.005
1,000, // Timeout = 1,000 milliseconds

&Test // Function
);
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7.8.3 Queries of results

If a job is started, there is the possibility and subsequently the result query,
which is of the type OSA_Error. It plays no role, whether it is a deliver or a

direct function call has traded.

Osaaddevent (1.0, 1+8 VDC, F2.0:, 0.0 ,50 , &test); // event in the list entries
Sleep(1000);
Printf( "Eventresult of ID 1 : %d\n", osaGetEventResult(1.0 / * ID of the

event*/));
Sleep(2000);
Printf( "Eventresult of ID 1 : %d\n", osaGetEventResult(1.0 / * ID of the

event*/));

In this example is now the result once before, and the second time after the start of the event
read, and if everything is working properly, it is the first time
OSA_ERR_SERVICE_NOT_FOUND returned, since the results are not yet available, and the

second time then OSA_ERR_OK, what the return value of the test-function corresponds to.

7.8.4 Delete a Events

In the next example will be added first three events, each of which every two seconds will be
called once. After 5 seconds, then two of the three will be removed again. The associated

program code could appear as follows:

Osaaddevent (1.0, 1+2), "2, 0, 2.0 ,50, &test1 ) ;// Add the 1 events.
Osaaddevent (1.0, 1+2,2,500, 2.0 ,50, &test2 ) ;// Add the 2 events.
Osaaddevent (2.0, 1+2, 3,0, 2.0,50, &test3 ) ;// Add the 3 events.
Sleep(5000); // wait for 5 seconds ...

Osadelevent (1.0 ,// and all with ID 1, * Delete,

0.0 ) ;// without the start times to be taken into account

When the program starts, all three events will be initially launched sequentially. After 5

seconds are then the first two of the three events removed from the list, as in the clearing
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instructions as the ID 1.0 was specified, what exactly the ID's of the events corresponds to the

start times were not taken into account when you delete, since all passed with 0 fields cannot

be compared.

7.9 Test Runs

Test Environments

System 1:

Hardware:

CPU:AMD Duron 800
Memory:256 MB

Hard Drive:10GB
Graphics:Nvidia Geforce 2

Operating system:

Windows 2000

System 2:

Hardware:

CPU:Cyrix 6x86

Memory:24MB RAM

Hard Drive:0.5GB

Graphics card: Tseng ET6000

Operating system:
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Windows 98

System 3:

Hardware:

CPU:Intel Celeron 450

Memory:256 MB

Hard Drive:100GB

Graphics:3dfx Voodoo 3000

Operating system:

Windows 2000

Configuration of the Ereignisdienstes (if not otherwise specified):

Precision:2// The Event-Timer is called every 2 milliseconds

EVENTSPERTIME:5// it must not more than 5 events started at the same time

// i.e. there will be maximum 5 events within the 2 ms

started

TABLENGTH:255// Number of entries in the Event-Tabelle (2 “n-1 must be)

ERRORBUFFER:7// number of jobs, the results keep at the same time
// Should Be (must also be 2 *n-1)
RETRYCOUNT:4// Number of retrys if repetitive Job does not immediately

return

// CAN BE ADDED

108



7.9.1

Deliver-Test

In this test was done with the built-in local modified Serverfunktionstest. The function this is

not more testsrvFunc immediately, but only with the delay of 1 second will be called, by

using the following changes in the File testsrv.c were made:

If (OSA_ERR_OK= =o0sajbscdDeliver(jobld))
{

... // Wait for confirmation and result Queries

Has Been Replaced by the following section

Osaaddevent(/ * ID * /jobld,0,
[*Type*/ 1,
/*Delay */ 1.0,

/* Repeat* /0.0,
/ * Timeout * /1,000 to
/ * Feature * /NULL);
If(1)
{
... // Wait for confirmation and result Queries
}

Now is the result: (with debug mode enabled, to represent the timing of the procedure)

+ +> Added ID: 8524656 delay: 1,000 Start: Sun Apr 08 9:48
PM:41,917

--> Started Event 8524656 with error: 1lms at Sun Apr 08 9:48
PM:41,918

Calculated 1+1
I received a 2!

+ +> Added 1ID: 8524656 delay: 1,000 Start: Sun Apr 08 9:48
PM:42,920
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--> Started Event 8524656 with error:

PM:42,920
Calculated 2+1
I received a 3!

+ +> Added ID: 8524656 delay:
PM:43,920

--—> Started Event 8524656 with error:

PM:43,920
Calculated 3+1

I received a 4!

Oms at Sun Apr 08 9:48

Start: Sun Apr 08 9:48

Oms at Sun Apr 08 9:48

As you can see, the test was successful, and also the temporal error that start when you are

born, were within the tolerance: at a set of 2 Accuracy of the Ereignisdienstes milliseconds is

a error of 1ms are allowed or not to be excluded.

7.9.2 Test run of a cyclical events with open

In this test is the response of the Ereignisdienstes on longer breaks in the System tested, and

the duration of the interruption is in this test here in about 10 seconds, is checked, whether

cyclic jobs after this interruption continue to be started correctly. In addition, there will be a

demonstration of how the set/do not set of the 3, affects bits to the time difference.

First Test: Bit3=0

Here is the associated function call:

Osaaddevent(/*ID */ 1.0,
/* Type * [ 142,
/* Delay */ 2.0,
/ * Repeat * / 0.10,
/ * Timeout * /10,

/ * Feature * / &test);

And the result after the start:
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+ +> Added id: 1 delay: 9 Start: Sun Apr 22 12:50 PM:28,290
2001

--> Started Event 1 with error: 1Ims at Sun Apr 22 12:50
PM:28,291 2001

Test OK

+ +> Added id: 1 delay: 9 Start: Sun Apr 22 12:50 PM:28,300
2001

--> Started Event 1 with error: 1Ims at Sun Apr 22 12:50
PM:28,301 2001

Test OK

+ +> Added id: 1 delay: 9 Start: Sun Apr 22 12:50 PM:28,310
2001

--> Started Event 1 with error: 9804ms at Sun Apr 22 12:50
PM:38,114

-> Skipped due to timeout

+ +> Added id: 1 delay: 6 Start: Sun Apr 22 12:50 PM:38,120
2001

--> Started Event 1 with error: Oms at Sun Apr 22 12:50
PM:38,120 2001

Test OK

+ +> Added id: 1 delay: 10 Start: Sun Apr 22 12:50
PM:38,130 2001

--> Started Event 1 with error: Oms at Sun Apr 22 12:50
PM:38,130 2001

Test OK

+ +> Added id: 1 delay: 10 Start: Sun Apr 22 12:50 PM:38,140
2001

--> Started Event 1 with error: Oms at Sun Apr 22 12:50
PM:38,140 2001

Test OK

Here you can see now that lasted 10 seconds after the interruption of the job is no longer
started, because of the timeout has been exceeded, the time for the next start is now

calculated so that the 10ms - Zeitgitter is respected.

Second Test: Bit3=1

Here is the associated function call:
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Osaaddevent(/*ID */ 1.0,
[* Type*/ 14248,
/* Delay */ 2.0,
/ * Repeat * / 0.10,
/ * Timeout * /10,

/ * Feature * / &test );

And the Test Results

+ +> Added id: 1 delay: 10 Start:
2001

--> Started Event 1 with error:
PM:26,359 2001

Test OK

+ +> Added id: 1 delay: 10 Start:
2001

--> Started Event 1 with error:
PM:26,370 2001

Test OK

+ +> Added id: 1 delay: 10 Start:

2001

-—> Started Event 1 with error:.
9:36 PM:36,584 2001

-> Skipped due to timeout

+ +> Added id: 1 delay: 10 Start:
2001

--> Started Event 1 with error:
PM:36,594 2001

Test OK

+ +> Added id: 1 delay: 10 Start:
2001

--> Started Event 1 with error:
PM:36, 605 2001

Test OK

+ +> Added id: 1 delay: 10 Start:
2001

--> Started Event 1 with error:

PM:36,615 2001

Sun

Oms

Sun

Ims

Sun

Sun

Oms

Sun

lms

Sun

Oms

Apr

at

Apr

at

Apr

Apr

at

Apr

at

Apr

at

22 9:36 PM:26,359

Sun Apr 22 9:36

22 9:36 PM:26,369

Sun Apr 22 9:36

22 9:36 PM:26,380

with EN 10204ms at Sun Apr 22

22 9:36 PM:36,594

Sun Apr 22 9:36

22 9:36 PM:36,604

Sun Apr 22 9:36

22 9:36 PM:36,615

Sun Apr 22 9:36



Test OK

In this test is now to see that no Zeitgitter more is present, and after the delay of 10 seconds
no correction is applied, deleted a part of the calculation, so that this variant a little less

processor time.

( However, is expected only on very slow systems make itself felt.

7.9.3 Test the maximum temporal resolution on different systems

7.9.3.1 System 1
Now here is tested in multiple passes, how high the maximum frequency of the

calls on this system may be set, without that it comes to errors or problems.

The set of precision timer Ereignisdienstes: 1 millisecond.

Precision:1// The Event-Timer every millisecond is called

Cycle 1:

Set precision of the Ereignisdienstes :1 millisecond (precision= 1)
Set time difference of the Test-Events :1 millisecond.

Associated function call:

Osaaddevent(/*ID */ 1.0,
/* Type * / 1+2,
/ * Delay * / 20,
/ * Repeat * / 0.1,
/ * Timeout * /10,

/ * Feature * / &test);

And the result of the test:
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+ +> Added id: 1 delay: 1 Start: Mon Apr 23 12:28 PM:36,643 2001

--> Started Event 1 with error: Ims at Mon Apr 23 12:28 PM:36,644
2001

Test OK
XX> Event 1 emergency added - Time Over
+ +> Added id: 1 delay: 2 Start: Mon Apr 23 12:28 PM:36,646 2001

--> Started Event 1 with error: Oms at Mon Apr 23 12:28 PM:36,646
2001

Test OK
+ +> Added id: 1 delay: 1 Start: Mon Apr 23 12:28 PM:36,647 2001

--> Started Event 1 with error: Oms at Mon Apr 23 12:28 PM:36,647
2001

Test OK

+ +> Added id: 1 delay: 1 Start: Mon Apr 23 12:28 PM:36,652 2001

--> Started Event 1 with error: Ims at Mon Apr 23 12:28 PM:36,653
2001

Test OK
XX> Event 1 emergency added - Time Over
+ +> Added id: 1 delay: 2 Start: Mon Apr 23 12:28 PM:36,655 2001

--> Started Event 1 with error: Oms at Mon Apr 23 12:28 PM:36,655
2001

Test OK
+ +> Added id: 1 delay: 1 Start: Mon Apr 23 12:28 PM:36,656 2001

--> Started Event 1 with error: Oms at Mon Apr 23 12:28 PM:36,656
2001

Test OK

As you can see, does the start mostly, but it is out and back to errors, to now is the result of
such a high request to improve the accuracy, would be the first consideration, to configure
the job in such a way as to that of the Eventing service always the interval of one millisecond
complies with with these settings, the test was not, however, the desired result, but there

were still the same error.

The real problem here is that the performance was not sufficient, to all text output to be
carried out within a millisecond after the text output were omitted in part, the test was

almost flawless. There were still error on, but not more in 10ms increments, but only every
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few seconds; also the misconduct has improved: were it to the top 2 more failures per error,

it is the case in the following test run only has one:

--> Started Event 1
2001

--> Started Event 1
2001

--> Started Event 1
2001

--> Started Event 1

2001

--> Started Event 1
2001

--> Started Event 1
2001

--> Started Event 1
2001

with

with

with

with

with

with

with

error:

error:

error:

error:

error:

error:

error:

Oms

Oms

Oms

Oms

Oms

Oms

lms

at

at

at

at

at

at

at

XX> Event 1 emergency added - Time Over

--> Started Event 1 with error:

2001

Cycle 2:

Oms

at

Mon

Mon

Mon

Mon

Mon

Mon

Mon

Mon

Apr

Apr

Apr

Apr

Apr

Apr

Apr

Apr

Set precision of the Ereignisdienstes :1 millisecond (precision= 1)

Set time difference of the Test-Events :2 millisecond.

Associated function call:

Osaaddevent(/*ID */ 1.0,
/* Type*/ 1+2,
/ * Delay * / 20,
/ * Repeat * / 0.2,
/ * Timeout * /10,

23

23

23

23

23

23

23

23

:54

: 54

:54

:54

:54

:54

:54

:54

PM:

PM:

PM:

PM:

PM:

PM:

PM:

PM:

29,198

29,199

29,200

29,201

29,202

29,203

29,205

29,207
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/ * Feature * / &test );

And the test results:

-—> Started Event 1 with error:
2001

+ +> Added id: 1 delay: 2
2001

--> Started Event 1 with error:
2001

+ +> Added id: 1 delay: 2 Start:

-—> Started Event 1 with error:
2001

+ +> Added id: 1 delay: 2 Start:

-—> Started Event 1 with error:
2001

Oms at Thu Apr

Start: Thu Apr

Oms at Thu Apr

Thu Apr 26 12:12:

Oms at Thu Apr

Thu Apr 26 12:12:

Oms at Thu Apr

26 12:

26 12:

26 12:

42,314

26 12:

42,316

26 12:

12:42,310

12:42,312

12:42,312

2001
12:42,314

2001
12:42,316

The test was properly here, without that it came to any errors, i.e. , when working with text

files, at least on this system should be a time difference of 2 ms be between 2 Jobs

7.9.

3.2 System 2

Here is to be tested, as the replacement of the operating system from Windows 2000 to

Windows 98 is noticeable.

Cycle 1:

Set the precision Ereignisdienstes :10 milliseconds (precision= 10)

Set time difference of the Test-Events :100 milliseconds

Function call:

Osaaddevent(/*ID */ 1.0,
/* Type*/ 1+2,
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/ * Delay * / 2.0,

/* Repeat*/  0.100,// cyclic call every 100 ms
/ * Timeout * /10,

/ * Feature * / &test );

Test run:

In this test Sorry, no results could be collected, as the operating system is either
refused the Test ( The Multimediatimer has not been activated ), or, if this time
succeeded in, worked behind the exit and save the logs not, because the system

remained at once.

Cycle 2:

Set of precision timer of the Ereignisdienstes: 100 milliseconds

Function call:

Osaaddevent(/*ID */ 1.0,
/* Type * / 1+2,
/* Delay * /2.0,
/ * Repeat * / 1.0,
/ * Timeout * /10,
/ * Feature * / &test );

Test run:

+ 4> Added id: 1 delay: involving 994 Start: Mon Apr 24 11:54
PM:07,000 1995

--> Started Event 1 with error: 6ms at Mon Apr 24 11:54 PM:07,006
1995

+ +> Added id: 1 delay: involving 994 Start: Mon Apr 24 11:54
PM:08,000 1995
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7.9.

--> Started Event 1 with error: Note No. 4465ms at Mon Apr 24
11:54 PM:12,465 1995// done manually delay

-> Skipped due to timeout

+ +> Added id: 1 delay: experienced 535 recorded Start: Mon Apr
24 11:54 PM:13,000 1995

--> Started Event 1 with error: 6oms at Mon Apr 24 11:54 PM:13,006
1995

+ 4> Added id: 1 delay: involving 994 Start: Mon Apr 24 11:54
PM:than 14,000 1995

Started Event 1 with error: Ilms at Mon Apr 24 11:54 PM

The result shows that it is still possible, on a Windows 98 machine with the OSA

to run event service, but may not be a high claims be made to the accuracy!

3.3 System 3

As there is a on Windows NT-based operating system present, can already at the beginning

with a higher accuracy than in 9.3.2 &nbsp;7.9.3.2 be started.

Cycle 1:

Set precision of the Ereignisdienstes :1 millisecond (precision= 1)

Set time difference of the Test-Events :1 millisecond.

Function call:

Osaaddevent(/*ID */ 1.0,
/* Type*/ 1+2,
/ * Delay * / 20,
/* Repeat*/  0.100,// cyclic call every 100 ms
/ * Timeout * /10,

/ * Feature * / &test );
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Test run:

--> Started Event 1 with error: 1Ims at Wed May 11 11:28:43,584
2001

-> Skipped due to timeout
XX> Event 1 emergency added - Time Over
+ +> Added id: 1 delay: 1 Start: Wed May 11 11:28:43,585 2001

--> Started Event 1 with error: Ims at Wed May 11 11:28:43,586
2001

-> Skipped due to timeout
XX> Event 1 emergency added - Time Over
+ +> Added id: 1 delay: 1 Start: Wed May 11 11:28:43,587 2001

--> Started Event 1 with error: 1Ims at Wed May 11 11:28:43,588
2001

-> Skipped due to timeout
XX> Event 1 emergency added - Time Over
+ +> Added id: 1 delay: 1 Start: Wed May 11 11:28:43,589 2001

--> Started Event 1 with error: 2ms at Wed May 11 11:28:43,591
2001

For this test it is clear that here, in this system even more errors have occurred, as in the same

test on the first system. In a further test run however, again, as in 9.3.1 NFS Server

Configuration file7.9.3.1, that mainly blame the text output is to the late call, the same test

with only a text per call will be as follows:

--> Started Event 1 with error: Oms at Wed May 23 15:18:28,271
2001

--> Started Event 1 with error: Oms at Wed May 23 15:18:28,272
2001

--> Started Event 1 with error: Oms at Wed May 23 15:18:28,273
2001

--> Started Event 1 with error: Oms at Wed May 23 15:18:28,274
2001

--> Started Event 1 with error: Oms at Wed May 23 15:18:28,275
2001
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So a much better result ( Timeouts came even before, however very much less than
previously ). This is also the reason why should also sub-programs, the of of the timer

function in so called short intervals are not too to take a lot of time.

Cycle 2:

In the following test was now the Aufruffrequenz halved, to test whether this time the

attempt without Timeouts runs; the test environment is as follows:

Set precision of the Ereignisdienstes :1 millisecond (precision= 1)

Set time difference of the Test-Events :2 milliseconds

Function call:

Osaaddevent(/*ID */ 1.0,
/* Type * / 1+2,
/ * Delay * / 20,
/* Repeat*/  0.100,// cyclic call every 100 ms
/ * Timeout * /10,

/ * Feature * / &test);

Test run:

--> Started Event 1 with error: Oms at Wed May 23 3:47 PM:34,566
2001

--> Started Event 1 with error: Oms at Wed May 23 3:47 PM:34,568
2001

--> Started Event 1 with error: Ims at Wed May 23 3:47 PM:34,571
2001

--> Started Event 1 with error: Oms at Wed May 23 3:47 PM:34,572
2001
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--> Started Event 1 with error: Oms at Wed May 23 3:47 PM:34,574
2001

Here the test was now easily, although there were also late calls, but this had to literally be
sought with the magnifying glass, in the absence of such an then time occurred, it wasn't too

bad, because this delay is not Timerout led immediately to a.

7.9.4  Stability tests

7.9.4.1 Exceeding the maximum acceptable number of Events

For this test was the maximum allowable number of 255 entries now intentionally exceeded,

to test the risk of errors:

Function call:

For(i=0 ;i< 500 ;i++)
Osaaddevent(/*ID */ i.0,
/* Type * / 1+2,
/ * Delay * / i+2.0,
/* Repeat*/  256.0,
/ * Timeout * /100,

/ * Feature * / &test);

Test run:

+ +> Added id: 0 delay: 2000 Start: Wed May 16 14:30:59,050 2001

+ +> Added id: 1 delay: 3,000 Start: Wed May 16 2:31 PM:00,050
2001

+ +> Added id: 2 delay: 4,000 Start: Wed May 16 2:31 PM:01,050
2001

+ +> Added 1ID: 252 delay: 254000 Start: Wed May 16 2:35
PM:11, 050

+ +> Added ID: 253 delay: EUR 255000 per year Start: Wed May 16
2:35 PM:12,050

+ +> Added ID: 254 delay: The value 256000 Start: Wed May 16 2:35 PM:13,050
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XX> Event 255 not added - table full
XX> Event 256 not added - table full

XX> Event 498m not added - table full
XX> Event 499 or fewer not added - table full

--> Started Event 0 with error: Oms at Wed May 16 14:30:59,050

2001

+ +> Added id: 0 delay: The value 256000 Start: Wed May 16 2:35

PM:15,050 2001

--> Started Event 1 with error: Oms at Wed May 16 2:31 PM:00,050

2001

+ +> Added id: 1 delay: The value 256000 Start: Wed May 16 2:35

PM:16,050 2001

--> Started Event 2 with error: Oms at Wed May 16 2:31 PM:01,050

200

As you can see, the test run was successful, and there was no further difficulties

7.9.4.2 Exceeding the maximum acceptable number of events per unit time

It was here that the set from the beginning, the maximum number of 5 Events / Unit time

maintained. An attempt is now to exceed this limit, a small difficulty with this attempt is that

the add of the 10 events no longer than a millisecond should be allowed to take. This was the

reason for this and the next attempt the test system 1 is selected.

Function call:

For(i= 0 ;i< 10 ;i++)
Osaaddevent(/*ID */ i.0,
/* Type */ 1,
/ * Delay * / 1.0,
/ * Repeat * / 0.0,
/ * Timeout * /100,

/ * Feature * / &test);

Test run: ( System (1)

122



+ +> Added id: 0 delay:
2001
+ +> Added id: 1 delay:
2001
+ +> Added id: 2 delay:
2001
+ +> Added id: 3 delay:
2001
+ +> Added id: 4 delay:
2001
XX> Event 5 not added -
XX> Event 6 not added -
XX> Event 7 not added -
XX> Event 8 not added -
XX> Event 9 not added -

--> Started Event 0

PM:08,072 2001

--> Started Event
PM:08,072 2001

--> Started Event
PM:08,072 2001

--> Started Event
PM:08,072 2001

--> Started Event
PM:08,072 2001

1,000

1,000

1,000

1,000

1,000

Start: Wed May 15

Start: Wed May 15

with error:

with error:

with error:

Start: Wed May 15

Start: Wed May 15

Start: Wed May 15

too many events per Time
too many events per Time
too many events per Time
too many events per Time
too many events per Time
with error: Oms at Wed
Oms at Wed

Oms at Wed

Oms at Wed

Oms at Wed

with error:

7.9.4.3 Overrun of the events per unit time through Zeituberschneidung

122

122

222

222

122

May

May

May

May

PM:

PM:

PM:

PM:

PM:

15

15

15

15

15

08,072

08,072

08,072

08,072

08,072

This test is similar in principle to attempt from 9.4.2 . above, however, the event service the

overlap of the events do not immediately realize. The events are added so that you are all the

events until a later date to a time overlap. Here is the behavior of the Ereignisdienstes tested

to this situation and will be demonstrated, this is, of course, also the set / do not set of the 4,

bits in the Typenfeldes depending on, here is the setting so that, if an error arises during the

adding, then simply the closest possible time is selected as a start time (bit 4 is not set). In this

example, the minimum delay between the various earliest starts 1 millisecond.7.9.4.2

Since the test this time a bit longer, it was the result of the test for the better understanding

still comments.

Function call:
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For(i= 0 ;i< 10 ;i++)

Osaaddevent(/*ID */ i.0,
/* Type * / 142,
/ * Delay */ 1+1,0,
/ * Repeat * / 10-1,0,
/ * Timeout * /100,
/ * Feature * / &test );

Test run: ( on System 1.

1 Step: Add the 10 Events

+ +> Added id: 0 delay: 1,000 Start: Tue May 22
2001

+ +> Added id: 1 delay: 2000 Start: Tue May 22
2001

+ +> Added id: 8 delay: 9,000 Start: Tue May 22
2001

+ +> Added id: 9 delay: 10,000 Start: Tue May 22
2001

2 Step:because it is cyclic events,

Re-added

you will be

--> Started Event 0 with error: Oms at Tue May 22
2001
+ +> Added id: 0 delay: 10,000 Start: Tue May 22
2001
--> Started Event 1 with error: Oms at Tue May 22
2001
+ +> Added id: 1 delay: 9,000 Start: Tue May 22
2001
--> Started Event 2 with error: Oms at Tue May 22
2001
+ +> Added id: 2 delay: 8,000 Start: Tue May 22
2001

-—> Started Event 3 with
2001

error:
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Oms at Tue May 22

11:

11:

11:

11:

11:

11:

11:

11:

11:

11:

11:

48

48

48

48

48

48

48

48

48

48

48

am:

am

am:

am:

am:

am:

am:

am:

am:

am:

am:

42,200

:43,200

50,200

51,200

42,200

52,200

43,200

52,200

44,200

52,200

45,200



+ +> Added id: 3 delay: 7,000 Start: Tue May 22 11:48 am:52,200

2001

--> Started Event 4 with error: Oms at Tue May 22 11:48
am:46,200 2001

+ +> Added id: 4 delay: 6,000 Start: Tue May 22 11:48 am:52,200

2001

But since

only 5 events/unit ( here 1 millisecond ) may be

called, the remaining 5 to be launched later.

-—-> Started
2001

XX> Event 5

+ +> Added
2001

--> Started
2001

XX> Event ©

+ +> Added
2001

--> Started
2001

Event 5 with error: Oms at Tue May 22 11:48 am:47,200

not added - too many events per Time

id: 5 delay: 5,001 Start: Tue May 22 11:48 am:52,201

Event 6 with error: Oms at Tue May 22 11:48 am:48,200

not added - too many events per Time

id: 6 delay: 4001 Start: Tue May 22 11:48 am:52,201

Event 7 with error: Oms at Tue May 22 11:48 am:49,200

XX> Event 7 not added - too many events per Time

+ +> Added id: 7 delay: 3001 Focal point Start: Tue May 22 11:48
am:52,201 2001

--> Started
2001

Event 8 with error: Oms at Tue May 22 11:48 am:50,200

XX> Event 8 not added - too many events per Time

+ +> Added
2001

-—> Started
2001

id: 8 delay: 2001 Start: Tue May 22 11:48 am:52,201

Event 9 with error: Oms at Tue May 22 11:48 am:51,200

XX> Event 9 not added - too many events per Time

+ +> Added
2001

id: 9 delay: 1001 Start: Tue May 22 11:48 am:52,201

3. Step:Here you just added the starts of the events, only to

have a better overview the rows have been shown, in
which the events are started.
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--> Started Event 0 with error: Oms at Tue May 22 11:48 am:52,200
2001

--> Started Event 1 with error: Oms at Tue May 22 11:48 am:52,200
2001

--> Started Event 2 with error: Oms at Tue May 22 11:48 am:52,200
2001

--> Started Event 3 with error: Oms at Tue May 22 11:48 am:52,200
2001

--> Started Event 4 with error: Oms at Tue May 22 11:48 am:52,200
2001

--> Started Event 5 with error: Oms at Tue May 22 11:48 am:52,201
2001

--> Started Event 6 with error: Oms at Tue May 22 11:48 am:52,201
2001

--> Started Event 7 with error: Oms at Tue May 22 11:48 am:52,201
2001

--> Started Event 8 with error: Oms at Tue May 22 11:48 am:52,201
2001

--> Started Event 9 with error: Oms at Tue May 22 11:48 am:52,201
2001

7.10 Results and Outlook

By the enlargement to the event service is now the OSA+ a further major step in the direction
toward real-time capability.

This makes it possible that now jobs or functions in an adjustable time in an adjustable time

window can be started.

The maximum achievable accuracy is, however, limited by the underlying operating system
on Windows 95 testing e.g. in the best case only 50 milliseconds, while under Windows

2000/NT even accuracies of up to 1-2 milliseconds were possible.
If necessary, you can also the jobs started in the same intervals be repeated.

This relatively high accuracy in Windows2000/NT is achieved by the fact that the event
service functions to read/set that provides the time, which only during the initialisation of
the C use the Standardzeitfunktion. Later, the time, then determined with the help of the

system time, which is much more accurate.

This OSA - internal time is also necessary, since there may be times on the network need to

be synchronized, and not the CMOS - clock of the system is to be affected.

If you have higher levels of accuracy should be needed, it is recommended that you the

porting of the OSA+ on a Echtzeitplatform such as VxWorks or RT-Linux.
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Then there are up to the factor of 10 higher accuracy possible and 100% guaranteed
real-time capability.
7.11 ANNEX

7.11.1 List of all Windows specific functions
Here is a list of the Windows 95 / 98 / ME/NT/2000 specific functions in the porting to a

different platform need to be replaced:

Timegettime()

Reads the current system time from ( milliseconds since startup ) and there is this as

a 32-bit integer value back. ( due to the 32-bit, the value is 49.71 days all resettiert )

Timesetevent( PRECISION, 1, TimerProc, 0, TIME_PERIODIC );

This function is responsible for ensuring that the Mutimediatimer of the Windows is
initialized and then in definable intervals ( here:precision ) the timer function (
TimerProc ) invokes the timer function has on the basis of the fixed parameters

therefore look like the following:

Void callback TimerProc(UINT uid, UINT uMsg, DWORD dwUser, DWORD DW1,
DWORD DW2);

The Windowsspezifischen variables are passed but not evaluated further.

( What the implementation should facilitate to other platforms.

7.12 Literature

[Brinks et al, 00]Brinkschulte, Krakowski, Riemschneider, "The OSA+ architecture”, Internal

Report, Institute for microcomputer and automation, Uni-Karlsruhe , 28 March 2000)
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8 Inertial Measurement Unit

Based on Mohammad Subhan, “Building a inertial measurement system for an experimental

environment", Diploma Thesis, 2001/2002, Karlsruhe University of Applied Sciences

University of Technology
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8.1 Introduction

The inertial navigation system [ 1] is an autonomous system, which, in contrast to the
satellites or other turnovers no external information is needed, and using a inertial navigation
system is one in the location,

e To measure acceleration and rotation speeds,
e To determine angulation and

e To calculate position and speed - on dynamically moving vehicles.

And is possible

e Inevery weather.
e Atany time,

e Inevery place on earth

Due to its construction, the present Inertialnavigationssystem assigned the Strapdown-
Systemen. As Strapdown-Systeme are called inertial navigation systems, in which the
acceleration sensors that are mounted to the vehicle, the equipped of the sensors are usually
parallel to the main axs of the vehicle.

The sensors for such a Strapdown-Inertialnavigationssystem consists of accelerometers, the
the translatory Beschleunigungskomponenten capture, the gyroscopes (gyros), the capture the
Drehwinkelbeschleunigungen. These amounts are constantly in the direction of the axs of the
detected vehicle korperfesten. From the measurement of the Drehwinkelbeschleunigungen
differential equations can be the Winkelinkremente (azimuth-, Nick and
Rollwinkelinkremente) and the angulation (azimuth-, Nick-, and roll angle) continuously
calculate. From these values a navigation computer determined the location of the vehicle on
the specified Navigationskoordinatensystems.

The Strapdown-Technik provides the direct coupling of the sensors to the vehicle dynamics
high dynamic demands on the sensors themselves.

8.1.1 Task

In: solar-powered boat "Lotte" -Project of the University of Stuttgart has been to the
identification of the dynamic models of the airship and for the realisation of regulations in a
inertial measuring system with GPS procured, which will culminate in various already been
used successfully.

For an alternative "low-cost" flight control system is the integration of a 3-D inertial
measurement system called for in the system environment, the task is a Inertial Measuring
System to design with a microcontroller and then to integrate into the overall system.

The signals from three accelerometers and three roundabouts are to be connected to a
microcontroller, this will in turn over the serial interface with the Regelrechner be connected.
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8.1.2 Overview

The goal of the national work it is, an IMU (Inertial Measurement Unit) with a "low-cost" to
realize sensors.

First, the basics of inertial navigation systems presented.
Then the architectural design of the IMU is presented.

Afterwards, the realization of the individual parts described.The draft of the Board has with
the program package EAGLE ver, performed 3.55 out. In the implementation of the Software,
. (Microcontrollerprogramming) has been the program pVision ver, wedge used 2.03 &amp
of the company, it is a shareware version for a limited code size of 16 Kbyte. The
programming is in C. the production of the 4-ply Mikrocontroller-Platine is from the company
PCB-POOL accepted

Thereafter some test results of tests of the entire IMU presented.
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8.2 Basics

The content of this chapter is [ 1], [ 3] and [ 6] issued.

A spatial behavior and/or the movement of a body in the room can be described with six
parameters: three Translationsgrof3en (x-, Y-, Z-acceleration) and three Rotationsgrof3en (X-,
Y-, Z- angular velocity), the movement of the body to have to define three accelerometers and
three gyroscopes are joined together on a platform ( Strapdown-Konzept ), so that you form
an orthogonal system, and the distance, the journey to be, and the angle to which the body has
rotated, can by integration of the individual translations and rotations will be calculated, by
accurate calculations using the periodic scans at the sensor output can be made using the ideal
system to track movement and the current position [ 3].

ZA

laz

¢Jae a, Yy

< X
vy —r
Fig1

According to Fig 1 can be the distance traveled and the rotation through the following basic
formulas calculate.:

st) = [[al)dr (81)

olt) = [olt)dt (82)

The main limitation of a bet of the system performance is to the limited precision of the given
sensors. is a continuous small error in the acceleration once integrated, this will result in the
results of the integration to a error in the speed, the speed is still once integrated, it will cause
a large error in the distance, and thus are very accurate sensors and bug fixes (
"Feedbackalgorithmen™) needed to ensure an accurate to obtain
Tragheitsnavigationsplattform. An example of a ‘cheap' Feedbackalgorithmus is the G-
vectoring. It does not require any additional hardware, but simply take to that the average
direction of the Z-Beschleunigungsvektors exactly perpendicular to the direction down earth's
surface, and its average -9,81 m/sec? is, and a different putting is the inclusion of GPS
positional data, will be fed into the the, but this approach requires careful considerations on
the upgrade process, so that the entire system is not disturbed.
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8.2.1  Coordinate System

Another difficulty is the choice of the coordinates of the orthogonal system. There are
different solutions, and some of them allow redundancy with the Add of a improved
precision.

Fig 2
It was the representation with the 'Euler' -Angles [ 1] is selected, the Euler-Winkel are defined
as follows (see Fig 2

v Azimut, heading, heading (also yaw angle); Axis LPH
® Longitudinal Tilt, pitch angle (also pitching); axis K2
[0)) Hangewinkel, bank angle (also roll angle, slope); Axis XF
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8.2 Basics

8.2.2

X

o

Fig3

Based on Fig 3, the current movement based on the Koordinatenreferenz (x, y, z) and a

Calculation of the current position

mathematical Transformation (based on the Euler-Winkeln ) calculate:

AN
Ay
Mz

[ cos(~) ¥ cos(a)

—sin(~y)#sin( 3} +sin{a)

= | sin(3) «sin(a) * cos(v)

— cos{a) * sin{y)

k cos(3) #sinfa)

— sin(vy) * cos(3)

cos( ) # cos(J)

— sin(3)

— JHI:;&}HHiIll_r,ﬁ::I:ts;iu(q’]\

b sinfa) # cos(y)

cos(y) # sin(J) = cos(a)

Fosin( ) # sin(a)

cos( 3] # cos{o)

/

(
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The current Winkelgeschwindigkeitsvektor ( ¢, S, ¥) is then calculated using the following

formula:

|
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FAYS 1 sin(a) = tan(d) = cos(a) = tan(/3) An™
Ad — 0 cos{a) sin{a) Aag"
Ay 0 —sin(a)/cos(F)  cos(a)/ cos(F) A

Important here is the sample rate, you must be large enough, if a fast rotation movements is
present (because of the Abtasttheorems).

8.2.3 Compass

Most navigation systems today use a compass or something similar, in order to determine the
thrust, with the measurement of the magnetic field strength of the earth, can the Electronic
Compasses, the magnetoresistischen sensors are based on a rotation to 0.1 degree determine.

Fig 4

The magnetic field strength of the earth is approximately 0.5 to 0.6 Gauss and has a
component that is parallel to the earth's surface, and which to the north shows. This is the
basis for all the magnetic compasses, the magnetic field of the earth can be approximated with
the Dipolmodell in Fig 4 is shown. This figure illustrates that the direction of the Earth's

magnetic field is always on magnetically North shows, this field is used to determine the
Kompalirichtung.
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8.3 Architecture design of the IMU

Bewegung Sensoreln Sianal-
des gér?ge:i:\es%:;n ™ anpgssung i
Flugschiffs Gyroscope)
Navigations-
serielle und
Schnittstelle Regelungs-
Erdmagnet- magnet Sersor | | Signal- Microkontroller rechner
felder "l (KompaB) anpassung 7
(an Bord des
Luftschiffs)
Referenz-
spannung 4
MeRdaten-
MeRdatenaufnahme aufbereitung
Fig5

8.3.1 Measurement Data Collection (MeRdatenaufnahme)

The Mel3datenaufnahme consists of sensors, to whose outputs a signal adaptation is switched,
the the output signals of the sensors on a reinforced such a voltage level that you, as input
signals to the microcontroller (MelRdatenaufbereitung) can be connected, i.e. the
MeRdatenaufnahme hardware is realized only.

8.3.2 Measurement Data Processing (MeRdatenaufbereitung)

The Meldatenaufbereitung is realized with a software to a microcontroller is running, the
adapted (partially analog) Sensorausgangssignale are the input signals of
MeRdatenaufbereitung. By the MelRdatenaufbereitung are first the in analogue form adapted
existing Sensorausgangssignale changed into digital signals.

All of the sensors (accelerometers, gyroscopes and magnetoresistische sensors) have a drift on
for temperature fluctuations, and the MelRdatenaufbereitung has a Temperaturmel3einheit and
can to use the known (driftbehafteten) MelRdatenaufnahme-characteristics of the sensors this
drift again deduct. Finally, the corrected, digital sensor values are lined up in a row and on a
serial output of the microcontroller and the further use of the data on the navigation and
Regelungsrechner given on board.

The microcontroller with its external additional elements (additional memory, Treiber, ...) is
realized on its own Board, to a hardware of the decoupling of the MeRdatenaufbereitung to
achieve MelRdatenaufnahme. This is granted a modularity, the subsequent changes of IMU-
systems easier.
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Further processing of the IMU-data:

Project increment 1:

As a provisional solution, the IMU-data from the microcontroller to the navigation and
Control computer (Regelungsrechner) give you the unprocessed to the ground station via
radio data transmission sends, and only find there the integrations instead.

Project inkrement 2:

The navigation and Control computer takes the necessary integrations before and uses the
position and order for his control algorithm, and the position and order together with all other
be sensor data to the ground station via radio sends.
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8.4 Development environment

8.4.1 Hardware-Entwicklungsumgebung

The hardware development is done with the program of the company Cadsoft EAGLE. It is
the eagle-Version 3.55 , with Windows 2000, the tool includes a layout editor, with the the
boards were designed, EAGLE also contains a Bibliotheks-Editor , a CAM (Computer
Aided Assembly) -processor and a text editor, you can with the Bibliothekseditor housing
and edit icons.

E7 2 Schematic - E:\diplomarbeit{schaltungiucl67cr.sch
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8.4.2  Software Development Environment

The programming of the microcontroller C166 was done with the development pVision of the
company Keil [J

One finds in pVision, Version 2 the basic elements of a modern IDE:

e A specially adapted text editor.

e An ANSI-C-compiler (C166-ANSI-C-compiler),
e A Assembler (A166-Assembler),

e A left/Lokator (L166),

e A debugger ( uVision2 Debugger)

i accel - pVvision2 - [D:\Studium\diplomarbeitisrcitest3imain.h]

IE

SRR ST H TR e oiD S

_//#2#1?*?ttt#t*t?*Rt#t#t?*R*###ttﬁ##t#t*tﬁ*#t#tt?*tt*#*ttt*t*#tt?###tﬁt#*#ﬁ**t
// @Module Main

// @Filename MAIN.H

@Project accel.dav

@Controller Infineon Cl67CR-L

=

@Compiler KEIL Cl66

BCodegenerator DAVE 2-0-0

// BDescription This is the include header file for all other modules.

/4= e
// BDate 27.02.2002 12:45:55

_//#*#t#*#t*t#ﬁ#twﬁ#t#t#tttwttt*%#ﬁt%tt**#t*tt***t#tﬁ*#*#t#t#*#*#ttﬁ#t#*#tttttt
//#1*11*#*tw*ﬁﬁWt*tﬁ*#ﬂt***?*#ﬁ***ﬁw*1#%3*ﬁ#*ﬁ#ﬁﬁ*ﬁﬁ#t#*3*3##*?***?##*?#?*###*

// @BDefines

//************t*******ttt*ﬁ*t*t**t*#t*ttﬁ**t**3********t**#t***t#*tttt*t*t*%tﬁ

#ifndef _ MATN GUARD
#define _ MATN GUARD _

JF e QBFANE o e e e w/

B S fgeEine wlong wnsimed long B
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8.5 Realization of the IMU

In this chapter will be the implementation of the Advanced Inertial Measurement System
explains. After the block diagram of the MeRdatenaufnahme MeRdatenaufnahme is the
shifting of the presented, the individual parts of the circuit are described in detail, on the same
principle will be the implementation of the described MelRdatenaufbereitung and, in the case
of the MelRdatenaufbereitung even the description of the developed software on the
Microcontroller is added.

8.5.1 MeRdatenaufnahme

The task of the MeRdatenaufnahme consists in, and the movement of the airship and the
earth's magnetic field to capture the MeRdatenaufnahme is composed of three acceleration
sensors, three roundabouts and three magnet sensors together.

Beschleuni-
> gungs- >
der
Luftschiff _
> Gyrosfkope L Signal- .
(Kreisel) anpassung
MeRdaten-
aufberEitUng serielle
Erdmagnet- magnet. | | Signal- L1, Schnittstelle
feld "] Sensoren anpassung
Referenz- g
spannung "
MeRdatenaufnahme
Figure 8

For the adaptation of the Sensorensignale MeRdatenaufbereitung to the additional
Signalanpassungsschaltungen be required.

8.5.1.1 Circuit Design for the MeRdatenaufnahme

The whole circuit for the MeRdatenaufnahme is shown in Annex A, the following are the
individual areas of the circuit described in more detail.

Acceleration Sensors

Accelerometers measure, as the name already says, the rate of change of velocity, by creating
electronic signals, the measured or to control a process can be used, and traditional
applications include the activation mechanisms of safety belts and air bags, in which the
sudden deceleration of the accelerometer which is responsible for the security techniques in
gear sets.
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The above sensors use a mechanism, the with of the elongation of a spring can be compared,
the force, by the acceleration due to is, extends the spring, with a higher acceleration is even
more stretched the spring. The measurement of the Deformationslangen and the acceleration
can be determined.

physikalische Digitale
Grolien Signale
Begjﬂeumgung Beschleunigungs » Mikiocontroller
des Luftschiffs sensoren
Figure 9

The ADXL210 is a "low cost" 2Achs-Beschleunigungssensor with low power consumption,
and the measurement is between - 10g and +10G. The special on the ADXL210 are the digital
outputs on the two axles, the outputs are digital signals, whose length (ratio of the pulse width
to the period) proportional to the acceleration in two axles are. These outputs can directly be
measured with a Mikrocontroller-Zahler. There is no ad-converter needs. The
Arbeitszyklusmodulator (DCM) has a resolution of 14 bits, based on this special properties,
the acceleration with a simple schema record. After Figure 9, the digital outputs of the sensor
to the microcontroller directly connect the circuit for the embedding of such an accelerometer
iIs in the Fig 10 shown.

The ADXL210 is to configure the following: the length of the period and the bandwidth of the
signal output (e.g. , elimination of high-frequency vibrations). These settings are described
below.

A
? JP1
JP1E
IC3
_ ST KOUT A4
1 ; i A&

— N fOUT

XFIL

IC -
A TE | C18
— UCE 470N 470n
— UCe
~ GND

GND AGNO AGND

ADXL21G

Fig 10

The error behaviour of the acceleration sensor

The sensor failure da of the ADXL210 is in general from a scale factor error «, a bias B and a
stochastic noise process w , so that the error can be described as follows:
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8.5 Realization of the IMU 145

/A = xka+B+w

There is a possibility, before each experiment to determine the bias, so can the error with a

much lower bias be assessed, as without this information.

Laying down the bandwidth of the accelerometer

The ADXL210 from Analog Device is set to 100 Hz bandwidth. This setting is

By Cx and Cy (here C10 and C11 connector, see 10), determines, two capacities are to pin 11
(Yfilt) and 12 (Xfilt) connected, and the calculation of the capacity is as follows:Fig 10

1
F ( 83)
e (2z(32k2)xC,, )
F
Fae = o (8-4)
C(x,y)
Bandwidth | Capacity
10 Hz 0.47 uF
50 Hz 0.10 uF
100 Hz 0.05 pF
200 Hz 0.027 uF
500 Hz 0.01 uF
5 Khz 0.001 pF
Table 1

Definition of the period duration of the accelerometer

The length of the period at the sensor output is determined by a resistance Rset (in the image
R23+R24+R25), is connected with the GND, the equation is then:

R

125MQ
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T2 Rset

1 MS 125 KQ

2 MS 250 KQ

5MS 625 KQ

10 MS 1.25 MQ
Table 2

The gyro and the filtering their output signals

The angular velocity with a roundabout you can be record. This recording is in
the Fig 11 shown to adapt it to the microcontroller a Butterworth filter be added and an

amplifier.

physikalische

Grolzen
Rotation des |y eiseln |—»| TiefpaRifilter Verstarker ——» Mikrocontroller
Luftschiffs
Signalanpassung
Fig 11

The "heart" of the gyroscope is a Keramikstab, which, in its longitudinal axis is brought to
vibrate, the rod is in two places with Metallgabeln welded to the "nodal point" of the rod are,
and when the rod to rotate is placed on the vertical plane to a vibration appears through
influence, the with the angular velocity is the same, the on the rod mounted piezo-electric
plates are both a way to swing the rod longitudinal to bring, as well as the vibration
generated by the appears through influence on the vertical plane should be repealed, and the
voltage, the repealing of the vibrations on the vertical level is necessary, there is information
on how fast the rod (and therefore, the gyroscope) is turning. The gyroscope in this way

creates an output voltage that is proportional to the angular velocity is.
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Fig 12

The output of the Kreisel-Sensors is an analog voltage to Noise-Reduzierung and the

antialiasing is the sensor a Butterworth filter 2. Ok downstream and the resulting signal is

output through a 1.2 -fold at the amplifier AD-converter led of the microcontroller, you used

to strengthen a IC of analog device of the type OP491.

The Butterworth filter is used only resistors and capacitors with fault tolerance of 1 %. This is

necessary, because of the filter must be exactly in the calculation of the resistors and
capacitors are CI with 22 nF and C2 with 100nF commanded. Based on these values can then

the values of the other resistors be determined.

Calculation of the order Butterworth

R,R
a, = a)gC1£R2+R3+ ;3J

1
b, = wgzjchZ R, R,

The following constants are specified:

A0=1;al=14142;bl=1

(8-6)

(8-7)

( 88

147



C1
N —_—
§ ——
N[:I o] 22N
= ® 0P4381-50
R1 R3
1 1 s
| A | | I |
33K47 34K5 =
e
C2
e IC1A
128N

\Y% \Y%

As a fixed values has been C1 with 22 nF and C2 set with 100 nF. It follows after the forming
of equation  ( 8-8

a, Cz_\/alz C22_4C1 Cz bl (1_A0) (89)
4 f,C,C,

R, =
R, = 33435kQQ =~ 33470kQ

As a last then you can R3 calculate
b
R, = — (
4r° f;C,C, R,
8-10)
R, = 34,436kQ ~ 34,500k

The Compass sensors and filtering their output signals

The current direction of the airship can be seen, in which you have a sensor that the magnetic
field on the surface of the earth measures, uses, this compass is in the Fig 14 briefly

presented. With a instrumentation amplifier is the output signal from the sensor connected

to the microcontroller.
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physikalische

GroRen
magnetische Instrumenten-
Felder der » Kompalisensor . » Mikrocontroller
N verstarker
Erdoberflache
A
Set/Reset
Sensor Signalanpassung

Fig 14

Magnetoresistic sensors from Honeywell are simple bridge connections (Figure 15), the only
an input voltage need to to measure magnetic fields, and if a voltage from 0 to 10 volts to
Vbridge is connected, begins to the sensor, a magnetic fields to measure in the environment.

In addition, the sensor two "on chip straps", the offset and the Enter reset switch.Fig 15

Vbridge
v (7)

3.5 Q2 max.

OFFSET + OFFSET -
@ —"A\N— ®
——
loffset
a R=600-1200 Q & 2.0 O max.
OUT+ QUT-
S/R + S/R -
5) B a ° /\/\I * @)
Iset, -lreset

Fig 15
The offset-bridge can be different operating modes, if a DC by the offset-bridge flows. An

unwanted, but known magnetic field can be subtracted out.
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The Set/reset (S/R) can be a high current pulses, which are then very useful, if the sensor in a
highly sensitive work mode can be, and most magnetic sensors, measure the low field
strengths, are influenced by larger magnetic fields (> 4 - 20 gauss), the can lead to a
Ausgangssignalverminderung. In order to to reduce this effect, and to the signal at the
output to maximize, can a magnetic circuitry (Fig 16) on the S/R will be applied, the
eliminated the effect, with the help of IRF7105 brings top is at the exit of the Set/reset circuit
with a power output of approximately 3A present, the purpose of Set/reset (S5/R) is more
sensitive to the sensor back to make small field strengths. This is accomplished, by a large

current through the S/R pulsates.Fig 16

8.5.1.2 Reference Voltage

The analog output signals of the sensors require a reference voltage, this reference voltage is
the building block by UM780 AD generated, as both Referenzspannungerzeuger, as well as
use Temperaturanderungssensor. By AD780 is a Ultrahochprazision "Bandgap" generated
reference voltage, the 2.5 V or 3.0 V provides. The required input voltage can be between 4-
36 volts.
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In addition to the reference voltage generated of the AD780 is still a further output voltage,

the correlated with the temperature difference (in Fig 17

A room temperature of 25 C is the outlet temperature voltage of 560 mV (according to the
data sheet) with a "temperature sensitivity" of 1.9 mV/°C, since the reference voltage of 2.5
volts and AD-converter of the microcontroller a resolution of 10 Bit has, the system has a

resolution of:

2,5V
210

To the capture of signals to simplify, was elected an amplifier of 2.47 (see Fig171C

= 244mV.

temperature change then caused a change in voltage at the output of +4.7 mV. during the

room temperature is the output voltage: 1.48 V.

8.5.2 Board layout design for the Mef3datenaufnahme (Measurement data collection)

The three a wide array (acceleration sensors - Drehwinkelmessung and telemetry,
magneticfield measurement, etc.) each have three components (each for the measurement in
the x-, Y-and z-direction). In all three Sensorpaketen the sensors must be (responsible for the
Mefidatenaufnahme) also in the direction of the corresponding spatial axs (X, Y, and z-axis)
be aligned, i.e. , that a package two sensors (e.g. , for the Mefidatenaufnahme in x and y-
direction) in a plane, and the third sensor ( e.g. for the Mefidatenaufnahme in Z-direction) in

a vertical plane.
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This can be realized by two sensors each of the three a wide array on a circuit board and the
third sensor placed all three a wide array on a second board, perpendicular to the first circuit

board is mounted.

|
|
|
|
|
| .
Accelerometer digital output—»| C | Connector to z-axis
o} |
|
n I ,
n |
|
Gyroscope analog output—>» e | q
c : C
t ! Accelerometer |——digital output—»{ O
o n
Compas sensor analog output—»{ | : n
| e
| Gyroscope analog output—» ¢
|
| t
| 0
| r
: Compas sensor analog output—»|
|
|
|
|
|
| Referenz voltage analog output ———»
|
|
|
|
Z-Axis Platine 1 | XY-AXis Platine 2
|
|

Fig 18

Fig 19
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8.5.3 Mefdatenaufbereitung

FLASH FLASH RAM RAM
128 KByte 128 KByte 128 KByte 128 KByte
» Connector SV1
» Connector SV2
digital I/O
digital I/O
Infineon ana|og port
C167CRLM
DB9-socket
RS 232 X1
DRIVER
- DB9-plug
galvanic CAN > X2
isolation Transceiver
Fig 20

8.5.3.1 Circuit Design for the MeRdatenaufbereitung

The Mefidatenaufbereitung is with a microcontroller (with additional memory and

peripheral components) are realized.

The shift, the the microcontroller with the additionally required memory and peripheral
components connects, is listed in Appendix B, the following are the individual sections of the

circuit described in more detail.

Supply Voltage

Supply voltage is used as a component of the type 78MO05. In the component is an input
voltage between 7.5 volts and 12 volts input. As a output voltage is 5 volts, all components
work with 5 volts of power. The pins of the inputs are via the jumpers JP2 and JP6 (see Fig 23
Reference Voltage

For the reference voltage there are two possibilities: either the supply voltage of 5 Volt be
used as a reference voltage, or it can be connected a separate reference voltage, which can be
selected by jumper settings (see JP10 in JP11 in the Table 3Fehler! Textmarke nicht
definiert. ).

Memory

The microcontroller is to 256 KByte ROM (2 blocks per 128 Kbytes) and 256 KByte RAM
equipped. The used Rome is of the type 681000, the RAM of the type 29F010 of the Philips
company, with the power supply of RAM was a second supply voltage available to potential

153



losses to avoid the memory, and the building block MAX690 machines only (by Maxim)
takes on this task (see Fig 21

: 03 PO
g N /\ UCT
B ﬁ'ﬂ @3 A
IC13P 1013
M2 R13 = WOI UouUT 3:
= —[ 11—+ pr1 FFO p= :[] >
eI - Eld+ o
—&— . RESET P RESTH. 3PS
DGEND TET =) UBATT __.:;3,3 _"r B
+ BT [AxEsoncrh T JPIE
i B
JPIE - —
IJ JUBAT TEND
JPE
OGND

Fig 21

For a connection with other computers or for the programming of the flash RAM, a serial
interface and a CAN-bus to the board appropriate. Instead of a port a CAN-bus the connection
can also used as a second serial interface be. The first interface X1 (see Fig 22

154



8.5 Realization of the IMU 155

N 2 &
:;:<<—4 |——— U4 czH
= il E
él,, oLl
l (37 MAX 232
| 1 BBn
AGND
—] 4 JF
G A2 CANOIT 3 e
|_‘f ] 1 TP 2E
CANHOUT ’ ] , P4
UCANTIN 9 4 | 2
7 UCAN- 3k
‘)—I‘-‘;—hw JPZE
MBSHP
R | et
:E |
s D

Fig 22
Jumper Settings

The microcontroller board can be configured with different jumper settings, and there is still
an additional switch to the RAM or the Rome to configure.

The jumper settings have the following functions:

Default Setting Alternative setting
JP1 1+2) CAN-VCC generated by [(2+3)  CAN-VCC generated by
Supplay CAN-network via DB9-
X2
JP8 (2+3) DB9-X2 works as CAN |(1+2) DB9-X2 works as a
P9 second serial specific
JP10 1+2) VAREF generated by (2+3)  VAREF generated by
VCC external Suplay on SV2
JP11 1+2) RGND generated by (2+3) RGND generated by
DGND external earth via SV2

Table 3

8.5.4 Board layout design for the MeRdatenaufbereitung

As for the components of the Mel3datenaufbereitung no special spatial directions (as in the
MeRdatenaufnahme) are required, the entire MelRdatenaufbereitung on a sufficiently large
board will be realized.
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It shows that the whole circuit for the MelRdatenaufbereitung on a four-layered EURO-board
is to realize.

The first of the four layers is the Bestuckunsseite, an interlayer is the ground, a second
intermediate layer is connected to the supply voltage, and the fourth layer is used as a solder.
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8.5.4.1 The software for the MeRdatenaufbereitung

The actual MeRdatenaufbereitung is realized by a software on the microcontroller (C167)
expires.

Signals from sensors are recorded and edited, depending on the switch settings will be
different operating modes, and forwarded to multiple LEDs (i.e. , the LEDs show the current
mode). The edited data is then given to the serial interface.
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States and state transitions of the program

START_CAL

STOP_CAL

START_MEASURE

Figure 26
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CALIBRATION

In this condition, the initialized and/or calibrated sensors. In the acceleration sensors is the
period on the DCM-output measured. The IMU must once again to the x-, Y-, and z-axis will
be rotated, this will determine the force of gravity, the later in the Gravitationskompensation
is used.

The system can be moved in the Calibration-Zustand, by the START _ Calibration-Befehl
there is, after turn of the IMU can then this state with a stop Calibration-Befehl be terminated
after calibration, the system in the READY_MEASURE-condition.

READY_MEASURE

This condition is considered a transition state, it will be no data from the sensors detects. This
operating mode is used only for the preparation of the next status. With the command
START_MEASURE the system goes to the next state.

The condition READY_MEASURE can only be achieved if the system has already been
calibrated, which means that the condition is never reached, if the system has not yet been
calibrated, which makes it the faulty measurement of the sensors prevent another transition in
the calibration state calibration is possible, however, in the man the Start_calibratoin-
command is there.

Measure

In this condition in certain periodic cycles, is the data collected by the sensors, after error
correction, and calculations (MeRdatenaufbereitung) are the data obtained on the serial
interface given. This you get the current measured data on the serial interface.

Analysis and Design with SA (Structured Analysis) / SD (Structured Design)

The program processes the data from the sensors and then you are to the serial interface, the
user can use serial interface defined commands to the microcontroller to the program of a
condition to put in the other (see Figure 26

You can also reach a transition of the program, in which various switch, the with pins of the
microcontroller are connected, actuated. Whether the command over the serial interface or the
of a switch has a higher priority, can be set a separate switch, should be in the General
commands via the serial interface have priority.

The processes of the system are in the following SA-graph (circles mean functions or
processes, arrows mean data flows):
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8.5.4.2 User Interface

The user interface is used for the test case for this purpose, to communicate with the
microcontroller, so between the different modes can be switched.

+thxxxxxxxtxww REHUTE HEASUPEHENT RECDRDER uSing ClG? t#x#tttﬁx##xtt+
| This program is a simple Measurement Recorder. It is based |
| on the 80C1l67 CPU and controls the data processing from the ADXL |
| 210 (Acceleromter) and the woltage on the Gyro. |
+ command ------ + syntax ----- + function --—--————-————————— e —+
|
|
|
|
|

Show | D | Show current position |
Clear | R | Set Position to Null |
Start Calih. | C | Start the system in Calibration mode |
Stop Calib. | E | Stop Calibratioin mode |
Startc ] = | start measurement recording |
e e e T +
Conmand
Fig 27

The user has the option, the system with five different commands to affect:

Show
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The formula s= 1/2 a t2 the user receives in the primitive test case the current position in
relation to a starting position, in which the Board at the start of the program was. This
command can only be executed when the system is already calibrated and has been started.

Clear

Sets all readings back to zero, so a new measurement can be started, if you have already been
calibrated.

Start calib.

The system is brought into the calibration mode, the sensors must now by hand to the rotary
axs (X-, Y-, and Z-axis) be rotated once.

Stop calib.
Let the program go to a condition when loaded and ready to launch.

Start
Starts the Measurements

Collection of data of the acceleration sensors
In the collection of the accelerometer data a special procedure is necessary.

Roundabout, Kompalisensoren and temperature and/or reference voltage are on to the AD-
converter of microcontroller connected, and the data that will be without a special routine
converted into a digital form.

Decoding of the outputs of the acceleration sensors

The outputs of the acceleration sensors are in the form of digital signals before. This is used
for decoding a special routine necessary.

* B
Xout . T
la Ib It '. [ k
Yout |
S Tl
Td Te Tf
Fig 28

To the two components of a accelerometer to determine, you need to have the Signallangen
of T1 and T2 of the two outputs of the sensor (see Fig 28 = 0) started. The count on the signal
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covered (TB) is stored during running timer, the contents of Timer is on the following rising
edge of the x-output (TC) is stored and, at the same time stopped, a process which will then
for the Y-output repeatedly (TD, TE and Tf).

T1 and T2 are then easily calculated with the following formulas.
T1 = Tbh-Ta (8-11)
T2 = Tc-Ta (8-12)

In normal use, if no high accuracy is required, you can the acceleration with the following
simple Naherungs-Formel calculate (see [ 4] ):

(1) som
Beschleunigung (ing) = ———— (8-13)

4%

Calculation of the acceleration with high accuracy

With the given "low cost" sensors can be a high level of accuracy only achieved by a suitable
software will be in accordance with the data sheet of ADXL210 is to achieve a higher level of
accuracy, the following routine to use in the process (see [ 4] ):

At the beginning the system should be placed in the Kalibrier-Zustand, and then with each
component of the Beschleunigungs-Sensors be made the following:

The Komponenten-Richtung lies horizontally, then slowly to the sensor is full 3600 rotated,
and in such a way that the Komponenten-Richtung the zenith (direction that is perpendicular
to the top) cuts. If the Komponenten-Richtung in the Zenit shows, should measure the
accelerometer -1g, according to +1g, if the Komponenten-Richtung vertically downwards.
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Meaning of the variables in the following formulas:

T2cal The value of T2 during the calibration.
Zcal The 0 g of T1 during the calibration.
Bit scale factor Bitnormierungsfaktor

K Scale Factor

T1imax — T1min
Zcal = 5 (8-14)

T 2cal * bit scale factor
K = . (8-15)
T1max — tImin

The current acceleration can be calculated as follows:
K * (T1- Zactual )

Beschleunigung = (8-16)
gung T 2actual
Where:
Zcal * T 2actual
Zactual = (8-17)

T 2cal
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8.6 Test Results

In this chapter are test results of tests of the IMU-presented overall system, and the first thing
will be results of the tests described, then Mikrocontroller-Programm tests to be described.

8.6.1 Hardware-Test

After all boards were manufactured, some of the tests were carried out before the system was
put into operation, in this test is the measurement of the output voltages of Gyros and to
measurement of DCM-signals that are produced by the acceleration sensors.

An input voltage of 5 volts to the circuit board is connected, the voltages on Gyros and other
components are measured with the voltmeter, while in the acceleration sensors the
Signallangen be displayed with the oscilloscope.

In general, this test, the function of each of the components tested so you can determine
whether the sensors are working or not.

Test Description Result Large
Roundabout Nol 2.4 Volts
Roundabout No2 2.4 Volts
Roundabout No3 2.3 Volts
Table 4

The acceleration sensors also functioned.
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8.7 Test of the overall system with the microcontroller (C167)

After the successful Hardware-Test was the collection of data by using the microcontroller
(C167) tested the company PHYTEC. This is not the developed in the present work
microcontroller board, but a testboard contains of Phytec. This evaluation module has been
with the developed in the present work connected sensor boards.

In the test were the Signallangen every 100 ms (see Fig 28

8.7.1 Gesamtsystem-Test 1

The IMU rested this series (i.e. , no movement has been run).
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Although the sensors are not moving, were the data collected did not constant, the deviations
to the constant value are + 1 counters (i.e. , about 0.1 % ). This is located on the timer of the

microcontroller while the clocking.
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8.7.2 Gesamtsystem-Test 2

In this attempt, the above error measured by averaging the data be reduced:

The period T1 takes 1ms in testl was sampled every 100 ms, i.e. each hundredth value of the
sensor has been detected in test2 are now all 100ms the first ten values (in the distance of

1ms) detects and of these ten of the mean value is formed, this average is now considered the
(every 100 ms) sampled value.

T1

1070
1068
1066
1062
1060
1058
1056
1054
1052
1050 LALL L L L

1 11 21 31 41

Zahlerwert im Timer des
Mikrocontrollers

Zeit in ms

Fig 32

8.7.3 Gesamtsystem-Test 3

Here the data of the roundabout in a similar manner, it showed that coverage without
averaging (according to Gesamtsystem-Test 1 for the acceleration sensors) the values of the
dormant roundabout more of a constant value which differed (approximately 0.5 % ). A
averaging was not made.
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8.8 Summary and outlook

It was a partly functional IMU finished, with only the microcontroller to
Mefiwertaufbereitung must still be tested for functionality, and the first results of the tests
are described in the Chapter 6 under this test is simple tests in dormant sensors, it is not yet
to the Error Correction him part of a temperature change of the sensors, the

Kompafisensoren have not yet been tested, because the time was in very short.

The Mikrocontrollerboard could not be tested because some problems occurred during the
commissioning of the microcontroller, these issues have been corrected, but it could not be

carried out more software testing.

In order to assess the system as a whole, had to be made many more test, with ongoing
uptime would, however the differences especially in the roundabouts accumulate, but it
became so in regular, not again to large intervals an updated, with the correct reference
value (for example, through a GPS-system) the IMU offsets, i.e. , the next step would be the
further development to a hybrid system.
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9.1 Introduction

9.1.1 The Solarluftschiff Lotte

Airships in the last years experience a renaissance, and at the University of Stuttgart was a
Solarluftschiff (Lotte) has been established, the Institute for statics and dynamics of the air
and Raumfahrtkonstruktion has in February 1992 the project "Solarluftboot™ has started.
objective was to use new materials and construction, to achieve a solar and new concepts of
the steering, and navigation scheme to implement.

At the Institute for as aeroelasticity, flight mechanics and control engineering (IFR) is in this
context with the methods of identification, as a model is only formed from measuring data,
without physical knowledge of the object to be involved, for this procedure you need accurate
data on the movement of the object to tailored to the IFR is a measurement and navigation
structure, with the trajectory and the location of Lotte is captured and recorded.

One of the airships is replaced by the means a loss of gas its buoyancy, today usually
incombustible Helium, formerly it was hydrogen, and the means a loss of gas because of its
low density is "easier "than air and therefore generates a boost, a cubic meters of helium is
about the capacity of a kilogram, you therefore requires a lot of volume, in order to to take a
lot of weight, therefore, airships voluminous body, and the load-bearing capacity is increased
with the 3 power of the long, it's perfect for this would be the shape of a ball, but as you but as
much as possible with a large speed and small driver want to travel, is a form with a smaller
resistance sought, from which the elongated fish or cigar will see figure 1, but the shape was
like driftwood in the water in the air and bustle, if not lead plants were attached to the
stabilization, which will be fitted with oars, which, as the ship or plane distract the flow to the
change in direction and thus the controllability manufacture so you have three essential
conditions: the impetus for a voluminous body as much as possible, minimiye the airodyamic
resistance due to a streamlined form, carefully calculated to as much as possible the main
plants and rowing.

Traggashiille Leitwer Propellen

Figure 35
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9.1.2 Task

For the above mentioned Solarluftschiff Lotte is the University of Stuttgart with the support
of the University of Karlsruhe an alternative flight control system (flight control system -
FCS) developed, which takes into account modern information technology methods.

In the present work is to Aktrorik-Ansteuerung and their connection to the alternative FCS
will be developed.

9.1.3 Overview

The goal of the national work it is, a Aktorikansteuerungs-Baugruppe (AABG) for the flight
control system (FCS) of the airship "alternative Lotte" to realize.

First, the basics regarding real-time systems and embedded systems presented.
Then, the architectural design of the AABG presented.

Afterwards, the realization of the described parts, and that the draft board was carried out with
the program package EAGLE. In the implementation of the Software
(Microcontrollerprogramming) has been the program Vision ver, wedge used 2.03 &amp of
the company, it is a shareware version for a limited code size of 16 Kbytes, the programming
language is C.u

Thereafter some test results of tests of the entire AABG presented.
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9.2 Basics
The content of this chapter is [ 1], [ 2], [ 3] and [ 4] issued.

9.2.1 Real-time systems

For systems that are of a mechanical, electrical and data processing part, it is of crucial
importance that the information processing happens so quickly, as the mechanical part of or
the entire system needs, such as a plane sensors and actuators, and there are information
technology units that the sensor data processing, and, according to the actuators of an
implemented control loop, and it is the information processing in all your components be at
least as quickly, that the actuators (Helm, etc. ) get their commands in time, so that the
planned rail can be flown.

This circumstance of the timeliness is called real-time, and the real-time capability of a
system, or a component ensures the processing of a task within a defined time frame, and this
can occur in the case of a network the guaranteed delivery of information or in the case of a
operating system is the answer of a task to certain aktionsauslosende events within the defined
maximum latency be.

9.2.2 Hardware

9.2.2.1 Components and classifications

The rapid technological progress causes that is nowadays an unmanageable size variety of
components available on the free market is, in figure 2 is an example of a very broad
overview of a small part of available given Mikroprozessorfamilien. The classification in the
discretion is based on experience and have been made to be regarded rather as a grows.

CISC/Complex RISC/Simple
|
14500B
4 Bit AM2901
4004
4040 1802
8051 z8 8008 6800,650x
2650 SC/IMP F8
8 Bit F100-L
8080/5 NOVA IMS6100  PIC16x
- MCP1600 780 6809
Z-280 PDP11 C166 M17
. 8086 TMS9900
16 Bit 56002 78000 65816
32016 68000 ACE
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Figure 36

For the engineer in this context is often a problem of the selection and selection of an
appropriate product for the task, we need to solve, for this is it I. A, necessary, and the
individual products according to classify, classify and to be able to assess, and in many cases
the task is mostly more difficult by the fact that many of the products of various categories
merge with each other, do try to classify you different products or to compare, so you should
always the target application to the fore, and try for this to find the best solution, a simple
comparison with Benchmarks makes no sense, if you don't for a concrete example of the
application into consideration investigated you, for example, microprocessors, these can be
roughly classified according to their data bus width (16 bit, 32 Bit, ... ), your scope
(controller, signal processor, pure microprocessor, ... ) or even after the scope of your
instruction set

(RISC, CISC, ...) and of the underlying architecture, and a further, incomplete
List of criteria to be taken into consideration is the following:

e Price/piece

e Pieces, availability, compatibility

e Space, available housing types, required peripherals, etc.

e Power consumption (power supply, heat dissipation, ... )

e Development environments (programming languages, simulators, emulators, ....)
e Maintainability, modularity, integrity, etc.

All of these decision-making criteria are on a case-by-case basis according to be weighed and
new to weights.

9.2.2.2 The microcontroller family C166

The C166he family was from the company Infineon (formerly Siemens) in the first line for
time-critical control, and control tasks developed, equipped with a 16-bit wide data bus and
numerous peripheral devices provides it to the user a very powerful, integrated solution is
available, as typical for a controller it has a distinct Interrupt-System , many configurable 1/0
lines and various timer, in table 1 is an overview of the various families of the C166he given
microcontroller, as is seen, are very many Members of this controller family in addition with
integrated analog Digital Converters (ADC), capture Compare units, a PWM module (PWM)
and serial interfaces.
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8.2 Basics
C166 Timer  Capture Serial
Family 1/O ADC Counter Compare  PWM Interface  Watchdog AddOn's
USART
C161 63-76 -/8Ch.8Bit 3-5 - - SSC v -/I’C
C163 77 - 5 - - USART v -
SSC
Cl164 59 -/8 Ch.8 Bit 5 8 Ch. 6 Outp. USART v CANv2.0B
SSC
Cl65 77 - 5 - - USART v -
SSC
C166 76  -/10 Ch. 7 16 Ch. - 2 x USART v -
10 Bit
C167 111 -/16 Ch. 9 32 Ch. 6 Outp. USART v" CANv2.0B
10 Bit SSC
Table 5

This 16-bit microcontroller family comes with only a very small number of machine
instructions of the C166 has for example, only 78 asm statement, in most cases only a single
machine cycle to be processed, due to the very low number of commands that the controllers
can than RISC type be classified with some extensions.

The memory organization is in a von Neumann architecture , i.e., programs and data-sharing
is a linear address space together, and each peripheral components, however, are quite
modular and with a very complex networked bus system, which allows the parallel execution
of internal transfers between the modules and the calculator.

9.2.2.3 The C167 microcontroller family

The C167he family is based on the architecture of the C166 family, the to 1990 by the
Siemens company was newly developed in Munich, in contrast with other microcontrollers
and microprocessors was in a more modern, newer concept. The focus has been on a more
efficient interrupt treatment, the optimized ability, with individual bits to work quickly and
efficiently, and to increased throughput between the on-chip peripherals, the memory and the
CPU, put. In addition, played the expandability with other peripheral modules, a important
role, in order to for various applications to obtain an optimized microcontrollers, Figure

3 shows the internal block structures of the C167he family and gives an overview of how the
individual modules are linked together.
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Figure 37

The most important structural elements are of the CPU core, compared to a slight extension
of the C166he has experienced CPU, the interrupt controller and the Peripherie-Einheit .
These three Kernblocke determine the performance and the responsiveness of the controller
to external events and in the following sections are a bit more detail.

9.2.2.4 The memory organization of the C167)

As mentioned previously, the C167) after a organized of the von Neumann architecture
memory. This is through a common linear program and data memory marked of the C167)
can be up to a maximum of 16 MByte addressing. The other area is divided into 256 code
segments, each of which are 64 KByte large. This is another area in 1024 Data pages for each
of 16 KByte organized. The code segments will be on the code segment pointer (CSP), and
the data ranges of 4 data page pointer (DPP0-3) addressed. This allocation is also from the
figure 4 can be seen.
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8.2 Basics 187

7 0 7 0 7 0
Segment OXFFFFFF RAM/SFR OXFFFF SFR OXFFFF
255 Area - —
OXFF0000 0xF000 Area
Segment
254 XRAM/CAN
0xFE0000 0XE000 0 |
\/
L — | 0xC000
External Internal
Memory Ram
0x8000
0xF600
0x3000
Internal
Segment — Rom —{ %400 Reserved
2 Area
0x2000 0xF200
Segment
1
0x1000 | ESFR |
Segment Area
1
0x0000 0x0000 0xF000
Adress Space System Segment 0 RAM/SFR Areas
16 Mbyte 64 Kbyte 4 KByte

Fig 38

The segment O is a special case, as it registers all the peripheral modules, the General Purpose
Register (GPR), the stack, the internal ROM -if any- and the internal RAM contains. From
address 0x0000 in segment 0 is the internal ROM , which is also in the segment 1 can be
displayed, this is during the reset process on the CPU register set SYSCON. From address
0xe000 is located in the area of the so-called XRAMSs (on-chip extension RAM) or the
Register of the CAN module, the XRAM behaves like a normal external memory, the
required no wait states, but this will be no external bus cycles generated. In the address range
between 0xf000 and OxFFFF is located the internal RAM and the Special Function Register
(SFR). This area contains all 1/O register

The C167, which is remarkable, that those who register, the shaded in gray in the

Adrel3bereichen are (0xF100-0XF1FF, OxFD00-OxFDFF and 0xFF00-0xffff), bit by bit-
addressable, i.e. to the change of the bits is not a so-called Read-Modify -Write cycle
required, as he usually when manipulating of registers by means of a bitmask is used, the
internal RAM contains, the more the system stack, which, in its size in the range of 32-1024
words is programmable, and the stack grows from higher to lower addresses, addresses, and
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use the Stack underflow that sometimes reduced download performance (STKUN) or stack
overflow (STKOV) registers, the stack also outsourced, and thus be extended dynamically. It
speaks in this case of a circular stack, and also in this area the General Purpose Register is
created, the on the context pointer (CP) will be addressed, a new tab is required (for example
in case of a subprogram call-up or the branch in a interrupt service time (down to -routine), it
may simply by implementing of the CP on a new Registerbank be switched, this has the
advantage that, in a Programmverzweigung instead all of the registers only the CP at the top
of the stack Must be backed up, and also are located in this address range the Source and
Destination pointer for the Peripheral Event Controller (PEC) see [ 1], the rest of the internal
RAM is used either as a memory for variables and data, or for program code.

9.2.2.5 The interrupt system of the C167)

As the C167) microcontroller has a distinct interrupt system, which allows him to very
efficiently to external and internal events react to, in principle is to distinguish between

Normal interrupts,

Peripheral Event Controller (PEC) interrupts,

Trap Features (Hardware and Software traps) and

External Interrupts.

The procedure of the expiry in the event of an interrupt will now be explained, first of all, the
interrupt service routine (ISR) to create, the I. A, a subroutine is equivalent, but with the
exception that for the corresponding interrupt source a defined interrupt trap number, see
Table 3, must be specified when a interrupts is then on this trap number in the Interrupt
Vector table [ 2], with the address 0x0000 in the address space is located, called the interrupt
service routine, and then the appropriate interrupt source is with a suitable interrupt priority
level (ILVL) and Group Priority Level (GLVL) fitted to the C167) has 16 ILVL level, each
with four group level, it can therefore a maximum of 64 different interrupt priorities be
awarded multiple interrupts occur at the same time, so those with a higher wins and ILVL
GLVL value.

Only occurs on an interrupt, it is only the ILVL value with the CPU-ILVL value in the
Program Status Word (PSW) compared, only if the value is higher, the CPU in your current
valueafvalueb interrupted. After the establishment of the significance of each interrupt source
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Source of Interrupt Request Enable Interrupt Vector Trap
PEC Service Flag Flag Vector Location Number
CAPCOM Register 0 CCOIR CCOIE CCOINT 0x0040 0x10
CAPCOM Register 1 CClIR CClIE CC1INT 0x0044 Ox11
CAPCOM Register 2 CC2IR CC2IE CC2INT 0x0048 0x12
CAPCOM Register 3 CC3IR CC3IE CC3INT 0x004C 0x13
CAPCOM Register 4 CC4IR CC4IE CC4INT 0x0050 0x14
CAPCOM Register 5 CC5IR CC5IE CCS5INT 0x0054 0x15
CAPCOM Register 28 CC28IR CC28IE CC28INT 0x00FO0 0x3C
CAPCOM Register 29 CC29IR CC29IE CC29INT 0x0110 0x44
CAPCOM Register 30 CC30IR CC30IE C30INT 0x0114 0x45
CAPCOM Register 31 CC31IR CC31IE CC31INT 0x0118 0x46
CAPCOM Timer 0 TOIR TOIE TOINT 0x0080 0x20
CAPCOM Timer 1 T1IR 1IE TI1INT 0x0084 0x21
GPT1 Timer 2 T2IR 2IE T2INT 0x0088 0x22
GPT1 Timer 3 T3IR T3IE T3INT 0x008C 0x23
GPT1 Timer 4 T4IR T4IE T4INT 0x0090 0x24
GPT2 Timer 5 T5IR T5IE T5INT 0x0094 0x25
GPT2 Timer 6 T6IR T6IE T6INT 0x0098 0x26
GPT2 CAPREL Reg. CRIR CRIE CRINT 0x009C 0x27
A/D Conversion Comp. ADCIR ADCIE ADCINT Ox00AO0 0x28

Table 6 interrupt resources of the C167) (Part 1)

By the programr, this priority level (ILVL+GLVL) in the associated interrupt Control
Register written (for example, TOIC = 0x0027; tells the Timer O Interrupt Control Register a

ILVL value of 9 and a Group level from 3 to.) The general layout of an Interrupt Control

register in Figure 5 is played.

Figure 39
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It is this, the greater the ILVL and GLVL value the higher is the appropriate priority, after the
definition of the priority is to source the appropriate interrupt enable (by setting the
corresponding yylIE bits), is a PEC transfer be enabled, it is at this point the PECC Register as
well as the source and destination address set. After the local interrupt release must be
allowed an interrupt global. For this is in the CPU program status word register PSW the bit
'Interrupt Enable’ (IEN) must be set, interrupts that occur can now be processed and approved.

The C167) only has a single dedicated interrupt pin - the non-maskable interrupt (NMI) - it
can, however many 1O pins with the associated logic be configured so that an external signal
an Interrupt Request can trigger these interrupts are typically all 400ns at a speed of 20MHz is
scanned, the top eight pins of Port 2 can also be used as a however almost external

interrupts are configured, see [ 1] page 5-23, which can also the edge change, you want to
trigger a request to be programd in this specific case, it is the scanning of the inputs all 50ns at
a CPU speed of 20MHz.

In addition to the previously discussed Interrupt mechanisms there are the so-called trap
functions, of which two types are distinguished in the Software trap is a trap in the
valueafvalueb on function (for example: _trap (0x10) ) an interrupt is triggered it is
processing as in the case of a normal ISR, with the exception that the Interrupt Request (IR)
flag is not set and the ILVL priority value not in the Program Status Word is copied, which
means that software Traps of interrupts with a lower priority are always can be interrupted,
for example, the UN-ter the Hardware traps are energized because of the CPU summarized
(e.g. B: mis-aligned requests, Opcode violations, etc. ), these are not maskierbar and have
priority over any other CPU activity within this Hardware traps there is a prioritization in
different classes, depending on the severity of the error, see [ 1] page 5-5, and the processing
of this error is the same as with a normal ISR, with the exception that there is always a ILVL
value of 15 in the Program Status Word is copied.

9.2.2.6 The Timereinheiten

A timer is a hardware counter (Figure 6), although the initialized with commands, but then
program runs independently and in his cause an interrupt zero-crossing can. He is used for
many tasks, the software is only by program can be very costly, for example:

e As aperiodic interrupt timer,
e Use as an event counter for signal edges,
e Frequency generator and frequency meter, as well as

e Pulse width modulation to control of engines (Servos).
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i i Interrup-Request
Null
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giet”e Timer +/-1 Kontrolle
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Takt v v
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Fig 40

By programming the timer control the timer can be set in different modes, used as the clock
source either the internal or an external signal processor, with the gate input is insulated
controlled the clock is in a zero crossing of the counter can be a signal to the outside or
delivered an interrupt will be triggered. Hilfsregister serve to recharge, compare, and reading
of the meter reading.

9.2.2.7 Capture Compare Unit (Capcom)
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The Capture Compare Unit of the C167) is used to capture and compare Signalzustanden of
external digital, and can quite elegant with this module are generated pulse patterns, this
module is divided into two functional groups with the CAPCOM unit 1 from the two timers
TO and T1 as well as the 16 registers CCO to CC15 is the one of the two Timer TO or T1 are
assigned to, in the CAPCOM unit 2 work registers CC16 to CC31 with one of the two Timer
T7 and T8 together in Figure 7 is a functional block diagram of the Timer TO shown Timer
TO as a timer or counter can be used and has a separate Reload register. The timer T1 can only
be used as a timer, but as well as Timer TO on a own Reload register. The timer T7 is
analogous to Timer TO and T8 to T1 running analog.

Fig 41

In the Mode Timer work the timer only counts upwards with the Taktquellelntern (getelter
CPU-measure) or with the output of GPT T6, and the timer TO and T7 have additional
external flankenprogrammierbare inputs ( Count-Betrieb ). In each zero crossing the timer
automatically Nachladeregister TXREL lengthen it from the reloaded, and it can be triggered
an interrupt.

TO feeu| TOI TOM

/8 000 TOREL
/16 |001 \

/32 1010
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1256 101
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In the Mode Capture (field) is the current meter reading of the assigned Timer in one of the
Register CCxx stored and it can be triggered an interrupt, and this is done with a
programmable edge on one of the inputs CCxxIO, the external interrupt to trigger be used.

In the Mode is Compare (Compare) is one of the tabs CCxx on a comparator with the current
count of the associated timer compared. If it matches, it will be a signal on the corresponding
output CCxxI0 output, and it can be triggered an interrupt.
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9.2.2.8 The PWM Pulsweiten-Einheit

With this unit in the event of an emergency is constant PWM-generating signals, if the
recipient for any reason no signals to Outputs further sends. This unit has 4 channels of each
of the 4 channels contains its own Timer PTX, of the of the CPU-measure or a divider on the
counts, the period of the signal results from a comparison of the current counter with the
Periodenregister PPx. The Low-Zeit from a comparison with the Pulsweitenregister PWx.

For the setting of the measure, the use of the Interrupt mode and all 4 channels the common
control register PWMCONO, PWMCONT1 see figure 8 and 10, and PWMIC. For each channel
there is a own Timer PTX, a own Periodenregister PX, a own Weitenregister PWX and a own
output P7x.

PWMCONO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Pb | Pl PP [P | PLlP|P| PT|PT| PT|PT | PT| PT|PT|PT
R3 R2 R1| RO | E3 E2 El EO 13 12 11 10 R3 R2 [ R1| RO
Interrupt-Anzeige | Interrupt-Freigabe | Taktauswahl | Laufkontrolle
Fig 42

PTRx Timer-Laufkontrolle :0 = off, 1 = Run

PTIX Timer-Taktauswahl : 0 CPU-cycle, 1 = CPU-measure : 64

PWMCON1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PS3 PS2 -4 PBO1| --| --| --| - |[PM3PmZPMJ] PMO|PEN | PEN | PEN | PEN
3 2 1 0

Sonderbetriebsart Betriebsart Ausgang

Fig 43

PENX output control : 0 output locked, 1 = output Friday
PMX Operating Mode (Mode) 0 = up counter, 1 = on-/ decrementer

In the PMX = 0 Operating Mode Mode The timer counts PTX starting with the initial value of
0 only up. The counter is of the timer is equal to, or greater than the comparison value in the
corresponding PWX, the output to 1 (High) Set, if the counter reaches the comparative value
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of the corresponding PX, it will be in the next is kept pressed the output to 0 (low) is set and
the timer with the initial value O started again.

9.2.2.9 Analog Digital Converter (ADC)

The C167he family has an integrated analog digital converter, see figure 11, with the
following properties:

10-Bit Resolution

Wandlungsverfahren: successive approximation
Conversion time: minimum 9.6 su

16 Analog Input Channels

In each computer system is the so-called bit ( Binary-Digit , divalent paragraph), the smallest,
not more further divisible unit of information in the system, a bit can the value (logical 0),
or(logical 1) Accept.

In electrical systems, these are two statuses in general shown by electrical voltage and
therefore applies to, for example :

Log.1 = high = +5V
Log.0 = low level = 0V

Seen in this way it makes sense, in a first resolution step the voltage to be measured on a
digital input pin of the uCs to connect, but unfortunately there are only two logical however it
binary statuses and thus only two distinguishable also unchangeable.

Now here comes the use of the ADC, this component is nothing other than a
vorschaltbaugroppe, the analog voltage signal pC-arranges meet, i.e. in converts a numeric
value of the C167-AD-converter not only converts so simply analog voltages in binary
numbers, but also provides the user still 6 different modes available, see [ 4], with which

a wide variety of measurement tasks is very easy to carry out in this work is with Auto Scan
continuous conversion mode worked.

Auto Scan continuous conversion mode

In this mode, each time a whole sequence of analog channels of the series after analog-to-
digital changed. In the ADCH a bitfield which is specified with the channel of the the
Wandlung-Sequenz begins; it ends with channel zero, after each conversion is an interrupt
request generated, indicating that, in the ADDAT Register is a current Wandlungsergebnis. In
this mode, between a single and a continuous conversion mode differences.

When Single converts of the AD-converter will automatically all the channels from the
channel down to the channel 0 and then stop and the continuous running analog from, only
that now permanently further converts.
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Analoge
Eingangskanéle
P5.0=AN0 [J
P5.1=AN1 [T
T y v v 1
Conversion Control ADCIR [ Interrupt
MUX| > ADEIR _5>Rmu%m
> Sample 10-Bit BN Resultatregister
P5.15=AN15 = & hold Converter ADDAT

oA

Referenz-  Masse
Spannung

Fig 44

9.2.3 Control of servo motors

In order to with a Mikrorechnersystem as uC-C167) to also control Mechanical Systems
You can, you can rely on several concepts.

e Ot otenmep potopcs AviplePe
o Avtpiefe ot AX pHoTtops.

e  Qun cepwo potopcs AvrtpiePe

Stepper motors are controlled with special Signalsequenzen to separate coils are placed these
engines, so move the rotors always exactly one "step™ next, mostly a few Umdrehungsgrade.
About a complicated control and appropriate transmission the system may then be moved, DC
motors with Mikrorechnern can once via the appropriate amplification stages be turned on
and off, and on the other you can, for example, about Pulse Code Modulation set speeds.
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A very different technique, the so-called servo-drives, which, inter alia, in the
MODELLBAUWELT (plane, car, and model ships) are used, these are already for a few
marks and have to have some impressive advantages for the amateur electronics engineers.

To work with low voltages (5V are enough), and on the other they consume little power in the
hibernate. Your Ursprungszweck according to create a rotation of about 90-180 degrees to a
strong reduction, i.e. very strong axis. For movements, the living with such values (e.g. , the
sun tracking solar paneling, mirror tilt, steer models, etc. ) are servo motors ideal, the most
important ingredients are a small DC motor with gearbox, at the output is coupled
mechanically a potentiometer and a Electronics, a pulslangenmoduliertes

Signal ( PWM signals ) evaluates, and controls the engine according to the top there is a
standardized control of these servos. In the distance of 25 ms pulses are sent (in radio remote
controls on the transmitter), with a length of 1.0 ms to 2.0 ms varies and so the position of the
servos indicating (left and right).

Is located in the center position of the servo, it is the pulse duration 1.5 ms see figure 12. This
Eingangsimpulslange is with the pulse duration of the monostable Multivibrators compared,
the of the position of the potentiometer and so that the position of the servos depends on, and
only if the position of the servos the same internal pulse generated, such as the externally-
scale, hears the movement to, the servo has its default position is reached, so that all of the
users of a commercially available servos are still needs to do is the earth, and 5 V and connect
at the entrance for a pulse sequence ensure that it is "understands". What is customary here
are normal TTL-level.

Signal | < T1 > T 1=25ms

Zustand: 1 0 -1

Figure 45

196



197

9.3 Architecture design of the Aktorik-Ansteuerungseinheit (engl, Actuator
Control Unit (ACU)

Actuator Control Unit (ACU)

Notbetriebs
Spannung
der ACU

Normal-
Betriebs-
Spannung
der ACU

Navigations-
und
Regelungs
Rechner
(N/R-Rechner)

(an Bord des
Luftschiffs)

Fern-
Steuerungs
Empfanger

Fig 46
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Voltage regulation

The assembly "Voltage Regulator" supplies the remaining blocks of the ACU with a constant
voltage of such a level, for which the individual blocks is needed, as well as the assembly

ensures that the power supply for a certain time is maintained after Normal-
Betriebsspannungsversorgung not more is fully functional (by the normal operating voltage
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drops below a certain level). that the normal operating voltage drops below a certain level, the
"Betriebsspannungsuberwachung™ found.

9.3.2 Betriebsspannungsuberwachung

The "Betriebsspannungsuberwachung™ monitors, whether and when the required operating
voltage falls below a particular level, in which the blocks of the ACU not more properly can
be supplied. Is the block "Voltage Regulator” just in the condition "Supply of
Normalbetriebsspannung" (that is from the voltage regulator to the Normalbetriebsspannung
the other blocks of the ACU passed on), and then drops the Feed level requested below a
certain level, there is the block "Betriebsspannungsuberwachung" a signal to the block
"Voltage Regulator" that this "to be supplied with Notbetriebsspannung™ switch.

9.3.3 Basisbetriebszustands-Einstellung

Using a switch of the through a separate channel of the remote control is pressed, the
distributor of the " Basisbetriebszustands-Einstellung " with either normal

operation (contains normal operation A (valid commands come from the N/R-calculator) and
normal operation B (interconnection of the control signals from Fernsteuerungsempfanger))
or with Luftschiff-Startphasen -operation be initialized when Luftschiff-Startphasen
operation, the PWM signals from Fernsteuerungsempfanger routed directly to the actuators
(without the use of the microcontroller of the block " Steuersignal-Erzeugung " ), during
normal operation, the ""Steuersignalerzeugung" from normal operation A to normal operation
B toggles and vice versa, in this separate channel is constantly being sent, i.e. , the signal for
normal operation or Luftschiff-Startphasen -operation is stationary at.

During the flight can be between Luftschiff-Startphasen -operation and normal operation be
switched in both directions.

If neither control signals (PWM signals) at the output of the block "Steuersignalerzeugung”
concerns, nor in the separate channel of the remote control, the between normal mode and
Luftschiff-Startphasen -operation mode, the finite state machine of the "
Basisbetriebszustands-Einstellung " the system, in the Condition " Notsteuersignal-Erzeugung
- level 2" (i.e. , hardware production of Notsteuersignalen) move to normal operation after
emergency operation status transfer (level 2).

9.3.4  Steuersignal-Erzeugung

Of the block "Steuersignalerzeugung” generated depending on the operating condition in
different ways control signals (PWM signals), the directly the actuators (engine, servos)
response:

¢ In normal operation A receives the "Steuersignalerzeugung™ control commands from
the distributor of the " Basisbetriebszustands-Einstellung ™ and generates control
signals (i.e. , PWM signals)

e In normal operation (B) are control signals (i.e. , PWM signals) from
Fernsteuerungsempfanger forwarded to the actuators.
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e At the system startup to the normal operation B is initialized, if on channel 5
"Normal mode™ is set, and the further operation may, at any time from normal
operation B switch to normal operation a be and vice versa, and this is done by
setting from the N/R-machine from the N/R-computer receives this information on his

communication system from the ground (not from the remote control).

e If in normal operation A or normal operation B due to the failure or failure of the N/R-
computer and/or of the Fernsteuerungsempfangers the microcontroller no more signals
to the input port of the microcontroller receives, is moved to the State ™

Notsteuersignal-Erzeugung - level 1 ", in which the microcontroller of the

"Steuersignalerzeugung" autonomously PWM signals to the actuators generated and

there is.

9.3.5 Notsteuerungsbaugruppe

In the start-up phase of the airship will be exclusively the PWM signals from
Fernsteuerungsempfanger used to control the actuators, and the PWM signals but not only by
the microcontroller of the " Steuersignal-Erzeugung”, but by the "Notsteuerungsbaugruppe”
given directly to the actuators.

If
1. No valid control signals more through the " Steuersignal-Erzeugung " be
created (this may be the case, after the order of the different states in the "
Steuersignal-Erzeugung " have failed, or but the " Steuersignal-Erzeugung " as

a whole suddenly fails) and

2. Also no wvalid control signals more on the output of the
Notsteuerungsbaugruppe be measured by the Direktdurchschaltung the control
signals from Fernsteuerrungsempfanger Notsteuerungsbaugruppe by the stem,

and

3. No PWM signals to the separate channel of the remote control concerns, the
between normal mode and Luftschiff-Startphasen -operation switches to
(1., 2 and 3, in the "Notsteuerungsbaugruppe™ monitors), there are the
"Notsteuerungsbaugruppe™ a signal to " Basisbetriebszustands-Einstellung ", which

automatically to the hardware Notsteuersignal-Erzeugung the "Notsteuerungsbaugruppe™
mode.
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9.3.6  Operating conditions of the ACU
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Fig 47

9.3.7 Modularity of the ACU

The blocks "Voltage regulation”, " Basisbetriebszustands-Einstellung " and " Notsteuerungs-
Baugruppe " are realized purely hardware the blocks "Betriebsspannungsuberwachung™ and
"Steuersignalerzeugung" software will be with a program that runs on a microcontroller,
realized.

As far as possible to the system modular design, it offers to the ACU to divide into two
subsystems, each of which will be implemented on a board: a subsystem, in which the blocks
"Voltage regulation”, " Basisbetriebszustands-Einstellung " and " Notsteuerungs-Baugruppe "
are (will be realized on a printed circuit board 1), and another subsystem, in which the blocks
"Betriebsspannungsuberwachung™ and "Steuersignalerzeugung" are located, which has the
following advantage: if the circuit board with the microcontroller fails, the ACU still work
(by the Notsteuerrungsbaugruppe). The board for "Betriebsspannungsuberwachung” and
"Steuersignalerzeugung” (circuit board 2) In the context of this work is not developed, already
a general test board of the company PHYTEC is present, on the the two blocks are to be
realized: only the software, the on the on the test board expires the microcontroller, is
developed in the context of this work.
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Fig 14: architecture of the ACU (detailed presentation)48
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9.4 Development environment

9.4.1 Hardware-Entwicklungsumgebung

202

The hardware development is done with the program of the company Cadsoft EAGLE. It is

the eagle-v4.0, with Windows 2000, the tool includes a layout editor, with which the Board
for the blocks ""Voltage regulation', ** Basisbetriebszustands-Einstellung " and **
Notsteuerungs-Baugruppe ** was designed, also contains a Bibliotheks-Editor EAGLE, a
CAM (Computer Aided Assembly) -processor and a text editor, you can with the

Bibliothekseditor housing and edit icons.

F1'2 Schematic - E:{diplomarbeitischaltungiucl6Zcr.sch

IC1A
<BESINAB 1 porry po.o (2008 A el 12nn  gpll2 D06 ;
il ISR 5 uldr Gl o &4
~RET-Ca41 RSTOUT F,D'.. 182 02/ 2 18] .o ozl 15 D2 63
4 r-a:i: 1862 03 Gt E] e g3z D= &2
sz | g poq 16+ D4 INGE 8] ny  oqfie Dt 61
5 = F‘i:'." 185 54 Phac z 45 ose 05 =)
8 38 | rm @ E pes — N 25 22
9. 7 1 I Z 2
alE 98 | ¢ E o g;’g EERY [ \CEET VA 57
ol a g [ 0o Date 28] ae 54
5 e 2 £ 22 g 3
) 95 | pp O PE.10 {}5 DiAR el Eg—l AlB  CE _ﬁj DSDI g;
= Pa.11 fa—£31p1)  OEREEL L
e pa.12 el —Haz uel2e bl T
. PB.13 28 a13 .
82 1 neapy Pa.14 k\alh ALY vt £ - > 42
Y O Lk Ntz 2] o e 7
(= D AlS
EE.J_z PE. 1 Pl.B M ',:_'1636 H17 166n
.3; P62 D Pl 1 —}%—ﬂg—/" Hae snopis \_:'j—
P&. 3 — Pl.2 =t =
5 o 121 a3z ] o 12
6 EE' Y 5 gi j 122 p4 681808  TeND 41
=2 Lpse O pl 5 |23 a5 40 |
8 1 pe.7 - %ﬂg—/ f?
— 7 19 /7 . ]
= B b |28 A8 e ; £
18 | o'y O pto 128 s3 e 12l gpd2 De 34
Ul oss ol @ pris Beaa e uls o it _Ds 33
12 1 nals P1.11 131 /1 ez 18] .o ozll& D16 \_32
121 ey o P12z 132 A2 fg~ad4 8o sl D 31
@ | sy S piia 122 Az NaE  8ln:  osiE D12 a0
15 1 pgis O pras 3% etsANas  7las pgll8 D13 23
16 | hg > pras 138 als Aoz el oo ool2e D14/ 28
v [Nas 5] <5 o7l2l N1 27

o
a
0
NnONTE

202



203

94.2 Software Development Environment

The programming of the microcontroller C166 is under development
environment tne youToVY ®edYE UGLGLOV. IT 16 o ONOPE®APE TEPCLOV, OLTN ONLYT TPO
ypouo vr to 8 KPyte x0de o1le yav Pe demehomed.

One finds in pVision, Version 2 the basic elements of a modern IDE:

e A specially adapted text editor.

e An ANSI-C-compiler (C166-ANSI-C-compiler),
e A Assembler (A166-Assembler),

e A left/Lokator (L166),

e A debugger ( uVision2 Debugger)

fh accel - pVision2 - [D:\Studiumdiplomarbeit}srcitest3imain.h] >

l%

‘//Rﬁ'###t#ﬁ#?t##*t*?%tﬁt‘K?Rﬂ‘t*#t#?#?#tﬁ*#*##ttt%ttt%%7{3‘*ﬁ‘ﬁﬁ%ttttt#*tﬁ'#t#*#*#?#t

// BModule Main
: // @Filenaune MAIN.H
B-G source @Project accel.dav

MAINGG: T T

[# cnic BController Infineon Cl67CR-L

E

measure.c // BCompiler KEIL Cl66
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9.5 Realization of the ACU

In this chapter is the realization of the actuator control Unit (ACU) explains the five blocks of

the ACU (see Figure 14) is as follows: First, it presented the block diagram, for the blocks

"Voltage regulation”, " Basisbetriebszustands-Einstellung " and " Notsteuerungs-Baugruppe "
is the respective circuit presented, and the individual parts of the circuit described in detail in
blocks " Betriebsspannungs-Uberwachung " and " Steuersignal-Erzeugung " is only described
the Software on the microcontroller expires because the Board for the latter 3 blocks off-the-
shelf was concerned, and only the programming of the microcontroller to an established part

of the present work was.

9.5.1  Versorgungsspannungs-Stabilisierung

Notbetriebs-
Spannungs-
versorgung
der ACU

Normal-
betriebs-
spannungs-
versorgung
der ACU

=4

Notbetriebs-
Spannungs-
versorgung

der Aktorik

Normal-
betriebs-
spannungs-
versorgung
der Aktorik

Fig 51

Figure 17 shows the assembly " Versorgungsspannungs-Stabilisierung ", which the remaining
blocks of the ACU with a constant voltage of +5V supply, as well as provides this assembly
to ensure that the power supply for a certain time is maintained, after the Normal-

Versorgungs-
Spannungs-
Stabilisierung Betriebsspannungstiberwachung
Spannungs- <
Stabilisierung
> Steuersignal-Erzeugung

Basisbetriebs

zustandseinstellung

Notsteuerungsbaugruppe

Aktoren
(Servos,
Motor)

Betriebsspannungsversorgung not more is fully functional, and this is done in that the "
Versorgungsspannungs-Stabilisierung " in this case, the remaining elements of the ACU to
the Notbetriebsspannungsquelle connects.
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9.5.1.1 Circuit Design for the Versorgungsspannungs-Stabilisierung
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The circuit for the Versorgungsspannungs-Stabilisierung consists of six areas (see figure
above, the ranging numbers are there circled):

1.

Connection to  the supply voltage for  the ACU (Normal  and

Notbetriebsspannungsversorgung)

Stabilization of the supply voltage for the Blocks " Betriebsspannungs-Uberwachung "
and " Steuersignal-Erzeugung " (i.e. , for the microcontrollers, since these two blocks to

the Microcontroller are implemented)

Stabilization of the supply voltage for the Blocks " Versorgungsspannungs-Stabilisierung
", " Basisbetriebszustands-Einstellung " and " Notsteuerungs-Baugruppe " (i.e. , for those
blocks, the hardware are implemented, and while on a common board)

Connection to the remaining blocks of the ACU (left series: Connections to the

microcontroller, i.e. , to " Betriebsspannungs-Uberwachung " and " Steuersignal-
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Erzeugung "; rights series: Connections to the blocks "voltage stabilization™, ™
Basisbetriebszustands-Einstellung " and " Notsteuerungs-Baugruppe " ), to the stabilised

voltage with this to supply.

5. Connection to the supply voltage for the actuators (Normal and

Notbetriebsspannungsversorgung)

6. Toggle switch from normal operation to Notbetriebsspannungsversorgung

Circuit Description The Schaltungsbereiches for the supply of the Mikrokontrollers
(Schaltungsbereiche 1-4, upper half of the pattern thus activating):

Relay K1 switches battery 1 (soldering tag LSP1 +Pol, and LSP2 -pol) and the battery 2
(soldering tag LSP3 +Pol, and LSP4 -pol) using Digitalport P2.7 to (' 1' = Battery 2 enabled).
The charge level of the battery voltage Vc is by the voltage divider R1 + R2 on the analog
port P5.0 measured (VIN 1/3 VC), with the voltage divider R4 + R5 can be an internal
voltage activated, the supply of the Capcom is carried out by the +5V voltage regulator IC1
which are Umschaltspitzen with the capacitor C1 smoothed, the supply of the internal logic is
made with the regulator 1C2, the in addition to the highly-capacitive Pufferkondensator
HICAPL1 in total voltage drop is supplied to the servos in a defined location, see figure 18.
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Circuit Description The Schaltungsbereiches for the supply of the actuators (servos and
engine) (Schaltungsbereiche 5, left, the lower quarter of the pattern thus activating):

Relay K7 switches battery 3 (soldering tag LSP5 +Pol, and LSP6 -pol) and battery 4
(soldering tag LSP7 +Pol, and LSP8 -pol) using Digitalport P2.6 or higher (' 1' = Battery 4
enabled). The battery charge the battery voltage vs is by the voltage divider R6 + R7 at the
analog port P5.1 measured (Vin Ca Aprx 1/3 Vs). The LSP9 ( +pol) and LSP10 ( -pol) is
connected the supply of the governor.

9.5.2  Betriebsspannungsuberwachung

The "Betriebsspannungsuberwachung™ monitors, whether and when the required operating
voltage falls below a particular level, at the the blocks of the ACU not more properly can be
supplied.

Betriebsspannungsiiberwachung

Versorgungs- Uberwachung der
s?:l?illqirs]iue??; —Pp Betriebsspannung der
I < ACU

Fig 53 Block diagram for the Betriebsspannunguberwachung

The Betriebsspanunnungsuberwachung software is purely realized with a program, which
expires on the microcontroller, the Microcontroller uses up to a A/D-converter, which is also
on the PHYTEC-test board is located, to current, analog voltage level in a digital number to
convert, then finally the with the help of a Mikrocontroller-Programms is compared with a
threshold value, the digitized current voltage level is less than the threshold, a signal is
generated on the output of the microcontroller, which is by the Block "
Versorgungsspannungs-Stabilisierung " is directed, and there causes that on
"Notversorgungsspannung" is switched.
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Fig 54 the uC

Figure 20 shows the uC-program for the Betriebsspannungsuberwachung. The same program
is used for both the Betriebsspannungsuberwachung the Aktorik-Spannungsversorgung , as
well as for the Betriebsspannungsuberwachung the ACU-power supply used. The two analog
MeReingange for the two power supplies are available at two different channels of the ADCs
and will be gradually converted by the ADC and the ADDAT in-register of the
microcontrollers written (Single conversion mode of the ADC, see Ch. 2).

The microcontroller still works at a supply there must be a pause of. That is why the 4.76 V.
Microcontroller are used to a voltage fell below below the 5V-border to detect and respond to
it.

9.5.3 Basisbetriebszustands-Einstellung

Using a switch, the on a separate channel (channel 5) of the remote control is pressed, the
distributor of the " Basisbetriebszustands-Einstellung " with either normal

operation (contains normal operation and normal operation (A B) or with Luftschiff-
Startphasen -operation be initialized when Luftschiff-Startphasen operation, the PWM signals
from Fernsteuerungsempfanger switched directly to the actuation system (to override of the
microcontroller of the block " Steuersignal-Erzeugung " ), during the flight can
Fernsteuerungskanal 5 between Luftschiff-Startphasen -operation and normal operation be
switched in both directions, if neither control signals (PWM signals) at the output of the block
"Steuersignalerzeugung”, nor on the channel5-output of the Fernsteuerempfangers concerns,
the finite state machine of the " Basisbetriebszustands-Einstellung " the system, in the
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Condition " Notsteuersignal-Erzeugung - level 2" (i.e. , hardware production of
Notsteuersignalen) move to (state transition Notsteuersignal-Erzeugung normal operation
after - level 2).

Navigations-

Regelungs-
Rechner
(N/R-Rechner)

Verso rgungs- Normalbetrieb A
Spannungs-
Stabilisierung

Normalbetrieb B

v

Basisbetriebs-

(an Bord des Zustands-
Luftschiffs) Einstellung .
Steuersignal- «
> Erzeugung Aktoren
(Servos,
] Motor)
Verteiler >

Fern- (Zustand-
steuerungs- automat) — Notsteuerungs-
empfanger —> Baugruppe

,,Notsteuersignal-Erzeugung — Stufe2*

Zusandsibergang / \ Luftschiff-Startphasen-Betrieb

Benachrichtigung, daB ein Zusandsibergang anch
. Notsteuersignal-Erzeugung — Stufe2* staatfinden

muB

Fig 55

Figure 22 shows the state diagram for the distribution of the " Basisbetriebszustands-

Einstellung "
System-
start
Luftschiff-
D —»| Startphasen-
Kanal 5
[ Normalbetrieb J Betrieb
Notsteuersignal-
Erzeugung-
Stufe 2
Figure 56
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9.5.3.1 Circuit Design for the Basisbetriebszustands-Einstellung

EHD - | :“”r - HIGH Kanal 5 > 1,5 ms =>Luftschiff-Startphasen-Betrieb (LSB)
F414 T = 1,% ms

Q=,0¢ = LSB
IC7E
-
. [ . E=] = a 13
C12
i q: - 2 1o
== . o, Fd T N
— LD
wo Pz 1 T 16 B a 12 pCs_EXT
— = T
1
15k 4@13FH
4o FEN
GO0
- 1C40 IC+E
PZ.5 . = - .
| 7414 FAL4
1CoE
L & o L8 noEnAL
=
T L= ~ o
L3 - =
=
— T2
45 39N
T = 8,59 s

Figure 23: Part 1 of the switch between Luftschiff-Startphasen -operation and normal
operation (LSB/NB-switch, part1)57

LHLEKH
BFIH

Fig 24: Part 2 of the switch between Luftschiff-Startphasen -operation and normal operation
(LSB/NB-switch, part2)58

Transition from startup, after LSB or NB and between LSB and NB (see Figure 23):
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The PWM-signal of Fernsteuerungskanal 5 is from the output P2.5 of the
Fernsteuerungsempfangers on the entrance to the LSB/NB-switch (in Figure 24 with P2.5
refers). In the LSB/NB-switch is depending on the length of the PWM-signal greater than 1.5
ms: LSB; smaller than 1.5 ms: NB) of the output 12 (C/_Ext) of his flip-flop module IC7B on
high or low (see Figure 23) is set, this line of the flip-flops, with the gate input is insulated
(C/_Ext) of the Fett-Kondensators Q7 (see 24) connected. The FET controls the relay K2 and
K4, and K2 can be either a interconnection of the Fernsteuerkanale 1 and 2 (P2.1 and P2.2) to
the rudder and the engine or but the connection of the rudder and the engine to the outputs
P8.2, P7.0, P8.3 and P7.1 of the microcontroller, K4 has the same effect as K2, but not for the
rudder and the engine, but for the two Hohenruderhalften (elevators 1 And 2).up

Transition from NB or LSB Notsteuersignal-Erzeugung - level 2 (see Figure 23):

If neither PWM signals at the output of the ACU concerns, nor PWM signals over
Fernsteuerungskanal 5, interrupt the relay K3 and K5 the connections to the relay K2 and K4
and connect the actuators with the Block " Notsteuersignal-Erzeugung - level 2 ™.

9.5.4

Table 7 summarizes the inputs and outputs of the LSB/NB-switch together:

Fernsteuerungs- ACU- ACU- Einstell- Funktion
Kanal Eingang Ausgang Potentiom. (Servo)
1 P2.1 P8.2/P7.0 P17 Seitenruder 1+2
2 P2.2 P8.3/P7.1 P16 Motor
3 P2.3 P8.4/P7.2 P15 Hoéhenruder 1
4 P2.4 P8.5/P7.3 P14 Hohenruder 2
5 P2.5 Umschaltung
ext./uC

Steuersignal-Erzeugung

In Abschn.3.3 was the architecture of the " Steuersignal-Erzeugung raised before the
description of the off-the-job training Shelf-Hardware and the design of the software
components of the " Steuersignal-Erzeugung " is moved, here is to again on the architecture
of the " Steuersignal-Erzeugung " be received, and also some of the things added:

The Block "Steuersignalerzeugung™ generated depending on the operating status on various
way control signals (PWM signals), the directly the actuators (engine, servos) response:

In normal operation A gets the "Steuersignalerzeugung™ commands from manifold of
the " Basisbetriebszustands-Einstellung " and generates control signals (i.e. , PWM

signals)

Innormal operation Bare control signals (i.e. , PWM signals) from
Fernsteuerungsempfanger (by the microcontroller through) activated and forwarded to

the actuators, the Microcontroller is used here as Signal-Begrenzer and observers.
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e At the system startup to the normal operation B is initialized, if on channel 5
"Normal mode™ is set, and the further operation may, at any time from normal
operation B switch to normal operation a be and vice versa, and this is done by
setting from the N/R-machine from the N/R-computer receives this information on

his communication system from the ground (not from the remote control).

e If in normal operation A or normal operation B due to the failure or failure of the N/R-
computer and/or of the Fernsteuerungsempfangers no more signals the microcontroller
on the input port of the microcontroller, will be moved to the State " Notsteuersignal-
Erzeugung - level 1 ", in which the microcontroller of the "Steuersignalerzeugung"
autonomously PWM signals to the actuators generated and there is, so can the time of
the failure of normal operation and normal operation B with a defined PWM signals

are bridged.

Versorgungs-
Spannungs-
Stabilisierung

t ' Steuersignal-Erzeugung
Steuersignal-

Erzeugung
(Normalbetrieb A) @ ’

Uberwachung der

Steuerbefehle vom
N/R-Rechner —‘

Weiterleitung der PWM-

Signale vom ——P
. . > Fernsteuerungsempf.
Basisbetriebs- (Normalbetrieb B) Aktoren
Zustands- (Servos,
Einstellung Motor)

Uberwachung der

= Steuersignale vom ——>

Fernsteuerungsempfanger —‘

L Notsteuersignal-
—> Erzeugung Stufe 1
(Softwaremanig)
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Fig 25: Block diagram of the " Steuersignal-Erzeugung "59

Start
Normalbetrieb

N/R-Rechner
Normalbetrieb A
®

Notsteuersignal-
Erzeugung

Normalbetrieb B

- Stufe 1

Fig 60

9.5.4.1 The hardware of the Steuersignal-Erzeugung

The Steuersignal-Erzeugung is realized by a software on the microcontroller 80C167CR-LM
is running, and the microcontroller is located on a Testbord, the company was purchased
PHYTEC. All the required peripherals are also located on the plate.

9.5.4.2 The monitoring and the forwarding of the PWM-signals from the remote control
(normal operation (B)

The monitoring of the pulse width is particularly important for the proper function of the
circuit, because of these data have the dynamic and the stationary behavior of the airship
(alternative Lotte) abhanget, faults can also indirectly in the Aktorenbereich pulse produced
by the be discovered.

The 4 channels of the receiver are connected to the lower 4 pins of the Port 2 connected. In
Figure 27 is the program for the 4 inputs of the pc. The pulse lengths are programd with the
help of the Capcom1 unit measured
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KanalNr ] Capture-Rg.| Mode-Register | Anschlul? Timer| Interrupt
1 CC1 CCM0.0- .4 CClIO P21| TO CClIC
2 CC2 CCMO0 4-.7 CC210 P22| TO ccziC
3 CC3 CCM0.8-.11 | CC3I0 P23| TO CCaiIC
4 CC4 CCMO0 .12 -.15| CC4I10 P24| TO CC4IC
Table 8

The subunit CAPCOML consists, as previously mentioned in chapter 2 was, from the two
timers TO and T1, the program was only one timer necessary and 4 registers (see Table 4) .

Be the 4 tabs in the Mode Capture (used to recover) is used, which means that the register at
each rising or falling edge on these inputs corresponding the the recovered CCxx meter
readings of the Timer TO Record. Your Operating Mode (Mode) in a 4-bit-long field in a of
the Betriebsartregisters CCMO.

The control register CCMx set the operating mode of each of four Captur/ compare channels
each firmly.

Selection of the operating mode CCMODX
001 : Capture on the rising edge at the terminal CCxIO
010 : Capture the trailing edge at Port CCxIO
011 : Capture on both flanks at Port CCx10O

ACCx assignment the timer: 0=TOor"T7",1=T1or T8

The CCMO register is in the main function under void main (void) with CCMO0 = 0x1111 set,
and so is with each rising edge on these inputs a corresponding interrupt (CCxIC) is triggered,
and for processing led to the first interrupt routine.

First interrupt routine:

In the first interrupt routine is the Timer TO and its 3,000 Nachladeregistern the value given
to the same period of 25 ms to reach the measured signals, then with TOR = 1 started, before
the control register should TOLCON = 0x0000 in the main function will be programd, the
CCMO-Register is here with 0x2222 programd to the falling edges to capture.
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And so with the falling edge on the inputs a corresponding interrupt (CCxIC) triggered and
the current counter of the timer TO to the corresponding Capture-Register CCxx saved (see
Figure 28). The triggered Interrupt leads to the processing of the second interrupt routine.

Fig 62
TO OXFFFF
P

Capture Value cvl=
Reload Value TORel

Interrupt

Requests CCxIRA CCxIR A CCxIRA L 0x0000

cexio | | _ |

| |CCx==cv2 | |CCx==cv2
CCx==cvl CCx==cvl

Second Interruptroutinen:

In the second interrupt routine , the value of the Timer TO in the moment in the Capture-
Register saved and then to the global variable copied CC_Nx. The CCMO-Register will be
programd to rising edge, and the pulse length is measured not only easy, but it must also be
made in a statement, and this is why the CC_Nx values with two constant T1x_MIN and
T1x_MAX compared (see program and Figure 29). The two constants are used to limit the
pulse signals between 1.2 ms and 1.8 ms, and that makes it possible to get the
Hohenruderausschlag limited by the software.

If (CC_N>T1 min)

{

CC18 =T1 min;

P82 =1P21;
}

Else if (CC_N < T1_max)

{

CC18 = T1_max;
}

Else

}
P82 = P21;
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Third interrupt routine:

In this interrupt routine, the contents Compare-Register , of the same value of 1.8 ms is, with
the Timer T1 within second interrupt routine compared. In conformity is a Interrupt CCX * IC
is triggered and this will of the appropriate output port (P8X= 0) set to zero, thus the PWM-
limited pulses.

At 1.2 ms, with the smaller T1_min the Compare-Registers/1.8 ms and when is with the larger
value of T1_max the Compare-Registers compared.

CC18_isr void (void) interrupt 0x32
{
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P82 =0;
CC21 =T1_max;

}
Fourth interrupt routine:

For the monitoring of the input signals is the fourth interrupt routine with the Timer T2
initialized . The initialization of the interrupts is done after the setting of the mode of the timer
T2CON = 0x0003 ( period =210 ms ) and with T2R = 1, the timer is started and with a 0 the
interrupt processing given freely, and the timer T2 is in the second Interruptroutinen every
time on the T2 = 500 reset, which means that the third interrupt routine is not triggered, only
if no rising or falling edge within the period of the timer is important, in the T2 interrupt
routine, constant

PWM signals generated by the PWM unit.

Test routines
For the tests, which are described in chapter 2, test programs have been created.
Test 1 is used

For the measurement and evaluation of the Mikrocontroller-Eingangssignale (PWM signals)
on board, the come from the recipient and

To test the of the PWM-unit of the microcontroller produced PWM signals.

Test 2 will test the constancy of the supply voltage of the uC, and the other components of
the Aktorik-Ansteuerungsbaugruppe .

The full code is included in Annex B listed.

9.5.4.3 Level 1 Notsteuersignal-Erzeugung

With this unit in the event of an emergency are constant PWM signals generated (30), if the
recipient for some reason no sending them signals to the outputs, this unit has 4 channels,
each of the 4 channels contains its own Timer PTX, the from the CPU-measure or a divider
on the counts receives(Table 4). The period of the signal results from a comparison of the
current counter with the Periodenregister PX, the Low-Zeit from a comparison with the
Pulsweitenregister PWX (see C program and 30).
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Kanal Timer Periode PPx Weite PWx Port-Ausgang
0 PTO PPO PWO P7.0
1 PT1 PP1 PW1 P7.1
2 PT2 PP2 PW2 P7.2
3 PT3 PP3 PW3 P7.3

Table 5: shows the DCLS Einheit-Ausgange and their corresponding Timer

ms)
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T2_isr void (void) interrupt 0x22

{

TlmerA

PP
PW

Signal

P7X =0; // P7.x is output

PX = 7800; // Max Period

PWX = 7372) and strong support ; // Initial value (high flank)
PWMCONO = 0x0044; // Timer and CPU-to-measure : Age 64 (210

PWMCON1 = 0x0004; // outputs with mode O Free




Fig 64
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9.5.5 Notsteuerungsbaugruppe
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9.5.5.1 Circuit Design for the monitoring of the control signals on the output of the ACU and

Kanal 5

the channel5-output of the Fernsteuerempfangers

Fig 66p

If to P2.5) and uCAKTIV no signals are present, the OR-link to output 3 set to "Low" and
flip-flops to input 12 of the IC5B of the " Basisbetriebszustands-Einstellung " (see Figure 23).
The output 9 of the IC5B is to input 11 of IC9B (see Figure 29) has been set and now led the
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production of Notsteuerungssignalen - level 2.
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9.5.5.2 Circuit Design for the Notsteuerungsbaugruppe
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Fig 67

As already mentioned above, output 9 of the IC5B of the " Basisbetriebszustands-Einstellung
" (see Figure 23) with input 11 of IC9B (see Figure 33) now connected and led the production
of Notsteuerungssignalen - level 2, and this is done as follows:

Output 9 of the IC9B triggers each of the input A of the three flip-flops IC8B, IC8A and

IC9A. The output of the latter three flip-flops is each with the gate of a FET, the gate signal of
the reinforced forwards to the respective actuator, PWM signals are caused by the
combination with the clock of the two flip-flops expands (IC9B and IC8B, IC9B and IC8A,

IC9B and IC9A).
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v

[
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Figure 68 One of the three generated PWM signals, which is generated by the combination of
the clocks of the two flip-flops expands is created (see text)

The PWM of the three generated PWM signals (in the picture as an example T2-T1 for one of
the three generated PWM-signals) can before each use of the airship by the potentiometer P15
P16 and P17 be set (Figure 34). This can the Notsteuersignal-Erzeugung - level 2 of the
conditions of the respective mission be adapted.

9.5.,6.3 Circuit Design for the forwarding of the PWM-signals from
Fernsteuerungsempfanger ( Luftschiff-Startphasen -operation)

The condition " Luftschiff-Startphasen -operation™ are the channels 1-4 (in Figure 24 are you
with P2.1-P2.4 and higher) of the Fernsteuerempfangers placed directly to the actuators, and
this is done, if K2, K3, K4 and K5 are activated accordingly (see left and right lower half of
the 24), i.e., P2.1 is directly with SEITSERV1 and SEITSERV2 connected, P2.2 is directly
with RPMSERYV (engine) connected, P2.3 is connected directly with HOHSERV1 and P2.4
and higher HOHSERV?2 is directly connected with.

i.e. here is not a new circuit necessary.

9.5.6 Layout design of board 1 ( "Voltage regulation”, " Basisbetriebszustands-Einstellung
" and " Notsteuerungs-Baugruppe ")

The blocks "Voltage regulation”, " Basisbetriebszustands-Einstellung " and " Notsteuerungs-
Baugruppe " are realized on the circuit board 1 (see section 3.6 ), Figure 35 shows the layout
design of Board 1.
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9.5.7 The circuit boards of the ACU

225



The both circuit boards of the ACU

Fig 36: the two boards (1 and 2) to the ACU

Figure 37: the receiver and the actuators (engine,servos) are connected to circuit board 1.
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9.6 Experimental results

9.6.1 Structure of the Testplatzes

Versorgungs- Servos,
i spannung Motor

PC <—serielle Schnittstelle

i ACU
> Oszilloskop <
Gehéuse mit
Versorgungsspannung
Oszillosko und Backplane mit
P ACU Karteneinschubplétzen

= —/ (M| )
| A

Figure 38: Testplatzaufbau

Fig 38 shows the in the experiments and the development of the program used for the ACU
devices. The PC is the ACU via a serial interface (RS232) connected to the PWM signals to
make visible, an oscilloscope is used.

The ACU is particularly sensitive to static electricity, which is why it is important, this
assembly to a suitable place to be during the experiments, in the housing for the embedded
system is a VVersorgungsspannungserzeugungseinheit (right-hand side of the figure) is
installed, in order to able to forego on batteries.

227



9.6.2 Experiments and test sequence

The output values (counter values the Compare-Einheit/swap is performed on the ACU-
microcontroller for the rising and falling edges of visualized on the oscilloscope signals) over
a serial interface sent to the PC, it is calculated and the pulse width on the PC-screen made
visible, the three following signals are made visible at the same time on the oscilloscope.

e The ACU-input signal to channel 5,
e A selectable output signal of the ACU and
e A selectable input signal of the ACU.

On the PC-screen pulse width can be permanently on the oscilloscope with the pulse width of
the respective signal shown by the user are compared, so you can while the program runs
directly determine whether the program expires without fault, this data are of great help in the
detection of the error with unstable program.

The two most important experimental data are visualized on the oscilloscope and the length of
the period of the distance between the rising and the falling edge of the the PWM-signal.

9.6.3 The series of tests

At the time of the implementation of the tests was the ACU Mikrokontroller-Platine so faulty
that input only P2.4 and higher (channel 4), exit 4 (control of elevator clattering 1) and
channel 5 did, so no signals from other A and/or outputs (control of the rudder, of the engine,
... ) will be tested, but are on the other a and/or outputs to the expected signals similar to those
of each input 4 and Output 4.

In the following tests the signals to Input 4 and Output 4 in various operating conditions as
measured. The current operational status is also measured by the signal set to channel 5, the 2
possible modes of channel 5 (1, by the recipient pulse width less than 1.5 ms: normal
operation; 2, pulse width from the receiver greater than 1.5 ms: Luftschiff-Startphasen -
operation) are by a switch on Fernsteuerungssender (on the ground) set by hand.

The following are the different conditions under which the different tests ran:

Test 1: pulse width of channel 5 of the receiver less than 1.5 ms: -> normal. The ACU is
under the condition when you turn on "normal” to the normal mode B initialized. Under this
condition runs test 1.

Test 2: pulse width of channel 5 of the recipient greater than 1.5 ms: Luftschiff-Startphasen -
operation.

Test 3: there is no signal from the receiver: -> It is a signal to output generated by the
microcontroller 4 ( Notsteuersignal-Erzeugung - level 1)

Test 4: ACU Mikrocontroller-Platine is removed from the system: -> Notsteuersignal-
Erzeugung - level 2 is activated, a signal generated by the Notsteuerungsbaugruppe is to
output 4 to.

Test 5-1, Test 5-2: operation B, i.e. the microcontroller directs the PWM-signal from the
remote control next (input 4 on the outcome 4)and, in addition, the pulse width of the signal
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limited, i.e. , the signal on output 4 (channel 4) is in contrast to the signal at the input (up or
down to) Limited, unlike the limit test 1 is indeed in the visible, because the input signals
outside the limits.

Test 6: between normal operation and normal operation A B is changed by the corresponding
information from the N/R-machine to the microcontroller of the ACU is given, the N/R-
computer receives this information via the communication system from the ground, in test 6
this will be simulated by two different keys on the lab computer, the serial interface is
connected to the ACU, and of the the N/R-simulated by computer, will be activated, if the A
button is pressed, the system is intended to go to the normal mode A, in the other key is to
control the system to normal operation B go. The correct transfer of information from N/R-
machine to the microcontroller and the correct response is with the help of appropriate LEDs
on the Mikrocontroller-Platine (board 2) simulates. These lights depending on the currently
valid condition.

In the Test-Abbildungen are from top to bottom to see the following signals:
1. CH 1: channel 5 at the entrance of the ACU

2. CH 2: channel 4 at the entrance of the ACU
3. CH 3: Channel 4 on the output of the pC

4. CH 4: Channel 4 on the output of the ACU

9.6.3.1 Test1

The channel 5- switch of the remote control on the ground, is to "pulse width less than 1.5
ms" provided.

It is the normal case B (control signals from Fernsteuerrungs-Empf . will be give to the
microcontroller, the passes on this to its output) tested, with the Fernsteuerungsknuppel is a
certain deflection of the commanded Hohenruders. This specification is on channel 4 sent.
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Fig 39: Test 1 CH1 = channel 5; CH2 = input signal from channel 4; CH3 = output from the
microcontroller; CH4 = output channel 4 of the ACU

Figure 39 shows that the pulse width of the channel 5 less than 1.5 ms (1.2 ms) is, this is
normal operation B is set, and the PWM of the PWM signals at the input and output of the
channel 4 are identical (1.5 ms), and so has the pC the PWM signals without modification of
the output of the ACU redirected. The results came out as expected.

9.6.3.2 Test2

The channel 5- switch of the remote control on the ground, is to "pulse width greater than 1.5
ms" position, this will the Luftschiff-Startphasen -operation (the PWM signals are

Fernsteuerungsempfanger directly to the ACU-outputs passed on) set, otherwise runs Test 2
as the above test 1.
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Fig 40: Test 2 CH1 = channel 5; CH2 = input signal from channel 4; CH3 = output from the
microcontroller; CH4 = output channel 4 of the ACU

In Figure 40 is the PWM-signal to channel 5 (CH 1) 2 ms long, and as expected, this
Luftschiff-Startphase -operation set by the pC, the PWM on the lower limit of 1.2 ms limited,
and because the input signal (CH2) only 1.0 ms long and thus smaller than 1.2 ms, itis to 1.2
ms at the pC output extended (see Ch 3). The Luftschiff-Startphasen -operation however the
signals directly forwarded and unlimited on the ACU-output (CH4) is set, and the results in
the figure are consistent with what you would expect.

9.6.3.3 TESTS.

The PWM signals from Fernsteuerungsempfanger (channel 1, channel 5) will not be more to
the ACU-inputs connected (this is CH2 dead, i.e. , in the Fig is not a rash to see), thus a
failure of the remote control will be simulated, and no data coming from the R/N-machine.

Thus, the level 1 Notsteuersignal-Erzeugung enabled.
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Figure 41: Test 3 CH1 = channel 5; CH2 = input signal from channel 4; CH3 = output from the
microcontroller; CH4 = output channel 4 of the ACU

As expected, the uC with the help of his internal PWM unit PWM signals with fixed
pulsewidth created (CH3), the on the output of the ACU (Ch 4) concern.

9.6.3.4 Test4

In this test, the " Notsteuersignal-Erzeugung - level 2" is activated, by the circuit board with
the microcontroller (Plate 2) from the ACU is mechanically separated, this will simulate a
failure of the microcontroller, in Fig. 42 one sees that neither an input signal (CH2) is present,
even at the output of the microcontroller (CH3) a signal is present, even is the channel5-input
signal from Fernsteuerungsempfanger (CH1) to.

The successful production of a PWM signal with the " Notsteuersignal-Erzeugung Level 2" is
shown by ch 4.
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Fig 42: Test 4, CH1 = channel 5, CH2 = input signal from channel 4; CH3 = output from the
microcontroller; CH4 = output channel 4 of the ACU

9.6.3.5 Test5

The Pulsweiten-Begrenzung the PWM signals in normal operation B at the output of the
channel 4 tested.

By the Fernsteuerungsknuppel, the maximum pulse (2.0 ms) (Test 5-1) and minimum pulse
width (1.0 ms) (Test 5-2.) The PWM-signal commanded. This is on ch 2 in the two
illustrations 43 and 44 to see.

In Figure 43 is the limitation of the PWM-signal to the upper limit of the pulse width clearly
shown: CH 2 (2.0 ms) is the unlimited signal, CH 4 (1.8 ms) is the limited signal.

In Figure 44 is the limitation of the PWM-signal to the lower border of the pulse width clearly
shown: CH 2 (1.0 ms) is the unlimited signal, CH 4 (1.2 ms) is the limited signal.
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Figure 43: Test 5-1, CH1 = channel 5; CH2 = input signal from channel 4; CH3 = output from
the microcontroller; CH4 = output channel 4 of the ACU
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Figure 44: Test 5-2, CH1 = channel 5; CH2 = input signal from channel 4, CH3 = output from
the microcontroller; CH4 = output channel 4 of the ACU
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9.7 Summary and outlook

In this work , a part-functioning Aktorik-Ansteuerungs -unit (Actuator Control Unit (ACU)
for the airship "alternative Lotte" was completed, and the ACU Fernsteuerungsempfanger get
input signals of a or of a regulatory and the navigation computer (R/N-computer) on board,
depending on the operating mode are in different ways by the ACU Anteuerungssignale for
the actuators (Helm, engine) is created, the ACU has a multi-level security system to R/N-the
airship crash or Kommunikationsverbindungsausfall defined for a time as possible to control
and, where necessary to bring safely to the ground.

At the time of submission of the thesis is the data stream between R/N-machine and ACU has
not yet been tested on correctness, the there is a connection, but is has been verified and the
data stream between R/N-machine and ACU is to be tested during the integration phase, i.e.
when the ACU together with the other components of the Flugkontrollsystems (Flight Control
System (FCS) are joined together.
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9.8 Appendix A: Circuit Design for the Stabilization of Power Supply
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Figure 0-1: circuit design for the Stabilization of Power Supply

(Versorgungsspannungs-Stabilisierung)

Voltage
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Circuit for switch between Luftschiff-Startphasen -operation and normal operation
(LSB/NB switch, part2)
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Figure 0-2: shift to switch between Luftschiff-Startphasen -operation and normal
operation (LSB/NB switch, part2)
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Circuit Design for the Basisbetriebszustands-Einstellung and the
Basisbetriebszustands-Einstellung

D4

a@l
Bunizen sagn
—sbunuueds

el
o

—
AL ]

{

!
4

il

:@I
5]

=1
1ML/

EL A A L
5B
=
Flk
MEEEE
Sa g 1 L

= T N
o 3
= -
£ i =
: & L
v . w
pe - o
- n
= o
F : : g
g7 + o 4 * ] -
a= e — —th : i
—h N 5 1]
2 P &
EX H
-2 - 5
i [ K
) .
i
; 9!
E% foills 0o i rel1
] D ne |
2 44 B
=~.
=
)
=
=

14
|
1

3 Rz ; £ 4
5 3 :
2 :
- £
ilaelz] * )
Bl 2g|8
I8 |
o | :
AR EAE
L ield 5 N 1f'-|-—’;
2 ? °
3 t f
)
a
uﬂs
il
o

Figure 0-3: circuit design for the Basisbetriebszustands-Einstellung and the
Basisbetriebszustands-Einstellung
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9.9 ANNEXB: Test program 1

/ * Measure of the length of time between successive flanks the entrance P2.3 * /

#Include <REG167.h>
#Include <intrins.h>
#Include <stdio.h>

SFR Pam Picon = 0xflc4;
/*
** The direction of the ports in and out for those needing
*/

SBIT DP84) = DP8 " 4;

SBIT P84) =P8 " 4;
SBIT DP72 = DP7 * 2;
SBIT P72 =P7 * 2;
SBIT DP23 =DP2 * 3;
SBIT P23 =P2 " 3;

Unsigned int CC_N;

Unsigned int flankennr = 0; / * distinguishes between 1ter and 2nd flank * /

Unsigned int T_E=0;

Const int T1_min = 6000; / * constant to the decision on whether the timer should be stopped
*/

Const int T1_max =7500; / * constant to the decision on whether the timer should be stopped

*/

/ *
** Global variables for the serial interface

*/

Unsigned int t0_inhalt_start = 0;
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Unsigned int t0_inhalt_stop = 0;
Unsigned int steur_reg = 0;

Unsigned int steur_zaehler = 0;

/*

** Production of the PWM-signals from derPWM-unit
*/

Void t2_isr (void) interrupt 0x22
{
P72 =0;
PP2 =7800;
PW2 =7372) and strong support ;
PWMCONO = 0x00ff;
PWMCONT1 = 0x000F;

/*

** Limitation of the pulsewidth of the PWM signals
*/

Void cc20ISR (void) interrupt 0x34

{
P84) = 0;
CC20=T1_max;

/>(-

** Programming the PWM signals at the entrance

*/
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Void p23 (void) interrupt 0x13
{

Charbuff_tmp [ 40];

Intl;
PP2=0;
PW2=0;
P72=1;
P84) = P23;
If (flankennr==0) / * First edge * /
{
T2 =500;
TOrel = 3000;
T0 = 3000;
TOR =1; / * starts timer TO * /
TO _inhalt_start = TO;
T7rel = 2950;
T7 =2950;

T7R=1;
CCMO= CCMO & 0xOFFF;
CCMO0= CCMOI 0x2000;
Flankennr=1; / * YES -> There are still two more sides expected * /
}
Else if (flankennr==1) / * Second flank * /
{
CC_N=CC3;
TO_inhalt_stop =TO0;
CCMS5 = 0x0005;
CCMO0= CCMO & 0xOFFF;
CCMO= CCMO| 0x1000;
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Flankennr = 0;

If (CC_N<T1_min)
{
CC20=T1_min;
P84) = 1P23;
}
Else if (CC_N >T1_max)
{
CC20=T1_max;
}

Else
{
P84) = P23;
}
/*
** The serial interface
*/

If (( + +steur_reg) == 100)
{
For (i= 0; i< 100; i++)
{
sprintf(buff_tmp, "TOstart: %u;Tstop: %wimp: %u\n",

TO_inhalt_start,t0_inhalt_stop,CC_N , steur_reg);

Printf (buff_tmp);
}
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Void main (void)

{

Flankennr = 0; /*0.. there is still no flank occurred * /
DP72 =1; / * DP7.2 central as output * /
DP23 =0; / * sets the direction of DP2.3 to input */

DP84) =1; / * sets the direction of DP8.4 on output. * /

Pam Picon = Pam Picon | 0x3;

CCMO = 0x1000;

CCM1 = 0x0001;

TO1CON = 0x0000; / * Timer 1 has been with period (26 ms) initialized *

CC3IC = 0x0047;

CC4IC = 0x0046;

CC21IC = 0x0045;

CC20IC = 0x0048;

T2CON = 0x0003;

T2IC = 0x0044;

T78CON = 0x0000;/ 0 1 00 0 000 0 1 00 0 000 26 ms * /
T2R=1;

IEN = 1;
While(1) {

_idle_();

Test program 2

#Include <reg167.h>/ * Register Diffinitionen of the C167) * /
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#Include <intrins.h>/ * bausteinspezifische functions * /
#Include <stdio.h>

/ *
** Initialization of the inputs and outputs

*/

SBIT DP26 =DP2 " 6;
SBIT P26 =P2 " 6;

SBIT DP27 =DP2 * 7;
SBIT P27 =P2 " 7;

SER P5DIDIS = 0xFFA4;

Unsigned int adc_kanal0[200];/ * buffer for the Wandlungeergebnisse * /
Unsigned int adc_kanal1[200];/ * buffer for the Wandlungeergebnisse * /
Static unsigned int steur_reg = 0;

Static unsigned int steur_kanal0 = 0;

Static unsigned int steur_kanall = 0;

Static unsigned int pxt=0;

/ * In the AD-converter interrupt service routine, the Wandlungsergebnisse
Read and in the field adc_werte copied and if the value in adc_werte 16

Less than 496 (4.76 p. p. p. n V) is, is therefore in this moment by high edge to P2.6 or
higher a

HRLY RATE be switched */

Void adcisr (void) interrupt 0x28

{
IntI;
Unsigned int test_1;

Unsigned int test_0;
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Char buff_tmpl 40];

If (ADDAT & 0x1000)

{
TEST_0 = ADDAT & 0x03ff;
Adc_kanal steur_kanal0+0 [ +] = ADDAT & 0x03ff; / * result of a/d process * /

If( test_0 <800)/ * voltage small e.g. 4 V */

{
P26=1; / * is available on the P7.8 1 (rising edge) * /

Else

P26 =0;

Else

TEST_1 = ADDAT & 0x03ff;
Adc_kanal steur_kanall+1 [ +] = ADDAT & 0x03ff; / * result of a/d process * /

If(test_1 <600)/ * voltage small e.g. 4 V */
{
P27=0;/ * is available on the P7.8 1 (rising edge) * /
}
Else
{
P27=1;
}
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/%
From the uC ** data sent back to the screen
*/
If ((steur_reg) < 100)
{
++Steur_reg;
}
Else if ((steur_reg) == 100)

{
For (i=0; i< 50; i++)

{
sprintf(buff_tmp, "Channell: %u, Kanal0: %u\n",
Adc_kanall [i], adc_kanalO [i] );
Printf (buff_tmp);
}
++Steur_reg;
}
}
/*

** With GPT1 is the conversion each time after time start bestemmte
*/

Void gptl1T3 (void) interrupt 0x23

{

ADST =1; /* Conversion start * /
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Void main (void) {

DP27=1;
P27=1;
DP26=1;

P26=1;

P5DIDIS |=0x0001;
Adcon= 0xf221;
T3CON = 0x0002;
T3 = 0x0BDC;
T3IC = 0x006B;
T2CON = 0x0020;
T2 = 0x0BDC;
ADCIC = 0x004C;
I[EN=1;

T3R=1;
While(1){

_idle_();
}
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10 Communication and User Interface

Based on the bachelor thesis of Rabih al-Farkh, "Development of a communication interface for a
measurement system”, June 2002, Lebanese University — Tripoli/Lebanon, Faculty of

Engineering

Abstract

A communication system which includes a graphical user interface has been
developed to control a mobile sensor platform, and to receive measurement data
from this mobile sensor platform. The measurement system is used to measure
alternative energy resource values like solar power and wind vector at different

points.

Keywords: graphical user interface, airship, transceiver, wireless communication, V-

model, structured analysis, structured design, software engineering.

10.1 Introduction

10.1.1 The LOTTE project and the “alternative Lotte”

Airships are becoming more and more important within the last years. At the
“Institut fiir Statik und Dynamik der Luft- und Raumfahrtkonstruktion” at the
University of Stuttgart a solar airship was built. In February 1992 the project
“Solarluftboot” was initiated. The purpose of this project was to find new materials,
new construction methods and a new concept for controlling and navigating an

airship run by a solar energy engine.

The “alternative Lotte” — a cooperation project between the universities of Karlsruhe
and Stuttgart and the Fachhochschule Karlsruhe - is planned to be an experimental
airship which can be controlled directly from the ground (first step of
implementation) or (second step of implementation) fly automatically to specified
coordinates. The energy supply is going to be conventional batteries in the first step
but it is planned to switch to solar energy later. With “alternative Lotte”
environmental data are collected during the flight via different sensors which can be
mounted on the airship. In the first step the speed of the wind, the temperature and
the solar radiation are measured. Apart from that flight data such as acceleration,

angular velocity and azimuth angle are measured for navigation purposes.
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10.1.2 Development method
The software is developed using structured analysis / structured design (SA / SD). This

method is very common in industrial development processes as well. The complete
communication system is tested in a laboratory using two PCs and the transceivers. The

whole development process basically follows the known V-model.

10.1.3 Working task and realization approach

The task is to develop a communication interface which is software running on a PC which is
connected with the transceiver on the ground. Apart from that a program which is running
on the board computer has to be developed. The purpose of this program is to establish the
communication between the sensors and the transceiver on the “alternative Lotte” sensor

platform.
So the diploma thesis can be divided into several tasks:

e Specification document, SA diagram (Structured Analysis) and SD diagram
(Structured Design) for the User Interface.

e Programming of the User Interface using Visual Basic 6.0.

Specification document, SA/SD for the communication protocol.

e Programming of the communication protocol with programming language C.

Programming of the protocol for sending and receiving with an off-the-shelf
transceiver cards.

e Testing the communication system with the User Interface.

10.1.4 Overview

After a short introduction some basic knowledge about the used development
method SA / SD, the V-model and some general information about transceivers is

provided.

In the third chapter a detailed description of the user interface and the transceiver is

given. Then the system architecture of the whole system is presented.

Chapter 5 contains the SA, SD of the alternative Lotte communication system and a
brief description of the software implementation. After that the development

environment is explained.

The last chapter is about the tests that have been done to verify the functionality of

the communication system.

Detailed figures of the hardware and the code of the software can be found in the

annex.

250



10.2 Basics
10.2.1 The V-Model

The V-Model is an extensive collection of knowledge about the best practices of software
development. This knowledge can be described as a process: In addition to the planned
products and activities, the V-Model also contains information about the course the project
will take. To this end, the process standard includes which output products are to be created
by an activity and which successor activities need this product as input. This internal

product flow allows you to derive a chronological order for the activities.

The V model is a logical product model. It describes the contents of the products which have
to be created during a software project and their relationships on a very high level. However,
in a real project the physical structure of these products might (and in most cases will) be

quite different [1].

prublem descﬂpﬁnn P used system
user reqmr s e usahle SyStEm

R /

d.E.VE,lDPE‘I raqui‘rements . ........................ EXEU.liBhIE. S}?StE'In

gyatem design K SELELEIRE execurable COMpOonent(s;
component design ~HEe = yalldate
\ R == = venfy
cornponent code —» = develop
- = construct

Figure 2.1: The V-Model

The left side of the V shows the products resulting from development activities: problem
description, user requirements, developer requirements, system design, component design
and component code. The products are not further described here.

The right side of the V documents the construction of the final system starting with
individual components. The products on this side of the V are called executable
components, executable system, usable system and used system.

Besides development and constructional activities the V model also contains some analytical

activities: verification and validation.
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Verification takes place after each development activity. The output of the activity is

verified against the input in order to check if both actually match.

Validation happens after each construction step to assure that the so far constructed
system behaves as it should. It is therefore tested against the corresponding product

on the other side of the V model.

It should be emphasized that the V model is no physical product model nor any kind
of process or life cycle model. However, due to its very general description, products
used in a life cycle model can always be matched with the products contained in the

V model. Therefore, it can be seen as a generic product model.

The V-Model is a Lifecycle Process Model, originally developed to regulate the
software development process within the Federal Administration of the Federal

Republic of Germany.

The V-Model is composed of four submodels: software development, quality

assurance, configuration management, and project management.

The submodels are closely interconnected and mutually influence one another by
exchange of products and results. The software development submodel develops the
system or software. The quality assurance submodel submits requirements to the
other submodels and test cases and criteria to assure the products and the
compliance of standards. The configuration management submodel administers the
generated products. The project management model plans, monitors, and informs
the other submodels. Each can be further decomposed. For instance, the software
development submodel can be broken down as follows (see [2]):

e System requirements analysis and design.

e Data processing requirements analysis and design.

e Software requirements analysis.

e Preliminary design.

e Detailed design.

e Implementation.

e Software integration.

e Data processing integration.
e System integration.

10.2.2 Structured Analysis (SA) / Structured Design (SD)
In the seventies and eighties of the 20% century Structured Analysis (SA) was
described by Yourdon, Constantine, and DeMarco. These practices became very

popular, and by the early eighties had a profound effect upon the definition of
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analysis. SA was a technique in which the requirements of the customer were broken
down into a hierarchy of functions. This breakdown was known as functional
decomposition . Datasets were specified in abstract (Bacchus-Naur) terms, and their

manipulation were depicted through functionally decomposed data flow diagrams.

SA was coupled to another practice known as Structured Design (SD). Indeed, the
two were often mentioned in the same breath as SA/SD. SA described the data sets
and data transformations implied by the requirements. As such, SA described what
the system would do, albeit in very technical terms. On the other hand SD described the
partitioning of the software into modules, and the flow of data between those modules.
Therefore an SD was, more or less, a description of how a system would be
structured to meet the requirements. SA/SD contained a practice known as The
Transform Analysis , which was used to convert the diagrams representing a
Structured Analysis into the diagrams the represented a Structured Design. This
practice, and indeed much of the documentation of the period, established the notion
that the design was directly derivable from the analysis by applying some simple
transformation rules. This meant that the analysis was really a preliminary
description of the design, requiring only a mapping operation to complete. The view
of SA/SD was a remarkable change from the systems analysis of the sixties. In the
sixties no such mapping from analysis to design was implied. The analysis simply

described data sets

and their transformations without implying anything about software structure.
SA/SD also implied a temporal constraint between analysis and design that was not
practiced by the Systems Analysis of the sixties. In SA/SD it was necessary to finish
the analysis before the Transform Analysis could be applied to translate the analysis
into a design. Thus, SA/SD strongly reinforced the waterfall model of development
[3].
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Figure 2.2: SA/SD (see [4])

10.2.3 Transceivers
There are three wireless RF modules: transmitter, receiver and transceiver. These RF

modules are designed to serve as a tool for electronics design engineers, developers and

students to perform wireless experiments.

The transmitter is used to transmit data and the receiver is used to receive data, so they are
used in application of one-way communication. The transceiver is used to transmit and
receive data, so it is used in application of two-way communication. All of the RF modules
which are used in this project have 9,600 bps serial interfaces at maximum. The used
modules can communicate over range up to 250 feet. Generally the range depends on the

power and the frequency of the RF module.
Radio frequency (RF) refers to electromagnetic waves that have a wavelength suited

for use in radio communication. Radio waves are classified by their frequencies,

which are expressed in kilohertz, megahertz, or gigahertz [5].

The RF transceiver controls and modulates the radio frequencies that the antenna

transmits and receives.

10.3 Requirements Specification

10.3.1 The Graphical User Interface (GUI)

The user interface is the link between the user and the alternative — LOTTE, a measurement
vehicle for solar radiation and wind power. Its purpose is allowing the user to control the
alternative — LOTTE from the base station, so by using the User Interface, the user can set
data to the alternative — LOTTE (new position, new velocity ...) and get data from the
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alternative — LOTTE (acceleration, angular velocity, azimuth, temperature, wind vector, Solar

radiation ...).

. Userlnterface

T4 _
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Test Connection
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CLOSE |

~Weather Frame

Solar Radiation

-Receive Data Frame
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Wind Veckor I—
Angular Angular I Angul ar I in ¥
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new Pozition | new Pozition new Pozition I E
in X: in ¥: in Z i
new new new E

Velocity I Yelocity I Yelocity I
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Balar in B:

Cancel |
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Figure 3.1: User Interface

10.3.1.1 Software Requirements Specification

» The user interface contains a frame (Receive_Data_Frame) inside which, we find

several text boxes or labels.

-Receive Data Frame

Pozition Pozition
in X : in ¥ :
hngular hngular
Telocity in X: Telocity in ¥Y:
Telocity Telocity
in X: in T:
Aoceleration Aoceleration
in X : in T :

Pozition
in Z
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Telocity in Z:

Telocity
in Z:
Aoceleration
in Z

Figure 3.2: Receive Data Frame
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> These several text boxes or labels are used to display the data that the base station
received from the alternative - LOTTE. These data are the data sensors
(acceleration in X, Y and Z, angular velocity in X, Y and Z, azimuth, temperature,
solar “Solar Radiation” and wind vector). As to the azimuth parameter, it can not
be seen by the user. It is used by the user interface to display the direction of the
alternative — LOTTE in a picture box. These sensor data will be sent from the
alternative - LOTTE to the base station. The user interface uses these data to
calculate the velocity of the alternative - LOTTE in X, Y and Z and to calculate the
position of the alternative - LOTTE in X, Y and Z.

» The user interface contains command button shown below, this command button
is used whenever the user wants to send data (commands) to the alternative —
LOTTE. When the user presses this command button, a Send_Data_Frame will be
displayed, (Sending_Data_Frame). The commands that the user can send to the
alternative — LOTTE are the new position in X, Y and Z, and the new velocity in
X, Y and Z.

Sending Data

Figure 3.3: Sending Data Button

> The user interface contains Sending_Data_Frame, in this command frame, we
find several text boxes that are used by the user to put the data (commands) that
he will send to the alternative — LOTTE. These data (commands) are the new
position in X, Y and Z, and the new velocity in X, Y and Z.

~Sending Data Frame
new Pozition new Position new Position
in X: in ¥: in Z:
newr — neswr — new
Velocity Velocity Velocity
in X: in ¥: in Z:
114 Cancel |

Figure 3.4: Sending_Data_Frame

> The user interface contains picture box that is used to display the position of the
alternative — LOTTE on a map (two dimensions x, y). In this picture box the user
will be able to see the position of the alternative — LOTTE during its flight.

Figure 3.5: PictureMap

4
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» The user interface contains another command button. The function of this
command button is to test if the connection between the base station and the
alternative — LOTTE is OK. The result is displayed in the Connection_Frame. In
fact, the connection is always put to the test whenever the user receives data from
the alternative — LOTTE (which means that the connection is OK). If the user
wants to make sure about the connection at any time all he has to do is to press
the Test — Connection Button.

Test Connection

Figure 3.6: Test-Connection Button

» The user interface contains a Connection_Frame that is used to tell the user that
the connection is OK while the alternative - LOTTE is in the air. In case there is a
problem in the connection between the base station and the alternative - LOTTE,
it is displayed in this frame, and the user would be able to see that there is a
problem.

Connection Frame

There iz a connection hetween the Base Station (:)
and the ALTERHATIVE-Lotte

1) .

Figure 3.7: Connection Frame

> The user interface contains a picture box that is used to display the direction of
the alternative - LOTTE while it is in the air. The user interface will get the
azimuth from the alternative — LOTTE and use this parameter to display the
direction of the alternative — LOTTE.

=l

Figure 3.8: PictureDirection

» The user interface contains a weather frame that is used to tell the user the status
of the weather while the alternative — LOTTE is in the air. In this frame, the user
can observe the temperature, the wind vector, and the solar radiation (solar
radiation in X, Y and Z). The user interface get these data from the sensors data.
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Figure 3.9: Weather Frame

> The user interface contains a third command button. The function of this
command button is to display the solar radiation in front of the user in three
dimensions. When the user press this button, he will see the position of the
alternative — LOTTE in three dimensions with the value of the solar radiation in
each position.

Solar Radiation

Figure 3.10: Solar Radiation Button
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> When the user presses the Solar Radiation button, the figure shown below shall
be displayed :

Figure 3.11: Solar Radiation show

In this figure, the position of the alternative — LOTTE is displayed with the power of the solar

radiation, the color at the position shows the intensity of the solar power at this point.

10.3.2 Specifications for the transceiver

The goal of this transceiver is send and receive data between the Base station and the
alternative — LOTTE. There are two transceivers, one is connected to the base station and the
other is connected to alternative — LOTTE.

10.3.3 Communication Protocol for User Data

In each frame, the transceiver processes the data internally and input/output user data. User
data can be specific by user. In general, data is send and receive as “packet”.

> The form of the telegram that the base station receives from the alternative —
LOTTE is:

Beain F1ag |, .\oth of |Accele_ | Accele_ |accele_ | Angular | Angular | Angular wind | wind | wind End Flag
(Begin of N n N N N N Azimuih Soalr Soalr Soalr {End of
the the ration ration ration | ¥elocity | ¥elocity | Yelocity Yector Yector Yector n % in ¥ nz |Temperature the

message in X in Y in 2 in X in ¥ in 2 in X in ¥ in 2
message) message)
1 Byte 2 Bytes 4 Bytes 4 Bytes 4 Bytes 4 Bytes 4 Bytes 4 Bytes 4 Bytes , 4 Bytes 4 Bytes 4 Bytes 4 Bytes 4 Dytes 4 Bytes 4 Bytes 1 Byte
\ W eather Data /

N e J
N

Figure 3.12: User Data Protocol _ Receive Message
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¢ The Begin flag is the beginning of the telegram (message) and the length of this
command is 1 byte (8 bits). It is a special byte that the user uses to tell the
alternative — LOTTE and the base station that it is the beginning of the telegram
(message).

¢ The information length of the telegram is on 2 bytes, and it contains an
information about the length of the telegram (message) that the base station
receives from the alternative — LOTTE, or sends to the alternative — LOTTE.

¢ The sensors data contains information about the acceleration in X, acceleration in
Y, acceleration in Z, angular velocity in X, angular velocity in Y, angular velocity
in Z, the azimuth, wind vector in X, wind vector in Y, wind vector in Z, solar in X,
solar in Y, solar in Z and the temperature. Each information is in 4 bytes and the
type of this data is float.

¢ The End flag is the end of the telegram and the length of this command is 1 byte.
It is a special byte. So when the base station or the alternative — LOTTE receives
this byte, it knows that this is the End of the telegram and it waits for another
telegram from the alternative - LOTTE.

The form of the telegram (message) that the base station sends to the alternative —

LOTTE is:

1 Byte 2 Bytes 4 Bytes 4 Bytes 4 Bytes 4 Bytes 4 Bytes 4 Bytes 1 Byte
Begin Flag N - - End Flag
(Begin of the Le;g::s:f ;he new Position in X | new Position in Y | new Position in Z new i\rl‘e)l(omty new i\:]e;outy new i\rl‘e;ocn:y (End of the
message) 9 message)

N Commands /
N

Figure 3.13: User Data Protocol _ Send Message

The sent and the received telegram have the same protocol (Begin_Flag , Length of
the Telegram, Data or Commands (information) and then the End_Flag). We can
send the begin flag at first, then the length of message (commands), then the
commands (which gives the new position and the new velocity), and finally the end

flag to tell the alternative — LOTTE that the telegram is finished.
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10.3.4 Handshaking

Handshaking refers to the internal communications protocol by which data is transferred
from the hardware port to the receive buffer. When a character of data arrives at the serial
port, the communications device has to move it into the receive buffer. A handshaking
protocol ensures that data is not lost due to a buffer overrun, where data arrives at the port

too quickly for the communications device to move the data into the receiver buffer.

10.4 Architecture Design

The purpose of the user interface is to control the alternative — LOTTE from the base station
and the purpose of the transceiver is to send and receive data between the base station and
the alternative — LOTTE. The connection between the user interface, the transceiver and the

whole system is shown in the figure below :

Connect to the
Serial Port 2 of
the Embeded

System

Microcontroller

Connect io the
Serial Port 1 of
the Embeded
System

PC in th base
stafion which
contains the User
Interface Program

Comnect o the
Serial Port of
the PCin the

ase station
Base ST-402 T i ;
Station ‘

~ BoBA GABAB LOAB 5L LABA) r ¥ & r 4
i —
CIRCUITDESIGN

Figure 4.1: System Connection

This figure shown above describes the connection between the PC in the base station
which contains the user interface program and the transceiver, and the connection
between the embedded system in the alternative — LOTTE and the other transceiver.

This connection is done through the serial port.
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Apart the connection between the embedded system in the alternative — LOTTE, the
transceiver card and the sensors card is shown in the figure above. In fact the sensors
card is connected to the microcontroller which is connected to the embedded system
through the serial port. The purpose of the microcontroller is to transfer the sensors
data from the sensors card to the embedded system. The embedded system gets
these sensors data from the serial port which the microcontroller is connected to and

sends these data to the serial port to which the transceiver card is connected.

The transceiver gets these sensors data from the embedded system through the
RS232C connector, then the data are stored in internal buffer. After the transceiver
checks that the carrier frequency to be set is not used on air, these data will be sent to
the base station using one of the channels frequencies between the 433.200 — 434.775
MHz. The same thing is done when the transceiver gets data from the base station
and will sent to the alternative - LOTTE

The modulation used is the FSK modulation (Frequency Shift Keying), this type of
modulation enables transmission at a maximum of 9,600bps. Also when multiple
channel are to be used simultaneous or if high communication standards are

required, the MSK modulation enables transmission at a maximum of 2,400bps.

. Communication part of the airship
Base Station "alternative - LOTTE"

Target Communication
Service (in C)

Graphical User Interface
(in Visual Basic 6.0)

VxWorks 5.4

Embedded Motorola

[ ]
Windows 98 / STD-402 STD-402
Windows NT Transceiver —Z— Transceiver

Ground PC

Figure 4.2: The “alternative Lotte” Communication System
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10.5 Development Environments

The development has been done on a PC with AMD - k5 tm processor, AT / AT
compatible, 64 MB RAM and a PC with a PENTIUM - S processor 100 MHz, 96 MB
RAM.

The following software tools have been used for the development:

MS Windows 98, MS Windows 2000, MS Office 97 and MS Office 2000.
Windows 2000 server for workflow Management, Linux.

MS Visual Basic 6.0 language and C language. (program C is done under
VxWorks).

Visual Basic 6.0 compiler for Visual Basic program.
"Gec" compiler for C program under UNIX.
Tornado 2.0 environments for C program.
VxWorks 5.4 compiler for C program.

Optional : MS Visio 2000 for the graphical visualization of processes, Structured
Analysis (SA) / Structured Design (SD).

10.6 Design and Implementation

10.6.1 SA/ SD and Implementation for the base station program

10.6.1.1 SA (Structured Analysis)

KEYBOARD DISPLAY

\ /

Commands Sensors_data

USER
INTERFACE

Commands Sensors_data

l

SERIAL PORT
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Figure 6.1: Context Diagram

> The DISPLAY is the screen of a PC in the base station that can be used to observe the
received sensors data. These sensors data are received from the alternative — LOTTE
using the serial port of the PC.

» The KEYBOARD is used by the user to write the commands that he wants to send to the
alternative — LOTTE. These commands are sent to the alternative - LOTTE using the
serial port. In fact, whenever the user wants to send commands to the alternative —
LOTTE, the user interface will send them to the serial port.

» The SERIAL PORT is the peripheral between the user interface and the alternative —
LOTTE. So by using the user interface, we can say that the user will get data (from the
alternative — LOTTE) and set data or commands (to the alternative — LOTTE).
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In this second diagram, we can see all the functions that the user interface can perform .

» Some remarks for structured analysis (SA) convention:

The

symbol

means that we have a storage.

means that we have a process and this symbol

> In the second increment a security layer is added to the communication protocol.
The commands that the base station sends to alternative —LOTTE will be
acknowledged. If the acknowledgement fails the commands are resent.

1D Features Increments
01 1
> Send commands to the alternative — LOTTE
» Receive data from the alternative — LOTTE
02 2
> Save Commands that the user sent to the
alternative — LOTTE.
» Waiting for an answer from the
alternative — LOTTE about what it has Received.
» Compare this answer with the Telegram (message)
that the user sent.
03 All

> Send commands with saving it to compare with the
answer from the alternative — LOTTE.
» Receive data from the alternative — LOTTE.
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10.6.1.2 SD (Structured Design)

Some remarks for structured Design (SD) convention:

The symbol means that we have a function, and in this symbol we can find

the same name of the function used in program.

function 1

this relation means that the functionl calls function 2.

function 2

The symbol describes the returrrvaracorwe function

O\

The symbol describes the input parameters of the function.

Figure 6.3: Structured Design (SD) diagram for the user interface
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Description of the functions
MSCOMM

This is an OCX (Microsoft Comm Control 6.0) which contains all functions that the
programmer can use when he wants to program the serial port. Using this OCX, we can
manage the serial port from Visual Basic which means that we can open the port, put the

settings of the port, read from serial port and write to serial port ... .

UserInterface Load

This function runs automatically when the user runs the Program. The purpose of this
function is to give the MSCOMM the number of serial port that the user will open and the
settings and the InputMode. It will also enable the TimerRun_R and testing the status of the

serial port.

Timer_ Run_R

This function contains the interval which the user interface uses to read data from serial port
if this serial port was not busy. The serial port being busy means that it is not used at the
moment. For example, if we define the interval time like one second, so every one second the
program will read data from serial port. Of course these data are the sensors data, and it
contains information about the acceleration of the alternative — LOTTE and the angular

velocity, the azimuth, the solar, the wind vector, and the temperature.

Read_Data

The purpose of this function is to read sensors data from serial port and to use these data to
calculate the velocity of the alternative — LOTTE and its position. After that it sends these
data to the Receive_Data_Frame which is then displayed in front of the user. Of course the
user can not change these data, he can only see it. (Of course this requires that the serial port
is not busy doing any other function like sending commands to the alternative — LOTTE, or

testing the connection between the base station and the alternative — LOTTE).

Write_Commands

The purpose of this functions is that the user will be able to send commands from the base
station to the alternative — LOTTE, using the serial port. The user can write commands after
disabling the TimerRun_R. but if the TimerRun_R is enabled, this means that the serial port
is used only to Read_Data.

C_Send_Commands
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The purpose of this function is to enable the Sending_Data_Frame that it used by the user to
write the sending commands (new position in X, Y and Z, and new velocity in X, Y and Z)
that he wants to send to the alternative — LOTTE.

Send_OK

This function will confirm that the user wants to send the commands that he writes in the
Sending_Data_Frame to the alternative — LOTTE after testing the status of the serial port.
This is because the serial port maybe busy doing another function at that time like receiving
data from the alternative - LOTTE ....

Send_Cancel

This function is used by the user if he clicks the Sending Data Button and then he changes his
mind and does not want to send commands to the alternative — LOTTE. So this function will
disable the Sending_Data_Frame, and enable the TimerRun_R ( which means that the serial
port is not busy sending commands right now, but rather the program is enable to read

sensors data ).

C_Connection

The purpose of this function is to test the connection between the base station and the
alternative — LOTTE. It refreshes the Connection_Frame and gets the status connection from
the Read_Data Function. It also displayed the status of the connection on the

Connection_Frame.

PictureBox_ Position

The purpose of this function is getting data from the Read_Data function (position in X,
position in Y) and displaying the position of the alternative — LOTTE on the map.
PictureBox_Direction

The purpose of this function is getting data from the Read_Data function (Azimuth) and

displaying the direction of the alternative — LOTTE in the PictureBox.

Calculate_Velocity

The purpose of this function is to get the Acceleration from the Read_Data function and
calculate the velocity of the alternative — LOTTE in X, Y and Z and gives this information to

the Receive_Data_Frame that it displays.

Calculate_Position
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The purpose of this function is to get the velocity from the Calculate_Velocity and calculate
the position of the alternative — LOTTE in X, Y and Z and gives this information to the
Receive_Data_Frame that it displays.

TxtCodeHex2Dec

The purpose of this function is to get the sensors data from the Read_Data function and to

convert this data from the hexadecimal format to the decimal format.

TxtCodeDec2Hex

The purpose of this function is to get commands from the Write_Commands function and to

convert this commands from the decimal format to the hexadecimal format.

FormPosition

This function run when the user press on the PicturePosition if he wants to see a large view.
It contains a large picture box that inside it the user can show how the alternative — LOTTE

change its position.

FormDirection

This function run when the user press on the PictureDirection if he wants to see a large view.
It contains a large picture box that inside it the user can show how the alternative — LOTTE

change its direction.

Solar_Radiation

This function run when the alternative — LOTTE finishes its travel. It takes the position in X,
Y and Z and the Solar Radiation in X, Y and Z from the Read_Data function and uses these
parameters to put the position of the alternative — LOTTE in the three dimensions with the
value of the solar radiation in each position. The color of the position (point of position)

changes with the value of the solar radiation.

Jet

This function run when the user press the solar radiation button. It takes the parameters

(position in X, Y and Z and the solar radiation) and puts it in a three dimensional figure.

10.6.1.3 Implementation

The whole VB program code is in Annex E.

In this paragraph, the important things done in the software part will be described. At first,

when the user interface program is used, the user has to care about these commands :

» MSComml.CommPort=3 (line of code: 132)
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this command is used to open the serial port number 3. Changing the number of the port is
allowed. [6]

After that the initialization of the baud rate of the serial interface, the parity status, the data

length and the stop bit will be done as below :

» MSComml.Settings = "9600,E,8,2"  (line of code: 133)

Then the initialization of the handshaking protocol is done by this command :

» MSComml.Handshaking = comRTSXOnXOff  (line of code: 134)

When the handshaking is set to the value shown above, the RTSEnable property will be set
to TRUE as shown below :

» MSComm1.RTSEnable = True (line of code: 135)

The input mode used is input text mode, this mode is set by the command shown below :

» MSComml.InputMode = comInputModeText (line of code: 136)

Setting the InputLen property to a number causes the communications control to read this

number of bytes from the receive buffer.

» MSComml.InputLen =116 (line of code: 137)

So by using all the commands shown above, the initialization of the serial port is completed

and the serial port can be opened by this command :

» MSComml.PortOpen = True (line of code: 138)

An important parameter used is the interval of the timer. The value putted in this parameter

is used by the program to read the data from the receive buffer of the serial port.
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» TimerRun_R.Interval = 500 (line of code: 155)

The value used is 500 msec, so each 500 msec reading data from the receive buffer is done.

Three files are used by the user interface program. The "Receive_file.rcv" is used to save the
telegram that the base station received from the alternative — LOTTE. In this file, only the
correct telegram will be putted. The "Send_file.snd" is used to save the telegram that the base
station sent to the alternative — LOTTE. The "Solar_file.rad" is used to save the position of the
alternative — LOTTE in X, Y and Z and the solar radiation value. When the Solar Radiation
button is pressed, this file will be opened to get the data from it and use these data to put the
position of the alternative — LOTTE in a 3D figure with the value of the solar radiation. The

command used to open a file from the visual basic is shown below :

» Open "C:\User Interface\Data\Send_file.snd" For Binary Access Write As
#2  (line of code: 104)

So before the user interface program putted in use, it is very important to put the correct

path of the three files described above.

One program is used with the user interface. The purpose of this program is to showing the
position of the alternative — LOTTE in a 3D figure with the value of the solar radiation
during its flight. The command used to run this program from the user interface program is

shown below :

> Shell "C:\3D\Jet.exe", vbNormalFocus (line of code: 85)

So it is very important to put the correct path of this program.

This program used with the user interface is called "Jet". This is an visual basic program. In
this program, the "Solar_file.rad" is opened to get the data from it and used it to put the
position of the alternative — LOTTE and the value of the solar radiation in a 3D figure as we
said above. So it is very important to be care about the path of the "Solar_file.rad" file before
using this program.

In the "Jet" program, the value of the solar radiation is always putted to the test whenever a
value is received from the alternative — LOTTE. The purpose of this test is to changed the
color of the position of the alternative — LOTTE, because the color of the point will give the

user an idea about the power of the solar radiation at this point.
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For the graphical show, a file is used (CURSOR20.ICO) when the user selects a region in the
figure map for doing a zoom. This file must be in the same directory with the user interface

program, or the path of this file should be specified.

» PictureMap.Mouselcon = LoadPicture("cursor20.ico") (line of code: 198)

Another program is developed using visual basic. The purpose of this program is just to
build of a test environment with connected one of PC to the transceiver and connected the
other PC to the other transceiver. By using this program, only sending and receiving data is

allowed. This program uses a Send_Data function to send telegrams.

Note : If all the files and the programs used with the user interface program is putted in the
same directory with it, so the path file will not be important, only the name of the file or of

the program should be written.

10.6.2 Communication part on the board system on the airship

10.6.2.1 The tranceiver

The transceiver to be used is MB-STD-RS232. It is a bi-directional semi-duplex radio modem
having RS232 serial interface. It uses CIRCUIT DESIGN 's standard 434 MHz FM Narrow
Band transceiver module STD-402 transceiver for RF part. This transceiver was selected
because of its frequency of 434 MHz. For this frequency in Germany there is no extra

permission necessary. Another reason is that this transceiver is a cheap one.
The STD-402 transceiver is an UHF Narrow Band Multi channel Transceiver.

The UHF FM-Narrow Band semi-duplex radio data module STD-402 equipped PLL
controller in its robust metal housing. Unlike other transceivers, the STD-402 is ready to
transmit RF data without complicated controller board. The compact size and low power
consumption of the STD-402 make it ideal for battery operated applications where its
interference rejection and practical distance range are much better than similar RF modules

based on Wide Band SAW - resonator frequency devices.

Most of RF setting are done by internal microcomputer, which allows the user to manipulate

the module without professional knowledge of RF circuit.

Special for MB-STD-RS232
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Figure 6.4: MB-STD-RS232 — CIRCUIT DESIGN

The RF part complies with the European radio, EMC and safety requirements and has been
notified in major European countries under the R & TTE directive. The MB-STD-RS232
provides long range data link at low/medium data rate for various industrial telemetry and

data transfer applications.

Also this board can be used as a test board of the STD-402 TR.

Features

. CE compliance STD-402 434 MHz RF module on the board.

. RS232 interface with D-sub 9pins connector or Modular 6pin jack.
. Fixed frequency / Auto frequency setting selectable.

. Cross / Straight cable selection SW.

Applications
o Serial data transmission (RS232C communication)
J Telemeter (FA line, Sensor information)
. Wireless connection between PC and peripheral RS232 equipment

General Description

MB-STD-RS232 is designed to make it possible for the user to connect between RS232
equipments with the radio. STD-402 434 MHz narrow band radio module that complies with
EN300220 is equipped on the board. 64 channels are pre-programmed in the module.

There are two frequency setting are available. In fixed (manual) setting, RF channel can be

set on board switches. In auto setting, RF channel is set to vacant channel automatically.

Operation mode and communication set up (Ack, parity, data rate) can be selected by on
board dip-switch. The operation mode 1 is designed for two-way communication and the

operation mode 2 is designed for one-way communication (TX -> RX).

1:N communication is possible by using unique module ID number that designated to each
RF module.
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Specification

RF parameter

Serial Interface

speed of RS

Other

Switches

Communication mode
Frequency range

CH step

Number of CH

CH setting
Modulation data speed
Modulation

Emission class

Transmission power

Interface

Data format
1200/2400/4800/9600 bps

Flow control

Buffer

Interface connector

Half-Duplex
433.200 to 434.775 MHz
25 kHz
64 CH
Fix / Auto (8Gr*8ch)
9600bps
2FSK
F1D
10 mW

RS-232C

Asynchronous communication (UART) Da

RS / CS hardware control

Transmission 2kB, Reception 2KB
D-Sub 9P / Modular 6P

Power, Frequency, Operation

LED indication
Dimension

Supply Voltage

Mode, Cable (Cross/Straight)
TX, RX, RSSI, LD, LE
85*53*15mm
4.0 to 9V DC.
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DESCRIPTION
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T iransmission, ¥ reception
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Figure 6.5: MB-STD-RS232 — CIRCUIT DESIGN

For more details about this board, refer to Annex A.

Special for STD-402 (Transceiver)

—
o

Figure 6.6: STD-402 Transceiver — CIRCUIT DESIGN

The STD-402 transceiver is an UHF Narrow Band Multi channel Transceiver.

The UHF FM-Narrow Band semi-duplex radio data module STD-402 equipped PLL
controller in its robust metal housing. Unlike other transceiver, the STD-402 is ready to
transmit RF data without complicated controller board. The compact size and low power

consumption of the STD-402 make it ideal for battery operated applications where its
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interference rejection and practical distance range are much better than similar RF modules

based on Wide Band SAW - resonator frequency devices.

Most of RF setting are done by internal microcomputer, which allows the user to manipulate

the module without professional knowledge of RF circuit.

Features
European EN300 200 standard compliance.
High technology into compact module for easy operation.
Low voltage operation from 3.6 V DC.
Low current consumption, ideal for battery operated
applications.
9600bps data rate.
Carrier sense output for Multi-Channel access operation.
Application

Remote control system.

Security systems.

Bi-directional communication systems.
Telemetry systems

Handy terminal.

STD-402 characteristics

<+ Common
Communication form

Frequency range
Channel step
Baud rate
Supply voltage
Dimensions

+ Transmitter
RF output power

Data input level
Input signal

Spurious emission

Semi-duplex
433.200 MHz to 433.775 MHz.
25 kHz.

9600bps max.
3.6 =12 V DC (Direct Mode).
53 x 35 x 12 mm.

9mW + ImW.
3.6 — 12V (Direct Mode).
Digital

<-60 dBm (<1 GHz).
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Supply current 36 mA.

% Receiver

Receiver type Double superheterodyne PLL synthesizer.
Selectivity + 4 kHz at -6dB point.
Data output Digital.

The STD-402 transceiver has 3 mode operation guide :
1. Direct Mode Operation Guide (For more details about this mode, refer to Annex B)
2. Auto Mode Operation Guide. (For more details about this mode, refer to Annex C)

3. Auto Mode Operation Guide for CPU interface. (For more details about this mode, refer
to Annex D)

Or the MB-STD-RS232 equips STD-402 transceiver module and performs packet

communication using CPU interface mode of the transceiver.

10.6.2.2 The communication software on the embedded board computer

The code for this program is written in C. The program runs under the Real Time Operation
System (RTOS) VxWorks on the embedded system in the alternative — LOTTE. The purpose
of this program is to get the sensors data from one serial port and put it on another serial

port which is connected to the transceiver.
The whole C program code is in Annex H.

The important thing in this program is the initialization of the serial interface
communication, the following lines contain a description about this initialization :
> id_com_dev = open (c_device, O_RDWR ,0); (line of code: 17)

This command is used to open the serial port. When the serial port is not opened, this

function returns -1.

» if (-1 ==1ioctl (id_com_dev,FIOBAUDRATE,speed)) (line of code: 24)

» SerialControl = (CLOCAL|CREAD); (line of code: 28)

» Parity =PARENB ; (line of code: 29)

» CharacterSize = CSS; (line of code: 30)

> if (-1 =1ioctl (id_com_dev,SIO_HW_OPTS_SET,SerialControl | Parity |
CharacterSize)) (line of code: 31)

> ioctlvalue = ioctl (id_com_dev,FIOSETOPTIONS,OPT_TANDEM &~
OPT_MON_TRAP); (line of code: 36)

These commands initialize the parity, the stop bit, the data length and the handshaking

mode.

278



10.7 Component Tests

10.7.1 Transceiver test
The MB-STD-RS232 board which equips the STD-402 transceiver module has stored unique
module identification number in the radio module. When one unit is set up for master and

other unit is for slave, slave modem unit operate with same ID as master unit.

The test of the transceiver is shown in following lines :

1. Connect the serial cable to the D-SUB 9pin connector.
— —_—

2. Set "Cable SW" (Cross / Straight) according to the cable.

3. Connect the supply voltage of the transceiver to 6V DC.

)
%,
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4. Select unit to be master and set SW1 to "9" and SW2 to "1". Select unit to be slave

and set

SW1 to "9" and SW2 to "0".

Master Stiing Slave Setting
N L A e N A JL T JL N
1 0. o 8, o ll
. S A
o I il o/ = n‘-n[ )
o] 5 % G [ i r:' I',I ILrI LLIJ- L;JJ -
T U U U m;ﬂ cyo u
= 2
SW W2
ON

o

OFF
5. Power ON the units.

6. When power of the master is turned on, TX, RX and LE LED turn ON and LD blinks.

LDLE  TXRX
58 BB

Radio communication start and continue for about 10sec.

7. When power of slave unit is turned on, TX, RX LED turn ON and RSSI turn on when

RSSI
SHEEH

signal from master is received. LD blink when group setting is completed.
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8. After slave unit receives unique module identification code stored in master units, radio
communication can be performed with this code.

9. Power of the units.

ON

o

OFF

10. Setting the mode and the property of the communication by the SW switch.
1:ON - Transmitter 1: OFF - Receiver

2:0FF - Mode 1 (Two way communication)
3:0N -> Setting prohibited.

4:0ON - Setting prohibited.

5:0N > ACKresponse (Yes).

6:0ON - Parity Yes (Even).

7:0ON - Communication speed.

8:ON - Communication speed. (9600bps).

A P e

‘EEEECEET

L 5 &8 1
TTTDODT OO O O
53

11. MB-STD-RS232 has 64 pre-programmed frequency channels. These frequencies are
divided to 8 groups. Each group contains 10 frequencies. The group can be selected by
SW2, and the value inside the group is selected by SW1. The frequency used to built the
test is 433.975 MHz. To select this frequency, set the SW1 switch to 3 and the SW2

L O A N O 1 ¥
i

7 5, 0 7
ee| K
& c % & 5 )
T U U vUwouwr
ST a2




switch to 1. The master and the slave unit should be selected to the same frequency.

12. Power on the units.

ON

o

OFF

13. MB-STD-RS232 is in RX mode at wait time (stand by), which means RX is turned ON at
wait time. When the unit receives radio data from the other unit, the RSSI LED turn ON

RSSI
SHEEH

and the unit will start outputting the data to RS232 port.

14. When the unit get data from PC through RS232C connector, the data is stored in internal
buffer and then will be sent after the MB-STD-RS232 check that the carrier frequency to be

THRY
=)=

set is not used in air. The TX LED turned ON when the unit will transmit the data. The unit
returns to RX mode when all data is gone.

10.7.2 User interface laboratory test with two PCs

As described in the implementation in chapter 6, the important things before testing the user
interface program is to take care about the path of the files that the user interface used, the
program run with the user interface, the initialization of the serial port (number of port, baud
rate, parity, data length, stop bit, handshaking mode, input mode ...), the interval of the timer
used to read data from the receive buffer. If all these commands are done in the correct way,

an EXE file can be made and used.

Connect one of the transceiver to a PC that contains the user interface program and the other
transceiver to an other PC that contains the program used to send data
(UserInterface_SendData). Then run the two programs and click the Sending_Data button

and the data will be displayed in the user interface program each 500 msec as below :

Figure 7.1: position & direction of the alternative - LOTTE
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-Receive Data Frame

Position IEB,HHHE
in X :
Angular 94 65799
Telocity in X:
Yelocity 127,999
in X:
Acceleration 2559979
in X :

Pogition I55__31 q Pogition
in ¥ : in ¥ :
Angul ar 75.24599 Angul ar
Telocity in Y: Telocity in Z:
Telocity 118,638 Telocity
in ¥: in Z:
Aoceleration 2372759 Aoceleration
in ¥ : in ¥ :

m
Iui
I?D,DT
Im

Figure 7.2: parameters of the alternative - LOTTE

Connection Frame

There is a connection bhetween the Base Station and |O
the ALTERHATIVE-Lotte

1)1

Figure 7.3: Status of the alternat

Figure 7.4: Weather parameters

ive - LOTTE

—Weather Frame ——

mind vectar 54 54699
wind Vectar [9E 34499
wind Vectar [58 65699

Max Solar Radiation

Time

I23,21 499
I25,42I]EIEI
IEE,EDEEIEI

dalar in X

dalar in ¥

dalar in 3

Wind Fower

Time
Tares bakura I?4,52355

As we see in the pictures above that the user interface test with the transceiver test work very

well, and the data are received correctly and putted in their place.
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10.7.3 Test of the user interface on the target system
To test the C program on the embedded system, run the TORNADO 2.0 then the following

figure will be shown :

£ Tomado - Shell ISOPC22@i50pc22 M= E3
Fil= Edit “iew Project Buld Debug JToolz Window Help Shell

D2 5| ] &| 22| | [srczzeisope: =l o+~ =|=Edal |

z|=z|wl. = #7E 5 el sEeeEE s = o EEl B EEEEE

I Workspace: Workspacel - O] [ C:Projects\altlotcomh5_COM.c -0 =]
. Y
Build Spec IF'F'EEDSgnu ﬂ
*% Project : Diploma Thesis
36 3
E'@ Workspacel _ Dovmload the file %% The goal of this program is to initialiss
SR galtiotcom Files & %2 and read from one serial port and write
i[z] 5_COM.c x%
EE T T Y SRR [ o TP P Ll
Shell I50PC22&@i50pc22 [_ [O] =]
e e e e e -
A A A A A Developnent Sy=temn
AL AL AL AL AL
P P P P P atput
Ry Ry Ry Ry AL Ho=t Ba=ed Shell defin
P P P P P ot io
AL AL AL AL AL imifis
P P P P oo Version 2.0 initis
Er Er Er Er Er
o o o o o
o o o o o
o o o o o [R——
o o o o o
Copyright 1995-1999 Wind Eiwver Sy=stems. Inc.
C++ Constructors-Destructors Strategy iz AUTOMATIC
—————— -
Files [-* maincom _’I_I
— |valu= = 0 = 0O=0 i
— > -
KN 1

To open the connection between the TORNADO and the VxWorks machine, open the tools
options, then select "Target server”, then "PepVMP", then go to the list box to select the IP,
after that the TORNADO inform you if the connection is done between it and the VxWorks

machine.

So if the connection is ok, the user will be able to compile the C file, then open a shell to send
commands to the VxWorks machine. Before running the C file on the VxWorks machine, you
should download the C file on it, this thing can be done by select the project, right click on it

and press Download "name of the project".

If all thing is done in the right way, the user will be able to type the name of the C program
in the shell (In our project, the name of the C program is "maincom"), and the data is sent to

the serial port of the VxWorks machine.

The whole code of the C test program used is shown in Annex G.
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10.8 Annex A

Some trouble shooting

Phenomena Cause of trouble
TX-LED blink SWI1, 2 setting error. Please check setting of SW1, 2.
RX_LED blink Low voltage. Please check supply voltage

TX and RX LED blink by | Internal EEPROM is something wrong. Please contact us.

turns

Both RX and RX LED |There would be interference at set frequency. Please change the
turn ON frequency. Noise from PC might be the cause of the problem.

And no transmission. Please try to leave the board from PCs and check it.

Frequency CH setting
There are two frequency settings are available.

o Fix setting (manual):
Frequency is set by switches (SW1 & SW2) on the board manually. RSSI-LED

indication helps to set vacant channel.

J Auto setting:
MB-STD-RS232 search radio carrier to find vacant channel before starting radio
communication and set to vacant channel automatically. For more details about the
frequency table, refer to the data sheet (page 6,7)

Initial Setting (Master / Slave)

SW1 SW2 Function
9 0 STD-402 initial setting / set to Slave
9 1 STD-402 initial setting / set to Master
9 9 Setting mode (Lf, Ack, Character strings, etc..) and TEST
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Operation Mode Setting SW

NO Description SW3 setting
ON OFF
1 Operation Mode Transmitter Receiver
2 Mode 2 (One{Mode 1 (Two
communication) communication)
3 (Reserve) Setting Prohibited Off
4 (Reserve) Setting Prohibited Off
5 U ACK response Yes No
6 A Parity Yes (Even) No
7 R Communication |ON |9600 |OFF [4800 {ON |2400 |OFF |1200
8 T Speed (bps) ON ON OFF OFF

Stop bit at UART Communication

Normally, Stop bit is selected one of 1/ 1.5/ 2 bit when COM port of PC equipment is set-up.
When continuous data are outputted, data comes after stop bit. However there is a case that
there is more time space than specified stop bit length because of asynchronous
communication.

The MB-STD-RS232 receives the data from PC correctly if stop bit is 1 bit or more. Stop bit
of data from the MB-STD-RS232 to PC is fixed to 2 bit therefore communication with PC
can be made regardless of stop bit (1, 1.5, 2 bit).

Jumper Setting

There are 6 jumper settings on the board. Changing J4 and J5 can change LED-working

condition to reduce the consumption current.

J1,7J2, ]J3 : Module set up STD-402 434 MHz setting must be Short, Open, Open.

J4: LED operation of TX, RX, RSSI LED  Use: Short = Non Use (off): Open

J5: LED operation of LD, LE Use: Short  Non Use(off): Open
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J6: CPU reset signal: this must be short

Communication Interface

The board equips D-SUB 9pin and Modular 6pin as communication interface [8].

| —  —
LI 1z 3 46
w cooOoo
-- N -]
E v B9
| | 1

Figure A.1: Serial Connector

Signal I/O |Modular 6P D-Sub 9p (¥) Remark
RD®RX) 1 ! 2 ] Input terminal / from PC
RS (RTS) |O 2 7 8 Hi when the equipment become
reception possible.
Lo when internal
Buffer is full
SD (TX) I 3 3 2 Data output terminal / from PC
CS(CTS) |O 4 8 7 Hi when SD terminal send data
Lo when SD terminal do not send data
GND (SG) 5 5 GND
DC (+) 6 - Supply power (DC 4 to 9V) is possible
From Modular 6pin.

Communication Cable

Cross cable which mainly connect between PCs and straight cable which connect PCs and
peripheral RS 232 equipment are available as RS 232 standard cable. Please set “Cable
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SW” (Cross / Straight) according to the cable. For more details ,refer to the Data Sheet
(page 11,12).

Operation Mode

MB-STD-RS232 has two operation modes as below :

e Operation Mode 1:  Two-way (Semi-duplex) communication
e Operation Mode 2:  One-way communication

> Operation Mode 1: Two-way (Semi-duplex) communication

This mode is useful for an application of two-way communication with the Ack/Nck

Response between PC and RS232 equipment, and an application that returns the data from
RS232 equipment to PC according to the command from PC MB-STD-RS232 is in RX at wait
time (stand by). When the unit receives radio data from the other unit, the unit will start
outputting the data to RS232 port. When MB-STD-RS232 get the data from PC through
RS232C connector, the data is stored in internal buffer and then will be sent after the MB-
STD-RS232 check that the carrier frequency to be set is not used on air. The unit returns to

RX when all data in buffer is gone.

1:N communication is possible by implementing the group setting. In this case, the
application software have to be programmed to consider that identification number of R5232
equipment have to be included in transmission command, and only the equipment which
has requested ID number returns the data when its command is received. In this operation

mode, Only Fix CH setting can be used.

e DATA Rasponss DATA
Cutput Risception Cutput
¥ T ¥

ME-STD- RXmeds | TX mode | R mode | TX mods | R mode
RS232 (1) [oaTa | | Respons= | | DATA | | Response

l Transmission T Transmission l Transmission T Racsption
MB-STD- RX mede | TX mode | RX mode | TX mode
RS232 (2) [DATA | | Respons= | | DATA | | Respanss

l Reczption T Transmission l Racsgtion T Transmission

RS 4.32 DAT.-?\ Responss DATA Reception Response
equipment Recaption Output Cutput
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Figure A.2: Two-way, Semi-Duplex Communication

» Operation Mode 2: One-way communication

This mode is useful for an application of one-way communication from PC to measurement
equipment. TX (transmitter) / RX (receiver) setting can be done with dip switch on the MB-
STD-RS232. TX unit transmit the signal at selected channel regardless that data is in buffer
or not. RX unit outputs the data to RS5232 port when radio signal is received. (RX unit does

not transmit even data is imputed to RS232 port).

1:N communication is possible by implementing the group setting. 1 * TX unit to N * RX

units communication is possible.
In this operation mode, Either Fix channel setting or Auto channel setting is used.

In Auto setting, TX unit perform automatic RF channel search and transmit the data in the
vacant RF channel. RX unit perform channel scan to detect transmission signal and set to the
RF channel.

PC DATA DATA DATA DATA
Cutput Cutput Cutput Cutput

MB-STD- TX mods

RS232 (1) |DATA | [DATA | | DATA | | DATA |
l Transmission l Transmissicn l Transmission l Transmissicn

MB-STD- FX moda

RS232(2) | pata | | DATA | | DATA | | DATA |

iReoeption l Recaption l Recaption l Recaption
RS232 DATA DATA DATA DATA
equipment Rezeption Rzcaption Recaplion Raosplicn

Figure A.3: One-way Communication

Restriction on data communication

The MB-STD-RS232 equips STD-402 transceiver module and performs packet

communication using CPU interface mode (data length 63bit) of the transceiver.
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Serial data or command stream from PC or other equipment connected to the MB-
STD-RS232 is pocketed and sent to a receiver. When these data are outputted from
the unit, the time space appear as shown below. The time space (delay) is 300msec or

more when operation mode 2 (One-way communication) is used.

Lodrfs]rjufuiwixfviz] J=fefcldf=]"]

MB-STOL 1 [ = B ] I T pacit raremesio ] I T packat trenzmizsin ] [ T pEchaL Transmeaien
L= TE T RTZaD G
MB-STOL 1 1 packet mosphion 1 | 1 packst recaption | | 1 pachs! moepton | | 1 packet recaption |
R2232(2)
Tpproe 12mees )
r ¥
il I I I Il 2 Tlufviw]xlvizf=]e] =1

* Fiqure zhows timing chart of STOL402 mod [2)

Figure A.4: Data Communication

ACK Auto Response Function

Depending on RS232 equipment, but some equipment stop or become error and
repeat transmitting same data if Ack/Nck command is not returned as response

signal within several 10msec.

This is not problem in wired communication because PC can return Ack/Nck
command immediately after receiving data from RS232 equipment. Wireless
communication with the MB-STD-RS232 have a few second time-lag for the
response. This function is given to avoid error caused by such situation. It is realized

to return Ack (or specific response string) response return.

1. MB-STD-RS232 operates as that the data from RS232 equipment is suppose to
carry delimiter symbol (Etx, Lf etc...) at end.

2. When Ack/Nck character is contained in output from RS232 equipment, MB-
STD-RS232 judges that the Ack/Nck character is the response from PC and
when it is not contained the output is recognized as data stream (i.e.
measurement data) for request
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data command from PC. The MB-STD-RS232 sends Ack response only if this
data

stream (without Ack/Nck) is recognized.

(If there is data in TX buffer, the Ack will be sent after that).

3. Delimiter, Ack/Nck and character string to recognize these operation can be

changed by user.
Example
Delimiter “Lf” (0AH)
Response detect code 1 “Ack” (06H)

2 “Nck” (15H)

Auto response character string “Ack CR Lf” (06 0D 0AH) Max. 16 characters

'3

PG Cormmand ACK (=] Recete Ha ey
Output Recapion DATA DATA ACK

ME-STD- (Command  |Command ACK ACK Recatva Trans. Recatve Trans
RS2232 (1) Recepion | Trasm. Reception Trans. Raq. DATA | Req. DATA DATHA DATA
MB-STD- Command | Command LK ACK Recele Trans. Recetve TX DATA

RSZ232 (2) Receplion | Transm. Receplion Trans. ™1 Req. DATA | Req. DATA DATA ACK esp |2

RSZ22 T e EE Ay 7
aquipment Razeplian Cutput Req. DATA Culput | Recaplion

{ACR/NCE, coos Incharac i siring) (NG AGRINGH code I character siing)

Figure A.5: ACK Auto Response

Group Setting

The MB-STD-RS232 has stored unique module identification number in the radio
module. When one unit is set up for master and other unit(s) is for slave, slave

modem unit operate with same ID as master unit.
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If this setting (group setting) have not finished, radio communication between the

MB-STD-RS232 is not possible even with same frequency.

> Setting Procedure

1. Select unit to be master and set SW1 to “9” and SW2 to “1”. Select unit(s) to be slave
and set SW1 to “9” and SW2 to “0”. Power on the units.

2. When power of the master unit is turned on, TX, RX and LE LED turn ON and LD
LED blinks. Radio transmission start and continue for about 10sec.

3. When power of slave unit(s) is turned on, TX, RX LED turn ON and RSSI turn ON
when signal from master is received. LD blink when group setting is completed.

After slave unit receives unique module identification code stored in master units, radio

communication can be performed with this code.

Note: This setting is to set identification code for radio communication. Original unique
module identification code of slave unit itself remains unchanged. When the unit was

used for slave is set to

master and perform communication, identification number is different from former

communication. Therefore interface does not occur.
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Figure A.6: Master & Slave Units

Ack Auto Response Setting

Delimiter, Ack/Nck code and auto response character string (max. 16 characters) for
recognition of Ack auto response can be changed from RS232 port using software like

Windows Hyper Terminal.

> Procedure

1. Connect MB-STD-RS232 and PC with RS232 cable. Set SW1 and SW2 on the MB-STD-
RS232 to “9”, “9”, then power ON.

2. Start up the Hyper Terminal and set communication condition as below.
4800bps, Bit = 7, Parity = Odd, Stop Bit = 1, Flow control = Hard ware.

3. At first, type “/A CrLt” and return. Check if the MB-STD-RS232 modern return the
product name and program version.

4. Set up with reference to the following table.

Command Transmission format

Correct Response

Description
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Data (example)

“IA” “/A CrLf” “/|A MB-STD-RS232, Product name, Program ver.
001.000 CrLt”
“I “/106, 0D, OA CrLt” “Ok CrLf”
Set and check of Ack response
character sting (HEX)
Max. 12 character (prohibit to in
“/1 CrLf” “/106, 0D, OA CrLf”
ASCII code 