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Die Projektphasen
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Die Projektphasen
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Lebenszyklusmodelle

1. Lebenszyklusmodelle
 V-Modell
e |teratives Modell
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Lebenszyklusmodelle 9 ORGHOO
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Lebenszyklusmodelle 6SLUDO ORGHOO

H HLQ LWHUDWGY W 5 SURGGEEAOQLPLHUW GDV 5LVLNR GHV :D\

GHQQ

L GLH (UIDKUXQJ DXV 3HMR IHBHIGH DA BUKUPHIGHARIGRSHU SRHEIK U

> System Feasibility
System Specification

- Prototype 1

- Prototypg N

Operational System

|

> Enhancement
System Retirement

Architecture

System
Lifecycle

Maintendnc

Test

lementatio

,Q DOOHQ 3URMHNWSKDVHQ $ ( ZL
GXUFKODXIHQ

GLH $NWLYLW!WHQ GHU 6SLUDOH
YHUVFKLHGHQHQ 3KDVHV YHUVEKL}
DXVJHSU!JW

MVHHGEHH 6633LULERARH W5 H Y QH P
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HU]J]ZLQJHQ NHLQH 7RS 'RZQ 9RUJHI
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RXWVLGH LQ LQVLGH RXW

DX MHGHU 9HUIHLQHUXQJVHEHQH
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Funktional Analyse

2. Funktionale Analyse
 Methode
« Beispiel: Power Control Unit

 Durchgefthrt in den System Analyse und Definitions-Phasen
(A und B)
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Funktional Analyse in den Phasen

’GI—H (QWVFKHRLGXQJ 3UHOL QDU\ &ULWLFDO J)OLBKW

RE GDV .RRQJHSW '"HVLJQ S5HYLHEZVLIQ SHYLBHHEADG\QHVV BHYLHZ
YHUZLUNQLFKW ZLUG
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Was ist die Funktional Analyse

Fur die Steuerfunktionen in der Onboard-SW miussen definiert werden
(quantitativ und qualitativ):

o die Haupt Prozess-Flusse

 die Uberwachungs- und Kontroll-Funktionen

o die Autonomen Funktionen

» die Sicherheits-Funktionen (bestimmen das Verhalten im Fehlerfall)

 Funktionsschnittstellen
— Wie beeinflussen sich die Funktionen untereinander ?

— Wie wird der Satellit vom Boden aus bedient ?
— Welche Test-Funktionen gibt es ?

SRS Universitat INSTITUT FUR RAUMFAHRTSYSTEME 4
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Funktionale Analyse (Methode)

SORUIJHKHQVZHLVH

HQ WLJW ZLUG HLQ PHWKRGLVFKHYVY 9RUJHKHQ GDV
u 'LH 6\VWHP 8PJHEXQJDE]XJHJUWHUHEHQOHFN GHU $QDO\VI
6\WWHPH ]X JHUWHLOHQ LQ 8QWIRP/ANREHHPO |X '"HWDLO

. RQVLVWHQ] VLFKHU]XVWHOOHRHLQH :LGHUVSU%FKH
/JHVEDUNHLW .RPSDNWKHLW G K B HDI$ W HEODODNGHIL W

' RPSOH[LW!'W ]X EHKHUUVFKHQ 9HUVW!QGOLFKNHLW
'HILQLWLRQ GHU 6\VWHPHLJHQMPKBDHQKE W 6 &

T T T T T

TO W BRI K R @/8NR GALEINF ' ()

6WUXNWXULH MitHiIfevon>\\/H
1 H X H WHHWD Kl R'éaVRea L 68ADDN\HH OqIFFKI‘LLQ}

SADT: Structured Analysis & Design Technique
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Funktionale Analyse (klassische Methode)

00000000

6$'7 ,'()
U ,VWVFKRQODQJH VHLW EHNDQDRMNDXD G H U
U GB6RIWZDUH (QJLQHHULQJ ZDU GK K FHKR/QVIHY LG/HIQS
HU -DKIRHW@ DEBWHRRGHIERLQHBUW KDW
M 6$'7 LVWDXFKLQ GHU $OOJHPHLQHQ®UWVWHP 7H
XQ KDW VLFK EHZ|KUW
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Funktionale Analyse (SADT)

Modellierung in Sichten / Aspekten

Aus Sicht des Benutzers (User View)
Aus Sicht des Entwicklers (Designer View)

e SA unterstutzt das Hierarchie Prinzip von Systemen
verwandte Funktionen werden zusammengepackt
nicht-verwandte Funktionen werden getrennt

* bei der Zerlegung wird versucht, pro Diagramm 7 +/- 2

Funktionen darzustellen (bei SADT: diagonal angeordnet)

1 1
6$'7 ()
The SADT Arrowing
Convention: from top:
controlling

mnputs

L

« als Symbole werden benutzt: from left: Funciion { Acivlly to right:
— Pfeile (fur I?atenflijsse) . ;“p’;f“"“”'“g —1 Ccapability I—Dnulpuis
— Knoten (fir Prozesse, Funktionen): Node #
- Bubbles in SA/RT, T
o Kastchen in SADT mechansms.
— von links: Inputs; nach rechts: Outputs; von from bottom:
oben: Controls
— Doppellinie (fir Datenspeicher): nur vorhanden in SA/RT
* Funktionen werden redundanzfrei definiert
Universitat INSTITUT FUR RAUMFAHRTSYSTEME 4
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SADT Beispielchart

Kontrolle

Inputl

Resouxgen

P.2

Outputl

6$'7
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Inputl =

Sub-Funktion
1

Al
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interne daten2

interne datenl

Sub-Funktion
2

A2]

Kontrolle

$» Outputl

Y

A 4

Sub-Funktion
3

A3|

interne daten3

4

Sub-Funktion

interne daten4
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Bsp: Power Control Unit mit Busregelung, Control & Monitoring,
Fehlerbehandlung, Interface

receive provide
telecommand —~ commands te.IemeFry — telemetry data
dataviabus — | Viaserial telemetry data via serial = 2 bus
databus databus
received AB

commands

process

commands &
format

telemetry e

converted telecommands

internal Housekeepings

convert
solar into -
electrical

Energy

output
swich-off

battery discharge
current

mainbus
monitor

store output currents

ener
Solar Array et/

Current

battery charge regulate
current mainbus

switch distributed
powerlines electical

) power
Mainbus Power
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WNHHPEWHWFKUHLEX

GDVV QLFHOYKQRAUHXQNWLRQ

Funktionale Analyse (neuere Methode)
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Funktionale Analyse (SysML)

 Modellierung ebenfalls in Sichten / Aspekten
— Aus Sicht des Benutzers (User View)
— Aus Sicht des Entwicklers (Designer View)

 SysML unterstitzt ebenfalls das Hierarchie
Prinzip von Systemen
— verwandte Funktionen werden zusammengepackt
— nicht-verwandte Funktionen werden getrennt

 SysML unterstitzt zusatzlich das objektorientierte
Abbildungsprinzip mit Klassifizierungen und
Instanziierungen (und Vererbungen)

6\VO/
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Die wichtigsten Diagrammtypen fur funktionale Analyse (1)

Beispiel aus:

SysML Partners (www.sysml.org):
SysML Overview - Draft Update,
INCOSE/AP-233 Review, May 25, 2004

Diagram Description

Version: 0.3
Description: Partial assy tree
Reference:

CD: Vehicle System HierarckV

{

<<assembly>>
Vehicle Controller

<<system>>
Vehicle
<<assembly>> <<assembly>> <<assembly>> <<assembly>> <<assembly>>
Body & Chassis Suspension Brake Power Train Steering

<<deployment>>
<<software>> vehicleControl

| | 4
<<assembly>> <<assembly>> <<assembly>> <<assembly>>
Engine Transmission Transaxle Wheel
— — -{0 r}_ —_—
<<assembly>> <<assembly>>
V6-Engine V8-Engine
Klassendiagramm

Universitat
Stuttgart
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Die wichtigsten Diagrammtypen fur funktionale Analyse (2)

Activity Diagramm :Driver : Vehicle
(mit Swim-Lanes) ®

[accelerator applied] [brake applied]
[else] - . -
Apply <<continuous>> <<runToDisable>> <<continuous>>
BrZEes Brake 1 Control Brake
Pressure Brake Force Force

ﬁ <<continuous>> <<runToDisable>> )
Apply Acclerator — Control <<continuous>>
ACCEI(%D Position Power Power

Y

Ignition
Off

<<interruptibleRegion>> /

:f.:,:f:‘:’::;g':gz Universitat INSTITUT FUR RAUMFAHRTSYSTEME 4
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Die wichtigsten Diagrammtypen fur funktionale Analyse (3)

-

. ignition on

: engine off

Operate

f Vehicle On \

gearSelect=neutral

engine on

Neutral

Terminate
ignition off
gearSelect=neutral

N

Forward

gearSelect=forwardrse

Reverse

\

Zustandsautomatendiagramm

CXRAAARO
PS 2L AKX . oy
shsgRtie: Universitat
ngSERst g

RXXRXAIC tu ttg art

INSTITUT FUR RAUMFAHRTSYSTEME 4
WWW.irs.uni-stuttgart.de

EADS

_//.
Erium

20



Die wichtigsten Diagrammtypen flr funktionale Analyse (4)

SEQD: Test Vehicle

:VehicleController Engine
| |
| |
| |

initiate Test : |

] ~
| = !
: verifyEnginePressure :
| =

|
| verifyTiming |
| =)
: provideStatus |
provideStatus < |
= | |
- | |
| |
| |

Sequenzdiagramm

‘0 e . DTS
diggastt  Universitat
Stuttgart
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Funktionale Analyse (Verschiede Modelle)

SsErium

Al System Zeige die funktionellen Datenfllisse
Begin B Beobachtung - Wo sind Funktionen, die beobachtet werden sollen
- Wo sind Funktionen, die andere Uberwachen
- Welches sind die Parameter die beobachtet werden sollen
Al System Zeige die funktionellen Datenfliisse
Begin B Kommandierung - Wo sind kontrollierende Functionen
- Welche Funktionen werden kontrolliert
- Was sind die Kommandos
Al End-to-End Zeige die funktionellen Datenfllisse
Begin B Datenflisse - von Kommandos vom RF-Empfanger bis zum Ziel;
- von den Units die Daten generieren von der Quelle bis zum RF-Sender
Al Fehler-Quellen Zeige die funktionellen Datenfllisse
Begin B - - von den moglichen Fehler-Quellen
Fehler-Behebung - ihre Symptome / Parameter
- der Aktionen (mit Kommandos) zur Fehlerbehebung
Al Hardware Zeige die funktionellen Datenfllisse
Begin B -- - Zwischen Hardware und Software (in beiden Richtungen)
Software
:;:.3 Universitéat INSTITUT FUR RAUMFAHRTSYSTEME 4 ' ,
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Funktionale Analyse (Verschiede Modelle)

DH (TM/TC Services),
AOCS,

Appl. SW des Zentralrechners:

Strukturiere die SW in ihre ,Main Applications,
- Zeige Datenflisse von/bis zur HW Schnittstelle (Treiber)

- Definiere die Unter-Funktionen und Datenfliisse und NICHT
den Code

Thermal, - FUr komplexe Ablaufe kdnnen Flow-Charts nitzlich sein
SystemControl, - FUr komplexe Verhalten definiere Zustandsdiagramme
FDIR
Ende B Power Distribution Unit
(enthalt auch die Thermal Unit spezifische Funktionen:
Heizer) - Identifiziere Funktionen fiir das nominale und das Fehler-
Verhalten
Ende B HF-Units - Identifiziere Datenfliisse iiber die HW-Schnittstellen
Ende B Massen-Speicher - Definiere Zustandsdiagramme
Ende B Nutzlast
:;:,:» Universitéat INSTITUT FUR RAUMFAHRTSYSTEME 4 ,
“3’:33%2‘2.‘5“ Stuttgart Www.irs.uni-stuttgart.de EADS 23
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Input der funktionalen Analyse fur die SW Entwicklung

3. Input flr Software Entwicklung

u SHIHUHQ]HQ I1%U 6: (QWZXUI
SUFKLWHNWXUHOQ
%HLVSLHO 3DFNHW 6HUYLFHV

u 6RIWZDUH 6SH]JLILNDWLRQ
$QZHQOGXQJ GHU )XQNWLRQDOHQ $QDO\VH
6SH]JLILNDWLRQV 'RNXPHQW

00000
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Basisinformationen fir SW Entwicklung

SHIHUHQJHQ 1%U 6: (QWZLFNOXQJ

H (OHNWULVFKH $UFKLWHNWXUHQ

U :R LVW %EHUDOO 6:

U 7HOHPHWU\ 7HOHFRPPDQG 'DWHQ 6WUXNW:
6FKLFKWHQ ORGHOOH

6WDQGDUG )X QNNILYRGH @

00000
oooooooooooo
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6: (QWZXUIl (OHNWU G5HIHUHQ] SUFKLWHNW X

L DATA MANAGEMENT RF COMMUNICATION
SYSTEM (DMS)
SARDATA [2 x 12 Mb) DATA [SCIENCE & HK g
g <z | 3 e Ll e (1€ | —" 3
i RF & PROCESSING 8 > 8 2
? X cMD&CTRL[DIG] I . 3
E < — ¢ SYNC|[1 Hz] z
3 i . T™MITC [le kbps] - J P g
ps. . het—»
T | \ ”|  s-Band N7 'é
i ) omee [, :
: > > Phag 2
DORIS [— CMD & CTRL & DATA
2 [MIL1553 B]
o] UsSoO & CMD & CTRL & DATA [UART]
(8]
x <> >—> PROCESSING || SYNC [1 Hz] SYNC [1 Hz]
o ELECTRONICS |.¢ PWR 28V
2 — PWR 28 V
S CMD & CTRL [MLC]
a im
2
Q
S
EhS gl | THERMAL 3 AOCS
[ S
g CONTROL P ‘
Power & 2l |8 | Magneto- Star
Conversion £ L] _ I ST Tracker
R Distribution PWR28V | | Thermistor | — .
7 i i Thflrm:) stat = » Magneto Coarse Earth/
2 >
ARRAY ' eater = M Sun Sensor
.| Magneto
BATTERY " | torquer Y
— Cold Gas
Q non redundant » Magneto Propulsion
torquer Z
Q functional redundant
DRIVE [PULSE]
-|_ cold or hot redundant
’0‘0”“’
.‘:‘o’o'o‘o‘:‘.» . . . .
,::13.::2:§:: Universitat INSTITUT FUR RAUMFAHRTSYSTEME
9023988 "
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6: LP 6\WWHP T

i —— -
DORIS A MMFU B
‘ DORISB |
Star-

1853

UART-1 [ UART-2 | UART-3

CDOMU-CTU

MIL-Bus I'F
CDMU 1I'D Interfaces

Y
ReConfig SGM1.23
A A

VC-0
|_... internal Reconf Y
.‘_| TM VC Assembler & Encoder A
Im gesamten System % R \_ same for COMUB
.‘0:0:0:0:0:0.. . _}‘
st Universitat INSTITUT FUR RAUMFAHRTSYSTEME 4
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6 LP 6\VWHP ( Deliverable SW System o A
[ l./ 2 .
& | Bootstrap + |
3 . Start-up
Application Programs (developed
by COMU
(requirements are subject of this specification) Sipp"g,,
7'\_ ; NI N
oN Ve Application Program Interfaces (AP)
e(\de( (developed by CDMU Supplier and provide to CDMU SW Developer)
P\(\\N do NOT use any Timing Functions implemented in SW inside COMU
HPC-2 Controller] | UART Decoder| | TM Frame  [access on (
AP AP AP AP | API Y ) %
CDOMU - Timers, Reqisters &
- Memonies (RAM, %
s\N Hardware rfg%ialls ROMs, Safeguard)
. ba Controller
e
( Pulse Command®y ~FiiT-6us ™ /TC Decoden/fVC Channel\
e )\ Diiver HW \ Driver HW A Assembler HW
A
L COMU Processor,
| JOART Memaories ete.
k_ CDMU_'R‘. :'k Driver Hllllllfjl
Y
. 2
I n n e rhal b d eS Satelhte Hardware :i S-Band Rx & Tx
Zentral-Rechners
SHESES Universitat INSTITUT FUR RAUMFAHRTSYSTEME 4
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Softwarefunktionen

'LH 2%6: LQ GHQ YHUVFKLHGHQHOQ SRKQHW XKICAK W Q X
YHUVFKLHGHQH $XIJDEHQ |]X %EHUQHKPHQ

'DWHQKDQGOLQJ 6SHLFKHUXQJ
6\WWHPUHJHOXQJ

6\WWHP%EHUZDFKXQJ

78& 9HUDUEHLWXQJ ! 6\VWHPNRPPDQGLHUXQJ
70 *HQHULHUXQJ

6\WWHP¥%EHUZDFKXQJ ! )JHKOHUPDQDJHPHQW

ooooo
oooooooooooo
doinaeietete
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TC/TM Schichten-Modell (CCSDS Standard)

Telecommanding Telemetry

FUNCTIONS DATA UNITS
Sowcel | |Soucen| | Sowcem Sourcs IV
APPLICATION PROCESS LAYER AP | AFF| AP AP | AP AP | AP | AP AP | AP | AP
y o (12| |alal]|s]s]|7]|[e]e|w]|n
v COMMAND DIRECTIVE 9
TELECOMMAND, Source Packss
PART 3: DATA — SYSTEM MANAGEMENT LAYER 0]
MuBiphn: Soure * ow W w v * w W  Ow W W O
MANAGEMENT SERVICE _ : B e | YR | Y QS
] TC ARPPLICATION DATA o Virual Chanresls L
r Trarsfer Frames -
X k4 L A k4 Q
PACKETIZATION LAYER la'ﬂul.lriunnﬂs [ PR oI |
Wastes Channel
[ 5 onous Siresm
—rr— - of Trarsder Frames
ard [ Poyscal crannet |
1 maodulate AF
O AF Link
T N Gl
tcoms, 2] | |2 = —_—
ROUTING SERVICE = L ot 5 + o Tunse Frames.
= 2 Demuttghz [ e s |
c TRANSFER LAYER M Vietual G a @)
>
(an Trarested Framis o}
o i O - - + G)
TRANSFER FRAME - e VG o ve ] v | 3
L 3 c
Eowoe Packeis 3
CODING LAYER i P 11 o
DhemriEsuls Packet 1o 3
' o O TR
TELECOMMAND, ! CLTU Sk Proceiass
PART 1: CHANNEL B — r Sowce Packets
SERVICE PHYSICAL LAYER Jvl \/ LL
- r Sink Sink ‘ ‘ Sink Sink
PHYSICAL WAVEFORM Priviaal’ | | Pracms] | | Promaalie s e e Procass
L] B G i}
STt :
* OO * . DTS "
SRS Universitat INSTITUT FUR RAUMFAHRTSYSTEME 4 30
POATIN 23282924 H H EA D S |
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Liste von Standard TM/TC Services

Sub Command Service Sub Telemetry Service
Service Service
Service 1: Telecommand Verification
1 |TC Acceptance Report 1. Verification of
2 |TC Acceptance Failure Report Command Acceptance and
7 |TC execution Completion Report Execution Completion

8 TC execution Completion Failure Report

Service 2: Device Command Distribution

1 distribute OMN/OFF Pulse Command

2 |distribute Serial Command

3 distribute CPDU Command

Service 3: Housekeeping Data Reporting

1 Define a New HK Parameter Report 3. HK (Housekeeping)
2  |Add a Parameter to a HK Report Reporting
3 Clear a HK Parameter Definition

56  |Enable/disable a HK Report Generation

2. HW (Device) Commanding

S SSs A

st Universitat INSTITUT FUR RAUMFAHRTSYSTEME 4 [
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Sub Command Service Sub Telemetry Service
Service Service
a9 Report a HK Report Definition 10 |HK Parameter Report Definition
25 |HK Farameter Report
128 Report the HK Parameter Status 129 IHK Farameter Status Report
130  |Define HK Packet Sampling
thd Same as above but for Diagnostic thd Same as above but for Diagnostic
Service 4: Parameters Statistics
1 Report Min/Max Statistics Results 2 Min/Max Statistics Results Report . ..
3 Reset Min/Max Statistics Result 4 Mln / MaX St&tlSthS
a5 Enable/Disable MinMax Statistics Fct.
BT Add/delete a Parameter to Statistics
8 Report the Min/Max Statistics List 2 |Min/Max Statistics List Repon
10 Clear the Min/Max Statistics List |
Service 5. Events Reporting and System-Log
S . ““P?“'“g 5. Event Reporting und
1 Marmal / Progress Event
2 Warning Event SyStem LOg
3 Ancmaly Event
4 Critical Events Event
130/ 131 |Enable/disable Generation of Events
132 Report the Enabled Event Packets 133 |Enabled Event Packets Report
thd  |Trigger specified Event |
Service 5B: System-Log
128 Downlink the System-Log
129  |Clear the System-Log up to Time
Sarvice 8 Memory Management
T 6. SW Upload/Dump
5 Dump Memaory [ |Memory Dump Report
E] Check Memory 10 Check Memory Report
128 Dump Flxed Memaory 129  |Fixed Memory Dump Report
Service 8. Function Management Service
1/2 Activate/deactivate a Function e .
3 |Perform an Activiy of a Funclion 8. Specific Functions
128 Report Function Parameatars 129 |Function Parameters Report
PN . - . ==
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Sub Command Service Sub Telametry Service
Service Service
Service 9: Time Managamalilt Service
2 Spacecraft Time Report .
Service 11: Master Timeline (MTL) Scheduling Service 9 Tlme Management
172 Enable Release of Telecommands
3 Claar the MTL Table
4 Insert Telecommand into the MTL .
5 Dalete Telecommands from MTL 10 ExeCUtlon Of
[ Delete Telecommands over Time Period Uploaded Time Line
9 Report a Single MTL Command 10(Single MTL Command Report
12 Raport the Compl. MTL in Sum. Ferm 13|Complete MTL Summary Report
Service 12; Parameter Monitoring
172 Enable/disable Monitoring Checks 12 Onboard Parameter / HK
3 Clear the Check List lelt SenS|n
5 Add/Modify a Param, Check g
L3 Dalete a Paramater Check Descriptor.
8 Report Parameter Checks List 9 Farameter Monitoring Checks List
10 Report Parameater Chack Rasults 11 Parameter Monitaring Check Rasults
tbd Trigger specified Out-of-limit
Sarvice 14: Real-Time (RT) Packet Transmission Control
£/& |Enable/disable HK Report 14. Conflguratlon of
T Report Enabled HEK reports ] Enabled RT HK Reports . .
1314 |Enable/disable Event Rep. Real Tlme DOWﬂ'Ink
15 Raport Enabled Event Rep. 16 Enabled RT Downlink Events Reports
1287129 |Enable/disable TC Verif. Rep.
130 Report Enabled TC Verification Reports 131 Enabled RT TC Verification Reports
Add-On / Genaral Purpose:
Several |Disabla/enable RT Downlink of selected Several |Correspanding repoms
new |ProcessiDiType Subtype P
Service 15: Mass Memory Service
172 Enable/disable Storage in Packet Store
e —— 15. Onboard Data Storage
Storage Selection
5 Reaport Storage Selection Definition -] Storage Selection Definition Report
S, N ) e
Ezg:gg":‘g;::z Universitat INSTI.TUT I_:UR RAUMFAHRTSYSTEME 4 E AD S -
3‘:3??33 s+ Stuttgart WWW.irs.uni-stuttgart.de

-~ 33

BEsSsErium



Sub Command Service Sub Telemetry Service
Service Service
b Downlink of Storage for a Time-Period
Report
128129 |Suspend/resumea Storage Dump
130  |Define Storage Dump Sequence
13 Report the Storage Dump Sequence 132  |Storage Dump Sequence Report
Service 17: Link Test 17. Link Test
1 Connection Test Command
Service 18: Onboard Control Procedures (QBCP)
172 Load/delete a Procedure
3/4 |Startterminate a Procedure 18. Onboard FDIR & Start-Up
a6 Suspend/resume a Procedure Procedures
Communicate Param. to an OBCP
Report List of loaded OBCPs 9 Loaded OBCF List Report
10 Report List of active OBCPs 11 Active OBCP List Report
Service 19; Event / Action Support
1 Add [ Modify Event to the Detection List 19. Monitoring of EDIR Events
2 Delete Event from the Detection List
45 Enable/disable Action
6 Report the Event Detection List 7 Events Detection List Report
128 Report a single Action Command 129 Single Action Command Report
Service 20: Payload Level-0 Products 20. Payload Data
1-7 Level-0 Products: a dedicated Subtype for .
each sensor (ASM, VFM, STR, EFIETBSFL Pre-PrOCGSSW]g
ACC, Ancillary)
Service 128: TC History Log (TBC)
| | 128 |Encapsula’tad onboard issued TC
S Universitat INSTITUT FUR RAUMFAHRTSYSTEME 4 T
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Te I ecomman d Laye IS PACKET HEADER PACKET DATA FIELD
{6 octets) [wariable number of octets)
Packet
Fackst ID Packed Sequence Packel | Data | Application Emod
. . Cantrol Length | Fiedd Data Control
Application Layer (SW) Header (CRC)
[ Apphcaton -
Appl. Layer (HW) has no DFH | Feid | Process D (+AD) Sommen | 22
Humber| Tvpe | Plog F“’I';" ;““"" Fings Count | Faeld
TN GUN U - PO | el Lengih
crOUA HW 3 |1 i 7 Fl 3 1
“MAF' D=0 SW 2 octets 2 octets 2 ochats| 4 octets | M oclets —
from S-Band MAPID =1 — kit A A ST S Wj‘f’f :
————— Decoder 1 » | COMU-1 processor 2 i = T e [N
F—Map ]_E“__i_ d ito fit into mwmj;u;agﬁﬁi TC frame data unith
from $-Band MARIE= 1T
— ™| Decoder? [— MAF -_L'_r; 4 | COMU-2 processor
MAR 1D =0 SW
CPDU 2 HW
MAP 1D . : Segment Data Fiekd
Defines if destination is HW or SW 205 /> 6t Segment Layer
248 Octats (Maximum) (decoded by Decoder)
FRAME HEADER
(5 octets) TC
Yersion | Bypass | Control | Spare | Spacecraft | Virual | Frame | Frame TC Frame FErlf'lrr:_!:f
Mumber | Flag Com- IO Channel | Length | Sequence Data Unit Control Tranferframe Layer
mand Mumler
(=0) Fiag | (=0) (CRC) (decoded by Decoder)
2 1 1 2 10 10 8
A 2 octefs 2 octets 1 octet max 2 octets
e EADS, 3
SsEriam



Telecommand Source Packet (Application Layer)

Telecommand PACKET HEADER PACKET DATA FIELD
Source Packet (6 octets) (variable number of octets)
Packet
Packet ID Packet Sequence | Packet| Data | Application Error
Control Length | Field Data Control
N~ Header (CRC)
Data Application =
Field Process ID (=ARID) Packet
Version Header Sequence | Sequance Data
Mumber | Type Flag F'I‘I::EESS CIZ?CEEI Flags Count Field
=0 | =D | N | pp) e | =115 Length
3 1 1 7 4 2 14
2 octets 2 octets 2 octefs| 4 octets |\ N octets
[ — e L T = - — = riable 2 octets
< 6 octets = emeeeaees max 2&% octets —--——-- -
1. APID:
* Defines the routing / destination
2. Service Type / Subtype:
* Define the function cesps Seri Ser
: : . Secondary envice ervice
. Deflne format of the application Header Flag | CRC Flags Ack Type Subtype | Source ID
data filed (=0)
3. ACK: zero enumerated | o Nd | e N | el 4 | enumerated
« Defines the type of acknowledge bt | abis L | b |
4 octets
SEEER Universitat INSTITUT FUR RAUMFAHRTSYSTEME
Ba3e0ss:. 5395384 : . 4
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Telemetry Source Packet (Application Layer)

1. APID:

* Defines the generating source

ldle, High Pricrity and Time TM(9,2) packets do have no D

SOURCH CKET HEADER PACKET DATA FIELD
ictets ) (variable)
PACKET DATA SOURCE PACKET
PACKET ID v SEQUEMCE BPACKET | FIELD DATA ERROR
CONTROL LENGTH | HEADER COTROL
Application
“arsion | Type | Data Process ID
Humber Field [Tprocess | Packet | Srouping | Seurce
Header D Categery Flags |Sequence
(=0} {=0) | Flag 7 bit 2ot Count
3bit | 1bit | 1bit 11 bit 2 bit 14 bit
10 octets 2'M
2 octets 2 octats 2 octets or octets 2 octets
16 octets M=0
= mandatory - remark 1) remark 1)
Remark 1):

aymgade r and no Packet Errmm fields.

2. Service Type / Subtype:
» Define the function
» Define format of the source data

field

e menaan Data Field Header :1 0 L = L e >
Error
Filler Contral Filler Service Sardon Filler -
(=0} Flags (=0} Type Subtype {=0)
SRS ENUE- | BAUNE- abzolute Time
Zerg rated Zero Zero (CDS)
S
1 bit 3 bits i 4 bits 1octet | B octets
Data Field Brin N L-SCIENCE Packets
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SW Anforderungen

6RIWZDUH 6SH]JLILNDWLRQ
U )YXQNWLRQDO $QDO\VH
U 6SH]JLILNDWLRQV ' 'RNXPHQW
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)XQNWLRQDO $QDO\VH

Das Top-Level Context-Diagram

03.12.200109:30

astrium | " A0 =1 | |st in sich geschlossen: Hat keine Inputs / Outputs !'!!

CryoSat Function: Context of CDMU A ‘
science TM
packets from SIRAL via
TC Blocks to PTs RT-RT transmission from SIRAL to
T Block from MMFU __ | +— v MMFU on MIL-1553 Bus
TM Block from SIRAL —1 Py PTSIRAL packets from SIRAL via
DORIS direct transmission from SIRAL to
TM Block from DORIS / | MMFU on direct serial lines
- j IEEE-1355
A-06 A-05 ———— )
spacecraft time PT VC Science
from DORIS »| MMFU [T / R X-band down
o time to SIRAL " A-01
initial load + MMFU - '
| » A-03 VC Non-Science
R TM Blocks to R S-band down
S-band uplink » CDMU MMFU Storage » -
»| Application
TC Packets from ‘ ¢ pp to s-band Tx
ground to Applications ¢ SOftwa_re \j\
device commands
A0 via CDMU RU
A 4
CDMU
Startracker commands Trasctlirers —> RU A 4 %
T from AOCS A07l B A0S v Equipment \ (//)
O i — connected to 0
/ StarTracker Data sent by S connected to ggmgg?g Ve Q
CDMU-RU :
A- 2] A-09 /){Q,_
Block of data
from COMU RU HPC1 + HPC2
.
AR
RN . - .
e Universitat INSTITUT FUR RAUMFAHRTSYSTEME
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Ein-/Ausgaben einer SW Unit (SADT)

Urd-41.idd
28.01.200211:42
astrium | "% A0
Cryosat Function: CDMU Application Software CDMU SW Rgmts 5.0

Signals

Separation Strap —~

TC packets released by
System Control PID T\ data for datapool

initial load
C1

Packets from
bund to Applications

TC Packets to

Block from MMFU

Block from SIRAL

Block from DORIS

VYVVYVYVYVYVYYVYY

kets from local PIDs

"critical Event"

lock of data

S

data from datapool

local PIDs

device commands

“ia COMU-CTO
(= HPC2)

device commang

+ MMFU ™

time to SIRAL  Via CDMURU

TM Blocks to
MMFU Storag

TC Blocks tlPT:

Navig

DORIS

om CDMU RU

tarTracker Data sent by STR

Thermal Control heater commands

AOCS actuator commands 4

]

"l am alive" Flags

SRR

TM packet

A

[ TM pkts for onboard applic.

Startracker commailds

from AOCS
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Steuerung einer SW Unit (SADT)

Urd-41.idd
03.12.200109:50
1 Node:
astrium
CryoSat Functiof

&RQWQ BBOW

VIS X

WabMmu sw Rgmts 4.0

cycle 4 times every PST slot

commandsiib subfunctions / senices

initialisation
if warm start
c2

S (=4 times in 100 msec)

Mil-Bus Configuration Word

,QSXWYV

data rate usage per ICU

S
- PSTO-1 PST Phase
] controlling » 01
¥ functions |~ Packet Terminal activit
y
o —;\ﬁ CDMU-RU activity ’\$
el - system HK acquired by CDMU-RU
-
P. 16 ] portocol for device commands
: cycle-loop I—)\/ CDMU-RU via CDOMURU o ojjjEEE NN
>
buffer closed loop commands |
1 a TM data blocks from PTs and COMU-RU u
buffer TC device commands | v 02.
| cycle loop ]
Block of data v Vv
19 > =3 ]
from CDMU RU
A2452 __] protocol for n
2P| Packet [—=_J
(g -buffer TV Packets for MMFU J| Terminals [~ n
buffer TC Packets to ICUs u
14 ]
T™ Block from MMFU ™ -
15
MMFU Storage
I6TM Block from DORIS TC Blocks to PTs, os ™
>
TM Block from SIRAL . [ |
spacecraft time t:me to SIRA&‘
from DORIS
18 » |
time data for PTs
110 P |
A2453

[ ]
!IIIII

]
]
]
]
]
N ]
poe ]
]
= -
7)) ]
]
]
]
<
EEEEHN
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S/C Operational Modes (SysML)

stm CryoSat OperationalModes

 J
Switched on :
OFF
_ PrelaunchMode (PM)
Do / SatOperation [PrelaunchMode]
SafeMode (SM)
- Entry/CDMU in B-Mode
Smbiicaltemgved Failure Entry/PCDU in B-Mode
| - Entry/AOCS in CPM
/ LaunchMode (LM} NominalMode (NM)
Do / SatOperation . Do / SatOperation [Eé;[;;esw?;gé)f etion
[LaunchMode] [NominalMode] :
: TC ,Nominal
: T T Mode* Exit/PCDU in A-Mode
separated TC ,Nominal Exit/CDMU in A-Mode
. Mode*
SeparationMode (SepM) TC ,End Orbit TC ,Start Orbit
- 1 Manoeuvre" Manoeuvre”
Do / SatOperation
[SeparationMode]
OrbitManoeuvreMode (OMM)
Entry / AOCS in OCM
Do / SatOperation [OMM]
N .
Jsandessttes  Universitat INSTITUT FUR RAUMFAHRTSYSTEME
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AOCS Operational Modes (SysML)

stm AQCS Operational Modes)

SBM:

<TC>RDM

Stand-By Mode
(SBM)

¢~ Rate Damping Mode (RDM) ™\

tofc:omrm Attitude & Orbit [RDM]J

<FDIR>CPMtoRDM |
<TC>RDM

<AUTO>RDMtoCPM |
<TC>CPM

[~ Coarse Pointing Mode (CPM)

<FDIR>OCMtoCPM |
<TC>CPM

<FDIR>FPMtoCPM |
<TC>CPM

[~ Orbit Control Mode (OCM) ™\
Do/Control Attitude & Orbit [OCM] J

/L<TC>OCM

/~_ Fine Pointing Mode (FPM)

<TC>FPM

to:’Control Attitude & Orbit [CPM]
/

<AUTO>CPMtoFPM |
<TC>FPM

Do/Control Attitude & Orbit [FPM]J

.

in S/C Off & Prelaunch mode, AOCS Mode is OFF
in S/C Launch mode AOCS is in Standby mode

in S/C Separation mode AOCS is in Rate Damping
mode

in S/C nominal mode AOCS can be ein Course- or
Fine pointing mode

in S/C Orbit Manoevre AOCS is in Orbit Control
Mode

For S/C Safe mode the modes of the
subcompoentnts are listed in the safe mode box

CDMU is the Onboard computer
PCDU is the power unit

Universitat
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Funktionen auf

act SatOperation [NominalMode])

allocatedTo
«block»Structure

Provide structural integrity

S/C Ebene fur

einen S/C
Betriebsmode

INSTITUT FUR RAUN

samsstt Universitat
WWW.irs.uni-stuttgart.c

Stuttgart

Communicate TM & TC

with ground

allocatedTo
«block» TMTCComSys

\[ TC to SIRAL é\

Perform Science Operations

allocatedTo

Commands

«block»DMS

«block»SIRAL
Science Manage Data & Control Satellit:
Data
allocatedTo

~— Commands :|

Position & Velocity

—

Measure Position

HK
e
Science Data

Actuator steering
& commands

acquired

AQCS parameters

J g

Science Data

Communicate Science

Data with ground

allocatedTo

«block»ScienceComSys

Control Attitude & Orbit

allocatedTo
«block»AQCS

Thermal parameters

acquired

& Velocity
allocatedTo
«block»DORIS
«continuous» ol
~— Electrical Power [~
Thruster
Provide Electric Power Power
allocatedTo
«block»EPS Heater
Power

allocatedTo
«block»TCS

Control Temperature




Funktionsdarstellung als Zustandsautomaten aus dem Projekt
Flying Laptop
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Ergebnis der Funktionalen Analyse

Alle SW-Funktionen werden bis ins Detail Funktions-Baum
derart abgebildet,

sjede schaltbare/kommandierbare Funktion,

sjede TM erzeugende Funktion

sjede Regelfunktion

sjede Uberwachungsfunktion

S Universitat INSTITUT FUR RAUMFAHRTSYSTEME 4 16
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Requirements Spec.

OXVWHU 6HLWH GHU 5HTXLUHPHQWYV
6SHJLILNDWLRQ 1%U GHQ

SQWHUDXIWUDJQHKPH|U GHU GLH 6:
HUVWHOOHQ VROO

M =HLJW GDV 6% 'LDJUDR V (LQI¥%KUXQJ
M LVW NHLQ SHTXLUHPHQW GDV
IRUPDO |]X YHULIL]JLHUHQ LVW

H %HVFKUHLEW GDV 'LDJUD[P ORGHOO PLW
7H[WHQ
u JRUPDOH S5HTXLUHP
YHULIL]JLHUW JHWHYV

V PXi
HW ZHUGHQ
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Die 6RIWZDUH

System_Control_Manager

TC Manager

6WHS S$SUFKLWHNWXU

Housekeeping_and Monitoring

TCs, S| TCsl'

\j \j

CTU Device HK_Reporting Monitor Manager Stats Manager

TC_Distribution Commands

System_Control_Tables

MTL_Table

Statistics Table

TM_Collection_and_Distribution
Mil_Bus Manager

TM Pkt Data Rate
TC Buffers TM Packets TM Pkt Stores monitor

. Packets
Mil_Bus_Manager System_Log

PST Slot Manager
OBT and

"Alive” VCA_Output Distribution

Data Pool ..

Data_Manager
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Die 6RIWZDUH

Diagrams for Unit Design

Scheduler

Cryosat_ OBSW 100ms
( C ‘ System Control Manager W (A ] Scheduler )
I
MTL Operatio_n Main Background Tasks:
OBCP Operation 2z, Handle_PSS_lInt Memory Scrub
Event Action Operation I Handle_Timer_Int
All Operations Mil_Bus_Manager - Mil_Bus_Manager
MTL_Manager Mil_Bus_Manager MTL_Manager
07’ Data Table Data TC OBCP_Interpreter Mil_Bus_Manager MTL_Manager Mil_Bus_Manager OBCP_lInterpreter
v TC Manager o i Event_Action_Manager OBCP_Interpreter OBCP_Interpreter OBCP_Interpreter Event_Action_Manager
Data Pool . P TC_Manager Event_Action_Manager | Event_Action_Manager | Event_Action_Manager TC_Manager
‘( ‘ System Control Tables Initialise T c ‘ Housekeeping & Monltonng) Housekeeping TC_Manager TC_Manager TC_Manager Housekeeping
Initialise Insert_Internal_TC {Initialise] TM_Pkt_Interface Housekeeping Housekeeping Housekeeping Device_Commanding
{MTL_Cmds} ) Ve”_fyfcmdzfol’e'a‘!on HK_Operation Device_Commanding | Device_Commanding | Device Commanding | Device_Commanding Statistics
MTL_Update_Operation Device_Cmd_Operation {HK Cmds} TM_FIFO_Monitor Mil_Bus_Usage Monitoring MTL_Update RM_Monitor
{OBCP_Cmds} | Monitoring_Operation EEPROM_Manager EEPROM_Manager EEPROM_Manager EEPROM_Manager EEPROM_Manager
(EEver:t{?nonDCrg 15) Onerati TMData | {Monitor_Cmds} SW Watchdog SW Watchdog SW Watchdog SW Watchdog SW Watchdog
vent_ ;I lon_Update_Operation Statistics_Operation oms
{Set_Table_Data) Unprocessed {Stats_Cmas} Slot 1 Slot 2 Slot3 Slot 4 Slot5
Critical Events
/71 . S
ata
Data
Ext_TCi TM Data L% 100ms
Data Pool i TM Data
[ Sub Systems RM Link Data Pool
{AOCS_Operations} TO—p _ TM Data
ocs.cmds) - control | A [ Mil Bus Manager TM Collection & Distribution Background Tasks:
ermal_Control_Operation Loo o — -
{Thermal_Control_Cmds} TCSp m;r?jg Operation 'r"n‘:a'éif‘mﬁi?é"glfé.auon Memory Serd
{CDMU_Services_Operations} Mil_Bus_Usage_Operation MMFU | Time_Operation
{CDMU_Services_Cmds} 1, Handle Mil Bus Interrupts TM_FIFO_Monitor_Operation
Separation_Operation iy 29 - ouS I erup Data. | sysiem_Log_Operation ; ; ;
{Separation. Cmds} Handle_Mil_Bus_Timeout_|nterrupt RT_Link_Operation Mil_Bus_Manager Mil_Bus_Manager Mil_Bus_Manager
© = {Insert_Ext_TCs} i'l“::;!-TTCMAS';‘a} Mil_Bus_Manager MTL_Manager OBCP_lInterpreter MTL_Manager
Nav Data {meg_(:ogto(lj_Loop_TCs} {insert TM_Packets) OBCP_Interpreter OBCP_Interpreter | Event_Action_Manager | OBCP_Interpreter Mil_Bus_Manager
- \o {\ il Bus_Cmds} gﬂgmk[fﬂﬂ;%ms) Event_Action_Manager | Event_Action_Manager TC_Manager Event_Action_Manager OBCP_lInterpreter
( A [ RM Link | \c& @ Mil_Bus (Tﬁneﬁ;s}g‘ TC_Manager TC_Manager Housekeeping TC_Manager Event_Action_Manager
Initialise TM_Data Data Insert_Fata‘_Eveni Housekeeping Housekeeping Device_Commanding Housekeeping TC_Manager
Acquire Link ( I Data Pool ) _L> et verrupt TM_Pkt_Interface | Device_Commanding | Routing Table Manager | Device_Commanding Housekeeping
Release Link c g Mil_Bus I Get_Next_ MMFU_Pkt Device_Commanding Separation Event_Action_Update Thermal_Control Device_Commanding
gg&g%ﬁ;ranzgman s} Messages Initialise EZ:-IT"“E-TC-P"' Citical Event Time_Manager Memory_Management | System Log Manager | AOCS.Handle STR | AOCS.Mode Handler
{OBRT Register Commands} LnserLComp}letefGroup EEPROM_Manager EEPROM_Manager EEPROM_Manager EEPROM_Manager EEPROM_Manager
Insert_Data] SW Watchdo SW Watchdo SW Watchdo SW Watchdo SW Watchdo
RM Interrupt Handler \%\ StarDTrflcker {Retrieve_Data} Nav Data Jé\ SystDe;?aLog i TM Packets oms J 9 9 9 9
/ al RM Link Slot 6 Slot 7 Slot 8 Slot 9 Slot 10
(e starTracker ) (g Mil Bus ) (E[ VCO Assembler - S Band
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