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ATHENA SATELLITE
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« Spacecraft mass = 6 tons
« Mission lifetime 4+5 years
 Launch data = 2032

ESA, CDF Study Report ATHENA - Assessment of an X-Ray Telescope for the ESA Cosmic Vision Program, 2014
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Instrument Control and Power Distribution Unit (ICPU)

o combines the data streams of the DEs

o is the secondary power supply of WFI

o controls the WFI instrument and performs house keeping



MODEL BASED SYSTEM ENGINEERING
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Document based
System Engineering

ATHENA
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Moving from document
centric to model centric

Model based
System Engineering

e Consistent and complete I/F
management

* Track all changes during development
and system Specification

* Capture, analyze, share and manage
the requirements among the ICPU
consortium

* Holistic requirements engineering



MBSE ADDRESSING MULTIPLE ASPECTS OF THE ICPU SYSTEM
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MBSE WITH MATLAB/SIMULINK FOR ICPU WFI

ATHENAN

Matlab/Simulink Environment

| — — — — — — — — — — — — — — — — — — — — —

| Implements \
[ [  Modifies
| Verifies

Requirements
definition
(Simulink

Requirements)

Architecture Model Simulation Model . .
— : i —» (Matlab, Simulink
(System Composer) (Simulink) Test)

|
|
|
|
|
|
|
Analysis and Test |
|
|
|
|
)

\\\ /// <'3




Case Study: Thermal Control Loop

Simulink Model:
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Goal Temperature

Goal Temperature:

= 0%
Thermal Control Loop Heatr_dooctors ic
Equation:
T_dot = 1/(m*c) *(Q_box + Q_heater - Q_radiator)
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System Composer: ICPU Architecture Model
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Requirements Viewer
v B 5117 185  Heater Control [ B S
ED 51171 187 The AIB shall control the DEPFET temperature by contralling a 50 W heater. G e
E;T 5.1.1.7.2 213 The DEPFET temperature control shall be designed to achieve a temperature stability of 0.5 K at the thermal I/F. - _
= 51073 192 The AIB shall control the FEE temperature by controlling a tbd W heater. (tbd) ( 1 ]
= 51174 214 The FEE temperature control shall be designed to achieve a temperature stability of + 2 K at the thermal I/F. [ ][ ]
Ef 51175 291 The AIB shall control the switches within RPB for heater control. [ .
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Sensors range: 193 K- 213 K

PID controller (AIB) sends PWM
signal to power switch (RPB) of
heater

Top-Down approach

Architecture in System Composer
Simulation in Simulink

RE in Simulink Requirements
linked to IBM Rational DOORS



ATHENA

THERMAL CONTROL SIMULATION W%I

File Tools View Simulation Help
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Ready Sample based |T=600.000 . . .

Fe Toos View Smustion Hep * Heat control loop simulation with 2 x 50 W heaters
G- BREB® =- 4- - &4 Plot2:Temperature . . .

=ik — _ . * Interaction of 4 subsystems in this setup:

-AlIB
- RPB
- Camera Head Sensors
- Radiators
* Change in performance, analysis and verification of loop by
changing initial conditions (Temperature, number of heaters,

radiator area etc.)

Sample based T=800.000

IReady



ANALYSIS

Verification & Testing

VVEI

Use stereotypes to assign quantifiable
characteristics of an instance (e.g. mass)

Stereotypes are used as arguments for
MATLAB functions

Continuous

LAnaIysis Model
UL o

o OJOd @T P V

[,,- Arguments »

New Open Save Delete Analyze Refresh Overwrite Update
- - BottomUp - -
INSTANCE MODEL ANALYSIS REFRESH LPDATE
57 Instances mass power INSTANCE PROPERTIES
—
“ ICPU 4 Componentinstance: RTU
«Fmu 16
Prope Value Units
@ CPM 0.8 0| perty
mass_calculation.m® +
D PDU 1 function mass_calculation(instance,varargin)
4 RTU 2 $Total mass calculation Analysis Function
B :
D AlB 4 - if instance.isComponent ()
5 %get mass of component
D RPB & — Module mass = instance.getValue ("Moduls.mass");
o SWR ' e
= for child = instance.Components
g %add mass of subcomponents that build the component
I = child mass =child.getValue ("Module.mass");
10 = Module mass = Module mass + child mass;
12
13
14 — end
Example 1: Calculate tOtal 15 %set mass of component to sum of the mass of its subcomponents
16 — instance.setValue ("Module.mass",Module _mass);
mass of the ICPU. 17
18 — end
19
20 — end
21

ATHENAN

* Create Test cases on Test Manager
* Link Test to implemented Requirement

* Verify requirements and identify needed
design modifications directly

|E| New Test Case 1

Simulink Test Manager oo o EE—
» ITERATIONS
* LOGICAL AND TEMPORAL ASSESSMENTS®
EN... | NAME ASSESSMENT REQUIREMENTS =  VISUAL REPRESENTATION =]
Assessment! » At any point of time, T must be greater than T_goal-0.5 and fess than 213 (Test_...
T +0.5
—DiTH Upper bound

\
+ Assessment2 » At any point of time, if T_goal-0.5<T<T_goal+0.5 becomes true then, with 213 (Test_... } vV A M
' \ \/’ \ A N 3\ | 4
no delay, T_goal-0.5<T<T_goal+0.5 must be true X I'| / I J"r\f VN / \ .'I I'|
f \/ '.

The AIB shall control the DEPFET temperature by controlling a 50 W heater.

The DEPFET temperature control shall be designed to achieve a temperature stability of £ 0.5 K at the thermal IfF. - —

Example 2: Verify Heater Control Functional Requirements.




CONCLUSION WFI
ATHENA D

« The MBSE approach based on MatLab Simulink and the System Composer is straight
forward when having the software available and working together in a group of
developers.

« It provides the possibility to connect the model with the requirements defined in an
IBM Rational DOORS database.

« The software framework provides the possibility of instrument modelling, simulation
and verification.

« We will investigate how reports and data packages can be generated automatically for
the support of milestone reviews.
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