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PROCESS DEVELOPMENT and CERTIFICATES
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1ISO-9001 : 2008
AS/EN ISO 9100
ISO 14001
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» ESA - ECSS (European Cooperation for

Space Standardization)

> CMMI Level 3
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INTRODUCTION

“SDYA* stands for System Integration Laboratory (SIL) Verification
Software Infrastructure

What are the main motivations, and objectives in developing SDYA ?
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Generic, real-time, distributed, and layered simulation
environment

Testing, integrating Flight (OBDH) Software at SIL
No critical and direct third party dependency
Supporting automated testing

Providing API for external interfaces

SMP-2 compliance

Satisfying ECSS-E-ST-E40C, and DO-178B Tool Qualification
requirements

Reuse, easy integration with new simulation models
CMMI Level-3 compliant TAI Process implementation
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ROLE OF SIL & SDYA IN SIL

System Integration Laboratory provides an
environment for integraton & testing;

> Replaces the real avionics equipment with
simulation model

» Communicates with Flight Software
(OBDH, and Ground Station Command
and Control Software)

» Uses real avionics interfaces (MIL-STD-

1553, Serial, SpaceWire, Can Bus, etc.). SIL Verification Software (based on
> Integrated test scenarios with SIL  SPYA) plays an important role in safety
Verification Software is applied. critical/reliable software development in

the early stages of the projects by;

» Supporting the detection and
resolution of critical errors

» Reducing technical risks and costs
» Shortening the development time.
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LAYERED ARCHITECTURE

Model Usar Data Record and Automatic Test Template Based
Intarf Analvsi Tool Output G t MNode Manager
Modeal View Abstraction Layer l
Model Manager Message Manager Data Manager

JEE=m0

Message Abstraction Layer

» High Level Abstractions (OS, Hardware, Middleware, Model-View, etc.)
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COMPONENT BASED ARCHITECURE AND
SELECTED TECHNOLOGIES
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» Component based architecure describes reusable, replaceable,
extensible, encapsulated, independent components

» Critical Technology selections made by Decision Analysis an
Resolution (DAR) Process AI
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SAMPLE DEPLOYMENT VIEW

Data Recording and

SELSIM Model User Interface Analysis Tool
Ethernet<Middleware>
SELSIM SELSIM Automatic Test Tool

CAN Bus
Discrete and
Analog
MIL-STD-1553
RS-422

On-board Software

» Scalability, modularity, use of middleware allows various deployment configurations
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DEVELOPMENT APPROACH

A\

Requirements collected from internal customers

Use of Incremental Software Development Life-cycle Model (each
increment consisting of software requirement development, design,
implementation, unit testing, and requirement based testing)

» Guidance of ECSS-E-ST-40C, ECSS-Q-ST-80C, ECSS-Q-HB-80-01A for
Tool Qualification

A\

» Guidance of RTCA DO-178B for Tool Qualifcation as a Verification Tool

» Compliance with CMMI Level-3 TAI Processes

» ECSS-E-TM-40-07 (SMP-2): "Simulation Modelling Platform” standard
compliance as a design consideration

» Verification and validation by TAI Independent Software Verification Team

» Project/Technical Management by following Key Performance Indicators

(metrics) like Earned Value, Schedule Performance Index, Cost
Performance Index, Burndown Chart, SLOC (Source Line of Code),
Number of Change Requests, Number of Requirements Tested, Major
Milestone Achievements, Action Items Status, Risk Items Status,

Cyclomatic Complexity, etc.
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DEVELOPMENT APPROACH

Code Automate
Generator Test Tool

System
XML
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» Successful completion of development and adaptation of specific “ANKA”
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SOFTWARE CONFIGURATION ITEMS
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TEMPLATE-BASED OUTPUT GENERATOR

» Generates code, and build files with a given template

» Its outputs can be used by SELSIM, Model User Interface and Automated Testing
Tool.

Database Connection Settings Cutput Settngs
Server taiuyg2 dmntal intra rtemal Server 1721724212 Location  CMOUTPUT | [Browss. . |
U D chatem Fio Mame ANKE|
Pasaword i
Cennect |
Proiect Name | SDTA_ANKA & - Fle Tye
XML / Cos CH
Eapeline ERK
| Cannect |
Saleci Package/Message | Create intemal Blemert | Language
Selectad Package Created Package New Package
S5 AC_Plart itemal Hame  irpemal
i1 AC_lnput_For_Real_Actuator
- AC_nput_For_SEL_AC | A
#- AC_Output For LRU New Mazzage
- AC_Output_For_SEL_AP
#- ACDiacrete Name
+1- A Plantiiemal ™ Add
[ hlew intemal Elemert | Naw Enum kem
Name Time Basic Hemert =
Defauk Val Mirsiem
Unit A ¥ Madmum
Clear Add | | Cear | Save Eng. Type *  Lengh 12ba -
Aray Siz 1 Add
Template Path [ Bowee |
| Generste
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SELSIM

» Contains models required within a simulation, and controls the scheduling of
models

» Publishes/subscribes information of simulation objects
» Communicates over the real equipment data buses

I T Mol Control - ——
El SELSIM 1.0 Model | Frame Time (ms) Comman d | State
'_ 1 |AC_Plant_Model [m ~ | Run 'lRunnmg 0
Model / I0 Manager  Language Selection  Help |2 |AocstueT_prose [m - |Run 'IRWW 0
3 |ADC_SMART_PROBE_1 [m ~ | Run leur\nmg 0
4_BvGMﬂda\ [m ~ | Run leur\nmg 0
Simulation State Simulation Perfor nce @ |5 |estessu [m - | Run v!Runnmg 0
[ Stopped ]
System time 15:23:23:87207] Frame rate ms
S o -
| Simulation time |00:00:00:000 Max. frame time |0.000000 ms
Pause 6 - -
Total frame Min. frame time |0.000000 ms
number
@ | cverun ame versge rame. [ ) —_—
number time |
3 | Model Manager
6 Errors and Warnings Servers Models Packages Messages
Simillasyon yeniden baslatld. 1P Address [m[go|  modelName  [4] pubjsub | Package R | | Message Name
T dfPl 6 Sim[}llasyon ilklendirildi. 1| All Models > 1 | (% AC_Plant_Model puh AC_Plant 1|[] | ACDiscrete
ecord/Pla L |
Y Simiilasyon durduruldu. 2 2 [X| [® ADC_SMART PROBE 2([] [® AC_Input_For_Real_Actustor
3 ¥ B ADC_SMART PROPE_1 3|3 |[]  AC_Output For SEL_AP
SELSIM State (579 10 Manager 8- [ | 4 X [® BKSModel 4|[] % ACPlantinternal
® MASTER () SLAVE Bus List Bus Properties 5 ® (% EGLessi 5| |[] AC_Output_For LRU
[ Master ] 1 FrEs “1 1 | Device Name ath device 6 X (X EGI_GS511_1 6] [® AC_Input_For_SEL_AC
2 |PDUZSocket 2|Socket Type upp 7 ® E e sancr
OTA State | 8 X [X| FADEC_Model
3 |PDU3Socket 3 |Local P 172.17.242.35 -
[ Not Running l | |4 |Poussocket 4|Local Port 4088 B |3 |
— 10 % (% GORsIS @
: I 17,242,
l | SysICD - ANKA Baseline 1| 5 |Foussodet 5 |Remote 1P 172.17.242.35 . B
cke
o [oussosm dlremare o e e =
7 |PDUTSodket L
(5 [roussomet
i — = —— =
| |2 |Povssocket E
addbis || Edteus || Deletesus |

UNCLASSIFIED -




MODEL USER INTERFACE (MUI)

» Allows simulator runtime behavior to be monitored and for data injection
» Displays status of the simulated models
» Displays error messages for all erroneous conditions

7 Table Based Panel |

File Edit

Element

Language Selection  Help

New 1 (£

Simulation State |

an!

ADC_SMART_PROBE

ADC_SMART_PROBE_1

AGMStick

KS

BKS_L

El-EGLGS511

-EGIInternal
G5511_Input_Frame_6

- G5511_Input_Frame_16
G5511_Input_Frame_20

- G5511_Input_Frame_229
G5511_Output_Frame_1
G5511_Output_Frame_11
G5511_Output_Frame_21
G5511_Output_Frame_4

| M/1| Message Hame |

Element |

EGI_GS511.GS51...

EGI_GS511.GS51...
EGI_GS511.GS51...
EGI_G5511.G551.
EGI_GS511.GS51...
EGI_G5511.G551.

EGI_G5511.G551.

Spare_5 0

EGI_GS5511.G551... |Baro_altimeter_s... |ZEVNGT

Baro_dtimeter s... | RAILIN
Baro_dt_GPS_alt... | BARO_,

Baro_alt_Estimat. EARD_‘I
|
0

Spare_3

Baro_altmeter_f.. |NO_FAl
MagnetometerX_... | RAILIN

E&a&l Panel - EGI Lvbp

Dosya  Dil Segenegi

miee)

Simillasyon Durumu

‘Tasarm Modu

Yardim

Kullania Modu

GS511_Input_Frame_17 EGI_GS511.GS51... MagnetometerY_.. | RAILIN
E+EGL_GS511_1
- EGI_SPAN_CPT EGI_GS511.G551... MagnetometerZ_.. | RAILIN
E} FADEC
E}-FADEC_1 EGI_GS511.G551... Magnetik_status | VERTIC
EH FSSK
E}-GORSIS EGI_GS511.GS51... Magnetometer_r... | NEW R
[} GORSIS_Recy
E--GPS EGI_GS511.G551... Magneto_readin... | AT_LEA
E}- HAKEGP
B3 HAKY_GPY EGI_GS511.G551... Spare_1 0 |
B HVTHAU
M tnmian EGI_GS511.G551... Magnetometer_fai | NO_FAI
Element Properties EGI_GS511.G551.. GPS_Altitude 0 |
1 |PackageName: 7 EGI_GS511.GS51.. GPS_TOW 0 \
— |
2 |MessageName:  G5511_Output F. EGI_GS511.G551... Heading Dev Lz
| EGI_G5511.G551.. Out_Air_temp 150
3 |Element Name: Baro_altimeter ... |
— EGI_GS511.GS51... GS511 Timetag_1 0 ll
4 |Element Type: enum
- EGI_GS511.G551.. CRC16 65535
5 |Word Number: 32
| |
& | pit brcitinn: n i
|
|
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NODE MANAGER

> Collects health info of simulation modules from other node
managers

= CPU utilization

= Memory Usage of simulation modules from other node
managers,

» Sends open / close or master / slave commands to nodes

[ Node Manager =]

[ Node Manager EEE |
E @ Node Status MASTER SLAVE ] [ Clear ] E E Node Status MASTER. SLAVE ] [ Clear ]
Ip Port Tool Master/Slave Status Pid CPU RAM (K} = Ip Port Tool Master/Slave Status Pid CPU RAM (K} *
17217.24526 12411 UNY Master (UL 2600 0131944 32133 12411 UNY Master (UL 11128 0.0964411 28577
17217.24526 12413 SELSIM Master 167280 17217.245.26 12412 SELSIM Master connected  BLC:ETEN] 164007
17217.245.26 12414 TEP N/A 103587 17217.245.26 12413 TEBP MN/A connected  [EREEEE] 102662
172.17.245.26 -VKA N/A 172892 17217.245.26 12414 VKA MN/A C 1016 0 171474
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DATA RECORDING AND ANALYSIS TOooOL

» Allows storing of model info and related messages to the file system on disk
» Analyze recorded data in x-y plot display and bar chart display

-
® Data Record and Analyse - Record |
Menu  Analysis  Help Anglyse 1| Andlyse2 | analyse3
[savedElements | Graphiccon(1____ <]
p— Record Status Stopped X/¥Plot | Bar Chart | Table
g ‘ ‘0 ‘ ‘0 ‘ [C] system Sampling Period (ms) 5 [ seect
Elements Sampling Period (ms) il s
> [C] AC_Plant 10
> [] ADC_SMART_PROBE 10
> [7] ADC_SMART_PROBE 1 10 1w
> [] BKS 10 =
> [C] BKS1 10 .
> [7] EGIGS511 10 g 10,5
> [ EGLGS5111 10 H
> [C] EGI_SPAN_CPT 10 b 5
> [C] FADEC 10 570
> [] FADEC_1 10 z
> [ FSSK 10 .
> [] GORSIS 10
> [] GORSIS_Recv 10
> [C] GPs 10 o
> [C] HAKBGP 10
> [C] HAKY_GPY 10
> [0 HYTHAU 10
> O] HVTHAL L 10 time
> O] LA_MDL 10 [m
> [] LRUMuxBuslnternal 10
. [ RIIRAVEY 1n 7 00:00:01:000 i 00:01:36:082
1| 1 3 Playing Speed 1x
— © €00 0/» O
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AUTOMATED TESTING TOOL

» Provides simulation Application Programming Interface (API) to other
applications

» Supports Python, C#, C++ programming languages
Allows value injection and monitoring of model elements

A\

|| 4 OTA-Automated Test Too

[ Open ] l Save I l Clear I
~Script Editor
import sys,0s ~Element Operations — —MessageModel Operations —
from getElementTd import = [ e ] [ T ]
i v odel
[ Read ] I Deactivate Model ]
setSelSimState("RUN")
[writeRawvalue | | | [ constantvae |
setFlemialue("ADC_SMART_PROBE,ADC_Response_Pressure_Data,ADC_Timetag_2","25%)
[ReadR w Val ] [ Random Value ]
Sleep(200) [Smp Writing Valt ] I Minimum Value ]
print{getElemValue("ADC_SMART_PROBE.ADC_Response_Pressure_Data. ADC_Timetag_27)) SELSIM Operations — Maximum Value
Start Message Frequency
oter
(rem ]| | )
[ Stop ] [ Timer ]
[ System Time ] I Logger ]
AC_Plant - Select Element
[+ ADC_SMART_PROBE
- ADC_SMART PROBE_1 [ | [ wansfer |
AGMStick
E1-BKS
[+ BKS_1 ~Output
EGI_B5511
EGI_G5511_1
~EGI_SPAN_CPT
(= FADEC
FADEC_1
[ FS5K
[~ GORSIS
GORSIS_Recy
GPS
[+ HAKBGP
- HAKY_GPY
HYTHAL
[ LA_MDL
oeTae e 4
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SPACE DOMAIN UTILIZATION OF SDYA

» SDYA potential utilization opportunities in Space Doman can be as follows:

= A Validation tool for the :
» Performance and Robustness Verification,
» Software Verification Facility (SVF),
» Avionic Functional Chain Validation (FCV),
» Satellite Assembly, Integration and Test (AIT) procedures.

= A support tool for the:
» Validation of Spacecraft operational procedures,
» Validation of Satellite Control Centre,
» Spacecraft operators training,
» Analyze and/or investigation of the anomalies detected in flight.
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CONCLUSIONS

» The use of SDYA in the validation process of Satellite Projects is
planned and it will be the basis for a Simulator Software Product
Line to be formed at TAI.

» SDYA will support a large range of Satellite integration and test
activities:
» Software Verification Facility (SVF)
» Functional Chain Validation
» Avionic Test Bench Simulation
» Dynamic Satellite Simulation (DSS)

» SDYA-based systems could be developed to support integration and
testing of complex systems in space domain.
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