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Introduction

Objective of the study: Definition of an ECSS standard for test reports

Participating companies & technical leads:
» ESA — Alexander Heim (Technical Officer)
» Airbus Defence & Space — Michael Eimke
» Thales Alenia Space — Laurent Cohen

» OHB — Erik Dehnhardt

Development of a Test Report Standard ESA Presentation Days 2017
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Test Reporting: The Current Situation
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Test Reporting: The Current Situation

>

Development of a Test Report Standard

Diverse test report formats with
different content

Comparison of test results is difficult P —

?

Report generation tools often project specific,
limited re-use possibilities

High preparation effort due to manual or semi-
automated generation methods

Weak coupling of test results to requirements
in case of manual or semi-automated generation
methods

Exploitation of test results could be improved
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Test Report Standardisation: Objectives

The definition of a standard for test reports together with the underlying test artefacts and
data interfaces shall help to

>

Reduce reconfiguration/adaptation effort
of tools for a new mission

Improve verification chain for space systems

Reduce the report generation effort
(enable fully automated generation)

Enlarge the scope of test reports:

= VCD (verification close-out etc.)
= |nvestigation of anomalies

= Test data extraction covering complete

test campaign
= Life-Limited Item (LLI) logbook

= Support of test campaign management

requirements coverage

| Test Data Pool |

-

Requirements

Testsession n

Testsession 2

Testsession 1

- =

log files System log files  Test Session

N~

Query,
filter and
extract
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Post-Test Evaluation Results

|

time

™

Standard
Report

Dashboards Verification Progress

» Enable comparison of test results between different missions

Development of a Test Report Standard
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Task 1: Survey of Current State
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» Different domains considered: unique 147
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3 documents

» TSPOA-RIBRE-TN-0001 “Results of Task 1” (ADS)
» 200870994L “ESA Test Report Standard Task 1: Survey Technical Note” (TAS)
» TN-0022-SYS “Development of a Test Report Standard: Results of Task 1” (OHB)

Development of a Test Report Standard Page 8 ESA Presentation Days 2017
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Task 2: Requirements Analysis

Definition of requirements (based on user stories) for an automated test report generation tool

Qutput:

Document TSPOA-RIBRE-TN-0002 “Test Report Generator Requirements”

Development of a Test Report Standard

REFERENCE: TSPOA-RIBRE-TN-0002
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4. USER STORIES
4.1 TEST CONFIGURATION ASPECTS

4.1.1 US-0100 VERIFICATION OF TEST CONFIGURATION BEFORE TEST

As an AIT test conductor | want to verify the current test configuration against the requirements of one or
more test procedures in order to prepare the test execution in advance and to support the TRR.

Input:  Procedure(s), FM, EGSE, Date/Time of planned execution
Qutput: Comparison of required test configuration (as detailed within the procedure) against the given test
configuration

4.1.2 US-0101 DOCUMENT TEST GENERATION

As an AIT test operator | want to generate a standard representation of the current test configuration in order
to include / attach it e.g. to a non-conformance report or a standard execution report

Input: (FM, EGSE, Date/Time) OR (concrete procedure execution)

Output:  Standardized representation of current test configuration, incl. serial numbers, LLI information (if
applicable), Test Facility, Test Site, EGSE version, Spacecraft configuration, SW versions, Simulator
Configuration, etc.

4.1.3 US-0102 TEST CONFIGURATION CHANGE LOG

As a QA responsible | want to retrieve information on when and how a test configuration had been modified

im medoar bo et e cmnhnin af man amefrr e o

ESA Presentation Days 2017
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Task 3: Interface Definition, Creation of a Data Model

Definition of a semantic data model based on the requirements
previously specified within the scope of task 2

Test Activities

Qutputs:

Resources

» Data model _
= Semantic data model in OWL &=
= Additional UML representation

(for documentation purposes)

» Document TN-0103-SYS “Development I*"'l"*
of a Test Report Standard: Results of [
Task 3 (Description of the Data Model)* ==

Development of a Test Report Standard ESA Presentation Days 2017
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Task 4: Definition of a Test Report Standard

“OHBE b BT
> Change proposal for the ECSS-E-ST-10-02C OHB@ARRYS, haleslgna o sorswsman |

7.3.4 CoNFIGURATION CHANGES

The items (automated procedures, hardware compenents, software components) may change during the test
> L . t f h t b I . d t th t ECSS d t execution. All the changes shall be provided in the test report with the following information:
IST OT Changes 10 be appliea to the curren ocumen T —
= Description of the change
o Component identifiers (replaced component and new component)
o Reason for the change
= Name of the responsible person (or process) that has asked for the change
= Name of the operator that has conducted the change

Output: el

Configuration changes

Document TSIA-RIBRE-TN-0002 “Test Report Standard P | e S |8
— Task 4 — Change Proposal for ECSS-E-ST-10-02C* 1.

7.35 ENvIRONMENTAL CONDITIONS
If applicable, the environmental conditions during test execution shall be documented:

« Temperature (in °C)
» Relative humidity (in %),
« Atmospheric pressure (in mbar),
» Cleanliness of the room (e.g. a class according to ISO 14644))
Example:
Environmental conditions
ltem Value Unit
Location ID ADS-BRE
Area ID B41, Cleanroom #1
Temperature 20 'C]
Rel Humidity 55 ]
A heric pressure 1021 mbar]
Cleanliness constraint 100.000 SO Class
]

Proposals ‘

+ Refine the requirements
o Include and detail hardware configuration data
o Include and detail software configuration data
o Include and detail auxiliary hardware data
o Include and detail configuration change data
o Include and detail envirenmental condition data

|
|
} « Provide generic example tables for document layout

Development of a Test Report Standard ESA Presentation Days 2017
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Results of Task 1 (Test Report Survey)

(1) None of the analysed test reports is 100% compliant to the ECSS-E-ST-10-02C DRD
(each test report contains only the parts that are relevant for the respective domain/context)

Test configuration aspects

(2) Large diversity of quantity and quality of test reports osisions TR e
. . . ) Configuration of PUT ?::mum ]

» Content missing in many reports (compared to expectations), e.g.: e e,
Is :!u-‘ REQUIRED B
= Generated file artifacts (or references to them) "

= Screenshots and other images i sttt
= Telemetry extracts ot ©

| Log files Comman identifiers F:'Eﬁi:‘?“m:’em Fulfillied,

= Requirements tracing and close-out data et e L

= Life Limited Items (LLI) logbook data

= Particular information about anomalies (anomaly status etc.)
» None of the analysed test reports contains an automatically generated change log
» Only a part of the analysed test reports has got an electronic signature

» None of the analysed test reports supports an automated retrieval of information
(e.g. anomaly data) for further processing

Development of a Test Report Standard Page 13 ESA Presentation Days 2017
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Results of Task 1 (Test Report Survey)

(3) Clear relation between grade of automation and quantity/quality/preparation effort
of the test reports

» Manually created test reports (e.g. hand-written reports, MS Word, etc.):

- High effort for collecting and processing information from different sources
- Lower quantity and quality (w.r.t. required content)

» Automatically generated test reports (e.g. using e-TDHS or IBM toolchain)

- Much less preparation effort due to automation of data processing
-> Higher quantity and quality (w.r.t. required content)

Development of a Test Report Standard Page 14 ESA Presentation Days 2017
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Results of Task 1 (Test Report Survey)

Conclusion:

The situation could be improved by...

l. Introducing a harmonisation of the test reporting activities

» Improvement of the current test report standard

Il.  Introducing an automation of the test reporting activities

» Automation of test report preparation
» Improves quantity and quality of the test reports
» Reduces preparation effort
lIl.  Considering the different test report needs according to the specific domain/context

» Example: Manual test procedure for AIT has a different scope than software tests on an SVF platform

Development of a Test Report Standard Page 15 ESA Presentation Days 2017
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Results of Task 2 (Requirements Analysis)

User Stories: How do users expect to work with test reports in future applications?

Some key elements:

» Flexible definition of test reports, independent from actual data
» Automated generation of test reports using data from selected time frames/activities

» Ability to re-generate a test report from the same data (e.g. after modifications to the test report definition)

> Secure, centralised access to test reports and data archive | " Tesasionn f’ii:ii"

_:'_f‘ Testsession 2

‘ (Testsession 1 b Anomalies

» Integration with referenced external data (test artifacts etc.)

TP ko files System log files  Test Session Py

e Mo T A “ (=)
Conclusion: Not only the reports itself but several aspects like ’ ‘ \Q[ e T e

= O998 [ -
= OO L I

Requirement s eaTe T
] Post-Test Evaluation Results

= Data archive

= Report generator l
|
= Report management N 11:... =

will have to be taken into account.

eports Statistics

Dashboards Verification Progress

Development of a Test Report Standard Page 17 ESA Presentation Days 2017
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Results of Task 3 (Data Model)

Semantic data model, based on the previously defined requirements (output of task 2)
» Ontology using the Ontology Web Language (OWL) standard

» Formal definition of entities and their properties and interrelationships
» Additional UML representation (class diagrams) for documentation purposes

» Modified UML notation to illustrate semantic aspects (relations)

SpaceSystemModel hasSystem
id: unsigned long Elements
o.n )\

hasSystem
B otants SystemElement

T.n - unsigned long

)

has
Activities ACVID)

O.n - unsigned long

"3|5R9P°r ReportingData
0.n - unsigned long

/\\ Event

0.n_JJA- unsigned long

» Description of logical structure, basis for further development of the software system

Development of a Test Report Standard Page 19 ESA Presentation Days 2017
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Results of Task 3 (Data Model)

Test Activities
[

[ o

» 9 class diagrams, each covering a particular scope:

et patirmecs [ Gt

= Resources

Resources _U-:r| g E\'
= Test activities = i
= Acceptance (pass/fail) criteria L —
for test activities —
= Requirements o
= System model 1
==
= System Operations Baseline (SOB) E T | | e [
= Test artifacts (1): raw test artifacts =] == T | | e

= Test artifacts (2): test report input artifacts

7
|

= Test report

10
E i
a4
il

Development of a Test Report Standard ESA Presentation Days 2017
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Results of Task 3 (Data Model)

Test Activities

Test activities L jmim™ o e S
. | ‘ S

Tastachvity
pranceCritenon

rashoceptanceCeienn
o.n

isPartOTastCampaign /.
1

hasTes)
Procedures

1a TestProcedun hasTest
1 Procedu
isProceduradctivity Paris
ExmcutionOd
1
isTestProcadure
ExecutionrOf
Test activity definition
(planning} phase
Tast activity isTesiProcedure .
execLtion phase PartExacutonOf usaaStall Statt
T l
aintariaces ]
Timeabhe onts
hasTestActity
s 0.n Exacubors. hasConfi
: = o> gurations SystemOperabons
! Tn Basaling
Exacutian
i unsigned long
s
i
<>
«mrumenations
Testhctivity
ExacubonStale
EXEC_STATE_NOT_INITIATED
hasProceduresAcivity
0.n |Exmcutions

ProceduraActity
= :‘jm-ﬁ-mmumg
hasTestProcadure
0..n‘J/Enmnm

hasTast
adure hasTesiProcedurs
PantExaculions.
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Results of Task 3 (Data Model)

p . Test Re pOft Document
TestReport
TestReport } TestResultSynthesis hasAsRunPro AsRunPracedure
Purpose :na:Purposes hasSynthesws; oedureRepor: Report
hasTestProcedure t TestProcadura
DeviationReports i
TengePon hasObjectives hasSummary TestResultSummary viati po DeviationReport
Objective T y O.n
Arasaitached ArchivedData
hasContent hasCloseOut
Ts(s:stRepon Daseriptiohs Judgement CloseQutJudgement 0.n
ontent
Description 1.n 1
haslﬁg“[)fe'g TestDataAnalysis
TestReport hasPrompting y1
..n
PromptingReason I;{e: sons
§ hasCon hasNanCanfor
SystemQperations ! ! NonConformance
Baseline figurations. manceReporls Report
1.n 0.n
hasRequests At
Glossary hasGlossary ForDevistions | RequestForDeviation
1 0.n
hasTraceability hasRequests i
TraceabilityMatrix Matrix Eoraivers RequestForWaiver
1 0.n
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Results of Task 4 (ECSS Change Proposal)

Finally, a number of proposed changes against the
current ECSS document have been derived from the
previous results of the study.

In a nutshell, the proposals are focused on the following
main topics:

test:

7.4 Life-Limited ltems Logbook

In the context of the test reports, Life Limited ltems (LLIs) are hardware components meant to be embedded
in a space system and used during the test with a limited allowed number of onfoff cycles or a specified
usage duration.

* The hardware LLI identifier
# A seral number or similar unique identifier

Each test report shall provide the following information about each LLI hardware component used during the

#  The number of cycles/power-on duration used during the execution of the test

* The total number of cycles/power-on duration of the component including this test

*  The maximum number of activations/duration allowed for the particular LLI item

*  The method how the information had been acquired has to be mentioned (e.g. manual
acquisition, automated acquisition through given TM measurement)

+ |If the LLI information has been automatically acquired, the processed TM items and the
algorithm for their processing should be described

Refine, clarify, and detail the definition of content The test report shall menton any repiacement of an LLI component duing the fest and provide the
elements already defined in the current ECSS version repacement — - foove for cach LI component ised. 1t shall aiso specly the reason for e
Example:
Promote the application of template-based workflows ”’.ﬁ;‘-‘" _ L wewwwn
Consider additional content elements (e.g. test R B I TR—_
configuration aspects, monitoring plan and events,
Proposals

inputs for Life-Limited Item logbooks, etc.)

* Include Life-Limited ltems Loghook in required content elements (gither directly or by reference)
+ Provide generic example table

Promote the application of digital Content
Management Systems for accessing test reports,
referenced documents, and other resources

Consider different types of test reports tailored
towards specific domain needs

Development of a Test Report Standard Page 24
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Results of Task 4 (ECSS Change Proposal)

Satellite On-Board )
Test Report Category Software (OBSW) tests Non-satellite software tests AlT tests
Ground
OBSW tests OBSW tests Simulator . EEIE:
G (PR (e with satellite HW | without satellite SRDB 5W tests Integration System Lests
involved HW involved SWtests {e.g. SVF) tests tests
Introduction + + + + + + +
Applicable & reference documents + + + + + + +
Definitions & abhreviations + + + + + + +
Test configuration (SOB) + + + + + + +
Test results
As-run procedure (+* (+1* [+]* [+)* + + +
Results & execution dates + + + + + + +
MWonitoring configuration & events [s] [] o] o] o] + o]
Analysis [+)** [+]** [+)% (4% . + +
Assessm ent + + + + + + +
Synthesis + + + + + + +
Life-Time Limited ltems {LLI) report [+)HH* a a
Anomalies + + + + + + +
Conclusions
Test result summary + + + + + + +
Traceahility matrix + + + + + + +
Open issues + + + + + + +
Mon-conformances & deviations from test procedure + + + + + + +
Requirem ents close-out + + + + + + +
Cross-referencesto other (test related) docum ents o s} s} s} s} o s}
Preparation and distribution as a digital document + + + + + + +
Support for VCD Generation + + + + + + +

Development of a Test Report Standard
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Agenda

= Introduction
= Test Reporting: The Current Situation
= Test Report Standardisation: Objectives
= Test Report Standardisation: Tasks
e Task 1: Survey of Current State
e Task 2: Requirements Analysis
« Task 3: Interface Definition, Creation of a Data Model
» Task 4: Definition of a Test Report Standard
= Results of the Study
* Results of Task 1 (Test Report Survey)
* Results of Task 2 (Requirements Analysis)
¢ Results of Task 3 (Data Model)

M Results of Task 4 (ECSS Change Proposal)
Conclusion and Outlook
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Conclusion and Outlook

» The entire study was an opportunity to understand the difficulties to obtain comprehensive
information on a particular subject (e.g. test related data) in a huge company like TAS, ADS, or OHB.

» The proposed enhancement of the ECSS-E-ST-70-31C gives a common understanding of the term
“test report”.

Next steps:

» The provided data model could be used as a basis for the development of a standard data model.

» Implementation of generic tools for supporting test report generation according to the standard

Good collaboration between ESA, ADS, TAS, and OHB...

DEFENCE & SPACE
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... how it is up to ESA to take a decision about the further steps.
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