ATENA — adjusting open test exchange standard to thspace domain

Workshop on Simulation and EGSE for Space Programme(SESP)
28-30 March 2017

ESA-ESTEC, Noordwijk, The Netherlands

tukasz Kwiecinski®™, Oskar Maria Baksalary™ 2, Jakob Livschitz®, Joanna Modtawska™ 2, Piotr Obminski'®,
Szymon Panfif?, Rafat Renk™ 2, Grzegorz Wojciechowsk{®”

OITTI Sp. zo.0.
ul. Rubiez 46, 61-612 Poznarn, Poland
Email: [kwiecinski@itti.com.pl

@Adam Mickiewicz University, Faculty of Physics
ul. Umultowska 85, 61-614 Poznasi, Poland
Email: OBaksalary@gmail.com

®ESA-ESTEC
Keplerlaan 1, 2201 AZ Noordwijk, The Netherlands
Email: Jakob.Livschitz@esa.int

ABSTRACT

Due to a diversity of activities carried out by ES# well as a multitude of entities collaboratimigh the Agency,
there is a strong need to standardize as manysisgipossible. The ATENA projectAdjusting open Test Exchange
staNdard to the spAce domainaddresses this fact with respect to specificatind execution of diagnostic test
sequences, and proposes a joint and uniform apiprmathis area of the Agency activities. The costare of the
ATENA system is the OTX — Open Test sequence exghatandard (ISO 13209), which was originally desdyfor
the needs of an automotive domain, but later prdedae profitably applicable also in other branch&mdustry. The
overall goal of ATENA is to adjust OTX to the repinents and peculiarities of the space domairhaothe resulting
space-tailored, OTX-based procedure format wibwalfor Space System Model (defined within ECSS-E78131C).
The worked out solution is to satisfy also the iegaents specified by the ECSS-E-ST-70-32C standalithin the
project software solutions necessary to demonstisability of the outcomes of ATENA are to be depeld as well.

INTRODUCTION

It is very important for the entities involved ipesification and execution of diagnostic test segas, particularly
those consisting of a few branches (possibly seattever different locations) and/or having an esiee collaboration
with other companies or institutions, to base therk on a proper common approach. Without a wedlighed and
uniform standard, the specification and executibthe test sequences will likely require higherdiexpenditure than
necessary and lead to a superfluous increase t«. ddereover, one can expect that a lack of thedstadised attitude
in preparation of test sequences may create oygnig@nd inconsistences of work between differenities involved

in the process of developing new equipment. In taadi without one joint trustworthy standard an lecege of the
sequences between collaborating groups, branchesntidies may be troublesome (e.g. due to differsoftware

versions) and may lead to a superfluous increaserof susceptibility.

The importance of implementation of a joint andfaim approach to the specification and executiodiafnostic test
sequences was recognized in the automotive doméiere a dedicated standard, namely OTX — Open Seggience
eXchange (ISO 13209), was developed and commoirgdaced. Although, designed to satisfy the nedds single
area, the standard proved to be open-ended prgviatissibilities to be exploited also in other damsaiFrom the
perspective of its potential reusability, a crudiehture of OTX is that its high flexibility is asmpanied by its
relatively low complexity.

The ATENA project —Adjusting open Test Exchange staNdard to the spidogain— was launched to tailor OTX
standard to the needs of the space domain. Thalbgeal of ATENA is to provide ESA with an OTX stion capable
of building and executing test sequences of spgsteems. Since ATENA builds upon a standard which daeady



been extensively exploited in the automotive don{@int also in other industry areas) where it hasved to be
extremely useful and reliable, it is anticipatedttthe outcomes of the project will meet all regmients of the space
domain, providing full compatibility with space sthards applied for the management, engineering moduct
assurance in space projects and applications[1§.g he results of ATENA can be looked at as aerahtive solution
to currently used standards, like [2].

OPEN TEST SEQUENCE EXCHANGE STANDARD (OTX)

OTX is an international standard for a descriptidrdiagnostic test sequences. The standard detesnain open and
standardized, tester-independent, XML-based dathasge format (along with a sequence language)fdional
description and documentation of executable seaqgeriche OTX documentation consists of three paesif/ing the
main purpose of the standard with corresponding datdel, requirements and mechanisms.

The first part [3] General information and use casézalled OTX Overview) describes the purpose @ standard on
a high level, together with a list of use casescWwhihe standard aims to fulfill. General considerst regarding
integration of OTX with existing standards (ODX —péh diagnostic data exchange, MVCI — Modular vehicl
communication interface, UDS — Unified diagnosecvices, etc.), achieving long-term availabilitytest sequences,
and other related issues are presented there. $becases included in this part define multiple etspei.e.
documentation and specification, exchange and bditgaextensibility, localization and runtime exaion.

The second part [4]Core data model specification and requireménfsalled OTX Core) describes the main
requirements and principles of the core OTX datalehas well as validation and extension approadhX Qore data
model consists of the OTX features and mechanisiisare necessary to build basic test sequences.fe data
model may be extended following the extension meicsima based on extension interface. This aspectuisiat for
adjusting OTX to the space domain purposes.

The third part [5] Standard extensions and requireméftalled OTX Extensions) delivers a set of additibfeatures,
defined in compliance with the extension mechanispscified in OTX Core. OTX Extensions consist 0f>O

features, which provide additional functionalitiesthe diagnostic system. The most commonly used @Xtensions

are automotive industry-specific, like DiagCom, @§mtaBrowsing, but there are also more generalnsides

provided, for instance DateTime, HMI, Math, MeasBelected OTX Extensions might be useful in a sgystem use
cases as well.

OTX data model

The OTX Core data model is a complex structure ctvhincludes a great number of various features. Staedard
defines each data model aspect in a detailed waydimg syntax, semantics, possible exceptionsdatbn rules,
examples, figures, etc. The data model definit®mrovided within UML (Unified Modelling Languagend XSD
(XML Schema Definition) that ensures consistencyle$cription. Fig. 1 presents the high level desif®TX Core
data model.
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Fig. 1 Overall view of OTX Core data model

OTX Core data model is represented in a hierarthveg. The main part of every OTX document is atrelement
including basic information, like name, version, taadata, imports, etc. as well as global scoperindétion, e.g.
declarations of variables or constants. Within a&X@ocument there may be declared procedures @Geptiag a part
of a test sequence) or signatures (equivalentagramming interface), which are an essential pa@oX.

Procedure, being a NamedAndSpecified type withinXQiata model, is represented by basic attributek three
elements — specification, metaData and realisafitve. specification includes a textual descriptiéra rocedure, its
purpose and further details. metaData is a contaifrearious data elements, each being a key-vadiie which can be
used to more extensively describe a NamedAndSpecifilement. Those data elements can be simplegstrin
embedded XML documents, href links to pictures idewus, html, CDATA, etc. Specification and metaDalaments
do not alter the processing logic of a node thescdee. The realisation of a procedure definegptirameters (in-, out-
or inout-) and locally used constants/variables apecific OTX data type. Besides, the realisatlefines a logical
flow of executable nodes.

The flow consists of nodes which are interpreted sequential way by an OTX runtime, developed aliogly to the
OTX standard. The following types of nodes areinijgtished: standard actions, compound nodes (e@upG; Loop,
Branch, Parallel) and end nodes (e.g. Return, @oatiBreak, Throw).

Advantages of using OTX

The OTX standard enjoys several features whichp élieugh developed to meet requirements of thenzotive
industry, seem to be well matching to the needthefspace domain. Thus, the standard will likelgvprto be an
appreciated competitor to the corresponding saistizssed within ESA at present.

Availability of human- and machine-readable leweithin OTX test sequence

An essential advantage of OTX is the fact thatdpecification, metaData and implementation of sesfuences are
combined in a single OTX document. The specificaiod metaData can provide a comprehensive ddscripft a test
sequence as well as of each element declared wiitHinallows people without technical knowledge understand a
purpose of any test sequence (human-readable)albat assists building high level test sequences adding
implementation data to them. The implementatioray single step of a test sequence describes tatlynhow it
should be performed (machine-readable). Therehaee tstages of the test sequence development.ifBheifie is a
specification stage describing at linguistic lethed overall sequence logic. Then, an implementegiage applies to the
situation when isolate steps of a test sequenceexeeutable. Finally, a realisation stage corredpoto a fully
executable test sequence, i.e. where there a@ngatpecification-only parts in the sequence.



Referring to the defined OTX development stageagpial test sequence development process candueiloed by the
following steps. First, during the specificatioag#, future test sequences are created in a pnaliydiorm even though
not all sequence details are known. The sequemeespacified as free text, stored in a target XMinfat, and can be
exchanged. Then, the free-text sequences are filigld instructions which can be processed by an QuiXtime.
Actually, the script can be executed already is artially implemented stage. Once this stageimpdeted, all test
steps defined in the specification stage are ex@with executable instructions. The completedpsds afterwards
implemented and can be executed in the realizatage.

To conclude, such a scheme is characterized bydffgtiency of the creation process (in terms ofdiand costs) and
reduction of possibility of errors occurrence, sincapability to store both human-readable and maetdéadable
formats within OTX files allows maintaining both raept and implementation logic synchronously miaing the
threat of inconsistencies.

Extensibility of OTX data model

An extensibility of the OTX data model enables 8uig rich libraries of OTX Extensions easy-adapgail the needs
of the domain of interest. Extending the OTX datadel is possible due to a clear extension mechamkich
simplifies adding new data types, terms, varialded actions/signature realisations. This way, amgsimg OTX
features that might be needed in a new area catebeloped. As long as the OTX principles and remménts are
followed, it is not a problem to assure consistewith the OTX Core as well as with other OTX exiens developed
in parallel for other domains.

Reusability of OTX test sequences

OTX test sequences are usually dedicated to phatisystems, but a part of them might be defineghatersal level to
increase their reusability within other testing gds One of the mechanisms that makes it possildesignature. The
signature is a similar feature to an interface ueeabject programming languages (e.g. Java).dviges a possibility
to define general input and output parameters pfogedure without defining the implementation bddg. without
concrete procedure realisation part). Then it issfiile to provide more than one procedure able#dise a given
signature within the whole test sequence. Seleatioa valid procedure for the signature implemeatapurpose is
made by other validity mechanisms. This way, tesfugnces as internally linked sets of procedurdssanatures,
may be partially used as an input to other testieseces performed on a different System Under TH4TY.

Error detection while creating OTX test sequences

OTX standard includes a strictly defined set ohdtalone OTX checker applications which ensure Git§éument
(XML file) correctness at two levels. The first Ewconcerns OTX document correctness with respecbhstraints
imposed by the OTX Schema and the second one ieglaltl cases that cannot be verified at the XSBllévhe second
level validation concerns semantic issues (e.gereefe validity, proper calls defined within progess, data
interpretation, etc.). For a selected OTX featine det of dedicated checker rules defined by sgvienel and OTX
runtime behavioural commands encompasses everybfgsemantic error. These features of OTX ensurer-safe
environment in terms of building test procedures.

Focusing on know-how, rather than on programmingestise

Since OTX is a XML based standard devoted to testquures, any specific programming expertise isonger an

indicator of successful test preparation and commudaterstanding of test sequence flow by variougritmriors. The

standard is relatively simple to understand andempent. A test designer is expected to have know-tithe domain

of interest when using an OTX tool (e.g. dedicaddor ensuring the syntax and semantics corregfn&mce every
human-mistake can be automatically detected wiphéparation and execution stages of the testingess the test
seguences creation process supported by OTX islessprone than through preparing scripts ofghecedural test
sequences.

Ensuring manufacturer independence in terms ofvswé tools design

There are multiple competitive tools on the manki@tzing OTX standard for car diagnostics. Sinc&>QOis an ISO
standard, the only differences between fully OTXnptiant tools are on the side of performance aneriace, which



makes them interchangeable and helps to avoid bHagowendor-locked. The same is true also for saw@ols
expandability, e.g. providing a possibility to usav OTX extensions through already built OTX tegjeences.

Long-term availability of OTX test sequences

There is no expiration date on the OTX test segeernd therefore they can be reused and sharety dinee, that
being attributed an 1SO specification guaranteeg kerm validity of the standard

SCOPE OF SPACE DOMAIN STANDARDIZATION

Space domain standardization is ensured by a greaber of standards corresponding to various apgesses and
systems, provided mainly by ECSS (The European @atjppn for Space Standardization). The scope ef th
standardization essential from the point of vievadfusting OTX to the space domain covers spacmeedng branch
within ground systems and operations discipliné Q-

The main model that needs a brief introductiongesiit plays a crucial role in ATENA, is Space Systelodel (SSM)

specified within [1]. SSM reflects a functional deaposition of the space system and is represestedti@e structure
describing a space system with its system elen{&fE3} that can be expanded by activities, evengmrting data or
other sub-systems (i.e. another related systemeglesh The possible objects defined within SSM are:

e System Elements (SE) that are results of a funatidecomposition of a space system defined in EE®S-
and ECSS-E-70;

» Activities (A) that provide monitoring and contrdunctions. They are associated with SE referring to
procedures, telecommands and any function provigettie EMCS (Electrical Monitoring and Control Syisi)
implemented within the EGSE (Electrical Ground SupfEquipment) or any other mission control system;

* Reporting Data (RD) associated with SE that coregrgarameters;

« Events (E) associated with SE and RD representiogreences of a set of conditions that can arise.

SSM in the respect to adjusting OTX to the spaguaio can play a role of an interface between a Shifa dedicated
OTX test sequence.

ADJUSTING OTX TO SPACE DOMAIN

In order to enable building, exchanging, runnind amintaining SSM based test sequences, a devetbprhepace-
oriented OTX runtime environment is necessary.ghificant part of this task is devoted to desigd anplementation
of the space domain extensions. An approach taguaeasork follows the extension mechanism define®inX Core
and already used to deliver existing OTX Extensiohshe standard in the automotive industry. Sushapproach
allows to achieve a common language for exchang®# diagnostic test sequences.

The ATENA is aimed to perform an integration betw&CSS-E-70 and OTX in the way presented on Fig. 2.

Automotive domain Space domain
ATENA

OTX (ISO 13029) ECSS-E-70
OTX runtime

New OTX space

OTX Extension extensions

Simulated SUT
(to prove a concept)

Fig. 2 Concept of adjusting OTX to the space domain



OTX runtime and library of relevant and new spaxemsions (as the main part of the ATENA systemjstitute an
integration point for both OTX and SSM. A simula®dT plays a role of a real system (e.g. space@aduind station)
communicated via dedicated channel equivalent téTMVInterfaces to give a proof of proposed concept.

Integration points between OTX and SSM

A model consisting of two SSM levels is the basdevblaborating the SSM-oriented extensions to OTkese levels
are SSM Declaration (general specification of tH@MSobjects, e.g. activities names and identifiexad] SSM
Implementation (a set of values and technical dietson of the interfaces/communication channelg, specific XTCE
— XML Telemetric & Command Exchange — data).

For the ATENA project purposes SSM is represented XML file. As depicted on Fig. 3, for every ATENspace
system two SSM representations are provided, na®8ly Declaration and SSM Implementation, along wiitéir
respective XSD files.

[ XML | XD |
) e—c>
SSM Declaration SSM Declaration
schema
Mapping based For each specific SUT Driver,
on id/names of SE a new SSM Implementation

Schema shall be provided

S e—

R </>

SSM Implementa'ti‘on SUT Driver specific

(SUT Driver specific) SSM Implementation
schema

Fig. 3 SSM files describing a space system

The space-dedicated OTX solution is to be adjustd@tle declarative part of the SSM model and issupiposed to be
connected with real TM/TC interfaces directly. Eaplace system to be verified and validated with @ds{ sequences
is to be accessible through a dedicated driveroresiple for translating SSM Declaration to SSM lempéntation
corresponding to TM/TC understandable by SCOE (@ap&heck-Out Equipment). An example of such adlation
at SSM level performed by REST (REpresentationaieStransfer) based driver is presented on Fig. 4.



SSM Declaration

<ssm: subSystemElement
<ssm:Activity x
<ssm:Activity X
<ssm:ReportingData xsi:

</ssm:subSystemElement>

element_id="prox sens" ss

ement_id="prox_sens_on"

_element_id="proximity"

ype="gsm:ReportingData’

SSM Implementation (REST Driver specific)

<ssmi:subSystemElement ssmi:SSM _element id="prox sens">

<ssmi :RestEndpoint ssmi:endpoint_id="prox_sens_endpoint">
<ssmi:IP>192.168.0.5</ssmi:IP>
<ssmi:DNS>test. spacecraft.gorg</ssmi:DNS>
<ssmi:authToken>sk329dk39d2keo2vh29199018-2134qqr23135da</ssmi: authToken>

</ssmi :RestEndpoint>

<ssmi:Activity ssmi

<ssmi:Activity ssmi

5M_element_id="prox_sens_on"></ssmiActivity>
nt _id="prox sens off"></ssm:Activity>

<ssmi:ReportingData
<ssmi :HttpMethod>GET</ssmi :HttpMethod>
<ssmi:Resource>/api/sp t/prox_sens/p ty<ssmi:Resource>
<ssmi :ContentType>application/json</ssmi:ContentType>
</ssm:ReportingData>
</ssmi:subSystenElement>

element id="proximity" >4

ce_sys_obj_name="proximity sensor">

"tc_prox_sens_on"></ssmiActivity>
"tc_prox_sens_on"></ssm:Activity>
"proximity"></ssm:ReportingData>

Generic ATENA OTX
Runtime engine

o

manual

mapping (

«OTX SSM Acfion»

:prox_sens,RD: imity
l Jforwarding request
\ 0 ] . method execution
REST Driver
HTTP GET

192.168.0.5/api/spacecraft/prox_sens/proximity

I
e OB,

Fig. 4 SSM/OTX data flow example

In this use case a specific action execution regbased on SSM Declaration is forwarded from theXQuintime
engine to the dedicated RESTful driver. Thanks tapping provided between SSM Declaration and SSM
Implementation, the driver can identify which RESi€thod needs to be invoked in order to executgittyer TC.

Products of the ATENA project

The final ATENA system is understood as an openafisystem independent toolkit, including threem@mponents,
i.e. OTX Editor for creating OTX procedures, OTXdtme for running OTX procedures and SUT Driver &sisuring
communication with SUT. Each of these componeritedgart in the process of building and executifigKQest
sequences. Dependencies and data flow betweeotigonents are presented on Fig. 5.

SSM
Declaration

[ XML =

is defined (on declaration level) by

o soMda? SSM
T Imp = Implementation
amC KAl XL [
Validate OTX
procedure <I > is defined (on implementation level) by
OTX against SSM
Editor Get
implementation
Kl o
o= e - ; _.
— ) — *\
sequence ; i
q Engine Driver SCOE SSyr;z:g;

Execution status 0 @ 9

Test procedures
execution status

System Under Test

Fig. 5 Products of the ATENA system



The presented operation flow starts with the OT)XtdEdwhich allows a user to build OTX test sequefin form of
OTX documents list) compliant with the SSM Declamatfile. When OTX test sequence is ready, its akea can be
initiated by the OTX Engine. At first, the OTX Emngi validates OTX test sequence’s content with SSdl@yation to
avoid data incorrectness and then starts the drecuEach time a procedure step referring to SSMldbation is
interpreted by the OTX Engine, the proper actieiyl is send to the SUT Driver. In turn, the SUTVer identifies the
received activity call and maps it to SSM Implenagion to call SUT by using dedicated technology é&tefined in
SSM Implementation).

The flow goes analogically the other way around. fikét, SUT Driver gets TM from SUT using a dedeat
technology. Then, the SUT Driver maps received ags$o ‘technology-free’ context (based on SSM Betlon) and
sends the proper results to OTX Engine. The OTXieqterprets received message and communicagesptiates
execution status to a user (e.g. via the OTX Ediemficated console).

CONCLUSIONS

It is believed that the results of the ATENA prdjedll make a valuable contribution to the spacandm. OTX
standard extended by space-dedicated extensi@aprsmising solution to improve the workflow conoed with the
test sequences preparation, performance and maintenin this respect, a large number of addedesadue foreseen
to be brought to ESA routines. OTX approach britvgasparency to what is required from the vendorteims of
testing procedures within the space domain, whingll ase specification of system requirementshdt| also shorten
the process of preparation of the test sequenadsmonothen their further expanding and exchangiilginvAgency
and among cooperating entities. Moreover, reusglfithe existing OTX test sequences shall implaeteffectiveness
of future testing tasks. Finally, the possibilitiveorking simultaneously on a single OTX test sawgefile (or a set of
files) at two levels — human-readable and machézalable — shall enhance the chances of achieviognanon
understanding between all engaged stakeholders.

ATENA is to assure a coherent integration betwe&X Gpace-oriented extensions (at both design apdeimentation
level) with SSM (representing the model of SUT)pfSlementing the integration with a high quality OT&Empliant
runtime and an editor prototype (both to be debdeas the project outcomes), shall lead to theadiveystem which
will likely become a starting point for a signifitaupgrades in the several important areas ofiaeesdomain.
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