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Abstract -Drawing on a recent study, sponsored by the UK MoD,
this paper provides details of a compile-time apprach to the
implementation of an IEEE Std. 1641™ [1] test program(in
contrast to previous implementations, which have ampted a run-
time approach). Consideration is given to methodsof capability
description of test resources, through IEEE ATML [2]. In
addition, comparison is made with the general runime
approach [3], in terms of portability and validation.

As a detailed view of this particular aspect of a @41
implementation, this paper incorporates the exampleests; Gain
and 1 dB Compression Point, for a mobile communicains
device. These tests are defined using the StandasdTest Signal
Framework (TSF); test programs are produced using tB TSFs in
the C# carrier language; IEEE ATML Test Station and
Instrument Description are created and used to detenine
suitable test resources; and, an XML document is ceted and
used to create a translation from the IEEE 1641 & TSF efined
test instructions to the test resources' IVI driver calls; this
process effectively ‘compiling' the C#, IEEE 1641 tesprogram
into an IVl test program (in this case, the native driver
framework for the test platform).
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l. INTRODUCTION

IEEE Std. 1641 Signal & Test Definition [1] brings
portability and resistance to obsolescence thraigal-based
test definition. Not a test language per se; IEE#1lis
intended to be used within COTS (Commercial Off-Bielf)
programming languages & development environmentsdoh
as many platforms as possible, through IDL (Int=fa
Definition Language), XML (Extendable Mark-up Larzme)
and TPL (Test Procedure Language).

the UK MoD’s Open System Architecture [5]; a docutnand
policy intended to give the maximum choice of TPS
development tools, through interoperability, whitee TPSs
themselves remain optimally portable and resistamt
obsolescence. This paper is concerned primarily thigé use of
IEEE 1641 defined IDL (Interface Definition Lang@ggand
XML, since these are open to the greatest & mostilifar
choice of COTS test languages, compilers and dpruedat
environments.

II.  REVIEW OFIEEE 1641TESTPROGRAM INTERFACING

IEEE 1641 defines a Require (<SignalDescriptor>,
[UniquelD]) method; where the SignalDescriptor isy & 8SC
(Basic Signal Component), TSF (Test Signal Framkwer
signal library component) or XML signal definitiofie. an
‘anonymous TSF') and a UniquelD, allowing speaiisource
information to be specified (typically as a resoft some
platform-specific allocation activity). The Requinmethod
must return an interface that supports manipulatiérthe
signal's attributes, in addition to the IEEE 164fied Run(),
Change() & Stop() methods.

Thus:

/I Using my TSF library

FM_SI GNAL myFMSig

myFMSig = Requi re( FM_SI GNAL)
myFMSig. nodl ndex = 8%
myFMSig. Qut .Run

Figure 1 Example of a Test Program Using IEEE 1641 IDL

Figure 1 shows an example of the IEEE 1641 defined
interface being used to construct and execute tastggeal,
where the test signal (FM_SIGNAL) is defined in &F

Up until only recently, implementations have beenlibrary, loaded into the test system. The TSF fprarmat is

primarily run-time systems, either providing sighaked
instrument drivers or creating a live mapping tmeadnternal
driver architecture.

Now, there exist a number of IEEE 1641 implemeoteti
in development that perform translation or compalat of
signals into a further layer of driver code (such sl or
ATLAS), with the purpose of bringing the benefits signal-
based test definition to existing run-time systenSuch
examples of these can be found in the ATML dematistr,

seen at AutoTestCon 08, and TYX SigBase, producing

ATLAS-based code; each having benefits in their oight.

One of the major objectives of IEEE 1641 has alwagsn
that of ‘openness’. Indeed, IEEE 1641 forms a Keynent of

defined by 1641 and may be expressed using XML, XSD
(XML Schema Document) or IDL.

IDL is an industry standard interface definitiondaiage, in
this case used to define the object type, FM_SIGNAL

XML is used to describe the complete TSF behaviaur
terms of 1641 signals, enabling the test systedetermine a
resource capable of implementing that TSF, wheee tést
resources are also described in terms of 1641 Isigag. using
ATML Test Station Description).
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<l-- ATML Test Description >
<Operation xsi:type="OperationSetup" ... >
<Sensor>
<LocalSensorSignalReference localSignallD="Is1"/>
<std:Signal>
<myTSFLib:FM_SIGNAL name="myFMSig" modldx="8 %"

</std:Signal>
</Sensor>

/>

<Operation xsi:type="OperationConnect" ... >
<Signal>
<LocalSignalReference localSignallD="Is1"/>
</Signal>

Figure 2 ATML Test Description Example of an IEEE 1641 Signa

Figure 2 shows the same 1641 signal as part of VLA
Test Description. Test Description’s ‘Operations dased on
1641’'s Test Procedure Language, in equivalent #l's61DL
interface. Hence, ‘OperationSetup’ and ‘Operatiom@t’
map onto the IDL Require and Run, respectively.

In this case, an XSD is used to define the interfac

(attributes) of elements with namespace prefix niBiB.

Note that Test Description is not a test programi b
describes a test that is to be implemented by taptegram.
The process of generating test programs from ATMistT
Description will hinge on the ability to translats signal parts
into executable code.

H<TPL>

//Setup FM_SIGNAL modldx 8 %
/I as source myFMSig;

/IConnect myFMSig ...

/I as connection toUUT;

II<ITPL>

Figure 3 IEEE 1641 TPL Example Test Program

Finally, Figure 3 shows a TPL example, again, efshme
test program.

TPL is targeted at test programming languagesdbatot
support IDL interfacing technologies (typically &ay), such as
C, and is intentionally familiar to ATLAS users. lise, TPL is
formed in the comment fields of the test progrard emust be
translated to the same carrier language beforedtréer’'s own
compiler can process it.

Note that ATML Test Description’'s ‘Operations’ and
1641's TPL & IDL methods are equivalent, so thetses
described in Figure 1, Figure 2 and Figure 3deatical.

Ill.  IEEE1641DEMONSTRATIONPHASEII.V

Phase 1.V of the study programme sponsored byuke
MoD investigated the use of 1641 signal definitifor
amplifier characterisation, implemented throughranglation
approach to generate an VI test program [4].

The approach of this study to generating IVI codses wo
take a 1641 test program, written in C#, using 4118L
defined COM (Component Object Model) interface, arse

that same COM interface to translate the 1641 ndettadls
into IVl method calls.

The significance of this approach is that the tititm
process used the existing compiler and run-timdstob the
language. This same translator would work equalth @++,

VB, Pascal, etc. — thus, supporting the Open System
Architecture intent to maximise the choice of TRSelopment
tools.

Additionally, as a by-product of supporting the I@&fined
programming interface, productivity enhancementsmany
COTS development environments, such as auto-coepplet
interface browsing, keyword help and chroma-codare, also
supported.

IV. TSFPROGRAMMING INTERFACE

As seen in section I, the interface for runningtest
program is already defined by 1641. Additionallge tBasic
Signal Components of the Standard also have defined
interfaces.

However, it is expected (and is the case) thajeimeral use
signals more complex than BSCs will be required #mat
these will be built within the 1641 defined Testgi&il
Framework. These custom signal components (calgfesT in
reference to the framework) consist of a model amd
interface, which may be expressed in a varietyooféts, to
suit the application.

EADS newWaveX provides a 1641 TSF design
environment that links the 1641 Standard’'s dataméds
together [3], such that a TSF library may be exgnbas XML,
XSD or IDL files.

Signal Development IDE |

TSF |
Libraries

Figure 4 newWaveX TSF Signal Modelling

Figure 4 shows how the newWaveX Signal Development
environment links a graphical development and st
environment with a variety of different file formaxports.
Behind the scenes, the graphical development emvieat is
rule-based and ensures the validation of the sgtielt it is
used to develop.

The exported IDL may be compiled using a COTS
(Commercial Off The Shelf) compiler to make a tjjeary
supporting the use of the TSF in test programs. Semee type



library is used by newWaveX to provide a TSF wrappe

interface to its translation framework, as showkigure 5 .

s newWaveX

Program

Figure 5 IEEE 1641 Core Interface Supplemented by Expor®# T
Interface

V. ATML CAPABILITY DESCRIPTION

<hc:Capability name="FMSignal">
<hc:Interface/>
<hc:SignalDescription>
<std:Signal Out="odcp1">
<tsf:FM_SIGNAL name="fmSig" modldx="range MAX 30
</std:Signal>
</hc:SignalDescription>
</hc:Capability>

%"/>

Figure 6 ATML Capability Description Example

IEEE ATML provides an XML format with which to
describe a resource’s capabilities in terms of aignusing
IEEE 1641, a basic example of which is shown irur8g6 This
capability description may be written in terms betTSFs
expected to be used on a test station or more igatgrusing
Basic Signal Components.

The first stage of implementing a 1641 test signal

requirement is a mapping of that signal onto aaifound in
the capability description. This applies whetherrat-time,
some pre-allocation step or for translation/contijgita

IEEE 1641 Signal Modelling Language provides a redan
validate that these capability descriptions againke
performance of the resources they describe.

VI. MAPPING16410NTODRIVER FUNCTIONS

A. 1641 Interface

Referring back to section I, IEEE 1641's defineorec
programming interface provides a number of funaiobhese
include:

Require <Signal>, [Allocation Information]
Run [timeout]
Change [timeout]

Stop [timeout]

Further, each Basic Signal Component has its ptpper

interface defined by the Standard. For Example:

RMS: nominal
condition
gateTime

samples

uL
LL
measuredVariable

In the case where the required signal is specifisithg
XML (known as an ‘Anonymous TSF’), an additionah@tion
retrieves individual elements of that signal:

Item <Signal Name>

The returned signal element may then be referred to
through its BSC interface.

These core functions and properties are all thatésled to
interpret any 1641 signal, since any TSF interfacapper (see
section IV) can be mapped through these functions.

B. Driver Interface

Through 1641 Signal Modelling and the ATML Capdiili
Description, it is possible to determine the drifterctions that
will implement their associated signal attributes.

-----------
___________

e 1]

Capability [ (——H ';L-J"lil{.{"

Identifies the o

: ’ { Change
{Stop B

Figure 7 Actions Required to Implement 1641 Capabilities

Figure 7 illustrates the structure of the actioeguired to
implement a given resource capability in terms tef 1641
signals. Two additional actions, beyond those o#l1l6are
required to ‘Create’ and ‘Destroy’ instance datathie case of
unmanaged code.

Each action then breaks down into two types of adriv
command:

1) Command

- -  —  — 1

FFormula

Figure 8 Driver Command



Figure 8 illustrates a possible structure of thévedr
commands required to implement an action, suclwéshson
an instrument’s output or read back a value. Adddlly, a
formula may be required.

A formula may be specified using the same termsdon
IEEE 1641, e.g.:

“{{MeasOutputPower.measurement} - {input_pwr}}"
Figure 9 Example Formula

Since each of these 1641 attributes are, themsehagsped
to actions within the same instance document, tHeier
commands can be determined.

2) Assignment

;-1 Parameter C-(~—F{ Value |

ittt et LN

Figure 10 Driver Assignment

Figure 10 illustrates a possible structure of theved
commands required to implement an assignment adtiathis
structure, assignment may either be a value ofue\abtained
through a further driver command.

C. Inuse

The structure described above is implemented
newWaveX Platform Development and has been triaifed
IEEE 1641 Demonstration Phase 1.V [4], for the WAOD;
successfully describing all the IVI driver commameguired to
implement 1 dB Compression Point and Gain charisetérn

of a communications amplifier module using Rohde &

Schwarz’ Vector Signal Generator, Spectrum Analyaed
Vector Network Analyser.

So, for example:

myODCP.input_pwr.magnitude = d Power;

Would return the driver string:
RsRFSigGen.RF.Level = <-20>

And, the calling program could equally be an amtian
parsing an ATML Test Description document or anliapfion
interpreting TPL statements. l.e. the processesritbesl here
work equally for 1641 IDL COTS test programs, ATMiest
Descriptions and 1641 TPL test programs.

Note that, for the translator, it is not possildedetermine
whether the assignment value, -20’, is a literaastring, so it
is returned as-20> , denoting a possible variable.

VIl. TRANSLATION FRAMEWORK

newWaveX Run-time

ATHL,
Capability
Deserption

Figure 11 newWaveX Signal to Driver Translation Framework

The application framework for the implementationtboé
translation process, using the driver command ttrec
described in section VI, is shown in Figure 11 .

Translation is achieved by matching the signal ireguent,
supplied through the 1641 IDL interface, to the naig
capability in the ATML Capability Description docemt. The
resource identified is located in the in the Dri@escription
document and the IVI driver commands are assembled.

FisRFSigGen. new
RzSpectn.new

RsSpechnnitialize"FSG", true, trueg, ™'
|IFis5pectnB asic = A s5pecén Personality. S elect]" "B asic')

R:RFSigGen Initializef"SMJ", tue, true, ™)

IR zSpecinB asic.Frequency. Span =0

RzSpecan System. |0 wiiteScpil"CaLC:MaRK FUNC:SUM:RMS ON"

Fis5pecAnB asic.Acquizition DetectorType = ReSpectnB azicD etectorT ypeE num. As5 pecAnB asicD etec
Fiz5pecAnB asic. SweepCoupling SweepTime = 0.2

i RsSpecAnBasic.Acquisition. SweephodeContinuous = falze

FzRFSigGen RF. Level = <20
FisRFSigGen RF.Frequency = <1500000000:

|Fis5 pectnb asic. Frequency. Center = 1500000000

= <20 dB>»
RszRFSigGen. RF.OutputE nabled = true
RsRFSigGen RF.wWaitUntilS ettled(< 30005 )
IR zSpecinB asic.Level Referencelevel = [RsAFSigGen RF Level + <nominal> + 2]
|IRs5pectnBasic. Traces Initiate
IR 25 pecin. S ystem. W aitF or0 perationComplete]< 30003 )

<measurement_complete: = tue
RzRFSigGen. AF.OutputE nabled = falze
<measurement> = AsSpecan. System. |0 QuenyScpil20, "CaLC:MARKFUNC: SUMM:RMS:RES Y - Rsf

Figure 12 Example newWaveX Driver Code Generator Output

The C# IEEE 1641 test programs, written for the 1164
Demo IV [4] were executed against ATML Capability
Descriptions and Driver Descriptions for a Rohd&éhwarz’
signal generator, spectrum analyser & vector ndtaoalyzer.
Figure 12 shows a sample of the IVI driver codgpatifrom
this process. This driver code may then be sulsditinto the
test program to produce the final driver-basedpesgram.



VIII.

Clearly, the output generated in section VIl is reot
syntactically correct test program and, of cousgmfax varies
across programming languages. What remains ishierfull
test program to be generated, applying the apatpayntax
to the output driver code.

TESTPROGRAM GENERATION

What the approach presented in this paper shovanis
implementation that can be applied across a braagler of test

definition into driver code (in this case, IVI) rged to
implement that test definition on a given testfplat.

This process has been shown to use the IEEE 16#iede
test programming interfaces, to provide an impletaigm that
can be applied across a broad range of test progiragn
languages, through interoperability and in suppofit UK
MoD’s Open System Architecture [5].

Additionally, such an implementation, through thé&41

programming languages. Through the IEEE 1641 défineinterfaces, is open to embedding in developmeniremments

interfaces, this same translation module may beeeladxd in a
wide variety of test program development environtsieto add
a 1641 to native driver translation service.

IX. CONCLUSIONS

using ATML Test Description and 1641 TPL.

In all, a compile-time approach (in contrast tovwas
studies, which have adopted a run-time approach}th&o
implementation of IEEE 1641 and ATML on test equint)
yielding a more native test program, while retagnithe

A method has been shown that translates |IEEE 1€#1 t validation benefits of the Standards.

signal definitions (including ATML Test Descriptiprinto
resource driver code, for used when compilingptesgrams.

ATML Capability Description has been used to previdr
automatic resource allocation,
definitions. This approach brings the benefit af Btandard's
Signal Modelling Language, which may be used tadedé
these capability descriptions against the perfooaaof the
resources they describe.

A further XML document structure has been described

supplementing the capability description, to previdriver
descriptions that implement those capabilitiesh@ndescribed
resources.

An architecture has been shown, making use of bloea
description documents, to translate an

also using 1641 adign

IEEE 1644t te
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