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b
SDR COMPLIANCE ASSESSMENT

The needs

Applications
portability

Hardware
abstraction
SDR
Standards
concepts

Software
modularity &
reusability

Scalability

Needs to assess the compliance to these SDR Standards concepts

Application 1 | Application 2 Application 1 | Application 3 | Application 4

Services/devices Services/devices

Operational environment Operational environment

hardware hardware hardware
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SDR COMPLIANCE ASSESSMENT

Assumption

Assumptions on the nature of the systems under test

B The Software radio platforms

The system under test is an SDR platform with GPP, DSP and FPGA processing
resources running a compliant ESSOR Architecture operating Environment

B The Application (Waveforms)
The system under test is a set of source code files that compiles
including IDL, C/C++,VHDL and XML

Assumptions on the compliance check method

B The Software radio platforms

The compliance analysis is performed through dynamic tests by calling platform
interfaces

| ] B The Applications

The compliance analysis is performed through source code static analysis. A porting
stage is not needed
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TESTING METHODOLOGY

Test design process

e Staiaaers
Traceability =SSOR, ke
WinnF, etc.

Requirements extraction
(RD & RS APls, OE, Connectivity, AEPs Profiles, etc...)

— Compliance checkpoints definition

_—

! !

{ Static Tests } {Functional Behavior Tests}

Static Analysis based on rules Model-Based Testing

[ SDR STANDARD COMPLIANCE TEST REPOSITORY

Traceability
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TESTING METHODOLOGY

Requirements Extraction

The extraction process follows the good practices promoted by IREB

SDR
Standards
ESSOR, JTNC
SCA, APls,

WinnF, etc.

I ——

ESSOR JTNC [ Etc. ]

- B

V’ .

Interface A Interface B Non Functional | _____ [ Etc. ]
(Performances)

V’

-------- e

\b

Nominal behavior Processing error

Copyright © 2019




b
TESTING METHODOLOGY

Compliance checkpoints definition

Compliance checkpoint defines the test objectives
B Success case(s) or Error case(s) definition
B Definition of test success criteria
B Definition of the applicability of the test

Sample on the startTone() function of Audio Device

Requierement RCC (Requierement Compliance Checkpoint)

RCC

Requirement Identifier Requirement Text RCC Identifier . ... Component RCC Description
Applicability

The startTone operation provides the user the ability to
start the generation of a previously created tone/beep
to the device user.
- Synopsis:

void startTone(

in unsigned short toneld

) raises(InvalidToneld);
- Return Value: None
- State: ENABLED CF::Device::operationalState.
- Originator: Service User

JTRS_AD_PROVIDE_START_TONE

* Success case
Platform GPP * the tone or beep identification number is valid
* Check the tone is started

JTRS_AD_PROVIDE_STA

JTRS_AD_PROVIDE_START_TONE RT TONE SUCCESS 001

InvalidToneld (see A.5.3.2)
. JTRS_AD_PROVIDE_START TONE_ |A CORBA exception is raised when the tone/beep
EXCEPTION_InvalidToneld identification number is invalid.

JTRS_AD_PROVIDE_STA
RT_TONE_EXCEPTION_In|Platform GPP
validToneld_001
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JTRS_AD_PROVIDE_START TONE_
EXCEPTION_InvalidToneld

* Check an exception: InvalidToneld is raised
* Not existing Tone Id




TESTING METHODOLOGY
Modeling

Test design based on the behavior of the system under Test
(Model Based Testing)

Coverage of the model A
(coverage of the requirements) \p\\e
Behavior Model _
(device / service) aamdl TESts generation

Tests
Specifications

Links

€-—-—-—-—--->

Abstract Tests scripts Adaptation layer
(language dependant) Specification
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TESTING METHODOLOGY
Modeling

UML Class diagrams design for abstract test implementation

[ AP1_FlowUshortStream Fi
|_AudibleAlertsAndAlarms
«Providers api_pushPacket (), i g isRecordingOn : Boolean
—

[ Audio_Port_Device

- aP)_FlowUshortStresm | [ device_state : Enum_AD_STATE

(=] aP1_PayloadControl . 4§ «Providers api start () - aPl_, i api_« 0
1 45 @ check_devi 4] 4, «Providers api_startTone ()
 <Providers api_setMaxPayloadSize () # teardown (] 1 | % «Providens api stopTone ()
i, Providers 201 setMinPayiosdSize () - aPl_PayloadCantrgl i «Froviders api_stop () 4 «Providers api_stopAllTones ()
§2 <Providern api_setDesiredPayioadsize () 1 42 «Provider» api_destroyTone (]'
#2 <Provider» api_setMinQverrideTimeout () - aPl_AudioPorfDeviceConfig &2 «Benchs prepare StartRecording ()
. B check_createTone_Record Retur
nedid ()

f
[l aP1_AudioPortDeviceConfig

42, <Providers api_setAudioPortParams (|
42, <Providers api_getAudioPortParams (|
| = chede_getaudioPortParams | 0

Constraints expression

———FFULY SUCCEEE Ccase
‘if (adch.currenticpEnabled = Enum Boolean with NONE::Enum Boolean TRUE) then l

! true -—-@PDC:TRUE= on
‘else if (adch.currentAcpEnabled = Enum Boolean with NONE::Enum Boolean FALSE) then
if (adch.defaultAcpEnabledChanged=true) then
true

PostCondition (OCL Language) Precondition (OCL Language)

endif and

true ---@PDC:FALSE= off
‘else

false

JLSUT_AudiaPa rtDevice.allInstances () -»exists(apd: 5UT AudioPortDevice |

Automatic Tests Generation

l Test edition

CH

aPl_AudicPortDeviceConfig.api_setAudioPortParams(Enurn_Audio_Params_Valid_1)
aPl_AudibleAlertsAndAlarms.api_createTone(Enum_Audic_Channel 2, Enum_Tone Profile Multi_Tone Valid_withOneTone_1)
aPl_AudibleAlertsAndAlarms.prepare_StartRecording()
aPl_ChannelAudioConfig.api_getOutputGain(Enum_Audio_Channel_2)
aPl_ChannelAudioConfig.api_setOutputGain{Enum_Audio_Channel_2, Enum_Output_Gain_Valid_1)

Functions to call on set up before the test body {
Test body [ cormen o
9

aPl_AudibleAlertsAndAlarms.api_startTone(Enum_Audic_Channel 2, Enum_Tone_ld_1)
aP|_ChannelAudioConfig.api_setOutputGain(Enum_Audio_Channel_2, Enum_Output_Gain_Default)
aPl_AudibleAlertsAndAlarms.api_destroyTone(Enum_Audio_Channel_2, Enurn_Tone_|d_1)
aPl_AudibleAlertsAndAlarms.api_stopAllTones(Enum_Audio_Channel _2)

Functions to call on Tear down (return to initial state)
Copyright © 201
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TESTING METHODOLOGY

Test generation: Abstract Tests

Example of C++ test with a start function of a radio Device
B Each generated function is a single test step
B Each test is an assembly of single steps

bool JTRS_AD_PROVIDE_API_START_1::setUp()
{
current_result = m_adapte @ ot/ params>); .
current_result = m_adapter->api__ get API_ Params(<params>) @ Call SUT interface
current_result = m_adapter->check API_Params(<params>);
current_result =m adapter artRecordlng(<params>)
current_result = m_adapter->api_create(<param

current_result = m_adapter->check_create_Record_Re
return current_result;

}

bool JTRS_AD_PROVIDE_API_START _1::test()
{

current_result = m_adapter->ap
current_result = m_adapte
return current_result;

}

bool JTRS_AD_PROVIDE_API_START_1::tearDown()
{

. current_result = m_adapter->api_stopAll(<params>);
current_result = m_adapter->api_destroy(<params>);
current_result = m_adapter->api_set_API_Params(<default_params>);
current_result = m_adapter->api_get_API Params(<default params>);
current_result = m_adapter->che ara c t_params>);
current_result = m_adapter

return current_result;
} Copyright © 2019 m

nedld(<params>);

Prepare measurement

repare
prep tools

i_start(<params>);
btatusForStarted(<params>);

Compare received value
with expected value

Specifications on Test
Bench
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TESTING METHODOLOGY

Test design process summary

SDR Test Specification Test Design
Standards
) [ MBT Model }
Test Architect Oo O‘O Oa
.a,: O Test Management
p N Tests Specifications
Requirements \
Extraction
g Requirements
7\ N
Compliance p
Checkpoints definition ) Compliance Checkpoints
Test Execution
] Abstracts Test Scripts Adaptation layer
(language dependant) Specification
: . Automation
Adaptation Layer
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TESTING METHODOLOGY

Advantages

Behavior modeling strategy provides us

B Independence of the model from the target.
B A complete coverage of the behavior.
B An easier maintenance and easier rework.

B A Definition of conformance criteria independently from the test definition
itself.

Abstract Tests could be exported into different programming
languages

m C/C++, JAVA, python, etc ...

All needed Tests artifact could be exported into different formats

B Database export (test management software), XML files, Excel files, etc .
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NON CONFORMITY DETECTION |

Audio Device description

Audio Device Example

Base Interfaces Nominal sequence

Platform Test Bench 7 Audio Output 5. 7 Audio Devices. + Applications.
Z1Audio Device | | | . Test Harness I !
| AudibleAlertsAndAlarms “ (Application) >

|
|
| )
] | | %Set PTT | |
[ I !
| [ | ]
|
|
|
|

[—@)

( AudioP]jT_Signa)
[] (@
/ Audio link

u % CreateTone |

. u % StartTone

I % Audio emission -

|
|
|
‘))) m— - P . % StopTone :
M dpm— (((h uSStop emission | :
|
<<Interface>> | % DestroyTone I
AudibleAlertsAndAlamms | I '
i | |
"*"ﬁlmerfﬂteh*-‘ {from Audio) | |
AudioPTT_Signal | I |
. (o m Audio) “createTone()
YstartTone()
®setPTTO ¥stopTone()
¥destroy Tone()
“stopAliTones()
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NON CONFORMITY DETECTION

Not Implemented Interface

Non conformity description

B The Port is functional but the
behavior required is not

Results
m All tests failed on the interface

implemented
Test: Test Name Status A
I
void Audio::AudibleAlertsAndAlarms::startTonel §»JTRS_AD_PROVIDE_CREATE_TONE 1 € Failed
CORBA::UShort toneld) & JTRS_AD_PROVIDE_CREATE_TONE_2 © Failed
{ _ & JTRS_AD_PROVIDE_CREATE_TOME_EXCEPTION_InvalidToneProfile_1 €3 Failed
f/ Put your business code here. : 3
& JTRS_AD_PROVIDE_CREATE_TONE_EXCEPTION_InvalidToneProfile 2 €3 Failed
} § JTRS_AD_PROVIDE_DESTROY_TONE_T1 € Failed
. & JTRS_AD_PROVIDE_DESTROY_TONE_EXCEPTION_InvalidToneld_1 €3 Failed
No Business code & JTRS_AD_PROVIDE_START_TONE_1 € Failed
implemented & JTRS_AD_PROVIDE START_TOME_EXCEPTION_InvalidToneld_1 € Failed
=] Audio Device | §# JTRS_AD_PROVIDE_STOP_ALL TOMES_1 € Failed
e T A@ & JTRS_AD_PROVIDE_STOP_TONE._1 O Failed
& JTRS_AD_PROVIDE_STOP_TONE_EXCEPTION_InvalidTeneld_1 € Failed

JE=] %

AudioPTT_Signal

[

Lesson learnt
B The bench is able to detect empty implementation.
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NON CONFORMITY DETECTION |

Wrong interface

Non conformity description Results
B The function destroyTone is not B All tests failed or are inconclusive
available on the interface

B The signature of the function

. Test: Test Name Status E]
startTone is wrong
B The signature of the exception {5 JTRS_AD_PROVIDE_CREATE_TONE_1 O Failed
Invalid ToneProfile is wrong & JTRS_AD_PROVIDE_CREATE_TONE_2 € Failed
& JTRS_AD_PROVIDE_CREATE_TONE_EXCEFTION_InvalidToneProfile_1 € Failed
ZlAudio Device &7 JTRS_AD_PROVIDE_CREATE_TONE_EXCEPTION_InvalidToneProfile_2 € Failed
Void startTone (in & JTRS_AD_PROVIDE_DESTROY_TONE_1 © Failed
unsigned short toneld ) 7 JTRS_AD_PROVIDE_START_TONE_1 © Failed
@ Raises (InvalidToneld) & JTRS_AD_PROVIDE_STOP_ALL_TONES_1 Inconclusive
% s _ &5 JTRS_AD_PROVIDE_STOP_TONE_1 Inconclusive
0\9 'y Mandatory signature
@
%
2,
)

Void startTone( in unsigned short toneld,
in unsigned long MutantCharValue)
Raises (InvalidToneProfile);

B Lesson learnt

B This example highlights the capacity of the bench to detect bad implementation of the
interfaces defined in the standard.
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NON CONFORMITY DETECTION

Non conform behavior

Non conformity description Results
m The function DestroyTone do not B Three tests on the interface failed
delete the tone designated by the
tone ID Test: Test Name A Status
W The function startTone do not raised I .
an exception on unknown tone ID S JTRS_AD_PROVIDE_CREATE_TONE_f @ Passed
$ JTRS_AD_PROVIDE_CREATE _TONE_2 @ Passed
Mandatory Non conform $ TRS_AD_PROVIDE_CREATE_TONE_EXCEPTION nvalidToneProfle_1 @ Passed
behavior behavior $ JTRS_AD_PROVIDE_CREATE_TONE_EXCEPTION InvalidToneProfile 2 @ Passed
$ JTRS_AD_PROVIDE_DESTROY_TONE_1 O Failed

57 JTRS_AD_PROVIDE_DESTROY_TONE_EXCEFTION_InvalidToneld_1 € Failed

= Audio Devi 7 Application . > Audio Device : Ao
S QA“d‘OlDe"‘ce"" $# JTRS_AD_PROVIDE_START_TONE_1 @ Passed
| SCrestelone | SCreatelone | 3 /TRS_AD_PROVIDE_START_TONE_EXCEPTION_InvalidToneld_1 € Failed
. Success. TonelD._| |+ Success, TonelD. 1. §# |/ TRS_AD_PROVIDE_STOP_ALL_TONES 1 @ Passed
I : I I 5 JTRS_AD_PROVIDE_STOP_TONE_1 O Passed

|
57 JTRS_AD_PROVIDE_STOP_TONE_EXCEPTION_InvalidTeneld_1 () Passed
s

B Lesson learnt

B This example shows the advantage of the behavior modeling applied to the tests to
detect tricky defects
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NON CONFORMITY DETECTION

Non conform data processing

Non conformity description Results
B The tone emitted by the audio B One test on the StartTone function
device do not match the values and another on the createTone
sent in the tone sample sequence. function failed
Com plex Tone Test: Test Name a Status
2

’(0(\ Sample sequence 7 JTRS_AD_PROVIDE_CREATE_TONE_1 @ Passed

Platform e@\e [a,b,c, etc ... ] $ JTRS_AD_PROVIDE_CREATE_TONE 2 © Failed
<1 Audio Device O( 5 JTRS_AD_PROVIDE_CREATE_TONE_EXCEPTION_lInvalidToneProfile_1 ) Passed
I 5 JTRS_AD_PROVIDE_CREATE_TONE_EXCEPTION_InvalidToneProfile_2 () Passed
[ .—@ 5 JTRS_AD_PROVIDE_DESTROY_TONE_1 ) Passed
Ml f}JTF{S_AD_PHDVIDE_DESTHDY_TDNE_E)(CEPTIDN_InvaIidToneId_1 ) Passed
f}JTFlS_AD_F‘HOVIDE_ST ART_TOME_1 €3 Failed
f}.JTF'.S_AD_F'HDVIDE_ST;J.F'.T_TDI\IE_E)(CEF'TIDN_InvaIidToneId_1 & Passed
IudicP}'_T_Signai f}-.TF-!S_.L‘«D_F'HD";'IDE_STDF'_.L‘A.LL_TDI'JESJ ) Passed
[] —r: % JTRS_AD_PROVIDE_STOP_TONE_1 ) Passed
i 5 JTRS_AD_PROVIDE_STOP_TONE_EXCEPTION_InvalidToneld_1 Q) Passed

Ca ptu re Samples captured
CO Sample sequence
[e,a,Z, etc ... ]

B Lesson learnt

B This kind of non-conformity is more difficult to detect and could be interpreted as a
performance test instead of functional test.

B However the use of measurement tools and the check of data processing is clearly a
good way for detecting functional defects. m
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NON CONFORMITY DETECTION

Test of boundaries values

Non conformity description Results
B The bounds of the Payload size B The tests of lower bound of
defined in the Audio Sample Stream Set_Min_Payload_size and the
Extension are not compliant either in upper bound of

the SDR specification or in the

Datasheet of the platform Set Max_Payload_size failed

Name Status

=JAudio Device AudiozSampleStream I
- SetMaxPayloa [{UTRS AD PK PROVIDE GET MAX PAYLOAD SIZE 1 GPP @ Passed
Platform AudiozSampleStream dSize(D + x) [1TRS AD P PROVIDE SET MIN PAYLOAD SIZE 1 MIN GPP @ Failed
Bounds [] r: : [{UTRS AD PK PROVIDE SET MIN PAYLOAD SIZE 1 MEDIAN GPP © Passed
. . ) [1UTRS AD PK PROVIDE SET MIN PAYLOAD SIZE 1 MAX GPP @ Passed
MinPayloadsize | Audio:StreamControl [1UTRS AD PK PROVIDE PUSH PACKET 1 GPP () Fassed
AtoB - O [1UTRS AD PK PROVIDE SET MIN PAYLOAD SIZE EXCEPTION InvalidParameter 1 GPP (@ Passed
Adiio S ireamtorirol [11JTRS AD PK PROVIDE SET MIN OVERRIDE TIMEOUT EXCEPTION InvalidParsmeter 1 . @) Passed
MaxPayloadsize; | SetMinPayload [1UTRS AD PK PROVIDE SET MAX PAYLOAD SIZE 1 MIN GPP @ Passed
CtoD = Size(A - y) [{UTRS AD PK PROVIDE SET MAX PAYLOAD SIZE 1 MEDIAN GPP © Passed
Au;ilO::Sa mpleMessageControl [1TRS AD PK PROVIDE SET MAX PAYLOAD SIZE 1 MAX GPP € Failed
[] [{UTRS AD PK PROVIDE PUSH PACKET EXCEPTION UnableToComglete 1 GPP © Passed
[1UTRS AD PK PROVIDE GET MIN PAYLOAD SIZE 1 GPP @ Passed

[IUTRS AD PK PROVIDE SET MAX PAYLOAD SIZE EXCEFTION InvalidParsmeter 1 GPP () Passed

B Lesson learnt

B The boundaries values tests ensure :
The conformity to the SDR standard
The validity of the values provided by the manufacturer.
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CONCLUSION

Results & Perspectives

B Results

m Wide coverage of non conformities.
Not Implemented Interface
Wrong interface
Non conform behavior
Non conform data processing
Test of boundaries values

m 36 % of the requirements extracted from the ESSOR Architecture covered
Remaining 14 % related to internal behaviors.

m 96 % of the tests are fully automated.

B Tests results and logs available in centralized database

B Perspectives
] m Performance tests under study

B Continuous improvement due to capitalization on test execution

Copyright © 2019
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