1 A radio sub-system for emitting/receiving software defined radio with opportunistic secondary use
5The present invention relates to a radio sub-system for emitting/receiving software defined radio with
opportunistic secondary use, being part of a piece of radio equipment. Generally, the invention is
located in the field of radio communications. The recent emergence of software defined radio, known
under the acronym of SDR for "Software Defined Raglio", sees an increasing number of applications in

the field of radigdl cuBraystsaiRie itV R A ed AR RMIREAAAS RhIY JppuABRiRtadio

emission/reception subsystem ensuring emission angd/or reception of an electromagnetic signal,
commonly called a "SDR Transceiver" accordﬁ?gc?&?%é%é‘ﬁﬁinology. The radio sub-system is capable
of operating in the sense of emission on the radio media, of reception from the radio media, 150r most
often of both, either alternately (half duplex) or simultaneously (full duplex). According to the state of
the art, such a radio sub-system is characterised by that it necessarily has a software interface for
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base band. The radio emission/reception sub-system includes a stage tor analog processing
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anal igldigital conversion. The signal processing chain carrying out the transformation between the

signal at thec?r%ndyglr{fat{%%%ignal at the output can only operate at the given instant for the needs of
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transpositions, of Hilbert filtering %%%ﬁtlons, etc, is distributed between the stage for digital processing

operations &ncPite RGEFHYEnA B869s1AG t%@r‘ﬁﬂt?ﬁg depEntRflg SHERGERR $E8RRPIE 8hch
implementatipgr@ichite cherechsaditioissothe digitedoriediaf thespeptiesshoghdhairgditrictiylispeaking,
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35software means required for the interaction with the software defined radio application
According to the state of the art, such a radio sub-system is characterised by that it
necessarily has a software interface for exchange of messages or control requests and
data with the software defined radio application which uses it.
The useful signal exchange between the radio emission/reception sub-system and the
20 software defined radio application is a digital signal, typically digitised in a complex
representation in base band.
The radio emissionfreception sub-system includes a stage for analog processing
operations, interfaced with the radio propagation medium, and a stage a digital processing
operations, interfaced with the software defined radio application, separated by a
25 digital/analog and/or analog/digital conversion.
The signal processing chain carrying out the transformation between the signal at the
input and the signal at the output can only operate at the given instant for the needs of
one and only one software defined radio application. Such a signal processing chain
typically consists of analog and/or digital filtering operations, of digital decimations and/or
30 interpolations, of frequency transpositions, of Hilbert filtering operations, etc, is distributed
between the stage for digital processing operations and the stage for analog processing
operations depending on choices specific to each implementation architecture.
In addition to the digital portion of the processing chain, strictly speaking, the digital
portion of the software defined radio emission/reception radio sub-system comprises the
35 software means required for the interaction with the sofiware defined radio application

using the radio emission/reception sub-system.



using the radio emission/reception sub-system. 2 The previous discussion summarises the
characteristics of a radio emission/reception sub-system in the typical case when the radio sub-system
is only used by a single software defined radio application. The invention is included in the case of
radio equipment where several software defined 5 radio applications simultaneously use a same radio
emission/reception sub-system. For example, when g conventional radio communications application

is executed ﬁi@%@O@Qgsdys%ﬁ‘si@ﬁaﬁh%ﬁ%@@@ﬂﬁhér@lﬁﬁ!@@ﬂ@di@@t&@%éﬂﬂi@rﬁ@&é%d@pﬂdﬂhef in
the case of telecommunic(ar)]'%ions si%}ultanemﬁ%\évié% electronic scrambling. Neverthéeless, for the reason
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instant for thsefhewegiefivesinglésuftieatéodefined radio application, joint use of a same radio
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software interactions between the applications which use the same radio emission/reception
sub-system "@F3 LR ISALGRS SYMEHRAORREIOHSFHCRPRDIGS IS UE R84 Rehiiee sERREiFEb irhvaTe
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applications, with the associated impacts in terms of software development and iftegration, and
difficulties if1h&ABYFIgRISS UBRRUIFALRIF SIrivEaRRRHEY BHERIR SR agEEWhen the combinatorics of
the potentiafly-eaupird £ Oapplisatizrsintraase. Thednatyatienobthednrensianisde dinstapemedy to
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software defined radio quai ment, jncluding a radio proce sin%}chain, achieving for emission the
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electromagmsetictsignsdtcapalohecbf beaidscanyeypeddsy radidintedisvesshviestwersa, defirtbe madéption, the

trans,@rmati&gb@éa}g@ﬂ@%@@%@gggm@é@m%@g_g%me radio media into a digitised signal

capable of being processed by a software defined radio application, and a software control module
capable of dtHFRg RAHItELRE 8BS R RS NRARIRIER MR LGB RAUFREAIN rEFEES ARG ROYBERES from a
software defiareendstpplicatimedlsadialleshpeatiany, saftvane definedadimapplcatiaerna5bbhe
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processing secondary requests from at [east one other soitware detine radio application, also
called secof@faffirdftiriieaiefimaghaers apphtatiba, iRBpERGEIRSofthetfRintipbitiare éetfed radio
applggation, apmbanerdernsaias: - receiving at least one secondary control request from a secondary
software deﬁiﬂgdmr&g\jgﬁgﬁpo”lpf’f")téoﬁ\/ention is to find a remedy to the aforementioned drawbacks, by
allowing a joint implementation of several software defined radio applications which
access the same radio emission/reception sub-system without the applications depending
on each other, avoiding costly software failovers.
25 For this purpose, the object of the invention is a soffware defined radio emission/reception
radio sub-system being part of a piece of software defined radio equipment, inciuding a
radio processing chain, achieving for emission the transformation of a digitised signal
stemming from a software defined radio application into an electromagnetic signal capable
of being conveyed by radio media and vice versa, for the reception, the transformation of
30 an electromagnetic sighal stemming from the radio media into a digitised signal capable of
being processed by a software defined radio application, and a software control module
capable of driving said radio processing chain while strictly observing primary control
requests from a software defined radio application, also called primary software defined
radio apptication.
35 The software defined radio emission/reception radio sub-system is characterised in that it

is capable of processing secondary requests from at least one other software defined



5- determining at least one primary inactivity period of said radio processing chain corresponding to
the non-use of said radio processing chain according to the primary request(s) emitted by the primary
software defined radio application, and - activating by means of an interface of said radio processing
chain so as to satisfy, for a determined primary inactivity period, at least one secondary control request
emitted by at 10 least one secondary software defined radio application. Advantageously, the software
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application WiVAMASPRUBYs IR iFeS WIS SIsEPep aritio reBT ThioYErerilian ity GeRisal ralo
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P . sl
emitted or 'GP FERBN P LAt IBHLE ARG BRPLFIAR ifRDMAAHCH PAIAMS 1B hfe LSt For
beginning esyidsiorisorateceptionthe pairseconofam rectdfokbrecrdisbingloskshat least one piece of signal

information sglatipg 1, 5the. signal EOJ«%%{HQEH?%&M%%_&%RSB’?%EB‘%p%‘ﬂ@éti%ﬂttiﬂfé%%é%f e

information relating to a time instant for beginning emission or reception; - said signal information
comprises fRSYUEAYYNATErARHBIPBFLIRS SR P REBEEMIR R dhfo BEMaeRRIBVARRY defieck gio
inforzoation gpptiatiimmbed ef digitakisignebsamplesfindieramittegmiciade resetedeg@cddinatudes
means for SIying.InMema; %%”dé%@ié&&aﬂ”dr%&a%ﬁ%o' %%%%Sgrrn%ta'&%‘é% Ware ?aefSr{%%C.g'V'”g
and storing In memory several secondary control'requests each stemming from a different secondary

software defiRpifasieio applivarssy. drrMnttsat e iwhert tenteAande e Hfwatte d9iiesth sardp
selecting segondans eoNBRIJRAMASE 40 BE RIPeRESas asrdingitosadedinterined ardess not

need fo be moedified regardless of the primary software defined radio application actually
25 used. Only intrinsic compatibility limits between the needs of use of the radio

emission/reception sub-system by the primary software defined radio application and

those of the secondary software defined radio application will limit the possibilities of

proper operation of the secondary software defined radio application.

The radio emission/reception sub-system according to the invention may also have one or
30 more of the features below:

- the software control module is further able to determine, for a given determined primary

inactivity period, whether the duration of the primary inactivity period is sufficient for

completely satisfying a received secondary control request, and in that the means for

activating said radio processing chain are only applied in the case of posilive

35 determination;



15According to another aspect, the object of the invention is software defined radio equipment
comprising a software defined radio emission/reception radio sub-system as briefly described above, a
primary software defined radio application and a secondary software defined radio application capable
of being interfaced with the radio emission/reception sub-system, characterised in that the primary
software defined radio 20 application is a telecommé#énications application and in that the secondary
software definedinagtio applitatioress achdiessarisirg apphsatioof ghet ifdatnaandahgtiges of the

invention will §eqme.ARRRERN B hedRRErRtiPB IchSNen. heseR! ReJaHA(RS Agdnsication and

by no means as a limitation, with reference to the appended figures wherein: 25- fig. 1 is a schematic
view of the ﬁd%ﬁgﬁ@éﬂm%ﬁéﬂ‘wa By fiFRERTapplied according to the invention; - fig. 2 is
an exemplaryaimmemmmﬂﬁe@mh@_&nggmdﬁwema_pﬂma_iac_saffw@md'gﬁnmbmdimwp@:mion_, a
secontary s RSLISled JadiaaRpealan 83420 SELSCInSHERRR"gN HASYHSMAREOTANG 0
the invention; and 30- fig. 3 is a flowchart of the main steps of a software program able to implement

the inventioFE!aiNg itpvR HiSHERS Rithagiaring rarTiBl QirfseRHeRtation of two software defined radio
applications, §gpicallyi ipfimasidadishenreaurigatnng inpplicaiienompichisnieried withtpdierits, and a
secondary lication, 35The inventign finds lications in the civilian field, the primar lication
peing & Clo bR e Bt B e ateg 8 S A B 5
secondary a@plilcatiorndeiigeeidtio sensing application, which for example consists in analysing the
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military field, with imary Wavg form telecommunjcations a[éplicatlon, and a secondary application of

the sensing tybd EoGHEVE &IOS 'SPHETERID el AT BIFRRENTSLRA! ofSREEHRR R Hecoy or
intrusion meaguestaeras). S mracko feguipnidfird ot accordiagy tectheairey grtioed itudtratpditation, 1,
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requests to be processed according to a predetermined order.

15 According to another aspect, the object of the invention is software defined radio
equipment comprising a software defined radio emission/reception radio sub-system as
briefly described above, a primary software defined radio application and a secondary
software defined radio application capable of being interfaced with the radio
emission/reception sub-system, characterised in that the primary software defined radio

20 application is a telecommunications application and in that the secondary software defined
radio application is a radic sensing application.

Other features and advantages of the invention will become apparent from the description
which is given thereof below, as an indication and by no means as a limitation, with
reference to the appended figures wherein:

25 - fig. 1 is a schematic view of the portions of software defined radio equipment applied
according to the invention;

- fig. 2 is an exemplary implementation of exchanges between a primary software defined
radio application, a secondary software defined radic application and a radio
emissions/reception sub-system according to the invention; and

30 - fig. 3 is a flowchart of the main steps of a software program able to implement the
invention.

The invention deals with the simultaneous implementation of two software defined radio
applications, typically a primary radio communications application which is treated with
priority, and a secondary application.

35 The invention finds applications in the civilian field, the primary application being a

telecommunications application, for example, according to the GSM standard, and the



according to the terminology, one or more computers 13, applying a primary software 10defined radio
application 14, called hereafter a primary application and a secondary software defined radio
application 16, called hereafter a secondary application. The software defined radio emission/reception
radio sub-system 12 includes a signal radio processing chain 18 connected to the radio media 20 by
means of an antenna, the last stage of the processing chain, and a software control module 22, in the

form of comgsiendmp@iammipiegeniedibysardighch S NEassiNg/ROCEsSSekahiifl 301 BIOGESSINg

chain 18 includ?s, for, reception, a eortion 0 lo rocessing gperations and a portion of digital
. aﬂary%m the spec ra?CFB fronment © ﬁe 10 eﬁug) nt. . .
processing operations separated by an analog-digital conversion stage, and, for emission, a portion of

digital procesiaigedpebationdseriianpbrde srilisatimng processiiigrp heidhtivits seoparateddye form

digital-analogeesMataiEa8ERE S pHSaIRM OPEPS RIINHERAID dR M SITYBEIER iG¥eTHHMRIgrmation
of a dgltlsed%} nal stemming from a software defined radio aﬁpllca ion into an electromagnetic signal

able td be cBHURyRd By PLaidTRLULS AR50 e dom SHEr ShJRUPRRIRGASS £1FSR¥IEgNirusion

electromagretisssigmagntis).the radio media into a digitised signal capable of being processed by a

software defigechzagio appiicaliend.easHsHiRINRSHUARR ContiohMmadyle 22 Goraprisgscofware

interface means 24 with 25 the programming interface 26 of the primary application 14. Thus the
primary appReHHEFF 1454 EapEIE SFBIRSIRINGIREPERAM &) P GHbSISIRR, 18PNt BT FAORS YU system
12, comprising:primariccortnelrreqsiests and priman: datageguests, Wihilerih e psimany centiatsequests
convgy informati om th re, defingd radi lication 14 tq the radio sub-system 12, the
infor@;tion ﬁ%ﬁvasg gs%écaz_gl’atae%) ?)vg_lt%t%g g‘rilré]%ﬁ%ddqé\%a%?g%e%téa B?B%’Ze%pé)gﬁagi% haensgoﬁv&aer(;é) ti¥ed radio
application £2ftwarredeliedsiasisarplinaireifiserdad Asralter dersecnsia@pieatiaypically, the primary

aprzl)iczétion méeeﬂﬁgfg@daﬁriéu;&a(‘:ai@eeaﬁs@rmﬁerf@aiﬁim@i@@nﬁxg&we&wfmty%na; rafdio ’
RP()=CreateRxBurst03 or.RP()=Create TxBurst r requesting reception or transmission of a packet
0 B S 0 TSR B }

(BT IR S0, Bvey 'S fEtiticay d8tePhiin [B%Sﬁod of

of samples BF%C‘Fﬁa‘u%gsf’ghﬁgl glurlng a
time and dusiiagevii thetheoradiinguthadystean d 2dieete perforhmadpedicisigralaransfonmatiten. 6 The
primasy contiQliestiestpBrRMite P chRbR g0t RiRMAiR camRtising RN fosmaieRsqul for

proper configuration of the signal transformation which the radio processing chain 18 of the radio
emission/re ¥R s (- SSREEM" AR YR RHIMAC D PFACRASIRG BrEfFienER sk armpriomet (gAY profile”
includes thepradis ©pe raimgtivessepeystédivy barthaicdaiittiesiynaito begeceivbdoraaibgopmitted,

or further the sampling firAUEPGLALdNG BRae.haRd mnglp@ﬁﬁmm% §Bed0sotRe g Ined

radio application 14 and the radio emission/reception sub-system 12. The primary control requests
also ensure ECOARIFAIESBERRERC A SHRETPIRI S EO5 1 cAiR AAPiP FTBTE TRINE Ehatadfifsaméisiethe
bursts, by peeviding thanshwirstibthetimeligiteraatignal stemming from a software defined radio

application into an electromagnetic signal able to be conveyed by radio media, and, in
reception, the transformation of a received electromagnetic signal via the radio media into
a digitised signal capable of being processed by a software defined radio application.
In particular, the software control module 22 comprises software interface means 24 with
25 the programming interface 26 of the primary application 14. Thus the primary application
14 is capable of exchanging primary requests (RP, AP} with the radio sub-system 12,
comprising primary control requests and primary data requests. While the primary control
requests convey information from the software defined radio application 14 to the radio
sub-system 12, the information flows associated with the primary data requests proceed
30 from the software defined radio application 14 fo the radio sub-system for emission, and
vice versa for reception.
Typically, the primary application 14 sends via the interface 26 primary real time control
requests of the type 'RP()=CreateRxBurst()’ or ‘RP()=CreateTxBurst(}’ for requesting
reception or transmission of a packet of samples of a radio signal during a burst which
35 extends over a specifically determined period of time and during which the radio sub-

system 12 has {o perform a specific signal transformation.



10 or corresponding "timing profile". More specifically, the question is defining the burst length,
typically expressed in the number of digital signal samples or in the duration of the corresponding
analog signal, and the instance of time for beginning emission or reception, potentially provided with
an accuracy of less than the duration of a base band signal sample exchanged between the software
defined radio application 14 and the radio 15emissiom/reception sub-system 12. The software defined

radio emissipRy eseRteN HRdifoBUbgREsieNpriBerfermscyitbistighfompliarge dinerpsisietianyg ("timing
profile™) anclE 1%igrrrlﬁal ttproces%rp instructions g‘.'tuni%g rPB?Wr?") as provide blxatpenpvr\jm{%ytﬁ pligation 14

. . alion use or proper .contigqura e’ gignal transfor 1aglo
via the primary control requests. Re prlmar)g1 control requesstg are processed by the con rof model 34,

which reliesfsRcea2W ihelfatd ofete radihveniissitier regiiprotidssisteondm N i mreréerto. corifigure it
and activateyit-aceording 1o the sepdaotibe DHMaR-aRRliGaliofe PWENG &S seRANGM A adNSt the

radio emission/rece ti%rﬁlj}st%b-%stem 12 sends back the seri%s% of received samples via one or more
e :

primary data i {5e SIRPL P SRR BBEEHEL0" PPrE ke e REHAHEE IR SR8PHarried
out sample bg@isampié, ibentinse usindacsgraing tohthimed ntintrores othstreafiaetraefimis siatio

techniques, wgﬁ%o,_rg@aﬁlai ligd %FQ%ﬁTESBHFJQ&m%@Q?JE%?&&F gdurst, it is the software defined

radio application 14 which sends to the radio emission/reception sub-system 12 the samples to be
emitted via JNE BF e PRIFRIAFHEERIES L SRpHiEIRgHAIR ViR W@ R BEGSHRIISERBAIMBILS() . In
the same way 30daminneaspiiattefleddoexshaBdaraay Bcpeavided) dus aamiplef iyesampieiomatisiieaming

de. Th le of ificati vid ds to th f tion inyolyi
e MR e L O R LR o

case of softieaditdérpiedlyrtiBresagainekeciimyes sirfbgdasieratssamie Ssappiicatioinitnm eidhelevant
radio channgbrréBbHtimdnemsratertral, thedime e ouhs e S6CRESIARNE RIPAELIBISHE dseppbihe radio

em@ssion/re.c% tiﬂ r}ﬂ ﬁu.b}soxﬁe Vlvsi, é:or;]sid((;erfjerd,C thefir?é%rsaﬁ;[gonn hbet lg N thefsg orS1d ry s fstwar?
defined radiB 5 P TatiSha 83;16 & gu%-s%/&e?n proceed f O%Qﬁeﬁlﬁgcﬂaﬁlg}rﬁ Sgg%ﬁ(geég%reafter,
which do nosavplespasriEtmsimpiingeplitaaicirdiveie pefimay ceticralpplication 14 and the radio
15 emission/reception sub-system 12.
The software defined radio emission/reception radio sub-system 12 performs with strict
compliance time instructions (“timing profile”) and signal processing instructions (“tuning
profile”) as provided by the primary application 14 via the primary control requests. The
primary control requests are processed by the control model 34, which relies on an
20 interface 28 for activating the radio processing chain 18 in order to configure it and
activate it according to the needs of the primary application.
During the receptlion of a burst, the radio emission/reception sub-system 12 sends back
the series of received samples via one or more primary data requests of the type
‘AP=PushRxBBSamples(}. The data exchange may also be carried out sample by
25 sample, continuously according fo the continuous or sireaming transmission technigues,
known to one skilled in the art.
During the emission of a burst, it is the sofiware defined radio application 14 which sends
to the radio emission/reception sub-system 12 the samples to be emitted via one or more
primary requests comprising data of the type 'RP=PushTxBBSamples()’. In the same way
30 as in reception, data exchange may be carried out sample by sample, in a streaming
mode.
The whole of the specifications provided above corresponds to the configuration involving
a software defined radio application and its software defined radio emission/reception sub-
system in the case of software defined radio station executing a single software radio

35 application on the relevant radio channel.



5interfaces. The software control module 22 of the radio emission/reception sub-system further
comprises interfaces for the primary control and data requests, means 30 for a software interface with
an interface 32 for programming the secondary application 16. Along the lines of the means discussed
earlier, which the primary application has 14, the 10 secondary application 16 has the possibility of
exchanging secondary control and data requests witlr the radio emission/reception sub-system 12. In

particular, thgiseeandatyrapglication hoexehangessecepdaniagnbiidecnests 38 vithéhagartion 30
of the software. control module 2 _via the interface 32, .and recg—:‘ive?corrggpondirg% answers AS from

the interface @&sicglfrﬁg%rfﬂ%?eﬁ%e %’estt\'/avrge'r? tﬁ%nﬁir?r%raepy r@c?u[eﬂsﬁgct AL the Secon ae?ysc%ﬁf} ?rrvequest

do not, for aspfteecengingdppdintanidiietinend, tbpaaiip s thyrsamforaragdrimon the bwgiriisgiof
emission/regeptign-aniyisaEnation alating dortbe draitedidrtignetdhentyirgte. demdnradhigrol

responsibility to the control module 22 for deciding to activate secondary bursts according to the
inforntation DE-U&SSRcies of use by the primary software defined radio 20application. For this purpose,
the softwarelbentahwaoe uber2PotomugiseL2ootrtheneais Ihissiableafptiontraliingythematlidher

processing il s iRdAsAEHAIN IRIRHRCEABoRSAATAIY fO NS RIMaRhie RS %eﬂv&%ﬁemeans

35 for activating the radio processing chain 18, via the activation interface 28, according to the
secondary rétRige mil%%‘ﬁt?ﬁéﬁﬁg%@fﬂ 9% KRN ehiRfEESARTARY ARREGRHY P Riods P of the radio
processing ¢haig & dsconfacceuith Uscsady sadiprwarhapplioatary ispleaaraedby dhenereans
34. Eqr exampl request, of.t JRS= stRxSecondaryBurst() in reception or
R aues T e B B LA e
contains infoPAHERTEH SiNtHeenEatike FPERCSIHRRAIVT S88MYHEBe120 pomorkeeta( thsirkgcadiimation)
similar to thaggiwdtieh the RroraRLaNRTRIRN EdRAVR diansnide dyiforBaiemen tue sfegiced burst

duration, but no information on the intended instant for beginning operation of the radio processing
X iendpd Instant or peainnin op £S

chain 18. Uk The %?Prﬁgirfln ggﬁ{?o revd%es S, W i havetiie Vae %f:grg%siﬁ?gp&g e ado

processing dhaiihEsintadasgcddary control requests have to be satisfied when the use of 35the radio
processing ghainiks-bydhe suimalXRPpcANP Redddenep MaFRN danans AHoNIRG-SGRES fXREessed by

the secondary software defined radio application 16 to be met. 8 The seconda[fédata exchange

request and AndWePE SRR iRRROLRN R RITSSHP BRIMANY diBe dXoHRALR i Jaeeeg Ki9sHers are
also exchangesdetiveesptive sedo ndany ioplicsititmg 16 dred dhsinatietiasidnive teptionisabrgystem

12. After defremining RiBHHICIENIHY MARGINARINIRY BeriRd Jd0giKgdIs SRISSONRGRRIRN SRt
according to the information on vacancies of use by the primary software defined radio
20 application.
For this purpose, the software control module 22 comprises control means 34 capable of
controlling the radio processing chain 18, via the activation interface 28, according to the
primary requests and the means 35 for activating the radio processing chain 18, via the
activation interface 28, according to the secondary request, utilising a means 36 for
25 determining primary inactivity periods P of the radio processing chain 18 as compared
with its use by the primary application implemented by the means 34.
For example, a secondary request, of the type ‘RS=requestRxSecondaryBurst(} in
reception or '‘RS=requestTxSecondaryBurst()’ in emission, sent via the interface 32 of the
secondary application contains information on the nature of the signal processing to be
30 performed (“tuning” information) similar to those which the primary application would have
transmitted, information on the desired burst duration, but no information on the intended
instant for beginning operation of the radio processing chain 18.
Unlike the primary control requests, which have the value of a control on the radio
processing chain 18, the secondary control requests have to be satisfied when the use of
35 the radio processing chain 18 by the primary application 14 leaves vacant ranges allowing

means expressed by the secondary software defined radio application 16 to be met.



5 system for implementing the secondary request, the means 28 for activating the radio processing
chain 18 are applied by the means 35 for emitting/receiving a signal according to the secondary
requests, thereby generating a secondary burst inserted between the primary bursts. The time instant
for applying the secondary request and the size of the processed packet 10 of samples are notified by
the software control module 22 to the secondary appdication 16 via the interfaces 30 and 32, for
example viaradnessagerynaiity BuhasgpdeqydsningGriswesepiany o ey txSacandaryfirung() in
emission. The,pofisation for thg me stant for. applying the secondany reguest may be agcgmplished
according to QifreFent Jormats. For examp?e, i‘f’mayabe Fatdd TR A time aldd 4ecessible %y e
secondary rairtcatpiiciiiand iBvradittivatyian/serapinn sveravstatel8econdary software defined radio

application. A s REANIALYa 8GRI SRMSSInREVIRCEIRA SATRIBS IR SRR/ IBSRaSARABLY
applig.jation via messages ?\Ef the tg 6B§UShRX ndBasebandSamples()% with the %OSSib”i%of

contiruous§S&HBinY tHBRE US| SETPIEAYCEEIURTY (0B AN 1 EHMAIEs SR hed
above. 20Alsocrsgngsgiein theateamspictcl Shenpiesnardssemtenyitting/seuvidary Sgpaicatimmding

messages QBth%tXQéoﬂHﬁﬂT?‘@&%%%%qP%@?%I&Pé?éﬂ@”é”&@%%rﬂ%ﬁ“%@é’t O SSRUNLIEEN the

continuously, sample by sample, according to streaming techniques. An example of a primary
inactivity intBRRASENESRS in one of the applications of the invention when mobile transceiver stations
regularly trafnisenitree Sysishtdoisadioyirpatter seammaarintedquatbeinpinotlisest indhedisme struatiea of the

radiq protoc, | isati ' Ta[oN! count the variations of the
ropSatior e R s B AR 1 f e
transmitter, YifetRecBiIGIFBS (P ayhdRoRTsaXRIAaE P dBRERASES MMHHERPSCPOMRON BRiME)allbcated

synchronisaiéesgime wHevel msistoleargsiavaiaiedine eorresRonstingto R RFmanndinaekvity

interval on the remainder of the sa/nchronisattir%g wgerval. Fi%lf%g%%\%éggﬁ?%%nﬁﬁﬂgﬁ%@ﬁé@g}gIe use of
[ alte guests

the emission%esg)éjpsffgﬂ ra%i%egggo?a}/nae 5 The Tventdin” EIB
and answerEpesetrantged baihkeptiiesrin artiinscalsn danespblichlidns seedntiely mdicesstigatver time by

the rpglio preeesaingIshain REdRAIBENEHARR d&tctribRPIRRINaRY AaRlicAlion L srads (o the radio

emission/rege tion sub-gé/stem 12 or "transceiver" first a ?prlmary control request RP(B1,B2), and then

a primary daf RN ¥oIRESHIRG (a9 4P5hsfSRAT ISP EARRS 2t SEMpiR L 15RO BY B2,
each for exampieaiigluding d324 «tigifahsdypp| s o RxSigniZd SedranaS angtist i withntee Acseitdigary

control requgst RatBo) QfIRESecoMHAY epplirationdnier sxaimaly in e %ﬁ%&ﬁ!ﬂ@ Teahiay

cognitive radio application, relating to the reception or acquisition of a 5packet B’ of digital Signals of a
signal with FGRAERFEE0RYRY, for example, of 128 samples is then sent to the radio emission/reception
sub-gystemAiZcafterdhisiistante transmitted samples are sent by the secondary application via

messages of the type ‘pushTx2ndBasebandSamples()’, with the possibility of sending
them continuously, sample by sample, according to streaming technigues.
An example of a primary inactivity interval appears in one of the applications of the
invention when mobile transceiver stations regularly transmit a synchronisation pattern, an
25 interval being not used in the time structure of the radio protocol for allowing
synchronisation operations by taking into account the variations of the propagation time of
the signal between two stations. When the receiver is physically close {o the transmitter,
the reception of the synchronisation pattern concludes in the first portion of the allocated
synchronisation time interval, which leaves available time corresponding to a primary
30 inactivity interval on the remainder of the synchronisation interval.
Fig. 2 illustrates an example for simple use of the emission/reception radio according to
the invention. Fig. 2 shows in parallel messages (requests and answers) exchanged by
the primary and secondary applications and their processing over time by the radio
processing chain or radio interface 18.
35 The primary application 14 sends to the radio emission/reception sub-system 12 or
“transceiver” first a primary control request RP(B1,B2), and then a primary data request,



Finally, a second primary control request RP(B3,B4), followed by a primary data request, for the
transmission of packets of samples or bursts B3, B4, each for example including 1024 digital samples
of a signal, from an instant t2 in time, is sent to the radio 10emission/reception sub-system. The radio
emission/reception sub-system 12 drives the processing chain 18 via the activation interface 28 for
answering the primary control requests. Further, the gadio emission/reception sub-system 12, applying

the means %ﬁ@érﬁ&t@tﬁﬁﬂi@@s@nﬁéﬁﬁawﬁ imRGIGRE REsTaBNEISERY BHIBARRCBOI BINGaiHabE Ekansldo the
15 transmlssmngd aﬂ&q gf he gack ets (I;Zﬁfl anorl] BT%’ that the tfan m| S|on ends at the time instant fl.
Now, the secon |mary r ues%’ gins at the dme mdta ére Or& the period P comprised
between t', AneeRig aiy |mm4|t5ﬁp@miol?&(ﬂw)e¢ém@ p@@@@ésmgeenhcnatm uporicesixsietiny the primary

requests. Thegdadio QRUSAIRMN ee8RIQE ﬁé&?ﬁ%ﬁiﬁ‘éﬁtr’b@a %Mﬁﬁ\ Eﬂé"?@é‘e’i&ﬂ&ﬁ&%’&qlﬁsf%@@@ymg 20
the secondar req ests RS(B') for theognma# Inactivity Beno P, after having checked that the

duratin of #°Fraf) PBII BB RIS S0/ LR AN ERJIRAHG I hARK BB BIPL 95 'ekhipIE'oFhe
acquired paiskibeofssahiplis Badasanedisamitteedptiensstanystermet plienti's arstaramsmitted as an answer

AS(B' 1) 1o e Recpuda aBREaan ) requeliRABNSA 1003 ) staiRa e sieRs applied

by the software control module 22°250f a radio emission/reception sub-s applying the
invention. Afefdpestianirisfianinb Rerkeied FAARISSSBRtR4RL %ﬁn@é‘ rﬁﬂ% éﬁpﬁé@?@l‘?l?%‘ﬁﬂﬁ@d by the
software contrp4 naaghalle 2anReings the gigoaptibonof anrdqstast in, steptiddl, it iseheakeméhaidhis is a
prlm%y congﬂoj% SrseigHFgc Fo'r'? SteR j Q The distinction between primary and secondary control
requests 30Is accomp I|s or example, according to the formulation of the request. Indeed, as
explained aEB@eraéilﬁr(ﬁjTﬁmﬁﬂﬁgquﬁé%c‘éiQﬁ¥§t§6b||&%tté€i\t@5pfhﬂam@§§l§@tschﬁmcﬁ8aﬁé9d'fﬁ‘@rent

from secon@@twéﬁawﬁgifaﬁéewi@d émétteritrr@gf@mmtag/ isdafacegikdr the case of a positive answer,
step 320 is %)” wed 330 for ma vallabl the mearﬁ 28 fo activ tln%% Sarfsmfters

specified in y 6 Pol? i) 33wevﬁo%hv tﬁ%nrséa%
according tcﬁﬁt@m@%am@temm mwytémmm@h ﬂ%ﬁyfmbgeqwm%m@nﬁstamrf@r@xélmtlng

step4330.  transmission duration of the packets B1 and B2, that the transmission ends at the time
instant t';. Now, the second primary request begins at the time instant t,, therefore the
period P comprised between 'y and {; is an inactivity period of the radio processing chain
18 upon considering the primary requests.
The radio emission/reception sub-system 12 drives the processing chain 18 for applying
20 the secondary requests RS(B’) for the primary inactivity period P, after having checked
that the duration of the primary inactivity period is sufficient for acquiring a packet B’ of
128 samples. The acquired packet of samples B, as well as the time instant for reception
t', are transmitied as an answer AS(B’, t') fo the secondary application 16.
The flowchart of fig. 3 iliustrates the main steps applied by the software control module 22
25 of a radio emission/reception sub-system 12 applying the invention.
A step 300 for awaiting a request from a software defined radio application is applied by
the software control module 22.
During the reception of a request in step 310, it is checked that this is a primary control
request RP in step 320. The distinction between primary and secondary control requests
30 is accomplished, for example, according to the formulation of the reguest. Indeed, as
explained above, a programming interface 24 is dedicated to primary requests, which are
different from secondary requests, specified in the programming interface 30.
In the case of a positive answer, step 320 is followed by step 330 for making available the
means 28 for activating the parameters specified in the primary control request RP, with
35 view to driving the radio processing chain 18 according {o these parameters, at an instant
which may be subsequent o the instant for executing step 330.



10 Next, in step 340, the time information on the use of the processing chain, extracted from the
primary control request RP is stored in memory. In an embodiment, the primary control request RP
specifies an instant t, for beginning emission or reception of the primary burst and a primary burst
duration, with which it is 5possible to infer the instant of the end of use of the radio processing chain
18. The instant for beginning and ending use of the tédio processing chain are stored in memory. In a
first scenaribiegtheinnsiEgns4e aohth énbe giformgtiohemigsorseofabepiiooeetitie dhiaist exirciddSradth the

beginning 0&?@%Mﬁ%&ﬂ?ﬁréﬁ%&%@ﬁ@%@&&@é% ?r?én:mf calculation of an instant of the end of use of

the radio processing chain 18, knowing the duration of a 10burst, is then inferred trivially. In a second
scenario, thB'radi6 PPEEERe g BRANMTBrISPRICAMEHEsAR N SReflafeaN HBBRRYS: fRATOPESINI Gke into
account latesisiesidn theqresessiooteanmERe it ahths pianing ustariuedtibe miehovpiierasng chain

18 is then taken.intq account in the calculatio the instant of the end of use of the radio processing
chainé18. 150§fgesb5528 m? rlh'ﬂe matgg?oxkiHe enc?&fusefggw 380 rocessin c%am 15'. ﬁ? m&an?

IS TO owe_ a return to s_tep FOF a\;vaﬁlng an r_equest. n the case of a
negative an&Weesh theotast 3Pgingisssheldked adie e BBoiNchelialT arssiorabaTmedaty request,

therefore stgppingsirepsesefltvaredefiing sdie applicatgnoresersiag-peforhangrasrasesppdary
software defined. radio %p

application. In th f t , the step 350 is followed b
return to st 366 5 AN HATE 90 1HE BALE RPEBOURERR Jon BT B 50, the

secondary retprestssstofdtdrenderhope ah thputdio waitdsssigrB80. 18t 38D dstiieliwaithbypstep 370
for dgjerminipg.a gr{ﬂ%@%@@gg\{m@g{iod of the radio processing chain 18, by using the pieces of
information of the beginning and of the end of use stored beforehand. 25In an embodiment step 370

and the folldWiRg* SRS a1eapited By atR dIRASSRIY AN d Rasletarraais®) el rBRTiad firsts
programmingsiask @ pplyiagrsie sk 40td0a366. rsdAsrtaistonitterfeceaniimgheh piRorityi e eddfe ssiihg Of

) T it . . : . :
Task stores LI e R B g R A ol

requests to iRy ddoritnsRbtirhbernd dhsesfbsigdinryesessigiyainirequests, and the
secosd prog@eym BUDGstamiss Eeasisdnumatiandp Soisforemanhghasew Fagsedt.two periods of use by the
e SPRICHOn (eI M SRS Ry ey DR o b e
application srstamtgoureanest, therefore stepping from a software defying radio application recorded
beforehand as a secondary software defined radio application. In the case of a negative
response, the step 350 is followed by a return to step 300 for awaiting a new request.
- 20 In the case of a positive response to the test 350, the secondary request is stored in
memory and put on wait in step 360.
Step 360 is followed by step 370 for determining a primary inactivity period of the radio
processing chain 18, by using the pieces of information of the beginning and of the end of
use stored beforehand.

25 In an embodiment step 370 and the following steps are applied by a second programming
task (“thread”), different from the firsts programming task applying steps 300 to 350, so as
not to interfere with the priority processing of primary requests. These programming tasks
share a memory space in which the first programming task stores information on the use
of the radio processing chain 18, and stacks the secondary control requests to be carried

30 out, and if need be, the corresponding secondary data requests, and the second
programming tasks reads information in this memory space.

Thus, if two periods of use by the primary application (1;,t.) and (t;, t."} have been stored
in memory, the period comprised between . and t.' is a primary inactivity period. Of
course, the instant i is located in the future relatively to the application instant (current

35 instant &), so as to be able to provide a processing operation beginning from instant t..



35instant t0), so as to be able to provide a processing operation beginning from instant te. 11
Preferably, the determined primary inactivity period is the period the closest in the future to the current
instant. It is then checked in step 380 whether the signal processing operation required by the
secondary request may be achieved during the time period P=Re, tst for example by 5 checking
whether the requested number of samples may be regeived or emitted in the time period P, knowing

the number pissamplesiwhietsthtnadinipracessitigichainidS is erRpane Y eRsING, ffeatiFsion or in

reception, per ,Mgit Ha%%‘t l'ﬂsttggtcase of a positive answer at the end of step 380, therefore if the
secondary requescf may be met, a control for driving the processing chain, comprising the signal

information t0<oftthie sereckedairy st amekbthertite sigsrinperoftbisb egialing anduéad bf tie
determined QA% ANRELYEY RREP D dSRERIMQISIRRRY thel it sesonsayieauestss: themdsletsd from

the stack of awaitin sec%nﬁfiary requests. Ster% 390 is followed by the step for waiting a new request

300 dRscribEXFEATRMITIHE IR EBIEHEY ANBOEh QN SR LRE TBBYCRoMBIAE By IHEWSANG 1P a new
15determinaitioan pdrihe Brifraryingadtivitupero o bEdngkediohicbdile s3ske p@i6)sifgechie Nt is was

described a@gygoygig} &Qgggg%qgg@m@é%%p%q&%%gg%mﬂ{iﬁméqn. Alternatively, the

simultaneous implementation of several secondary applications Is contemplated. Each secondary
application 18gR&&2satah@ pasiily e ArsyBhAtEEth YR8 dhskeles ihitarseqeriary request
emission/reeeplios Fdy-systemorésognisss the nogiraheanhiof tampacandas sigauiestsrandsends

adequate angwers Lo Ihe-sepondancapplicafions, When the.radio emissionireception sybssystem
receives several secondary‘requests, a processing oréer IS appllegfor 3nswgr|ng hése requests
according tetermHiBaR imaciischehoBeroriHe peotéssing S88in Thecsironsenoremiptinsaifierequests,
as 25explaigetabavsmAss arsindtardinist Ateuratlye rdhedatgcessing order is simply the order of
arrival of th §ec QQaSW r!f(ﬂ/ueSt’ a%cordin%to SE ndarde%rder first chOén\?e firﬁ?serqu. Accord.ing toa
second an;%ﬁﬁ\)ge, fe'S ?v?grgyrﬁ %ﬁ‘gpfu I TRG G FeLisSt Atuat éjt%%r ffihe required for the
processing dhdirefarageocssinpesitle ofitheaeceindadpl is followed by the waiting for a new
15 determination of the primary inactivity period of the radio modules (step 370).
The invention was described above with a primary application and a secondary
application.
Alternatively, the simultaneous implementation of several secondary applications is
contemplated. Each secondary application registers at the radio emission/reception sub-
20 system, so that the radio emission/reception sub-system recognises the origin of each of
the secondary requests and sends adequate answers to the secondary applications.
When the radic emission/reception sub-system receives several secondary requests, a
processing order is applied for answering these requests according to the primary
inactivity periods of the processing chain in response to the primary requests, as
25 explained above.
According to a first alternative, the processing order is simply the order of arrival of the
secondary request, according fo standard order first come, first served.
According to a second alternative, the software module further includes means for
evaluating the time required for the processing chain for processing each of the secondary
30 requests, and means for applying a corresponding processing order for example the
increasing order of times required for the processing.
Thus, the software defined radio emission/reception radio sub-system proposed is
capable of operating according to the hierarchy of requests of any number of independent
applications simultaneocusly using this radio emission/reception sub-system. The
35 proposed software defined radio emission/reception sub-system is flexible, inexpensive

and easy to maintain.



30requests, and means for applying a corresponding processing order for example the increasing
order of times required for the processing. Thus, the software defined radio emission/reception radio
sub-system proposed is capable of operating according to the hierarchy of requests of any number of
independent applications simultaneously using this radio emission/reception sub-system.The
35proposed software defined radio emission/receptign sub-system is flexible, inexpensive and easy to
maintain. 12 CLAIMS 51.- A software defined radio emission/reception radio sub-system (12) being
part of software defined radio equipment (10), including a radio processing chain (18), achieving for
emission, the transformation of a digitised signal stemming from a software defined radio application
into an electromagnetic signal capable of being c&was by radio media, and vice versa, for
reception, the transformation of an electromagnetic signal 10stemming from the radio media into a
digitised S|gnal capable of being processed by a software defined anpllcatlon and a software control

modufe (22) cagaiei¥Edr Mg S d ReRoSTNSSINYRRGEHRM (giPwHiRSFteny 6b3eRRINg Ratiafl control
requests (Reaﬁmadseﬁawwdf@maﬁm@dtqanpimaaangalsa@altadwsmﬁgyoaefmaes defirathg

cppication (4), fecsaivprs delng ado smispiamisceptonada sy arr e il 0ol
characterise itis capa processm Secondary requests roma [East one othe
software defidiel r@pRcagplicaiora(16) GQFW@QI!@e%@ﬁ@ia?@B@iﬂwaﬁe b@ﬁﬁe@f@(@b@ép@@&ﬂ@m

independentyidiae %ma%m@r%daﬁa@&i@di%epﬁﬁﬁ@mmm By aPRIMBEoMagRsokigiageiving
(30) 1a&leas esecopdarrihcont(rjol re%(LgJest RS) é? ﬁso calle %seco dar oftware defln radlo
appllcatlon T'%‘gdéf’@? ﬁlﬁﬁ %é? B4EPh 8 3791'21 ggrlg %ﬁ?%@é&?&‘ﬁ\ Eﬂracessmg
chain (18) cepfbspendifigad dnpiiteticusernd saiditudie m&smgiuleaﬁa%mmﬁgqbdhermmaiy
control requegis, (RBIGRIEEHRK e prmAy seiyars defigesraslic appligaianddd)apskagtivating

(35) by means of an mterfacééZS ) said radio processing chain (18) so as to satisfy for a determined

primary inactRiyA8 A6 eLoPirRligR BN &R/ ed RBIEsY r@&&‘i‘@é‘? EeByehanelrairarivtst one
secondary stoﬁwsafmdéndeﬂnaﬂ adipplinatam{E6ipibn Tidiceftvaystelefified badio elmamnenémteptlon

radiq gub-syst r [ war is
i capal o dolormae %"3525‘*ﬁ%ﬁ%’é‘?&ﬁﬁ%ﬁfﬁ%@%ﬁ%@%ﬁﬁﬁ T ete
duration of tf&f ﬁﬁ?néﬁ‘?‘o appilca’iton 6) also called secondary software defined ra io apphcatlon

independent of the primary software defined radio application (14}, by applying means for:
- receiving (30) at least one secondary control request (RS) of a so called secondary
software defined radio application (16),

20 - determining (36) at least one primary inactivity period (P) of said radio processing chain
(18) corresponding to the non-use of said radio processing chain according to the primary
controf requests (RP) emitted by the primary software defined radio application (14), and
- activating (35) by means of an interface (28) said radio processing chain (18) so as to
satisfy for a determined primary inactivity period (P) at least one secondary control

25 request (RP) emitted by at least one secondary software defined radio application (16).

2.- The software defined radio emission/reception radio sub-system according to claim 1,
characterized in that the software control modules (22) is further capable of determining,
for a given determined primary inactivity period (P) whether the duration of the primary
30 inactivity period (P) is sufficient for completely satisfying a received secondary control
request, and in that the means (35) for activating said radio processing chain (18) are only

applied in the case of positive determination.

3.- The software defined radio emission/reception radio sub-system according to any of
35 claims 1 or 2, characterised in that a primary control request includes at least one piece of

signal information relating to the signal to be emitted or to be received and at least one



30 inactivity period (P) is sufficient for completely satisfying a received secondary control request, and
in that the means (35) for activating said radio processing chain (18) are only applied in the case of
positive determination.  3.- The software defined radio emission/reception radio sub-system
according to any of 35claims 1 or 2, characterised in that a primary control request includes at least
one piece of signal information relating to the signal 1@ be emitted or to be received and at least one
13 piece of jraesirfotmatipioreiating feitne iastand (stahthe)beoinaiBeg ey s gesantion. 4.-
The software defined radio emission/reception radio sub-system according to any of 5 claims 1 to 3,
characterisergci%ptlﬁoar{‘a secondary control request includes at least one piece of signal information
relating to the signal to be emitted or to be received, but does not include any time information relating

to the time igstapEaldhgpediomRg %ﬁ@@ﬁi@&&flf@&@pﬁmm%ﬁuBbé‘y&%ﬁW@é@o?&ﬂge{@ e

emission/reception radio sub-system according to any of claims 3 or 4, characterised in that said piece

of sighal infGRTERJ L onfiRERd e dn BRI oTHRBRTA b RANESLTSHEPR 'BE Eiffld st BR RECRIved,
and a piecedfsigiorhiaftomaiivthe latingbier tobdigitall sarplesndfesignabtbd eceaitdd lritddes redeived.

156.- The softyare dsfined racin eAISSIBRRGIBUAR RAioisuUBrYSSHR SEERIFIRG P amkgbrigims 1 to

5, characterised In that it includes means for Storing in memory a pending secondary control request.
7.- The softif&RPHelined radio emission/reception radio sub-system according to any of 20 claims 1 to
5, characterised in that it includes means for receiving (30) and storing in memory several secondary

contral requgsts. each.stemming from a different secondary software defined radio.application.and in
et e coftant Eo e A R L oY e SR SRR I e
processed dteBrdidgtcta heraeteinsinde brigeidpiece Theisomrlale mefive geamoseq dipryenty10)

. e - . rEadioest i :

clomprlsmg meAfMEER g8fined éﬁ%@@é@ﬂ?&&ﬁ&?t@ é@d(l@e)‘guﬁra'iﬁtﬁi@b@?) %@@{téilsﬁl ég ﬁ?@y 3f g

claims 1to 7, a%rim?r software defipe ral i0 application (14) and a secondary software defined radio
0 FHRD B

application ﬁ%ﬁ’ rp%b g iﬁ?@?f’é%sfno Wi 0 Ségﬁ?ffﬂﬁdwb-system, characterised in

30 that the primary software defined radio application (14) is a telecommunications application and in
that {ge secgndary sefiware dafied-5amicARIGARHEBIRNS SLOAMIMR a3 RPN any of
claims 1 to 5, characterised in that it includes means for sforing in memory a pending

secondary control request.

7.~ The software defined radio emission/reception radio sub-system according to any of
20 claims 1 to 5, characterised in that it includes means for receiving (30} and storing in
memory several secondary control requests each stemming from a different secondary
software defined radic application, and in that the software control module (22) includes a
means for selecting secondary control requesits to be processed according to a

predetermined order.

25
8.- The software defined radio equipment {10) comprising a software defined radio
emissionfreception radio sub-system (12} according to any of claims 1 to 7, a primary
software defined radio application (14) and a secondary software defined radio application
(16) capable of interfacing with the radio emission/reception sub-system, characterised in
30 that the primary software defined radio application (14) is a telecommunications

application and in that the secondary software defined radio application (16) is a cognitive

radio application.



