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NEPINAHWH

H paydaia avénon Twv acUPUATWY CUCKEUWV EYELPEL TNV AVAYKN yla TNV amodoTikn
ouvumoapél TOUG OTO NAEKTpOUAYVNTIKO ddaopa. To TapPOV OTATIKO HOVIEAO
KaTapeEPLOpoU Twv Slabéoiuwyv {wvwv cuxvotnTwyv €xel amodelxBel avemapkég va
LKOVOTIOLN OEL TG OAOEVA AUEAVOLEVEG ATIALTHOELG 0€ €UPOG LwvnG KAl PeyaAuTtepo pubuo
6e6opévwy. OL eEAeUBEPEC UMAVTEC CUXVOTATWV EIVOL CUVWOTIOUEVEC, EVW aVTIBETA, oTNV
mAsloPnoia toug ot adelodotolpeveg {wveg sival Adn davepnuéves. Tautoxpova,
vdiotatal to mapaddofo NG UTIOXPNCLUOTOINONE AUTWY TWV TIEPLOXWV TOU GACUATOC.
JUVETIWG, €lvOlL ETUTAKTIKA N avaykn ylo tTnv uloB€tnon evog SladopeTikol HOVTEAOU
KQTAVOWNG TOU NAEKTPOUAYVNTLKOU dAcpatog, cuudwva e TNV omola Ba mapexeTal n
Suvatotnta og pun adelodotnuevoud 1 aAAlwg SeUTEPEVUOVTEC XPrOTEC, Vo EMwdeAoUvTaL
NG XPNonG SECUEVUEVWVY OUXVOTHTWY, UTIO TNV poUnobeon va NV UMOVOUEUOUV TNV
Aettoupyia TwV adel0SOTNUEVWV 1) TIPWTEVOVIWYV XPNOTWV.



OL beutepelovteg XproOTeC TPENEL va eival oe Béon va evtomnilouv adpaveic {wveg
OUXVOTATWV I va armopeVyouV TV mapeBoAN e TOUG TPWTEVOVTEG XPNOTEG. o to Adyo
oauto, ol padlomounoi odeilouv va SlaBETouv TNV LKAVOTNTA va TapakoAouBouv to
NAEKTPOUAYVNTLKO TteEPLBAANOV Kal va Ttpoocapudlouv TN cUUTEPLPOPA TOUG KATAAANAQL.
Ta yvwotikd padtocuotrpata (Cognitive Radios) oe cuvSuaouo e TOUG TTOUMOSEKTEG
Slapopdolpevoug ano Aoyopiko (Software Defined Radios), elvatl pio avepxouevn Kot
TIOAAQ uTtooXOEVN AUoN otnv poavadepBeica avaykn, LECW TNG LKOVOTNTAG TOUG va
enavanpooapuolouv SUVOHLKA TLE TTAPAUETPOUC AELTOUPYLOG TOUG.

ErunpdoBeta, ot pn adslodotnuévol Xprnoteg, O Mlo Tpoomabela va evromilouv
amoSOoTIKA TIG eUKALPLleG peTddoong Kal va SLEUKOAUVOUV TOV OVTAYWVLIOUO, emilntouv
NV LKAVOTNTA va avayvwpeilouv TNV toutotnta Twv UETASIOOUEVWY ONUATWY OE HLo
napatnpoupevn lwvn ocuxvotntwv. Mapadelypatog xapw, n yvwon OXETIKA HE TN
Slapodpdpwon evog Pndlakol f avaloylkol onuatog, ival mbavo v amokaAUPeL, av
avikel oe adelodotnuévo f OxL xpnotn. To yeyovog autd amoteAel BaolkO OKOMO TNG
outopatng katnyoplomoinong Stapopdwong (Automatic Modulation Classification),
ormou Oladopa YaPOKTNPLOTIKA efetalovial TIPOKELWWEVOU, va Toutomolnbesl n
Stapopodwon otnv onola €xel urtoPAnBet Eva AndBEv onua, xwpic kapia mpotepn yvwon.

H unxavikn padnon (Machine Learning) eival éva xpriollo epyaAeio, ou Umopel va
gVIoYUOEeL Ta padloocuotnuarta pe euduia kal tnv avayvwplon dlapopdwaong onuatog,
epapuodlovtag PNXavIoUoUE TEXVNTAG Vonpoouvne. XtV 1o eupéwg dtadedopévn tng
pHopdn, TNV eMITNPOUEVN EKUABNON, €va TIPOPBAENTIKO OVTEAO EKTIALOEVETAL LECW TNG
TIAPOKOAOUONONC YVWOTWV ONUATWY, WOTE VA EMITUYXAVEL KATnyoplomoinon amnod éva
npokaBoplopévo oclvolo Slopopdwoewv. Itnv mapovoa epyaocia, Pplodofolpe va
SleukoAUvoupe TNV UwoBétnon t™¢ Mnxavikng Mabnong oe epappoyEG sudpuwv
padloouoTnUATWY Kol KAt enéktaon otnv Autopatn Katnyoplomoinon Alapopdwong.

21O UETPO TIOU UMOPOUUE va yVwplloupe, uTtdpxeL o cadng EAAELPN CUCTNUATWY, TIOU
TapakoAouBolV aUTOPOTO TIEPLOXEG TOU NAEKTpOoPAyvVNTIKOU daopatog, e&dyouv
UTIAPXOUOECG UETASOOELG KAl EMLXELPOUV TauTomoinon Slapopdwong, O TPAYUATIKES
ouvOnKec. ZUpdwWvA UE TNV TTPOCTEYYLoN Hag, EPapUolovTal TEXVIKEC OVAAUONCG ONUATOG
LLE OKOTIO TOV ATTOSOTLKO EVIOTILOHO Kol SLaXWPLOUO TwV PETadO0ewVY, Tou udiloTavtal o
pLo {wvn CUXVOTNTWYV, OE TIPAYHATIKO XPOVO. 2T CUVEXELA ETILOTPATEVETOL O AAYOPLOUOC
UNXOVIKAG paBnong Tuxaiou Adocou¢ (Random Forest), ywa tnv ekmaidevon Ttou
nipoPAemtikoU poviélou. H uhomoinon tou cuotuatog pag £xel Baolotel otn xprion g
dnuodholg SDR mAatdoppog GNURadio, €10l WOTE vo EMITUYXAVETAL €UKOAN
TapOETpOmOinon Kal SuvatotnTo TEPATEPW OVAMTUENG, HECOW TNG UTIOOTNPLENG
nPooBeTwy  aAyopiBuwv pnxoavikng pabnong. TéAog, otnv mapolvoca epyaocia,



avadePOUAOTE EKTEVWG OTLG UTIOBECELG TTou AdPBape umoPLv Katd Tov oxedlacpud Kal
QVATTUEN TOU CUOTAMATOC MAG KOL AMOTIHOUME TNV anddoaon Tou, Pe Opoug akpipelag
KOTNyopLomoinong Kot xpOvou amokpLong.
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“Phasma: An Automatic Modulation Classification System Based on Random Forest”

ABSTRACT

The abundance of wireless devices raises the issue of their coexistence in spectrum. The
current static allocation scheme of the available frequency bands, is proven inadequate
to satisfy the ever increasing demands for bandwidth and higher data rates. The ISM
bands are overcrowded, while on the contrary, the majority of licensed spectrum regions
are already allocated and at the same time underutilized. Hence, the need of adoption a
Dynamic Spectrum Allocation (DSA) scheme is emerging. This new spectrum sharing
policy allows unlicensed users to exploit licensed frequency bands, with the assumption
that their operation does not harm the licensed transmissions.

The unlicensed users should be able to identify idle frequency bands or avoid interference
with licensed users. Therefore, users endowed with cognitive capabilities should be able
to monitor the spectrum and adapt their behavior appropriately. Cognitive Radios (CRs),
implemented on Software Defined Radios (SDRs), arise as a promising solution to the



aforementioned requirement, through their ability to dynamically reconfigure the
operation parameters.

Furthermore, in the effort of efficiently detecting the transmission opportunities and
facilitate the competition, the unlicensed users pursue to recognize the identity of
transmitted signals. For instance, the knowledge about the modulation used by a received
signal, could potentially reveal whether it belongs to a licensed user or not. This is the
primary concern of Automatic Modulation Classification (AMC) methods, where various
characteristics are examined in order to identify the modulation of a received signal,
without any a-priori knowledge.

Machine Learning is a useful tool, that could potentially enhance Cognitive Radios and
modulation recognition by applying artificial intelligence. In the most widely investigated
form, supervised classification learning, known signals are trained to export a predictive
model that is able to recognize transmissions out of a predefined modulation scheme
dictionary. In this work, we aspire to facilitate the adoption of Machine Learning
algorithms in cognitive systems and as an extension to achieve modulation identification.

To our knowledge, there is a lack of real-world systems that automatically monitor a
spectrum region in order to detect, extract and classify existing transmissions. In our
approach, we apply efficient signal analysis techniques to detect and separate signals out
of the observed frequency band on the fly and we make use of the Random Forest
algorithm to train our predictive model. Additionally, our implementation is designed
based on the GNU Radio platform, so as to be easily configurable and extendable to
support alternative Machine Learning algorithms. Finally, we elaborate on the
assumptions made during the development of our system and we evaluate the achieved
performance, in terms of classification accuracy and decision delay.



