University of Applied Sciences and Arts Northwestern Switzerland iali i
n Academy of Art and Design New Materialist Informatics 2021

Radio Explorations:
Computing
ldentities of

Transmissions

Radio Explorations Selena Savi¢ | IXDM HGK FHNW

Radio Explorations project addresses onto-epistemologies of radio signals: the technical, the cultural, and the sociological ways of knowing these transmissions. We cannot

sense electromagnetic waves that radio signals are made of, but we make sense of them through classification, categorization and identification.
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Radio Explorations “Radio was heard before it was invented” D. Kahn, Earth Sound, Earth Signal, 2013

Radio is a phenomenon that is particularly relevant to challenge the habit of dualism and hyper-separations onto nature and culture, and other oppositions and exclusions
that informed burgeoning anthropocentrism since Enlightenment, or earlier even. Radio was ‘heard’ before it was ‘invented’. Douglas Kahn recounted the strange experiences
of Alexander Bell’s assistant, Thomas Watson, who often listened to natural radio over the telephone wires at night. Hiss, Whistler, Dawn chorus are some of the names given

to naturally occurring radio waves in the Earth’s ionosphere or magnetosphere. On the other hand, a larger portion of signals on Earth are man-made wireless communication
signals that follow specific protocols for transmission, encoding and transporting information relevant to us, humans.
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SIGIDWIKI.COM

SIBNAL IDENTIFICATION GUIDE Signal Identification Guide

This wiki is intended to help identify radio signals through example sounds and waterfall images. Most signals are received and recorded using a software defined radio such as the RTL-SDR &, Airspy &, SDRPlay & , HackRF &, BladeRF &, Funcube Dongle &, USRP & or

others.
navigation Editing: Anyone can edit this wiki, so if you see missing or wrong information please feel free to correct it by clicking the 'edit with form' button at the stop of the signals page. When doing an edit, if you are not logged in as a user, you will be asked to answer a very simple spam
= Home Page prevention question which will appear at the top of the screen after clicking on Save page. If you are not experienced with editing Wiki Markup, refer to this reference card &, Quick Guide of editing pages &, or just email the requested changes at sigidwiki_AT_gmail_DOT_com.

= All Identified Signals
= Unidentified Signals

Discussion: You can also discuss the signals by using the discussion tab at the top of every page, or just by using the comments box at the bottom of this page (note that the comments section will be periodically pruned to reduce its length).

= Recent changes
= Random page We now have a Discord server up for people who would like to chat about signals as well. To join you must send an email to sigidwiki_AT_gmail_DOT_com for an invite to the server.

= Add a Signal Entry Add A S|gna| ) ,: Regulatory Databases
= RTL-SDR Blog N
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- Check out Artemis 34, the main companion app to this guide! Artemis 3 gives you all known reference signals in an easy to access offline format, with improved sorting and filters and offline audio samples and waterfalls.
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Radio Explorations Selena Savi¢ | IXDM HGK FHNW

| work with the data on radio signals from the Signal Identification Guide (SIGID) wiki. This is an organized collection of information about radio signals, held among a community
of radio amateurs and enthusiasts. There are currently 424 known or identified and 318 non-identified signal pages on the website. The archival strategy is contingent on
community interest in different radio signal application domain, such as the military, amateur radio, commercial, marine, trunked signals or satellite reception. Known signals

are divided up in categories based on these applications. They are also organized according to signal properties such as analogue or digital information encoding, or frequency
band they occupy (very low, low, middle, high).
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Radio Explorations time-based representation Selena Savi¢ | IXDM HGK FHNW

How can we approach radio transmissions outside of these categorizations? Radio signals are already hard to characterize because they are time-based: most signals do not

have a static representation but, especially when transmitting data, operate in different modes, phases, and other temporal variations.
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What gives identity to radio signals? Here, | focus on unpacking radio signal identification process as it is practiced by radio enthusiasts, who approach it from what they can
do for us (anthropocentric view) and how they exist technically (a form of essentialism), in order to de-territorializes or rather re-territorializes identity in terms of other radio

signals - organizing a radio signals space.
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| examine the capacity of machine learning techniques to support reasoning about environmental radio transmissions. One particular machine learning algorithm that facilitates
identification of unlabelled classes and their organisation is interest: Self-organizing map (SOM) is an unsupervised machine learning technique introduced in 1980s by a finish
computer scientist Teuvo Kohonen. It is known for its ability to classify data in an intuitive manner, emergent from the data. SOM has been widely applied across different fields

such as text mining, genetics and synthetic biology, ecology along with numerous engineering applications. We can observe in these efforts, how machine learning algorithms
challenge the way we ask questions: it is not so much about finding correlations - they are abundant; but about constructing meaningful ways to interpret them. How do we

choose what is meaningful to us?




Academy of Art and Design

“ ‘w University of Applied Sci_ences and Arts Northwestern Switzerland DEEP ClTY Sym pOSium La'tSiS EPFL 2020—21

W T N N ——

—

D T - —
p—
[av——

|
3 )
-

|

|
!

1111110

e - WO oo Rl
— = A, s

T Wi

l" ‘,, m
s W H

i

e 3 FRmT,
e

Lighs L Ut MAN St
T

T TROCFTRCR e TERe TRESSe Nt \ SR EeRet] TS, CEESThEmEa sy =30 TR sse. sitss e hmnest, wndimoe WROTEIM mEn e N e G e s T TSR S e NN Ot &:-

o
1
ey
Tl T
i
—
m

TRESGe TN URnestety ST ST \TEDURT TaImEIart. Wi TERSEL. LA TR, R SNEDE. | mmive sy ST \!‘ SRS . QN 3, % e T' "y » ‘" v"“ | -
TEOECog =R N w tsasm—tdtmnmnesl. wmASns. AlmAisl ool ssalleAogiesaee®, e et angateesn. Toohm A m MR — n ‘ ‘~ v - e——
Tosdoresocced onsccede YErasAas Soal RBoashioa R uenlaecsaerccesa s wih oo TUTN TRUOVEAY. wioancediany o aaereiaealo s = e =~ o - TOLEETTS i \&!‘i“'m) -
TRaaihoedn Yoo TRt woaaeta aoosene, o TGS e o w_'ot\\\:.\\\_\_'x\\\_‘\\_x\:\Y_.Q.Y LwrAATA Ry ar o ea’oonoiooatioael g e wegeioaann facwsendh oy R i oene
wuaetTaN wltallasonne,. A daoamasanaLasaias AN Beariiin Saaal wiah Thauoage - TAresa Jeavoomanne A §davoaaenn basasan , Reasasat . asass T \.;\_\:\‘_‘.\e\“* e
RS HAEmE. AW WETmT WADREND] Onmehed Sadt L Bt OimEs s RAASTOm S RN T OmTRALR RS Np——t R TS AN "“‘ i
LT ASGD, AREHRO® ULANMIETEL S B AGTL. WEAm Doned Lo oty Them SIS Mmmniones s mnites il p m S hg - 'E -
ALODIMIBHEAS. B AN S MAaniTnm . HnEOT . WRLG R TmT e, oo \?.x\x\ S PR NN S L E S TLLDE, W e AN~ L L
CoenalkTAac on TRANMEeTE AW TENCOIDES L TUN e IR T St SITHSN. ey mEisetce it L, Sonomsen A A T wos snd. oK efasgty taoioe

OO TDIOEENUAERN O IS TUNES TR TIUSST TSI L T ®, 'x-?, ™. wAMme Y .\v\xzxf\ A TN N R S ST ASA L SN \-.vr\i\v-\w‘ Ao SRS N S A SN

rromBheTmeetm Ao, Shoors,. SRS . RmEm A oecoa]), mAams Gercaiioe Cemime O AT Ry sneme ~a L2 2N 5 mmuwr TATIN ST - e ] ¥ A L
e\ serar ey WWealusase, TROCsadamsaosay Thelb s @iy, Treadiasaceaty e Al laspr s Alvgears ﬁ .}j' 15N ¢u\\»m ¥ " - i [ I v,m . : i

PR CEMETarT. TR TR, . WMEEER-L e SNTE L ULl eSSty asmni e o odsae s tm Mw NSy

AR Enemat. me. WES, ETTREL, T RnnNT, o oe TIOAAmIiSay A0 m N somee e*{_\\\\v - oA (@;&txtga.m PEREADT. SRR SRRl S
wesmdheene . CLENTERLD TRNT v maa mpmrasie oo, CRONERL T L, @ aasinioa Auasbos *@Lt.ﬂ..\.n*\,;; ey e SRy \:s*i TECENy eSO e 'KL:\_.

COmmiliaiinil L aaliil A aaie. «  SeaneaitTaiesew,. el v o A, TSRS CRL v e ‘\\.3\\ S S ‘lil — -
T OTIOE DETIASE RS - DATSANE T BaShs Wam@Enamy & VL, s ?.;z.v“ Il “ g * m - —4 - F ﬂ
Fr—

AEmNIATITERTTE TR AT MmTEN] L LTS T - S ORI TN W i, wmaml ey e
WA SN AT 'V\"\T\T\ argeT s, Ny Shree WOmimed . it e ee, | S\ esmeenie -ri.\. _hnce \"ﬂ‘ﬁ\ - *\\\\'\\v-.\'v.!\é\'\v\r\ e v\n*c t'\v-'v\v\\ \E\\ cu\c\v AL ANy e

ATETRESN - TR TITIRNRMLM IS MmN, *,n\ eon@pmocsy w0l TR TOVCTNES,  TARTLOTAE T
Momemeopmdn Asan. . ComLmoa T nmiY \ ‘. \ cy’ TN 0 SeoanemE A T Taodhe | TN, T
Asaasalioageadh, ovy oot N e '.‘ \ ": L N S R S SEATTR WA e m “ﬁiﬁ - )
OGRS L TR 3 \ ; R R - e A S N e -y R p— g R\ il | s
K I~_

2 o.e:. BATE [WER Loty —) LS SOUEE RS RRUSR TR MR ST IS N e.'xv.\\é\v 2 B N DO SIS < REAOaN. \._'-a‘i.\\wa R RS I N e e X )
ey sone ASE. mnd, LUoeee ol L\. el Reocae Ceosumshtee e | SOoloe .-N;_.-... ':.-:.':. e I i o S R L "J-_. ey ‘;:.*.:‘
S A R e S N ‘\'_'\-n.m\-e aasafhem Senfnolyetl” Lv—ﬂ‘

\-,._f'- LI BN ComEnorrttem® o, TREEsUTos. | RamSte. L WOl eoes

rLEeRS e, oy o “*;g-o.s.‘;e"ua-'t’;r_’\_\.\r eahoc -u-_‘r.'x\: - ahiceatnhe wic \c-.w_w'. O, Al ac et wme u\e_w:\q V_\:x\ ur;ggtr SEBOST. RO, WA nSE. Le
'-av\'\\ oo\ o e e 3& AN TEITETOOS. TNHT. DANSTAT taenih oo, oo, Soue., e B e R L N o e e X L -k ]

DA AETETDL ATEHETT AT AR oremmdT A Tim ey s T Tt

_-—i i i 1. t‘{;.ﬁ';.i_'\ mx::' m’?f~ my

SEisadlINEll

s Prueniisituert) Aoniced aruadcoasie Tediica SSavuselo ] \' :ﬁ

I p———

N S NP LR

1
|

CTOERKT,. "TAAD. T ESTHDAN TSRS TOOamEmOeitaIese o\ nmaien A sen\ AmEmEal et Aw D aeniaole o T oSty sty Bt NS
CTOMTENTHA CDEACTE SoISTesm OERRRCDSN S om eaaess < T T X . S— ‘** m’ m = ! TYYIN
AN AR " CTOTTROT SRTA SR, TETASTTY . RS RO S £ A —
TEE ORRCR .. Prajec Ta \RBUh o EROG-UETN At A WraniiEad, e Sluainiat . GsEasmhuaGaat, ay TRTse elersmsasns LQ.\ WEN. R TR \_‘ ;
CaosEmanieaia ot DU A e sl e Tuthus Thuall et \:‘Q"«Q R T S e T N SRR AN e AN N AN T SN AN, AT SR NN e NN o
Tlalesilie Padnaecandds 'Vb-'.?:;h‘% - Ry e Wi s AN, TR ANOTEATL. AR LA A S TSNS DBSaEIAX ST, TR eStsata T BN \ B el -:.\.\<§.

|
}
t

SRSt wecreewmanie ortes o RN S U0 (- S sy — TR - T i TS (IO
STt e, | e WA T AN SO —\Cx‘ ny e | e wile o > =1 “ Ll |
“Reihae L o monacc Maed cafieny | teglesced oy \%\\\.—‘d\\b RSN —\\is Amtieli . ThAs L\s TefSex “asy O, wNNN NSy amconAs [eT
THENME. eIeTn] ARt ST AARR.scetit. Toemonemaies . AN -EROE oranor . BT TEE T et A oT . BLARG EMESAT. BARERE0E casna mon S Ras T T
COTLIaTTIASH="3 T ECTEOTAIEdA S ooon  ToONTecoiAShHiNth "oamglmsds.., SR RS oA TETSE SO e S R = P ETR T AT S,
EELEST ToTTectAsTTo it uemes. SRl 8 ﬁ- “M — ! SRETRS m' Wf@
CRNTCETHRENT]  OOOTT IO OSGTE T A o, 5 < > g e e -~ . W
TOORTACA T DS USSR TR 2N 6 Ty o AT TN A A S CTETRIAS TSI S e A SR e e (EImmamesh N, 4 BT S Tm s, T T e A T, | R
TTLOOGTNNT O | eI TENEN TRy "sx-‘i\":ﬂ BOrT SOIRRET "z "‘DQL Aoy e mesond on TenT ché.\\'( =, n‘f SonnAciaetie, THENRIATIOT, TINE eSS
LRI G N T T E S N ‘Q'.\'_n_\_\\ SR TE e S AL T S S AL SN TS S WS CUNE S h Sl o S NI R e N SAETROERGa TG AN N e TRy

RS A SN IS ST AN R A S S U ‘W AN “ﬁm _m ST, mx..ma“""‘ - T Em w |
AIMTm L TLAR©T L AR tz. 2 P *&e\ Noeaa s : R e natiohsy ¥ =Eet - |
LA TR \Raoce - \r.s:f:\x*. = TS, AN, 4 SO TE Aomcatacwmail] Uit emaoc LWSWa \_?:!'x% WA\« > - e eSN TomT oA

WILR/AAAULHE AWTUEACTS O SEOTAUCOT iitea Thasasitea S Meanicias . Sacainyad Tois oeatamat S5 =i08 LI U o T ATl hwmlioasioey
ZTHNAS L A VIDNEID ARG Bsmcotama LN feTuhas, ot AGD JUHREnTT L Sebhaemie U TEN D BEL PO EWMUTemital  Tost. R wriosw e

|
LONNPTOTe Antn Ty m M‘ < . _Sws S TN E N T =] oW
L] Sl S e - ! P AR
WY S EISNAIGITREST. o SEE. SOERTTES T ARSIy SO RS, B W, aata R T AT chdetice aennue.. et s
TECSGEE TR, A pARSNTAen®, . U eson, vescocs A oo, A Sl amd w taednTSiER L mEtPn® B O ONESET. THETmOoTT, o0 BoSmEtedimery | A SR TToldw A
T OSSR TERASTAM fSE Lo am ol . Tins  SENTOIGeEnT. LT manmes . Yoat VAreNty Soe anen eiitn cTennmieced A arliTESONOGeT TR SE i
SEEENNI\ AT N TN, SR, — —=F - oY R e e NSNS ern e ww e T R e
Batiue s = LN L3 o - 1WWM\“ m l 3 & Tl . !H
ooy - M\; S S ;_..‘\u;.;_ e s e R e L e s e = e S e e - i
A SCCUN LAxtn. ST UEwams il emiaenter U VT R L e Ooihm ahainell, s ohs it U Ot mEinion, SR attewsmes o _~:
Fownhon LS Sana =i OO T on semEi s erratest aes =oh v_s.gtétl- FoaARE LT S Anikee ShiaS ense Sooin, Ste VLmcA sess \nru\u v:' S
D S St - ~\| B . i'_ A Bt “REata g | S .m,u.u o e e Do s e PO w e 2 B - = 7
R SN - ﬁ -5 =3 el <k = = IS \-‘m ————— ;“ TT
oS Sy Ty o S DT .._.\._..\m&m.. = == .‘\:..N.A...\J\. P oo s s — N e U TR e L T NN ‘!.. N L Ve — e J —
RSSPUREEL TEEAAE. Wlise A, TRRRL, wak. ey Enenih TTaireilel Toniiaotnahe wunehs . RBedha dm:qg&ﬁ LS a T s X‘Q:RV\\-AL Toraa B,

Radio Explorations Selena Savi¢ | IXDM HGK FHNW

Starting from an unordered collection of recordings of different transmissions and their meta-data, | organise radio signals, somewhat ironically, in a rectangular grid.
These are concrete manifestations of radio transmissions, collected by radio enthusiasts around the world. The relationships that emerge within the grid are observed only as
projections, filtered through topologies of other data, in a volumetric thinking setup. The aim is to articulate signals’ identities in terms of their own characteristics, and in a

number of different ways.
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This is one way to organize the data, the first ‘data observatory’. How do | know where to start? Let’s take any signal and look at it. For example this one here: High frequency
active auroral research programme. It looks like a photograph of neon lamps in space. But this is a spectrogram. It is a Time-frequency representation of sound. The description
says it belongs to a research programme studying the properties and behavior of the Earth’s ionosphere. Reading about ionospherics elsewhere, | learned that some climate

research uses data on lightnings to measure the degree of climate change. They found, already in 1999, a significant correlation between the increase in temperature and in
lightning activity in the northern hemisphere of our planet.
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This is a story that can emerge from descriptions of radio signal transmissions. This is why | built the first data observatory around text. | extracted ‘topics’ from all descriptions
of all signals in the archive. Now, let’s say that | am interested in the relationship of radio and military. Is there something new and specific we can learn from this setup? |
highlight one topic that speaks about military and some related keywords. Interestingly, the signal we just looked at, is found in one of the cells at the bottom of this area. It

is a rhythmical sample that has a similar rhythm and spectral power to DUP-FEC-2. | notice the FEC in the names of other signals. Apparently, FEC stands for “Forward error
correction” - an error control method used in situations where retransmissions are impossible. What this cell tells us about military: it is tightly connected with diplomacy and
intelligence; impossibility of retransmission is characteristic of military communication.
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A pragmatic question to ask is whether this organization can support identification of ‘unknown’ signals? This would mean, in our case, matching a signal categorized as
‘'unknown’ to a ‘known’ signal from the database. This is normally done by careful observation of different signal properties by someone who has already ‘seen’ and ‘heard’ a
large number of signals, and understand patterns left by different communication protocols. | propose to work differently: | propose to find a different plane of similarity, in

comparison to which | can establish similarities between signals in projections and reflections off of a different kind of data, something | can actually understand and compare.
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The second data observatory organizes radio signals through musical genres. It does not compare them to the genres, but projects radio signals onto a SOM that organises
songs from the Free Music Archive (FMA) dataset for music analysis. Signals ‘land’ in those cells that correspond to them. Some cells do not attract any radio signals. Folk

genre, as represented in this dataset, appears to have a lot in common with radio signals. Now, it is also relevant how radio is placed next to each other.
| tried to use this system to identify unknown signals, together with the administrator of the SIGID website. We identified some interesting groupings of unknown signals.
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The imperfectness of data comes to focus. In terms of information content, these are like recordings of a pop song in a club. We found out that a lot of the ‘similarity’ between
songs and radio signals comes in as an artefact of recording, listening itself, the fact that these are transmissions in the environment, modulated by the spatial conditions, and
equipment operation. This points to the importance of not taking the results of algorithmic processes on data as ‘“truth about the world’. Data can be very noisy, or is speaking

of a different phenomenon altogether. Therefore, it is only interesting to use algorithms in order to gain multiple perspectives on the data, to articulate careful and specific
questions, and then maybe do something about it.




University of A

bplied Sciences ar

d Arts Northwestég

rn Switzerland

AcadermyofAr

and-Design

New Materialis

Informat

cs 2021

K

1

Hili B

T ’ir ™

Radio Explorationis Selena Savic [ IXDM HGK FHNW
—
C O C 1CC U U - U 10 c Jlc AdllU ProOpIic )0 c J JIO|C - J U C C U 110 c ] K= -
U U 110 c U c U c ad LC U U C JC cdU C 1CC O c DU C CADC OU O U J - DI'UC U
dI\C C CcUIDIC J AdDDIC Adlll ¢ J adDIC JIOpPOU 1 C C U DCC C C al I C U =0 CI110UC U U C CVC U c C. O U Cl C
A U Al 10 - J Ul © Ullc U C » CI110UC U C A I1C C JIOPOSE LO LadKeC ¢ C cUdadl U c C 1CC J al(C
dllU SXPOSC ¢ CoCdc Cl C U CC DI'1C =]10]10 Ul'lc




