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Abstract

Currently, there are many FM broadcasting stations which cause interference with the
nearby frequency range. Especially, the interference causes communication problems
between the aircraft and the ground control station. To identify sources of the interference,
manually scanning a receiver to compare similarity with the sound from the interference is
the only method available. So, audio similarity comparison algorithm may benefit to identify
the sources of the interference.

This research proposes a real-time audio similarity comparison algorithm using simple
mathematical calculations. The target audios are divided into 3 bands. Then calculate
subtraction of the two sounds. The subtraction results compared with the threshold of each
band. To get a final result, at least 2 similar results from 3 bands will be considered
similarity

In addition, the prototype uses the algorithm developed. It can be used in automatic
searching for sources of the interference. The experimental results show 71.33% of the right
comparison and 14.00% of the false comparison. The comparison each time takes 51

seconds.
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Nonlinear system

Input Output
x(t) =» = ()

JUT 2.1 uwuudasswesssuuildidudadu (Nonlinear system)

y() = ayx(t) + a,x(t)? + azx(t)3 + -

gl x(t) fe dysadune
A U (3
y(t) A9 dyae1nne
a, Ao duuszdndonsnveny

muuali x(t) = Acos(2mfit) + Bcos(2mfyt) e fi # f> wlamn

y(t) = a,[Acos(2nfit) + Bcos(2mfyt)] +
ay[Acos(2mfit) + Bcos(2nf,t)]? +
as[Acos(2nfit) + Bcos(2ufyt)]® + -+
y(t) = a,[Acos(2nf,t) + Bcos(2mf,t)] +
as[A%cos?(2rfit) + 2(Acos(2rfit) Bcos(2nfyt)) +
BZcos?(2nfyt)] +
as[A3cos®(2rfit) + 3(A%cos®(2nfit) Beos(2mfyt)) +
3(Acos(2nfit)B?cos?(2nf,t)) + Bicosd (2rfyt) | + -+
y(t) = a,[Acos(2rfit) + Bcos(2mfyt)] +

A? (% (1+ cos(ZanJ))) + B? <% (1+ cos(2n2f2t))>] N
+AB(cos(2n(fy + f2)t) + cos(2n(f; — f2)t))

3
AZ (3605(2nf1t) + cos(27t3f1t)) +

a;

2

3A°B 1 1
> (cos(anzt) + Ecos(Zn(Zf1 + fo)t) + Ecos(Zn(Zf1 — fz)t)> +

3AB? 1 1
3 <cos(2nf1t) + Ecos(Zn(ZfZ + f)t) + Ecos(Zn(Zfz - ft)

+

B3
— (3cos(2mf,t) + cos(2m3f,t)
( )



y(t) = a,[Acos(2rfit) + Bcos(2mfot)] +

i
I

3A%B

[
<3AB

2

2

a, A?
2

y() = [
—alA +

a,B +

:azAz.
2

a3z A3
4

4

4

4

4

-+ —cos(27r2f1t)> +

+ABcos(2r(f; + fo)t) + ABcos(2r(f; — f2)t)

cos(2mfyt) +

3A
cos(2mfit) +

[a,AB]cos(2n(fy + fo)b)

305428

30542B]

3054B%]

3a;4B?]

2 2 2

B.E 212 1
> 7+7cos( n2f,t)(1+) N

|
343 A®
(—4 cos(2mfit) + a cos(2m3fit)

)+

5 cos(2m(2f, — fz)t)> +

2 2

B 3A
cos(2m(2f, + fo)t) +

2 2

3 3

3AB
cos(2n(2f, + fi)t) + cos(2n(2f, — fl)t)) +
3B B
<T cos(2mfyt) + Tcos(2n3f2t)

)+...
|+

3a3AB?]
2

3a;A%B
2

a,B?
2
3a3A3
4
3a3B3
4

(2.2)

cos(2mfit) +

cos(2mfyt) +

'aZZBZ' cos(2m(2f,)t) +

+ [cxz-AB]cos(Zﬂ(f1 + fo)t) +

2y B
2 cos(2r(3f,)t) +

cos(2m(2f1)t) +

cos(2m(3f1)t) +

cos(2r(2f; + f,)t) +

cos(2r(2f, — f2)t) +

cos(2u(2f; + f)t) +

cos(2r(2f, — fi)t) + -




Input Spectrum  Nonlinear system Output Spectrum

JHL*VT | |

3i-2fR2A—f A f2 2f2—fi3f2—2f

JUN 2.2 wuuiasinsiindumesuegiaty (Intermodulation)

9Inauns 2.2 vibinsuinludarasendneildanszuundanulidudeduay

Y '
U =

~ I3 A a a a o & A a P &
199AUTENOUNNNANUDALLAUUDNIIN 2 AMUDRINY TI99PUTLNDUTANTNUIAD tWnTeLansa

1% '
v v A

(direct current : DC) @ug1sueiln (harmonic) ¥09s@0IANUARIGUN 2f; 2f, 3f; 3f, Wudu

wavdudumesuegiaty FalnudradnsMilunuINaUINLALHARIUBIARIANUARIAY TINIY

' Y
a 2/

ANMUDNAUINWALNAAIIIANUIN T UaNSUBTNNUDIaDIANNDFAIRY TneAudNasNSaUNSD

[
= I

AAlARINITIeT 2.1 wenantudmsuinBumesuegatuiiintuls dosAusenauvesdyain

AIRU (LBUNAYA A Uag B) TIuiuag

.:4' da a a s 1Y)
13191 2.1 AINAVILNAIINDULADIUBDALATU

Order dunis

2 fitha fi—f2

3 2f+ 1 2f, - f 2fi + 1, 2fi—fa

4 2f, +2f1 2f, —2f1 3f2+ fu 32— f
3fitfa 3fi—fa

5 3f +2f1 3f2 = 2f1 3fi +2f, 3fi —2f>
4fa + fo 4f, — f 4fi + /2 4fi — 12

6 3f, +3f1 3f, —3f1 4f; + 2f 4f, — 2fy
4fi +2f; 4f1 = 2f, S+ h 5h—h
Sfhitfa Shi—f2

7 4f, + 3f; 4f, — 3f; 4f, + 3f, 4f, — 3f,
5f +2f 5fz —2f 5fi +2f; Sfi—2f;
6f, +f1 6f, — f1 6f1 + f2 6f1 — f2

MLBLNG 1. Order vasduinesuogiaduaiuisomliainuavanvesdulszans (ladu

LASDINLIY) VDILAATAINUD

2. Tuiitiuansliiiuga Order 7 Wity uluaaua3edall Order Nigandnilises o



2.2.2 Reverse Intermodulation
dumesuogatuiiintulunsyareidesszuueviduty HaTuainnisfinIesds

d' = P ] = o o A a d' v Y] %
LﬂiaﬂlﬂLﬂi@ﬂWu@WﬁaWﬂa@ﬂLﬂiaﬂ lﬂi‘UL@Waiyﬁyﬂmmﬁﬁ@aﬂuqﬂqﬂ@ﬂLﬁi@\? EJ'E]‘L!ﬂa'ULGU']VLUVL‘U

[y

LATeeds kaddyufinIdaunduluaufaninveneiidadiuding (RF power amplifier)

3

o/ IS

\Hesanniavgremdinuddnednaziiaulddudadueguds daluduiwensdyyiuisans

[ o a

(Fyaramaniideanisazdaardyarndowdiu) nfeuduasiaiundunesusgaduwauunli

Fas58nUTINGN15YUTIN Reverse Intermodulation : RIM &sdianuddumesuegaduuisdiula
Tsunmughuanudlndlifes enfegradu faguil 2.3 Taaridingfieensiniafinanud 90 MHz uag
100 MHz lsivinnnseeneinieluuinadlnaidesiuyinliiin RIM firnad 110 MHz wag 120 MHz 1U

Aa =~

sUNIUNNSARaTIngMsTunliguanufeglugig 108-137 MHz Zso1aneliinarudemeula

A Wy
O, @)

p "W L RIM
— -~
*\ 110 MHz
o a \ oS a
an1uang | NSRRI
90 MHz ™~ 100 MHz
=
1 1
1 90 MHz 100 MHz |
1 1
1 1
1
80 MHz | : 110 MHz
70 MHz : : 120 MHz
L A A A Al . A,
I I I 1 .
I 1 >
3f1—2f2 2fa—fi : f1 fz : 2 - fi 3f - 2f;
1 1
1 88 - 108 MHz A 108 - 137 MHz |,
I 1
1 FM broadcast I | AIR Traffic Control

JUN 2.3 M13318898071UN150INT5LAA Reverse Intermodulation

(%
o a tY

Millanauiuey willosndyaia RIM MAnTuiiy aRINanInenIEIeLFe

(%
Y v v

AMFIPINING,
Ao w 1J 1 [ Y i . I 1 1o IS
Andseaneiniaduegrsunn vilidssnladuiidyrasuniu (noise) LWusgaun undined

[

aeAUsznavvetdeyaluuiasyIanIud MIgud 2.4 wag 2.5 Wunisiieuiisuninuunsves

Y

29AUTENBUNNAINUDVD LA NIAINNSHEALAUTIAERTI (Mix-audio) Auldeeintaain RIM Talugnuy

ANUDAN (0-340 Hz) kazeguaunnand (340-3,400 Hz) agnuindesnusenauflnatAeeaniuaLdes



311 RIM Hanuunstosnindesinauiulaense wazlugiuaiiungs (3,400-20,000 Hz) laanansa

LenAMUANYRLTaYald

Mix-audio
-60
TO oot ceememendreenbegd b oo -
n i N R ' o T o 1 ' """ ’ """"" ’_
) R T T S L e —
o . . H | ; )
= ) H il ! H
@ 100 |----4----te- s --hE-H k- Y- i b oo eee-—
= ' ' ' i ' I hl '
=2 .
S M0 T jroeemmemme e B - AL T
(1] ' ' ' ' ' ' ' ]
E ! H f
w -120----4----t--d--- R ATt ---HH R 4 : ks - -
= ' ' ' ) v v ' 1 '
o H H H H H H h 4 1
P AR e A S 11 i —
TP I gl [y -

1)) SR R O A S I RN S pl-L L

Pl i N A
10° 10
Frequency (Hz)

-160

JUT 2.4 urunnvesanasuvaddesilaanmsnadiulaense (Mix-audio)

RIM-audio

-60 T

T ] e S— —
B0 [~ oheod ST LR e T L AT R i L .
) PR LV SR i SIS B B[ T A S
[} H . ! ) H
= : : ; :
@ 100 [----1:- -i--r-tf - S R | BN, SHUCR ! b [RR—
= ' ' ' ' ' 1| '
E: i 2
R LU e e mmmmmeseedeeeees P - e
w ' ' N ' ' '
E I H . '
T 120 - obendees N D Lo RS- il -
= ' ' [ ' ' ' ' Lo ' il |
= o ! 1al : B
e I s S S i e e Rat =
L R e ek it Rt o Bt iy ST SUREEEEELRT SEREEE meeet T 1 S - -
R e . =
-160 I — |ii I I I I I
10° 10° 10

Frequency (Hz)

JUN 2.5 ununmvesanasuveudesilaain RIM

2.2.3 deg (Audio)
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'
[y [

Fouinan nmsduvesing fngdufeisnig e @ Auazid iWeundsfiaides
Anmsdu azvilrluanasnadunuluseanudviiunsduveunasindades iaduiiese
P9e18v0dlianaveseInia Jadsnureinsduazuioonlseu quvasiuiades nssnansdiu
dauarasanandruveneluanasinmaazhiinaindoudl winsinardinsanuiueIniazen
LaznINaNEILEIEANLFue ARz TosIn Fitundudsdadundumusninssluanave
ommzdulufisideaiuiiniidssndoudly nsdsnduriiusinansazfudnuasdisn - aaneidu
139 9 mwmeﬁgﬁumaﬂﬂﬁuLﬂuﬂwsé’m (Fumtia 90 09e1) LagnsadunIzAay (v
270 per) FagUfl 2.6 anufiwesdsaztuagiutianeresnisdu (ueamdge) duoundgaun
Aesagdann mawdeunnudueniatansaedousiludimih aufls yues fitehlaléBudes
Audnuaziamzveadssliun mud AmeNTI9RAu LoNNAge LarASIveq

= = ! a  a o = = o« v a = Y]
N5HN SLULﬂENLLG]agLﬁﬂQMﬂQqMLL@ﬂWqQﬂU LaUQEﬂQ-La'UQWW 5NN NS Wiaﬂmﬂqwmaﬂaﬂqaﬂ‘lﬂmg

Y Yy '
Ly

#19  vislTuegiuwvasiulades LaginuiuseuseIuivesnsduasiiiou Jailsvasidunnall

AUBA dnueng

Amplitude

Wavelength

JUT 2.6 dnwaznsdsiuniy

] '
a A o o

2.2.3.1 s¥auides (pitch) vianeila dsvilvidesusazideagaiuansnsiutulueg

[ [ PN

L < Y A LY a LY A o < a J o v = '
ﬂ‘Uﬂ’NllLi’ﬂ‘LlﬂﬂiﬁL!ﬂﬁLVI’EJU‘UEN’JG]Q@\TE‘UVI 2.6 AAONEULIT Lam%qamnmmum Tagagiinuiy

Y 9

v A

Yoo mnudveIn1sduaziiousiaduil (Hertz : Hz) 1w 60 Hz 2,000 Hz 1usiu wazasdiiuywd

lnguluunfiuduyudisagladudsniiganiud (frequency range) 8g#l 20-20,000 Hz d@iuides

Aa =] i

NiiAgevIenindaf 20-20,000 Hz tnemiluyasanudveudeaynazeglugieninud 500-3,000

'
a

Hz wavaywdagliarursalaguideatule Fanfuidesnaudndinia 20 Hz avsendnaaule
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(infrasound) neadudusilada (infrasonic wave) Iumdunaussinnadunusiddinauian
nedudesfiruundlédu Reannsduresiinedidadesuaugtu n1sduvesiin wiuiulw
Wy LLazﬂﬁuLﬁmﬁﬁmmﬁqaﬂdw 20,000 Hz 138n11 Aduwmilowde (ultrasound) W3eAaUsanNT

Tofia (ultrasonic wave) Wurdunauszsnvedumuen Jainannisduresiinesudadsssuin
«

ban

2.2.3.2 AMNE1IAAU (wavelength) BUNBDe S28EN19TEWINBOAAAUDNEBAAAUT

1
= a =

Anfu FuinTusEninensdadiivesriuldes fdANeIYIATUNINAIIIREAUATe LAY
uarddAueIgRauduIzylilianudveudeias
2.2.3.3 wounayn (amplitude) MU18HY ANFITENINNUBAAAULALYIDIATUVDS

R PN PN = 1% = . . = Y] = a
AAUEDIAIFUN 2.6 Nwansdsnnuiduvaades (intensity) viseadudveades (loudness) Beuoy

WaAAmIN AL LS DANUA VDU FLIA DL ANTU

Qo ¢ a A v
23 UINAUITIUNTTUNLNYIVDY
A 9 va o a Y = = ) = S D v ¢
deliiAaaudilafeatunsilseuiisuanuadeiuveddssiy Sndudesdinuusviaml
I33UNTIU wazITENNeITes alumuuasldiluuimiduniseenuuudmiunuided
u3dyes (P.Cano, E.Batlle, T.Kalker, J.Haitsma, 2002) lauausnszuiunislunis
= a v Y] = I L oA oo . . L. =
Wiguiguauadieiuvendss lagldvdnnisvesansiialieides (audio fingerprinting) &
nannIsiumiounsigatateinievesinsa lnenuyvdudazauasiiatetafie ety e
AoaNIAui1Y AangilflenyihnsilSeuiisuiuangiliifleglugiudeya dwnnuaeiile
Pnssfiusiiafasnsuieeuinels Wwudeaduiussuvateiniiedeseziinssuiunisainaieiiile
\de4 (audio fingerprinting extraction) iemanvuziauvandaniy q wazdaiulilugiudeya

¥ [y Y . . = < ¥ ¥ a = 4
WIDNNUTEYNUNLaUTTYAIAU (identity number : ID) tolTuveyasn999 1ionoIn1TUIAIL

adofurendssitlisinagvhnsataansindedswasnioudoutugudoyaiidoyaiinsatu
videlal fraseuilinanmauiouiisufumneavszysnuievenindudsanaseylsvdeimas
voslas Faguil 2.7

Tusmiddeldoenuuumsatnasiafiedes fnszuaunsduanmsulasdoyadedniy
Sy uidnea (digital) niundstoyaidudrstoyadudiuges 4 Boniusy (frame) uagsi
nsudadlidulauuunisaruidedsi®u Fast Fourier Transform (FFT) aantuiintsadnsnany
\Fodloafuvesdnuaisunisniud wazulasdnvazisumsanudlnduyadeyaiievinstudin
wsehnsiSeuiieusiely

NUITBVBY (Haitsma, Jaap and Kalker, Antonius, 2002) Ifauemsthssuuaeiniedos

1119 TUN5IUTIUBUANUAAISAUTDLALY WAZWAIUINTZUIUNISANARNE NI LA lASNTITHUY
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Joualidumsugeeniinnued 11.8 ms 3ntuldiarid Fast Fourier Transform (FFT) waziius

Y

v v

Joyanladu 32 deedygrauasiin1sAIUINANYAUELAUNIIAILDIINNAIIUTBILAAE

e

| o PN ! Y] ! L A oo a | I o o = o v
VDIFUUTUNLLANATIINU IWEJLLWa%a']EJu’JlIE]Laﬂﬂﬂ%ﬂLWi@JH@ﬁ@]@ﬂugququ 256 sy "?J\TV]']I‘V]

[ e

1 '

aethilaldssnleaziivuianuuueu warivuiaidnas uenaNtlanauInszuIUNISUSsULigY

ANUAANENLYRLA AU ANS A NN

Recordings ’ Fingerprint
collection extraction
Recording’s IDs
E Database
Unlabeled Fingerprint

recording extraction -
Recordings ID

JUN 2.7 Fumpunsvineuvesssuuaeiiileides

NUIBY9 (Avery Li-Chun Wang, 2003) 1{ueuideves Shazam Entertainment, Ltd. 9
HueUnaadu (application) TunisAuntnaskulnsdnvgunsvivuildnudusgisunsvaiy Tnslu
mAeldldszuuaeindededunmsdSeuisuieruninasiimdeuiulussuugudoyaiguniu

Y v 1Y Qy = = I % 1Y 1d 1 v 55
waglainunssuiunmsannaeindedenduvewines lngnsudateyadumsugosuagldianau

Fast Fourier Transform (FFT) uagiansandayaluzunsin Spectrogram uagnnyandmasgegnalu

9 Y

- o

wrazinsugey Weavnisassanuduiiusiuvvesdeyarugeiiimasgegaannudazinsugey waz
wlasdayanuduiusiaefleiduney (hash function) dsliinszuiunisiSeuiiisuanuaaieiu

Yaudusiuguteyaiuseaniamunniy

24 gunsalinleluauide
2.4.1 U®%n Raspberry Pi
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vasn Raspberry Pi \uvesanaufinmesvundniiaunsadousetureneiines
Aduasa wazwdle awsauiuUszandldlunisitlassnunisiiudidnnsednd n153eu
TWsunsu viseduedesnaufinnessiizouindn ddwa viodunud snvedeaunsodulg
TeileAruazidenas (High-Definition) ladndae wazuasa Raspberry Pi so95uszuul]ianis
5‘1@65 (Linux Operating System) lananaszuu 19U Raspbian (Debian) Pidora (Fedora) way Arch
Linux L8usiu Taefindisun SD Card uanainiuasa Raspberry Pi fignasnuuusnlsidl CPU GPU
waz RAM agareluddideddu uaziigaiouss GPIO Igldaunsaunluldsiudugunsal
Budnnseiinddu 9

Tayadnnzvaeuein Raspberry Pi 2 Model B

. UM 85 x 56 x 17 mm

. CPU: Broadcom BCM2836 ARMv7 Quad-Core 900MHz
. RAM: LPDDR2 SDRAM 1GB @ 450MHz

. GPU: VideoCore IV 3D Graphic Core

. 4 x USB 2.0 Host port

. Stereo audio out 3.5 mm jack

. 1 x Micro SD Card slot

. 1 x 10/100 Mbps Fast Ethernet via RJ-45

. Full-size HDMI port

. 40-pin GPIO header (GPIO, UART, 12C, SPI, etc.)

Mode | ¥
spberry PI.2014

gﬂﬁ 2.8 U93A Raspberry Pi
2.4.2 USB Audio Capture
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'
aa v A

USB Audio Capture tun1sadeanvinniiudasdeyandvaniusngasiden

Weaudewing o Wugunsalideurensusniousedeaisiuaeuiamosiiuges USB Aildeula

(%
N a

118 Foladre siangn ldeddlvideinaeuen nsadeslilidnwaenisnenindanini 2.9 Fai
d1Usn9 9 fall YossavuIn 3.5 Taalunsd1nsurdn 1 909 (A7) uwazvieen 1 109 (Anang)
LED uansanugnsldein dudwsuiivananudiesn Judmsulasuidsaniiuazuieen uay

USB dnsuitausalddsnauimes

g‘dﬁ 2.9 USB Audio Capture

2.4.3  @Un1SLandna
TudIUNITHEAINATLTIIY LCD 8 fwnruaunldany tiawanIAELUUYDINIS
WIHUBUAINUAAYAUYDLASY WALTIIUNaDA LED LiawanIdanIusn1svine Iy wagyasdaasnu

W3093UINY LiedsdannsUasuYeInUnveanliiidieenaIna wagduaNseiuuase

Raspberry Pi inu%83 GPIO

JUT 2.10 diunsuanua
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Wewluunilldnantmguinmaindunesuegaduiduaiveesnissuniunisdeans

! A

senitunsesdusazaniilniaiiy wazyilismsuianuddunesuegatuIsidoyavons 2

v o a

a4 g o o= Ao ~ a v Y] a ! a av v
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PNANURBumeTIagaduiuldsInaniingiindsesnainie avaunsaseyaniingmdusiy
nillavesdausunula wagnsfnwudvatassaunssuinedesilmnsiuindanesnulunis
= = v o = = | %] L A oo = = =
WisusualuAateiuvesdssnnudiunin TdssvvatetfiadeslunisiuSeuiiau @9

Y] 2 A oo = ~ Y] v I Ao v o & v 9]
nszvunsanaaneihiieidss warmswSeuiieuiugpudeyailunssuiunsndudeu 9ndudedld
ninenslunsAInun Mlidenisaeuiawesaussauradlunsvininu waedeinsgiudoya
weltlunisiSeuisy delivunzdunisilTeuiisuanuAa e U LdeaNyinauLuUIaI93

(Y

a ¢ ° v a &
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9anasnulun1sUSeuIgUAINUAAENUYD LS

AMNULUULIAID3Y

3.1 unidn
ntlonluuni 2 vilins1uinn13suniuain Reverse Intermodulation (RIM) Tusunau
44' ! a4 a =~ & a a aa = A o
nsdeansTEmIAsesdukavaniniuaunaiy lnelamnaindaniingnseaneides 2 anili
nseena1nAlufiunlndife sty Fudsswesdynimsuniutduludsninisnanainis 2 aand
gdusuinidevesdyginsuniu wazludagiunisdumandineiiduduindavesdyaie
sumu anfiunislagyaainsiaudiuig deznisiluaziiIeuiisuanuadieiuvedeaain

o = A [ 1

anfiIngNiaeeonaInie wastdeaNAaudIMITUNIL winsiUSeuguauAde furades
Juleghsardr3edanisteymlaldviunan
= a v ¢ = v o g v o a= = =

9NN15ANYIUTTIFTIUNTsUNeTesilmsuin danesiinlunisnisiSeuiisuaiiu
Aaefuvedeanilludagiu dnisAmuiundudouinenisniisUssaiananianssousgs was
v v ™ ~ = i N 9 [y Aa A& Y o a
AoansguteyalunsiUSeuiieu dslimsnganiagldaulunisAumandingmidusuniinves
deradsuniu Jeimuidanasnuluni1siUIsuisuAINAS 18 AUV LEBITYINIULUULIAIRTY Nl

NIANUIUNNAMAAIFNSDEN1998 ABINITNSNEINTIUNNTAIUIAT Lasvinauldas1TInis)

o ac = v o a a o a
3.2 E]ﬁﬂ'é]ﬁ‘i/l&liﬂﬂ']il,ﬂ%ﬂllL‘VIfJ‘Uﬂ'qulﬂa']EJﬂu?JaﬁLﬁEN‘VW]'N']ULLUUL'Ja'ﬁ]iQ
TunuidetiauesanasNulunIsSs U UANUAAEAUTDWEEIAIN 2 LUAIABDLESIRIN
Aa Ao o = = AV 1A a N a oA ‘d' .
anifingimasesnoinia Fadwdseiliinisnandewinaniion wsenindeadss (Single
. a Y] =~ & o A a a & Aad & Y o a
audio) WazldsIINAYYIUTUNIU TFUTULFBITIARIINNTHELLEBIINSaesan I T uAuA LT
YOIFEYYIUTUNIU AITBNNINELIMEL (Mix audio)
wAnluIguiigualuaatgfuvetdedluauidel ABn1TnINaA19resLauNagn
(amplitude) Tunigan (time domain) YaadsaRELazIdNINEN D1vINTsERLEsEANUAAAU
g linad19vestoundgaiivuinlndifes 0 uansdegui 3.1 lunsmsadudiuninide i
Wisuiigulifiannuedneiu nansvesaundganlaasiuuinfiaady wanafegun 3.2 wazi

HafsvRaNNGgaldsiTLednduaUAT e iuTa R e



Signal : Single audio(01)

g
<
Time (ms) - X 104
o =] d‘
f) deYsyaLELaLAY
Signal : Mix-audic{01+02)
g
4

Time {ms) x 10t

%) Ay IUAeINaL
Signal : Single-audio(01) - Mix-audio(01+02)

Amplitude
o

Time (ms) x 10

A) NARNNIHBNNAIAYRIH YA sITAUAT 8 Y
JUN 3.1 dygrandeslumanavesdyaadediiainuaaieiu

Signal : Single audio(01)

Amplitude

Time (ms) x 10

n) deyQIULELNLAEN
Signal : Mix-audic(02+03)

B T e
=
E_ 0
T -1
0 0.5 1 15 2
Time (ms) x 10

%) FeYey AL INEY
Signal : Single-audio(01) - Mix-audia(02+03)

Amplitude

Time (ms) x 10

o =

A) NARNNUOUNEIAVDIF YA AN

(% =

JUN 3.2 dyarandedlunisnavesdyaadesilidlinnundieiu



18

| & v o

WethoanasiuMauslunuissunlgaulunisrumaaidndusuniidavesduuiusuniu

AR}

$HTUNDUAITUN 3.3 LR8illASaISUINY 2 1ASBILSUAAUANUANANNAUAD WIDIN 1 SUAAUAIN

Y 9

=)

[ o

FUIUTUNMUNLAATY LazlATasn 2 SupduanaaiingNniateenainia uazindya oudssns

]

A99UIHIUNTEUIUNTIATEUTRYA (Data preparing) dieldyarandsmenlunisfiuinmig
ADUNIADT maﬁuﬁwﬁ'&aaaé’zymmLﬁmmﬁwmmmmamwaaLLauwﬁgmiuﬂszmumiﬁﬂmm
NaFnsveaLdes (Audio subtraction) uazihmnainsveesmagaTilsndadunuAdiiuTeades
Tunsvuaunisdndunanuadie (Similarly decide) wazdmnnuitisaesdayairandosiiniy

1% Y v 3 ~ [ ] da A v oa a el' o A & Y o a
ﬂa']ﬂﬂuf\]giﬁl,@q@wm (output) LW@LLQQL@@UUWQ?W@JQWLﬂﬁ@\TTU'JVIEJLﬂifNV] 2 3Uﬂaua§LUUWUﬂqLu®

' '
) =

VOIFYQIUTUNIU UHOINUITNIADIF QI EEIA9Y 28dIN1SIRATRSUINYLIAT0 2 1douly

]

[y

o aao w | ) Y] va A Y v A & Y o a
‘Uﬂa‘Uﬂ’J’]MﬂWﬂ’]aQ@@ﬂa’]ﬂqﬁiu%aQﬂﬂiﬂimU@mIUNm LW@IVﬂqiﬂuuqaﬂquwLUU@UﬂqLu@GU@Q

Foyanasumudulusensieiiios

Radio receiver 1 Data '
(RIM signal) e preparing E
' Audio Similarly !

subtraction

V decision
Radio receiver 2 ; Data l
(FM broadcast) | preparing :

Change station

(%
o

U7 3.3 Juseuvasmshunaninilusunniduvesdyaasuniu

33 wann1sSeUIBuUANAAIgNUYadLEEY

(%
1 v

wdnn1sIuvesdanesiufidnaus sxuuinisiisueemiu 3 nsruarudesdd
1.n15ww3guvaya (Data preparing) Feazdnaaeene (Sampling) Midyayrande ndudyaiald
foflad (Discrete signal) Lﬁdﬁmmiaﬁﬁa;ﬂawﬁﬂmiﬁwmmmmamﬁaLmﬂé’uazw%’auﬁm%
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Single audio Mix audio
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3.3.1  Aszulumsmseadaya (Data preparing)
lunszuiumsidazyinswieudeyavesisaasdayaandes ivelvindeaudmsuns

AMUIUKNAAIIYDIBUNAA LaglidunaunITyiIaULanregun 3.4(3) Favinsdndlegis
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Amplitude
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Signal : Audio after sample
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Signal : Data-audio before normalization

Amplitude

0 0.5 1 15 2 25 3 35 4
Time{ms) x 10t

) NOUNUTUR UL la T

Signal : Data-audio after normalization

Amplitude

05 1 15 2 25 3 35 4
Time(ms) x 10t
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(low pass filter)
§ FINTBINULAY
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(band pass filter)

ANTBIANUDEE

AAgA (High) 89041 3,400 Hz
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Tuniseenuuudlinsosdyyrauluuideidladenlddansonuwuy Elliptic filter

design @998 Transfer Function #ail

B(z) b(1)+b)z"+-+bn+1)z™" (3.2)
A(z) a(D)+a)zl+-+an+1)z"

H(z) =

[

Tnednsdinosd Ui un1T00NLUUAINTY ”igzgmmﬁ
Order (n) = 6

Ripple in the passband (Rp) = 0.1

Ripple in the stopband (Rs) = 80

Normalized passband edge frequency (Wn) = [340 3400]*2/Fs;
Type = “lowpass”, “bandpass”, “highpass”

'
=

FIRInTosdgIausazg uANNDlANan o UALDINI9AIND (Frequency Respond)
=

o
o a 1 [

uagKaveslayadyadssinumnsesdyanaluusazg1uaunnal

T o

Freguency response Lowpass Filter 340 Hz

Response factor
= =
(s3] o0

[)
=

[
Mo

| l l
0 200 400 600 800 1000 1200
Freguency (Hz)

JUT 3.7 namauauen AUl (Frequency respond) ¥84839AIURAN
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Signal spectrum : Low band filter
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Signal spectrum : Mid band filter
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Freguency response Highpass Filter 3400 Hz
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JUT 3.11 HaR@UaNaIM9ALA (Frequency respond) ¥83%33AHAE

24



25

Signal spectrum : High band filter
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fvnisaesdygradesinisaaiaadsunisiaieluantesludunounis

v = o o g v = = a a Y = o a v v
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AUNIS 3.3 WD ANTSLUS U UAIUNSANUNIUADNITAAIALARDUNIIIA NN AATULS

WS

Fs

Y1 1Dxil (3.3)

Exn = (|5Xi|) = 7

k = wsxFs (3.9)
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Signal : Data-audio after average

g
L
0 0.5 1 1.5 2 25 3 35 4 4.4
Time({ms) x10°
n) fouruTuReUIRALTayYa
<107 Signal : Data-audio before average
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3.3.2  NSTUIUNITATUIUNAAI9YDLEEY (Audio subtraction)

NTUIUNTUIINITATUIUNAAIIVBILOUNTIAVRIVOY AT YY1 AL UAET (Sxp)

% =

LarTRUAAUIMESITIN (My,,) TULARZEIUAMUDAIEANNITA 3.5 Lag 3.6 1ENITUINATINVDS

U g7

HAR9YDIUBYA YA A F IR I UF T QY UL AN ALV TAIENATINYDIVDLAF Y LAWY T

larasnNisenInAANAd e uTeudss (Iy) Yaslsazgnuaud wWisldlunisanduaiuaaiuiu

YaudsslunszuIuNSan LY
AXn: |MXn - San

N Z AXn
X My, (3.6)
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3.3.3  N3TUIUMSANAUAINNAAIY (Similarly decision)

TunsguaumsAnduanuAa1eiuYeLdss gtnAAuAdeiuedes (Iy) 1
Feutuawmsaleas (threshold) vesusasgunmg smnnuinaanueaisiuveadediatey
nAwsalsanasinauinguanuituiinuedefureades assfududiranuadiefuves
Fosflannnnindunsalearardnduitgiunnuiiulliinuadie fureades wayin1ssIuNaan
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asstutuEmuISianuedsiureadondios 1 grunudnielinuindanuedeiuvesdesan
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3.4 A15E9UdaNaSNUNISUSUIgUAIUARIENUYBWLFSITIVINTURUULIANDSY

Tunrsdumaanfindudunilinvesdgysyrasuniu

Wavludrutvauanisiisanasiunwmuiunldnulunisaumaniundususiidaves
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3.4.1 VANNISNIeIU
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4.3.1 WAN1INARALY
ay v a % A a X .

Hansneaesiliazuanslusuuuunsmuanianudvesdeyaiiiindy (histogram)
= A ! 1% 1Y = Aa £ [ 1 d‘ ! <
\ieuanIANiveIAIALATeiuYedss (Iy) Minaduiteglutile lnefaguumanismaasuduy
2 nqufe NfuNaNSUSEUWEUIRLdRsANUAG iU (similarity) Wagngunan1siuseuiguves
deslaiianuadieiu (dissimilarity) waghaninan1svaaeddagLlanngunudagun 4.1-4.3
{Hosaniie 2 nguilenuansiuresiuudegaidudviunniuandugvessesazlunsnudaya

n3UT 4.1 ylinsufsunliluvesen Iy lngilungunanisidguiiguveadead
Aeiulian Iy agluyas 0.4-0.7 FandnguuanisiIeuifisuvesdesnlainnuadefunia Iy
e/luv39 0.65-0.9 LT1B9NAN Iy VOIVNADINGNTYIVRIAT Iy NANUeeiU FudenAnnsalaani
wganangunien Iy deuriuiueganiaeingunanisilIeuiie mtuiufenfiarsunam
salganwunzaulun1sandunanisiissuieulug1uauninaInge 0.65-0.75 wavliulmeliu
INFUN 4.2 uag 4.3 JuFenfirsaunAnsalaadiminzadlugruanudnasazg1ualnuiadan
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JUN 4.3 naanudvesAauaseiuveudes () Mintuluguanug

dielvnsueguudniaunsalaaslaumnzaniias Ul lunmssndunnundieiu
vpades Juhaunsalaanturig 0.45-0.75 wltlunisanduanuraieiuveddeswasuiinnanis
VAaed Fenavesnsnnassiildazudseanidu 3 @ @i 1 AIUYNABATIUIN (right positive)
AenanisAnduindadofuveadssainnguidesiiamuadiodu duil 2 mnuianaiadauan

(false positive) Aonan1sinduinfindrefiuveddesnnnguidesiilifinuadioiu wazilodanld
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ALNTalaanNlA1geuu AmugnAotTauInlukazguANNRIAAINZWY uivnsReIfuAIAIY
AananLBeuanluguanuaty 9 Nazgalumeuiy LiemnaunasEnIerIAINgNAe TN
wagA1IAUAANAIALTIUIN JelAzuuuAIULLILET (accuracy score) Tudaudl 3 Taauilaann

HAR19YBIAIANYNABATIUINAUMEAIAIURANAIALTIUINLAASWAITIN 4.1

A5 4.1 msmansidatnsalaanang 9 lunsdnduanuaaisiuaeadss

Right positive (%) False positive (%) Accuracy score
Threshold
Low Mid High Low Mid High Low Mid High
values
band | band | band | band | band | band | band | band | band
0.45 18.16 | 81.32 | 69.74 0.00 0.03 0.06 | 18.16 | 81.29 | 69.68
0.5 3316 | 92.63 | 80.53 0.00 5.88 3.13 | 33.16 | 86.75| 77.40
0.55 5553 | 97.11 | 88.68 0.00 | 29.88 | 1453 | 5553 | 67.22 | 74.15
0.6 77.89 | 98.68 | 92.63 0.00 | 61.64 | 2377 | 7789 | 37.05| 68.86
0.65 93.68 | 99.74 | 95.26 0.00 | 83.86 | 38.04 | 93.68 | 1588 | 57.22
100.0
0.7 98.95 98.42 2.22 | 9287 | 52.19 | 96.73 7.13 | 46.23
0
100.0
0.75 99.74 99.47 | 29.18 | 98.51 | 63.86 | 70.56 1.49 | 35.61
0

919797 4.1 uansbiiudrmsaleanimnzaniaziihluldlunsdnduaiiy
pdefurendes Tnsfimsannamsalsasiflinzuuuauusiusvesnsdnduiiuindian fedy
Aunsaleadfimnzaulugiunudaio 0.7 Salsnzuuunmusiug) 96.73 Azuuu wazANga
Tsadimnzanlugruauinarsuazgunnuiegsdo 0.5 deldnzuuuaiuusiudy 86.75 uay

77.40 ALWLUUAUAIAU
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4.4  pSNAERUUIEANEAINNITINNIUYBPANE I
4.4.1 nIARRUAMUARIBAUYDILEES

wnldannsaleadimunzanlunsdnduaiiuadiofurendssvesunazeuy
AMNALED annsrLINNsAnduauadeluiade 3.3.3 ldnaniinsiadunnuedefurendes
TnemsihAauedefurendss (y) finnsaniuannsalaad(threshold) vesusazgumIud
NTUTINANITRITUNINT 3 Bruauiwazsiinistnn 2 lu 3 1des dedaduiniedes
dyaandssdinueaieiunseld annuidaanuaaieiureadss (Iy) desninaunsalean
Tu 2 grupuiviennnni sedaduividesduynandedinnuadiety

Tun1snaaesilénaasnisléidedwindie q lenageuuszansamlunis
Tmadsstiann wesiosnduneunislmadesteannifutuneuaavinevesdanedfiu dajuwa

A15VAABINITUITDIUSLANTAINNITANEUAINUAAENUVDWFLIUBIDANDINU AMUTUN U LAENHE

]
=

n1sveasnlaszuladu 3 dufie dwun 1 anugndeddunisivin Aenaniswieufisuniny
AAuYRINgudsIniidsna ey wardduauInuImAuAaeiuvendss (Iy) YosndiAm
alganan 3 gruaudiiannnivseriiuldednin daui 2 anuranainlunsinin Aenanis

=

Wiguilsumnuadneiuvesngudesnlifidesndneiy wagddnnuinuitimeanueseiuuedes

Ao v '

(Iy) dasninAmsalaanann 3 gruanudivesnindednin wasiliosniloldidssnin 1 Tu 3
=) o Y 1 U a0 1 al [ 1 a <

WHee agvililamainugnaedlunislminiiaias uivazireafuaauRianaIntun1sininigs
Uil WemyeaunasyniAanugndediunsimalarAnuianatnlunsivag Ialviasuuy
anuuduglunsimaludiun 3 samlaanuasisvesdianugnaeddunisimeaumeinlg

RANAIA LUNITIIP Aakandlum119n 4.2

AN 4.2 A1SI9NANISIAIBLEENTN9UNTUAISAAFUALARTEN UYDILEE

- Anugneedlunislmn | Anuianaialunising AZUUUALLIUEN
VEealuag

(%) (%) Tunslunm
1Tu3 99.21 10.85 88.36
2Tu3 93.42 0.38 93.04
3Tu3 79.47 0.00 79.47
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1NA15199 4.2 wansliiiuinnisiye 2 Tu 3 d@eanldauludanasiule
AzuuuAURiuglunslIngangafe 93.04 Azwuu Federnduanuwivglunisdnduaiy
AANYNUYDWFLIVDIDANDINULLDNAADUNITVINUUULU SN TUADUALADS A8 UU

4.4.2 AMUNUADFYIUIUNIY

Y a

PNNguBumesuegaty AnuddumesuegatuiintuwazlUusunIuNT0aTS

o A
v a L U

FENINNATDIDULALANIRAIANULY TN1AINA1NIIAIUDFIAUBEIIUNN YIRS RI5UINYSU

9

dunidumesiegatuasidyyrandeailidaunine wazildyanusuniu (noise) nanos
el

Tunsvaaesilazuiouiisuanuadefurendos Insfiesiudyaiasuniuly
NAULAENANMEENTIAIUVDIF U MARAAIASUNIU (Signal to noise ratio: SNR) TusgAusng 9
uazuansnanisnaaendu 3 drudediuil 1 Amugndeslunisdadu Aenanisinduinfiniig
AdngiuveIngudssiifinnuadiefu dud 2 anuRawanlunisdndu Aenanisdnduindiam
adefuveadssesnguiilifiinnuadiefuresdes uaziitevmgaaunaseninsamgnieslunis

FAAUNUAMURANANA I UNISANEY F9lrAzhUUALBlug Tun1sAnduludIun 3 Tnefmlaain

HafsvasAIANgnAedlunsinduaUAIEAIANHANAIA LN SAAFULARIAINNT1NN 4.3

e

Mix audio + noise

JUN 4.4 N15NABIANNNURBFYLIUTUNIU

Real-time Audio Similarity
| . Output
Comparison Algorithm

91N715799 4.3 uanalsiuI18932aU SNR geuarliasuuuauuiuglung
U A ‘é( ! U ‘NI U ! d! a o = ! L3 .
Andugaduguiy uazfisedu SNR uInnd1 3 dB Badldysyrandesunnnindyyinsuniu (noise)

[ Ag 7] o

=~ o

11NN 2 Wi Panesindazuuuauliug lunSFdLnINNI 70 Azwuudstoinlidmanssny
FON1IVNIUTDITaNDINUNINTA weillaszau SNR 1 0 dB Felldygrautdeavindunieilaenin
Foyayrausuniu viliauudugilunisdnduegf 39.47 avuuudeiiniigafigeusuld F9diedi

sEAU SNR #1111 0 dB dINansenuaan1syinauesdanasnutdusg1aun
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[

AN5199 4.3 AT MHANITNITNAADILNDMIANUNUADE L IUTUNIUY

A

ANRANAIATURREY AZLULALLIUETY
SNR(dB) | Adugneasludndu (%) o -

(%) AnEU
-3 0.00 0.00 0.00
0 39.47 0.00 39.47
3 77.37 0.00 77.37
6 88.42 0.26 88.16
9 91.05 0.64 90.41
12 92.37 2.75 89.62

4.43 AMUNUABNITARINLARIUNINLIAN
nnseentuunsthdanesinluldnuuuyngunsalasdduinten 3.4 deludunou
U = =) gj d‘l U a d‘ o a = v v} a :.’/ a
n1sduindeda1InNNe 2 1rsessuingiiedinnUisuiisuauadeiuve iy 01aianns
AaA@aRUNIIa lutunEesdule TnennisSeufeuanuaa1eiuYewadedluauiedinnIs

WIguieulagn1smnaf198uaunanlunieaal (time domain) #413a17AA1ALATBULUBIT

(%
U =2

dawasion1sinAuNanIsUSoufiouresdanesfiuld dsudmaassiievnanumusionisnanniadey
yanatfienaifniu

Tunaaastiaginaufeudsuamuadedurendestudesiaies Mruegudi
Tilrnuedeturendss) 1w 210 Wdides SelwdidesiivinauSeudioutuiuasinaEudu
fisnafulugag 0-15 §ad3undl uazuaninanismaassiagudl 4.4 FauanaAraugnaedlunis
Wiguiigy AenuilanuameiuveddesainmsiUieuiiauiuidesiies uazuanwaluguwuy
Fevarlunmsnuhilanuameiuvedides

307 4.4 uandiFiuidsdimunamandeunaiafiinniuagyilfmiugnies

lumsidSeuliigudas uagiinnuaaianiounaial 5 Tadiuvinuindadugnaeslunisdndu

1
Y v v Y

79.05% Fangluszaungousula dsiudluduneun1stuiindesninis 2 1nsessuineginaiy
AAIALARDUNINIANTNAINIT 5 Tad iUy azdednlddinansenunanisyinauvessanasnulunis

WIHUEUANUARNYAUYBUEINYINIUBUULIANDTS
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100.00 100.00 99.52

anugnaaslunisiBou oy (%)
F=y w D ~
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4.4.4 amlunsSeuiisu

Va v v

TUN159980I NI UNIUDNAINTUTNNAVDINITNOIADIUY 9 LAl RIssdladudin
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LA NISNAZBUNISIUIIUIEUANLARIB A UVDULABIAIE TINANITNAABULIAINITYINIIUVDY
Handumdnuasiesndudossng o wansieni131ei 4.3 leedlunisiseuiisvudazasaazldiag 3
Juriileetads f9lunissiasenisyinauuuldsunsuesuinmastidunnaninssuiunisiuseuieu
~ | a A o w a = v a o & v a A | o = A
Wegeg1aden Wethoanesinluldeuaisdniuneuinnssuiun1ou o Wwun1siuiindssain

° ¢ = ° v ~ a ‘:1' =
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939 VUlUSHATY MATLAB WBMAINSALTaAMMUNL AT LY IUNISARAUAINUAAIEAUTDILELT b9

= 1

wssudegeiazldlunismeasinisilsauiisuanuedieduresdssuuadu 2 nqude ngudess
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foyauaznszurunsiuinmasisveudesisildinausluuni 3 Wemeanurdnefuvesdes
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nnauMsseuiisurendssniianuaseiuegainiingunisiseuiisuvedesiilidaiy
[ T B a ) as o ! o aa Yy o = % %
Aaeiu Fedulusunfnvesdansiiuniwasnwusadssiiinnuadisfuaziinadilng 0 wasnanis
naaesnlaaziivaninanisnaassainiiaesngudeauiviu IndoniansanAnnsalaadimuisay
91nYINTnIsTeuriuiu InenisunAmsaleantui 0.45-0.75 wilglunisdnduanuaaisiuves
Ao LariinnsanmaAmsaleaniingauanazuLALLiugNiNnNgn Fanziuuauusiuglil
ADYNALAATENINAIAINYNADUTIUINUALAIAIINHANAIALTIUIN TNLFAINHAR1IVBIAIAIY
gNABATIVINAUAILAIANURANAIALTIVIN 1NNITAZLUUAILLLUE NN TgATuEuAIUD6N
NANY Uagesde 0.7 0.5 uay 0.5 Fadlazuuuauusiug) 96.73 86.75 uay 77.40 AXUUUANAGY
wonandlavinmedeudseansnmlunisdnduaueaisdureadsaliosunaiansan
913 3 §1uAuduIe 2 Tu 3 1@ Jaziuunuwiuglunislnng 97.04 Aswuy JIRswuy
AnuuluiilumsimefegnaunavesAinugnaedlunismniazaauranainlunsinag w1
lannasswesmnugndedtulmeauieruRanainlulmg uasiiiesninnistmadesdneiidu
Junaugainglunisfnduauedeiuveudesdsiionnaziuuanuwiugilunislmnduaiy
winglunsdnduanuadeiuresdsusuiu waglunisnageuamiunusodyyiusunIuiioln
dane3fululgnuass lnensiiudyaiasuniu (noise) lunguidesauuaziintnisSeuiieuaiy
¥ U = av v A o ! o J [ ° ! [
ARneiuYeILdy nalafaonsdiuresdyyIunedyyIuTUNIU (SNR) An31 0 dB Ay
suniuasiinansznudedansiiuinmunduogisuin wazlunisnaasuiisnarunudenis
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AIUARIALARBUNIIAINUDENNTY 5 HadTUM zlUdINaNTENUADN1TYINIIIUVI8ANDTTIN
=t ! Sv Yo o A a = 1Y Y% =
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52.1  FUABUNTINGIY
Tunsviauvesyngunsaiitihdanesfufimusnldaulunsiouiisuanny
AREAUYBILEEN lé’ﬁmﬁﬁuausqﬂﬁ'wé"am':?ﬁwmué’wmmlwmu (Python programming language)
LﬁammumsﬁwmumaaqﬂﬂiﬂiﬁL%amiasuawa%m Raspberry Pi Wagnszuiunsilssuifisuaing
Adofuvendes Feazitunsunmsvinaunuildesnuuulutite 3.4 Tnefisnesudonsed
Funoud 1 Tufindayarandesdefdudyyrades Tnsfidimualddsu
anandesdai 1 esfuduaandemay (Mix audio) mﬂLmaqsmmamsmauammmumu

o a Ao

Y iqul WmLﬁEJQLG]EJ’J (Slngle audio) ﬁ]']ﬂLﬂﬁ’eNi‘U’J‘I/IQ 3‘Uﬂa‘wﬂ"lﬂ
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JUABUN 3 Y1NN1TATIVFDUNAVDINSIUS UL UAIUABIENUVDWFL LHBVINNTS
TAzL U915t USoULTIsU TaganrnnuINTAuAR g A UYDLALI9EINNSINL AL LUUYBINT
Wisueu witmunlifianuedietursadssazyinnisanaskuuraanissaunieu

JUABUN 4 INN1THTIVFDUALLUUVDINISIUSsULABU tiadndulainnlsas ds

[

oy raliluasurduanudussaardinginidieeneinianssli lngdvinazuuudaiuinnia 0

)

nsvhalmisnadlnesnlulf ascududnsuuutiesniviewintu 0 dedyanaaiiolhiaiecsy
Ingundumnuivesaniingiimdieenonidlutesdnly anduinisuiiuazwul wasid
nsvhaulugsnase

522 w3ssugUnsallunsnaass

lunisnaaealadnasiniseenainiAvesaniing laefdnwnseugunsaininds

=

Ty 10dIng 1ed1a09N1598N0INAYBIANHING WATAITTUNIULUY Reverse Intermodulation
(RIM) Imﬁqﬂﬂiajawizﬂaulﬂﬁw wiasinedyannides (audio source) wnsosnaudyanondes
(audio mixer) 1A3B3ddRYYIAUINY (radio transmitter) aza18e1NA (antenna) $1U 2 YARIFY
7151 %ﬂlﬁﬁmaﬁmummmﬁﬁLﬂ‘%@@ﬁqé’ﬁymm‘iwq%aaﬂmﬁﬁLummﬁ' 90 MHz wag 100 MHz tag

[

LANNITAUIUTUNIUIIN RIM NA110 110 MHZ A9nINi 5.3

)/
Audio source 1 Audio mixer 1 Rad.'o Antennal
transmitter 1

\/
Audio source 2 Audio mixer 2 Rad_lo Antenna2
transmitter 2

JUN 5.1 gunsalnededyanainglunisdnasiniseanainie

]




JUN 5.2 aunsalasenededyanainglunisinasnisesnainie

Y 9 o

Spectrum2 @

(=)

Ref Level -10.00 dBm
Att 10dE  SWT 750 ps @ YBW 300 kHz  Mode Auto FFT

@ RBW 100 kHz

Date: 9.JUN.2019 23:26:25

SGL Count 5/5
@ 1Pk Avglog
M6l -87.03 dBm
-20 dBm 1 70.0000 MHz,
f M1[1] -23.58 dBm
-30 dBm 90.0100 MHz|
-40 dBm
-50 dBm
-60 dBm T3
¥
-70 dBm o
-80 dBm
] WJWH | Ms
T T e e
Hebefy 1 f
-100 dBm
Start 60.0 MHz 2001 pts Stop 130.0 MHz
Marker
Type | Ref | Trc X-value Y-value Function Function Result
M1 1 90,01 MHz -23.58 dBm
M2 ¥ 100.0 MHz -21.19 dBm
M3 1 110.015 MHz -66.80 dBm
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YAANFIT1209N15YINNUUULUTUATY MATLAB

%% Setup

sec = 10; %time (sec)

winz = .001; %Windows Size (winz)
th L =0.7, %Threshold-Low (thl)

th m = 0.5; %Threshold-Mid (thm)

th h =0.5; %Threshold-High (thh)

%% Data preparing
[D1,SR1] = readaudio('s01.mp3"); %singel-audio
[D2,SR2] = readaudio('m0102.mp3"); %mix-audio

if SR1 ~= SR2

D2 = resample(D2,5R1,SR2);
else

SR = SR1;

end

% Normalize

D1 n

D2 n

normal(D1,SR,sec);

normal(D2,SR,sec);

% Filter

[D1 |,D2 ] = lowpass(D1_n,D2 n,SR);

[D1 m,D2 m] = bandpass(D1 n,D2 n,SR);

[D1_h,D2_h] = highpass(D1_n,D2_n,SR);

% Average



D1 la = ave(D1 |,SRwinz);
D1 ma = avg(D1_m,SR,winz);

D1 ha = avg(D1 h,SR,winz),

D2 la = ave(D2_L,SR,winz);
D2 ma = ave(D2 m,SR,winz);
D2_ha = avg(D2_h,SR,winz);

%% Similarly calculate

% Subtraction

sub_dl = sum (abs(D2_la - D1_la)) /sum(D2_la)
sub_dm = sum (abs(D2_ma - D1 _ma)) /sum(D2 ma)

sub_dh = sum (abs(D2 ha - D1 ha)) /sum(D2_ha)

%%Similarly decision

i=0;

if sub_dl <=th
=141

end

if sub_dm <=th m
=141

end

if sub_dh <=th h
=i+l

end

ifi>=2
result = 'similar'

else
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result = 'dissimilar’

end

function D_n = normal(D,SR,Sec)

% normalization

% sec = size(D,1) / SR ;
D = D(1:Sec*SR) ;

nor = sqrt( 1/ sum ( D.A2));

D n=D%nor;

end

function S = ave(D,SR,t)

%%% average

per=20;
wiz = SR*t ; %n of subfame
ovr = floor( wiz*(per/100) ); %overlab

wiz = floor(wiz);

nsf = fix( size(D,1)/Awiz-ovr) ) - floor(wiz/(wiz-ovr));

for i=0:nsf-1
df = D( ((wiz-ovr)*i)+1 : ((wiz-ovr)*i)+wiz );
S(i+1) = sum(abs(df))/(wiz-ovr);

end

end

function [D1 f,D2 f] = lowpass2(D1,D2,SR)
frg=340; %340 Hz
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n=6; %0QOrder (n)

Rp = .1; %Ripple in the passband (Rp)

Rs = 80; %Ripple in the stopband (Rs)

Wn = frg*2/SR; %Normalized passband edge frequency (Wn)
Type = 'low}

% Transfer Function design

[b,a] = ellip(n,Rp,Rs,Wn,Type);

D1 f = filter(b,a,D1);
D2 f = filter(b,a,D2);

end

function [D1 f,D2 f] = bandpass2(D1,D2,SR)

frg = [340 3400]; %340-3400 Hz

n =6 %Order (n)

Rp =.1; %Ripple in the passband (Rp)

Rs = 80; %Ripple in the stopband (Rs)

Wn = frg*2/SR; %Normalized passband edge frequency (Wn)

Type = 'bandpass';

% Transfer Function design
[b,a] = ellip(n,Rp,Rs,Wn,Type);
D1 f = filter(b,a,D1);

D2 f = filter(b,a,D2);

end

function [D1 f,D2 f] = highpass2(D1,D2,SR)

frg = 3400; %3400 Hz

n =6 %Order (n)

Rp = .1; %Ripple in the passband (Rp)

Rs = 80; %Ripple in the stopband (Rs)
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Wn = frg*2/SR; %Normalized passband edge frequency (Wn)
Type = 'high’;

% Transfer Function design
[b,a] = ellip(n,Rp,Rs,Wn,Type);
D1 f = filter(b,a,D1);

D2 _f = filter(b,a,D2);

End

YAANFINTYINULULDIA Raspberry Pi

#setup Mix-audio in devicel & Single-audio in device2
print('Setup...)

import RPi.GPIO as GPIO
GPIO.setmode(GPIO.BCM)

lcd1=17

lcd2=18

lcd3=27

GPIO.setup(lcd1,GPIO.OUT) #LCD1
GPIO.setup(lcd2,GPIO.OUT) #LCD2
GPIO.setup(lcd3,GPIO.OUT)  #Pulse
GPIO.output(lcd1,0)
GPIO.output(lcd2,0)
GPIO.output(lcd3,0)

import subprocess

import numpy as np

from scipy.io.wavfile import read
from scipy.signal import butter, (filter
import time

from multiprocessing import Process,Array



from time import sleep
from f show8digit import setup8digit,show8digit

#----Function

def record(num=0,time=10):
cmdo = " arecord f cd -D hw:il , 0
/home/pi/RASCA/wav/dvl {}.wav".format(time, num)
cmdl = " arecord f cd D hw2 , 0
/home/pi/RASCA/wav/dv2 {}.wav".format(time, num)
spl = subprocess.Popen(cmd0, shell=True)

sp2 = subprocess.Popen(cmd1, shell=True)

def readwav(num=0):
nb_bit=16
max_nb_bit=float(2 ** (nb_bit-1))
cmd0 = "/home/pi/RASCA/wav/dvl {}.wav".format(num)
[rate0,x0] = read(cmd0)
data0= x0/(max_nb_bit + 1.0)
cmdl = "/home/pi/RASCA/wav/dv2_{}.wav".format(num)
[ratel,x1] = read(cmd1)
datal= x1/(max nb_bit + 1.0)

return data0,datal,rate0,ratel

def norm(data_bN):
data_ N = data bN / (( sum( data bN **2)) ** 0.5)

return data_N

def avg(data bA,sr,ws):
data fA =[]
winz = round(sr * ws)
nsf = np.fix(len(data_bA)/winz)

for ic in range(0,int(nsf)):
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data dv = data_bA[winz*ic:(winz*(ic+1))]
data_fA.append(sum(abs(data dv))/winz)
return data_fA

def filter low(datal,data2, lowcut, fs, order=5):
nyq = 0.5 * fs
low = lowcut / nyq
b, a = butter(order,low, btype='low)
y1 = lfilter(b, a, datal)
y2 = lfilter(b, a, data2)

return yl,y2

def filter_mid(datal,data2,lowcut, highcut, fs, order=>5):
nyq = 0.5 * fs
low = lowcut / nyq
high = highcut / nyq
b, a = butter(order, [low, high], btype='band)
y1 = lfilter(b, a, datal)
y2 = lfilter(b, a, data2)
return yl,y2

def filter_high(datal,data2,highcut, fs, order=5):
nyq = 0.5 * fs
high = highcut / nyq
b, a = butter(order, high, btype='high')
y1 = lfilter(b, a, datal)
y2 = lfilter(b, a, data2)
return y1,y2

def sub(dM,dS):
sMS_M = np.array([])
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for id in range(0,int(len(dM))):

sub = dS[id] - dM[id]

sum_sub =np.append(sum_sub ,sub)
result = sum( abs(sum_sub) ) / sum(dM)

return result

H#-—m- Process2&3

def showlcd1(q):#----- LCD1 -

st = q[0]

lcd1=17

lcd2=18

lcd3=27

if st == 0: #0
GPIO.output(lcdl,1)
sleep(0.3)
GPIO.output(lcd1,0)
sleep(1.7)

elif st == 1: #1
sleep(1.5)
GPIO.output(lcdl, 1)
sleep(0.5)
GPIO.output(lcd1,0)
sleep(1.5)

elif st == 2: #2
sleep(1.5)
GPIO.output(lcdl,1)
sleep(0.5)
GPIO.output(lcd1,0)
sleep(0.5)
GPIO.output(lcdl,1)
sleep(0.5)
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GPIO.output(lcd1,0)
sleep(1.5)
else: #3
sleep(1.5)
GPIO.output(lcd1,1)
sleep(0.5)
GPIO.output(lcdl,0)
sleep(0.5)
GPIO.output(lcdl,1)
sleep(0.5)
GPIO.output(lcd1,0)
sleep(0.5)
GPIO.output(lcdl,1)
sleep(0.5)
GPIO.output(lcd1,0)
sleep(1.5)

def showlcd2(q):#----- LCD2
st = g1l
lcd1=17
lcd2=18
lcd3=27
if st == 0: #0
GPIO.output(lcd2,0)
elif st in range(1,6): #1-5
for i in range(1,st+1):
GPIO.output(lcd2,1)
sleep(0.5)
GPIO.output(lcd2,0)
sleep(0.5)
sleep(2.5)
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else: #6
GPIO.output(lcdl,0)
GPIO.output(lcd3,1)
sleep(0.5)
GPIO.output(lcd3,0)
qll]=0

#-—-—-Process1
def find_Ix(num=0,time_r=10):
lowcut = 340.0
highcut = 3400.0

time_ws = 0.01

Ix =10
Ix m=1.0
Ix h =10

tmf = time.time() + time_r + 2
record(num,time r)
while time.time() < tmf:

pass

(dM,dS,rM,r1) = readwav(num)
#check audiois low-sound ?
print(sum(abs(dM))/(rM*time_),",",sum(abs(dS))/(rs*time ))
if (sum(abs(d0))/(r0*time_) <= 0.09) and (sum(abs(d1))/(r1*time ) <= 0.09):
print(low-sound in 1 + 2....")
st=3
return Ix_LIx_m,Ix_h,st
elif sum(abs(d0))/(r0*time ) <= 0.09:
print('low-sound in 1....")
st=1

return Ix_LIx_m,Ix_h,st
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elif sum(abs(d1)/(r1*time ) <= 0.09:
print('low-sound in 2....")
st=2
return Ix_LIx_m,Ix_h,st
else:
# Algorithym doing
dM_nor = norm(dW)
dM nor = norm(dS)

(dM_low,dS low) = filter low(dM nor,dS nor, lowcut, rM)
(dM_mid,dS_mid) = filter_ mid(dM nor,dS nor, lowcut, highcut, rM)
(dM _hig,dS _hig) = filter_high(dM nor,dS nor, highcut, rM)

dM low = avg(dM _low,rM,time ws)
dS low = ave(dS low,rM,time_ws)
dM_mid = ave(dM_mid,rM,time_ws)
dS_mid = avg(dS_mid,rM,time_ws)
dM_hig = ave(dM_hig,rM,time_ws)
ds_hig = ave(dS_hig,rM,time_ws)

Ix_low = sub(dM_low,dS_low)
Ix_mid = sub(dM_mid,dS_mid)
Ix_hig = sub(dM_hig,dS_hig)

st=0

return Ix_low,Ix_mid,Ix_hig,st

def process(q):
(th_Lth_m,th_htime r,ncl,nc2) = getparameter()
count =0

for iip in range(0,int(ncl)):
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tu = time.time()

(Ix_LIx_m,Ix_h,st) = find_Ix(iip,time_r)

ql0] = st

if (x l<=th land Ix m <=th m)or(x | <=th land Ix h <=th h)or (Ix m
<=th mand Ix_h <=th h)

count = count + 1
qll] = count
print(Round',iip+1,'count=",count,’,(')

print('%.4,%.4f,%.4f)%(Ix_LIx _m,Ix_h))

#if 30f 5
if count >= nc2:

print(statel: x >= 3')
show8digit(q[2])

else:

print(‘'state2: x < 3)

show8digit(g[2])

#

def getparameter():
threshold _low = 0.7
threshold_mid = 0.5
threshold_high = 0.5
time_record = 10
num_comparel =5
num_compare2 = 3

return



# Main

n n

if name ==" main_"
# -—run 1 time---
print(‘Start...")
setup8digit()
st = Array(i',[0,0,0])
Process(target=showlcd1,args=(st,)).start()
show8digit(st[2])
# - Loop -
pro0 = Process(target=process,args=(st,))
prol = Process(target=showlcd1,args=(st,))
pro2 = Process(target=showlcd2,args=(st,))
while (True):
sleep(1)
if proQ.is_alive() == False:
pro0 = Process(target=process,args=(st,))
pro0.start()
if prol.is_alive() == False:
prol = Process(target=showlcd1,args=(st,))
prol.start()
if pro2.is_alive() == False:
pro2 = Process(target=showlcd2,args=(st,))
pro2.start()
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Abstract— Interference in the Air Traffic Control (ATC)
communication band usually comes from FM broadcast stations.
To identify sources of the interference, manually scanning
a receiver to compare similarity with the sound from the
interference is the only method available. This paper presents
a similarity comparison method that will make automatic
interference identifying possible. The target audios are divided
into 3 bands. A subtraction result between two audios of the same
band will be decreased if the two audios are similar. To get a final
result, at least 2 similar results from 3 bands will be considered
positive. The experimental results show 93.42% of the right
positive from 380 comparisons and 0.38% of the false positive
from 3420 comparisons.

Keywords—audio similarity comparison; real-time audio
comparison; reverse intermodulation

I. INTRODUCTION

The Air Traffic Control (ATC) systems of Thailand have
interfered from FM radio broadcasting. The interference causes
communication problems between controllers and pilots.
A frequency range used by Air Traffic Control systems is
108-137 MHz which is close to FM broadcasting, using
a frequency range between 88-108 MHz. Intermodulation
signals from FM broadcast stations may cause interference fall
into the frequency range of Air Traffic Control systems. FM
broadcast stations use a nonlinear RF power amplifier in a final
stage of a transmitter. A nonlinear RF power amplifier creates
intermodulation signals when two frequencies or more present
at the input stage of the amplifier. When two FM broadcast
stations are closely located, the output signal from one station
can radiate into the other nearby station, as shown in Figure 1.
The signal travels in the reverse direction until it reaches the
input stage of the amplifier. This reverse signal together with
station own signal creates intermodulation signals, called
Reverse Intermodulation (RIM), which can be calculated from
2fyof, and 31,-2f, .. [1].

Since the RIM signal is a mixed signal between two
FM broadcast stations, therefore an audio of the RIM signal
consists of two sounds from both FM broadcast stations. When
we want to identify the sources of the RIM signal, we use two
radio receivers. One receiver listens to the RIM audio while the
other receiver scans all the FM broadeast band for a similar
audio, as shown in Figure 2. Scanning the receiver and
comparing the two audios needs to be done manually.
However, comparing one sound from an FM broadcast station
with two sounds from the RIM signal is very difficult and
tedious work. So, automatic comparison may benefit to identify
the sources of the RIM signal.
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Fig. 1. Reverse Intermodulation signals from FM broadcast stations
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Fig. 2. Identifying the sources of the RIM signal

The Audio Fingerprint Algorithm [2-9] is automatic
comparison which is high performance to identify individual
audios. The algorithm uses the Fast Fourier Transform (FFT) to
create unique fingerprints of audios that will be stored in
database. The fingerprints of an unknown audio will be
compared with the fingerprints from database to identify
similarity. The algorithm requires a high-performance
computer and long computational time. So, it is not suitable to
be used in real-time receiver scanning.

This paper proposes a simple real-time audio similarity
comparison algorithm. So, it requires a simple computer and
short computational time. This algorithm can be used in
real time with an embedded device.
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TABLE 1. SCORES OF THE ALGORITHM ACCORDING TO THRESHOLD VALUES
Threshold Right positive (%) False positive (%) Score
values Low band | Mid band | High band | Low band | Mid band | High band | Low band | Mid band | High band
0.4 8.16 58.68 55.26 0.00 0.00 0.04 8.16 58.68 55.22
0.5 34.79 88.84 78.68 0.00 9.85 3.83 34.79 78.99 74.85
0.6 74.47 99.05 92.47 0.00 56.13 22.82 74.47 42.92 69.65
0.7 97.32 99.95 98.42 4.35 85.23 53.44 92.96 14.72 44.98
0.8 100.00 100.00 100.00 62.19 94.39 76.85 37.81 5.61 23.15

From Figure 4(a), the normalized subtraction results from
similar files of mid band and high band are less than 0.5. Also,
from Figure 4(b), the normalized subtraction results from
dissimilar files of mid band and high band are more than 0.5.
Therefore, using 0.5 for thresholding mid band and high band
is suitable. The normalized subtraction results of low band are
higher than the others. So, we use 0.7 for thresholding the low
band. However, there are still some errors that we need to
consider later.

From 380 comparisons of similar files, if the normalized
subtraction results are less than the threshold, identifying
similarity will be considered right positive. Percentages of right
positive according to threshold values are shown in Table I.
From 3420 comparisons of dissimilar files, if the normalized
subtraction results are less than the threshold, identifying
similarity will be considered false positive that a dissimilar
song would be misinterpreted as a similar song. Percentages of
false positive according to threshold values are also shown in
Table 1. The score of each band can be calculated from right
positive minus false positive according to threshold values.

From Table I, threshold value 0.7 gives the maximum score
at low band and threshold value 0.5 gives the maximum score
at mid band and high band. Therefore, we will use these
threshold values in the future.

To combine results from 3 bands, we use a similarity result,
a normalized subtraction result that less than the threshold,
from each band to vote for a final similarity result, as shown in
Table II. From 380 comparisons of similar files, the final
similarity results will be considered right positive. From 3420
comparisons of dissimilar files, the final similarity results will
be considered false positive. Again, the score of a final
similarity result can be calculated from right positive minus
false positive. From Table II, The 2 of 3 voting gives the
highest score, since the false positive is reduced significantly.

TABLE IL SCORES OF FINAL SIMILARITY RESULTS
Votes from Right positive False positive X
3 bands (%) (%)
1of3 99.21 10.85 88.36
20f3 93.42 0.38 93.04
3of3 79.47 0.00 79.47

V. CONCLUSIONS

Intermodulation between FM broadcast stations creates
interference which is mixed sounds from those stations. To
identify the interference sources, we need to compare the RIM
audio with the audio from each FM broadcast station. In this
paper, without using any FFT calculation, the audios are
divided into 3 frequency bands, low band, mid band and high
band. Simple subtraction between the audios of the same band
gives the indications of similarity, called normalized
subtraction results. We use the threshold 0.5 for mid band and
high band and the threshold 0.7 for low band. When the
normalized subtraction result is less than the threshold,
it indicates the similarity of the audios.

Score from each band can be calculated from the
percentage of right positive finding from similar songs minus
percentage of false positive finding from dissimilar songs.
There are totally 380 similar songs and 3420 dissimilar songs
comparisons. The scores from low band, mid band and high
band are 92.96, 78.99 and 74.85 respectively. To get the final
similarity result, we find that using 2 of 3 voting will give the
maximum score of 93.04 with 93.42 right positive finding and
0.38 false positive.
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II. AUDIO SIMILARITY COMPARISON

In this paper, we assume no time delay between two audios.
Amplitude envelops of audios are specific data which benefits
to audio similarity comparison. First, we extract envelops from
both audios which are used to compare. Simple subtraction of
two envelops will reduce a subtraction result if two envelops
are similar. Otherwise, a subtraction result will be increased.
Since this algorithm processes in time domain, therefore it is
simple to calculate and uses short computation time.

III. REAL-TIME SIMILARITY COMPARISON ALGORITHM
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Fig. 3. Normalized subtraction results calculation

From Figure 3, two audio signals present at the inputs,
called Single-Audio (5(7)) and Mix-Audio (M(7)). A continuous
signal (S(r)) will be sampled to a discrete signal (S,). We use
sampling rate, Fs = 44,100 Hz. We use equation (1) to
normalize the Data (D).

_ D;

Y OE M

Normalized data (D;) will be filtered into 3 frequency
bands, low band (below 340 Hz), mid band (340 to 3,400 Hz)
and high band (upper 3,400 Hz), called D;,.. The average values
(Spx) are calculated from the absolute normalized data
(|Dix|) of each band by equation (2).

Z?:l |l_)ix|

Snx = (Iﬁlxl) = k

; n=0,12,... 2)
k=wsxFs

Where x is the index of each filter band and ws is
an average window size, e.g. 1 msec. These processes are
called Envelop Extraction.

The subtraction results (A,,) of each band are calculated
from the average values of Mix-Audio (M,,) minus the
average values of Single-Audio (S,,,) according to each band.

Dpx= My, — Spx 3)

A normalized subtraction result () of each band is
calculated from total subtraction results (A,,) divided by total
average values of Mix-Audio (M,,,).

“)

IV. EXPERIMENT RESULTS

In this section presents experimental results from
MATLAB® simulation. There are totally 20 songs to test the
algorithm. We combine two songs into a file to simulate a RIM
audio. There are totally 190 files of the RIM audios. Then, we
use 1 of 20 songs to compare similarity with those 190 files.
Therefore, each song will have 19 similar files and 171
dissimilar files. For 20 songs, there are totally 380 similar files
and 3420 dissimilar files.

The normalized subtraction results of each band from
similar files and 3420 dissimilar files are plotted in Figure 4(a)
and 4(b) respectively.
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