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ABSTRACT

The International Telecommunication Union (ITU) allocates radio
frequency for air navigation and communication systems when operating in airport
areas. There is a possibility for unusual frequencies nearby, from both interference

and natural phenomena. Therefore, this project presents the operational radio wave

detection and analysis system for the Airport area. The device in this project
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1252/ 262.5
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119.1/ 262.5
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Simple representation of the 2 fictive transmitters for:the glide slope

(o)
SUN-2.4 mpuanTs ity sy N IImaAIinIsve taaay (4]

Szt U asms e T S U LR L ST asdn AU
“ﬁgﬁymﬁgﬂdaaaﬂmﬂmﬂda [5] 108

| Sedurin 10 esavinuasdnelariateasung avandisaldnuldlussey
25 ludvigia Axdave naiiRasTaspseUIRUNS A RLAY

“§rRusEning 10 a3AIuaY 35896NT1AN 9 EAETIM04S UNE Arannge
Tuldluszer  ludem avavonainndaiiesosduloysaifafnuy

- S1PAUBNIN35 eI alazInsessad aranunsaldiuldlussey
10 ludnsia azangenAfiinniTinsesasuLgunsniAfiuAy

guNTauanfiAN1aveULIANTsIdUYeTsUUdAsd Ry ufianalaneUn 2.5



JUN 2.5 Yo uinnnshia e ssud il Tufiavnaanua N sveanay [4]

2.3 RTL-SDR Blog V3 .R860 RTL2832U

RTL-SOR BlogV3.R860 RT12832U faguil 2.6 Wiguasalsudagalianed
T ielulad Séftivare-Defined Badio (SDR) Fdauirsnsuaau elddeurnnud sgn
24 Mz @grangiigsan 1766 GHz Tngannsaldanld wlusinsa SDR #4a q ku SOR#
(SDR Sharp)~HDSDR . SDR-Console -CubicSDR WEyau 9.[6]),[7]

RTLE RTLSDR.OOM |

7
"“! SDRE GIRTL2832U FARSED & TCXOLHEIAST 4 HF

V3 QUICKSTART: RTL SpRoM/Gst
o

E‘I.Jﬁ 2.6 RTL-SDR Blog V3 R860 RTL2832U [7]
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910 RTL-SDR Blog V3 R860 RTL2832U dwfuiumduinguuy All-Band lag
annsoldanldvia HE VHE UHF Tnggunsalil TCXO aaausiugy 1 PPM iteliiinany
wiudlunssunauingfigaiu viliaansofuaduinguuu AM FM SSB CW ADSB Wz

9 Y

A v Y = a wa o =
U € lﬂmmm@\‘imi GEIQNQW'&@JUG]@QW']TN‘W 2.2

57199 2.2 AruanTRvesgUnsal RTL-SDR Blog V3 R860 RTL2832U

AENUR EEGHGET
Bandwidth Up to 2.4 MHz stable
ADC RIL2832U 8-bits
Frequency Range 24 MHz = 1766 MHz
Typical Input tmpedance 50 Ohms
Typical Current Draw 270 — 280 mA

2.4 Intel NUC 11ATKC4

IntelNUC 11ATKCS Hunpufiswosvuaataniieglunduaouiainasiuuilasy

(Embedded Computer)#95 U 2.7 90

U Y

A9 5 WA Tn g-intel Corporation ﬁqmm'uﬁw
Usganssinuasuinangsings Langdwsunisiteuiludassuansnaana iy
94 Intel NUCT1ATKCA fis sasiunisidendenuginsafianisivainvdis duinsasewdi
fURB NN HDMI 2:0, 5o95uind Aduadn tagaunsaldng. iy USB 32 saufissessu
11913 o UABLATOT 18K U EAN (RJ65)was-WitFi 6 Wtk a5 adaluld luaud1u loT,
Digital Signage, Homa-Server, Lazszuuthserasviinan laoesiuseansan &l

swaslﬁamﬁﬂmswﬁ 2.3(81,.[9]

Eﬂﬁ 2.7 Intel NUC 11ATKC4 [8]
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P399 2.3 AasanURveIgunsal Intel NUC 11ATKC4 [8], [9]

AMENURA

sneazLden

CPU

Intel Celeron N5105
( 2.00GHz Up to 2.90GHz , 4M Cache )

Memory Slots

2 x SO-DIMM Slot(s) Up to 32GB DDR4 2666 MHz

Storage 1 x SSD M.2 2280 PCle 3.0 NVMe Up to 1TB
Graphics Intel"dHD Graphics (Integrated)
USB 2 x USB'3.2 Gen 2
2-x USB2.0
2 x USB 3.2 Genyl
DisplayPort 1'x DisplayPort1.4
HDMI T xHDMIZ.0b
Connection 10/10071000:Mbps

Intel Wireless-AC 9462 /m.2 card,
dual-band-1x1-w/ diversity
Bluetooth 5.1

2.5 d@winaynd RG + 58C/U

aneundynmlseing RG = 58C/Ulug i dygalaueni@ea (Coaxial

cable) Mileaildluprzdeasnnaingnioandnsatvaluaudugu tgaulunsdedyyin

Nd942995UA NI oulaLe3 835 U-dI Ny AUase I anasvan AUy [10] Ingaian

[

doyqyraulszinn RG=.58¢/U Mdentdnuiisnwdsidunigud 28 uazinuauifnifiuans

Tupnseit 2.4
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gﬁﬁ 2:8 AU MU-RG ~58C/U

$3T 2.4 AnalURvRsE gy RG - 58C/ [11]

AENUR EERHGH]
Impedance 50.Q
Maximum Operating Frequency 1 GHz

Outer Diameter 0.495cm

Capacitance 101 pk/m

abdadeyraidsziny RG < 58C/U Mdonltsaudinanisaavoiveddygyame

AMENADIENI A YR 10d 100 KRS i iaZAANA M IkERTUATE 1N 2.5

H1TIN 2.5 AMITANNDUVBIFE IV IFBUF YIIYITLAN RG.— 58 [12]

AR (MHz) ANIIAANBUVDIE YA (dB/100m)
100 1377
200 19:8
400 28.8
700 39.2
1000 4r.8
2000 70.6
2500 81.3
3000 89.9
6000 145.0




13

2.6 d@1891n1F Broadband 108 - 350 MHz

awernefiidenida1u fie a18e1n1A Broadband 108 - 350 MHz figUiuy
N5UNINIEABUUY Omni-directional uazgunuulnanlsiwduresarveonadulnailsd
Faduilawsniued uingléieguuuuinanlsduuadeuazuuiueu lnsaiseinie
Broadband 108 - 350 MHz fidnwazidufagudl 2.9 uazdeyadimizvesarseinia

AIR5199 2.6

sUii 2.9 agenme Broadband 108+ 350 MHz

PAS1971 2.6 Aot R84 Broadband 108 — 350.MHz

AMHUUR EEGHBLL
Freguency Range 108 MHz - 350 MHz
Gain 3714/°dBi

Maximum._Power 250 W
Radiation Pattern Omni-directional
VSWR <13

Horizontal
Polarization
Vertical
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2.7 Mmadaiudayauazzunm

Tumsdaifudoyauazsunmanmsuduazdnfudeyaludiuvesiiléduan
270 Intel NUC 11ATKCA Tagazdafutoyaionun 1dun druvesmeau dmwvosgunm
el lnddsnes Tasarldmulsunsy Winscp ifulusunsudngagy FTP Client 7
o lil¥dneloudoya anilvandeyaniodnaenlnddeya aniedesgnirsludaniosusl
Prgniodiniies lagldluslanea SFTP SCP FTP WebDAV uag Amazon S3 lunns
doansruszuulndnuin3evid Tae-winsepasilyitiwiasnsniinfianansad eleuteya

IlavsalawmessyniisrpuiupesuaeidimiaeslusUivuntaendsuasasainta [13]

2.8 ANSBIAUALUUNINDA

v
&/ = =

wirlulaglunrstUssuasua dy gl a Yaaduiandaunsegliv awise

oY

£%
= =2 o

Ussananaldtdatu uasiinamondoageiy Suiliuifsg lumsszsnianasuiuy
dynAinoainti Swhnsendwuuiinesasiin ndBanduilaga o usuusuily
Ifingniuiduiaeusidused ni aydan saiaauiibouiadeaiy sglus Unuuues
goviuaiudo vl oo Uiy Mnsesmiud L uueundenotadyoglugduuues

1SRRI hATI AN IR TE ULIANNTA [14]

Y P aa 1 [ | % !
fnseiANTBLUUAINBaLUson UL 2 Usuantala

2.8 $19N399A2IT 9 ANIIABUAUD I D Uy 10u8 UWAd 3 A21U81I1NA

(Finite Impulse Response Filters) [14]

(% a @ ea

AN A9AINURNANITHOUAUDIN DA U WDUWAFLATINENITINA K50 FHINTD9

A7}

AudLUY FIR Wuminsatpaaudnunedyaadunateguiuasdyayadunnignmig

9 q

¥ o 4! [~ § 7 Ev) d’
LA ANYINNSUT LI ANATIANN S DR UHENATS LARFUNIST 2.1

y(n)= ibk -x(n-k) (2.1)
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1ng y(n) 79 L0 1ANAYDIRINTBIANUALLY 04 F2aiaan 7
x(n—k) fe Adunsfignideunansonly
b, fie duuszAvdvasiinsesninuiiuuy FIR
M fio S1uIUNNT Taps vosiInsaeAIsd (filter taps)

AN599ANA KUY FIR 9glaifin1steaundu (feedback) vasdaygynauiansdng

v = A a

navlugdune FiianuadeslaesssuriiesantuileniainnisasauuesioRanann

q
¥

wenand fNTeeAUBRUL-FIR SiaauisasantUuWila nyasmadudy (inear phase)
Faferuddnlunuiitasssneasnduiusuoura wWiralsUsvnanadyaandsade
a1 egslsfinau fnsesranduuy FIR dndasldeaiauns Taps mnnidansesainud
WU IR Wie W lddnuaiznasne Uatesiinde fu e ideddusnenstiunisimunuay

PUIYANUIIUIANTT

:
= = 1

2:8.2913n399A211 N N1TAD VAN D96 D& QaU D uWAH 1 A3 1181311 IR

(Infinite Impulse Response Filters) [14]

9 I3

AIN303AINEN T NIFA aUANBIREFA Y B NRAAN A LB IR BT A7

9
nyasAdwuU IRTUuRONso P i terdaata B unn Ut danaBunniign v

q o

a

nalluasdnaraasnaiignuataal i susranane@senuasogan wduaunisla

Y

NeaunTsT 22
M N
V(Y= Db s(mr=ky= > d - y(n= )) (2.2)
k=0 j=l

9 HAANSUDIAINTDIAND 2 22987 7

o))}

1ng y(n)
x(n—k) AT PIBUNANGALARUIAEDNLY
buaza, fe dulszAnsvesiiniosAmiuuy IR

Muaz N A9 a19u19993n589aun (Order)

ANgeanuAkuY IR dnsteunduvesanadne Mliaiunsaussaanyue
N1SHAUAUBIANUD A TAAULA R 18T1UIUAUUTLENT N U aunN1169N599AUA LUU FIR

yMlAanatlun1suseulanaaag19u1n wanineankuuldiunzay n1sdeunauyad
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AEIRNABNREINARINTBIAUDLUY IR fadulidadies uenanlidinsesninuduuy IR
ldanusasnwanvazmadadula dansesanuduuy IR seduseansamluanuily

Adlafiane 1w nsnsesdgaaly Wesanldvnineinslunsuszaianatiosni

2.9 NINFIUAYYIUADAYYIUTUNIUY

[

dngnaudygusadyusunIu (Signal to Noise Ratio : SNR) fia 89518

'
a = =

NLUTHYULN

@

BUTENT NS V0 I U IUAUAIGILDIT QY UTUNIU @IN1TUT LA D9

1]

= v ' v =

Usraninmvesdyaadgiadianudanuinniledlaisgnsuniuannteeiiieda

o v ] L] = =B [

yanaunladanaTudyyastedyy s unuliargaanslniulsdyaadadiaig g

UL D U

)t

Q. Y % ]

ndyeusuniy aibiAseuRa Uy mtes dygladsissdnsaings

A7} A

= ! o =

wazlumassiudiumndemIanin s dud Y aMdoduasunUlidaiuan sl iy

A At
= o o 1 2 o

fedyandedidanadsgenatdya asunauantos agvinlitfinaur ol iu e sdy g

L77]

11N AYa1addivsgausaTwen Gannsuennlndoyatina nuaaLel Ul [15]

Pi
SNR.,, :IOIng[ ”g”“’j (2.3)
Rwise
JGE SNR;, - fD WaaNSUDIBAIE WA YISO IUTUNIY
. X g R RTRTRVGE
. P ANME AR BT UNIN

2.10 aunissaLIasiay

aunN159WI05 4wt %5 e Haversine-Fofmula Ldtatin1sildlun1sAiuaa

SYervieTEnI e aaetRauilanuui uilantrgiiatsainiuadulaaveslan [16]

FIAUNITOAIUIUTZHZUNLAFIAUNITN 2.3

A — \/smz(@jﬂos(%)cos(ﬂ)smz(@j 29



17

lng D D TLUYNNTENINYAADIN
R A Savadlan
¢ B AzAIATDIYAT 1
U a
é, Ao avAgnURIAT 2
U a
A a d'
go] Ao 99I3AVDIYAT 1
, Ao a9IIAVBIYAT 2

2.11 d@UNISHUSS

AUANSHUS ¢ 130-Bearing Formula iduaumsnlalunisauifiAnieaeanis
\ndeunnAanisludBngamis Ineldyulunisdaaandimvdeluanialudsinvedngn

PaNRaINITIA [L7)-asoruanlfannaunisa 2.4

0 = arctanx 2 x( sin(Ag)-cos(4,), cos(g,): sin(g, ) -~ sin(@ ) con(s, ) - cos(Ap))  (2.5)

lny o AD JUIBVINTAHDITN
é AR asAIAVDIIAT 1
Y 9
¢, AB 3R INUORAN 2
Y 9
», D 7RI IAYDINN 1
YU 9
A a d’
, Ao aavdnregni 2
Y 9

Np . 79 NaANTEVINNRANTYAUBIIRTA 2 UTAT 1

2.12 #0MNEINANHKNANIENURDNITHRENTING

an1noanIe.(Space Weather)fig nyivasuLUaetan mwIndeslueiniad
Anarnfanssuiiinduuiuairemaseaiingingralwoynielusinialasianizeynia
ffivszafanuvuiududnannd u @ sdswansenudoauiuudndnlanwagyldian
Usngmsaisng 4 luduusseneleleluaflesfiannsasuniunsdeasingld

Usngnisaifituluduusserneleleluadfiesidwansenudenisdoans

mduAnglugunmd VHF (18] 1éun
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2.12.1 YsNnYM3al UMY B HANNEMARUEUVIAEYIUULAINMTULY VaY

wWadg3ey

U310 N15IAGE UINYYI1ANUENIAT UF UV AN 8T IVULIINAITULY VRS
wWaag3ue (Short Wave Blackout from solar flare) 1uusingnisalfitinainnisiindu
YaIANULTUTUYRITIELnd e neTuiulusENINNITUENVRIRI9D9IRg (solar flare) &4

o E% 1 a o & & | 3 & = &
Mlvanuruiwiuvesdianaseulutu D vestuussenialololuailesa iy §edu
ussennailidutuiodsnigeveiduusseanadlatalugiilesuaregluseiuaugninig

A v a

ANALSIFondueuTIONANAIEINEA NINTUVIAIARUILLLTDIBIANATE U

Y

AAUANYALAEIAAF, 3-30-MHz) gaganaw esinmswuiusendsdidnaseufiuaynia
338111 A0 una1s Usaagnddait 69158047 J31ngnasalaad wnas (Dellinger
phenorfefhon)-BerTsviuLginasavlusy 0 geiumtanasgandufiazdeniu
wazBpAsiueeAAL e eile Han BN Uy BesUUTIAL

natAngluE AT HE Shavgnagsiaulldu Faestulsssmaleleluailes
yhlspdgdnnsodulnala aswlsinu deiaUsingmsalpduingssuanadudy
smﬂ‘mﬂfammsmﬂﬂnWiﬂsnmaaLﬂaaq%m‘ful,l,azﬁmmmi@mﬂﬁuﬁqwmiulﬁumqmi
uninszeasstar D Aladhnn iR tusvesaAuI nefid sont v lEAAN 1AM
doanstu

55200 IANUTING 15T USINN NSRRI VEYI9ARINYIRA LA UYA

o
= I

Me T8NV Ve UAITEYETNeY 1UTHaeLIa1veIN1 VAR SIALeN 7N DS
fuNsUeNUaen 199 ing Tea1vegliaTwstalifurfiaufimagduuaiiUsngnisalilds
a11150v 1A RN 3 9989RA WINglug ALl VHE (30-8300 MHZ)@naslaaneae weill
= o ) Y a o 1 '3 o (Y] d' a" d' c'z 1 c': 1
fanurliiAnn1svedaan sealsnmny dmsUaduNA228 AT NI wIN (11n31 300 kHz)
A15LN LT UVDIANUN U LU RVBI D A AT THT WD T NaNTENUADNITUNI NTLINEUD
d‘ a

AAWINY

Tug1uaud LF (30-300 kHz) AR WANYEINNT0AE 2 UIINAIUA19VDITU D
VT UN19n1SUNTNIZ18989 skywave duad F99135UnUAUAYEY184 ground wave

Aungnszaraunuilan dggiu skywave 32110 1ATITUNAIINA QY au ground
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wave Tagfliannuaidnsening 35 e 1,000 Lulasiunit wavauaiiiauasienasinliian
HayvmannTumniinsasiiouaindu D

U31n9n13ad Short Wave Blackout from solar flare Feannsaintusening
masainsanAzneuYeIBIEnasoundaaugs (REP) Fainanmsfididnaseundsaug
(MeV) Tuwaussdgnnszaglunuuuiauiuuilvan wasanasgusseiniavedian 39l

SianaTeumaniuassndsnurazasislessuludu D

2.12.2 Usngarsalnnssuniivastiloseusesilesinaou

Usangarsainissuniusesinlelaluailesiindeni (ravelling lonospheric
Disturbance’: 71D) \dunastuiumesrp animtiuvesdtinasouluduloleluaile 7
\AnanaduAluluusIEnaf (Atmosphafic Gravity Waves - AGW)uaziadoudily
woufupaum Ll vatL Ysmgnsalilesunisdaneiagdnvianeg1an e

TID #nsnuuiesnLdudosdsginveuanealyianie - Laun

- Medium-Scale TIDs (MSTIDs) 16 1UUseHaas 15-60 Ui-4agiin111ue17

pALIRUA e oe Alaking

- Large-Scale TIDS (LSTIDs) fATUYsvudns 30 wafias 3747k wazdaiy

AR ILBUITAATT 1,000 Dlawing

LSTIDs Siifaanneavusu s siinntuginnssunuudmanianluusion
avfgaguagininsgaslunduguddns uonandaavamnldudasiannsoriliiae
TIDs §ashaanUsingnTseinas g iy ssenases s v ofiui «fn waiiina1nnism
ANUSauvIanag Uiz ue, FUND, WETA15S LR AT AT WA LE IS LAy
a$tu

TIDs onaLduwidswasdonanainnindsedluatsmeumisduing wwu seuy
RTK (Real-Time Kinematic) u5 8 GNSSH finnsusum 1umne 14 (Differential GNSS)
msmuasiuisiwiuuuadsnduisudludymidululs winsiheluluy
Sealnddensdoeiianiusnisnisufuafiiinnsadrauuusiaesd olanatnlui uiinias
%3 TIDs eravhlhiAndeiananaiidanset

£ 1 [ L3

149NN TIDs FHNaNSENUAAADNISEINANITUNIINGIA1ARSAIENADY

o

Insnsseding winasdimadalunisusuiiisudmsunisdunanisainianisaansine
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wiransgvuanteleluailesdinuduanuvitmedmsunisfinwlueuen wu gaveanis
Flololuwwty (epoch of reionisation) wazlasias1enugiulug U Square Kilometre

Array Observatory

2.12.3 Usingmsal Sporadic-E

Hu Es Aotuiiianuvunuiuvedlossulanegs dauinTuainnisideuay (wind

shears) MisgAuANEIUTTLUI L10-Alalas.larAny 9 anseauaaunfaussann 100

¥

Alalums harann1eag@anatdnIuNIEUIUNIS recombination dn1siiadulalaluaiieas

q

(%
a =

wuutrmmiizentitaingnisal sporadic-B £ draeiAndutotlutasgnfounarlurasnan
514@'1%3’1@Lﬁuéwﬁwaqmqmiaiwma | F Gauslazeseeiinsangsduasmudildngn
Wrouniiid
denduineunsnazaisdldluleleluailosToRmnsiideaazyunnnseny
(angle lof ncidence) Wi pradidviaufvp st i Seaansar iiRanssuniy

fumnsdeansszes lnanieguenszaranen (out-of-sight communications)-i¢l

Y A a

Wadinsiintulslolualigstinsniavu Es 1Hadu U Bs viTieduineg VHF

]

a A !

(M3 108 = 137 MHz AlaliBanaiag) Bagnasinaanaan daefiudunaguenseey

Y

angnenuasnasluauasesiule dnatiRsmss uUMUAt WINELAATLLEAIRATUR 2.10

lonosphere
N\ 2, = \& & 4,
\\ y Vo Interference wave ————p
Direct'wave N
GBAS VDB ILS

Extraordinary

. o=
ropagation ) M LOC
T RGN Nl N
f‘[E VHF ILS b EAS

COM LOC g’g; VDB

VOR

JUN 2.10 Msiintu Es Mdwansenudenduing VHF [19]
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a s o (Y 1% < 4 4
2.13 ANWIADUNILNDIEINIUNITEINIULUIIIILG DI

2.13.1 HTML (Hypertext Markup Language) [20]

HTML 881990 Hyper Text Markup Language \Junwiaeuiawmesiildly
mMsadauazimunlassaiveaiuuniweslusuuuuvesiid HTML deifuiusiiees
Wulusunsuiildudadlud HTML W euansaaluguvesvtiniu Tnsanglulild HTML azdl
Trssafransldanluguvunisdasuedindaeadives HTML avegnielulpdeamng <
wag > uwazuiinly HIMCannsaudseanldiiu 2 Ussande Aeumulussuin eay
Usznoulufmowindauazuinla IneiiuiinUndsiiad osmuney/ endetiautu <p>. . .
</p> uazdalsvnn fa Winwaiivssneunieiiinidees TR Aannsaldnuiuliedis
Und og1aiu <Br/> Baudinazgmidensmeidnuarialnyviseduridnileay Lifinasons
wamanallosnnvnsrwessutantamndimilauiy

Tngsasralald FIML ntvgonil 2w A daufities (Head) uageduiilon
(Body) @eazdlutin, CHIMLS way </HTMLs Wusrmsreuslid nslusuhisosnsd
Vinuadeyamzvemin i uniedeieseniumeluuvin <Heads. .. </Head> wazly

druliemasilimvuesieasidoasae o NRasnIskansuuniuived 9y Tonumse

sunwnwluwiin <Bodys:..</Body> éﬁ’agﬂﬁ 21

<htmt>
<head>
<titles Wansnolpihaviduasiugsifiued titles
</head>
<Body>
FmilenavasuesTiTosUsynaude
- YDA
- JUam
</Body>
</htm>

U7 2.11 Tasaaalvld HTML
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2.13.2 CSS (Cascading Style Sheet) [21]

CSS g01197n Cascading Style Sheet 13unlaagadn aladdn Wunrwinldly
mMsesuegULuuNIsiauB iU Tivdvesdeniny diumas Uuuunsinns uasssam
v v A v on v ] Y & s ¢ g -~ %
AanwsazUsIngWigldnumiuuuminiviusiees 39 CSS dugneanuuudiiveasng
dlad@ndmiuiviusiwes wagludiuvesnismuuagluuuiilgndnnislunmsueniien
Yoena1s HTML aendnAdenldlunmsdnguuuunisuanua welidenenisdngliuy
wansnavadlila HTML lnaawrglunssingnassuudacilonienasiusensmistu
nsainAeen1sarupetustuuunsuansnalng HTML dmaasadiaueiiiuveannnil

wnansneludsiwesiagiusaedianvuslnssasnavedld CSS\isgum 2.12

selector { property: value }

sUn2 12 a5 seaslid €ss

mﬂgﬂﬁ 2,12 1538519 lWa €SS Usenaunds 3 anife-swdan (Selector)

autA (Property) kayaruasautn (Value)

£
(s @

- Salector. Aa-drudlsnaunisaglialaalnuuintes HTML- @ ln
-“Property fAg fsvuanalUAnRoInIsilasuLUa wTemviune 1
2 Valueho d@yuntdinmunailig Property Taaaoiliassudneninia ()

fuNaneszeng Property fuen sl
2.13.3 PHP, (PHP Hypertext Preprocessor) [22]

PHP & 91990, PHP Hypertéxt Preprocessor WA EIABNAILADS T1IN

'
v

. . = nz’ll a o @ [ A a 1 a 13
Scripting language @ 1w1UsEtaniazdidnas- thueglulwanseninansuduaziian
a 1 2 [ Y) o o = 5 a o a 1 a 6 N
SunldaufeInIAudusynAIds 39 PHP dulianwaefiunne9ainnsansudiuudu 9
Ao PHP lasuniswakazesnwuuuiioldeulunisasisena1suuy HTML figmnse
doaunanysowd busilomlalaednlud@ Aaduniw PHP fegniSeninduduniviuuy
Server-side #38 HTML-embedded scripting language lagluunfvn q ATenounLAT e

a s o v a g & as s ) Yy I3 s a v vy v
ADUNILADIYIMINUINLU U UL TN DI AZAINUNIULUT NG DINLVEUAIY PHP 1%@%\1114
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@srlaesaziinisussinanaddslulnadundegiiasonou wardsdmadnsnlanduulu
< s sl < A vy VI v % s
sULuuIvlUTTIgesignuan datialadnniw PHP Wuidudiegliiviusiwesaiunse
wananaliwuulauinuagnevaussumdwaztoyansuinngldegalivssdvsnnuag

IS

fgniaunTuuasiidnuaglassaiavealnld PHP Asgun 2.13

<?php
/ammdslune php*/
echo "Hello Worldl;

7>

sU,2.13 lasdasaslng PP
2.13.4 JavaScript [23]

| I3 PS sala v @ n‘ ° v &
JavaScript i unwipanii s il eda s e a5ty
WITIlweTs mNAU-HTML Tldnnsis oaoaiomnteluduiusiwesuay€ss aliinns
Sedlpsdas i edlvveaiuiniees @3 Javaseript nuanuasatilulatunasasiawin

L

Aukvudwmesweainllunas s ulaiuldad wazaninsodielunsdan Tsudntnasing
Inelaifesvindasiinsywindulnaddrogaen lunisilagudvosiienyin1sweudoni
nsuansvsailas ULl Lamin e 5 99anuIsanUsnEnNn13919uYed JavaScript 9819

A9 Ipnstuazilanvaizlnssassuailvia Javascript 91y
UM 2.14 - 3N 2.19

n. Javascript.anutsaragudavio v g

2. JavaScript avmsaulAsurTnETi VL Attributes 161
A. JavaScript ansawdsualad €SS vea HTML I

1. JavaScript anunsageudn HTML Alidesnisle

9. JavaScript @1sauansdIu HTML Aineenisia



<script language = “JavaScript” >

Adslunen JavaScript

</script>

U7t 2.14 Tasaadnsloid Javascript (1)

<script type = “text/JavaScript” >

o o

</script

gyslhn 7

N o
. a vaScri%\w
<9 INCYY

qynan

o et )
WY —
. A ;‘- :
-
,]\ \\
\ ;")
2
g e -
b Ay
NN ~
@

S‘tcgp' gf"

24

dy [ c" Y o o [ A = 1 gj 1 Y o v ¢ v [
nanstiluwenansianubidmiunisidaunenisfinyintu leygslmilUldusslovinunisa

laddnsdllas vieau dnvienudlividaudadllonmwaziase1sddisdvesenarsynaseinisiluly
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<htm(>
<head>
<script>
dslun1w JavaScript
</script>
</head>

IR 21T

4\
i) % 7 P
g

::94/ [ ::4' Y o o [ d‘ = 1 gj 1 Y o v ¢ v v
nanstiluwenansianubidmiunisidaunenisfinyintu leygslmilUldusslovinunisa

laddnsdllas vieau dnvienudlividaudadllonmwaziase1sddisdvesenarsynaseinisiluly
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N1999NLUUKAZNITIANIUI YY1 TNUS

3.1 n1993NLLUU

' '
¢ A a al

Ysgyyriinusaduildnaueszuunsindunaginssiaauingiidauniely
U3hiainenniaeny wiennsviaenilu.3-daunan. Iiun.szuunsaduaduingldanunisly
U3nneINAe W sEuednnudeys, kardieniuiusThedsuanadsludiuvesssuy
M99 UAd WINgAldrunagluunaiienmdeiur ez ldaesudvaslnsaurinay
=~ o v A a | o | = P = @
FN1INFIFIUABUINGYIMR DD U0 UATLAG IR 108~ 118 MHZ FIunuianis

YUY IATLLARE U NI IUYR SRR NN TABS BT ey 3.1

108-350 MHz

Antenna

Signalilevel

—pt- —Fite-server Web|browser

A 4

Spectrum

SDR measurement
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Read psd1, psd2, psd3 (latest .csv files)
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Iterate each ILS_FREQ
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P Y o % a ¢ & a
E‘U‘Vl 3.3 bNUNINTININIUVBITTUUATIRIVLAZILAITISUAGUINGY

PN sIruneluusuyinenfenuy

dy [ c" Y o o [ A = 1 gj 1 Y o v ¢ v [
nanstiluwenansianubidmiunisidaunenisfinyintu leygslmilUldusslovinunisa

laddnsdllas vieau dnvienudlividaudadllonmwaziase1sddisdvesenarsynaseinisiluly



31

Y

Detect spurious signals/ image response

/internal noise from SDR or system
No /mm
l max>SPUR_THRESHOLD?
Detect_anomaly_carrier_drop |
. e Yes
LS re-actived within DROP_DURATION?
=\"2
deteu-emmaly,_ \ é -__/:..—-—
- , \( ~ S
Apsd.psa2.psg) GERRESHOTIN : - o~ \
-
’ S Ty \ L \ \
Label | \ 2
Y PR
ad
é [L751911 s
qu 2 (g
e
» =
@ & @
o P e sic bel c_e| | A Latel = CARRIER.DROP/| |ALabel = UNWANTED
W
Do o
Seq A
) AN
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l

Determine Current time for
selection _csv files to process
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Start
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Load file server configuration
(JSON file)
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End

E‘Uﬁ 3.6 WHURINITVINUYDITLUUATIVADUANTULNITYINNIUVDITEUU

dy [ c" Y o o [ A = 1 gj 1 Y o v ¢ v [
nanstiluwenansianubidmiunisidaunenisfinyintu leygslmilUldusslovinunisa

laddnsdllas vieau dnvienudlividaudadllonmwaziase1sddisdvesenarsynaseinisiluly



36

v 2 Y
3.1.3 N1999NLLUUISUUIANUY 238

14 =

lunseenuuuszuudaiuteyaiiedmiudeyafilasuu1ainssuunsiadu

Y
[

Ad wing i luntgluusaiieiniaeiu §eeyan anuaszgniaiulinielu
Wa@sHnes Insazdninudeyaiidudiuvasgunmuasdinvesdiseadeyasienu naswin

Wudrhayaimualiuaniiuiviusiwed lneazuansdunounisvitaulugduuy

[ A

PaguUN 3.7

Data File Server Web Brewser

JUTL 3.7 Yuneun vl Ul Utoya

Iagsresfudrnnliimnudayasuonadntasunsy tedisestoya
518971 Ineldinaaadsviansapowdy CSSRG wazlawiannsas 9lawnasifidedn
“Vhf2023” 33Ul 3.8 admnud oua wazvlaasvilnamasdagii gdaiiudoyad

RNNZRWIUNARUN LRI URIFUN 39

TWX-===== vhi2023 . File folder

U7 3.8 awaes “vhf2023” vuwthendlwdigswiaes



37

> psd_csv

vhi2023 Data —

A4

psd_spectrogram
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Rights Ow Type

vhf2023  File folder
vhi2023  File folder

W psd_spectrogram vhf2023  File folder
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/home/vhf2023/Da
Name i X Rights Owner Type
/i v vhf2023 | File folder
’n 20241102_2355_psd1.csv /11/2024 vhf2023 Microsoft Excel Co...
a 20241102 0_psd1.csv 2 r vhf2023 rosof
2R 20241102 2345 psd1l.csv 8 vhf2023
1102 vhf2023
vhf2023
vhi2023
vhf2023
vhf2023
2/11/2024 16:15: Xr- vhf2023
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le PNG File

B 20241102_2315_psd1.png 2/11/2024 16:15:26 X+ vhf2023  PNG File
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B 202411022245 psd1.png 2/11/2024 15 vhf2023  PNG File
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B 20241102_2200_psd1.png 2/11/2024 15:00:225 TWXT-XT-X vhf2023 PNG File
B 20241102_2145_psd1.png 2/11/2024 14:45:26 TWXT-Xr-X vhf2023  PNG File
B 20241102_2130_psd1.png 2/11/2024 14:30:26 TWXT-XT-X vhf2023  PNG File
B 20241102_2115_psd1.png 2/11/2024 14:15:25 TWXT-Xr-X vhf2023  PNG File
B 20241102_2100_psd1.png 2/11/2024 14:00:24 TWXT-XT-X vhf2023  PNG File
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Skge

b4

ARython script on the|File Server.reads'the latest
-csv file Containing signal detection data.

Y

Extracts the data and stores'itin 2 JSON file;
separating it4ato individual files for.each detected
signal, including the date time, and signal strength.

\ 4

The File-Server sends systemi status datato
the \Web Server every-1 minute.

Theaweb page retrieves the system-status data
from the File Serverand displays it,
showing the latest detected signal.details:

End
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mavieuvesszuvludu Waunsulwseunielugunsal
Intel NUC 11ATKCA asvihmsdnifusazdstogaanugnisléonilussndidsaes andu
wiinsdarldndidsnnoidwieteyaaniugnsldauludaiudsmneinn 4 1 wi
Mniuldsunsuvemiiuiusfiwesasisiayaaniugnisldeuaniuddnesiu
wanINAN o vty seuunsiuegluanenisvheudiund Sasuiinsvianuresdiy

LaAsENUENIYINNUTRITEUUAINAsRRS U laRagUT 3.18

| Start

y

Web Seryer receives system status data
in JSON file format from the File:Server

A

Script reads the system status file

Check whether the system/status;
“pi_status’
“internet’ status™
“rtl_sdr_status™
is in‘a normal state or not ?

4

Ifabnormal
Fhe status indicator turns red (Abnormal state)

If normals
The status indicator turns green (Normal'state)

E‘Uﬁ 3.18 WHUNINITVNUTZUULEAINAAN1UENITNNUYDITEUY
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3) dunansdoyanuiiaunfivesnauing

nsveuresszuvludiut viduuniwesasinig
sonuuuliihmsiuadeyansmsaduanuiisunianseuuasiadunasiinsesinauing
fldnuneluninavionas lneasiimsuansufivaznaniivhnsmsadueaiiauni
Huarazdndosndafouduiininiuuniwesdildnut a sausduiingldnuues
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Set error reporting, load required libraries,
setthe time zone and define datevariables (yéar;month, day)

Connecet to server successful?

Retrigve the JSON anomaly report
‘Search for anomaly_report_YYYYMMDD. json files

JSON Files found?

Downioad the iatest JSON file

Retum'JSON "Ne ‘anomaly.
report Found™

Returd JSON "Failed to'
decoge JSON™

Return JSON "Failed to
decode JSON"

- Findthe Tatest anomaty.based on timestamp.
- Extract anomalies of specified types into an array
and return
“timestamp” => Sentry[timestamp’]
“message” => Sentrymessage’]
"apemaly_type" => $entry[anomaly_type’]

|

‘Web browser receives the JSON response
Decode the anomaly type

Anomaly detected?
'

JUM 3.19 UHuan137UsEUUTayann Ui UNRYRIATUINEVBITTUY

"4 Anomaly Detected!"
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wiriwes ymnlunuldsunmliuanaguidveninudi “Data Not Available” &9uHURY
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3.1.5 M3sanuuugUnsalngRIuAaUINg NIgnuneluvinanAe

[

Az Invinlavinseenuuukazinnsgunsalfldlunismaasy Tnevinnis

[%
a o

AnFaa18e1n1d Broadband 108 - 350 MHz a4 Aafn AN 12 T4 AULIFINTIUFERNS @9,
Aa3UN 3.21 9 uid euneaeurd ey s RG-58 141U SDR Dongle 71 #i oy
Intel NUC 11ATKC4 Afasanielusiasnaluuniniinazyinn1sidiauaodiuidsniiesvag

vioaudU CSSRG faguil 3.22 uazgudi 3.23

N
\ A

I

f
-
nsneaeidyand RG-58 .

gﬂﬁ 3.22 Mavdeuseansidyann RG-58 Wilufl SDR Dongle Aisarty
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(Y

Intel NUC 11ATKCA fifnsianelusiaauduuuniaii
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3.2 1AS99UNIHIUNITYIAABY

1Y

Tum'ﬁfﬁ’mﬁm’%fyigwﬁwuéﬁdqﬂﬂiﬂiLLa::Lﬂ%qﬁaﬁiﬂumimammﬁu
1) RTL-SDR Dongle

2) Intel NUC 11ATKC4

3)-@1we1nnA Broadband 108 — 350' MHz

4). an3Uunlusou

5)_aynsal Divider 2 way

6). N=-Type male crimpfor RG58U
7)"PL-259male crimp for RG58U

8) SMAfemale crimp for RG58U

9) RG58U Cable

10) Intel NUC 11ATKC4 power supply adapter
11) LAN Cable

12) w3esrifindeyey1as (Signal Generator)

13) indeslinsziannsy (Spectrum Analyzer)

14) ipSealn1zilasadne (Network Analyzer)

48



49

3.3 ﬂ'l'iﬁﬂLﬁUNﬁﬂ']'iVlﬂaaQ

3.3.1 mvngauAnaNUAseaINA Broadband 108 - 350 MHz

3.3.1.1 nMnaaauine S11 (Scattering Parameter 11)

s A o Y v A a & 1
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3.3.1.2 MsneaevinAtensadauaauils (SWR)
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| Windansoulusunsu SDR¥# uas = Z :
TWsunsulwsoududayios =
Splitter

\A%as Signal Generator

\a%0s Spectrum Analyzer v

RTL-SDR Blog V3
R860 RTL2832U

SUT3.24 AshinssgURstliteYiInamDs
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A8 T YYIMNANUNNASIAD 2.7 dB MIINATTUATDYARALINY AINUULANINS
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3:3.2:3 N15%9 203U UAN IS e guarAadnsanasd uiteg19ly
MyuURdUIng

Ussasslun naesindunayinne i iiwesililuns
fuAnedving et miasesiasasninisdeiaenns Wefueyaanniuves
AauIngINUsEInanalf o1 s a g saae aiensiun AR udnand
IndiAsadunduingiinisldauaie wu anudd 109.5 MHz vesgunsal ILS RWY 20L
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3.3.2.4 MINPaoIUTzUIaNg ”@,mnmﬁ’mﬁ’;ﬂsaﬂmmﬁqqmuﬂismm

IR way FIR
Direct Conversion 484 SDR %38 Zero-IF Conversion 1{u33l41u
MsuUasdynafingainanuding (RF) asganudiuauuus (Baseband) 71 0 Hz lagnss
lifiduneunisuvasinnuiinars (F) nefivdnmsvinudauanduuionlaozunsugud
25 pgslsfinu 35n3i gy lfiAndymiiisendn DC Spike wie DC Offset fimaud

o

3
AugNa JaAna1n Local Oscillatorteakagevisapiuliaunalunszuiuniswlaininud
iiAndsyayas DC MkiApernsnAug 0 Hz AwitegTelugtn 3.26 Jymitlaunsasuniu

U aNARINITIAIEALe [24]124)]

Direct Conversion (a.k.a. Zero IF)
e.g/ USRR'B200s PTutoSPR

1 -]
ilter’|——»

90°
shift

LO

gﬂﬁ 3.25 vdenbnevknsunNsYinImvas Direct Conversion ¥4 SDR [25]

PSD for 110.024 MHz (No Filter) PSD for 111.048 MHz (No Filter)
| l ] I . ; . ‘ ! | |
= L oy
' | DC Spiké
N\ DC, Spike : C Spik
-+ .
—82 W Y - | ' y
~ | : e, NS S _
g | £-8 t =
z i I ) | T
Y
g 7 = R g
= e =
2 Esd H
@ 3 2

-102

-112 -113
1.0900 1.0925 1.0950 1.0975 1.1000 1.1025 1.1050 1.1075 1.1100 1.1000 1.1025 1.1050 1.1075 1.1100 1.1125 1.1150 1.1175 1.1200

Frequency (Hz) 1les Frequency (Hz) les

(@) (b)

gﬂﬁ 3.26 DC Spike AR LO Leakage t4 mmﬁ@uéﬂmﬂ 110.024 MHz
way 111.048 MHz
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nUsvasdvanIINnaedl e manaaeuldfinsesszan IR oy
FIR Tun13nses DC Spike sandnAdwing ioliannsamideyalulflunsiinsevideld
Tnelalfidyaaisuniuain DC Spike nsnaassiazdiunisiaenisilseuiisunis
2ONUUULATAIAINITITIMDSA9 4 v0eianTaUszian IR way FIR vl ofumAniidl
UsgAns nmuaniigelunisnsos DC Spike oon Tnedayadildlunismaaosdidud | (n-
Phase) Wa¥ Q (Quadrature) v3nauanglugiu VHF ltluuinaminoimasuglssund

FINTOUARNYTNAUD 109-112 MHz-mmdiusegul 3.27

’n 1Q_sample_110.024MHz_20240904_12195.. 4/9/2567 12:20 ek 11,943 KB

’n 1Q_sample_111.048MHz_20240904_12200.. 4/9/2567 12.20 n faan 12,042 KB

U1 3.27 megnateds Hiey O vesadiinenldlunisussiiananay HPF

Fayafililuntsuaadd luarnnissueiuing VHE g1ua1md
1094142 MHz fildyudaniunaiiny dieseinmdog 1 its Yaeld SDR € aiinnsda
AN IEae3 Wy M18anen s SxisannsdusTeeg kasnnamavEinans W gauiunis
ny19dudygainglugnunng VAR Fexa 1Q mQQﬂﬁuiwqﬁsaU3amlﬁifazgml"ﬂ,ﬂ
UsgsharamaianTeerasfigiuasian IR way, FIRWierds. DC Spike @ atinain LO
leakage ﬁmm?{qu&‘fﬂma Tnen1snnassd e U uAN s Wesai Y ° ToefInses 1u
AAuDAAkar S T UveIIns TN 1RSI Taps vosdnsaedszunm FIR

W 191N Tnse8 doyaiitndzgnituiias@slulZenanud e
UszidiuUsyAnsnannisnsesnasiansedurasUssinn anse uiunisnisnnaenafing 1

anunsnesuBldniun 8,28
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Set initial parameters: sample rate, center
frequencies, FFT size

|

Load IQ data (VHF NAV signals) from CSV files

|

Calculate and plot PSD of IQ signals
as a baseline

\\\\ ///// N

ﬁrﬂ ,
mﬁ .

s s
7 ot ~
>, ¥ "l'il%osf” e @
Q&hﬂl.{b O3

'gﬂﬁ 3.28 LLNucTaLLamﬂizmumimimaawizmamaﬂﬁu%qé’w
ﬁaﬂimmmﬁqmismw IR waz FIR
3.3.2.5 MINARETlATIERsEiUTDTiiy Feyayrausunau (Noise Floor)
war 8nsndIusEa Ay rudedya1sunIu (Signal-to-Noise Ratio) vastayaaiiives

AaWIngnldnungluuTuineInAgugITTUNL

dy [ al' Y o o [ A = 1 gj 1 Y o v ¢ v [
nanstiluwenansianubidmiunisidaunenisfinyintu leygslmilUldusslovinunisa

laddnsdllas vieau dnvienudlividaudadllonmwaziase1sddisdvesenarsynaseinisiluly
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3,33 NSNARSINANUEUNUS 5593 19AIE Sa euayauliaii AN eneaN AN 1Y

Tums3uaiuiveg VAF Yasamai 108 - 118 MHz

3.3.3.1 IngUseairlasanuAgnunI SRaDS

Y
v A

Tumsdsiauagooniiuaaauiaattennin. aenai W dndsded
AuaUUARUY Omnidirectional lumsnageuUsUEiLa viaINYe 8o 8N A ANNIE 1709
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2) Raspberry Pi 4 Model B

3) Insénvindauwaunaaduduiie
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4.1 HaN1SNAFBUAMENURH182INA Broadband 108 - 350 MHz
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4.1.2 NaNSNAFBUINAIDNTIEIUAAUTY (SWR)
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Power Spectral Density: Tx signal : 109.1 MHz

—— Power Spectrum
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Power Spectral Density: Tx signal : 110.5 MHz
Save How -60 La ¥ 8

—— Power Spectrum
o Peaks

Type» =05
Screen

Power/Frequency (dB/Hz)
!

A

Aty

Hame»

Return

@ ’ (b)
SUT 4.7 awneSuvetdnyay ufildnnnsSud i ne3 st indyaa

q—

flodsdanalfinnga 110:50 MHz

i = = d‘cﬂ' 1o Aao Y a
A579% 4.3 WIBUAs UAuanasiuaua7sulaase

NtATIATIEdUnRsUnaslUsnsulnsau

FreqUency. oAUl (MHZ) Adsayeyey (dBm)
transmitted from (P39 1A309
L 1Usunsu % \ TUanIu
Signal Generator AATIEN AATIEN
7 Twsau s Iwsou
(MHz) GIVRLIEEY fdnnsy
109.10 109.098 109.100 -79.83 -75.50
109.50 109.499 109.480 “194567 -71.64
11040 110.095 110.100 -719.53 -71.80
110.50 110.496 110.500 -79.83 -71.89

M99 453 azuansliiudmasnsvesnisnnaedatlunssudygimain
s oenLlndyg i agtaiadliAs

PUIANUDN A TULAY

[

3emsaslasuegianton

nInaaestauisafiigaulliiiuiinissiu

ANaIdYaIadlan

Weudu @mnsasudyarulalndifesiuiieIeaiiniziaunn sy

Fyananulusunsulnseuy

Unasu bazlusunsulnsoun nad nvindeudu

lnalAssno1vaziinisaatmmaauluainal g

'
N Yo

nanvi



66

4.2.2 MINAFUTUAIY Y AYBIAR LIV VBITFUUATIRAULALILATIRAA IV
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Bangkok_Approach at 133.4 MHz - Gain 2.7dB

Power Spectral Density (dB/Hz)
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ILS_LOC_DME_RWY_19R at 109.5 MHz - Sample Rate 0.23 Msps ILS_LOC_DME_RWY_19R at 109.5 MHz - Sample Rate 1.8 Msps
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Power Spectral Density: 109-112 MHz [Before Filtering]

—— VHF signals 109-112 MHz

DC Spike DC Spike

Power (dB/Hz)
|
o
o

—100 1

—105 1

L\-M.Mow-‘ MR A [
> | A A o _r -
109.0 109.5 110:0 110.5 111.0 111.5 112.0
Frequency.(MHz)

-110 4

s 4.18 pasmunuEtaY RS AIa29eLA 109442 MHz 3 DC Spike

AARARUSNaI9- 110024 oy 111,048 Mz masgdu

AT INBUNIHIRY NI NTIAIVUA N33R -9 #ITUNITATINRINT0S

UsgLandiR. ey FIR Inelalausnd Sapy saunulvsunsatwsentunisdsne Tudiuvesnis

[ a

AU idesuedian Tee setan IR (Hasnsannauansn 2.2 msdaiildinun
1y (Order) To393a313 1, 2,3 war 4 uawil ionussaudnIwlunsnsaalaeiinig
fvuan ARl 100 Hz kagdnInnasanagns, 2,048 Mz iwudenduitldlunisiu
AALAME\VHF I SDR duunsmpdasyans b, iay a, §INadHSN FnOUAUBIAILD
yosiInsoI g UTzlan IR e fuansdundnslansguil 6. 19 wazilothunldiy
foxa 1Q vosnAudng VHRAsA0A 109-112 MHz @ Souansiadwsainasalulaumu

Y

ANURLARTIUN 4.20



73

IIR Filter Frequency Response at Different Orders
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ANuAgIEUUsTa FIR Tulpluundnnilaeeg i 4.22

FIR Filter Frequency Response
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Power Spectral Density: 109-112 MHz After FIR Filtering - 201 Taps Power Spectral Density: 109-112 MHz After FIR Filtering - 501 Taps
FIR Filter - 501 Taps

FIR Filter - 201 Taps
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JUN 4.22 mstUssuiguadnaiussniwndsldiansasaan FIR

PAITUI TAps VBIFANTEIATAY A AA3AINUR 1094112 MHz

nansfnaadld FIR Filtter fillsataw taps Aadi lan 2010501, 1001 waz
2001 taps3un13nses BE spike Tugn9aa 118 1095112 MHz VT 18R NTIUIU taps
dnaliuszanSnmlumsannenDC spike Raupinatnu Woswau taps finnindadl D
spike Tusiflu@mu?iﬁwmﬁaagjﬁw RSN taps 1001 aasnsaaeview DC spike (EEo
ot ndniau waglasidu 2001 mpsvushUseausmwlunishsesdfian aiunafuian
Souuaraverntuguaniien asuldiinsld FIR Filter fifisuiudaps geduaunsnidia
Uszansnmlunisanvieu De.spike 19

MaIINMINAFDUFINTRIMMRgETIUTELAN IR WAz FIR mafdmsildiden
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Fonldfnsesszinvilunisnsesnduingisusnan SR reuthlusznanalaginsgh
sefnsestszian IR lnenadndnaiildlunisuszananadinsesuszian FIR uaz IR
LanaRagUTl 4.23 nadndvesarunasunounisnses-uasnisnsesfieiinsesnmigeninu
UszLan FIR uae IR wanafaguil 4.24 Taosy (a) Wuatnmduenu VHF dasanmd 109-112
MHz reuruiinsesssan FIR waz IR Tagasny DC spike USiain1ud 110.024 MHz
uaz 111.048 MHz 5U (b) iuanasugnu VHF 929a2@ 109-112 MHz ndssiunsesg
fanseanuigaiulseian FIR-gu-@ luawaniutu VHF 41978 109-112 MHz

MRIK1UNTOIRIEFINTBMIIMDANILUTELAN IR AUaTF

FIR filter processing time: 0.309725 seconds

IIR filter processing time: 9.996740 seconds

JUN 4.23 nanilglunisussnaseniniminiatednufee1iuisagy FIR uay IR aud1du

o Power Spéctral.Density: 109-112'MHz [Before Filtering] . Power Spectral Density: 109-112 MHz [EIR Filter]
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" Power Spectral Density: 109-112 MHz/(NR Filter]
. ARCIL gl 152 AN Fagr) Oy &
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5U7 4.24 masuiisunaansaiunasuangmnug 109-112 MHz sewinsdayerunau

Y

[y

NTOIUALNAINTDINIYAINTDIAIUAGIHIUUTZAN FIR Uag IR U6y
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Power Spectral Density: 262-276 MHz Power Spectral Density: 262-276 MHz After IR Filtering

— 262-276 MHz —— Filtered 262-276 MHz
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JUN 4.25 M3lUSetliieuraansaiunaSiyea3 nn.262-276 MHz 581319

Aoy AUATUNTRINAZAIN TAIATLATINTBIAUNERN MU TELAN IR

o

Power Spectral Density:"329:5-334,5 MHz Power Spectral Density: 329.5-334.5 MHz After IIR Filtering

| 3205334 5MHz . T —— Filtered 329.5-334.5 MHz

Power (dB/Hz)

Power (dB/Hz)

-1004 5

-105

-110

3
FreqUency (MHz)

Frequency (MHz)

@ 4 ()

JUN 4,26 MaUsguLis unaawsaUng SuYIsaIua 329.5-334.5 NMHz 53

o

WUABUNTOIATNEINTRNEAINT BN W Rge Ul AN IR

<

4.3 NINAABIMAIMUFUNUSIENA WAIMNARITU Y IURASTANINEIDINAN 1Y

TunsfuaRuImaVHF Fasaud 108 -,118 KHz

ol d‘ Y o v = U o U dl dl a
YINNITNAADY ‘Viaﬂ‘\]']ﬂ‘i/llm/l’lﬂ?iUU'ﬂﬂﬂ’]ﬂ’mﬂLL@L’ﬂ’NiJﬂ“UENﬂﬁU’JVIQ VHF

a

439A1U0 108 - 118 MHz lunsiagyunin1susuiiansvesatgonia g davitlaviing

'
o 1 o w =

FemirAmdswesnduingamd 109.1 MHz 109.5 MHz 110.1 MHz wag 110.5 MHz 1

P

[ A a

Juedwing ILS Aldlwinernimeugissugiumaendunsmlna1sasgun 4.27 wudan

0w o

mMasdeygad ILS 9in19199U a poutiufinamud 110.1 MHz wag 109.1 MHz eUsuiia
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Y

ANaiuangeIn1ARsIlUTIvn
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9INAYIU) WAET 180 B9ANAINY1DINIABINGITIUNT (MAN19TUBaNINYINBINAE 1Y)
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ansasudyaa ILS lanAidegeigausyuia -90 dB uag -94 dB auady duiied

[y v

270 aeeuag 90 09e Sudtygyiou ILS laAmasianiigaussunn -97 dB Yoisdesnud

Polar Plot of ILS 109.1 MHz Signal Strength (Airport Ref: 210°) Polar Plot of ILS 110.1 MHz Signal Strength (Airport Ref: 210°)
0
=80 — I1L5109.1 MHz =80 — 1151101 MHz
-85 .
315 /,,&\ 45
N T A

........

135°

Ref: 210°)

ILS 110.5 MHz

4 C b A B
% Y1 o @ = ¥ ¥ a o Ya S 0 a ! LYY
fgz:pﬂmlﬂmﬂ ﬂfﬁfﬁbﬁéugjiww%y@v,@%\g} AfTasensSudaaal
f8 fatulun1sUSUN AN T mml%l nsfudaaarmaldnvilainisusufianie

~ ' v

Id' d‘ M N o dl A 1 d’ Vo 1 o v
gn qll‘lJS%ll']ﬂJ 270 aeANelnlas: EY Y8 NUAINN QV]G]']ﬂ’J']@!iW]iﬂiUﬂ’]ﬂ’]ﬁ\‘i‘UEN

©
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'
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]
a =

4.4 HANTISNAFBUNITNINNIUYBITEUUATINT VAL AATIZ AR UINY N 1T

aeluusuvita nAenu

4.4.1 NANIVAFRUMIINNUTTUUTUARUANY N I nuneluunaminanie

U

4.4.1.1 namsveaeuNIInnudaya

a a

PAATSHAFOUNNTNNUTIITeuU TGRS0 UlLaLALATIERRAUINGT

9

LY

Tdnumeluusnamiaenniaeu v Teuafldainnistunmisduludeiddavindesnis

v =

= & [ d' A D, 6 '\l o/ Ad o LY o e a d'
‘UQLUH@QE‘U‘VI 4,28 AoluaaaditsnaeduNnTuNNyIA1Sn5299U ARANYN 2 s Uuiinan?

o e P

$MN15M5999U ABAUUN 3 9ZUUNAANUD 105293 UL9 hagAoa Uy 4 Az TuNnAIN1a9

fyaaunsadula

Date Tirestamp Frequency(MHz) Power(dB)
24/2/2025 6:06:02 108.005. -108.619633
108.015 -1087770015
108.025 =108.6390443
108,035 -108:5403048
108,045 -94.53071593
108.055 -85.8766215
108.065 1022330058
108.075 -108:5213616
108.085 #108,5593131
108.095: =108.6554732
108.105 -108.7810688
108.115 ~108.956196
108.125 -108.619633
108.135 41087770015,

108445 -108.6390443
108,155 -108.5403048
108.165 ~108.4802696
108.175 -108.0946716

108185 -107.80669
108.195 “107.9673246
108,205 -107.7588197

= TV

U7 4.28 siaethedeyaiigniuiinnaelitlwe «csv apsloyaninsfigdy108-118 MHz

Y Y

44.1.2° WAMINAHDUAINYAADIVDIUEYS
NMIsUFRUldUIEUUATITIUMAL AT B IARWINg N ITun e Ty
e1negu wudl Wevihnisesaaeuteyabulild .csv 299n1395393UNT9AND 118-
134 MHz #issuulavinistuitniingwaidsiiaesiu aswudn Weiiguiumseanuinld
a ] a a I o v a A a a'
NugluusnavhenNIAIugssugil dInsesanuAmamaauIngAud 122.35 MHz
way 124.35 MHz Fadupudaldlunisdeansnieenndiiesiin1s Approach ludiuves

ANFNAINAIUD 127.65 wag 133.6 MHz Wuanudfldauiefun1saeansniaeiniaves
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VIne1nAEIUEITIUNTRaY ATIS (Automatic Terminal Information Service) Fandusguu

o w d‘

nsraedesdnludinliusnisteyadidqielturieinirgiunasniian dnsldanuegass

a s

LagIEUUnTIRTUNITUAgTulS g dnuslanunsansiadunduingaudaainailanass

A

dedunaainnsindeyalid .csv umdenanniuvesdieninud 118-13¢ MHz 933:3a1
Uszanad 2.20 W. wenaNUseuvaIunsnsunauIng VHF 4sauday qniinisldauass

AeluusiauviionmgualTTand Wy Auae 109.1 MHz uag 109.5 MHz 7ldly

&

aunIol

9

ILS @N15UN15UII9991NAAEIM HAYAIIUNAN 329.6 MHZz Tudnemud 329.5-334

1 o w [

MHz fifienfdsesdaaarclidepath vusung RWYTOL B ﬁqgﬂ‘ﬁ' 4.29 - gﬂ‘f?f 4.31

AUAIAU

o Power-Spectral Density: 109-112 MHz at 02:20-2024-09-06
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75 O d AV NV/NINNN" vl L Na A %
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}
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+110
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Frequency (MHZ2)

SUT 4.29 arAn3awiermid 109+112MHz-al Tl 6 fuggt 256743a1 02.20 u.
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Power Spectral Density: 118-134 MHz at 02:20 2024-09-06
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a

4.4.2 WANIINAHIUNMIVNNUTEUUATIVTUAA wINY 1 19 eungluu3ian

Y1N21NAYIY

TUNIINAFOUNITYINIUVBITLUUATINTUAA WINE VHF 423A77ud
108 - 118 MHz ileviimsnageunisvinuvesszuuluanunsaluninliiinuiaunsi
\AnTuandg g 1adraun158398m (Anomaly A) wazanudaunfnifaduaindgeranlale

gnldauluszuurienisasen (Anomaly B) wudn seuudmsvitnuieaniudinuniui
Adniilasenuuull neszuueeiluviasiuludilamasnsivaeunaziUssuiisuainge
nToyatulng .csv e 3 Idnyanuduesd ey TudIen15893809 109.1 MHz

109.5 MHz 110/1MHz uaw-110.5 MHz kagiimssaundssandynaudionisasaenidu

LY

uRULINARgUT 4.32.9nauusguuatinn1sAnnsBIRINERazAs AU e aus UN Ui

- s o

Em]Lﬁmma%mmdawummiﬁ‘uaﬁgﬁymﬂaﬁwmmmgﬂﬁ 4:33-uardn N8 TTUUALIN
MsaPTupiinUnR AN unSouRUNE oraLnesl r LA hiapagaEaUnf wnladl
ANLANYNRLANT USBUUITeaR a1 1 <L WA AnUAR? Lasyas YU nanuy
N3 e A AT I BN 1T 90T AAANA A1 T o nmﬁlszuwaqsﬁw"ﬂﬁwm

VAN TN TUA-4.34

[INFO] psd e
[INFO] psd3=/home/worav
>>> cross_check_ils_po
candidates:
Date Timestamp Frequency(MHz) Power(dB) Label

29 NaN NaN 109.45 5
30 NaN WEL] 109.56
31 NaN NaN 109.55
diff power:

6.3

Freq=109.050,

Freq=109.100,

Freq=109.150,

Freq=109.450,

Freq=109.500,

Freq=109.550,

Freq=110.050,

Freq=110.100,

Freq=110.150, .8, Label=NOISE
Freq=110.450, .9, Label=UNWANTED
Freq=110.500, Power=-62.9, Label=ILS
Freq=110.550, Power=-164.8, Label=NOISE
—— done —

JUN 4.32 mavhauludineeinsdwunlssinmdyangien1saaen

YDITTUUNTINTUARUING
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$ python3 constant_noise_expi.py

day_offset=2, history_files=1256

[DEBUG frquIOB.OOO] Skip => skip_label:[‘UNwANTED‘]
[DEBUG freq=108.050] Skip => mean < POWER_THRESHOLD (-168.76 -102.5)
[DEBUG. freq=108.100] Skip => mean. < POWER_THRESHOLD (-108.47 =102,
[DEBUG freq=108.150] Skip => mean < POWER_THRESHOLD (-107.86 < -102.
[DEBUG freq=108.200] Skip => mean < POWER_THRESHOLD (-107.29 -102.

[DEBUG freq=110.450] Skip => skip_label=['UNWANTED"]
[DEBUG freq=110.500] Skip => skip_label=['TLS"']
[DEBUG freq=110.550] Skip => skip_label=[

[DEBUG freq=110.700] => NTED (ratio=1.00)
[DEBUG freq=110.750] Skip => mean < POWER_THRESHOLD (-105.5
[DEBUG freq=110.800] Skip => mean < POWER_THRESHOLD (-1eu4.

SUN 4.33.m3vMeudtudinvesmsdatunUssandya asuniuy

VITTUUNTIITUARUING

ILS freq 109.500 MHz => max power from,109.450 MHz = -77.76 dB
ILS freq 110.500.MHz => max 'power from 110.500 MHz = -62.87 dB

No new ancmalies detected.
Uploaded: /home/worawit/sdrvhf/logs/ils_status_expi.json => /home/vhf2023/Data/logs/ils_status_expi.json

SUTT 4.36' M svireulud iy ainsa T uA N URAUNAYEIT T Y URS 1 TuATLANY

Tuaniun sain s ufn UnMneay

JuMRUNIINAdaUAIUNA LT UAITNAADUAITATINTUAINURAUNG

YBIFUU AU YN 150D L UARIUN TN TAasrgabdarutayna V191 ulua Tu

) q

[

SeElIa 0 Udu Lne NN Sarlaanan @y st agn1 98999071 A2A00 410.7 MHz & 93

e

AR dudnnamLeunagauesiatueinesesindadyd o WesumMIMadey sTUUIL

[ I

IN199 599V As U U ARA AIn Uy adl udnueUnR U R Invhas g an1saedayayn

a9 WelrssulaInasadsIagousayUuiinaan b muuanein L fidey o (inactive)

A7)
i

v Y o [ o N % Ia = A o
wazanvNeR Invindsdy a1 1apeennsndalusEgaa iy 5 unfinunniualily
Tsunsu wielvissuuinisnsnnduuasduiinanuiiaunfvesnismeludansvesdayayiu
YIgn1aaenlied19gnded lneran1maaeun1siufIng1ivessruunsnduasula

FapN37971 4.4 uazgUTl 4.35 - 3UT 4.48
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M1919% 4.4 nan13rTIaduALRnUnArInImElUTIATITRsR IR TAI90A

VaMEN | Laniiven | aniinduan | sTEzan | E0IUN1IRTIITUTBNTIUY

dedayayind | dedyqurny | dedaysyrnu (W)
1614 4. | 16.15u, 16.16 . 1 ANOMALY A CARRIER DROP
1616 u. | 16.17 u. 16:19 1. 2 ANOMALY A CARRIER DROP
16.19 . 16.20 4. 16.23 U. 3 ANOMALY A CARRIER DROP
1623 u. | /1624 . 16:28, 4 ANOMALY. A CARRIER_DROP
16.28 U 16.29 1. 16:34-1. 5 ANOMALY "A 'CARRIER DROP
16.3¢ Y. | ~16354. 16.41 1 6 TiwummRaUNG

rvhf/logs/ils status_expi.json => /home/vh¥2023/Data/logs/ils_status_expi.json

QIATIBAITAIABATIRDITAIING '110.7 MHZ

58UUATI99UlA iagn 16,16,

RLIR A%
s LALUS & __Jetave Y
“poer”;. -G3.54a4,
"snr": 12.585719101123691,
“"timastamp”: "2025-03-05 16:16:14",

factive since' 't | 1741156174.7295435,

“Inaclive'since™: r

¥

JUN 4.36 Yeyauazan iz 1niiunnsadrendnaedfiaiun 110.7 MHz

Weovinnsdsdayeyiad a 1ian 16.16 U
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“"inactive",

>

"2025-03-05 16:17:16",

JUN 4.37 JayauazanIugyassdnInienisaisenidnaefiaiud 110.7 MHz

o

[

WHINYINANTNLAFRA RN B 138N 16,17, 1.

o o

[DEBUG] anomaly_cd = [{'freq': 110.7, ‘anomaly_type': 'ANOMALY_A_CARRIER_DROP', ‘'inactive_duration(min)': 2.021
8369245529173, 'message': 'Reactive within 2.0 minutes', 'timestamp': '2025-03-05 16:19:18'}]
[DEBUG] anomaly b = []
ILS freq 110.700 MHz => max power from 110.706 MHz = -914.93 dB
ILS freq 109.500 MHz => max power from 9 iz = B
ILS freq 110.500 MHz => max power from 1 B
/

7

_data/anomaly/2025/202503/2 305/anomaly_report_20250305. json

SUN .38 panasnsmauAnURaUnAfn adudnaasyeluve sdm 1

U &

YAIYMTAIADNINRTINAINE. 110.7 MHZ 8 1387 16.19- 1.

L 20250305_1619 psd3

+— Spectrum ANOMALIES
% Anomialy ! 110.700'MH2, -94.93.dB [ANOMALY_AZCARRIER_DROP]

-70

~-80

Power (dB)
|
o
o

-100

-110 1

112 114 116 118
Frequency (MHz)

U7 4.39 aunnsuea9mnud 108 - 118 MHz AinuanuRaunfindaaio

Y

118N158999A31899AUE 110.7 MHz &l 1181 16.19 w.
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ILS freq 110.700 MHz => max power from 110.700 MHz
ILS freq 109.500 MHz => max power from 109.450 MHz
ILS freq 110.500 MHz => max power from 110.500 MHz

-94.92 dB
-78.59 dB
-63.27 dB

No new anomalies detected.
Uploaded: /home/worawit/sdrvhf/logs/ils_status_expi.json => /home/vhf2023/Data/logs/ils_status_expi.json

JUT 4.40 drysy1eudlen13ad9endnaesindud 110.7 MHz

Ty
AszUUNSIIULS ol a1 16.23 u.

active ,
1 -94.923,
“snr”: 11.606719101123602,
“"timestamp': "2025-93-05 16:23:18",
active since": 1741166558.4731133,

“anactive since”:

£

SUT 4.41-9ialngan) UgUaldia Y iNIsasaendaoifiasaun 110.7 MHz

IO TSNl AU 1180 16:23 1.

SABE7™:
status 7 winactive™,
“power": Ay
BSTng:

*Limes Lainp e 20 13505196124 1 18% ;

sinactivesinee . 1741466658.7866364

1 o/ ' [

SUT 442 Joyauazan 1 tisveddarntienisataoninandiniig 110.7 MHz

£

NAIINYIINTNL AT YR QTR0 16,24 3.

T

[DEBUG] anomaly_cd = [{'freq': 110.7, 'anomaly_type': "'ANOMAL CARRIER_DROP', 'inactive_duration(min)': 3.9702227274576822, 'message':
'Reactive within 4.0 minutes', 'timestamp': '2025-03-05 16:28:17'}]

[DEBUG] anomaly_b = []

ILS freq 110.700 MHz => max power from 110.7060 MHz = -95.92 dB

ILS freq 109.500 MHz => max power from 109.450 MHz = -78.59 dB
ILS freq 110.500 MHz => max power from 110.500 MHz = -63.27 dB
Updated JSON file: /home/worawit/sdrvhf/psd_coll_data/anomaly/2025/202503/20250305/anomaly_report_20256365.json

sUN 4.43 Han1595193UANURAUNRTLARTUIINA1TNe lUVD

Y
Hyey1utIaN138990n91a0991A7N8 110.7 MHZ a1 1981 16.28 1.
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20250305_1628_psd3

e

X

-70 4

—80 1

Power (dB)
|
©
o

-100

-110

-120

Spectrum ANOMALIES:
Anomaly 110.700 MHz, -95.92 dB [ANOMALY_A_CARRIER_DROP]

108

1:;.0 IJI.Z 1i4 liﬁ 118
Frequency(MHz)

Ao

U4 44-adnaFudemNn 108 - 118 MHz fiwuenasiinunindsy o

4I8N15a999991889ANUE  110.7- MHz 841381 16:28 w.

ILSfreq 110.700 MHz => max power. from 110:700 = -94.97 dB
ILS freq 109.500 MHz => max power from 109.450 -79.98,dB

Il ‘req 110.500 MHz => power ftrom 110.500 M = —64.15 dB
No new anomalies detect

Uploaded:" /home/worawit/sdrvhf/legs/ils_status.expi.json.=> /home/vhf2023

U7l .46

/Data/logs/ils. status_expi.json

SUN-4.45 e T I8ATa989n 0699 IAuE 110.7 MHZ

18
D3z ulinsIaauls ai a0 16344,

1

Jj 9

1P <
statist: “active",
SPower :\ -94.97,
s /11.559719101122605,

"tamestanp . '2025=63-05 16:34:15",

"active since’: 1741167255.3841164,
"inactive since": null

[

UUALATAN UL VBIFYYINTIINTARBATIABINANND 110.7 MHZ

Weovinnsdsdayeyiad a 1ian 16.34 .
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s": "inactive",

>

': "2025-03-05 16:35:13",

>

"1 1741167313.78"

¥

JUN 4.47 YayauazanIngaidnaIngenIsaeendnaefiniun 110.7 MHz

USAINNYIINTREARNE R I B 1IAT16.35 .

ILS freq 109.500 MHz => max power from 109.450 MHz

ILS freq 110.500 MHz => max power from 110.500 MHz =

No new anomalies detected.

Uploaded: /home/worawit/sdrvhf/logs/ils_status_expi.json => /home/vhf2023/Data/logs/ils_status_expi.json

JUT 4.48 WanT1IR STV R ILN15RI90ATNABINAILA 1107 MHz

84987 16.41 1w (laifimuiadamnnmi)

9NANTIIT 48 IV 4. 35 55U 448 Hf9rvidanunsnas Una
N150Adaulii STVUATITUAINNTORTIATURAL S8 R0N s lUT AT 9 ad ey e
A8NN5ATIONTIABIT A LG 110.7 NHZ %aﬁzuuﬁ’lmiizqamummé’m@mma
9893877083181 ANOMALY, A\ CARRIER DROP siledtyayaumnalyuasnduunvina
Tminelussezdasiinviuatulysunssldosngniios agdlsfiny Tunsndaevdniionnd
AR ANAIALEN 150 323 SUATTLR AR wadn ST olUse Sd TRl sreziaan 5 undl
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nwweesresaRaaLnasulmEes W TT i ssuelliansansiadumaRaUnaiile

lumsnageudmaamedunimaaeuamatuauisunfiAady
mﬂﬁ’ﬁyigﬂmﬁlm'lé’qﬂlﬁz?muiuiwusu"wmsawam Lagednvinlavinnisd ad ey o
LoNnAgaNegLatuiinudnig 4 uenumieanmuidmivdyyiutienisasenain
\n3earilndnyaafssuil 4.49 917y auAfl 110.7 MHz 109.3 MHz Wag 110.3 MHz
Hugu iiieliszuuhanusazanaduenuiinunisina nld Seedimanisnageudnan

uluAsgui 4.50 - U7 4.53 wazaunsaasulanansnei 4.5 Gefeyanielumsausznay
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[DEBUG] anomaly_b = [{'freq': 110.7, 'anomaly_type': 'ANOMALY_B_SUSPICIOUS_SIGNAL', ‘'power_dfl': -94.951, 'power_df2':
-94.85U, ‘'power_df3': -94.923, 'message': 'Suspicious signal at freq 110.700', 'timestamp': '2025-03-05 15:26:17'}]
ILS freq 109.5600 MHz => max power from 109.450 MHz = -78.59 dB

ILS freq 110.500 MHz => max power from 110.5600 MHz = -63.27 dB
Updated JSON file: /home/worawit/sdrvhf/psd_coll_data/anomaly/2025/202503/20250305/anomaly_report_20250305. json

JUN 4.50 Han1snsaduANEnUnANAnTuIndyaamlilagnldau

TusEUUtEM5a998aTANNE 110.7 MHZ & 1381 15.26 4.

20250305_1526_psd3

-60
—e— Spectrum ANOMALIES:
X Anomaly 110.700 MHz, -94.92 dB [ANOMALY_B_SUSPICIOUS_SIGNAL]
-70
-80

Power (dB)
I
O
S

=100

-110

-120
108

112 114 116 118
Frequency (MHz)

U7 4,51 alnpsimaiadTam 108 - 118 MHz finuauiipunii

Aol 4107 M2 (AT 15,26

[DEBUG] anomaly_b = [{'freq': 109.3, ‘'anomaly_type': 'ANOMALY B SUSPICIOUS_SIGNAL', ‘power_dfl': -94.023, 'power_df2':
-93.904, 'power_df3': -9U.695, 'message': ‘Suspicious signal at freq 109.300', 'timestamp': '2025-03-05 15:31:13'}]
ILS freq 109.500 MHz => max power from 109.450 MHz = -79.09 dB

ILS freq 110.560 MHz => max power from 110.580 MHz = -63.85 dB
Updated JSON file: /home/worawit/sdrvhf/psd_coll_data/anomaly/2025/202583/20250305/anomaly_report_20250305. json

JU, 4.52 Han 503 9dum linunfimant U ndayaymittalagnldanu

TussuUtaen15a99enTiALE 109.3 MHz eivia1 1531 1.
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20250305_1531_psd3

—e— Spectrum ANOMALIES:
% Anomaly 109.300 MHz, -94.69 dB [ANOMALY_B_SUSPICIOUS_SIGNAL]

=70

1
©
o

-100

-110 — ——f— =

-120 T T T
108 110 112 114 116 118
Frequency (MHz)

SUT 453 amunniugiseaud 108 - 118 MHz finweasiaUndd

Foueyinuann 100.3 MHz 84 \381-15.31 1,

114.3,
116.2,
116.3,
16
11¢€

117.35

Hahoma 1y types.: " ANOMALY

“count_b freq : 23
req": 200,
15,
sible sporadic E: 23 freq out of 200 freq",
#2025-03-06 01:46:13"

| ¥
ada a =

JUT 4.54 HANIA533TUAINRAUNANIAATUIINNTING D

U51N)N150I555U¥"A sporadic E a4 1381 1.46 w.
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20250306_0146_psd3
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€| Changed. ights Owner

30/10/2024 0:00:04 F=XT- vhf2023
ﬁ 202410302345 psd1.png 30/10/2024 23:45:26 o 4 vhf2023

B 20241030_2330_psdi.png 2024 23:30:2 ‘ vhf2023
B 20241030_2315_psd1.png 30/10 :26 TWXI=XT~ vhf2023
i 20241030_230 1.png z -XT-; vhf2023
B 20241030_2245_psd1.png 0 ¥ TWXT-XT-X vhf2023
ﬂ 20241030_2230_psd1.png 30/10/2024 22:30:25 TWXT-XT-X vhf2023
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Spectrogram: 109-112 MHz at 2024-11-02
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B 20241030 2330.p KB'30/10/2024 2331:14 > vhf2023
B 202410 5 9 74 KB 130/10/2024 23 [-XF-X vhf2023
B 20241030 2300_psd2.png 3 30/10/2024 23:01:12 WX X=X vhf2023
i 20241030 2245_psd2.png 30/10/2024 22:46:13 vhf2023
B 20241030 2220_psd2.png 3KB | 30/10/202422:31:10 KT Vhf2023
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Spectrogram: 117-136 MHz at 2024-10-30
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Spectrogram: 242-244 MHz at 2024-10-30
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vhf2023@sshi-server:~/Tata,/logs$ tail -f system_status.json

{
"timestamp": "2024-12-16 ©3:15:01",
"pi_status": "OK",

"internet_status": "OK",
"rtl_sdr_status": "Device OK",
"last_update": "2024-12-16 03:12:04"

JUN 4.64 nsdinsyuvansaviulaung
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$ tail -f system_status.json

"timestamp": "2024-12-16 02:20:01",
"pi_status": "ERROR",
"internet_status": "UNKNOWN",
"rtl_sdr_status": "UNKNOWN",
"last_update": null

LHE

= A a [ =) 1 A 1 U A 1 ¥
E‘U‘VI 4.65 nstifrpuRImasAursaliasalouneaniuATed1ls

gs$ tail -f system_status.json

"timestamp": "
"pi_status": "OK",

"internet_status": "OK",
"rtl_sdr_status": "Device DOWN: <LIBUSB_ERROR_BUSY (-6): Resource busy> \"Could not open SDR (device index = 0)\"",
"last_update": "2024-12-16 03:30:13"
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/home/vhf2023/Data/psd_sp Crourami2024/202410/202470%0 psd 1/

Name Changed - Rights Owner
30/10/2024 0:00:04 TWXI-XT-X Vhf2023
i 20241030_2345_psd1.png 30/10/2024 23:45:26 TWXT-XI-X vhf2023
ﬁ 20241030_2330_psd1.png 30/10/2024 23:30:26 TWXT-XT-X vhf2023
| 30_2315_psd1.png 3 3:15: TWXT-XT-X v 3
20241030_2315_psd1 30/10/2024 23:15:26 hf2023

[ 20241030_2300_psd1.png 30/10/2024 23:00:25 TWXT-XT-X vhf2023
ﬁ 20241030_2245_psd1.png 30/10/2024 22:45:26 TWXT-XT-X vhf2023
ﬁ 20241030_2230_psd1.png 30/10/2024 22:30:25 TWXI-XT-X vhf2023
ﬁ 20241030_2215_psd1.png 30/10/2024 22:15:25 TWXT-XT-X vhf2023
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/home/vhf2023/Data/psd_csv/2024/202410/20241029/psd 1/
Name Changed Rights Owner

- 29/10/2024 0:00:05 TWXT-XI-X vhf2023
a 20241029_0330_psd1.csv 29/10/2024 3:30:36 TWXT-XT-X vhf2023
ﬁ 20241029_0325_psd1.csv 29/10/2024 3:25:35 TWXT-XT-X vhf2023
ﬁ 20241029_0320_psd1.csv 29/10/2024 3:20: TWXT-XI-X vhf2023

ﬁ 20241029_0315_psd1.csv 29/10/2024 3:15: TWXT-Xr-X vhf2023
’ﬁ 20241029_0310_psd1.csv TWXT-XT-X vhf2023
ﬁ 20241029_0305_psd1.csv 3 TWXT-XT-X vhf2023
ﬁ 20241029_0300_psd1.csv 29/10/2024 3:00:36 TWXT-XT-X vhf2023
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Radio Frequency Operational Status Device Status Report
Date Timestamp Type of Aid. Frequency (MHz)  Power (dB) .
2025/02/22  04:00:02  ILS RWY 02R 109.1 -107.44
202502122 04:00:02  ILS RWY 20L 109.5 -107.29 anegtnsel suUiBauiang
2025/02/22  04:00:02  ILS RWY 01 110.1 -107.81
2025/02/22  04:00:02 ILS RWY 19 1105 -76.34 Anomalies Detection

Anomalies Detected Type
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Spectrograms Display
dse Sele A Twe
Select date and time : | [m/dd/yyyy | &

Submit
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About Us Made by

Department of Telecommunications Engineering, Worawalun Thiebsiripakorn

King Mongkut's Institue of Technology Ladkrabang, Worawit Namsamut

Bangkok, Thailand, 10520

Tel:02-329-8324 Advisor : Prof.Dr. Pornchai Supnithi
Email:telecom@kmitl.acth Co-Advisor : Dr. Jirapoom Budtho

U7 4.72 du About Us veaminiuiusiwes
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System Status .
................
Type of Aid: Frequency/(unz) Power (da) Yo W
seleetdste and ime - |om/ddyyyy &
1001 10744 =
109 0729 Submity,
1o 10781
D e, ¥t
Anomaly Detection

‘Anomaly Detected T Type
[
[

ions Engineering.
Technology Ladkrabang.
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OPERATIONAL RADI0 WAVE MONITORING AND ANALYS!S SYSTEM IN SL UMi AIRPORT AREj

a5 stunl

Radio Frequency Operational Status Spectrogram

Wed Feb 26 2025
s W e — BN s ate o/ dd/yyyy ©
" | gs s - e { A S
Tistarp (Type oA Freguaney Gane)  power B) | syR o8) st =
= ILS RWY O2R- 1091 - - ]
ILS RWY_20L 1095

ILs Rwy/01 10,1

ILS RWY 19 105

Anomaly Detection
A5, 7Y D A\E-O
Loading...

7ype A: “ILS Signal Anomaly Detected"
Type 8:iUniganted signal Detacted”

JUT 4.7¢ wihduusriwesfuansenlde
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4.7.3.1 nsallafinsldaudyyrugienisasaeauazlidme nisal

AURRUARALNATUY

o

mmsmaaqamumsmmﬂlmmmﬂm’ma ﬁmmamiawammv

Lifhmmnsalrufinunfiiinty lulusunsumsnsedueglififonatsmsnsasunnuilag

9 Y

ae3U @) lugun 4.75 uasdrwvesmiiviusiwes Welifiteyanisnsinduanssuy
M3V anueNIsideuvesaduIngaztansinnduingliladnisldauey o vty
aagu (b) Tugun 4.75

Y

orawit@Dete 2 $ pvthon3 vhf_anon
Reading D1 /home/worawl /sdrv hf-/ psd_ call d tA/PSJ c,v/20.‘.‘o/202502/204 0226 /psdl/gain_207/2025(
sd3/gain_207/20250226_0257_psd3.csv
floor/=> -107.5 dB

=== ILS ACTIVE -==

=== ANOMALY ===

=== NEW UNWANTED ===
Appended 2 rows => /home/worawit/sdrvhf/psd._coll data/anomaly/ancmaly_report_20250226.csv
Appended 2 anomalies => /home/worawit/sdrvhf/psd_coll data 1aly/anomaly_report_20250226.json

ILS status
Un oaded =>

Uptoaded => 1

Finished detection # labeling + anomaly checks

o KMITL

Radio Frequency Operational Status.

Wed Feb 26 2025

':'f?‘.neggw Type of AldmEaatue cylmm wv(anl sqn\mn smi\wi

its RwY 02R 1091 - Inactive
ILS RWY 200 1095 - F Inactive
Its RwY o1 o1 = - Tnactive P
s Rwy 19 o5 - - Inactive

Anomaly Detection

% g L
Timestamp . Afiomaly Detected

No anomalies detected

| e oy seectum

Type A: "ILs Signal Anomaly,Detected”
Type B: “Unwanted signal Detected’

(o)
Ul .75 widuuswesfiuanssedltanunsallisinslinudygratismsassonuay

INEJLWGJﬂWiﬂJﬂ’JWNNﬂUﬂG]LﬂWGUU
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4.7.3.2 nsgidnsldaudygrurienisassennaslidivenisal
AMNRAUNRALARTY
lunsdldl mafFavilaviinisdufinianisnaaeannn1saliiiadu

[

37nn15lgusEUUaTIduluanIun1alase fegun 4.76 Instdauaduingainud

Y

a

109.1 MHz uag 110.1 MHz uazhifiinnsalanuiaunfiiintu druvesmiiiviusiwes
\lailYeyan13nT393UANlUTUNTUNITATINTU antugmsldnuvesnauIngasianadningg

g nudya1iensai9eney . Uastuiagun-4.76

. KMITL

Radio Frequency.Operational Statis Spectrogram
Wed Apr 02 2025
o it aic. || B | fowerTan)_snm(dB), status|
Timestamp  Type of Aid. || Frequency (Miiz) | Power (dB) | _SNR(dB), status|
WS RWY 028 1092 - A
2u4622  ILs R 20 1095 6o T’ [ adnve
1is RWY 0l o B =5 practive

2146722 s RWY 19 o 6684 3962 | active
Anomaly Detection

Ve L2520

No

LA U By SR
ted) g Bl spetimim[
etecte:
Hisoricar ata t
Type A: “ILS Signal Anomaly Detected” selectdate [mm/dd/yyyy @)

Type B: “Unwanted Signal Detected" s
Submi

U 476wt iuailvesiuansrerl Tnunsiinsldnudyaaisnsasonuay
IﬁﬁLMﬂﬂ’\iajmmaﬂﬂﬂaLﬁﬂ%u
4,7.3.3 psadlddnastdiudyanaly1a0150 900 us g n5al
ARAUNAARLY

InasTassaa N SR TNl Ay naien1sasaengnld e uud

L Ag]

ANuRaUNAveInsiduAfuIng tulYsenTinisnTIadulrideyan13nsiadundnud

wlanUasy Aegu (@) luguil 4.77 wagdruveminiuusriwes Weildeyan13nsiaduain

LUsuNTUNINTIRTUASIEnIuEMs i nuretauIngIstansaauingluladnisldaueg
g | a v oA o o = = 1%

o Yuztuudaziindewduseuldnuidygruulaniasunuenvilonisldaunigly

UShashenmeeu fagu (b) Tugui 4.77



105

== ILS ACTIVE ==

=== ANOMALY ==
freq=113.795,
freq=114.885,
freq=114.955,

EW UNWANTED
pended 3 rom ome/worawit/sdrvhf/psd_coll_data/anomaly/anomaly_report_20250226.csv

Appended 3 anomalies => /home/worawit/sdrvhf/psd_coll y y/a y_report_20250226. json
Saved anomaly spectrum => /home/worawit/sdruhf/psd_coll_data/psd_spectrum/2025/202502/20750226/gain_207/20250226_0357_psd1_anomaly. png

ILS status => /home/worawit/sdrvhf/logs/ils_status.json
rows => /home/woranit/sdrvhf/psd_coll_data/anomaly/anomaly_report_20256226.csv
anomalies => /home/worauit/sdrvhf/psd_coll_data/anonaly/anomaly_report_20258226.json
161.246.18 . 264: /hone/vh2023/Data/logs/ils_stx
161.206.15.20Y : /home/vh£2023/Data/anomaly/anom v
18.264: /home/vhf2023/Data/anomaly /anom json
.28U: /home /vh£2023/Data/psd_spectrun/202 20250226/psd1/26250226_0357_psdl_anomaly .png

OPERATIONAL R/DI0 WAVE MONITOF

161.246.18.205 says

ected! Check the table for detai

Radio Frequency OperationalStatus Wi - Spectrogram
Wed Feb 26 2025 npieion |
selecttieand uné’s (n/dlyyyy B

Timestamp” ipe ofAld.  Frequency (4Ha) | power (d8) sNR(9)  status |

{Stbmit]
- ILS RWY,02R 109.1 - - inactive
1LS RWY-20L 1095 = S Inactive
IS RWY 01 1101 o - Inactive
= IS RWY 19 lios - - Inactive

Anomaly Detection

Time >
2025-02-26 Suspicious sianal at freq=113795MH2 With 3 I

041126 power=-89.5d8
2025-0226 suspicious signal at freq=114.885MHz with 5 ) . |

0426 power==88 8d5
2025-02-26 Suspicious Signal at freq=114.955MHZ with X T

#ype'A: 71Ls signal Anomaly Detected™
Types8:y"Unwanted Signal, Detected"
sboun i wad: by

(b)
JUT 4.77 Wi I Tiwe shuanssag s unsailudinisldoudngadionisamenus

Amgn1salauHAYNAARYY

4.7:3.4 nyaddln 5L N ud Y TuYTuN15a93eakas T e N5 0]

AMURAUNRALNATUY

' 1%
a =

Tunsdil megdavildinistufinnanisaasangnisaifiiadu
nnsldauszuunsaaduluaniunisaiass Fammmssirnufaundifedudy §aavls
vhnssuundszinnvesanuiinndlunisldausenidu 2 Ussian Idun avwdaundd
Aatuandayaagien1sasmen (Anomaly A) wazanuAsunATintuandayanaildle

anldaluszuutionisasaen (Anomaly B)



106
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aa a a a & A a 1 Y] | | a [
WNﬂ?WNN@ﬂﬂ@Lﬂ@%UIUTNSWNﬂqiisﬁﬂquaiy}iy']msﬁjﬁﬂqﬁaﬁﬂ@@@% VEUNADILIILA DU
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161.246.18.205 says

Radio Frequency Operational status spectrogram

Wed Apr 02 2025

Timestamp  Type of Aid. Frequency (MHz) Power (d8) SNR (dB) _status
1L RWY 028 1091 - - Inactive
20:36:23 ILS RWY 20L 109.5. -83.09 2345 Active
1t RWY 01 o) - - inactive
203623 ILs RWYI9 nos -6741 3902 | Adive

Anomaly Detection

y & 4 s e N
-

Historical pata :

al Anomaly Detected” sclecdate - [wn/dd/yyyy @

vpe AllILS
Typels” ted signal Detected® N
[

2
a
2
=3
o
@
>
2
all
)
Lo
3
®
)
D)
ee

JUT 4.78 wiliviuusiwasiuanssofldsunsaiinistinude

fimansala A UnF AN Y

Radio Frequency Operational status

Wed Apr.02 2025

irlmeslam: @emtmﬁm) m@;ﬁ?é S‘ﬂ‘é)
. . WY =

ILS RWY.02% 1091
203524 IS RWY 204 1095 8318 2337 Active
ILs RwY 01 ol - - Inactive
20:35:24 1Ls RWY 19 105 ~6722 3933 Active

‘Anomaly.petection

- [*) ;:\ ~— o
\. Tinestomy anamly tectes A P N
2025-0k02  Reac
2 W anoMaLY_a_ChRRicr_orop T, gl et Rl b
2025-04-02 Reac!

Y
20:35:26 ANOMALY_A_CARRIER_DROP M

2025-04-02 NQRERIC ' anoMAly BrsuspiciousisionaL o B
s signal Anomaly Defected®

gn:
Type 5: "Unwanted signal Detected"”

'
a

JUT 4.79 mhduusriwesikanssedldanunsaifinisldnudygrationisanenuas

= LY 1

fwmnisalnuEaUnATANTUINT Y14 I8N1589980 (Anomaly A) inTu
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Radio Frequency Operational status spectrogram

Wed Apr 02 2025

Timestamp  Type of Aid.  Frequency (MHz)  Power (dB) SNR (dB)  Status
ILS RWY 2R 1091 - - Inactive

2036:23  ILSRWY 201 1095 -8309 2345 Active
LS RWY 01 o - - Inactive

203623 LSRWY 19 1os -67.41 3902 Active

Anomaly Detection

Timestamp  Anomaly Detected Type G
2035:25 il ANOMALY_A_CARRIER_DROP ™
2025-04-02  Reacti

2035:25

thin 20 istricalpata
i ANOMALY_A_CARRIER_DROP [

2025-04-02  Sus

sspicious signal at
20:35:25 freq 115,650

Anom<zSiEPICious sicnaL M Submt

Type AsilS Signal Angmaly Detected”
Jype B: "Unwanted Signal Detected

o '

U7 4. 80mihiuurieiiudniserldnunsiiinsldnudyyatignsanenuas

A

NwgnaselnuiadaRantuaindanambilagnldauly

Y

$8UUIENITA998A (Anomaly B) LARYY

L3

I FINITVAABY auasadgUladasEuunsinduiaginse
A uAng Al unelUSa e AIREART M T 9Y TR Tan g uaniasangaad uds
amuzmﬂ%mwuamﬁu%wqu,awiaf\]i’l’ummﬁmﬂﬂaﬁaé’zyzgmwaﬂﬂaauﬁawmiu N
M3 oesYeIsz Iy TILNIsasaneiildsusgmeluvieanameuld uagansauansrauas

LIaAeRaNINENITIHRINAIL ) DIAnTIRITRAT UG AT ERau IV LIRSl

= I
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9

YI9NASIUN UNURIBNINEI VRS

NEARYI bvianas T B U g USE UUA TANTULBE AT B AR WA N A LT a1

a v et

Aeluus a9 ABaUAUSANI 871 1N 829 8HN pkUS B UL BUAIUAR18AE I
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=

AULANANTOIUT YY1 I USLAUIIUAE AU
sAdenounthiifdnrldvhmsfnuduaiity Idimaauessuusotines
anuuUanUasudulieanainusingnisal Sporadic-E ¥esnauinggiuamd VHF Ald
adlumsmsduluduussenialeloluaiissvesUsamadiu Tnevhnisiuuas Tnauuse
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wanINaEU USRS http://gwave.cei.uec.ac.jp/cgi-bin/vor/vhf.cgi [1]
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NNTHAANVoIUTTenoUn1 N InvindslavinnisiSeuiisuainy

v =2 a a b’dy v a v 1 4 Y o a d
AaeAfsveslIyndnus I ivawidensund lagldvinnsiwTeuiisunansivl
awnlasunsuvessddenouningagy (@) lusui 4.81 dunanslaUnlasunsuilaain
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BKK_20240916 (tentative gain_correction= -6.0 dB)
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116 -110

114 -115

112 -120

NAV channel (MHz)
NAV signal intensity (dBm)

110

108
24

Frequency (MH2)

RN SRS o (PP P JACPTEL P P AR Ly
Time zone: GMTAZ

(b)

a

JUMA:81 wanisisumstns manlasunsave @dasnountinuusyaninusi

o

a 4

a I a v J Y a ndy
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Quasi-realtime data plots http://gwave.cei.uec.ac.jp/edi-bin/vor/vhf.cgl
Updated every 1 hour
R T
Lo Yy vE A RN R i) o ——_— - Ve N ol
Possible to browse past data ' VHF Ristky Obseryarlitafor Imaging Spomiie.F | &yseaiative Data Archive
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20:35:24

20:35:26

Timestamp

2025-04-02
20:35:25

2025-04-02
20:35:25

2025-04-02

About s

Radio Frequency Operational status

Wed Apr 02 2025

Type of Aid.  Frequency (MHz)  Power (dB)

ILS RWY O2R 109.1 - = Inactive
1S RWY 200 1095 -8318 2337 Active
its RWY 01 no: - - Inactive
ILS RWY 19 nos -6722 3933 Active
Anomaly Detection
Anomaly Detected Type Spectrum
Reactive within 2.0
i ANOMALY_A_CARRIER_DROP M o
{ | selectdate = [mm/dd/yyyy @
Réactive within20 ANOMALY_A-CARRIER_DROP I}

minutes

Suspicious signal at
* Type AilS Signal Anomaly Detectet
Type &: “Unwanited Signal Detected

Departmen: of elecomnnications Engineering.

King Wonglut’ st

sc of Technology tadrabang.

ANOMALY.-BI SUSPICIOUS SIGNAL =]
b

Spectrogram

SNR (dB)  Status

Submit

e by

worawalun iuebsicipakom
Worawi: Namsamut

Bangiok, Thailand 10520
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suneluuinarihennmeasu Uszneulde 4 TWsunsundndil
N. scan_ VHF.py
9. ils_monitor.py
A. constant noise.py

4. anomaly_ detect.py

Tnelusunss pfulusunsundnitloludTaveimssudy g uuasdslusinsy

. - A. NUAINIUMTTLUANILETYUUNTIINTAIRALAEATIRVAIURAUN

(%

WU subprocess muaay Ingneluinazlusinsuilfaazidunnsil

n.-scan_VHE.py

import 0s

import time

import json

import subprocess

import traceback

from datetime import datetime

import numpy as.np

import pandas-as pd

import paramiko

import matplothib.pyplot.as-plt

from scipy.signal import butter, filter

from rtlsdr impert:-RtISdf

H o CONFIG it

# Paths

PSD BASE PATH = "Path to savecsv files" #.../../../psd_csv_folder
LOGS BASE PATH = "Path to save logs " #../../../logs_folder
SCRIPT DIR = "Path to codes" #../../../script_folder

# SDR parameters

GAINS =[20.7] # list of gains [dB]
FS =2.048e6  # sample rate [Hz]
NFFT =512 # NFFT for PSD

v

Ju



CUTOFF_HPF =100 # high-pass cutoff [Hz]
HPF ORDER =1 # filter order

# Frequency segments to scan (MHz)
SS FREQ = np.array([
[108.00, 118.00],
[107.95, 118.00],
[108.05, 118.00],

D

# PSD merging and selection
BIN_STEP =0.05 # MHz
FREQ MIN,FREQ MAX-,=108.0, 118.:0- # MHz

# - Part 1: Receiving Signal o - #
def rtl(freq_array, startstop, freq):
# Mt 19 s st daapmnn RTL-SDR

sample_ list ¥ [JF # muaaodddaapaionsls
total _samples_size =0 # vuinswvoidodindyand

for starts stop, freqs in zip(startstop. freq, freq array):
statt-time_perrange =time.time() # patBmn eI
for j in fregs:
# ranuadn sample Tate uaz-center frequency
fs, used = FS
sdrisample rate,={s used
sdr.center freq = j
print(f'Noew scanning at {round(j/Te6,4)} MHz;Fs:{fs-used}")
# odeyarin RTL-SDR
if j == freq_array{Q][0}-or j == freq_array{=1][-17:
# a'm%’ay_aaam%ﬁmamwﬁwmmﬁ
for i in np.arange(2):
samples = sdr.read samples(256*1024)
# print(samples)
else:
samples = sdr.read samples(256*1024)
total samples_size += samples.nbytes # ifinvuavesiiodaiion g
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sample_list.append((j, samples)) # riusredreaslusens

print(f"Completely Scanned at {start stop[0]}-{start stop[1]} MHz \nTime:
{time.time()-start_time perrange} s")
return sample_list

def process_psd(sample list, nfft, freq_groups, gain):
# e i1 #lunsszanana Power Spectral Density (PSD) nindaedsdaaa
freq_list=[[] for _in freq_groups] # fuswnmsanudilszuanands
power list =[[] for _ in freq_groups]-#sduswnisauiidaiilszuanands

for center_freq, samples in sample_list:
# fmuan sample rate iz cutoff frequency dmsuhigh-pass filter
fs used =FS
nfft used = nfft
cutoff used = CUTOFE HPE
# nsesdygaadas high-pass filter

""QOptional"™"

# filtered ;samples'= highpass _filter(samples, cutoff used, fs used,
HPF_ORDER)

# duna PSD

# powers, freqs = plt.psd(filtered samples, NFFT=nfft used, Fs=f5 used,
Fc=center- freq,visible=False)

powers, freqs =plt.psd(samples, NFFT=nfft used, Fs=fs. usedsFc=center freq,
visible=False)

powers «db = 10 * np.logl0(powers). # nlagmmduiiu dB

powers, db=np.around(powers “db,3):tolist() # aanaiiew 3 wdn

freqs = np.array(freqs) / 1Te6 #wlhaherMHz

for i, freq_range in enumerate(freq groups):
if center_freq in freq range:
freq_list[i].append(freqs)
power _list[i].append(powers_db)
return freq_list, power list

""HOptionalll!Hl
# def highpass_filter(data, cutoff, fs, order):
#  # il #lumsnsesdynudas high-pass filter
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# b, a=butter highpass(cutoff, fs, order) # furumsiimesves filter
# return Ifilter(b, a, data) # nsesdyma

# def butter highpass(cutoft, fs, order=1):
#  #dmuil#lumsdnnumniinedves high-pass filter

# nyq=0.5*fs #anui Nyquist

# normal cutoff = cutoff / nyq # anwi cutoff # normalized

# b, a=butter(order, normal_cutoff, btype='high', analog=False) # swramsiiaes
o4 filter

# returnb, a

def compar(freq list, power/list; step):

# ldsnaedaissateyandnwdnazalfiag

freq/ concat_all = [} # sumwffsiungs
pow_concat ‘all =[] # @uridiaiis g
for fregs, pows in zip(freq_list, power list):
freq concat all.append(np.concatenate(freqs)) # swniua
pow., concat_all.append(np.concatenate(pows))-# souawdd
freq merged =np.concatenate(freq concat all) # saunduanwun
pow. metged = npiconcatenate(powconcat”all) # saumifigmanua
idx =np-argsort(freq) merged) # safeidviiamuad
freq_mhz ‘sorted = freq_merged[idx] #sasomnid
pow_sotted = powrmerged[1dx] # sniSenmiig
start_ mhz =.108.0 #aawdsudu
stop_mhz = 118:0 #a uiaudga
bin_edges = np.arange(start mhz,.stop..mhz+ step; step) # veuwaves bin
bin_centers = (bin_edges[:-1] + bin_edges[1:]) / 2.0
bin_centers = np.round(bin_centers / step) * step
bin_power = np.full(len(bin_centers), -9999.0) # ssuduvossididalu bin
bin_index =0
data_index =0
while bin_index < len(bin_edges) - 1 and data_index < len(freq_mhz_sorted):
left edge =bin_edges[bin_index]
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right_edge = bin_edges[bin_index+1]

if freq mhz sorted[data index] < left edge:
data_index +=1
continue

if freq mhz sorted[data index] >=right edge:
bin_index +=1
continue

if pow_sorted[data_index] > bin_power[bin_index]:
bin_power[bin_index] = pew-sorted{data_index]

data_index +=1

return bin_centers,bin_power

def select val(psd_data):

# denamanuduazmiaiideanisnndeya PSD
var /-name = variable name(psd_data): # wiwsyodanls

if var name == "psdl o' or var name =="psd2 0! orvar name=="psd3 o" or
var 'name == "psd4 o™ or var_name == "psdS o'
# idennnlusas 108-118 MHz
cond = (psd ;data[2] >=108) & (psd data[2] <= 118)
selected freq = psd dataf2][cond]
selected pow = psd ‘data[3][cond]

psd. data =[psd data[0]; psd data[1], selected freq, selected pow]-# gumadoya

PSD
return psd_data

def'save csvilocally(psd data, gain):

date, ts, fregs;pows = psd_data

now = datetime.now()

Y, M, D = now.strftime("%Y"), now.strftime(" %Y %m"),
now.strftime("%Y %m%ad")

folder = os.path.join(PSD_BASE PATH, Y, M, D, f'gain_{int(gain)}")

os.makedirs(folder, exist ok=True)

fn = " {now.strftime('%Y%m%d_%H%M'")} gain_ {int(gain)}.csv"

full = os.path.join(folder, fn)

df1 = pd.DataFrame({'Date": [date], "Time": [ts]})
df2 = pd.DataFrame({'Frequency(MHz)': freqs, 'Power(dB)': pows})
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pd.concat([df1, df2], axis=1).to_csv(
full, mode="a', index=False,
header=not os.path.exists(full)

)

print(f'Saved data locally: {full}")

return full

def save parameter(gain, nfft, ss_freq, sample rate, cutoff hpf):
now = datetime.now()
Y, M, D = now.strftime("%Y™"), now.strftime("%Y %m"),
now.strftime("% Y %m%d")
logdir = os.path.join(LOGS.BASE PATH, Y, M, D)
os.makedirs(logdir, exist- ok=True)
fn = os.path.join(logdir, f'parameters {noWw.strftime('%H%M")}.json")

params = {
"gain": gain;
"nfft": nfft,

"ss freqss: freg;
"sample rate":sample rate,
"cuteff’ hpf:.cutoft-hpf,
"timestamp":-now.strftime(" % Y-%m-%d %H:%M:%S")
h
with ‘open(fn, 'w').as'f:
json.dump(params, f, indent=4)
print(f!Saved parameters locally to {fn}")

def variable name(variable):

EJ v
# ManFuil 19 lumsmaovesdnilsanai ludwals

for name in globals():
if id(globals()[name]) == id(variable):
return name
for name in locals():
if id(locals()[name]) == id(variable):
return name
return None

start_program = time.time() # ffufinnazuduvosTisunsy
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vhf freq =[] # fuswmsnrwd VHF flazeunu

for i in range(len(SS_FREQ)):

freq step =FS /2 # fmuatuvesni

start_freq, stop freq =SS FREQ]i]

start_freq *= 1e6 # wmlasaudGuduily Hz

start_freq += freq_step # iituiuvosniuia

stop_freq *= 1e6 # mlasmuiaaugaiiu Hz

freq =[]

for j in np.arange(start freq, stop_freq, freq step):
freq.append(§) # riuarmdastusions

vhf freqiappend(freq) #imsumsaiwiaslu vhf freq

# vhf freq[0].extend(ils fregs) # mnasmia LS. aslusgumsiisn
vhf freq[0]= sorted(vhf freq[0])# sakasnniid
vhf  freq[0] =[f for f in vhf, 'freq[0] if not np.isnan(f)] # eusm NaN esnansiems

timestamp_time = datetime.now() . #aiunnnarlaadiv

Year = timestamp_time steftime('% Y.") #1

month = timestamp. time.strftime(*% Y %m’) # weu

day = timestampwtime:stritime("%Y Y%om%d") #4u

day timestamp = timestamp “time,strftime(" % Y/%m/%d™) # fuilugtiuiifesns
time_timestamp= timestamp time.strftime("%H:%M:%S") # warlugiluuidoams
timest = timestamp. time.strftime("%H%M").# raluphuiigesms

print(time _timestamp)’ #uaawanlagiv

# uiinmsdmesmsaunu Taofenlyilsddu.save_parameter
save parameter(

gain=GAINS[0], # 141 gain usn

nfft=NFFT,

ss_freq=SS FREQ.tolist(),

sample rate=FS,

cutoff hpf=CUTOFF_HPF,
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try:

for gain in GAINS:

sdr = RtlSdr() # dlamsldau SDR

print(f"'Starting scan for gain {gain} dB")

sdr.gain = gain # fmuast gain

start_time_perscan = time.time() # 1ufinnaiEuduveamsainu

sample_list = rtl(vhf freq, SS FREQ) # judygyman RTL-SDR

freq_arr, pow_arr = process-psd(sample=list, NEFT, vhf freq, gain) # iszunana
PSD

center_freq,center_pow-=compat([freq arr[0]], [pow arr[0]], step=0.05) # s
Lmz{fﬂﬁwi’fmg‘amm?ma:mﬁﬁd

print("=== DEBUG:-center bins near:109.45..109.50 ===")

for i in range(len(center freq)):

if 10974 <= center _freqfi}<=/109.6:
print(f'bin={center_freq[i]:.3f}, power={center_pow[1]:.3f}")

plus;, freq, plus_pow = compar([freq arr[1]], [pow arr[1]], step=0.05)
print(!'=== DEBUG: plus bins near 109.45..109:50 ===")
for.din range(len(plus_freq)):
1£109.4 <="plus treqfi] <=109.6:
print(f'bin={plus_freqfi}:.3f}, power={plus pow[i}:-3f}")

minus_freq, minus_pow = compar([freq-art[2]], [pow_arr[2]], step=0.05)

print("=== DEBUG:minus bins-near-109.45..109.50 ===")

for i in'range(len(minus “freq)):

if 109.4<=minus freq[i] <= 109.6:
print(f'bin={minus" freqfi]::3f}, power={minus_pow][i]:.3f}")

end time perscan =time:time().- start_time perscan # snnaaildlumsauny

print(f'scanning time for gain {gain} dB: {end time perscan} sec")

psdl o =[day timestamp, time timestamp, center freq, center pow]| # doya
PSD dwiummianan

psd2 o =[day_timestamp, time timestamp, plus_freq, plus_pow] # deya PSD
dmsuanuauIn

psd3 o =[day timestamp, time timestamp, minus_freq, minus_pow] # deya

PSD dwsuanudau
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print(f'[DEBUG] psdl size={len(center freq)}, psd2 size={len(plus freq)},
psd3 size={len(minus_freq)}")

psdl = select val(psdl o) # idenmnimiiagmiiidsiidosms
psd2 = select_val(psd2 o)
psd3 = select_val(psd3 o)

psd = [psdl, psd2, psd3]
file info list=1]

sdr.close()

for psd_element in psd:
local filename, var name = save csv locally(psd) element, gain)
print(f'[ DEBUG] Saved {var’ name| => {local" filename}")
file.info list.append((local- filename, var_name))

time.sleep(2)

for script in ["ils_monitor:py", "constant, noise.py", "anomaly detect.py"]:
subprocess.run(["python3", os.path.join(SCRIPT DIR, script)])

print(f'execution-time.: {titne.time() - start; program}. see")+# ngaianildIumsinam

2
Mmrua

except Exception:
traceback.print exc()
with open(os:path.join(LOGS BASE PATH, "rtl sdr_error.og"), "w") as fw:
fw.write("Error at {datetime.now()}\n")
if 'sdr' in locals():
sdr.close()
exit(1)
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9. ils_monitor.py

import os

import pandas as pd

import numpy as np

from datetime import datetime

S — CONFIG

ILS FREQS  =[109.1,109.5, 110.1, 110.5] # Listef ILS frequencies to monitor
(MHz)

FREQ TOL =0.06_ #Frequency tolerance (MHz)

POWER /THRESHOLD-= -101.0 —# Minimum-power-threshold for detection (dB)
POWER /TOL...-=12.0  # Power tolerance for cross-check.(dB)

# build current date's paths

current date = datetime.now()

year = current, date.strftime("%Y")

ym = current_date.strftime("%Y Yom")
ymd = curtent date.strftime("%Y %m%d")

BASE PATH. (= "Path to-current date's PSD csv" #./../../psd. esv_folder
FOLDER PSD1=gs.path.join(BASE_PATH, "psd1","gaimn 207")
#.../..[./psd esv_folder/psdl

FOLDER  \PSD2'= os.path.join(BASE-PATH; ""psd2", "gain 207"")
#.../../../psd_esvcfolder/psd2/gain 207

FOLDER PSD3 =os;path.join(BASE PATH, "psd3", "gain 207")
#.../../../psd_csvifolder/psd3/gain 207

defread psd csv(csv_path):

# Read PSD CSV; return empty DataFrame with standard columns if missing

if not csv_path or not os.path.exists(csv_path):
columns = ["Date", "Timestamp", "Frequency(MHz)", "Power(dB)", "Label"]
return pd.DataFrame(columns=columns)

df = pd.read csv(csv_path)

# Ensure Label column exists

if "Label" not in df.columns:
df"Label"] =""
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return df

def get latest csv(folder):
# Return the latest CSV file in the folder by filename, or None
if not os.path.isdir(folder):
return None
csv_files = [f for f in os.listdir(folder) if f.endswith(".csv")]
if not csv_files:
return None
latest file = max(csv-files)
return os.path.jein(folder, latest_file)

def cross_check ils power(freq  ils, power-ils, dfA;freq_tol, power. tol):
# Checkit dfA has/any bin within freq and power.tolerances
freq mask = (
(dfA["Erequency(MHz)"}>= freq ils - freg-tol) &
(dfA["Frequency(MHz)"| <= freq ils +freq_tol)
)
candidates = dfA[freq mask]
if candidates.empty:
return False
diff power =np.abs(candidates["Power(dB)"] - power ils)
return (diff power <= power-tol).any()

def label ils_in psd3(dfl, df2,.df3):
# Label ILS,UNWANTED; or NOISE in df3 based on‘cross-checks with dfl and
df2
df3["Label"} ="
forils fin ILS"FREQS:
# Filter df3 for bins.within. frequency tolerance
mask = (
(df3["Frequency(MHz)"] >=1ils f- FREQ TOL) &
(df3["Frequency(MHz)"] <=ils_f+ FREQ_TOL)
)
sub_df = df3[mask]
if sub_df.empty:
continue
# Select bins above power threshold and sort by power descending
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candidate idxs = sub_df.index[sub_df["Power(dB)"] >
POWER THRESHOLD]
candidate idxs = candidate idxs[np.argsort(-sub_df.loc[candidate idxs,
"Power(dB)"])]
used = set()
for idx in candidate idxs:
pw = sub_df.at[idx, "Power(dB)"]
okl = cross_check ils power(ils_f, pw, dfl, FREQ TOL, POWER TOL)
ok2 = cross_check ils_power(ils f;pw, df2, FREQ TOL, POWER TOL)
if okl and ok2:
df3.at[idx, "Label"] ="1LS"
usediadd(idx)
break
else:
df3.at[idx, "Label"] = "UNWANTED"
used-add(idx)
# Label remaining bins
for 1dx in sub_df.index:
ifidx in used:
continue
pw = df3.at[1dx, "Power(dB)"]
df3.at[idx,"Label"] ="UNWANTED" if pw > POWER THRESHOLD else
"NOISE"
return df3

def main():

# Get latestPSDCSVs

f1 = get_latestucsv(FOLDER PSD1)

f2 = get_latest esV(FOLDER; PSD2)

3 = get_latest csv(FOLDER_PSD3)

if not (f1 and 2 and 3):
print("Missing CSV in psd1/psd2/psd3, stopping.")
return

print(f"[INFO] psd1={f1}")

print(f"[INFO] psd2={f2}")

print(f"[INFO] psd3={f3}")

# Read data

dfl =read psd csv(fl)
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df2 =read psd csv(f2)

df3 =read psd csv(f3)

# Label df3

df3 labeled = label ils in psd3(dfl, df2, df3)
df3 labeled.to csv(f3, index=False)
print(f"[OK] Updated labels in psd3 => {{f3}")
# Print summary

print("\n--- ILS scanning result (psd3) ---")
for idx, row in df3_labeled.iterre
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A. constant_noise.py

import os
import pandas as pd
import numpy as np

from datetime import datetime, timedelta

L e CONFIG ——-

FREQ TOL =0.01 # Frequency matching telerance (MHz)

POWER TOL .~ =10 # Power tolerance-for constant noise check (dB)
HISTORY /HOURS =360 # Number of historical datapoints (files) to
check

POWER THRESHOLD =-102:5 # Minimum power.threshold to consider as

constant noeise (dB)

INVALID POWER ' =:9999.0 # Value representing invalid or missing
power measurement

STD_ THRESHOLD: =10 # Maximum standard deviation allowed for
constant noise

RELATED ILS= { # Related ILS frequencies for activation checks
111.5: [109.5, 110:5],
111.1: [109:1,:110.1]

b

# Paths

PSD _PATH = "Path to.PSD.csv" #.../."/../psd_csv_folder

PSD_SUBFOLD = "psd3" #.../../../psd ¢csv_folder/psd3

PSD_GAIN = "gain_ 207"

SKIP_LABELS = {"ILS", "NOISE", "UNWANTED"} # Labels to skip in the
current scan for constant noise

HISTORICAL ANOMALY LABELS = { # Historical anomaly labels
that disqualify constant noise



134

"ANOMALY A POWER FLUCTUATION",
"ANOMALY_ A CARRIER DROP"
}
# build latest base path
current date = datetime.now()
year = current_date.strftime("%Y")
ym = current_date.strftime("% Y %m")
ymd = current_date.strftime("%Y%m%d")
BASE PATH = os.path.join(PSD_PATH,year,ym;ymd)
# Define PSD data folders
FOLDER PSDI1 =.os.pathjoin(BASE_PATH,"psdl", "gain.  207")
FOLDER PSD2 = os:path.join(BASE _PATH,"psd2"; "gain-207")
FOLDER, PSD3 = os.path.join(BASE. PATH, "psd3", "gain 207")
def get “latest esv(folder, n):
# Return then:most recent CSV- file paths from ‘the folder
if not os:path.isdir(folder):
return.{]
files = sorted(
[f for f.in, os listdir(folder) if-f.endswith(*.csv")],
reverse=True
)
return [os.path.join(folder, f) for f'in files[:n]]
defread psd csv(csv_path):
# Read a PSD CSV file; return empty DataFrame if path is invalid
if not csv_path or not os.path.exists(csv_path):
cols = ["Date", "Timestamp", "Frequency(MHz)", "Power(dB)", "Label"]

return pd.DataFrame(columns=cols)
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return pd.read_csv(csv_path)
def get history files(folder, history hours):
# Collect up to history hours CSV paths from folder and previous days
history files =[]
# Add current day's files
if os.path.isdir(folder):
current_files = sorted(
[0s.path.join(folder, f) forf'in os.listdir(folder) if f.endswith(".csv")],
reverse=1rue
)
history files.extend(current -files)
# If data not:enough, go back-up to'S days
day offset =1
while len(history files) < history. hours:and day offset <='5:

prev> date=datetime.strptime(ymd, "%Y%m%d") -
timedelta(days=day. offset)

y prev., = prev. datestrftime("%Y")
ym_ preye = prev—date;strftime("'% Y %m'™)
ymd ptev = prev_date:stritime(" %Y %om%d")
prev_folder= os.path.join(
PSD PATH;
y_prev, ym_prev, ymd-prev, PSD_SUBFOLD, PSD GAIN
)
if os.path.isdir(prev_folder):
prev_files = sorted(

[0s.path.join(prev_folder, f) for fin os.listdir(prev_folder) if
f.endswith(".csv")],
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reverse=True
)
history files.extend(prev_files)
day offset +=1
print(f'day offset={day offset}, history files={len(history files)}")
return history files[:history hours]
def find constant noise(dfl, df2,-df3; history-files):
# Detect constant noise frequencies in df3 using df1, df2, and historical data
df3.loc[df3["Power(dB)"== INVALID POWER, "Label"] = "UNWANTED"
all freqs'= sorted(df3["Frequency(MHz)"].unique())
constant noise =[]
for freq in all  fregs:
# Skip if label in current scan is TLS/NOISE/UNWANTED
current_labels = set(df3[df3["Frequency(MHz)"] == freq]["Label"].unique())
if current labels & SKIP _ILABELS:

print(f'[DEBUG freq={freq:.3f} ] skip due to-current
label={current labels}'")

continue

# Gather powers from dfl, df2, df3

powers =[]

for df in (df1, df2,df3):
vals = df.loc[df]"Frequency(MHz)"].==1req, "Power(dB)"].values
powers.extend([v for v in vals if v > INVALID POWER])

if not powers:
print(f'[DEBUG freq={freq:.3f}] skip: no valid powers")
continue

mean_power = np.mean(powers)
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std_power = np.std(powers)
if mean_power < POWER THRESHOLD:

print(f'[DEBUG freq={freq:.3f}] skip: mean {mean_power:.2f} <
threshold")

continue
if std_power > STD_THRESHOLD:
print(f'[DEBUG freq={freq:.3f}] skip=std {std power:.2f} > threshold")
continue
# Historieal.check
hist_wals = [}
skip history = False
related= RELATED. ILS:get(freq, [])
for hist in history’ files:
df hist = read psd_csv(hist)
if "Label" not indf hist:
df /hist["Label"] = None
df_f= df Thist|

df hist["Frequency(MHz)" | between(freq-FREQ TOL;
freq+FREQ, TOL)

]
if df fempty:
continue
if set(df f["Label"]) & HISTORICAL ANOMALY LABELS:

print(f"[DEBUG freq={freq:.3f}] skip history: anomaly in
{os.path.basename(hist)}")

skip history = True
break

if related:
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ils_active = any(
df hist[

(df hist["Frequency(MHz)"].between(r-FREQ TOL,
r+FREQ TOL)) &

(df hist["Label"] == "ILS")
J.any()
for r in related
)
if not IS active:
continue

hist vals.extend(fv for v indf f["Power(dB)"}.values if v >
INVALID POWER])

if skip history ot not hist. vals:
print(f”[DEBUG freq= {freq:.3f} ] skip: no history measurements")
continue

# Ratio within‘tolerance

count-in_tol =sum(abs(v=mean power) <=POWER -TOL forv inhist vals)

ratio =.count _in_tol /len(hist_vals)

if ratio >=0.7:
df3.loc[df3{"Frequency(MHZz)"] == freq, "Label" | ="UNWANTED"
constant_noise.append((fieq, mean_power,tatio))
print(f'[DEBUG freq={freq:.3£f} ] labeled UNWANTED (ratio={ratio:.2f})")

else:
print(f'[DEBUG freq={freq:.3f}] skip: low ratio {ratio:.2f}")

return constant noise, df3
def main():

# Load latest PSD files
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fl = get latest csv(FOLDER PSDI, 1)
f2 = get latest csv(FOLDER PSD2, 1)
f3 = get_latest csv(FOLDER PSD3, 1)
if not (f1 and f2 and f3):
print("Missing CSV files, stopping.")
return
dfl =read psd csv(f1[0])
df2 =read psd-csv(f2[0])
df3 =read psd_csv(f3[0])
# Historical files for PSD3
history = get history files(FOLDER PSD3,HISTORY HOURS)
# Find and label constantnoise
const.noises, updated. df3 = find constant noise(dfl, df2, df3, history)
# Save updated PSD3 'with-new labels
updated df3:te-csv(f3]0], index=False, encoding="utf-8-sig")
# Summary
print("\n=-- Constant Noise Summary ---")
for freq, mean’val, ratio in/const neises:
print(f'Freq= {freq:.3f} MHz; Mean={mean_val:.2f} dB, Ratio={ratio:.2f}")
print("--- done -==")
if name ==" mam_"'%

main()



4. anomaly_detect.py

import os

import json

import pandas as pd

import numpy as np

from datetime import datetime

import matplotlib.pyplot asplt

import time

L e CONFIG ---

ILS FREQS =[109.1, 109.5,110.1,:110:5] # ILS nominal frequencies to
monitor(MHz)

ILS /TOL =10.06 # Frequency tolerance for ILS detection
(MHz)

POWERTOL =6.0 # Power tolerance for matching (dB)
NOISE-FLOOR TOL:. =13.0 # Tolerance above noise floor for
noise labeling (dB)

DROP. DURATION. MIN =35 # Drop duration threshold

(minutes) for detecting carrier drop

# Number ofhistory and short-term files-to read
HISTORY FILES " = 60

SHORT TERM_FILESS = 10

# Thresholds for new spurious signals
THRESHOLD NEW_SIGNAL =-970

SPUR TOL =6.0

SPUR THRESHOLD =-103.0

# Build current date's paths

today = datetime.now()

year = today.strftime("%Y")
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ym = today.strftime("%Y %m")
ymd = today.strftime("%Y %m%d")
BASE PATH = "Path to current date's PSD csv" #.../../../psd_csv_folder
# PSD data folders for each frequency ranges
FOLDER_PSD1 = os.path.join(BASE _PATH, "psd1", "gain_207")
FOLDER PSD2 = os.path.join(BASE PATH, "psd2", "gain 207")
FOLDER_PSD3 = os.pathjoin(BASE "PATH;."psd3", "gain_207")
# Folder for saving anomaly reports locally
ANOMALY' BASE ="Pathto svae.anomaly report" #....../../anemaly folder
ANOMALY PATH = os.path.join(ANOMALY- BASE, year, ym, ymd)
os.makedirs(tANOMALY PATH; exist_ok=True)
# File to store ILS-status 1ocally
ILS STATUS, FILE="Path to saveils status' #.../../../logs folder
def load ils_status():

#Load ILS status from JSON; initialize default if missing

if not os:path.exists(ILS“STATUS FILE):

default = {str(freq):
{"status":"unknown","powet" :None,"snr":None,'"timestamp":Nonec}

for freq in [LS FREQS}

save_ils ‘status(default)
return default

with open(ILS STATUS FILE, ) as f:
return json.load(f)

def'save ils status(data):
#Save ILS status dictionary to JSON file
with open(ILS_STATUS FILE, 'w") as f:

json.dump(data, f, indent=2)
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def get latest csv(folder, n=1):
#Return up to n most recent CSV file paths in folder
if not os.path.isdir(folder):
return [ ]
files = sorted([f for fin os.listdir(folder) if f.endswith('.csv')], reverse=True)
return [os.path.join(folder, f) forfin files[:n}]
defread psd csv(path):
#Read a PSD'CSV.into DataFrame, ensure Label column exists
if not path or not og!path.exists(path):
cols = ["Date",'"Timestamp";"Frequency(MHz)","Power(dB)","Label"]
return pd,DataFrame(columns=cols)
df = pd.read. csv(path)
if 'Label' not in’ df.columns:
df['LLabel'} =np.nan
return df
def read multiple csv(folder, n.files=10):
# Read latest n' files CSVs; concatenate.into one DataFrame
paths = get\ latest ¢sv(folder, n-files)|: =1}
dfs =[]
for p in paths:
df =read psd csv(p)
df['csv_file'] = os.path.basename(p)
dfs.append(df)
if dfs:

return pd.concat(dfs, ignore index=True)
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return
pd.DataFrame(columns=["Date"," Timestamp","Frequency(MHz)","Power(dB)","La
bel","csv_file"])

def detect spurs(dfl, df2, df3):

# Detect spurious signals

df3.loc[(df3["Power(dB)"]==-9999.0)&(df3["Label"]!="ILS"),
'Label' " UNWANTED'

for freq in df3['Frequency(MHz)'}-unique():
sub = df3[df3['Erequency(MHz)'|==freq]
if (sub['Label'|="ILS").any():
continue
pl = dfl.loc[df1|*Frequency(MHz)'|==fteq, Power(dB)'].values
p2 = df2.1oc[df2['Frequency(MHz)' |==freq, Power(dB)'}.values
p3 = sub['Power(dB)'].values
if len(pl)==0"or len(p2)==0 or len(p3)==0:
continue
vals = [p{0]; p2[0].p3[0]]
if max(vals)-min(vals)>SPUR’ TOL and max(vals)>SPUR_THRESHOLD:
mask=(df3['Frequency(MHz) |==freq)&(df3{'Label'|!="ILS')
df3.loe[mask;'Label' =" UNWANTED'
return df3

defupdate ils_status(ils_status, freq str, new_status; new power, new_snr,
new_timestamp):

# Update ILS status dict (active/inactive times, power, SNR)
old =ils_status[freq_str]['status']
if new_status!=old:

now = time.time()

if new_status=="active'":
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ils_status[freq_str]['active_since']=now

ils_status[freq_str]['inactive_since'|=None
else:

ils_status[freq_str]['inactive since'l=now

ils_status[freq_str]['active since']=None

ils_status[freq_str].update({'status':new_status,'power':new_power,'snr':new_snr,'t
imestamp':new_timestamp})

defupdate json file(entries, path):
#Append newentries-to a JISON list on/disk
data =[]
if os:ipath.exists(path):
try:
data = json.load(open(path))
if'not isinstance(data.list):
data =[]
except:
data=[]
data.extend(entries)
json.dump(data; open(path,'w"), indent=2)
def label noise_floor(df3):
# Label any NaNas NOISE, return average noise floor
df3.loc[df3['Label'].isna(), Label' ]="NOISE'
df3.loc[df3['Label'|=='NOISE_FLOOR','Label'|='"NOISE'
noise df = df3[df3['Label']=="NOISE']
floor = noise_df['Power(dB)'].mean() if not noise_df.empty else -109.0

return df3, floor
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def detect anomaly a carrier drop(status, df3,
drop_duration=DROP DURATION MIN, ils_tol=ILS TOL+0.01):

# Detect short ILS carrier drops
anomalies = []
now = time.time()
valid labels =['ILS'!ANOMALY A CARRIER DROP']
for freq in ILS FREQS:
s = str(freq)
old = status|s]['status']
inactive ts =status[s].get('inactive  since')
rows = df3]
df3{'Frequency(MHz)"] . between(freq-ils- tol, freg+ils tol) &
df3['Label'].isin(valid labels)
]
if old=='inactive' and inactive ts.and not rowsiempty:
dur = (now - inactive ts)/60.0
if 0.< dur <=.drop duration:
idxs'= rows.index
df3.locfidxs, Label' |="ANOMALY- A~ CARRIER_DROP'
anomalies.append({
'freq':freq,
'‘anomaly type'"ANOMALY_A_.CARRIER DROP',
'inactive_duration_min":dur,
'timestamp':datetime.now().strftime('%Y -%m-%d %H:%M:%S")

)

return df3, anomalies
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def detect anomaly b(dfl, df2, df3):
# Detect suspicious new signals or Sporadic E events
sus =[]

all freqs = set(df1['Frequency(MHz)']) | set(df2['Frequency(MHz)"]) |
set(df3['Frequency(MHz)'])

for freq in all_fregs:
if freq in ILS FREQS: continue
row = df3[df3['Frequency(MHz)'|==freq]
if row.empty: continue
bl =row['Label'].iloc[0]
ifIbl in ['NOISE'UNWANTED',ILS'ANOMALY_A CARRIER, DROP']:
continue
pl =dflloc[dfl['EFrequency(MHz)' |==freq,' Power(dB)']. values[0]
p2 = df2.1oc[df2['Frequency(MHz)'|==freq;"Power(dB)'].values[ 0]
p3'=row['Power(dB)']:values{0]

if pl>THRESHOLD NEW_SIGNAL and p2>THRESHOLD NEW SIGNAL
and p3>THRESHOLD-NEW. SIGNAL:

df3-lec[row.index, Label'l=' ANOMALY ,B_ SUSPICIOUS_ SIGNAL'
sus.append({
'freq":freq;
‘anomaly_type''"ANOMALY B SUSPICIOUS-SIGNAL',
'timestamp':datetime - now().strftime('% Y -%m-%d %H:%M:%S'")
1)
# check Sporadic E
total = len(df3['Frequency(MHz)'].unique())

b freqs =
df3[df3['Label']=='ANOMALY_ B _SUSPICIOUS SIGNAL'|['Frequency(MHz)'].un
ique()
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if total>0 and len(b_freqs)/total >=0.1:

df3.loc[df3['Label]==ANOMALY B SUSPICIOUS_SIGNAL','Label']='AN
OMALY B SPORADIC E

return df3, [{
'anomaly type'"ANOMALY_ B _SPORADIC E',
'freq list:b_fregs.tolist(),
'timestamp':datetime.now().strftime('%Y-%m-%d %H:%M:%S")
i
return df3, sus
def main():
now, str = datetime.now().steftime('%Y'-%m-%0d %6H: %6M:%S")
#load latest PSD files
11 = get latest csv(FOLDER PSD1; 1)
12 = get latest esv(FOLDER PSD2;1)
13 = get"latest csv(FOLDER' PSD3;1)
if not (11 and J2-and 13):
print("Missing’CSV files, stop.")
return
f1, £2, £3 = 11[0], 12[ 0}, 13[ 0]
# read current PSD'data
dfl, df2, df3 = read_psd_csv(fl), réad psd csv(f2),read psd csv(f3)
# read history for anomaly detection
df hist =read multiple csv(FOLDER PSD3, n_files=HISTORY FILES)
# detect spurs
df3 = detect spurs(dfl, df2, df3)

# append current to history if new
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if os.path.basename(f3) not in df hist['csv_file'].unique():
tmp = df3.copy(); tmp['csv_file'] = os.path.basename(f3)
df hist = pd.concat([df hist, tmp], ignore index=True)
# detect Anomaly A (carrier drop)
ils_status = load ils_status()
df3, anom a = detect anomaly a carrier drop(ils_status, df3)
# detect Anomaly B
df3, anom_b =.detect anomaly. b(df1, df2,/df3)
anomalies’=@anom.a + anom_b
# label'noise floor and save eurrent CSV-
df3,noise_floor.=label -noise_floor(df3)
df3 to csv(f3, index=False)
# update ILS status and save
for freq in ILS_ FREQS:
rows = df3|
(df3['Label'|.ism(['ILS'J ANOMALY |A CARRIER DROP'})))y &
(df3}'Exrequency(MHz)'T.between(freq-ILS TOL;freq+ILS/TOL))
]
if not rows.empty:
idx = rows['Power(dB)'].idxmax()
pw = rows.at[1dx, Power(dB)']
snr = pw - noise_floor
status = 'active' if pw > noise_floor + NOISE FLOOR_TOL else 'inactive'
update ils status(ils_status, str(freq), status, pw, snr, now_str)
save ils_status(ils_status)
# save anomaly reports

if anomalies:
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rep_date = datetime.now().strftime('%Y %m%d'")

dfrep = pd.DataFrame(anomalies)

csvp = os.path.join(ANOMALY PATH, f'anomaly report {rep date}.csv")
mode ='a'if os.path.exists(csvp) else 'W'

header = not os.path.exists(csvp)

dfrep.to_csv(csvp, index=False, encoding="utf-8-sig', mode=mode,
header=header)

# save JSON
jpath = os.path.join(ANOMALY' PATH, f"anomaly report. {rep date}.json")
update ;json -file(anomalies, jpath)
else:
print("No new@anomalies detected.")
print("\n--- Anomalies Detected --<")

df‘f[%g?{abel'] str.contains(ANOMALY[UNWANTED|SPORADIC E', na=False)]
print(df curr)
print(f"Noise Floor:4noise floor:.1f} dB")
print("---.done --<")

if name '\, =="'. main "

main()
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