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Iepiinyn

To avtikeipevo g mOPOLGOG HETOMTUYOKNG OWTpPnig Mtav n  avartuén  evig
OAOKANPOUEVOD GLGTNUOTOC KATOYPAPNS ONUAT®V, GTNV TEPLOYN TOV PASIOCLYVOTHTMV,
TPog LeEAETN TG e€0cBEVNoNG dLadpoung Tovg Ko Tr cOykpiom pe Bewpnrtikd poviéda o Eva
nepPdAlov daductvov. Ilpog emitevén avtov, dnuovpynonke katdAinio hardware dekt@v,
Yo TV oviyvevon ¢ oy00G ONUATOC, Kol mopdAAnAio oavamtoydnke pio epoppoyn
SLOIKTVOY Y10l TNV KOTAYPOPN TOV UETPHGE®V Kol TNV ovaAvomn tovg. Ot dékteg mpokettal
Yo 500 TOVOUOIOTLTEG KOl avEEAPTNTES TAAKETES, Ol omoiec Pacilovtol o pikpoereykt ESP
Kol @EPOVV OVO HETPNTEG 1oYVOG OPOPETIKNG evocOnoiag, oAAd KowmMg meEPLOYNS
cuyvotntov, 10 éog 8000 MHz. T'a v ekmoumy| Kot Ayn o1Hatog xpnooromdnkay 60o
rkatevBuvtikég kepaieg ebpovg 700 - 6000 MHz. H vAomoinomn twv mloaket®v mpoPAémet tnv
acHpuatn emkowvovia, pécw Wi-Fi, pe tov mopnive tov GUGTHUATOS, VOV [KPODTOAOYIGTH
Raspberry Pi, o omoiog piao&evel tnv epoppoyn kot avarapfavel T SIKTO®GN TOV ¥PNOTN UE
Tic myéc petpnoewv. H avroriayn dedopévov amd akpn oe dxpn epoapuoletal o610
npmtokolho MQTT. To poro tov dtaxopot) avarappdaver o backend cuvovacpodg Python-
Flask-NGINX yia Béhtiot anddoon ota mhaicia tov Raspberry Pi. To frontend oyedibdotnke
MDOTE VO TPOGPEPEL £Vl JAOPACTIKO KOl QUMKO PO Tov Y¥pNotn mepPdirov deEaymyng
nmepapdtov path loss kot Gueon avdivon ovTOV pe TPOCAPHOYN Oe@PNTIKOV HOVIEA®DV
dwadoong. To mepapatikd pépog e epyacioc mpaypateveTol oevapla dtadoong RF onuatog
o€ OPOPOVS EGMTEPIKOVS YDPOLGS, LE TIG LETPNOELS VA EGTIALOVV GTO €VPOG GLYVOTHTOV 1 -
5 GHz. E&etdotke, emiong, n ikavOTnTa 000 CMUAVIIKOV EUTEIPIKOV HOVTEA®V 0140001G -
0V povtélov e&acBévnong dtadpoung ehevBepov YdPov Kot Tov povtéAov eEacBévnong
dwdpoung AoyoplOkng amdotaons - Vo TEPLYPAYOLV T CUUTEPIPOPE TOV ONUATOS CE
aLTEG TIG cLVONKEG.



Abstract

The objective of this Master’s thesis was the development of an integrated radio frequency
(RF) signal recording system to study path loss and compare it with theoretical models within
a web-based environment. To achieve this, specialized receiver hardware was developed for
signal strength detection, alongside a web application for measurement logging and analysis.
The receivers consist of two identical and independent boards based on the ESP
microcontroller, featuring two power meters of varying sensitivity but sharing a common
frequency range of 10 to 8000 MHz. Two directional antennas with a range of 700 — 6000
MHz were utilized for signal transmission and reception. The hardware design facilitates
wireless communication via Wi-Fi with the system’s core, a Raspberry Pi microcomputer,
which hosts the application and manages the networking between the user and the
measurement sources. End-to-end data exchange is implemented using the MQTT protocol.
On the server side, a Python-Flask-NGINX backend stack was employed for optimal
performance within the Raspberry Pi environment. The frontend was designed to provide an
interactive and user-friendly interface for conducting path loss experiments and performing
immediate analysis through the fitting of theoretical propagation models. The experiments
focus on RF signal propagation scenarios in various indoor environments, with measurements
centered on the 1-5 GHz frequency range. Additionally, the ability of two significant
propagation models — the Free Space Path Loss (FSPL) model and the Log-Distance Path
Loss model — to describe signal behavior under these conditions was evaluated.
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Kepdrarwo 1: Evoayoyn

1.1 HiextpopoayvnTikd kopato

Méypt to péso tov 19°° aidva dev vnpye EexdBopn CLGYETION TOV OVIIKEIUEVOV TOV
NAEKTPIOUOV Kot TOV payvntiopov. H d1atimmon Tmv NAEKTPOUAyVITIKOV KOUATOV £YIVE TO
1864 amd tov Xkotoélo @uowd ko podntkod James Clerk Maxwell, o omoiog péow tov
¢pyov tov «A dynamical Theory of the Electromagnetic Field» evomoinoe dAeg T1g mpoddpopeg
TMEPOUATIKEG HEAETEG €VOC a1V o€ &va cVVOAD elodoemv, Yvwotéc o¢ E&lomaoelg tov
Maxwell. To 1887, o Heinrich Hertz emBeBaimoe 1 OBempia pe po oelpd mepapdtov pe
padtokdpata. [TAéov, elval KaBoAKA amodekTd OTL OAQ TO MAEKTPOUAYVNTIKA QOVOUEVOL
VIOKEWTAL GE AVTES TG EEIGMOOELS.

q. - _ ﬁ
V-E=Z (1.1)
7-B=0 (12)
VXE= - (1.3)
— - - aE

Ot oyéoeig 1.1-1.4 amoterobv 115 e&lomoelg Tov Maxwell 6mwg avtég daTvTOVOVIOL GE

dlpoptkn popen, omov E ot B 10 NAEKTPIKO Kol TO PoyvnTikd medio aviiotoya, €0 M
OMAEKTPIKY 6TaBEPE TOL KEVOD, Lo M LOYVITIKY SOMEPATOTTO TOV KEVOL, p 1 TLUKVOTNTO

-

eoptiov kot J M mokvomnta pedpotos. H xobopiotikny ocopPorr tov Maxwell ftav 1
TPOGHNKN TOV OPOV PELLATOG METATOTIONG (& oF /0t) oy e€iowon (1.4), o onoiog deiyvet
Ot éva petafaAilopevo nAektpikd medio emdyel Eva poyvntikd medio. Avtn emétpeye TV
wpoPreyn TG HapéNg AVTOGLVTIPOVUEVEOV KVUATOV TOV UTOPOVV va 01000000V 6T0 KeEVO,
TO, NAEKTPOLLOLYVITIKE KOULATOL.

Y€ MEPLOYEG TOL YDOPOL HOKPLL amd 7NYES, OOV M TLKVOTNTO POPTIOL KOl 1 TLKVOTNTO
pevpatog pndeviCetar (dniadn oto kevo), ot eficmoelg tov Maxwell odnyodv ce dvo
opoYevelg KOHOTIKES EEICADGELG Y10l TO NAEKTPIKO KO TO LLOyVNTIKO TTEDNTO:

V2E = pogo 5> V2B = pye, os (1.5 & 1.6)

H Abon tovg meprypdopet 10 kbOpo mov dwadideton oe KAOe mepimtwon pe ToydTNTO U =
1/./€olho, fom pe TV TaydTTA TOV POTOG ¢. H o amkn Aon g kupatikig e&icmong sivat
10 eminedo appovikd Kopa. Ta dtavicuaTe TOV NAEKTPIKOD Kol TOV HoyvnTikoD mediov givot
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KkdOeta petahd Toug, Kabmg kot kabeTa TPOg T d1evBuvon d1ddoong Tov Kopatoc. Ta puoikd
nedia o€ éva emimedo KOO TEPLYPAPOVTAL OO TIC GYECELS:

§=Eocos(k-r—a)-t+6)ﬁ (1.7)

§=Bocos(k-r—w-t+6)(fc><ﬁ) (1.8)

omov Eo ko Bo to. TAGTN TV Tedimv Tov cvvddovtan pe tn oxéon By = Ey/c, k 10 didvuoua
dradoomg pe PETPO Tov Kupatikd apBud k Kot 1 to dtdvocpo TOAWGCTC.

tmyl

&)

7

B

Zyquo 1.1: Arddoon evog emimedon NAEKTPOUAYVITIKOD KOUATOG [36]

Y10 nAekTpopayvnTikd media petapépetor evépyeta. O puOUodc HETAPOPAG TNG EVEPYELNS AVEL
povada xpovov Kot avd povéda eppadod meptypdeetot amd to ddvuspo Pointing, To omoio
opiletar oG 10 e£mTEPKO YIVOUEVO:

e_i = -
S =-—-(E xB) (1.9)

To Sévvcpa Pointing Aapféver povadeg mukvomrog woyvog (W/m?) kon n dievhvvon tov
tavtileTon pe tn d1evbuvon S1ddoong Tov kupatog. Asdopévovu oti ta medio petafdAiovtal pe
TOAD  VyMAég ovyvotnteg (M. OTNV WEPIMTOON TOV HIKPOKLUAT®OV), OTOLONTOTE
LOKPOCKOTIKY] HETPNON TEPIKAELEL peYdAo aplOpd KOKA®VY. XUVETMS, TO YPOVIKO HEGO TNG
TUKVOTNTOG 10Y(VOC amoTeEAEL o o ypnotun évoelln. H péon tyun g oyvog avd povéado
eUPadov Tov peTaPEPETOL OO £VOL NAEKTPOLOYVNTIKO KOWO diveTol amd T oyéon:

[=(S)= %ceoEg (1.10)
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H 1oy0¢ g axtivoPforiog vmoroyiletor oAokAnpadvovtag To didvuspo Pointing méve og pio
KAEOTN EMOAVELD TTOV TEPPAALEL TNV TINYN:

Praa=$S-dd (1.11)

OepdVTOG pio 1IGOTPOTIKN TNYN OV EKTEUTEL OLOLOUOPPA TPOS OAES TIG KATEVOVVOELS, GTO
KEVO, To HETOTO KOPOTOG elvarl oeoaipikd. Adym g apyng daTnpnong g evEPYELNG, M
GUVOMKT 10Y0G Tapopével otafepn KoOMG To KOUO OMOUAKPVVETOL G0 TNV TNYN Kol 1
EVEPYELDL KOTOVELETAL OUOLOUOPPO. OTNV TEPIKAEIOUEVT] COUIPIKTY EMIPAVELD. XVVETMG, 1
évtaomn G okTvoPoliog o HEYAAES OKTIVIKEG OMOGTAGELS I, 6oV Ta KOpaTo Bempovvral
KOTA TPOGEYYIoN emimeda, elvat:

(S) = Zrad (1.12)

472

[Tpokbdmtel, Aowmdv, OTL oV VROOECN HOG 1COTPOTIKNG TNYNG oTOV €AevBepo YDdpo M
TUKVOTNTO  1OYVOC TOV MNAEKTPOUOYVNTIKOV KUUATOV HEWDVETOL ©OC GLVAPTNOY TOL
AVTIGTPOPOL TETPAYDOVOL TNG OMOCTOONG — £va GOVOUEVO TTOL amoTeAel ) Pdon yww
perétn g e€acBévnong S100popng oTic TNAETIKOWVOVIOKES (eVEELS.

1.2 HiextpopayvnTiké ¢dopa

Ta MAEKTPOLOYVNTIKE KOLOTO OPYOVOVOVTOL GE L0l GUVEYN KOTOVOUT GLYVOTHT®V, YVMOGTH
®¢ NAEKTPOROYVNTIKO @dopa. To niektpopayvntikd @dopo yopiletal oe Eexmplotés Lmveg
oLVYVOTNTOV (1] UNK®OV KOHOTOG), 01 0moieg 0ev £X0VV doKPLTd Opta, KaODS 0 doympiopdg
Tovg Paciletor oTov TpOTO pE TOV omoio M aKTIVOPOAl GAANAOETIOPE e TNV VAN Kot TIg
pnedddovg mov  YPNOIUOTOOVVTOL Yo TNV TOPAY®YN Kot v aviyvevong g To
NAEKTPOLAYVNTIKO QOGO EKTEIVETOL a0 TO POASIOKVUATO YOUNANG GLYVOTNTOS KOl TOAD
HEYGAOD PKOVG KOUOTOG (TN TAENG TV ~10%m), £m¢ Ta KOpaTa TOAD VYNAGY GLYVOTAHTMV
KoL PEYAANG EVEPYELNG TOV oKTVAY Yapuuo (A<10"°m). Zto oyfua 1.2 ancwovilovrar HAeg ot
TEPLOYES TOV PACUATOG Kot Ol €muépouvs (dveg toug. Me v avénon g ovyvotntog,
ALEAVETOL KOl 1) EVEPYELD TOL (GMTOVIOL, HE OAMOTEAECUA 1) OKTIVOPOAID. TOAD LYNA®OV
ocvuyvotntov (axtiveg v kot X) va mpokaAel oviopd tov atdpmv. H aktvoforia ovty
Kadeitan ko woviCovoa axtivoBoiia.
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Wavelength Frequency Band Classification

(m) (Hz) %
i 10
p 1021
10712
Gamma-Rays (10" -~10°" Hz)
10% X-ray PTH
10_9 X-rays (30 PTHz - 30 EHz)
Ultraviolet UV (750 THz - 30 PTH.
o Tiiraviole UV (75 THz =0 Pitin) = I Visible Light
10-¢ ! . - (400- 790 THz)
Near-Infrared (120 - 400 THz)
Mid-Infrared (30- 120 THz)
3 Far-Infrared (0.3 -30 THz)
102" il ; “\ Terahertz THz
10- Tremendously High Frequency THF (0.3-3 THz) (0.3-3THz)
Extremely High Frequency EHF (30 - 300 GHz) =]
s Microwave
10° Super High Frequency SHF (3-30 GHz) (0.3-300 GHz)
1 Ultra High Frequency UHF (300 - 3000 MHz)
Very High Frequency VHF (30 - 300 MHz)
” High Frequency HF (3-30MHz)
10 : - 5 Radio Wave RF
10 Medium frequenc,\ MF (300-3000 kHz) ) ™ (3 Hz - 300 GHz)

Low Frequency LF (30-300 kHz)

103 Very Low Frequency VLF (3-30 kHz)
Ultra Low Frequency ULF (300 - 3000 Hz)
Super Low Frequency SLF (30-300 Hz)
Extremely Low Frequency ELF (3-30 Hz)

10¢

Yyquo 1.2: To NAEKTPOUAYVNTIKO PAGHO WE TIG EMUEPOVG (DVES TOV PAdIOGUYVOTHTOV [36]

210 TAOICI0 TOV OCVPUOTOV ETIKOWVOVIOV, TO EVOLAPEPOV ECTIALETOL GTNV TEPLOY TOV
padtocvyvotitov (RF), n omola coppatkd opiletan amd ta 3 kHz éwo¢ ta 300 GHz. H
nepoyn ot yopaktnpiletar and EOTOVIO YOUNANG EVEPYELNG, EMOUEVMG TPOKELTOL Y10l UN-
oviCovoa aktvoBoria. H aAinAenidpaon tov padtokvupdtomv pe v HAN ekdnAdvetal HEcw
QOWVOUEVOY TIOV €EOPTMOVTOL OO TIC 1O1OTNTEG TOL VAKOD KOl TO YOPUKTNPIOTIKG TOV
KOLOTOG, O™ 1 amoppdPNo™, 1 AvaKAaoT, 1 01dOAacT, | 6KESAOT Kol 1) ETaywyn pEOLOTOG
o€ ay®yovc.

Ot ovyvoétreg mov efetdlovial oIV TOPOVGH EPYAcia aviKOLV oTtnV vroldvn TV
LKPOKLUATOV, 1 ontoia Kaivmtel to €0pog and 300 MHz éwg 300 GHz. H mieiovotnta tov
oUYYPOVOV AGUPUATOV EPOPUOYDV, OT®MG T dIKTLO KIVNTNAG TNAEP®VIONG, Ol dOPLPOPIKES
emkowmvieg, ta pavidp, o Wi-Fi kot to Bluetooth ypnoiponoovv ta pukpokdpata. To
Bacikdtepo mAeOVEKTNHO EYKELTOL 0TO LYNAO dtobécio gvpog {dvng, To omoio emTpémel
VYNAOVG pLOUODG peTAdooNS dedopévmv. EmmAéov, 1o pikpd piKog KOUAToC Kaf1oTd kT
TN YPNON KEPUDV HKPADOV SOGTACEMY Y10 TNV EVOOUATOGCT TOVG GE POPNTEG GLGKELEG 1) TN
dNUovpYio KEPOLOGVLGTO(IMV.
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1.3 Mnyaviopoi Avddoong

Ot 1perg Poowol unyovicpoi mov emnpedlovv T ddoon TOL ONHOTOS GE  Eva
TNAETKOWVOVIOKO cvotnua elvor 1 avéxioon, n wepibroon kot n okédaon. Otav to
NAEKTPOUOYVNTIKO KOUHO. OlOOIOETOL GTOV YMPO, T EVEPYEWL TOV PTAVEL OTO OEKTN Ogv
TPoépyeTOL LOVO péow TG anevbeiog dadpoung (Line-of-Sight), aAAd amotedel To GuUVOAKS
OMOTEAEC O, TOV TOPATAVE PAVOUEVOV. XTIC TEPUTTOCELS OTOVGIOG OTTIKNG EMOPT|G TOUTOV
- 0éxtn (Non-Line-of-Sight), n cupfoin avtdv Tov pnyovicpudv yiveton evtovotepn.

H avdxioon ocvpPoaiver 0tov 10 MAEKTPOUAYVNTIKO KOUO 7OV Ol00ideTON 0€ €va HEGO
TPOCTINTEL GE EVOL AAAO HEGO HE SOPOPETIKES NAEKTPpOUayVITIKES 1010TNTEC. 'Eva népog g
eVEPYELOG TOV, GLVNOWE, HETANIdETOL GTO OEVTEPO PECO N AOPPOPATAL, OONYDVTAG GE £val
eEacBevnuévo avaxiopevo kopa. Eqv to kdpa mpoonintel o éva 1€Ae10 SIMAEKTPIKO VAIKO,
dev vmapyel amoppdenon evépyswg mopd povo Soympiopog. Avtifeto, ov To LAIKO
avdrhaong mTpokeltol yo Evav TEAEI0 aymyd, OAN 1 TPOCTINMTOVGO EVEPYELD OVOKANTOL KO
eMOTPEPEL 610 apykd péco. H évraon kat n @don tov avakA®UEVOL KOUATOC e€apTdvTal
amd T1G 1010TNTEG TOL VAIKOD, TN YOVIio TPOGTTMOONG, TNV TOAMOT Kol T cvyvotnta Tov. To
QOIVOLEVO TNG OVAKAOGNG CLVOVTATOL GE O1APOPO VAKE Tov TepPdAiovio ydpov. X
Bewpio 014000MG TOV PASIOKVUATOV, aVAKANCT cLUPAiVEL OTOV TO KOWO TPOCTIMTEL GE £val
OVTIKEILEVO  OPKETO  HEYOAVTEP®V JOCTACE®V Oomd TO MUNKOG KOUOTOG TOV. XTOVLG
E0MTEPIKOVS YDPOVG, 01 TOTYOL, T OATEDA KOt TO SLAPOPA EUTOI SIAUOPPDVOVY GE LEYOAO
Babud o eavopevo g avaKioonc.

H mepibraon ocvppaivel dtav n dtadpoun evogc d1a0100UEVOD padloKOLUOTOG pmodileTon amd
éva avtikeipevo pe yovieg kot akpés. To deutepedovia KOUATO TOL TPOKVTTOLV OO QLT TOL
onuela TG emedvelag oadidovtal TPog OAeC TIG Katevbhvoelg, akdpa Kot Tiow amd To
EUTOO10 (TEPLOYES OKINONG), TPOKAADMVTOS TNV “KAUYN” TOV POadIOKOLATOS YOP® OO OVTO.
Xe vyniég ovyvotteg, N mepiblaon e€aptdton amd T YE®UETPIOL TOV OAVIIKEILEVOL KOOMG
Kot omd TO TAATOC, TN PACN Kol TNV TOAMGN TOV TPOGTINTOVTOG KOUATOG. To patvopevo ivat
mo €viovo Otav to pEYeBog Tov eUmOdiov €lval GULYKPICWO HE TO  UAKOG KOUOTOC.
Padiokdpata yoapmAdtepmv cuxvoTHTOV Topouctdlovy cuviBmG EVTOVOTEPL TO QOIVOUEVO
m¢g mepiblaonc. XopaktnploTikd TOPAdELypHo, To MAEKTPOUOYVNTIKG KOUOTO TNg
POOIOPOVING UTOPOVV VO TAPUKAUTTOVV UEYOAN eUmOd (TT.Y. AOPOLS) Kot vo dadidovTal
oo oand avtd péow g mepibiaong, oe avtibeon pe to padloKOHHATA PKPOTEPOL UNKOVG
KOLLOITOG TTOV PN GLUOTOLEL 1] TNAEQ®VidL.

To eawvdpevo g okédaong Tapatnpeitot OTOV TO NAEKTPOLOYVITIKO KOO TPOGTINTEL TAV®
O€ TPOYLES EMPAVELEG 1) O AVTIKEIUEVA LE OUGTACELS GLYKPIGIUES 1 LKPOTEPES OO OVTO TO
KOG KOHOTOC. G OMOTEAEGHO TG TPOCKPOLOTG, 1] EVEPYELD TOV KDLOTOG SLOEETOL TPOG
OAEG TIG KATELOVVOELG, OmMOTEADVTOG pio aKOun Tyn akTvofoiiag oto Ympo. Avtikeipeva
oKEOAOMG TV PAOIOKVUAT®V glval cuvNO®G Ta ELTE, TO ETTAN OKOUN KO 1 TPAYOTNTO EVOC
Toiyov.
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1.4 TloAhamrég Avadpopég

Amotélecpo TOV TOPATAVED TOPAYOVI®V ONOTEAEL TO QALVOUEVO TOAALATAGDV SOOPOUDV
(Multipath), katd to omoio m kepaio ARYNG AopPdver onpato mov £YOLVV AKOAOVONGEL
OPOPETIKEG  OOPOUES. XVVETMG, TO TEAMKO onuo oamotedel pio vmépbeom ypovikd
LETATOMIGUEVAOV AVTIYPAP®OV TOL aPYIKOD GNUOTOS, 6mov KABe cuvvietdoa yopaktpileton
amd 10 01KO TG TAGTOG Kat (pdor). Katd avtdv tov 1pomo, pumopet va Tpokdyovy 6to onueio
™G ANYNS QOVOUEVA EVICYLTIKNG 1 amooPeSTIKNG GLUPOANG, TPOKOADVTAG GNUOVTIKEG
dwkvpdvoelg (fading) and onueio og onueio tov yO®pov. AkOun kot yuo Evo otabepd onueio,
N netafolr] evog tepPaAlovTikoD Tapdyovta (.. 1 LETAKIVION EVOG avOpOTOV GTOV YDPO)
umopel va ennpedoetl to AapPavopevo onpa. To moAvdadpoputkd eovOopevo Exel To £VIovn
Tapovcio og TEPPAALOVTO TUKVIG SATAENS, OTMG GTO E6MTEPIKO TOV KTIPI®MV, KOl GLGIKA
otav dev VILAPYEL Kuplopyn OLdPOUn AOY® OTTIKNG EMAPTS TOUTOV - SEKTY.

Scattering Transmitter

Receiver

.‘\

ynua 1.3: To pawvopevo morlomidv dwadpoucdv (Multipath) o évav ecmtepikd ydpo.

1.5 E€ac0évnon Awadpoprig (Path Loss)

To @oawvopevo g e€achBévnone (N arwAeldv) dtadpoung eppovietor Otav £va S1addOUEVO
onua veiotatar eEacBévnon ®g cuvaptNon TG AmOCTUCNS TOL SlvVEL KOODS Kol TV
YOPOUKTNPLOTIKAOV TOV KAVAALOD OV OVIKEL Zuykekpipéva, opiletor og n peimon g 1oyvog
€VOC NAEKTPOUAYYNTIKOD KOUATOG KOOMG 010010eTal 6TO YDPO. AVt N andAewo pmopel va
etvar amotéhecpo €vOg GLVOLAGHOV TOPAYOVI®MV, GULUTEPIAAUPOVOUEVOL TNG (QUOIKNG
e€AmAmong TG NAEKTPOUAYVNTIKNG aKTIVOPOAING GTO YMPO, TOL ££00HEVLEVOL GNLLOTOG
nepiBhaong Tov TpokaAeitol amd PLGIKE UTOOLN, TG ATOPPOPNONG EVEPYELNG OO VAEG TOV
OAANAETIOPOVV LE TOL NMAEKTPOUOYVNTIKA KOpOTo Ko GAAEG emdpdoelg mov Paciloviol o1
ovyvotta kot 1o TepPdAiov. ['evikdtepa, TO0 ONUA TOV GLYKEVIPOVETAL GTNV TEPLOYN AMYNG
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etvar amotéleopa vréPOBEoNC MOAAGDV EMPUEPOVS OMNUATOV 7OV  £YOLV  OKOAOVLONGEL
drapopetikcés dradpopés (multipath), emopévmg Tapovotdlel amokAicelg and to apyko.

1.6 Movtéha EEac0évnong Aradpoung

H g€acBévnon dadpounc amotelel amapaitnto ototyeio yia 1o oyediacud tov link budget
EVOG TNAETIKOIVOVIOKOD GUOTHUOTOG. XTNV TTPpoomddeior TpoPAeYNc TS, YPNOUOTOI0HVTOL
dwpopa povtélo mov pmopel va Pocifovior oe: (o) mAektpopoyvntiky Oeopia, ()
otoToTikég neBddovg kar (y) mepapatikd dedopéva. To Pacuodtepo povtélo dbdoong
neptypapel v e&acbévnon oto 10eatd KavdAl ehevBepov ympov. Ipdkettal yio 10 poviéAo
eEac0évnong dadpoung erevbepov ympov (Free Space Path Loss) to omoio Bacileton oty
eElowon petdooong tov Friis, n onoia datunwOnke and tov Harald T. Friis (1946). H oyéon

Exel og €ENC:

P. =P, G, G, (ﬁ)2 (1.1)

Omov:

P, Pr: m exmepmopevn kot ) Aapfoavopevn 1oyvg
Gt, Gr: 10 K€pOOC TV KEPOLDV

d: amdoTOon

A: TO UMKoc.

e AoyapBukn kAiipoka dlvetat amd 1 oyéon:

PL =2t
Py

A
= —G. = G, — 20 log, () (1.2)

omov PL m &€acBévnon Oadpouns. e TOAAEG €POPUOYES TOPOUAEITETOL TO KEPOOC TMV
KePALOV omd TN oYéon, Bempaviag 0Tt eivan 1ootpomikés. Katd cuvéneia ol oyéoelg (1.1) ko
(1.2) TpomomolovvTal WG akoA0VOMG:

_ b _ (4md)?
FSPL =1t = (=9) (1.3)

To povtého Bewpel 6t To Pé€co 61d000MG ivar To Kevd Ko 0 OEkTNG Ppioketor oe TéETOLOL
andoTAoT om0 TOV TOUTO, OMOL TO MAEKTPOUAYVNTIKO KOHo mpooeyyilel mAéov Eva
evBvypappo pétomno. Emiong, eényel povo tm e&acbévnon mov opeihetonr ot YEOUETPIKN
e&amimon tov kopatog. H e€dptnon amd 1o pikog KOUATOG OQPEIAETAL GTN XPNOT) TNG EVEPYOD
EMPAVELOG TNG KePaiog (Kot KAt eXEKTAOT TOL KEPAOLS TNG) otV e&icmon.
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Ymv mpdén, to koviio emkowvwviag Ot Ppiokovior 610 keEVO OAAE oe olhvOeTa
neplpdAlovio e  TOAAATAOVG mopdyovieg va  emmpedlovv v e€acBévnon tov
padokvpdtov. H mowiopopeicc mov cvvavidtor oto mepPAAAOVTO Kol 1 OUVOIKT
HETOPANTOHTNTO TOVG TEPITAEKEL TN LOVTEAOTTOINGT TNG O1AO00NG, OOTE 1 (P01 EUTEIPIKDOV
dedopévav N aG VIETEPUIVIGTIKNG QOPHOVANG 0ev apkel Tavta. Movtéda mov eptypdpovy
TN 0140001 KLUUATOV EVTOG €VOC KTIPIOL 1] YEVIKOTEPO GE OOTIKEG TEPLOYES, (PN OLULOTOLOVV
elte akpiPeic yewypapikéc TAnpopopieg eite elodyovv gpyoreio otatioTikng TpoPreync. O
de0TEPOG TUTOG TPOGPEPEL 0L TLO YEVIKELUEVT] LEBODO LOVIEAOTOINGNG, GTNV OOl OVIKEL
Kot to povtédo eEacBévnong dwadpoung AoyapBukng andotaong (Log-distance Path Loss).

To povtého AoyaplOukng amdotoong oamotehel yevikevon tov poviédov FSPL ko
YPNOUOTOIEITOL KVPIWG Yoo TNV TPOPAEYT TNG 014000MG ONUATOS GE ECOTEPIKOVS YMDPOLG,
kaBmg ovvumoroyiler kol tov mepiPardovtikd mopdyovta. To poviého AoyaplOuikng
andotacng swoaysl v évvola tov ekbétn eEacBévnong n, o omoiog egaptdror omd TO
nmepIParrov. Atveton amd ™):

PL(d) = PL(do) + 20 nlogi, (2) + X, (1.5)

Omov:

PL(do) n e€acBévnon dwadpoung o€ pia amdcToon avapopdc, suvindmg to 1 pétpo.

n o ekBétng e€acBivnong dadpoung

Xo wio toyaio petafinty mwov akolovbel v kavovikn katavoun (Gaussian) pe péon tun
UNoEV Ko Tumikn amokAion o (dB).

Q¢ onueio avaeopdg ypnoyLonoteital gite £va apykd TEPAUATIKO onpeio, gite 1 BewpnTiky
Ty FSPL oto 1 pétpo. O ekbétng e&acBévnong dadpoung exppalet to pubud petafoing
™G e£000EVIONG CLVOPTNGCEL TNG ATOCTOCNG Kot EIVOL YOPAKTNPIOTIKOG Yo kKGO TP PUAAOV.
H npocOkn tov 6pov X yiveton yia va meptypayetl 1o eovopevo g okioong (shadowing),
oniaodn v e&acBévnon mov opeideton o€ avtikeipevo peyding kiipokag (large-scale fading)
AOy® mepiBAaonC Kot TV TOAAATA®Y S100POUGY TOL TPpoKVTTTOLY. O eKOETNG 77 KO 1] TLTTIKT
amOKAIoT «o» gival ot 0V0 Pacikés mapdapeTpot mov yapaktmpilovy 1o mepPaAlov dtddoong.
H mym g tumkng andkiong pumopet vo mopovstdlel peydAn dtakvpovern ond onueio og
onpeio evog ktipiov, pe ™ PProypaeio va avaeépet Tipég Tov Kupaivovtal cuvibmg, amd 3
dB éw¢ kor 10 dB, ywa ™ {dvn sub-6 GHz [12-14]. Xtov [Tivoka 1.1 avaypdeoviot Tumikég
TIWES TOoV ekBETN eEacBévnong Yo dtpopa TeptBaiiovTa.
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Ieprpariov n
ELevBepog ydpog 2
Ecmtepikoc yopog — LOS 1.6-1.8
Ecotepucoc yowpoc — NLOS 4-6
Aoctikn meploym 2.7-3.5
Epyootdoio 2-3

[Mivakag 1.1: Twég Tov ekBén e€acBévnong n yio mokila tepiPdirovta [8]

Y10 povtédo eacBévnong owdpoung €AevBepov YMPOL KOl GTO HOVTEAO AOYOPOUIKNG
anootaons, 1M eocBévnomn  exepdletol CLVOPTNGCEL TOL  OeKOOKOV AoyapiBpov g
anootaonc. Ta dvo autd peyédn pumopovv va cuvdedobv HECH G YPOUUIKNAG GYEoNSG TNG
HopG:

PL =alog,,(d)+ b (1.6)

2V mepinTon Tov HovtéEAoL EAeDBEPOL YDPOL 01 TapdETPOL a, b Tpocdtopilovion mG:

a=20
{ b = 201log (4_7'[)
10\
H tyun ¢ xMong elvar og ke mepintmon otabepn kot ion pe 20. Avtibeta, n mapdauetpoc b
(M 0 otabepds Opog g evbeiag) e€aptdtar amd T cVyvoHTTA TOL daddEVOL onpatog. [
TN GUYKPLON TOL LOVTEAOV LE TO TEPAUATIKG OedoUEVa YIVETOL TPOGAPLOYN HIOG KOUTUANG

YPOUUKNG TAAVOPOUNoNG — LVIO®G pe TN €D elayioTOV TETPAYOVAOV - OOTE va Ppebet
N «KOAVTEPM gVOElR TOV TEPLYPAPEL TO SEGOUEVOL.

I[a ™ oJepevvnon tov poviéhov AoyaplOuikng amdotaong, akohlovbeiton mopdupoo
dwdkacio ypappkng mpocapproyns. Edm, ypnowomoteiton g e€aptmuévn petafint) o
Aoyog d/do, evdd dev vmdpyel otabepdg Opog b mpog evpeon, kaBoTL N Ty PL(do) etvon
npokabopiopévn. Emopéveg, ot pébodo eloyiotov tetpaydveov M otabepd  PL(do)
EVOOUATOVETOL MG oTofepd oty eEaptnuévn petafant). Ovolaotikd yivetor €bpeon g
gubelag Y = 10nX, 6mov Y = PL — PL(dy) xar X = log,, (d%). O vroAoylopog g KAlong

aKoAovbel T oyéon:

N y.vy.
10n = Zle—Xf (1.7)
=11
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O otototikog 6pog Xo pmopet va tpootedel 6TV KAUTOAN PETA TNV TPOGAPLOYY, BAGEL TNG
TOTIKNG amokAong (1.8) mov Ba mpokvyel HETOED TMV TEPOUATIKOV ONUEi®V Kol TNng
TPOCUPUOCUEVIC KOUTTOATNG.

g = \/Z{\Ll(PLmeasured_PLfit)z (18)

N-1

1.7 Internet of Things

To «Internet of Things» (IoT) amoteiel pio évvola m omoia €xel edparmbel 6to YDPO ™G
TEYVOLOYIOG KOl TV VANPESIOV Kol aPpopd TOV TPOTO OV GAANAOETIOPA O ¥PNOTNG LE TIG
OLOKEVEG Ko Ot 101eg peta&y toug. TIpoxettal, yuo éva dIKTLO «EMIKOW®VING GTO 0moio £val
TAN00G SLOGVVOEOEUEVDV OVTIKEILEVOV cuvepyaletal pe okomd Tn cvAAoyn, emeepyacia,
avéivon kot v dwayeipton dedouévav pe EAdyom 1 undapivn mopéupfacn tov avlpamov.
Avtd ta aviikeipeva yopokmmpilovror Kot ©¢ «EELMVEC GLOKEVEC) KOl OVTIIGTOLYOVV GE
EVOOUATOUEVO MAEKTPOVIKA GLOTHUATO TavToc €idovg, eEomMopéva pe  ouebntnpeg,
EMEEEPYOOTIKN 1OYY KOl HOVAOES OIKTOMONG, MOTE VO, CLAAEYOLV KOL VO OVTOAAGGGOLV
dedOUEVO OE TPAYLOTIKO YPOVO.

H oamodotikotnta evog [oT cvotiuatog e€aptdral amd v kavdTnTo TOL Vo GUAAEYEL Kot VoL
avaADEL TANPOQOpiec, ol omoieg cuvnBwg mpoépyovian amd Tov mepParlovta ydpo. Ot
nmopdyovteg mov kabopilovv v «E&umvny Asttovpyio pag cuokevn oyetilovtal T060 LE TO
Aoylopukod v vrootpilel 660 Kol pe 1o OlkTvo Tov dcPaiilel ™ dwkivinon TOV
dedoUEVV Kal TNV aAANAETiOpacn Le ToV ¥pNotr. To AOYIGHIKO GUUUETEXEL EVEPYA OTNV
OMOTEAECUOTIKTY OLOYEPLOT KOl OpYAvOON TNG TANPOQOpPiaG, HE KOPLO GTOYO TNV emiTELEN
pog 660 Tov duvatodv TEPIGGATEPO avTopaTomompuEVNG Asttovpyioc. TTapdAinia, n Wwitepn
éuopaon oty emkowvovia otig loT epappoyés tpofAiénetl T cvuvdeon e Eva vpvTEPO SIKTLO
AVTIKEIEVOV (O100iKTVO 1 TOMKG JIKTLO), YEYOVOS MOV EMITPEMEL TN UETAPOPE Kol THV
ATOUAKPLGUEVT emelepyacio TV Sed0UEVOV 08 AAAEG GUGKEVEG.

‘Eva tomikd cvomuo 1oT dopeiton oe didpopa emineda ta omoia eEacpaiilovv T pon g
TANPOQPOPiag amd TV aviyvevon ¢ mTPog oTtov TeEAKO ypnotn. H mo kown apyrrextovikn
elval avt) TV TP1OV emmedov [1]:

e Eminedo avriinyng (Perception Layer): [Tepthapfaverl to hardware (m.y. aucOntipec)
OV OAANAOETOPE e TO TEPPAAAOV Kot GUAAEYEL TNV TANPOPOpia.

e Eminedo Awtvov (Network Layer): Avoroappdvetr t dwopifacn tov dedopévov kot
N S10GVVIEST] TOV AVTIKEIUEVOV HECH AGVPUATOV 1) EVGUPLOTOV TEXVOLOYIDV
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e Emingdo E@appoyng (Application Layer): Eivar vmedBovo yuo v  moapoyn
EPAPLOYADV KOl VINPECIOV TOL TEPAAUPAVOVY TN GLAAOYY|, TNV AVAALOT KOl TNV
OTTIKOTOING TNG TANPOPOPIaG, AVAAOYQ TIG AVAYKEG TOV PN OTY.

4 N
Application Layer
(Data management & storage)

A I A
A 4
4 N
Network Layer
(loT Gateway)

r 3

A 4

[ Perception Layer ]

(Sensaors & Actuators)

Zyua 1.4: H copPatikn doun tpidv emmédwv evog loT cuotipotog

1.8 E@appoyég Aadiktvov

e avtifeon pe To TOPASOCIUKA AOYIGHIKA TOV EKTEAOVVTOL TOTIK( GTI) GLGKELN XPNOTI, Ol
EQOPUOYES OLAOTKTVOV PLAOEEVOUVTOL GE OMOUOKPVGHUEVOVS OIOKOMOTEG (servers) Kot giva
TPOGPRAGIES LEGM TPOYPAUUAT®V TEp YN oS (browsers). AVTITPOo®TELOVY EVa YEVIKOTEPO
TEXVOAOYIKO peLUO OTOV TPOMO oyediaong kot O1d0eons AOYICUIKOD, UETOPEPOVTAG TNV
VTOAOYIOTIKY AOYIKY| amtd Uio. GUOKELY] GE KATAVEUNUEVES VTOJOUES dikTvov. H doun pog
oLYYPOVING  €papuoynS  Owdktoov  Pooiletor  oto  poviého  meAdrtn-gEummpetnTi
(client/server), émov o browser ypNGLOTOIEITOL OC TO TPOYPAUO TEAATN EKTEAMVTOG Mot
JLOPACTIKY VINPEGIN GE GVVEPYOTIO e TOVG CLVOESEUEVOVG Servers, HECH TOL O1adIKTHOL 1)
eVOG mEPLOPIGUEVOL dKTVOV. OVGLUCTIKA, TO GVOTNUA dloKPiveTal 68 dVO OVIOTNTEG, LE TNV
pio vo apopd To TLUPNVO TNG EPAPUOYNG, LE GEVAPLO KO VANPEGIEC TOV EKTEAOVVTOL GTNV
mievpd TOL dakopoty (Swyelpion G mANpoopiag omd KOl TPOG TOV  XPNOTN,
aAnAenidpaon e BAoelg 0edoUEV@V) Kat TNV GAAN VO apopd T AOYIKN TOV EKTEAEITAL GTOV
neAdTN Kol mepAapuPavel ta péoa aAANAEmidpacng Tov ypnot pe v epappoyn (User
Interface). H diaovvdeon towv 600 ompiletar, cuvnBmC, 6T0 TPOTOKOAAO EMKOVOVIOG TOV
dwadktvov, to HTTP, 1o omoio axorovBel 10 povtédo aitmong-andkpione. Evd pia amin
10TOGEASO TOpEYEL TO TEPLEYOUEVO amd OTaTIKA opyeia, pio epappoyn SodkTOHov
TAPOLGLALEL TO TTEPLEYOUEVO SVVAIKA, BACGEL TO AITHUATO KOL TIG TOPAUETPOLG TTOL OBETEL O

YPNOTNG KO TNG KATOYPAPOUEVNG CUUTEPIPOPES TOV.
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Kepdararo 2: Xyedioon & YA0moinon TV Hovad®v aviyvenTtav 16Y00G

2.1 Ewayoyn

10 KeQAAOLO 0VTO TEPLYphpeToL TOo hardware mov ypnoyomoOnke yio T ANYN LETPNCEDY
woyvo¢ onuatog. To cvotnua amotedeiton amd 6V0 povadeg pérpnong, ™ yevvnipwo RF
onpotog Kabmg kot Tig kepaieg AMyng kot ekmounng. Ot dvo povdodeg ivar TavopoltdTuIEe
HETOED TOVG, He HOVN Sopopd TOV aviyveuTtn 16y0og (power detector) mov EVOOUATDOVOLV.
Kvpuo Agttovpyia tov povadmv givan 1 tpaypatomoinon petpnoewv 16yvog tov RF onpartog
KOl 1] 0TOGTOAN TOVG HEG® TOMKOV OkTtHov Wi-Fi oty kevipikn povada tov GUGTHOTOC, TO
Raspberry Pi. Z1oyog g mapodcoog HETAMTUYIOKNG OWAMUATIKAG epyociog sivor m
vAomoinom Vo aveEAPTNTOV NAEKTPOVIKAOV TUTOUEVOV KUKAOUATOV UIKPOV OUGTACEDV, LIE
EVOOUATOUEVO KPOEAEYKTY] YloL TN ANYN Kot Tr HETAO00N T®V O£d0UEVOV amd TOV
aviyveutn 1oy00G. 10 mopokdtem oynua 2.1 amewkoviletar To oYNUOTIKO Odypoppe g
ITaENG TOV GLOTHHOTOC.

/ I Detector Unit 1 \ ( Detector Unit 2 \

POWER
DETECTOR

Microcontroller ﬁ

MQTT
TCP/IP

Zympa 2.1 Zynuatikd S16ypopLiol LLE T LLEPT] TOL CUUUETEXOVY GTN ANYN LETPCEDV.

2.2 H kepaio HyperLOG 7060

Mo ™ Ay kot ekTopunn Tov oNUATog ypnoortomdnkayv ot kepaieg HyperLOG 7060 tng
vepuavikng etotpeiog Aaronia. H kepaio HyperLOG 7060 eivar kotevBuvtikn kepaio svpeiog
Covne. Ewwotepa akolovbel 1 popen AoyoapBpukd meprodikng owmolkng owdtaéng (Log
Periodic Dipole Array), amotelovpevn and évav apBud otoyeiov dimdAov tomobetnuéva
TapdAANAo LeTaEd TOVG Kol o€ andoTact Tov akoAovdel pio AoyapBpikn teplodikdTnTa.
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Zyque 2.2: H kepaio HyperLOG 7060 [29].

To povtého HyperLOG 7060 xoidmter 10 €bpog cvyvotntov and 700 wg 6000 MHz.
[Tpdkertan yio mabntikn kepaio, OnAadn n Asttovpyio ¢ PacileTor 6N EVOIKN TG amoAafn,
N onoia kvpaiveror mepimov ota SdBi. To didypappa kEpOOLG TOL GYNUATOS 2.3 ATOTVITOVEL
TO PETPOVEVO KEPDOOG TNG Kepaing cuvapthost TG cvyvotntoc. H euméonomn g etvan 50 Q,
eV 0 Adyog otdoiov Kopatog taons (VSWR) dwmnpeiton og Tipé pkpdtepeg tov 2. Xtal
Swypappota (Zynuoe 2.4) amoTum®OVETOL 1 KOTOVOUn TG aktivoPfoAiiog g kepoaiog oto
optlovtio (alyovbiokd) kot kabeto emimedo (emimedo avOWMONG) Yio d1APoPeEG GLYVOTNTES.
Eivar gppavéc 6t  évtaon g aktvoPoriag mopovotdlel petaforés Katd UAKOG TV
oLUYVOTNTOV, HE onuavtikdtepn dwmictmon 6tt 0 KOpog AoPoc axtvoPoriag eival
OTEVOTEPOG GE UEYOAVTEPES GLYVOTNTEG.

dBi

0.58 1.44

3
[

256 372 448 524 g
GHz

Zyquoe 2.3: To Sidypappa KEPOOLG TNG KEPALOG GLVOPTAOEL TNG GLYVOTNTAG Agttovpyiog [29].
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Horizontal Pattern HyperLOG 70xx Serie Vertikal Pattern HyperLOG 70xx Serie

-180 -180

Zymua 2.4: Avdypappa aktivopoiiog g kepaiog oto alyovdiaxod eninedo (¢) (aprotepd) Kot 610
TOAIKO emimedo (0) (6e&1d) [30].

H xepaia dwriBeton oe pion mpootatevtikn O0Mkn (padtoBoroc), n omoio €xel apeAntéa
EMPPON OTIC WETPNOELS KOl EMTPEMEL TN YPNON TNG UE TEPLPEPELKA OTNPIYUATO OTMC
xePorafr| M tpimodo. Aedopévov OtL 1 Kepaia givarl YpopUUKE ToAmuEvn, Le T ¥pNoN TG
Baong tpurddov pmopel evkora vo petafAndel n mOAwon, pe TEPIGTPOPN TG KEPAING KOTA
90 poipeg. Ot dnotdoelg g kepaiag ivor 340 x 200 x 25 mm.

2.3 I'evviitpro Xfjpatog Synth USB3

To SynthUSB3, g etapeiog Windfreak Technologies, eivor pion yopmAod xo6cTOLG
vevwntpla RF onpatog, oto péyebog evog USB otik. Koivmter cuyvomreg and 12.5 MHz
¢w¢ 6 GHz pe avaivon 0.01 Hz kou pmopel va amodmoet 1oyd onpotoc £émg +8 dBm, avaioya
pue ™ ovyvétmra. H ovokevr tpogodoteitan pécw tng 00pag USB, amd tv omoia
TPAYUATOTOLEITOL KOl O TPOYPOUUUOTIGUOG TNG, LE TN XPTON TOV OVOIKTOV KMIKO AOYIGUIKOD
LabView GUI mov to cuvodevel. Méow avtol pmopei va puBuctel n cuyvotnta kot 1 1oyvg
evoc otabepod onuatog, va emieyel n cvokev va kdver “frequency sweep”, dniadn va
TapAyel €va GO TOL GOPOVEL €VOL EDPOS GLYVOTNTAOV Kol TELOG va Yivel OLUHOPPMON
TAATOVG 1] GLYVOTNTOG.
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Yymua 2.5: H yevvipla RF onjpatog SynthUSB3 [37].

2.4 O pmkpoereyktic ESP32

Ot ESP32 givon po otkoyéveta younAov KOGTOUS Kot KOTAVAAMONG MKPOEAEYKTAOV, 01 00101
ocvvovdlovv dvvatdtnteg Wi-Fi ko Bluetooth, xkdti mov tovg kabiotd 1davikovg yio
epapuoyég IoT. H oyediaon e oepdg ESP32 yivetow and v kivelikn etapio Espressif
Systems, evd v mopaywyn ovorappaver n etapic TSMC. O pukpoeieyktig olatibetan,
ocuvnbwe, evoopatmpévog oe avantuélakéc mhakéteg (development boards) pe dtoapoppadcetg
TOV TOKIAOVY OVAAOYOL TO LOVTELO KOl TOV KOTOGKELOGTN.

Ov pikpoeheyktég ESP32 Swbétovv pikpoenelepyaoctég Xtensa (32-bit) LX6 11 LX7 oe
eKOOGELS e HOVO M SWAG muprva Kot cuyvotnta poAoylov €wg 240MHz.  Emuiéov,
EVOOUOTMOVOLY GTOLYEI ammopoiTnTa Yo TV AcVPUOTY ETKOIVOVIN OT®G O0KOTTEG KEPOALAG,
EVIOYLTN 10YVOG, OIATpa, evioyvt ANYNG youniov Bopvfov k.a. Ia v evkoldtepn
a&lomoinon tovg, m Espressif Systems mopéyxst olokAnpouéve modules T omoia
nepthoppdvouv to ESP32 SoC, eémtepikr pviun flash kor PCB xepaia. Xto mhaicio g
LETAMTUYIOKNG  epyaciag ypnowwonombnke mn  povado ESP32-WROOM-32, 1 omoia
evoouatovel dutvpnvo emelepyaotn Xtensa LX6, Wi-Fi 802.11 b/g/n kot Bluetooth 4.2.
2T0oV TOpaKAToO Tivako avoypdeovtal To facikd yapoktnpiotikd tov ESP32-WROOM-32
module:

[Mivakog 2.1: Ta teyvikd yapoktnpiotikd tov pkpoeieykty ESP32-WROOM32 [28].

CPU & SoC memory

Microprocessor Xtensa dual-core 32-bit LX6, up to 240 MHz
ROM 448 KB
SRAM 520 KB
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Wi-Fi

Protocols 802.11b/g/n
Bit rate up to 150 Mbps
Frequency range 2412~2484 MHz
Bluetooth
Protocols V4.2 BR/EDR & Bluetooth Low Energy
Hardware
Pins & GPIOs 38 pins, up to 32 GPIOs

SD card, UART, SPI, SDIO, 12C, LED PWM,

Module interface Motor PWM, 128, IR

On-board clock 40 MHz crystal
Operating voltage 27~3.6V
Operating current Average: 80 mA

Minimum current supplied 500 mA
Software
Wi-Fi mode Station/SoftAP/SoftAP+Station/P2P

Wi-Fi Security WPA/WPA2/WPA2-Enterprise/ WPS

Network Protocols IPv4, IPv6, SSL, TCP/UDP/HTTP/FTP/MQTT

2.5 H avarrtvroxn mhaxéta DOIT ESP32 DEVKIT V1

Yta mAaicia g epyaciag ypnoomomdnke 1 avontuélokn tAakéto ESP32-DEVKIT-V1 g
etapeiog DOIT, omv éxdoon pe ta 30 GPIOs, 1 omoia @épet ) povéda ESP32-WROOM-
32. Ocov agopd Tig dtemapés, N mAakéto owbétel dvo axdooepés (pin headers) mov
aVTIOTOY0VV 6TOVG aKPOdEKTEG TG Hovadag ESP32 kot pa 00pa USB-to-UART, Baciopévn
oto towr CP2102, yww tOvV WPOYPOUUOTICUO KOl TN TPOPOJOGio. TOL HIKPOEAEYKTH).
Evolloktikd, n tpo@odocio pumopet va yivel gite amd tov akpodéktn “Vin”, epapuodloviog
téon SV, omov évag puBuiotig tdong epovtilel va mapéyel Ta 3.3V mov amattel n povada,
elte amd Tov akpodEékt “3V3” mov GLVOEETAL AUEGA LLE QLTNV.
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Input only RTC G
Input only

Zyque 2.6: H avartu&ioxn mhakéta ESP32-DEVKIT-V1 kot ot diemapés g [38].

2.6 Mini-Circuits ZX47 Avyyvevtég loyvog

H cepd ZX47, g etoupeiog Mini-Circuits, gival pior 01KOYEVELNL LOVAS®V OVIXVEVTAOV 1GYV0G
OV UETOTPETOVY TNV oY1 €VOG CNUATOG GTO (AGLHO padlocvyvothtwv, ce pia DC tdon
e€odov. TIpoxettat yio aviyveutég mov KOADTTOVV pia gvpeia TEPLOYN TV PASIOGLYVOTHTOV,
and to. 10 MHz ém¢ ta 8000 MHz g pkpoxvpatikng Lovne. Emtpémovv petpnoelg oe éva
duvapukd gupog ~60dBm pe dpla mov mokidovv avd poviélo, KOTO UAKOG TOL OToiov
TOPOVCIALOVY VYNAY YPAUUIKOTNTO oTN dtodikacion petatpomns. Baoikd yapoaktmplotikd
TPOG TNV EMIAOYY] TOVG €ival 1 E0KOAN EVGOUATMOOTN KOl YPNOT TOLS, KOOMS O OVIXVELTNG
1oYVO¢ elvar NON OHOPPOUEVOS GE [l cLUTayn Kot oTiBapr HovAda, LE EVOOUOUTMOUEVO
awcOnmpa Beppokpaciog, amoitdvTag HOVO TPOPOSOGio Yo TN Agrtovpyio G XTO
petaAlkd tovg mepifAnuo Bpioketar vwd ™ popery SMA cvvdéopwv (epumédnong 50 Q) n
elcodog onuatog (RF IN) kot n é€odog DC tdong (DC OUT), ot akpodékteg yia tnv
Tpopodoacia kat évag akpodéktng (DC téong) yio v avdyvoon g Oeppokposciog.
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Zynuo 2.7: O oviyveotig ioyvog ZX47-60LN-S+. Ola o povtéda e oeipds ZX47 ypnoyomoiody to idio
wepifinuo [39].

To povtéda mov ypnooromdnkay otnv epyacia eivatl ot aviyvevtéc 1oyvog ZX47-60LN-S+
kol ZX47-40LN-S+. Kot ot 600 povadeg omotelovv pépoc towv “LN” exddcemv g
01KOYEVELNG, OV Otvouv Eugacn otn dwtrpnon xauniov Bopvfov (Low Noise) katd v
¢€000 - 0 KataoKeLOOTNG divel Tumikn TN ripple ~20 mVp-p ota 10 MHz - pe tipmpa mo
apyols xpOvovs ToAUIKNG andkpiong (pulse response). H e1domotog diapopd tovg éykettal
070 JVVAIKO €0POC TOVS, ONANSY| OTO EMimEd PUETPNONG 16YVOG oL emTpémovy. O ZX47-
60LN-S+ mpoKertan yio ToV o «evaicHnTo» aviyveutn TG CEPis Le TEPLOYN AetTovpyiag
onudtev woyvog and -60dBm éwg +5dBm. Avtifeta, o ZX47-40LN-S+ eivarl oyedacpuévog
va aviyvedEL VYNAOTEPO EMIMEDD 1GYVOG GNUOTOG, CLYKEKPIUEVO 6TV Tteptoyn -40 €wg +20
dBm. ®voikd kot 6Tovg 600 aviyveuTég T emimeda avoyng evog GNLATOG 6TV €10000 glval
OPKETA UEYOADTEPO. OO TO WEYIGTO TOL SLVOUIKOD TOLG €Opovg (+15dBm ko +27dBm
avtiotorya). ['o ) Aerrovpyio tovg amoutodv otabepn taon +5V (4.5 - 5.5V), evo 1
Katavdimon pevpatog kopaivetor ota ~100 mA.

270 HeYaAVTEPO PUEPOG TNG TEPLOYNG QVixveELONG, OL aviyveLTEG ZX47 givar ypapkot, dSniodn
N téomn €£600vV ekEPALETOL CLVOPTNCEL TNG 1OYVOS CNLATOG E16OO0V UE Uio YPOUUKT GYEOT).
[Tpoxertan yuo pia oxéon Pabpovoumong kot eitvor amapoitnn Yo TNV HETATPOTN TOV TILDV
thong mov dwPdler o ypHomg, oty YO oNuatog mov AouPdveror oty €i00d0 TOL
aviveuTn. Amd T OYPOUUATO TNG KOUTOANG UETOPOPAS TOV TAPEYOVTOL GTO QUALO
TPOOLOLYPOPAOV TOV OVIYVELTMV, TOPUTNPEITOL OTL 1| YPOUUIKT OYE0T £YEL OTAOEPT APVNTIKN
KAion, N omola Opmg, petofdireTon (gAoyiotonoleital) 6To GKpPO TOL SLVOUIKOD €VHPOVG.
Enopévac, yio v a&ldmo xpiomn Tov oVIYVELTY], TO UETPOVIEVO GO TPEMEL VO, EUTITTEL
oT0 emimeda 16Y00g OmoV M oxéon mapopével ypopupkn. Emiong, petad tov cvyvotntov
TaPOLGLALOVTOL SLOPOPES MG TTPOG TNV KAUTOAN, Kupimg 6Tov 6Tafepd 0po avTig - 1 KAion
¢ eni T mAeiotov dwtnpeitoan otabepn. o ) BEATIoT akpifelo GTOV LITOAOYIGUO NG
10Y00G ONUATOG, AOUTOV, TPEMEL VO XPNGLULOTOLEITOL dlopopeTIKN oYéom Pabduovounong avda
ovyvotTa. O KOTOGKELAGTNG TAPEYEL O KATOIEC LETPTOELS TAGNS GLVOPTNGEL TNG 1GYVOG,
o OulQopeg cLYVOTNTEG, Ol omoleg Ppeénkav GOUE®VES LE UETPNCES MOV £YVOV GTO
EPYAOTNPLO, EMOUEVAOS YPNOLOTOMONKAV Ot KAUTOAEG TOL QOAAOL mpodlaypapdv. [
OTMOLOONTOTE GAAN CLYVOTNTA, OGTOGO, OV YPNCHOTOMONKE Eytvav €K VEOL UETPNOELS
Babuovounonc.
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Zymua 2.8: Tpdoenpa g eEdptnong g téong e£660v amod v 1oyb GHHOTOC 6TV €16050 Yo TOV
aviyveut ZX47-60LN-S+ (aprotepd) kot tov ZX47-40LN-S+ (oe&ud) [32][33].

2.7 MCP3002 Analog-to-Digital Converter

O MCP3002, g etoupeiag Microchip, givat évag 10-bit petatponéag avaloytkov GNHOTOS GE
YNOWKO HE EVOOUOTOUEVO KOKAMUO OElYHOTOANYiog Kot ovykpdtnons. Bacwotepo
YOPOKTNPIOTIKO givar 6Tt ouVOLALEL VYNAN amdO0oT KOl YOUNAN KOTOVAA®OT EVEPYELNG
KafoTOVToC TOV 10aVIKO GE EQUPUOYEG EVOOUATOUEVOV cvotnudtov. Boaciletor oty
apyrtektovik] SAR (Successive Approximation Register) yio ) ypryopn HETOTPOTY| TOL
ONUOTOC GE YNOKO, evd ypnotponolel demapn SPI yio v emkowwvia tov (.y. pe évav
pikpoereyktn). O MCP3002 odwbéter 6000 kaviAo €16060V OVOAOYIKOD GNUOTOS, 7OV
UITOPOLV Vo Spope®Bovv g aveEdptnta petald Toug 1 ©g £va Weudo-otapoptkd Cevyog.
Mmnopet va Aettovpynoetl oe évo gupog tdoemv, and 2.7V éwog 5.5V, pe m katoviioon
pevpaTog o€ evepyn kotdotoon va ayyilel ta 375 pA . Ilpokerrar yio évav ADC tayeiog
petatpong mov pmopei va gtacet Ta 200 ksps (kilo-samples per second) ota 5V 1 ta 75ksps
ota 2.7V.

CS/SHDN 11 ~/ 8 ] Voo/VRrer
CHO[] 2 % 7 b CLK
CH1[]3 § 6 [J Dout
Veggl4 ™ 5[] Din

Yynpa 2.9: O ADC MCP3002 kot ot diemapég tov [35].
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2.8 Al060vo€0T KUKAONATOS - Xyediaon TAUKETAOV

Ké0e mhoakéta evoopatovel pio avontoélokn miokeéto pikpoeheykty|, t ESP32-DEVKIT-
V1, évav aviyvevt woyvog g oepds ZX47 war évav petatponéo. MCP3002 ywo
LETATPOTY] TOV OVAAOYLKOD GYJLLOTOG TOV OVIYVELTY] GE YNOLOKO TPV TNV OVAYVOGT TOV omtd
Tov pkpoereykt. o ™ oyedioon ¢ mhakétag ypnoomombnke 10 oxedlooTiKO TAKETO
KiCad 9.0, 6mov apywd dnuovpyndnke 10 oynUATIKO TOL KUKADUOTOG KOL GTI GUVEXELN
Baoel avtov to oyYedo g PCB.

ESP32-DEVKIT-VL
ut

\Eh PWR_FLAG % pz3 [L6 MOSI
D22
X0
RXD
D21
D13
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=
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- T5/SHDN =
PWR_FLAG CLK H—

TX2
RX2
D4
b2
Dis
W3
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our (&
oI 5

s
Ls
Lo
5 b
LR

BARREL b
JACK GND & RL o
CONNECTOR K
f Be_ouT
l 1 6D EHD
GND 0.4u
v
41

COAXIAL 5MA CONNECTOR  °'° ANALDG—TO-DIGITAL CONVERTER ESP3I2— DEVKIT-VL
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L
GND
ND
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yque 2.10: To oynmpotikd Tov KukAdpotog e mtiakétog oto KiCad.

O aviyvevtnc woyvog ZX47 amottel tpo@odocio SV yia ) Aettovpyia TOL OTMC KO 1) TAAKETA
Tov pkpoeheykt] ESP32, ondte ypnoyomoteital Koy SiawAog Tpo@PodosiaG GUVOEOVTIG TOV
aviyveutn pe mv “+5V” vrodoyn g mhakétog ESP. Avtifeta, o petatponéag MCP3002
ypewletar tpopodocio 3.3V v omoior Aapupdver and tov “3V3” axpodéktn tov ESP.
Emopévog n miqpng tpopodocia tng mlakétag pmopet va yivel gite péow tg USB Bvpag tov
ESP, cite péow eEmtepucng 00pag ocvvdedepévn pe tov “5SV” dlavro. Qg eEmtepikn Bvpa
TpoPodociag ypnowonoteital éva Pocua jack 2.5 mm, cuvodevdpevo and Evav TUKVOTY U
oYeTIKO peyaAn yopntikdétta (47uF) yio va dwnpel otabepn ™ tdon. H povada tov
aviyveutn O0bétel e£mTeptkovg axkpodékteg (turret terminals) moved 610 UETOAAMKO TOV
nepifAnua, omdte M mpocsHNkn og kAEpaG 2 vmodoymv Ponbd ) chvdeon tovg e TO
VIOAOITO KOKA®LO TG peb.

H £é€odoc tov aviyvevty (DC OUT) eivar Bvopa tomov SMA (Bnivkd) yio opoo&ovikd
KaA®Owa, epmédnong S0 Q. T ) ovvdeon e TN TAAKETO YPNGLLOTOLEITOL £VOG OVTIGTOLYO0G
SMA ocvVvdeopog, o omoiog owbéter akideg (4 yeimwong & 1 onuotog) yw through hole
vAomomoelg o€ pcb. Tovg VO TOPATAVED GLVOECUOVS EVAOVEL £V, OPOOEOVIKO KOADOL0
(male-to-male) pukpod punKovs. Metd Tov GOVOEGHO TO GO 0ONYEITOL GTO TPMTO KOVOAL
(channel 0) oo ADC MCP3002. Ilptv v eicodo avtov vrmdpyer éva RC o@iitpo,
arotelovpevo amd pia avtiotaon 1 kQ kot évav mokveot 0.1 pF, yio va anokdmtel toyov
00pvPo cuvodedel 1o orjpa DC tdong and tov aviyveutn.
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H vrolowtn ocvvoesporoyic tov ADC mepihapfdaver m tpogodocia tov, 1 omoio, OT®G
avapépinke, mpaypatonoteitor pécw g e£60ov 3.3V g mhokétag ESP. [MapdAinia ot
ypapp Tpo@odociog Tomobetniay 6vo mukvetég andlevéng, yopntikottag 0.1 pF kot 1
uF, owoceaiilovtag ™ otabepdtnta g mapeyouevng tdone. o mmv emkovovio Tov
LETOTPOTEN LE TOV UIKPOEAEYKTN UECH TOL VTTOGTNPLOpEVOL SPI mptokOAAOL Ol SlEMAPES
CS, CLK, DOUT, DIN ocvvoéovtor amevbeiog pe T1g avtiotoryeg olemapés tov ESP32.
[Ipoxertan yio tov kvpro diawvAo SPI mov ypnoipomotodv ot mepiocdTepeg PiAodnKes Kot
Bpioketar tovg axpodékteg DS, D18, D19, D23 (CS, CLK, MISO, MOSI). Ot vroAgumdpevol
oo axpodéktes tov MCP3002 yeuwvovtor, kKaBott o évag mpdkettar ywoo T yeimon g
HOVAdOG Kol 0 GALOG Y10. TO 0YPNGLLOTOINTO SEVTEPO KAVAAL TOV LETATPOTEN.

O ADC MCP3002 mov ypnowyonoteital, 6mmg kot 1 thakéto ESP32-DEVKIT-V1 61a0étovv
aKideg oTOVG dlemapES, Emopevmg 1 Torofétnon tovg anoutel through hole vAomoinon. Avti
Yo oeLOeing CLYKOAANCT TOV HOVAS®V TAV® GTNV TAOKETO, TOTOOETHONKOV OKIO0GEIPES UE
ONALKEC VTTOJOYEG DOTE VO «KOVUTOCOLV» Ol Hovades hve o€ avtés. Ocov apopd
tonofétnon tov aviyveutn mhveo otV pecb, avtn yivetor o TV ommv Tov dabéTel N
petaAlkn Ok Tov. Avtictoyes oméc dStoupéTpov 2.7 mm £yvov GTNV TAAKETO, TAVE GTNV
omoia. M povado otabepomombnke pe Pidec. Téhog, ol MUKVOTEG KOL OVIIGTAGES TTOV
ypnowonowovvtor eivor toHmov SMD  (surface-mounted devices). Xto oynqua 2.11
angwoviletal 10 TEMKO ox€do g mAaKETag, Ommg avarntdynke otov “PCB Editor” tov
KiCad. H dwachvoeon tov otoyeiov éywve ot pio Oyn e TAOKETOG, VO OTNV GAAN
tomoBetOnkav 6ia ta “through hole” otoyysia.

0000 CCOOC0D000OD,

V1

2—DEVKIT—

ESP3

ZXAT—60LN-S+1

O
O
O
0
o
&
o
O
O
&
O
©
O
=

ESPY]Z—DEVK‘TI]V1

ymua 2.11: To tedikd oyédto g mhoakétag otov peb editor tov KiCad.
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Zymua 2.12: Eunpog kon wicom oy ¢ mhakétag tov aviyveutn ZX47-60LN-S+ (apiotepd) Kot Tov
ZXA4740LN-S+ (de&idr)
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2.9 To hoyropiko6 Tov ESP32

Televtaio otdd0 GTNV LAOTOINGN TOV TAAKET®OV HETPNOTG €lvan N avdmtuén Tov firmware
vy tov pkpogAeykt ESP32. Avtr €ywve oto mepifdriov Arduino IDE — 1o emionpo
nepPdAlov avamtuéng Aoyiopikod yia pikpoeheyktéc Arduino. Qotdco, Adyw TG open-
source QUONG TOV, EMTPENEL TO TPOYPULUUATIOUO TAOKETOV amd TPITOvg HE TN YPHoN TV
KataAMnAov Pprodnkadv. To Arduino IDE givor @ilikd mpog tov ypnotn TpoceEPOovVTag
apérpntes PiPAodnkec mpog dokiur| ko vkoAn dwayeipion Tov mAaketwv. H avarntuén tov
mpoypappotog £ytve ot yAwooa C++. Baowr| appodidtra tov ESP32 sivar va Aappdavet
detypota and tov eEwtepikd ADC, vo pLeTatpémel T ymelokn TN 6€ TN Taons Kot vo, TV
amootélhel, péow Wi-Fi, oto Raspberry Pi. T'ia v emkovovia tov ESP pe 1o Raspberry
npoTunOnke 10 mpoToKoAro MQTT xobdg eivor amodotikd kol 0EOMIGTO GE GLVEYT PO
OEdOUEVMV KOl TOPAAANAO EAAPPD Y10 TOV KPOEAEYKTY).

2.9.1 llpmwtoxorro MQTT

To mpwtoxkorro MQTT (Message Queue Telemetry Transport) opilel (o popen acvyypovng
emkovoviag. AkoAovBel to mpoOtvmo publish-subscribe katd to omoio ot publishers
(amootodelg M| €k0OTEG) Ko Ot subscribers (mopaAmTeg 1 cLVOPOUNTEG) OVTOAAACGOVY
punvopato xopig vo erikotvavodv angvbeiog. Epevpébnie to 1999 and toug Andy Stanford-
Clark kot Arlen Nipper ywa ) ypfion o€ YouUNANG Katavilmong aiontmpeg Prounyaviog kot
NV eMKOvovia pe 60pu@opovs. Ot apyikég eKOOCELG YPNOILOTOMONKAY ECOTEPIKA OO TNV
IBM. To 2010 1 ékdoom 3.1 866nke ehevBepa oto KOO, evd T0 2014 M ékdoon 3.1.1 £yve
TPAOTN Popd TpodTLTO amd Tov opyavicpd OASIS standards. Ta BacikoOTepa YOPAKTNPIOTIKA
tov MQTT mpwtokdAAov eivar M amAr] vAomoinon Tov, Ol YOUUNAEC OMOLTOES OF
VTOAOYIOTIKT] 10}V KOl OKTLAKOV €Opovg, To Otobéoiua emimedo mwoldTnTOg LANPEGig
TapAdooNg UNVOUHATOV Kot 0Tt gival avedptnto Tov €idovg TV OedOUEVEOV  TTOV
petapépovron (data agnostic).

Kd&be pnvopo avriker oe éva 0épo (topic). O exdotng mopdyst évo pMvopo Kol TO
Katnyoplomotel og éva Bépa. Avtiotoro, £€vag cLVOPOUNTNG EYYPAQETOL O £va 1
nmeplocoTepa Bépata Ko AapBdvel pévo unvopato ovt®v Tov Bepdtov. Yrhpyet kor pio
evolgueon ovtotnro, o broker, mov yvopilovv 1660 o1 £kd0TEC 6GO KOl 01 Guvdpountéc. O
broker £yet dmoyn yioo OGAOLG TOVG GLVOPOUNTES TOL GLOTHUATOC KOt TPOWOEL TaL unvo T
nov Aapupdvel amd tovg ekdoteC. Emopuévamg, ot amootoleic Kot ot mopaAnmteg dev ivor pntd
ovvoedepEVoL PeTadl Tovg Kol TO HOVO oL apKel va yvmpilovy Yo voL ETKOVOVICOUV glvat
o broker. Zto cvotnpa g gpyaciag £ywve ypnon tov broker “Eclipse Mosquitto”, o omoiog
elvat avoIkTon KMOKo AoYIGHIKO Kol amoTeLET TN o dtadedopuévn Avon yia [oT epappoyés.

‘Evag MQTT client pmopet va glvat exd6tng 1 cuvopountg 1 Kot ta 0o Tavtdypova. Server
elvar povo o broker kot povo pe ovtov ovvoéovion ot clients. Client pmopel va eivon
OTO10ONTOTE €100C GLOKEVNG M omoia eépel po PiPAtodnkn viomoinong tov MQTT «at
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pmopel vo. cLVOEETOL HEGM OMOOLONTOTE OIKTVOL pe TOV broker. Xpmoylomoteital to

npwtoKoAro petapopdc TCP/IP pe BVpa cuviBmg v 1883.

F'ubllﬁh MQTT
Su bscribe Broker Subscribe

e

Zyquoe 2.13: Zynpotikd Sidypappo e emkovmviag Heta&d Tov oviotntov oty MQTT enwowvovia

H ovvoeon evog client ko evag broker yivetar, apov apyikd eykadidpvbet pio TCP cuvdeon
HETOED TOVG, pe TNV amootoAn evog moakétov ‘CONNECT’ amd tov client. O broker Ha
amaviioelc pe éva mokéto ‘CONNACK’ kot éva kwdikd kotdotaons. H ovvoeon Oa
napopetvel avoytn péxpt o meAdtng vo amoocvvoebel. Xe KaBe pnvopo mov amocTEAAEL O
publisher vdpyel 10 dvopa Tov BENATOG 6TO OMOio Kowomoteital. Eniong ektog amd makéta
TEPLEYOUEVOD  OVTOALAGGOVTOL KOl TOKETO, €AEYYOV, TO. OMOI0 EMITEAOVV OLOPOPETIKEG
Aertovpyieg TOL TPMOTOKOAAOV.

To eninedo mordrTag vanpesiog (Quality of Service Level, QoS) eivon pio supeovio peta&o
TOV OTOGTOAEN KOL TOL TOPUANTIN YO TO EMIMEOO €YyYVUNONG UETAPOPAS EVOG UNVOLOTOG.
Avtd elvar 1dwitepo yprowo oe mepiPdriovio aoctabodc ochvoeong Omov omatteitan
AVOUETAO0GT UNVOUOTOG. TNV TPOKEWEVN TEPIMTMOON Y10 TN HETAO0CT TMV UETPHOEMV
ypnowonomdnke to “QoS 0” katd 10 omoio 0 amocTOALNG dev MEPUEVEL THO® KOVEVAY
TOKETO OVOYVAPIONG M €YYONONG OMOGTOANG TOV UNVOUOTOC. AvTd emTpémel Tn HEYIOT
TayOTNTA LETAO0ONG EPOGOV TO UNVOUATO OEV Eival KPS0 KO OTOLOONTTOTE LUKPY| OITOAELN
etvat omodeKT.

2.9.2 Ileprypa@n mpoypappotog

[Tpotapyikd Ppa oty ovamtuén Tov TPOYPAUUATOS ival 1 TPooHNKN TV anapaitnTov
BpAoOnkadv. Avtéc eivar n “WiFiLh” v 1 dwyeipion g ovvoeong Wi-Fi, 1
“PubSubClient.h” yio v vAomoinon tov tpwtokdAlov MQTT ko 1 “MCP3XXX” yuo v
npocPaon otov ADC kar tqv SPI emikowvmvia.
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H doun tov mpoypdappatog axkorovBel v 101 @rlocoia pe ta Arduino sketches kot
amoteleiton omd 6v0 kupla pépn. To “setup” exteAeiton pio popd katd TV ekkivnon 1 610
reset TG MAaKETOG Kot TEPIAAUPAVEL APYIKOTOMCES CVOKEVMV, GEIPLOKNG EMKOVOVING K.O.
To “loop” mpodKeTOl YOO TO KEVIPIKO COUO TOL TPOYPAULOTOS TOV EKTEAEiTAL o€ PBpoyo,
omote mEPAApPavet T Pacikn povtiva ToV TPOYPAULOTOG.

2.9.3 Apykég PvBpiceig

Y10 setup yivetoaw oapywomoinon tov ADC, opilovrog Tig demagéc SPI mov 6Oa
ypnowonomBov. Eniong, kabopiletar o pubBudc g oeiprakng enkowvmviag oe 115200 bps,
onwg anoutel 0 ESP32. AkoAovbet n dapdpemwon g ovvdeong Wi-Fi kot g emkovaoviog
MQTT pe 1o ESP wg client. I'ia 1t c0vdeon oto Access Point tov Raspberry Pi amotteiton
puovo 1o dvopa (SSID) kot o kwdwog mpdsPaocng. H pvbuion oo MQTT Client givar mo
ouvBetn. Apywa opileton n devBuvon tov broker, dniaon tov Raspberry Pi, otn cvvnom
port “1883”. 'Enetta opilovtatl mapaUeTpol GYETIKA e TNV 0EI0MOTIO TG GVVIESTS, OTMG O
YPOVOG mov M emKowwvio pmopel vo  peivel adpavig mpwv  tepuaTiotel  (cuvdptnon
setKeepAlive), 1 10 péyioto drdotnua petdooong evog makétov (setSocketTimeout). Téhog,
oM o client cuvoebel otov MQTT broker apyuomoteitar n Asrtovpyion “Last Will and
Testament (LWT)” 6mov o broker amobnkeder 1o uqvopa katdotaong “offline”, 1o omoio
onuoctevel oto “‘status” topic oAl o client oamoovvdebel. Tty apyn g oVVOEONG
onuootevel to punvouo “online”. Kotd avtd tov tpdémo ot vrdiourol clients yvmpilovv
KOTAGTAOT TNG LOVASIG.

2.9.4 H «povtive» 100 TPOYPAPUPATOS

O Bpoyog tov Tpoyphupatog £xel Tovg €&Nng Pacikods porlovs: vor dtatnpel T ocbVOEoT
MQTT evepyn, va AapPavel LETPAGELS TAOTMG KOt VoL TIG ONUOGIEVEL TEPLOOIKA GTO OVTIGTOLYO
topic. [Tio avoivtikd, og KAOe emavainyn Tov Bpodyov eAéyyetol 1 emtkowvmvia e tov broker,
wote va yivel n emoavapopd g edv ypetaoctel. ['a ™ ovvipnon tov MQTT Client givon
amopaitnn n kAnon g cvvaptnong “client.loop” péca oto Ppdyo. Eivar vwehOvvn yio
dratnpnon g enkowvoviag (amootoln ping Bdcet Tov emieypévou “keep alive” kot EAeyyog
THPNONG TOV YPOVIKGOV opiwv ‘“socket timeout”) Kot TV SloEIPION TOV EIGEPYOUEVOV
unvopdtov. ‘Enetta, akolovdel n dtodikacio dnpocicvong pog LETPNONS TOL AVIXVEVTH GTO
topic tov petprioemv. Agdopévov 6Tt VILEPYOLY dVO AVIYVELTEG TOL UTOpPovV va. AdBovv
LETPNOELG, XPNOLomolovvTal Eexymplotd topics ywo kdbe cvokevn. [Ipdto Prypa, Aowdv, yio
NV OMOGTOAN €vOC unvopotog pétpnong eivar m derypotoinyio and tov ADC. Ta mio
OVTUTPOCOTEVTIKEG LETPNOELS, AAUPAVETAL £VOL GUVOAO SELYUATOV OO TO OTOI0 TPOKVMTEL M)
péon tipn. H 10bit-tyun petatpéneton 6to 0ekadikd cOOTNUO Kot ETELTO OE TIUN TAONG PAoel
™G oyéong 2.1, 6mov Vier | Ty téiong mov tpogodotei tov ADC. H | téiong amootéAieton
otov broker kot dnpocievetal 6to topic ™G GuokeLNg amd dmov mponAbe. Télog, To 0 BpdyOg
KaAel pia cvvaptnon 1 omoio kowvomolel kabe 30 devteporenta Eva punvoua “online” oto
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status topic. Avt Aettovpyel copmiAnpopatikd pe to “LWT” ®ote va mpoceépetor cuveyng
EVNUEPMOT TNG KATAGTACTS TNG GUVIESTC, Ol LOVO GTNV apyn TNG.

X X
V=Vier sn7 = Vref 7953 2.1)

[Ma kdéBe mepintoon pnvopatoc mov petadidetar ypnowonoteital dwupopetikd Quality of
Service, avaloywe 10 okomd mov Eumnpetel. [a Ta punvopato mov sivorl kpicipa Kot Tpémet
va O10GPOMOTEL 1 LETAOOON TOVG Ypnolpomoteital “QoS 17, katd T0 0moio 0 ATOGTOAENC
oTéAvel T0 pnvopo Kou mepipével emiPePainon. Av de AdPel péco 6€ OPIGUEVO YPOVIKO
dwotnua, 1o Eovaotédvel. Tétola kpiowo unvopata gival ot eviodég mov Aapupaver o ESP
kol 10 apywod LWT makéto. Amd v GAAN, 0 TEPUTMOGELS TOV M TAXVTNTA TNG HETAOOONG
KPIVETOL O ONUOVTIKY omtd TNV ATMOAELD VOGS UNVOLATOG, Ypnowtonoteital “QoS 07, dnwg
KOTA TN TEPLOOIKN HETAOOCT TOV UETPNCEWV Kol TNG online KatdoToong.

2.9.5 Avvopikdg puOpoc peTdadoong HETPNOEMY

Avoapopikd pe ta unvopato mov Aapfdavovv ot “ESP clients”, o broker dpopoloyet
unvopato/eviodés otov ESP oyetikd pe to puBud  derypotoAnyiog Kol OmOGTOANG
petpnoewv. Mo ocvykekpuéva, €xel mpootebel m dvvaTOTNTO O YPNOTNG VO UTOPEL va
petaBdirel tov puOud pe tov omoio AapPaver petpnoeic. O ESP eyypdoeton oto avtictoryo
topic kot wepyuévet Eva, pipvopa (m.y. «10» yuo poOuo 10 Hz). "Exetr dnpiovpyn0et évag mivakag
npokabopiopuévav Tiumv, 010t poli pe tov pubud mov yiveton publish petpioewv aAlaletl ko
0 op1Buog Tov detypudtomv mov Aapfdavovion kot 1 Kabvotépnon petaéd avtdv. Avtd yiveton
dGTE 0 YPOVOG ANYNG OEIYUATOV VO TOPOUEVEL WKPOTEPOS OO TO OAGTNUO OMOGTOANG
HeTaEy peTpnoewv. o peydhovg puOpovg Hetddoons UEIDOVETOL O aplOUOg TMV OELYHAT®V
Kol 0 ¥pOVOG ANYNG TOVG, EMOUEVMG Ol LETPNOELG EYOVV UEYOADTEPT] avAALGN GTOV YPOVO
aAAG Ko TEPLoGOTEPO BOpLPO.
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2.9.6 Awaypoppa Porlg

Yt mopokdTe oypaupate pong (Zynua 2.14) ocvvowyiletor m mAApng doun tov
TPOYPAULOTOC TV HkpoereykTdv ESP, e 0da ta otdoa mov cuvBétovv tov Pactkd Bpoyyo

Aertovpyiog tov. Ta facikd onueio Tov Tpoypdupatog sivot o e€ng:

Awmpnon g odvdoeong MQTT

A

AmooTtoAn g Ting tdong oto MQTT topic

Apyomoinon
oapaxnc & ADC

ExréAson
ChentLloop
Zivoeon oro Wi-Fi

Z0vdeon MQTT

ExtéAson
ChentLloop

Merarpon ot siring

Egapyioyr Tou
avrigTonou preset

Apykomoinomn Tov TPoyPAUUOTOS KOl TOV TAPAUETP®Y TOL

"EXeyyog yio AneBév pmvopa oyetikd pe v aAroyn puduod detypoatoinyiog
Agrypatoinyio and ADC yioo GUYKEKPIUEVO XPOVIKA SLOGTLOTO
YToAOYIGOG TNG LECTG TIUNG TAOTG KO LETATPOTT) TG O€ Volts

ZOovdeon MQTT

Zivbeon om
OieBuvon Tou P1

Eyypogr} oT0 topic
EVIOAUV

Zynua 2.14: Adypoppo pofig Tov TPOYPALLUOTOS TMV pikpoeheyktdv ESP32.
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Kepaiaro 3: Avantoén Awedwktvokng E@appoyng

3.1 Ewayoyn

H dwdwtvaxn e@appoyr] oyedidomnke pe otOX0 vo. amoterel T0 KEVIPO €AEYYOL TOV
CLOTNUOTOG Kol &va TEPPAAAOV CLYKEVIPMONG Kol OvAALONG TOV UETPNOE®V. ALTY
avartoyOnke kot Agttovpyel oto mepiPdAiov evdg pkpovmoroyiotn Raspberry Pi. Avtog
avorlappavel kot To poAo Tov Kevipwkov kouBov MQTT (broker) mov e&vmmpetel tovg
dwovvdedepévoug MQTT merdrec (ESPs kot @uAloperpntéc), oniadn vo owatnpel v
eMKOVOVIiOL HETOED TOV ¥PNOTN Kot TG TNYNG dedouévev. H epapuoyn, yoo tnv ovamtuén
™m¢ Kot T dubeon ™G o610 dikTvo, amottel TN cvvepyacia pog oepdg epyaieinv Kot
VINPEGLAOV, TOV ekTEAOVVTOL 6TO Raspberry Pi kot 6to guAlopeTpnth TOL ¥pHIOTH. € 0VTO TO
KEPAAOIO  yiveTow TEPLYpa®Pn OLTAG NG OOIKAGIOG KOl TOV  TEYVOAOYIDV OV
ypnowonomdnkav. To mopakdtem oynuoatikd dbypoppo (Zynuae 3.1) amodider o yevikn
EIKOVOL TOL GLGTNUOTOG KOl TOV TPOTO OlGVVOESNS TV SPOP®V VINPECIOV TOV TO
ovvOétovv

ESPs ' ' Browser
MQTT Client | MQTT ClientJSHTMLICSS
TCP WS HTTP

l R

MQTT Broker
Mosquitio

WS > NGINX

|

Raspberry Pi 4B HTTP

v

Gunicorn &
Flask (Python)

-~

Local Disk <

Zyqpo 3.1: Eymuotikd Stiypope TV ETUEPOVS OTOXEIMV TOV GUVOETOVY TNV EPAPLOYT S10OIKTVOV
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3.2 Avantoduoxn IThakéta Raspberry Pi

O1 ovokevég Raspberry Pi givon pio oepd prikpodmoroylotdv mov amoteAovvTol amd Evov
eviaio mivoko KuKA®UATOV pe eneEepyactn, LN, £16000/6£000 Kot GAAL YOPOKTNPIOTIKE
mov ovvBEétovy évav Aettovpywkd emeepyaoctn oto péyeboc pog moTtOTkNG kdptag. H
avdntuén tovg Eekivnoe 10 2009, oto Hvopévo Baciielo, and to Raspberry Pi Foundation
v ™ mpomBnon g Owackarag NG PACIKNG TANPOPOPIKNG OTO CYOAElD. Kol OTIG
OVOTTTUOOOUEVEG YDPEG. Apyotepa, M eEEMEN ™G TexvoAoyiag avatédnke otnv etoupeia
Raspberry Pi Trading pe CEO tov Eben Upton, tov gunvevot) g 0éoc. To Raspberry Pi
elye g oTOYO VO EUMVEDGEL TO EVOLAPEPOV Y10 TN TEXVOAOYIOL KOl TOV TPOYPOLULOTIGUO,
10104TEPOL OTOVG VEOLG, YPNYOPO OUMG £Yve OMUOPIAEG TOGO G€ YOUTIoTEG OCO KOl GE
eumopkég epapuoyés edge computing, 6mwg otn pounotiky). H mpooity Ty, to pikpod
péyebog ko m gukoAiar 6TN XPNOM TOL, TO KaOIGTOHV 10aviKO gpyoieio Yo TV ekudOnom g
TANPOPOPIKNG KOl TOV TPOYPALUATICHOD KOOMDG Kot T SNUovpyio KavoTOU®mY EQOPLOYDYV.

Amo 10 2012 mov KVKAOQOPNGE 1 TPMTN EUTOPIKT TAAKETA, EYOVV OKOAOVONGEL OPKETEG
veviée Raspberry Pi. Znuepa dwatiBevior 01bpopeg €k000elg otnv ayopd pe 11 Poacikn
€1007010 dtapopd tov apBud Bupmv I/0 kol cuvenmg to péyebog. Oha ta povtéda dabétovv
1o Broadcom SoC pe evoopatopévn kevipikn povada eneéepyacioc, copporn pe tmv ARM
(CPU) kot eveopatmpévn povada enetepyaciog ypoeikov on-chip (GPU).

e
v
4 i

i I 2019
2012

Module 3

. 2016 | Raspberry Pi
Raspberry Pi 1 Raspberry Pi 1 Raspberry Pi 1 Raspberry Pi 3 I Compute
. Model B Model B+ Model A+ Model B | module 3+
N ‘ A N N
G 0 . 0 0
N N/ ./
] ] T ]
PO ST === pEETE= 0 pEIEET W ST Y Bt e -—==
I 2013 I 2014 I 2015 I 2017 | 2018 I 2019
I Raspberry Pi 1 ! Raspberry Pi 1 I Raspberry Pi 2 | Raspberry Pi | RaspberryPi3 ! RaspberryPi4
| Model A : Compute I Model B | Compute | Model A+ ! Model B
: y J I | ' Computer
I
I I I :
° ° ° .

. E
o 2T I 4
(] S 4

Syquae 3.2: H e&élén tov Pacikdv povtéhomv Raspberry Pi [41].

To emionuo kol wpotewvduevo Aettovpyikd cvotua tov Raspberry Pi pukpoimoroyiotdv
elvai o Raspberry Pi OS (1] pe ™ moAd ovopacia “Raspbian”), po dtavoun Linux (32 & 64-
bit) Pacwloéuevn oto Asrtovpywkd Debian. dvowd vroomnpilovior kot o wAnbopa
Aertovpyikav tpitov Katackevaotdv 0nmg to Ubuntu, Windows 10 IoT Core, RISC OS «.a.
To Raspberry Pi OS eivar éva Aettovpykd avorytod KdOKa, TPOGUPULOCUEVO TAVE GTNV
apyrtektoviky ARM kot Tpooc@épet éva @lkd mpog Tov xpnotn mepPAAlov mepmynong Kot
TPOYPOUUOTIGHOV, TpomBdvtag tnv Python kot v Scratch ®g Tig wVpleg YA®OGoEC.
Awtifeton og “lite” ékdoom ywpic mepPdilov empdvelag epyaciog kot og “full” éxdoom pe
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plo  mANpn  covita  mpogyKateoTNUEVOV  Aoylopik®v. [ 1 mopovoa  gpyacio
ypnoonomdnke o Raspberry Pi OS a&romoidvrag t dvvatdtnto amopakpusUévns xpong
pnéom VNC (Virtual Network Computing) kot SSH (Secure Shell Protocol).

3.2.1 To povtého Raspberry PI 4B

>10 m\oiclo g epyociog ypnowomomdnke to poviéAo pikpovmoroyiotr Raspberry PI 4
Model B, 1o T1¢ avayKeg Tov S1oKopIoTn (server) Tov GLGTHUATOG. XTO HOVTEAO PpiokeTal TO
chipset Broadcom BCM2711 pe tov tetpamdpnvo 64-bit enefepyactiy ARM Cortex-A72,
ypoviopuévo ota 1.5 GHz. AwrtiBeton pe evoopatopévn pvqun 1, 2, 4 & 8 GB LPDDR4-3200
SDRAM (otmv mpokeuévn mepintoon 4 GB), eved og poéviun pviun yo Ty omobikevcn tov
AELITOLPYIKOD GULOGTNUATOS Kol AOW®V  Oedopévev  d€yeton Kapta pviung microSD.
[Teprrappaver dvo Bupec USB 2.0 kou 6vo USB 3.0, 00pa gigabit Ethernet, éva (gvyog Bupdv
micro HDMI ko pio Bvpa USB-C yia ) tpo@odocia tov. Endve oty mAaxéta datifeton
kol pia axkwooepd 40 GPIO pe vmootmpiEn UART, 12C, SPI esmkowovioc. [Tépa amd
Ethernet n dwacvvosoyoTTa TOL emekteivetan pe Wi-Fi (2.4/5 GHz) xou Bluetooth 5.0

VIOGTNPIEN.

Zyue 3.3: Kdtoyn tov povtého Raspberry Pi 4B [40].

3.2.2 lIpoerowpnacio Raspberry Pi

O pikpobmoroyiotrig Raspberry Pi 4B @uloevel tov dwakopiot otod (web server) 1ng
EPAPLOYNG, EVD TOVTOHYPOVO SIKTVMVETOL HE TIC OVO HOVAJES OViYVELGNG GLAAEYOVTOS TO
dedopéva petpioswv. H emkowvovia mpaypatomoteitar péocw evog tomkov oktvov Wi-Fi
nov onpovpyel to Raspberry wg Access Point. Meta&d tov ovo Lovav 2.4 kot 5 GHz mov
vroompiler to “Pi 4” povtého, emdéynke m youniotepn ovyvotnto TNV omoia
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vrootnpiouv ta ESP. To Wi-Fi AP onuovpyeiton oty ekkivnon tov Raspberry. Otav n
ocvokevn gival cuvoedepuévn péow Ethernet oe éva evphtepo diktvo, ot yprioteg tov Wi-Fi
&xovv emiong mpdcsPaom oe avtd. Ovclootikd, to Raspberry Aeitovpyel wg dpoporoyntg
INpovpydVToS Eva dtkd Tov vrtodiktvo (192.168.4.x), 6mov “uetappdlel’” T Kivnon peta&y
tov 000 (Network Address Translation). g ek TtoUTOL, M €PApHOYN UmOpel va glval
TPOGPRACIUN HECH LOG CLOKEVNG Tov &lval cvvoedepévn anevbeiog oto Wi-Fi AP 1 oto
dikTvo oL £YEl TPOGPaom To Raspberry péow tov Ethernet.

H eykatdotaom 6Aov tov artapaitntov BiPAodnkav éyve péoa oe éva eikovikd meptBdilov
(virtual environment), 6mwg mpotpémel o Raspberry Pi OS yia va amo@evyBodv tuydv
TpoPAnuata pe mokéto Tov AgttovpywkoV. [Iépa and tic PifAiodnkeg mov ypnoomolovvTal
oto backend ¢ epappoyng, €ywve eykatdotaon kot tov frontend assets - avii va
eopt®vovtol online amd Tov TEAATN - OOTE M €EPAPUOYN VO VOl TANPOS AEITOLPYIKT] YOPIg
GUVOEDT] GTO J10OIKTLO, GTO TANIGLO TOV TOTTIKOV d1KTVOL TOL Raspberry.

Ev xotaxieidl, To Raspberry Pi dtopoppmbnke £tol ®ote va amotedel Tov kevIpkd KOUPo
TOV GUGTNUATOG, OOV PLLoEEVOLVTAL Ol d1dPOopeS LVINPETieg mov ypnoyorotovvior (MQTT
Broker, Web Server, KtA.), onpuovpyeitor n SiKtH®ON TOV ¥PNoTN LE TIG TNYES 0£d0UEVOV KOt
amoOnkevovtal OAa To apyEio LETPNCEMV TOL dNUIOVPYEL O YPNOTNG HECH TNG EQAUPLOYNC.

3.3 Awupépemon Backend

Y10 mopacknvio tov Raspberry Pi (backend) éva cOvolo epyaleiwv cuvepydlovtot yio va
VIOGTNPIEOVV TN AEITOVPYIKOTNTA TNG EPOPUOYNG Kot VoL OloyepilovTon mOTEAEGHATIKA TN
pon dedopévev amd T myN otov teMkd ypnotn. Ewdiwkdtepa, sivor 1o pépog Omov
avanmTOGGETOL 1] AOYIKY] TNG EPAPUOYNG, OEYETOL TO. CUTHLATO TOV YPNOTOV Kot dwoyelpiletan
™V amobnkevon katl avdkton tov dedopévov. Tlapokdt® avarlveTal 1 apyITEKTOVIKT TOV
backend ka1 ot TeyvoAOYieG TOL TO OMOTEAOVV.

3.3.1 Flask

To Flask eivar éva ehappd web framework yio v avantvén epappoydv ce Python.
Amotelel éva and to mo Sadedopéva Python frameworks kaBd¢ eivar oyedacpévo va
TapEXEL EVKOAEG Kat YpNyopeg Avoelg oty avantuén backend Aoyiopkod. Xapoaktnpiletot
¢ micro-framework ywti dev e€aptdrtar and PifAodnies N epyoreio kot dev emiPaiiet
KOO GUYKEKPIUEVT] dOUT], OAAG KPOATAEL TOV TUPNVA TNG EPAPLOYNG UIKPO KOl ETITPETEL TN
TpocOnNKN Acrtovpyldv HECH TOKETOV Kol enektdoewv (Pacelg dedouévav, teXVOLOYieg
authentication «.a.). Bacileton ot Biprodnkn g Python “Werkzeug” ywo tmv viomoinon
tov potomov WSGI (Web Server Gateway Interface) mov cvvdéel ™ Python spappoyn pe
drakootég web, ) dwyeipion tov cvotyuartog routing kot g HTTP gmikowvoviag k.a. To
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Flask mpoopéper evoopatopévo évav arhd HTTP server g Piprobrikng Werkzeug, o
omoiog mpoopiletal Ldvo yio 10 GTASO TG AVATTLENG TNG EPOPLOYNG.

10 Tpéymv cvotnpa, to flask viomotel ™ Aoy Aettovpyia g epappoync. Baocukodg poiog
elvar n owyeipion twv REST endpoints mov kalel to frontend. Me tov 6po endpoint
avaeepopacte otn dwdpoun oe pia devBvvon URL, 1 onoia emitpénetl v emkowwvio e
évav ovykekpiuévo mopo (resource) tov backend ypnoipomoiwvrog pebddovE  TOL
npotokOAov HTTP. T'ie mopdderypo, o meAdtng otéhvel €vo altmuo Yoo avaxKtnon
dedopévev gvog mepapotoc (resource) péowm g avtiotoyns URL (my. ‘/experiment-
data?<name>’) ypnoonowwvtag t HTTP pébodo GET kar o server (edd to flask)
anokpivetor emotpépoviag to CSV apyeio tov mepdpatos. Kotd avtd tov tpdmo
viomoteitar éva REST API axolovBdviog 10 HOVTEAO OOKOUIGTN-TEAGTN KOL HE TNV
emotvovia va Baciletol otn A0y AITHHOTOG-ATOKPIoNG.

Oocov agopd ™v opydvoon tov flask, avt) axolovbel £vav modular oyedtaouo, dnioadm
YOPIleTon 6€ AEITOVPYIKEG EVOTNTEC DOOTE VO EIVOL T EVKOAN OOYEPIGIUO KOl ETEKTAGILLO.
Av10 éytve pe ) Pondeta g KAdong “Blueprints”, 6mov oe kédBe module opileTon amd éva
blueprint pe t1g dkég TOoV avTicTOrKEG OOPOUES (routes) OV APOPOVY KATOLO AELTOVPYIKO
T O TNG EPapUOYNG (T.Y. dtayeipion mepapdtov). 1o kevipkd apyeio (“app.py”) apkei va
yiver KAnon tov empuépoug blueprints yio v evepyomoinon Tovg.

Etvor onpovtikd vo avaeepBel 6t 1o flask dev gpumhékeTon 6tn pon TV HETPNGEMY Ao TIG
povadeg ESP oto Ul tov ypnotn. Avt’ avtov, ta 0edopéva odnyovvtal anevbeiog nécm e
MQTT vrnpeciog oto frontend. Avti n emAoyn £yve ywo v anionoinon g flask Aoyumg
KOl TNV 0oLy KaBVOTEPNCEMV Kol OTUEIOV GLUPOPNGNG GTO GUGTNLLO.

Téhog, av ko 1o flask drabéterl d1kd TOL SlaKOMGTN Yot SOKIUEG KATA TNV avATTTLEY, GTNV
TEMKT VAomoinom ypnoyomombnke évag kavovikog HTTP server, o Gunicorn. Amotelel pua
dwdedopévn Aon oo Python gpappoyéc vroompifoviag to mpoétvmo WSGI ywo HTTP
emwowvovia. Tlpdxertan, Aowmdv, yia €vov WSGI server, o omoiog avorappdver va
petafiPaler tao HTTP autquota oto flask kot tic anavrinoelg amd ovtd. Zuykpitikd Le tov
evoopatopévo dtakopot tov flask, o Gunicorn gival cap®¢ mo amodoTiKd, Kabmg elval
oXEOOCUEVO Y1o. cuveyn Aettovpyia kot pmopel va dwyepiletor moALAmAG TOLTOYPOVA
oot

3.3.2 NGINX

Meta&b g epappoyng kot Tov dktvov pecorafel 1o NGINX. Tpdketton yia Eva Aoyiopikod
OVOIKTOU KMOOIKO, TO 07010 Y¥PNCIUOTOLEITOL KVPIE MG doKOMOTNG 16T0D (Web server), eved
owbétel ko GAAeC Aettovpyieg 10TOD OTMC OVTN TOV AVTIIGTPOPOL HecoAafnTn (reverse
proxy). ‘Exet oxediaotel €101 dote va dayepileton amoTeAeoUATIKA TOAATAEC CUVOEGELS e
YOUNAT KOTOVAAWDGCT) TOPM®V.
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O poioc tov Nginx 610 choTnpa givor va dtoyelpiletor OAES TIG GUVIEGELS TV YPNCTAOV [LE TO
backend TG e@oppoync, amOTEAMVTAG TO ONUEID EMKOWWOVIOG NG €PAPUOYNG TPOG TO
diktvo. Emtedel ypén web server dtavépovtag Ta oTatikG apyeio g epappoyng (t.y. HTML,
CSS, Bprodnkeg) otov GUAAOULETPNTY, HEIDVOVTAG £TGL TOV POpTo amd Tto flask. Agitovpyel
Kol ©¢ reverse proxy ®ote vo tpowfel too HTTP artpata oto Gunicorn kot vo emGTpEPEL
Tic anoavtioels. Eniong, dwapecorafet otic websocket cuvoéoelg tov MQTT peta&d broker
(Raspberry) ko melatdv (browser), mpowbdvtag ta atnuata otov Websocket Listener
yopic va ektiBeton amevbeiog n devBvvon tov broker oto diktvo. vvenmg, to NGINX dpa
oav éva Telyog mpootaciag g €Paproyng amd to Oiktvo, kKabmg glvar vrevBuvo yo
dpoporoynon kdabe ovvoeong merdtn pe v avtiotoryn backend vmnpecio kot Vv
amopuéVmoT| Tovg amd dnudcto TpoSPoot).

Mio axoun Aertovpyio tov NGINX mov vAomoteiton otnv epopuoynq eivar to “Basic
Authentication”. Tlpdkeiton yio pio amAn péBodo mpootaciog UG 1GTOGEAIDNS KATA TNV
omoio. 0 browser (Nt amd TOV ¥pPNoTN TNV €100 Y®YN username/password Tpv TV emickeyn
oe o). Eeapudletor povo oto NGINX, emopévog n mpdsfacrn 6Ty EQOPLOYH OTOKTATOL
noMg emainBevtel o xpnoe.

3.3.3 MQTT over Websockets

To Websocket eivar éva TpmTOKOALO EMKOWV®OVING VTOAOYIGTMV TO OMOI0 EMITPEMEL TNV
aueiopoun ovtariayn oedouéveov pécm pog povyung TCP  ovvoeons. Eedoov, ot
euAopetpntéc dev vmootnpilovv amevbeiag TCP kovaiia yuoo AOYove aoc@oAeiag, ToO
websocket Agrtovpyel 6To eminedo eQoPUOYNG MOTE VO TAPEYEL GTN GLVOEST T GLUPaToOTHTO
nov amortovv ot browsers. To websocket Eexivd pe éva HTTP aitmpoa and tov meddrn, 1o
omoio eAéyyel o dlakopotig Kot amopocilel av Ba Eekivnoel n odvdeon. Av Ko glval
drapopeTikd Tpwtdkorro omd o HTTP ypnoiponotel kowvég Bupeg (80 & 443).

To mpwtoxkorro MQTT dev epapuoletar poéovo oty emkowvmvio Tov Raspberry pe tig
povadeg ESP, aldd kot pe toug puiropetpntés. Aniadn to MQTT ypnoipomoteiton yuo
onpovpyia evdg evioiov diktvov dlacHvdeong tov ESPs pe tov browser (clients) pe
pnecolafntn to Raspberry (broker). 'Evag browser umopei va avoidper to poro MQTT
neAdtn poévo péow websocket mpwtokdAlov. Ovclactikd, m vAomoinon “MQTT over
websocket” mpoketton ylo évav cuvOLAGHO TV dVO TPOTOKOAA®VY, O6mov Ta Ttakéto MQTT
evBvdakmvoviol péco og websocket makéta, To 0moio e TN GEPA TOV PETASIOOVTOL HEGO OE
TCP/IP maxéta. O Mosquitto broker dSwatnpei evepyovg “websocket listeners” vy 1
onuovpyio KavaAl®dv kot ™ Ayn unvopdtov péoca e ovtd. Me v enéktoaon tov MQTT
dwktvov péypt to frontend g epappoyng, to Ul unopet va Aapfdvel tig petpnoetg madntikd
uécm tov subscribe/publish pmyoavicpov, peidvVoOvVIag T0 EOPTO TOL GULGTHUATOS KOU TIG
KaBvoTEPNOELS LEGO GE OVTO.
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Receive (Unpacking)

TCP/IP

Websocket

Send (encapsulation)

Zymua 3.4: H dokivinon tov mokétwv o pia oovoeon MQTT over Websocket.

3.4 Frontend

H gpappoyn oloxinpdveror pe v avantuén tov mepPAAioviog oAANAETiOpaoNG HE TOV
yprotn, oniadn to frontend. IlepthapPdvel T oyediocn Tov OTTIKOD PEPOLS TNG JETAPNS
(User Interface), aAAd Kot T AEITOVPYIKOTNTO TOL ACUPAVEL LEPOS GTNV TAEVPA TOV YPNOTN
®ote vo eEumnpetel To oTRHOTO TOV Kot vo, emtkowvevel pe to Backend. Edm, katavépeton
KOl TO HEYOAVTEPO TOGOGTO TNG AOYIKNG TNG €QOPUOYNG. Avty meplthapfdver v
TOPAKOAOVONGN TV OE00UEVOV  TPAYUATIKOD YPOVOL, TN KOTOYPOPT TEPAUATIKOV
HETPNCEMV 10YVOG CNIATOS KL TNV OVOALGT OVTMV ¢ TPOG TV EacBEvion dadpounc.

O mopfvag g demaeng Paciletor oTov GuvoLAGHO TV YAmooov Javascript, HTML kot
CSS, emutpénovtag v ektéAeon g o€ omolodnmote cvyypovo euAiopetpnty. H HTML
onpovpyel o mepieydueEVo ot cerida kot kabopilel T dopn tov, evd 1 CSS avarapfaver
™ popeomoinon tov. Méow tng Javascript mpootiBetar AgrtovpyikdTnTa ©TN GEALSQ,
TPOGPEPOVTAG  YEPIOUO  CLUPAVTOV Kol SUVAUIKY] TPOTOMOINGT TOL  TWEPLEYOUEVOV.
Svuminpopatikd pe tn Javascript yivetan aglomoinon kdmowwv e€edikevuévav PiAtodnkoy,
omwg N MQTT.js_, 1 omoia mpocBétel otov browser ) dvvatdotta MQTT enucovoviag.

3.4.1 I'evun] elkOva TG ogAidag

H oehida yopiletor oe dvo Aettovpyikd pépn - to  “Live” ko to “Experiment”. ‘Onmg
VTOONAMVOVY KOl TO OVOLOTA TOVS, TO TPOTO TPOKELTOL Yo TO TEPPAAAOV TPOPOANG TV
LETPNCEMV GE TPAYUOTIKO YPOVO, EVED TO OEVTEPO E1VAL O YDPOG EKTEAECT|G Kol AVAAVONG TV
nepopdrov eEachéviong dwdpoung onuatoc. Agv agopodv Eeymplotég celidec aAAd
SPOPETIKEG KATAGTAGELG LE OIKT] TOVG CLUTEPLPOPE TOV EKTEAEITAL ATOKAEIGTIKA GTO LEPOG
tov eAd. Ta dvo “modes” popdloviat apketd oTotyeio SIETAPNG KO AEITOVPYIKOTNTOGS.
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RF Path Loss Lab
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Channel 1: ZX47-60LN-S+
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Received Signal Strength

Frequency: 1000 MHz Channel 1 Last update: 1/19/2026,1:2023 PM . -58.0 Channel 2 Lastupdate: 1/19/2026,12023PM RSS: -45.2

Zyqua 3.5: To apykd mepifairiov g wotoceridag (Live) pe ta 600 ypaenuato Topakoioddneng e
Covtavng pong amd tovg 600 aviyveutég — Tov ZX47-60LN-S+ (rdvm) kot tov ZX47-40LN-S+
(kaT®).

To Bacwod mepieydpevo g oeAidag, Tov gival kovd ota dvo modes, meptAapPavet:
o Mnapo eréyyov: Awbéter didpopa otoryeion eEAEyyov (O0mw¢ xovumd, checkboxes,
otoyeion 16600V KEWEVOL) oyxetilOpeva pe v emAeypévn Aettovpyio. H pmapa

dwtnpeital TAVTOTE 0T KOPLEN TNG CEAIONC KOl EMITPEMEL TNV EVOALXYT HETAED
Live-Experiment.
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e Avo ypagnqpota ypovov: TomoBetovvion 10 £€va kdt® ond TO GAAO KOl
AVOAAUPAVOLV TNV OTEIKOVIOT] TOV OEOOUEVAOV TOV OVIYVEVTAOV GE TPAYLATIKO YPOVO.
Kd&be odypappo avtiotoryel oe pion povada aviyvevtn. AmoteloOv HEPOS NG
BipAodnkng “Plotly.js”, piag avouktov kddwka PiAobnkng (ot YAdooa Javascript),
n omoio ypnowonoteital ywou T OnMuovpyiot SOPACTIKAOV YPUPNUAT®OV KOl TNV
OTTIKOTOIN O™ OEOOUEVMV.

o [Ilivakeg dedopévov: Aimha oe kdbe odypaupa Bpioketal Evag mivaKag 6TovV 0moio
€100 YOVTOL Ol PETPNOELS TV OVIYVELTOV TOPOAANAC UE TNV OTEIKOVION TOLG GTO
Suypappa. O mivakag eivat “Kpuoppévos” amd TPoemAoyn], 0AAL 0 YpoTNG UTOPEL Va
TOV EULPAVICEL LIE TO avTioTol)0 Kovumi “table” mévw amd to ypdonpua.

o Mndapo cvokev®V: Bpicketal 610 KAT® PEPOS TNG 006VNC Kot TEPLEYEL TIG TEAELTALES
petpnoelg and Kabe aviyveutn, kabng kot éva checkbox yia tov kabéva, pe to omoio
epueavifeton 1 amokpHmTETAL TO OVTioTOLYO dtdypappa. Xovinbmg, yiveton ypnon evog
OVIYVELTT], OOTE ALTO LELDVEL TN TANpoYopia 6TV 006v.

o 'Evociln koatdotoong: Ildveo amd «dbe Sdypoppo vrapyer pio €voeién mov
VTOOEIKVVEL TN KOTAGTOONG NG Hovddag tov aviyveutr. Av 1o ESP Bpioketon og
Aertovpyio kot elvar ocuvoedepévo 6to dikTvo, 1 €vOelEn elvat TPAGIVI Kot avaypaeet
“online”, aAM®G glvar kOKKIvn pe TV etikéta “offline”.

RF Path Loss Lab

@ Experiment

Channel 1: ZX47-60LN-S+ | s es oniine
Received Signal Strength

Frequency: 1000 MHz Channel 1 Last update: 1/19/2026,1:3456PM RSS:.  -36.8 Channel 2

yquoe 3.6: To Live mepitPdiiov pe povo Eva Kovail SEdOUEVMOV EVEPYOTOUNUEVO KOl TOV AVOOVOUEVO
nivaka dedopévav.
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3.4.2 MQTT.js

H MQTT.js elvanr pia avoktod kdowo Piprodnkn ya tn gpnon tov tpmtokdiiov MQTT
oe mepPdrrovra mov Pacilovrar oe Javascript (euiiopetpntés, Node.js). H texvoroyia
avamtHyOnke Kot cuvtnpeitol amd TV open source KOWOTNTO Kot amoterel éva and Ta o
INpoely epyareia yio v emkowvaovio [oT cvokevdv pe epappoyés dadiktvov. [apéyet
éva. amAd TPOTO LAOTOINGCNGC TOV TPOTOKOAAOL GTO UEPOC TOV TEAATN OGTE Vo Umopel va
ovvoéetor og évav broker, va ompooctevel ko va gyypapeton o MQTT topics ¢ €vag
acvyypovog MQTT Client. Ymoompiler ovvdéoelrgc MQTT/TCP, MQTT/TLS «o
MQTT/Websocket, ®61000 6& £PapuroyEC OV ekTEAOVVTAL OmeLOElNG OTOV PUAAOUETPNTY
uévo n ovvoeon pécm Websocket elvat epik.

3.5 MMopakoroVON 6N GVIYVEVTAOV GE TPAYRATIKO YPOVO

H gpappoyn ecdyet tov ypnotn oto “Live” mepiBdArov mapakolovdnong twv aviyveunTtov cg
TPAyRaTIKO ¥povo. Edv xdamoia povaoda aviyvevtn eivol cuvoedepévn o610 OIKTLO TOV
Raspberry Pi 10te Eekivd avtopoto 1 EUOAVION TW®OV 6T0 OYETIKO Otdypappa. Katd
QOpTON TG 6eAdag paypatomoteitar n cuvoeon MQTT peta&d Tov LUAAOUETPNTN KoL TOV
broker (Raspberry). O browser, ®g MQTT mehdtng, apyikomolel TG TOPAPETPOVS TNG
ovvdeong ovppwvo pe T KAdon “mqttClient” g Pipriodnkng “mgqtt.js”. H dwdwacio
nepthapPdvet ) dnuovpyio Tov kovaiod Websocket pe tov broker kou émetta v eyypaon
oto KatdAAnAa Bépata (topics). ZuyKekpiuéva, o browser eyypageeTol oTo topics HETPNGEDV
Ko status yuo ké0e povaoda, pe QoS 0, 0nwg axpiag kot ta ESP.

> oeMoa “Live” o ypnotng ovvovid, mEpo omd To YPOENUOTO KOl TOVG TIVOKES
dedopuévev, pepwkd otoryeion emAoyng péca otV eméktoon G umdpog eAéyyxov. 'Eva
dropdown pevovd divetl ™) duvaTdTTa ETAOYNS TOL YPOVIKOL TTapafvpov mov Ba epeavifovv
To JlypAUpOTO. AlvOvTol CUYKEKPLUEVO JOCTHUOTO, GYETIKG Hikpoy ypodvov (1, 3 & 5
AENTA), OOTE VO, UMV GLGCOPEHOVTOL TOAAA onpeiol GTO YPAENLO Kot EMPAPVUVETAL 1] VALY
TOV GULOTHUOTOG KOt TOPAAANAa vo punv emmpealetal n dokpitikny wavotnta. Aimia oto
pevov vrapyet éva checkbox, to 0moio Katd TV €XAOYT TOV EVOTOLEL TOL VO OLOYPAULOTO GE
éva. Me autd tov Tpdmo, OTOV Ko To dVO KavAAlo eitvon evepyd, N GUYKPIOT TOV UETPNGEDV
amd T1G 60 TYEG elva o EOKOAN.
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nr raull LUDD Lau

@ Experiment

Live Window: 1 Minute ~ Combine plots &

Channel: ZX7-60LN-S+ / ZX47-40LN-S+

Received Signal Strength

Frequency: 1000 MHz Channel 1 Last update: 1/19/2026,1:21:52 PM

Syquoe 3.7: IIpoPoin tov 600 KavaAldV 0E00UEVOV GE EVa YPAPN O, Y10 ALEST) CUYKPLOT).

Me m yprion Websocket 1o kavait emkowveoviog pe to Raspberry Pi mapapéver avorytd
KaBOAN T SudpKel AEITOVPYIOG TNG EPAPUOYNG, EMTPEMOVTIOS TNV AVTOAAAYT OedopEVEOV
xopic ™ mponynon artmudtov. o kdbe ppvopo mov Aapfdvetor otov browser, yivetot
dywplopds Tov «@PEAov poptiov» (payload) dote va devkpviotel av mpokeltal yio
UVOHO KOTAoTOoNg 1| HETPNONG. ZTN TPMTN TEPIMTOON Yivetal evnuépmwon g “online”
KOTAGTAONG TNG GLUGKELNG. AV TO LWVOLOL TEPLEYEL LETPNOT, ONACOT L0l TN TAGNG, O QLTI
nmpootifetalr M Tpéyovca cepayida ypdvov (timestamp) kor €cdyeron oto buffer tov
KOVOALOV.

H dwyeipion tov dedopévmv opyavaveTal oe dV0 Kavaia, Eva yio KaOe povada aviyveutn,
To. ool Agttovpyovv aveEdptnTa HETOED TOLG Kol TPOPOSOTOVV TO GVTIGTOLYO OLAYPOLLLOL
kot wivaxka. o kabe véa pétpnon mov AapPavetor oto Kovaitl dg yivetal navacyedoopog
TOL YpaeNuatog, avt’ ovtov M Plotly mpooeépel évav mo amodoTiKd TPOTO E1GOYMYNS
dedopévav péom tng ovvaptnong “extentTraces”. To véo onueio mpootiBetal 6To TEAOG TOL
YPOPLOTOG KO TAPAAANAL QQALPEITAL TO TOAUMOTEPO, MOTE TOL SEGOUEVA VO EUTITTOVYV GTO
emieypévo ypoviko mapdbupo. Iapodpota taxtikn akorovbeital Kot 6Tovg mivakeg, ol omoiot
STPovV 1010 aPBUd YPUUUOV LLE TO GNUEI OTO YPAUPTILLOTOL.

H Swdpactikétra eivar €va Pacikd yoapakmmpiotikd twv Plotly ypaenudtov, xabng

TPOCPEPOLY GTOV ¥PNOTN Uid GEPA epyareimv ywpig emmAiéov avamtuén kmduca. Kdamoleg
ONUOVTIKES AetTovpyieg glvar:
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o ['pappn gpyoireiov: Bpicketor 610 mive PEPOG TOV YPAPNUATOV KOl GUYKEVIPAOVEL
dupopeg emAoyég dmwg zoom in/out, autoscale, emavapopd a&dvov, Ayn ekdvog
TOV YPOPNLLOTOC.

e Zoom & Pan: Emiloyn kot eotioon o pio CUYKEKPIUEVT] TEPLOYN TOV YPOUPT|LOTOS
Kol petakivnon péca o€ avto.

o Hover: TonoBetwvtog 10 movtikt whve o€ €va onueio Tov dedopévav eppoviletot
éva mAaiclo pe Tig akpiPeic Tinég Tov.

o Legend Filter: Méow tov vmopvfuatog (legend) pmopei vo yivel amdxpoyn M
ELLPAVIOT] GUYKEKPILEVOV GELPDOV OESOUEVOV.

Received Signal Strength

E
o
3

&

H

3
a
5

a2
£

Zynua 3.8: H ypappn epyoaleiov mov npoceépel | Plotly 6to mévem de€id pépog tov draypappatog

3.6 IlapapeTpor epappoyns Ko Sepdpewon

Yy umapa eréyyov vrdpyel to xovuni “Configurations” vmd to €kovidwo ypavallod, 1o
omoio avoiyel 10 mapdbvpo dwpopewons. Edd o ypnomg umopel va aArd&el Kamoieg
HETAPANTEG TNG EPOPLOYNG TTOV QLPOPOVV TNV ATEIKOVIOT KOl T1 TOLOTNTO T®V OES0UEVOV.

Ewdwotepa, o ypfiomg umopel va emdégel Tic povadeg pétpnomng mov epgoviCovior to
dedopéva oy epappoyn. Ot petpnoelg Aappdvovior and to ESP onwg akpipag e&ayovral
OO TOV OVIXVELTH 1oYLOC, dNAadY| o€ TWES Thoels. QoTO0O, Yoo T CWOTH gpunveio g
pétpnong mpEmeL va yivel M HETATPOTNY] G€ Wi StoxElpioun Hovada £Kepaong 1oyvog
oNpatog, Onmg to. dBm.
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App Configurations

Sampling Rate

Power Input

Saved Calibration Profiles

Frequency (MHZ) Channel 1 (ab)

700 MHz

Zyqua 3.9: To mapdBopo Slopdpemong g EPaPUOYNG.

I[Ipv ™ petdfoon amd Volts oe dBm, elval omapoaitnmm 1 emhoyn ToV YPOUUIKOV
TapopéTpOV TG petatponmns. [Ipoxkeitar oty ovsia yuo T KAion kot tov otabepd dpo g
evbeiog mov ekPpdalet ™ tdon €£000V GUVAPTAGEL TNG GYVOS CGUATOG Kot divoviol GTo
QUALO TTPOJYPUPADV TOV OVIYVELTH Y10 OPOPETIKEG LY VOTNTES. Mésa amd 10 mapdbupo
“Configurations”, Aowdv, o ypnotng Oovvatal vo emMAELEEL TO  KATAAANAO TPOQIA
Babuovounong (Calibration Profile) tng cuyvotrog otnv omoia epydletat. o T dnpuovpyio
eVOG TETOL0VL TTPOPIA VITAPYOLY TTEVTE GTotKElD £16000V (ap1Buov): Eva yia ) cvyvotnta (o€
MHz) ka1 éva yu ) kAiion kot tov otafepd 0po TG KaUmOAng Kabe aviyveut. Ta Tpoeii
oL ONovVpyovVTUL orodnKevovTol 6ToV dlakoutoty (oto Raspberry Pi) kot kotd to dvorypo
0V apaBvpov poptdvovTal Kot gpeavifovtal oe évav mivaka. o kdBe cuyvotnta umopet
optotel povo éva mpoeil Pabpovounong. Aimia amd Kabe amobnkevpévo TPoeid vdpyetl M
EMAOYN OPIGHOV MG EVEPYO 1 dALYPOPNS TOV.

Power Input Calibration

Enterafr he © ng linear coefficients

Frequency (MHz). [&ig/2400 [

Channel 1: slope B intercept ] Channel 2: slope B intercept

‘$aved Calibration Profiles
Frequency (MHz) Channel 1 (a,b) Channel 2 (a,b)
700 MHz -40.98, 22. (-39.68, 39.52)
900 MHz - ) (-40.82, 41.67)
1000 MHz -4 ) (-40.82, 41.67)
2000 MHz - ) (-39.84, 38.99)
2400 MHz - ) (-41.49,23.76)

3500 MHz (- .16) (-38.91, 37.48)

Click "set" to activate pri

Zynua 3.10: To pépog dwoyeipiong Tv Tpodid Pabpovounons Tov aviyveutov.
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Mio axdépn moapdperpog mov umopel va puvbuctet ivar o puBpog Ayng petpnoemv. Onog
avapépnke omv evotnta 2.9.5, 0 UIKPOEAEYKTNG £xel TN duvatOTNTO Vo PETAPAAAEL TO
pLOUO delYHOTOANYIOG KOl OTOGTOANG UETPNOE®V UETAED TPOKOOOPICUEVOV TY®V. XTO
apabvpo Sapopewong vrapyel éva dropdown pevov pe avtéc tic Twés. Emiéyovtag v
emBountn, oot OMUOCIEVETAL G610 OYETIKO topic, AapPdavetor ond to ESP ko
npocapuolovtal avarldoyws. Ot Tipég pvBuov kopaivovtal petaéd tov 1 Hz ko tov 50 Hz.
IMa pvOuove peyarvtepovg amd 50 Hz mapatnpodvtav 06pvPog otn dstypatoinyio (AOYw
pkpdTEPOL averaging TV OstypdTmv) Kot evoeigels vrepedptmong CPU and tov browser
(AOY® oAb ypryopov rendering towv ypaenudtomv). O 1davikog puBudg detypatoinyiog eivan
1o 10 Hz xabdg amodidel emapkn avaivon otig LETAPOAES TV HeETPoe®V (Yo TIG avAyKeG
TOV TEPAUATOV), EVO OV OTOLTOVVTOL GNUAVTIKOL TOPOL 0td TN GUCKELT] YOl TNV OMEIKOVION
TOVG,.

Sampling Rate

Channel 1: BHOHZ S Channel 2: SHOHE =
1Hz
Power InpufSsigs n

Enter a frequ he ding linear lents, for each detector, to compute the Input Pow
20 Hz

50 Hz
Frequency (NWSESESSA00 [

Zynua 3.11: Dropdown pevov yio v aAloyn Tov pubpod HETASOOTG TV LETPCEMV.

3.7 Hepapata e£acOévnong dradpoung ofpatog

Y10 mepifdAlov “Experiment” katéyelt 1o kVOpto poOAO NG €QPAPUOYNG, KAODS 0 ¥pNoTNg
umopel va Tpayatomomoet TeEpdpata VToAoYIoHol g e&acdévnong dadpoung (Path Loss)
RF onpatog. Xuvomtikd, 1 dlemapn €xel oYEOOTEL MGTE O YPNOTNG VO LITOPEL ELKOAN VO
ONUIOVPYEL GET PETPNOEMV OO TOVS OVIXVELTEG, HEGO GTO TAAIGLO TOV GEVAPiov d1dd0oMNg
oL €yl dOnovpynoetl. Mropel va ypnoporombet £vog aviyvevtig 1 Kot ot VO TV TOYPOVOL.
Ta oet perpnoewv amobnkebovior LOVIHO GTOV server Kot dtvetor n dvvotdtnTo avaAvLoTg
ToVG péca 610 mePPArAov TG epappoyns. H avaivon mepthappdvel Tov vTOAOYIGHO TNG
e€ac0évnong Stadpoung Kot T TPOGUPLOYT LOVIEA®Y S1AO0CTG G LOTOC.
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3.7.1 ZyedaoTikn AOyIKN

To Ul tov “Experiment” akoiovBei mapopoto oxedrootikn Aoyikr| pe avti tov “Live”. X
umapo eEAEYXOL mEPLEYOVTOL OAO TO GTOLYEIN EIGOYWYNG TAPAUETPMOV TOV OToUTEL £val TElpaLLO,
Om®G T0 OVOoUo TOV Ko TAnpoopieg avagpopikd pe to Link Budget (amdotaon moumol e
KaOe JEKTY, 1YV EKTOUTNG TOUTOV, KEPOOG KEPALOG TOUTOV, KEPOOG Kepaiag KAOe Ok,
e€acBévnon cvotNUaTog). XT0 1010 TANIG10 VITAPYOLVY Kot 6VO Kovumd, To “Browse” kat to
“Export”. To mpdto avoiyel £éva mapaBoupo pe Eva mivako oo meptEyel O A ta amodnKevpéva
nepdapata. Atmha ond KaBe Ovopo avaypleeTatl 1 TEAELTAIN TPOTOTOINGT] TOV TEPALATOG
Kol To pEYeBog Tov, EVM VITAPYOLY Kot dVO KOLUTIA Yo TN dtaypaer] 1| T xpnon tov. Idve
and 1N Alota vapyel o “Import” péocw tov omoiov pmopel va yivel elcoymyn €vOg apyeiov
nePdpatog ond tn Tomkn cvokev. Me 10 “Export” xovumi, umopet va yiver Ayn tov
TPOPAALOUEVOL TTEPAUATOG, ONAAOT €VOC TEWPAUATOG TOV HOMG €xel oAokANpwOel N &xet
yivel @OpT®ON TOL amd TOV server. LTo KEVIPO TOV TAOLGIOL OvVOypaOOvVTaL TANPOPOPIES
OYETIKA LE TN KATACTOOT TOV TEPAUATOS KoL KATO TV ekTéAeN epeaviletal Eéva poAdt Tov
KOTOYPAPEL TN O1EPKELD TOVL.

Live
No active experiment

NLOS  Tx-RxDistance (m) (@il (@2 Pt(dBm) Gt (dBi) Gr(dBi) (&) (@) Systemloss (dB) [ENi) (G2

Channel 1: ZXA7-60LN-S+ = es

Received Signal Strength

Frequency: 1000 MHz Channel 1 Last update: 1/15/2026

Syqua 3.12: To mepiparirov “Experiment” yio, tnv ektélecn Kot avdAivon mewpoudtov eEacbévnong
Stadpopng.

21 de&1b mhevpd TG ceAidag Tomobeteitan éva TAAIG1O e TOL KOVUTLA TTOL EAEYYOLV TN pon
evlog mepapatog, ta “start”, “pause” kou “stop”. To pause button ypnouomoteitan yi
TPOCWPIVI] TAoT TG AMYNG dedopévev 610 kavdil. Mg Kot to mepdpato eEachéviong
SLOPOUNG TEPIAAUPAVOVY UETPNOELS GE OLPOPETIKEG OMOCTACELS TOUTOV-0EKTY, &ival
avaykoion 1 TOKTIKN OKOT NG KOTAUETPNONG Yo TN UETABOAN TNG OmOCTUONG TMV
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KePALOV. Xe KAOe mavor, 1o “pause”’ UETATPEMETOL GE “‘resume’’ Yo Tr GLVENICT TNG
drdkaciog.

Onwg oto “Live mode”, €161 kol £d®, TA YPAPNLOATO OTOTLITMVOLV T PO TOV UETPTCEMV
0€ TPOUYHOTIKO YpOVO, HE TN Sopopd OpmS 6Tt ovth givor edeyyopevn. Ta dedopéva Eektvovv
va Aappévovtot pe Ty eKKiviion Tov TEPANLOTOS KOl GTOUOTOVV LE TNV OAOKANp®o Tov. Ev
Télel, TO Oudypappe  EUEOVICEl TO GET UETPNOE®V GCULVOPTNCEL TOL YPOVOL  TOV
OAOKANPOUEVOD TTEWPAUOTOC 1 EVOG TAANLOTEPOV TOV HETAPOPTMONKE.

3.7.2 AmoOkevon TEPUPATOV

Me v 0AoKANpGN £VOG TEPAUATOC, YIVETOL QVTOUOTO ATOBKEVLGT| TOV GTOV TOTIKO O1GKO
tov Raspberry Pi. Ot perpnoeig amodnkedovior vd ™ popen CSV (Comma - separated
values) apyeiov mov dnuovpyeitonl 6N HEPLE TOV TEAATN KO LETOPOPTMOVETAL GTOV SErver.
AvTo mepthappaverl Tic €ENG eV 0TNAES: oppayida xpdvov, cuokevn, Tiun tédong (V), tiun
wyvoc (dBm), ovyvomta (MHz), kiion kot otabepdc Opog xoumdAng Podpovounone,
anootaon (m) kot e&acBévnon (dB). Zto apyeio kataypdeovial, €niong, ot TapPAUETPOL TOV
Link Budget kot 1 ovyvotto KoOdC amottovvtol 6T UETEMELTO, OVIAVOT| TOV UETPNCEWMV.
Mo v amo@uyn dnpovpyiag ETITAEOV GTNAMV Yo HEPIKEG oTABEPES, TPpooTifeTal GTNV apyn
TOV apYEloL o ypauun cav oxoAlo, pe 1o keipevo o JSON popoen.

#exp-info: {"freqMHz":5@€@,"budget”:{"Pt":16,"Gt":5,"rss6@" :{"Gr":5," "Lsys":3}}}
timestamp,device,volt,dbm,freq_mhz,a,b,distance_m,path_loss_db
2026-01-16T13:19:29.8517,esp32_60,1.279,-26.5,5000,-40.32,25.09,1.5,49. 5|
2026-01-16T13:19:29.9547,,e5p32_60,1.279,-26.5,50080, -40.32,25.09,1.5,49.5
2026-01-16T13:19:30.0547 ,e5p32_60,1.279,-26.5,5000,-40.32,25.09,1.5,49.5
2026-01-16T13:19:30.157Z,esp32_60,1.28,-26.5,5000,-40.32,25.09,1.5,49.5
2026-01-16T13:19:30.262Z,e5p32_60,1.279,-26.5,5000, -46.32,25.09,1.5,49.
2026-01-16T13:19:30.3317,e5p32_60,1.279,-26.5,56000,-46.32,25.09,1.5,49.
2026-01-16T13:19:30.4857,esp32_60,1.279,-26.5,5000,-40.32,25.09,1.5,49.
2026-01-16T13:19:30.541Z,es5p32 60,1.279,-26.5,5000,-40.32,25.09,1.5,49.
2026-01-16T13:19:30.6707,e5p32_60,1.279,-26.5,56000,-46.32,25.09,1.5,49.
2026-01-16T13:19:30.735Z,esp32_60,1.279,-26.5,5000,-40.32,25.09,1.5,49.
2026-01-16T13:19:30.875Z,es5p32 60,1.279,-26.5,5000,-40.32,25.09,1.5,49.
2026-01-16T13:19:30.9327,e5p32_60,1.279,-26.5,5000,-46.32,25.09,1.5,49.
2026-01-16T13:19:31.0797,esp32_60,1.28,-26.5,5000,-40.32,25.89,1.5,49.5
2026-01-16T13:19:31.133Z,esp32 6@,1.279,-26.5,5000,-40.32,25.09,1.5,49.5
2026-01-16T13:19:31.256Z,e5p32_60,1.279,-26.5,5000, -40.32,25.09,1.5,49.5
2026-01-16T13:19:31.3867,esp32_60,1.279,-26.5,5000,-40.32,25.09,1.5,49.5
2026-01-16T13:19:31.452Z,esp32 60,1.279,-26.5,5000,-40.32,25.09,1.5,49.5

viunounounoun ounoLnoun

Zyqua 3.13: To CSV apyeio Onmg S pop@®@VETOL KOTA TNV 0moONKELGT VO TEPALTOG

Méow tov “Import” yivetar n petapoptmon evog CSV apyeiov and tn TOTIKT) GLGKELT GTOV
koo™ g epappoyne. To apyeio ogeilel va tpel ™ @OprovAN TOV aKOAOVOOLV Ta
CSV apyela tov mepapdtov yio va yivel amodektd. Avt n Asttovpyio eEumnpetel Tov
xpNotn Otav BEAEL VO TPOTOTOWOEL TO apYEl0 EVOG TEPANATOS (.Y, VO APUPECEL YPOUUES
LETPNOGEWMYV) GTOV VTOAOYIOTN TOL Kol VoL TO “Eava-aveRAcEL” TNV EQUPLOYT.
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Experiments

Yyque 3.13: To mapdbupo dayeipiong OAmV TV amodnkevUévmy TEPAPGTOV.

3.7.3 Extéleon evig mEpapatog

[Tpwv Eexvnoet €va melpapla TPETEL va EYEL YIVEL | KOTAAANAN TPOETOUAGTIO TNG EPOPLLOYNG.
[Tpotapyikd Prua etvat 0 opiopds evog Tpoeid Pabuovounong, dote va yvopilel To choTnUa
Ol GLYVOTNTO APOPOVV Ol HETPNGELS Ko Tg Ba yivel 1 akpiPg petotpony| g téong o€
o0 onuatog. Emiomng, eivor onuavtikd va €xel emieyfel amd ™ «Umdpo cLGKELAOV» O
AVIYVELTNC OV Oa TPOYUOTOTTOLEL TIC LETPNOELS, MOTE VO EvEPYOToBel To avTioTol 0 KOVAAL
dedopévav. Av givor emheypéva Kot oo 000 KOVOMO GAAG GTNV TPAYUATIKOTNTA HOVOo uia
povada aviyvevtn sivar “online”, tote N gpappoyn KotaiaBaivel 0Tt pévo 1o €va KavdAl Oa
ypnowonomBei. TéLog, mpv v Evapén Tov melpdpatog tpémet va 00t Eva povadikd dvopa
Kot vo, supTAnpwOovv ot mapdpetpot tov Link Budget. Me v ohokAnpwon Tov Topandve
Bnudtov, n epapuoyn emTpénel To maTNUe Tov “start”. Mio tomikn Sadikacio TEPAUUTOS
pétpnong g e€acfévnong 1oyvog tepthapfavel v NG dladtkacio:

[Tatnpa “start” Kot Ayn LEPIKMV OELYUAT®V GTNV 0PYIKN OTOGTOCT TOUTOV-0EKTY.
“Pause” kot aALoyn TG ATOGTAGNS GTO GYETIKO prompt.

“Resume” kot GuvEXLOT ANYNG LETPTCEWMV.

Enavainym tov mopandve dVo Prudtov péypt ™ TEAMKN andeTaoT).

[Tampo “stop” yio TNV OAOKANP®OT| Kol AoO|KELGT TV UETPTCEMV.

Av ypeldleTol TPOTOTOMGELG TO GET PETPNGE®V, TOTE 0 XpNoTtNg “katefaler” to CSV apyeio
OTOV VTOAOYLGTH] TOV KO ETEITO TO EQVO-IETAPOPTMOVEL [LE OVTIKATAGTOGT TOL TPOTNYOVLEVOL
N amobnkevon pe Ao oOvopa. Me v olokAnpwon Tov TEPANOTOg epeaviletonr €va
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niktpo “Path Loss Analysis” mévo amd kdbe didypoppo. Avtd €6dyst Tov xpnotn 610
TapABuPo VAALGNG TOV TEPALATIKOV LETPTICEMV.

Live

Office_z400MHz Loaded: Office_2400MHz

NLOS  Tx-RxDistance (m) (&) (@& Pt (dBm) Gt (dBI) Gr(dpi) (Gl (@2  systemloss (dB) (G (&

Channel 1: ZX47-60LN-S+ | =« anline Path Loss Analysis  Tabie
Received Signal Strength | Office_2400MHz - 2400 MHz L )

Frequency: 1000 MHz Channel 1 Lastupdate: 1/19/2026, 12827PM RSS: -57.0 Channel 2

yuo 3.14: To mepidirov “Experiment” petd tnv oAokANp®mon 1 1 OPT®GCT EVOG TEPALOTOC.

3.8 llepfarrov avaivong TEPApITOV

H epoppoyn olokAnpdveror pe Tov YOPO OVOALONG TOV TEPAUATIKOV Oedouévev. Edm
dtvetar M ovvatdétnTo peAétng g €EacBivnone OdpoUng ONUOTOS GUVAPTHOEL TNG
amdOTAONG TOUTOV - OEKTN. AVTH mePAapPdverl T oyediaomn TG GLVAPTNONG GE YPAPN LA,
™ oVYKplon pe Bewpnrikd povtélo diddoong ofuatog kot TV e&aymyn OTUTIOTIKOV
TapapéTpov mov yapoktnpifovv 10 Kavail dadoons. OAn n enelepyasio Tov dedopévav
Aoppdvel xdpo oTov QLUAAOUETPNTH Kot €€l LAOTOMOEL OMOKAEIGTIKA GTO KMOWKO TNG
Javascript.

3.8.1 Anelkovion 0€00pEVOV

Koatd 1o avorypa tov mapabvpov “Path Loss Analysis”, o ypdonuoa “Path-loss Vs.Distance”
etvar axopun adsto. O ypnotng koreitor vo emAEEEL KATOLES TOPAUETPOVS TTOL ALPOPOVV TN

oyedlaon g YPAPIKNG:

e Raw/Binned data: Mmopel va yivel ameikdvion OAOV TOV KATOYEYPOUUEVOV
HETPNOEMV 1 ALTEG VO, opadomoinBoiv yia ke andotaon oe pio Tiun.
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e Mean/Median: H opadomoinon avd andctacn uropet va yivet gite pe Tov VTOAOYIGHO
OV pécov 6pov (mean) g e£acBévnong 1 g dapécov (median).

e Linear/Log x-axis: Emloyn amewoviong tov opildviiov a&ova og ypoppkn 1
AoyoplOpukn KA.

Me ™ puBuion tov mopardve emAoydv Kol o mdtnue tov “Compute” onpiovpysitol M
YPOQIKN moapdotacn oe éva ypdonuo Plotly. Ailveton emiong m dvvardétmto oAroyng tov
TITAOL TOV YPOPNUATOC Kol xp1jon AevkoD dvtov o€ avtd (light mode).

Path-Loss Analysis for ZX47-60 Channel - Experiment: Office_2400MHz

¥ Binning: MESANSN Xx-Scale: NEREANS Title: FPath Loss vs. Distanc  Light mode W

Path Loss vs. Distance at 2400 MHz

=
3
a
]
3
]
5
5
&

Distance (m)

ymua 3.15: H ypaeikn mapdotacn g eEacBévnong Stadpopung CUVAPTNGEL TG ATOGTUCTC GTO
mapdBopo aviivong.

3.8.2 llpocappoyn Ocwpntik®v Movtérov

Kédto ond 10 mhoicio tov ypaenuotog Ppiokoviar HePKEG e€MAOYEG OYETIKO HE T
TPOCUPLOYYT OE®PNTIKOV KAUTVA®V TOve oTo Bempntikd dedopéva. Mall pe ) mpocsOnin
Ka0e KoumTOANG epeavileTotl Kot £vo TAAIGLO TOV GUYKEVIPMOVEL TANPOPOPIEG TNG GLVAPTNONG
KOl OTOTIOTIKA omoteAéopota TG mTposapuoyns. Ot emioyég meptiapupdvovv ™ mpocHnkn
TOV €ENG:

o [Ipocapupoyn kaumding erayiotwv tetpaydveyv (OLS)
o Koumdin povtédov e€acbévnong dtadpoung ekevbepov ympov (FSPL)
e Ilpocappoyn tov povtédov e&acBévnong AoyapBpkng omdotaong (Log-distance PL)

Méow tov “OLS Fit”, n epapuoyn mpocapuolel pior YPOUMUKY KOUTOAN OTO TEPUUATIK
dedopéva.  ypnolwomoldvtag T HEBodo TV elayictomv TETpaydVOV. QC aveaptntn
petafint) ypnowomoteitor o dekadwkds AoydpOpoc g amodotoong logio(d) xor g
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eCapmuévn n eEacBévnon S1a0poung. XTo TANIGIO ATOTEAEGUATOV avaypAPETaL 0 6TalepdS
O6pog kot M KAion g mpokvmTovcag gvbeiag, evd LROAOYILETOL KOl O GULVIEAEGTNG
npocdiopiopod R? kar 1 pia pécov tetpayovicod cedipatoc (RMSE).

Path-Loss Analysis for ZX47-60 Channel - Experiment: Office_2400MHz

[}
=
@
2
=
=
B
ao

€1 data (binned)
= =oLSFit

3 35 5 5

Distance (m)

Yymua 3.16: Ilposoppoyn «KoAOTEPNE» KOUTOANG 0T 0edouéva e T HEB0d0 eAayioT®V TETPAYDOV®V
Kot TPOPOoAY T®V 0TOTEAECUATOV 6TO “summary box”.

H emdoyn “FSPL curve” mpocBétel oto ypaenua ™ Oempntiki KOApmOAn 0TS TPOKLITEL
amd T0 HovtéAo O1ddoomg Tov gAebBepov  YDpOv. ZTOV VTOAOYIGUO TOV onpeimv
YPNOOTOOVVTOL TO O€OOUEVE OmOOTAONG KOl GLYVOTNTAG. XTO OVTIGTOWO TAIGLO0
OTUELDVOVTOL Ol TOPAUETPOL TNG KOAUTOANG.

Path-Loss Analysis for ZX47-60 Channel - Experiment: Office_2400MHz

AU LUSS VS, UISLENGE 8L 2400 ML

©h1 data (binned)
— FsPL
3

Distance (m)

FSPL CURVE

Slope  20.00 dBidecade
Intercept  40.04 dB
Frequency 2400 MHz

Zyquoe 3.17: TlpocHnxn koumdAng Bacet Tov poviéhov e€acévnong dtadpoung erevBepov Ydpov
(FSPL)
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Tehevtaio emioyn eivor m “Log-distance model”, xatd v omoia mpoyparomoleiton
TPOCUPLOYYT TOV HoVTEAOL €EacBévnong AoyaplOikig andoTaonG. XT0 TATUO TNG OVOiyEL
£va LKPO TAOUG1O Y100 TOV OPIGUO ATOPOITTOV HETAPANTAOV TOL HovTéAov. O xpnotng mpémet
va emiégel mota Tyun Oa ypnowonomBel g péon eEacBévnon dradpourg onueiov avapopas
PL(dy). 'Exer ™ ovvatotnta vo €odysl o i010¢ pio tun amdotaong do ko e&acBivnong
PL(dy), ®otdc0 divoviar Kot ot emAoyég va oplotel ovtoOpata T0 TPOTO onpeio TV
puetpnoewv 1 n Ty FSPL oe andotaon 1 m, 6mmg cuyvad cuvavidvtal ot PiAtoypoeio.
Emiong, dvvatar vo emAaélet, av embBopel, vo mpoympnoel He KOVOVIKY] TPOGUPLOYY TOV
GUVTEAEGTI 1 GTO OEOOUEVA 1] VO E1GAYEL O 1010¢ pioL TN, X1 O€0TEPN MEPIMTMOOT OEV
ocvoppaivel kdmowo fitting, omidg oyedidleTor M KOUTOAN oOpQOVO He TG O000&vteg
napopéTpoug (ypowo yo dokyn Bswpntikedv tuov n). Téhog, o ypnotng umopel vo
npochéoel o610 HovTéAo TOv ouvtedeotn okioong (shadowing) péow pog TG TLTIKNG
andkMong, eav embouel va aneikoviotel 1o dtdotnpa +16 yopw amd Tn KoUmToAn.

do (m) [N
PLido) (¢B) [

t
Shadowing o (d6) [IIEN

Zyua 3.18: To mhaiclo el0aymYN TOV TOPAUETPOV TOV LOVTEAOV £EacBEvnong dtadpoung
AOYOopOKN G 0mdGTAOTG.

Path-Loss Analysis for ZX47-60 Channel - Experiment: Office_2400MHz

Path Loss (dB)

1 data (binned)

Distance (m)

Zyuoe 3.19: H mpocappoyn Kot o amoteléopata Tov poviélov eEachévnong dtadpopng
AoyoplOUIK G amdoTOoNG,
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H mpoocappoyn tov povtéhov Paciletor ot ypopukyn ToAvopounon, epdcov 1 Bempntiky
oyxéon ekppaletor g ypopkn e&icmon, pe ave&aptnm petapfAnt to logio(d). H epappoyn
akoAovBel kol €d0® ™ pEBodo TV glayicTOV TETPAYOV®V, HE TN Opopd OU®S OTL O
o100epOc 0pog ivan mpokaBopiopévog Kot 0€ TiheTon Tpog LVWOALOYIGUO.

To mhaiclo cvvoyng cuykevipdvel To e€Ng amoteléspato fAcGEL TS TPosaproyng Tov Log-
distance povtélov: To onueio avapopdg mov ypnopomromOnke, 0 TPOKLTTOV eKOETNG 7, O1
ovviedeotéc RMSE xon R?, ) Tumikn] omdiion 6 kot 1 péon 1y Tov vroloinwv (residuals).

Path-Loss Analysis for ZX47-60 Channel - Experiment: Office_2400MHz

Distance (m)

FSPL CURVE

Slops 20.00 dB/decade
Intercept  £0.04 4B
Frequency 2400 MHz

Zymua 3.20: To nepPdAhov avaAivong [e TV TPOsOnKn OAOV TOV KOUTVADV.
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Kepaiaro 4: Merétn g e€ac0évnong owadpop)g o€ E6TEPIKO TEPLPGALov

4.1 Ewcoyoyn

Metd v 0AOKAP®GN TG VLAOTOINGNG TOL GULOGTHUOTOSC, OKOAOVLOEL M JOKIUN TOL GE
TPOYUATIKEG cLVONKES d1d000MC, He TN deaywyn mepapdtov pekétng g eEacfévnong tov
RF onuotoc. Qg ek tovTOL, TMpaypoatomomOnkoyv mepdpoata pétpnong g e&ocdévnong
SLOPOUNG KPOKLUATMOV GLUVOPTNOEL TG amdoTacns, Yo cvyvotnteg 1, 2 kot 5 GHz. Ta
TEPPAALOVTO TOV EEETAGTNKOAV OPOPOVV £GMTEPIKOVS YDpovs KTipiwv. T cuykekpiuéva,
emA&yOnkav tpelg ecmtepkol ydpot tov Epyactnpiov Hiektpovikng - Thiemkowvovidv kot
Epappoydv tov Tuniuatog dvowkne tov Ilavemomuiov loavvivov - (a) gpyactpro, (B)
ypopeio kol (y) odpouog - pe okomd va Tapovcoldlovy SPOPOTONGES WG TPOS TN
YEMUETPIO KOl TNV TUKVOTNTO AVIIKELEVOV, EVA TODTOYPOVO VO TOPEXOVV ETOPKN YDPO Yol
LLETPNGELG GE OLOPOPETIKES OMOGTACELS.

H avéivon tov petpioswv npaypatoromnke ancvbeiog oto mepPAAiov g epapproyns Kot
mepAapPavel T cOYKPIOT TOV ATOTEAEGUATOV HE Ta OVO0 BempnTiKd poviéda eEacBévnong
dwdpoung, erevbepov ydpov kot Aoyapldukng andotacnc. Baoikd mapdyovia cuykpiong
amoterel 0 €kBETNG 7 MOV TWPOKVMTEL GO TNV MPOGOAPUOYN TOV HOVTEAOL AOYOPIOHIKNG
amdoTAoNG, KAOMG Kot 1] TUTTIKY] ATOKALCT TV OEIYUATOV.

O)o ta mepdpato akorovdnoav pio otabepn pebodoroyia petpioewv. e kdbe ydpo, £yve
emAoyn €vOg onueiov Omov ot kepaieg pmopovv va tomobetnBovv ce omTikn €vbeion Ko
VIAPYEL O KATAAANAOG YDPOS Vo HETOPAAAETOL 1 OOGTACN TOVG AV GE OVTN, Yo Eva
dwotno HEPIKOV pETpeV. O moumdg mepthapupavel v mpoypoppotiiopevn yevvintpioa RF
onuotog palli pe v kotevBoviikny kepaio kot Evav @opntd vmoroywot). O dEKNg
amoteleiton HOVO amd TV kepaio Kot T povdoa aviyvevone poli v tpoeodocio tc. Elval
onuavtikd va avagepOet 6t o1 kepaieg HyperLOG 7060 tomofetOnkav ce kébetn didtain
(6mwg eaivetor oto Zynua 4.1), pe t Pondeia tov TpPTddOL, KAOOTL M| OKTIVOPOAIDL GTO
EMIMESO AVOYWOONG EYEL LEYAADTEPO GVOLYLLOL. ZVVETMG, LLE TNV TEPICTPOPT TNG KEPALg KAT
90 poipeg, to eminedo avoywong amoterel TAEOV TO alovBlokd, TPOGPEPOVTOG LEYUAVTEPT
avoyn o€ oedipota evbvypdupons Tov kepoatwv. Ot kepaieg Bpiokovtav ce Hyog 1.2 m.
Téhog, 10 Raspberry Pi tonofetovvtov ce onpueio t€t010, dote 1 epPéreta tov Wi-Fi tov va
KoAOTTEL TN povado Ayns. H mpdcPaocn oty €pappoyn mpoyuoTonolovviay HEC®H TOV
(OPNTOL VITOAOYLOTY.

Y10 mepdpato cvyvotmrog S GHz ypnowomombnke €vag eVioyvtng, oty TAELPA TOL
TOUTOV, KOOMG 1 101G TOL EKTEUTOUEVOV GYLOTOG OEV EMAPKOVOE YO T1| OLALTHPNCN TNG OTA
opa. ypappikng Asttovpyiog tov aviyvevti. H yevvntpia SynthUSB3 pmopetl vo amoddoet
péytot oyb ofuatog +6 dBm ota 5 GHz, n omoia Adyw g evtovotepng e€acBévnong mov
voiotatal, Tifetal extdg ToV duvapkod gupovg Tov ZX47-60LN-S+ aviyvevt oe peydreg
anootdoels. Extoc avtov, otn younin meployn evaiotnociog eppaviovion mopepPorés amod
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dwpopa dAla onuota (diktvo kvntig Aepowviag, Wi-Fi) dvoyepaivoviag tn Anym
axpiPoug pérpnons. o awtod, €ywve mposHnim tov evicyvty Mini-Circuits ZX60-83LN-S+
HeTd TV ££000 NG YEVVITPLOG, TPOPodoTovUeEVOS e 6V DC amd epyaostnplokd TpopodoTiKo.
To teAikd ofjua ekmopunng evioyvonke katd ~21 dBm.

‘
IR

Movada avixveutr

FeVWnTpLa a1HaTOg

Zyua 4.1: Empépovg povéddeg tng meipopatikig didtaéng.

4.2 Metpiosgig o€ yOpo gpyootiplov pe ontik ena@1 (Indoor LoS Lab)

To mpdto cevdplo dddoong RF onpotog agopd 10 amAovoTtepo TAPASEIYIO ECMTEPIKOD
YOPOL, 0VTO €vOG GogwoL  dwpatiov, TUNHATOg TOL gpyactnpiov HAektpovikng —
Tnienwowoviav kot Epappoyadv. Ot petprioeig mpaypatonomdnkayv yo tig cvyvotnteg 1,2
kot 5 GHz, o¢ anootdoeig 1.3 éog 4.9 m, pe Prua 0.15 m. Ot kepaieg TonoBetOnkov cto
KEVTPO TOL dmpatiov, pe T HETOKIVNON TOL OEKTN va yiveton v ce gvubeia datnpodvTag
erevBepo yOpo yopic mapepPforés puetald touvg. Katd m didpkelo tov PHETpNoE®V KOl TNG
KOTOYPOENS TOL GNUATOG Ogv VINPYE Kivnorn oto dwudtio aAld obte ahdayég otn dudtaln
TOV OVTIKEYUEVOV.

o 4.2: Hepapatikn ddtaén evidg Tov epyactnpiov Hiektpovikng — Tniemukowvovidv kot
Epappoyav.

59



H avéivon Basiotnke omn péomn Ty tov detypdtov. Xto tepBAAAoV TG EQOPUOYNG YiveTat
npocapuoyr] ¢ PéAtiomng evbeiog mov meprypdpet ta dedopéva Pdoel g pebBodov
elaylotov tetpoydvev. Emiong, epopudommke to poviédo eEacBévnong  dadpoung
AoyaplOpKnG amdotacns, Omov emAEYONKE ¢ oNUeEl0 avaPOPAS 1 APYIKY OTOCTACY TOV
dedopévav, dnAadn to onueio amdotacng 1.3 m. Télog, yia 1 ocvykpion pe m Bewpia
duadoong otov eAevBepo ydpo, Eywve mpocHnkm ko ¢ Kapmving FSPL. H nposnkn tov
TOPATAVE KOUTUA®V £yve amevbeiog HEow TG EQUPUOYNG OTMG TEPLYPAPETAL AETTOUEPMG
otV vroevotnta 3.8.2. Ot HETPNGEIS KOl Ol KOUTVUAEG TOV HOVIEA®V OTOTLTMOVOVIOL GTO
TOPOKATO Tpio Ypoeruoto Kot 6toug mivakeg 4.1a, 4.1B cuykevipdvovtol To amoTEAEGHOTA
™G OVAALONG:

f=1000 MHz

46

44

42

40

Path Loss (dB)

38
@ Ch1 data (binned)

= Log-distance model
36

FSPL

= = QLS Fit
15 2 25 3 35 4 45 5

Distance (m)
Zymua 4.1: Tlepapatikd dedopéva eEacBévnong do1adpopng 6To epyactiplo, Yo cuyvotnta 1 GHz
KOl Ol TPOCUPUOGUEVEG KOUTOAEG TMV HOVTEA®V EAEVOEPOL YDPOL Kot AOYAPIOUIKNG ATOCTACNS
KaBdG Kot TG KOUTOANG TV dedoUEVMV.

f=2000 MHz

56

54

52

50

48

Path Loss (dB)

46

44 & L] @ Ch1 data (binned)

’-'0 | 0g-distance model
42 F FSPL

40 = = QLS Fit
15 2 25 3 35 4 45 5

Distance (m)

Zymua 4.2 Tepapotikd dedopéva eEocbévnong d1adpoung 6To EpyacTtiplo, yia ouyvotnta 2 GHz
KOl Ol TPOCUPUOGUEVEG KOUTOAEG TMV HOVTEA®V EAEVOEPOL YDPOL Kol AOYAPIOUIKNG ATOCTACNS
KaOADG Kot TNG KAUTVANG TV dESOUEVDV
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f=5000 MHz

62

60

58

56

54

Path Loss (dB)

52 @ @® Ch1 data (binned)

= Log-distance model

50 FSPL

= = OLSFit
15 2 25 3 35 4 45 E]

48

Distance (m)
Syuo 4.3 Mepopatikd dedopéva, e&acBévnong dtadpoung oTo epyactiplo, yia cuyxvotnta S GHz kot
01 TPOCUPUOGUEVES KOUTOAEG TMV HOVTEA®V EAEVBEPOL YDPOL Kot AoyaptOKnG amdoTaons Kabmg
KOl TNG KOUTOANG TV 0€00UEVOV

f(GHz) | arspL brspL arit bri¢ R?
1 20 32.44 15.94 34.42 0.722
2 20 38.46 19.35 38.47 0.876
5 20 46.42 19.04 47.72 0.935

KOUTOANG Y10 TOV YMPO TOL EPYUCTNPIOV.

[Mivaxag 4.1a: O mapdapetpor g kopmving FSPL kat ta arotedéopata tpocapoyng g BEATIOTNG

f (GHz) PL(1.3) n R? ¢ (dB)
1 35.99 1.65 0.721 1.69
2 40.90 1.88 0.875 1.25
5 50.18 1.84 0.934 0.86

[Mivaxog 4.1B: To amoteAéGHOTO TNE TPOCAPUOYNG TOL HOVTEAOD eEac0Evnong dtadpoung
AOYAPIOUIKNG 0TOGTACNG Y10 TOV YDPO TOV EPYOCTNPIOV.

ATO TIG YPOPIKES TOPUCTAGELS KO TOL OMOTEAEGUOTO TOV TIVAK®V TPOKLITOVV TO. akOAovOa
ocounepdopato: H xoapumdAn mpocaproyns tov 0e00UEVEOV Kot 1) KOUTOAN TOL HOVTEAOL
LOYapLOUIKTC 0mOGTACNG EVOL GYESOV TAVOLOLOTVA, LE TOV GUVIEAESTH TPOGdlopiopod R?
oxedov vo tovtiletar. Eotidloviog otV mpocappoyn tov poviéhov, peyoldtepo R
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npoxvntel oto. 5 GHz won pkpdtepo oto 1 GHz, yeyovdc mov cuvdéetarl dueca pe tmv
avENOT TG TVTKNG OMOKAONG LE T Helmon TG sV vOTNTOC.

Eotalovtag omv tumikn omdkAon Kot TN OloTopd TMV  UETPNCEMV  UETAED TV
oLYVOTNTOV, TPOKOTTOVY dV0 Pacwéc mapatmpnoels. [lpotov, ot TWES ™S TLTIKNG
amdKMoNg elval oNUAVTIKA WKPOTEPES GE OYEoN Me TIG TIEG (evtog tov gbpovg 3-8 dB)
aVTIOTOY®V TEWPAUATOV £E000EVNONG S10OPOUNC O E0OTEPIKOVS YDPOLS TNG PipAoypapiog
[12-14]. Asevtepov, mopatnpeitor tdorn peiowong e owomopdc pe v avénon g
ovyvotntag. H yaunAn dwaomopd amnodidetal, kupimg, otn ¥prion katevbuviik®mv kepatdmv. Ot
KEPAIEG OVTEG CLYKEVIPOVOLV TNV EKMEUTOUEVT Kol AapuPavopevn oxd o€ o1EVOTEPN
YOVIOKT TEPLOYN, HE OomoTéAecUd Vo TEPLOPILETOL 1) CULVEICEOPE TOV OVOKADUEVODV
oLVICTOC®V ToL Tediov. Katd cuvémela, peidvetor o apBudg Kot 1 oy0g TOV EUUECHOV
SLOPOUDV, YEYOVOS TOV 0dNYEL 0€ HUKPOTEPES OLOKVUAVOELS TNG AAUPavOpEVIS 10YVOG AdY®
ovpPoins. H mapatnpodpuevn peiwon g stoomopdc pe v avénomn g cuyvotntag Umopel
va epuUNVELTEL amd dV0 TaPAYovTEG. APEVOS, GE LEYUAVTEPES GLYVOTNTEG M e£0.c0évnon TV
OVOKADUEVOV GUVICTOOMV &lval &viovoTePN, OQPETEPOV CUUPOVO HE TO  OUNYPOLLLLLOL
axtivoPoAiog g kepaiag (Zynpa 2.4) to dvorypo g déoung eaivetor va givol pKpOTEPO
oTlg  vyniotepeg  ovyvotntes.  Ilpoc  emPePoaimon g mopamdve  epunveiog,
TPOYUATOTOMNON KOV UETPNOES TG AapPavopevns 1oxbog cuvaptnoel g aliovdlokng
yoviag yia 11g ovyvotnteg 1, 2 ko 5 GHz. Xto ypdonua tov oynuatoc 4.4 aneucoviCovrot ot
KOUTOAEG 16Y0V0G MG TPOG TN Yovia Yo e0pog 20° yOp® amd TN yovia péyloms axtivooiag.
[Ma Adyovg GUYKPIGIUOTNTOC, O TYES 10YVOG KAVOVIKOTOMONKOY Mg TPOS TN UEYIGTN TIUN
KéOe cuvOAOL LETPNOEMV.

Horizontal Radiation Pattern for HyperLOG 7060

0 — 1GHz
— 2GHz
— 5GHz

Input Power decrease (dB)

T T T T T T T T T
-20 -15 -10 =5 0 5 10 15 20
Azimuth (degrees)

Zyquo 4.4: Mepopatikd dedopéva tng petaforng AapuPavopevng 1oybog GUVOPTAGEL TNG
alyovBuokng yoviag tng kepaiag, ywo f=1,2,5 GHz.
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XOUQ@VO LE TO YPAPNUA, 1| TPACIVY YPOLLUY, 1| OTTole ovorTaploTd T pelmon tng oydog Yo
ta 5 GHz, gpoavilel onpaviikd ypnyopdtepn ntdon KoODS AmopaKpOVETOL Ao T Yovid
péytotg axtwvoPoriag. Avtd emiPefardvel tn Satdmwon 6Tt 0 AoPO¢ axtivofoAiiog g
kepatog eivar otevotepog ota 5 GHz amd 6t ota 1 ko 2 GHz. Xvvenag, ov éupeceg
Stdpopég AdYm avdkhaong kot mepibiaong eivar Ayotepeg kol TanTOYpova 1 amevbeiog
dtadpopn veioToTon LKPOTEPN EMIOpAOT).

YvveyiCovtog Vv avdAvomn, 1M TPOCOPUOYN TOL HOVTEAOL eEacBEévnong  Odpoung
AOYOPIOIKNG OmOGTAONG KOl Y1l TIG TPELG SLYVOTNTES £0wae kBTN eEacBEvnong dtadpopng
n KpOTEPO TOL 2, oL TPOoPAEmEL TOo povtéro e€acBévnong dtadpoung erebBepov ymdPov.
Onwg eivor avopevopevo, £vog ecmTeEPIKOS YOPOG TOV TEPIPAALETAL OO KOVTIVA TOLYDUATO,
o€ GLVONKES OMTIKNG EMAPNG, AEITOVPYEL WG KLUATOONYOS AOY® TV TOAADY OVOKAACE®DV
oL TPOoTifeVTOL £MOKOSOUNTIKA 6T0 Pacikd ofua. Avtd cuvemdyel OTL, 1 1OYVG TOL
AapPavopevov onuatoc @Biver Ppaddtepa ocvvapthioel g amodotaons. I[lapdAinia, m
emidpaom S kePAiog TOV GYOAMAGTNKE TPONYOLUEVAOS PAivETAL VO £XEL AULECT) EMIOPAOT GTO
puouod e&acbévnong, kabag oto 1 GHz, dmov 1 daomopd eivarl peyoddTepn, SOTICTOVETAL
EVTOVOTEPO TO KLUOTOONYIKO QOIVOUEVO.

4.3 Metpioseig o€ y@po ypogeiov pe otk ena@r] (Indoor LoS Office)

O enduevog ecmTEPIKOG YMPOS OV peAeTdTon givarl To mepiBdAiov ypapeiov. [Tpokettal yia
éva OMUATIO OVAAOY®OV JICTAGEWMY LE TO TPONYOVLEVO KOl LE CAPDS TUKVOTEPT TAPOLGID
OVTIKEWLEVOV (YPAQElRL, VTOAOYIGTES, EPYACTNPLOKOS EEOMAMGHOG K.a.). AttnpnOnke n 10w
mePoUaTIKn ddkacio pe petpnoelg o amootdoelg oto odotnua [1.3, 4.9] m kot yw
ocuyvomnteg 1, 2 & 5 GHz. Ot kepaieg TomoBemOnkav 610 KEVTIPO TOL YDpov, o€ gvbeia, 660
70 OLVOTOV OMOUOKPVGUEVEG O To EmmAd, pe eAe0Bepm meployn drddoong peta&d Tx kot
Rx.

Yyquoe 4.3: H telpapotikn 614taén 610 e6mTEPIKO YMPO TOV YPAPELOL.
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Ta mepapoatikd 6edopéva e TIG TPOCUPUOCUEVES KOAUTOAES TOV LOVTEA®V OTOTUTMVOVTOL
OT0 TOPOKATO Ypapnpata, Yo Kabe cuyvotnta. H avdivon mov akolovdnOnke givar idwa pe

exetvn TOV TPOMNYOVUEVOD TEPAUATOC, LLE TO OMOTEAECUOTO TNG VO TAPOLGLALOVTOL GTOVG
nivakeg 4.20 kot 4.2p3.

f=1000 MHz

48

46

44

42

Path Loss (dB)

40

@ Ch1 data (binned)
38
"] = | og-distance model
36 FSPL

= =QOLSFit
34
15 2 25 3 35 4 45 5

Distance (m)
2ynuo. 4.5: Tepapatikd dedopéva eEacBévnong dradpoung oto ypageio, yio cuyvotnta 1 GHz kot ot
TPOCUPUOGUEVES KOUTOAEG TOV HOVTEA®Y EAEVBEPOL YDPOL Kot AOYaPOHIKTG amdoTaoN S KAODS Kot
NG KOUTUANG TV SES0UEVOV.

f=2000 MHz

60

55

50

Path Loss (dB)

45 @ Ch1 data (binned)

= |og-distance model
FSPL

40 = = QLS Fit
15 2 25 3 35 4 45 5

Distance (m)
2ynuo. 4.6: Tepapatikd dedopéva eEacévnong dtadpoung oto ypageio, yio cuyvotnta 2 GHz kat ot
TPOCUPLOGUEVEG KOUTOAEG TOV LOVTEA®V EAEVBEPOL YDPOL Kot AoyaplBKng amdotaong kabmg Kot
NG KOUTUANG TV SES0UEVOV.
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3

35

Distance (m)
2ynua 4.7: Hepapatied dedopéva eEacBévnong dtadpourg oto ypapeio, yia cvyvotnta 5 GHz kot o
TPOCUPLOGUEVES KOUTOAEG TMV LOVTEA®V EAEVBEPOL YDPOL Kot AoyaplBKng amdoTaong kabmg Kot
NG KOUTOANG TV SES0UEVOV.

@ Cn1 data (binned)
= |og-distance model
FSPL

= = OLSFit
45

f (GHz) arspL brspL afit brit R?
1 20 32.44 17.30 35.14 0.651
2 20 38.46 19.11 40.00 0.709
5 20 46.42 17.67 48.39 0.874

[Tivaxag 4.2a: O mapdapetpot g KapmvAng FSPL kot ta arnoteléouato Tpocapproyng e PEATIOTNG
KOUTOATG Y10 TOV XDPO TOV YPaPEiov.

f (GHz) PL(1.3) n R? ¢ (dB)
1 37.20 1.71 0.651 2.16
2 42.60 1.81 0.707 2.09
5 52.30 1.68 0.871 0.97

[Mivakog 4.2B: Ta amoteléopata TG TPOGOPUOYNS TOV pHovTEAOL eEacBévnong dadpoung
AOYAPIOIKTG OTOGTACNG Y10 TOV YMPO TOV YPOPELOL
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2uyKpivovtog To OTOTEAEGLOTO THG TPOCAPLOYNG TOV LOVTEAOV AOYAPIOHIKNIG OmOGTAOTG LLE
VT TNG TPOGAPLOYNG TNG KAUTOANG EAOYIOTOV TETPAYDOVAOV, TOPATNPEITAL CLUPOVIO TOGO
®¢ TPog Tov pLOud eocBévnong 660 Kol GTN GLUTEPIPOPAE TMV OEGOUEVMOV OVAUESO OTIG
ouyvotntes. Ot Tég tov ekBétn eacBévnong dtdpouns Kupaivoviolr KAT® omd 1T
Bempntic Tiun erevBepov ydpov (<2) kot eviog Tov gvpovg [1.6, 1.8] mov mpoteiveton cuyvd
ot Pproypagio. H tomkn amdokiion epeavilel avaAoyn cuumepupopd e 0T TOV AOELOV
dmuatiov, aeov glval HeEYOAVTEPT OTIC YOUNAEG cLyvOoTNTES, amd OTL ota 5 GHz. BéBata ot
TIHEG TOPOUEVOVY OE OPKETA YOUNAG emimeda, Wwaitepa otnv tepintwon twv S GHz, yeyovog
oV amoddOnke 6TV KATELOLVTIKY PVON TOV KEPALDV KOl 6Tn HETAPANTOTNTA TOV AoPOV
aKTVOPBOAING KOTd PUNKOG TV GLUYVOTATOV. ZVyKpivovtag To dV0 TEPIPAAAOVTA, 1 TLTIKY
amoOKAIon glvatl ELOQPOS PHEYOADTEPT OTIG LETPNGELG TOL Ypapeiov, eEattiog TOL TVKVOTEPOV
o€ avTIKeipeva TEPPAALOVTOG TOV EVIGYVEL TNV TOPOVGIO EUUECOV SLUOPOUDY.

Eotidlovtag oto poviéro e€acBévnong owadpouns eievbepov ydpov mapoatnpeitor OTL M
KaumOAn Ppioketon 1-2 dB yopnAotepa oTIG KPEG OMOCTAGES GE GYECT LE TNV KOUTOAN
TPOGOPLOYNG TOV TEPOUOTIKOV dedopuévav. Epeaviletoar ¢ cuotratikd cOaALN Kol OTIG
TPELG YPOUPIKEG TAPOUCTAGELS, ondTe pmopel va agopd pio andkiion otig mopapéTpous link
budget mov va 0dnyel e vynAdTEPN extipmon g e€acBévnong dadpouns. Ewdikdtepa, to
TPOYUATIKO KEPOOC TV KEPUL®Y 0V Topapével otabepd ota 5 dBi aAld mapovcialet
petaforég avaroya pe T cvuyvotnta. Opoimg, ol ATMAEIEG GCLGTHUATOG, TOV OPEILOVTOL GTA
KOAMOL KOl OTOLVG GULVOECUOVLS 7OV  YPNOULOTOOVVTIOL KOl Yoo TIG omoieg 000nke
TPOGEYYOTIKA o OAa Ta ewpapata n Ty 3 dB, enmpedlovron eniong amd ™ cuyvoOTNTO TOL

ONUOTOC.

4.4 Metpnoseig og ovadpopo peg ontiki o (Indoor LoS Corridor)

To tehevtaio oet mepapdtov agopd 0 cevdplo dtddoong RF onuatog oe d1ddpopo evtdg
tov ktipiov. To mepidirov Ba pmopovoe vo Bewpnbel mo mepimhoko oe oyéomn pe €va
KAoWKO O1ddpopo, koot ot pio mhevpd Ppiokovtal d1000yIKEG KOAMDVEG TOV Uopel va
oNUovpyovy TEPLOYEG okiaong oto onuo (Zymuo 4.4). v TPoKEEVN TEPITT®OoN ol
LETPNOELS £yvay Yol £VOL LEYOADTEPO dtdoTnua, amd 1.5 éwg 15 m, pe Ppa 0.5 m. O woumdc
tonofetOnke oV apyn Tov SdPOUOL, eV 0 OEKTNG NTaV EAeVLOEPOG TTPOG pETaKivoN
néve otV onTikn gvubeia.
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Zyua 4.4: H melpapotikn ddtaén oe diddpopo eviog tov Tunpatog uoikig

2to ypaenuoata Tov oynuatov 4.8 éoc 4.10 anotumdvovtal ol TEWPAUATIKEG LETPNCELS Yo
k6O cuyvotnTa poall pe TIG TPOGUAPUOGUEVEG GE LTA KOUTOAES. ZTovg mivakeg 4.3a ko 4.3
divovtal oL LETPNGELS KOl TO ATTOTEAECLATO, TG OVAAVGNG Y10 TOV ¥DPO TOV S105pOLOV.

f=1000 MHz
60
L ]
-
55 e ® =
—
m
T 50
w
w
o
]
=
T 45
o
L @ Ch1 data (binned)
0 ) [ ] == | og-distance model
/ FSPL
= = QLS Fit
35
2 4 6 8 10 12 14

Distance (m)

Zynuo. 4.8: Tepapatikd dedopéva eEacBévnong dradpopng otov d1adpopo, yio cuyvotnto 1 GHz kot
01 TPOCUPUOGUEVEG KOUTOAEG TMV LOVTEA®V EAEVBEPOL YDPOL Kot AoyaptOKng amdoTaons Kabdg
KOl TNG KAUTOANG TV 0E00UEVDV
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Zynuo. 4.9: Tepapatikd dedopéva eEacBévnong dradpopng otov d1adpopo, yio cuyvotnta 2 GHz ko
01 TPOCUPUOGUEVES KOUTOAEG TOV HOVTEA®V EAEVBEPOL YDPOL Kot AoyaplOKnG amdoTaons Kabdg
KOl TNG KOUTOANG TV 0€00UEVOV

f=5000 MHz
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Zynua 4.10: Tlewpapatikd dedopévo eEacBévnong dtadpoung otov dtddpopo, yia cuyvotnta S GHz
KOl Ol TPOCUPUOGUEVEG KOUTOAEG TOV HOVTEA®V EAEVOEPOL YDPOL Kol AOYAPIOUIKNG mTOGTACNS
KaOADC Kl TNG KAUTUANG TOV SESOUEVDV
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f(GHz) | arspL | brspL afit brit R’
1 20 32.44 14.83 34.07 0.543
2 20 38.46 13.04 41.11 0.525
5 20 46.42 15.80 48.16 0.603

KOUTTOANG Y10 TOV YDPO TOL S1dpOLLOV.

[Mivaxog 4.3a: Ot wapdpetpot g koumving FSPL kot to amoteléopata Tpocapuoyng e PEATIOTG

f(GHz) | PL(1.3) N R? ¢ (dB)
1 36.61 1.49 0.543 3.76
2 41.90 1.50 0.512 3.46
5 49.50 1.76 0.593 3.58

[Tivakag 4.3B: To amoteAéopata TS TPOGUPLOYNG TOV LOVTELOL ££00OEVIONG SLOdPOUNG
AOYOPIOIKNG ATOGTAGTG Y10 TOV YDPO TOV O10.0POHOV

[Mopatpodvtag TIC YPOEIKEG TOPACTAGES OWMIGTMOVETOL GUEGO OTL Ol UETPNOELS £YOLV
LEYOADTEPT Sl0GTOPE GE OAEG TIG GUYVOTNTEG GLYKPLTIKA LLE TO TPONYOVUEVE VO TEPALOTA.
H otevopaxpn odtoén tov 6100popov onpiovpyel TOAAEG OVAKADUEVES OEGUES KOL TIG
KaTteLOOVEL KOTA HPNKOG TOV, ONUIOVPYDOVTIOS £VIOVO  (QOIVOUEVO EVICYLTIKNG KOl
KOTOOTPOPIKNG ovuPoAng. Q¢ ek toOTov, TOPOLCIALoVTOlL TOAAEG OLOKVUAVOELS OTIg
HETPYGELS 16700G (VYNAOTEPY TLTIKY OmdKAMON & YounAOTEPOS cuvtereothc R?). Kat otig
TPEIS GLYVOTNTESG, M TN TNS TLTIKNG amdkAong Kvpaivetol ota 3.5 dB - pe to onua tov 5
GHz va un dtagpopomoteitar avth ) opd o avtdv tov mapdyovro. ITiBavr eEnynon o avtd
arotelel 1 enidpaoct tov xdpov. Ta TorydpoTa Tov d1adpdov Bpickovtal apKeTd KOVTH OTIg
KEPALEG e AMOTELEG O TO ALYO LKPOTEPO Gvorypo TNG dEoUNG akTivoBoAiiag va unv petpralet
TIG AVOKAMUEVES OLOOPOLLEC.

Oocov agopd tov ekbBétn efacBévnong Odpouns, avtdg Olatnpeitol Kol OTIS TPELS
oVYVOTNTEG UIKPOTEPOG TOV 2 Kot PdAoTa 0TI 000 YaunAotepeg AapPavel pio apkeTd pkpm
T, 7 = 1.5 dB. To xvpotodnywd @owvouevo eival evtovotepo oto mePBAAAovV TOL
SLdPOUOV, OOV 01 TOAAUTAES SLOOPOUES TOL CUATOG «avayKAlovTow va dladidoviot Kotd
UKOG TOV, GLGCMPEVOVTIOS TNV MAEKTpOUAYYNTIKY] okTwvoPola oe pio katebBovon).
YUVETMG, M 6Y0¢ ToL AapPavopevov onuatog eBivel pe pkpotepo Pabuod cuvaptoet g
andGTAOTC.
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Kepdraro 5: Zvopnepdopoto & Merlovtiki) gpyacio

5.1 Xopmepacpata

2V TOPOVGO  UETOMTUYLOKY OWTAMUOTIKY €pyacio. vAomombOnke £€va OAOKANPOUEVO
ocvotnpo pétpnong g wyvog RF onuatog kot perémng mg e&ocbévnong dadpopng HEcw
H0G €101KE GYESAGUEVNG OLAOIKTLOKTG TAATOOPLOS. TOo GUOTNO ETITPETEL GTOV XPNOTH VO
Swyepiletar T pon OedOUEVOV Yo €OV ETIAEYUEVO OVIXVELTN 10YVOG GYNLOTOG, VO
TPAYUATOTOLEL YPIYOPO TEPAUATO UE UETPNOES eEacBEvnong dadpoUng GUVAPTIOEL TNG
andoTaonc, vo To amodnkevel kol va mpofaivel o€ AUEST OVOALGT TOVG, UE TPOGOPLOYN
BepNTIKOV LOVTEA®DV S1AO00TG.

[Tpog emitevén awto, avarthydnkay 600 e£eldkeLUEVEG TAAKETES LETPNONG, Paciloueveg o€
pkpoereyktég ESP v acvppamn Aettovpyio Kot g aviyveutég 16y00g. Ot 000 aviyvevTég
oL emAEyONKav KaAvTTovy pia gvpeia meployn padtocvyvotntov, and 10 MHz éwg 8 GHz,
TPOGPEPOVTAG TOPOLOL0 dOLVOLIKO gVPog ~60 dBm, 0 kabévag Opmg oe dtapopetikd enimeda
16006, KOAOTTOVTAG CLUVOLACTIKG o ektevn meployr] omd -55 dBm émg +20 dBm. Kdébe
TAOKETO amoTeELEL pio aveEdptnTn TN aviyvevong, N omoio amocTEAAEL TO dEGOUEVA GE EVOLV
pkpovmoroyiot Raspberry Pi, pécm tomkov dwctbov Wi-Fi mov o 1d10g onpovpyel. Méoa
oe ovTOV ovamtuyOnke kol @ulofeveitar 1 €QOPUOYN OWOKTLOL oV dlayelpileTar TIg
LETPNGELG, M AOYIKY| NG omoiag e&umnpeteital and to ehappV framework tov flask. Me v
a&lomoinon tov mpwTokOAAov MQTT é£yve amevbeiog dtuovvdeon TV HOVAS®Y PETPMONG
KO TOV TTEPMYNTN 1GTOV TOV ¥PNOTY, dlX®S TN dnpovpyia kOUP®V GTOV server.

H aneikdvion tov dedopévav yivetor péco omd to meplpdAAov ™G €Paproyng mov gival
TPoGPAcIo amd OmoVONmoTE cLYYpovo browser. Me TV emAOY| TG KOATAAANANG
KOUTOANG Pabuovopmong emttuyydveTon akpipng mopovsiosn e TIUNG 1oYV0G CNILATOS TOV
LETPATOL GTOV OVIYVELTY| GE TPAYUATIKO ¥pdvo. Ot dSuvaTdOTNTEG TNG EPOPLOYNG ENEKTEIVOVTAL
LE TNV EKTEAECT] MEPAUATOV KATOYPUPNG TNG 16YXV0G GLVAPTNHGEL TNG AMOGTACNG TOUTOV-
déKtn, mpog peAétn g e€acBévnong dadpoung o€ dapopa GeEVAPLL d1AO0GNG CNILOTOG.
Emiong, ywo tov yopokmpiopd Tov KOVOALOD YIVETOL GPESN OVAALOY TOV TEPOUATIKOV
OedoUEVOV LE TTPOGAPLOYN 00O O1OESOUEVDV BEmPNTIKOV HOVTEA®Y 014d000MG - aVTO NG
eEacBévnong dwdpoung erevbepov ymdpov Ko TG e£acfévnong O1dpoung AoyoplOUKNIG
omOGTOONC.

To ocbotpa dokipdotnke kot agltoloyndnke vd TPOYUATIKEG GUVONKES, LLE TNV EKTEAEOT
nepapdtov eEacbévnong RF onuatoc, ocvyvomrog 1, 2 & 5 GHz, oe cevdpuo dddoong
€0MTEPIKOV YOpwv. T ) perém g e&aptmong mg e&acbévnong dadpouns amd tnv
amooToon, emA&yOnkov tpio dtapopetikd mepiPdrrovia tov I[lavemompiov: éva dadelo
doudtio, éva ypageio Kot Evag O1AOPOUOG. XTNV TEPAUATIKY] OVOALOT £YIVE GUYKPION TMV
TEPOUATIKOV OeO0UEVOV e TO HOVTEAD eEacBévnong dwadpoung erebBepov ymdpov, evd
&ywve epunvela avtdv Pdoel tov poviéhov AoyaplOuikng amdotaonsg. Méoa amd TIg
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peTpnoels, dumotminke 0Tt 0 ekBETNG e€acBévnong n Kupaiveton og TG KAT® TOL 2 — NG
OVOLLLEVOLLEVIIG TIUNG Y10 TOV €AeVBEPO YDPO — Kol ¢ enl To TAgioTov pésa 6to €vpog [1.6,
1.8] mov avagépetar ot Piproypaeio yio LOS ocvvinkeg oe ecmtepucods ydpovg. H
yYe®UETPiat TOL TEPPAAAOVTOC KaTEYEL KABOPIoTIKO pOAO GTOV pLOU eacBévnong, KaBdg ot
LETPNOELS KOl TOV TPIOV GLYVOTNTOV Tapovcstdlovy mapdpuoleg HETAPOAEC amd YMPO OE
Y®po. Meyordtepn 010popoToinoT SomGTOONKE OTIC PETPNGEIS TOV O100pAOHOL, OOV M
SlKLILOVOT TOVG NTav ootntd peyaivtepn, 1.5-2.5 dB peyoaddtepn tumikn omdkAiion o€
oyxéon e Tig petpnoelg ypageiov. IHoapdAinia, o puBuog eEacbévnong élafe Tic yoaunAoTepeg
Tipég n~1.5 yu ovyvotteg 1 ko 2 GHz. Zuvolkd, 10 poviéAo AoyoptOpikng amdcTtaong
aKolovavTog pio amAn POPLOVAN TPOGEPEPE TKOVOTOMTIKY TTEPLYPAPT TG £EacBEvNong
SO POUNG TOL GNHOTOG UETAED TV GLYVOTHTMV GTIG VIO dlepevvnon cuvinkes. QotdG0, TO
YEYOVOG OTL € GUVEKTIUA TEPIPAALOVTIKOVG TOPAYOVTES Kol S10TAEES UTOPEL VO LEIDGEL TNV
a&lomotio TOV 6€ o GVVOETOVE YDPOVS e EUTOOIO HETAED TV (eviewV.

Yvvoyilovtog, 10 oVoTNUA OmOoTEAEL Hiot OAOKANP®UEVT] Kot €0YPNOTN AVOT Yo T HEAET
anoiewwv RF onuotog. Baowdtepa yopaktnplotikd sivar n avtovouio Kot 1 gopntotnTa
tov. [Iépa amd v Tpopodocia Tov Raspberry Pi kot tng mlakétag aviyvevong, 1o chHoTUA
d¢ Paciletor ot ypnon tpitwv péowv yw T Asrtovpyio tov, v M mTpdcPacn otV
EPAPLOYN Uopel va yivel akoun Kot pe ovvdeotn oto Tomikd diktvo Wi-Fi tov Raspberry Pi.
MdéAota, A0y TG SOIKTVOKNG VTOGTACTG TG EPAPUOYNG, oVt gival dueco dtabéoiun
and Tov browser omolacoNmote cvokeLvng. Tlapdiinia, Adym ¢ acvppatng dacHvoeong
TOGO TOL YPNOTN OGO KOl T®V LITOCLGTNUATOV, 1] TPOGUPUOYY| TS O1ATAENG OTOV VIO HEAET
yopo kobioctoton €OkoAn vmdBeon. H Aettovpywkodmta, PéPata, TAOGLOVETOL HE TO
npocPacipo mepPaiiov g web epapproync, n omoia dopeital og Eva erAkd mpog ypnon Ul,
HE capn Kol KoBodnynTikd YopoKINPo TPOS TNV TPUYLUTOTOINCT YPNYOPOV TEPAUATOV.
AM®GCTE, 1 £PELVA CGYETIKA LLE TOV YOPOKTNPIOUO AGVPUATOV SIKTO®V Kal T PeAtioon Tov
LOVTEAWDV S1AS00MG, O10ITEPU GE EGMTEPIKOVS YDPOLS, amaltel e0ypnota péco pe akpifeta
ot pétpnon vy PEATIOTI amod0TIKOTNTA.

5.2 Bektidoeic & Mehhovtikn gpyacia

Av ka1 otV TpéYovca £KO0CT TOL GUGTNUATOG, TUPEXETAL £VEL TAPWG AEITOVPYIKO TOKETO
Kataypoeng kot perétng RF onuatog, pmopodv vo yivouv avafaduicelg yuoo avénon g
eupérerag, g eveMéiog kat g axpifetoc:

1. Eaéktaon gpféirerog

Mia kpioyn teyvikn Pertioon oe emimedo GLGTAUATOS APOPE TNV PO TOV TEPLOPICUDY
euPérerag mov Bétel ) ypnom evog tomkov diktvov Wi-Fi. ['a v emkowvovia tov povadov
aviyvevong e TOV KEVIPIKO VTOAOYIOTH] O€ HEYOADTEPEC aMOOTACES T ovvOeta
nepPdAlovto, to cvotnua Ba pmopovoe vo LIOBETNCEL €val TPOTOKOAAO EMIKOWVMOVING
YOUNANG 1oy00¢ Kot peyding eupéretag, 6mmg 1o LoRaWAN. Mg avut)y v eméktacn, n
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euPérela Ayng petpnoemv Ba pmopovoe vo KOADTTEL VITAIBPLOVE 1) EGMTEPIKOVS YDPOVG,
xopic v eEdptnon and éva kovtivd Access Point.

2. EE&&EMEn tov hoyiopikov

>10 eminedo AoywopkoD, M SwdIKTLOKY €Qappoyn Oo pUmopovoE Vo EUTAOVLTIOTEL e
MEPLOGOTEPES TOPOUETPOTOMGELS Kol SEVKOADVGELS, Tpog Peltimon tng eumelpiog ypno.
Avtéc umopel vo  a@opohv TEPICCOTEPES EMAOYEG TPOMOMOINONG TOV  YPUPNUAT®V,
duvatotnTo ENeEEPYOiag TV dEGOUEVOV EVTOG TN TAATPOPUOGS K.0L.

3. Enéktoon povréhov

Mio akoun euvokn e£€MéEn g avdivong Tov petpioewv Ba NToV Kol 1 ETEKTACT TNG
BBA0ONKNG LOVTEAWDV TTPOG TPOGAPUOYN UE TNV TPOGHNKN 70 GUVOET®V HOVTEA®MVY d14000M¢
mov AapfBdvouv voyy yopukovg mapayovieg (m.y. to povrédo ITU-R indoor). Emiong, n
duvaToTNTo  TOPAYWYNG O10010TATOV  YopTdv padtokdivyne (heatmaps), péow g
OLOYETIONG TOV LETPNOE®V 1oYVOG e dedopéva BEong evog ympov, Ba evioyve T yp1omn Tov
CLOTNHOTOG G EPYALEID OYEOOCUOD Kol BEATIOTOTOINONG OIKTOMV.

4. Ymootipi&n moAALOV YPNOTAOV

Téhog, éva onuavtikd Prpa yuoo v epoppoyn Bo NTov n petdfocn amd 10 TEPAUATIKO
“setup” G TPEYOVGOG HOPPNG, OE il TAATEOPUO tKovh va e&ummpetel TOAALODS YPNOTES.
Av16 0o anattovoe T peTapopd TG EQapuoyng omd To Tomikd mepaiiov Tov Raspberry Pi
0€ OmOOOTIKOTEPOVG SOKOMGTEG 1 akoun kot oe cloud vmodopég, T OUOPPMON TPOG
dwyeipion Ko opydvwon peydlov Oykov 0£00UEVMOV Kol TNV EVIGYVON TNG ACQAAELNG GTNV
TPOGPOoN Kol GTN LETAPOPA OEGOUEVMDV.
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Hopdptnpa I

Koodwoag pikpogieyktov ESP32

#include <WiFi.h>
#include <PubSubClient.h>
#include <MCP3XXX.h>

MCP3002 adc;

static const float VREF = 3.33f; // measured value of 3.3V-pin

static const uint8 t CHANNEL = 0; // CHO of mcp is used

int cfg samples = 25; // ADC samples to average per
measurement

int cfg delay us = 1000; // delay between ADC samples

volatile unsigned long cfg publish period ms = 50; // minimum time between
publications

const char* ssid "RFDetectorNet";
const char* password = "pi2651008746";
const char* mgtt server = "192.168.4.1"; // MOTT broker adress

// Topic namespace per device

String DEVICE ID = "esp32 60"; // or "esp32 40"

String STATUS TOPIC = "home/rfdetector/" + DEVICE ID + "/status";
String DETECTOR TOPIC = "home/rfdetector/" + DEVICE ID + "/voltage";
String CMD RATE HZ = "home/rfdetector/" + DEVICE ID + "/rate hz";

const unsigned long STATUS ms = 5000; // period of re-publishing "online"

status
unsigned long lastStatus = 0;

WiFiClient espClient;
PubSubClient client (espClient);

// Preset definition & mapping: each specific rate (Hz) corresponds to a
profile
struct Preset ({

int rate hz;

int samples;

int delay us;

}s

static const Preset PRESETS[] = {
{ 1, 200, 1000}, // 200 ms burst
{ 5, 50, 1000}, // 50 ms burst
{ 10, 25, 1000}, // 25 ms burst
{ 20, 25, 500}, // 12.5 ms burst
{ 50, 10, 500}, // 5 ms burst
}i
// BApply preset by requested rate
bool applyPresetByRate (int rateHz) {
for (auto &p : PRESETS) {
if (p.rate hz == rateHz) {
cfg samples = p.samples;
cfg delay us = p.delay us;
cfg publish period ms = (unsigned long) (1000L / max(l, rateHz));
Serial.printf ("Preset applied: %d Hz\n", rateHz);
return true;
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}
}
return false;
}
// Connect to Raspberry Pi Access Point
volid connectWifi () {
WiFi.mode (WIFI STA);
WiFi.begin(ssid, password);
while (WiFi.status() != WL_CONNECTED) {
delay (500);
Serial.print(".");
}

}
// Connect to MQTT broker and initialize LWT

bool connectToMQTT () {

const char* willTopic = STATUS TOPIC.c str(); // where "offline" will be
published

const char* willMsg = "offline"; // Publoshed by broker on
disconnection

int willQos =1;

bool willRetain = true; // Retain last known status

if (client.connect (DEVICE ID.c str(), willTopic, willQos, willRetain,
willMsqg)) {
client.publish (STATUS TOPIC.c str(), "online", true);
client.subscribe (CMD RATE HZ.c str(), 1);
lastStatus = millis{();
return true;
} else {
return false;
}
}
// Publish "online" status
void publishStatus() {
if (millis() - lastStatus >= STATUS ms) {
client.publish (STATUS TOPIC.c str(), "online", true);
lastStatus = millis{();
}
}

// Read and average the samples from ADC and convert to voltage
float readAverageVoltage (uint8 t ch, int samples, int delay us) {
uint32 t acc = 0;
for (int 1 = 0; i1 < samples; ++i) {
acc += adc.analogRead(ch) ;
delayMicroseconds (delay us) ;
}
float avgCode = acc / float (samples);
return (avgCode / 1023.0f) * VREF;
}
// Publish detector measurements
void publishDetector () {
static unsigned long lastPub = 0;
if (millis() - lastPub < cfg publish period ms) return;
lastPub = millis{();
float volts = readAverageVoltage (CHANNEL, cfg samples, cfg delay us);
char payload[l6];
snprintf (payload, sizeof (payload), "%.3f", volts);
client.publish (DETECTOR TOPIC.c str (), payload); // default QoS is 0
Serial.println (payload) ;
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// Parse the rate received in subscribed topic and apply the matching

preset

void mgttCallback (char* topic, byte* payload, unsigned int length) {
char buf[lo6];

length = min(length, (unsigned int) (sizeof (buf) - 1));
memcpy (buf, payload, length);
buf[length] = "\0';
// Ignore other topics
if (strcmp(topic, CMD RATE HZ.c str()) != 0) {
return;

}

long rate = strtol (buf, nullptr, 10);// Convert ASCII payload to integer

if (!applyPresetByRate ((int)rate)) {

return;
}
}
[/ —mmmm Arduino setup/loop ————————————————-
void setup() {
Serial.begin(115200);
delay (200) ;

adc.begin(5, 23, 19, 18); // SPI: [CS, MOSI, MISO, SCLK]
connectWifi();
client.setServer (mgtt server, 1883);
client.setCallback (mgttCallback);
// Connection maintenance
client.setKeepAlive (3);
client.setSocketTimeout (5);
WiFi.setSleep(false);
// Establishing MQTT connection
while (! connectToMQTT () ) {

delay (3000) ;
}

}

void loop () {
if (!client.connected()) {
connectToMQTT () ;
}
// Keep MQTT alive and process incoming messages
client.loop();
publishDetector () ;
publishStatus() ;
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Hapdaptnpa II
K®odwkag Python — Backend viomoinon pe Flask

Apyeio main.py

# app.py - Main Flask application setup and blueprint registration

from flask import Flask, render template

from server.routes.experiments import bp as experiments bp
from server.routes.calibration import bp as calibration bp
from server.routes.devices import bp as devices bp

import os

BASE DIR = os.path.dirname (os.path.dirname (os.path.abspath( file )))

app = Flask(
__name__,
template folder=os.path.join(BASE DIR, "templates"),
static folder=os.path.join (BASE DIR, "static")
)
# Register blueprints
app.register blueprint (experiments bp)
app.register blueprint(calibration bp)
app.register blueprint (devices bp)

@app.route('/")
def index () :
return render template('index.html', title="RF Path Loss Lab")

if name == ' main ':

app.run(host='l27.6?0.l', port=5000, debug=True, use_ reloader=False)

Apyeio devices.py

# routes/devices.py - Blueprint for device management endpoints
import paho.mgtt.publish as publish

from flask import Blueprint, Jjsonify, request

from server.config import MQTT BROKER, MQTT PORT

from server.utils import load sample rates, save sample rates

bp = Blueprint ('devices',  name )
SAMPLE RATES = {1, 5, 10, 20, 50}

@bp.get ('/devices/sample-rates')
def get sample rates():
"""Get sample rates for all devices and the allowed rate options."""
rates = load sample rates()
return jsonify ({
'rates': rates,
'allowedRates': sorted(SAMPLE RATES),
})

@bp.post ('/devices/<string:device id>/sample-rate')
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def set sample rate(device id: str):
"""Set a specific device's sample rate via MQTT and persist it.
Expects JSON: {"rateHz": <int>}.
payload = request.get json(silent=True) or {}
rate = payload.get ('rateHz")
try:
rate = int(rate)
except (TypeError, ValueError):
return jsonify({'error': 'rateHz must be a number.'}), 400

if rate not in SAMPLE RATES:
return jsonify({'error': f'Invalid rate. Allowed values:
{sorted (SAMPLE RATES) }'}), 400

topic = f'home/rfdetector/{device id}/rate hz'
try:
publish.single (
topic,
payload=str (rate),
hostname=MQTT BROKER,
port=MQTT PORT,
gos=1,
retain=True,
)

except Exception as exc:

return Jjsonify({'error': f'Failed to publish command: {exc}'}
rates = load sample rates()
rates[device id] = rate
if not save sample rates(rates):

return Jsonify({'error': 'Failed to persist sample rate.'}),
return jsonify({'ok': True, 'deviceId': device id, 'rateHz': rate

), 502

500

})

Apyeio calibration.py

# routes/calibration.py - Blueprint for managing calibration profiles
from flask import Blueprint, request, Jjsonify
from server.utils import (
load calibrations, update calibration profile,
delete calibration profile

)
bp = Blueprint ('calibration',  name )

@bp.get ('/calibration/profiles')
def get profiles():
"""Return all saved calibration profiles."""
data = load calibrations()
return jsonify ({"profiles": data.get ("profiles", {})})

@bp.post ('/calibration/profiles')
def save profile():
"""Create or update a calibration profile.
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Expects JSON: {"fregMHz": <number>, "rss60": <object>, "rss40":
<object>}.

payload = request.get json(force=True) or {}

freq = payload.get ("fregMHz")

rss60 = payload.get ("rss60") or {}

rss40 = payload.get ("rss40") or {}

if freqg is None:

return Jsonify({"error": "freqMHz required"}), 400
prof = update calibration profile(freq, rss60, rss40)
return jsonify ({"ok": True, "profile": {str(int(freq)): prof}})

@bp.delete('/calibration/profiles/<int:freq mhz>")
def remove profile(freq mhz: int):
"""Delete the calibration profile for a specific frequency."™""
ok = delete calibration profile(freq mhz)
if not ok:
return Jsonify({"error": "not found"}), 404
return jsonify({"ok": True})

Apyeio experiments.py

# routes/experiments.py - Blueprint for managing experiment CSV files
# Handles upload, download, listing, and deletion of experiment data.
import os

from datetime import datetime, timezone

from flask import Blueprint, jsonify, request, send file, abort

from server.config import DATA DIR

bp = Blueprint ('experiments',  name )

def csv path(exp id: str) -> str:
"""Return the filesystem path for the given experiment's CSV file."""
from werkzeug.utils import secure filename
return os.path.join (DATA DIR, f"{secure filename (exp id)}.csv")

def 1list csv experiments() :

"""Scan DATA DIR for .csv experiments and return some info for the
modal . mwoan

items = []

os.makedirs (DATA DIR, exist ok=True)

for fn in os.listdir (DATA DIR):

if not fn.lower () .endswith(".csv"):
continue

path = os.path.join(DATA DIR, fn)

try:

st = os.stat (path)
except OSError:
continue
exp id = os.path.splitext (fn) [0]
items.append ({
"id": exp id,
"size bytes": st.st size,
"mtime": datetime.fromtimestamp (st.st mtime, tz=timezone.utc)
.isoformat () .replace ("+00:00", "Z"),

})

items.sort (key=lambda x: x["mtime"], reverse=True)
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return items

@bp.get ('/experiments')

def list experiments () :
"""T,ist all stored experiment CSV files."""
return jsonify( list csv_experiments())

@bp.post ('/api/experiments/<exp id>/upload')

def upload experiment csv(exp id):
"""Receive the client-side CSV at stop and save it as <exp id>.csv."""
if 'file' not in request.files:

return jsonify ({"ok": False, "error": "missing file"}), 400
f = request.files['file']
if not f.filename.lower () .endswith('.csv'):

return jsonify({"ok": False, "error": "must be .csv"}), 400
path = csv _path(exp id)
if os.path.exists (path):

return Jsonify({"ok": False, "error": "experiment already

exists"}), 409

try:

f.save (path)
except Exception as e:

return jsonify ({"ok": False, "error": f"save failed: {e}"}), 500
return jsonify ({"ok": True, "path": path})

@bp.post ('/api/experiments/import")
def import experiment csv () :

"""Allow users to upload a CSV from their device into experiment
storage."""

from werkzeug.utils import secure filename

if 'file' not in request.files:

return jsonify ({"ok": False, "error": "missing file"}), 400
file = request.files['file']
if not (file and file.filename) :

return jsonify({"ok": False, "error": "missing filename"}), 400
if not file.filename.lower () .endswith('.csv'):

return jsonify({"ok": False, "error": "must be .csv"}), 400

# Determine experiment ID
raw_id = (request.form.get('exp id') or '').strip()
if not raw id:

raw_id = os.path.splitext (file.filename) [0]

# Make the experiment ID filesystem-safe
safe id = secure_ filename (raw_id) or
secure_ filename (os.path.splitext (file.filename) [0])
if not safe id:
return jsonify({"ok": False, "error": "invalid experiment id"}),
400

# Check for overwrite flag

overwrite = str(request.args.get('overwrite', '')).lower() in ('1l"',
'true', 'yes', 'on')
path = csv path(safe id)

if os.path.exists (path) and not overwrite:
return jsonify ({
"ok": False,
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"error": "Experiment already exists on server.",
"id": safe id,
"conflict": True

}), 409

# Save the uploaded file
try:
os.makedirs (DATA DIR, exist ok=True)
file.save (path)
except Exception as e:
return jsonify({"ok": False, "error": f"save failed: {e}"}), 500

return Jsonify ({
"ok": True,
"id": safe_ id,
"path": path
1)

@bp.get ('/api/experiments/<exp id>/download')
def download experiment csv(exp id):
"""Download an experiment CSV by experiment id."""

path = csv path(exp id)
if not os.path.exists (path):
abort (404)

return send file(path, as_attachment=True,
download name=f"{exp id}.csv")

@bp.get ('/experiment-data')

def experiment dataf():
CSV-based endpoint to download experiment data.
CSV schema:

timestamp,device,volt,dbm, freq mhz,a,b,distance m,path loss db

Comment lines (starting with '#') are skipped.
exp id = request.args.get('exp id'")
filename = request.args.get ("filename", exp id or "experiment")
if not exp id: return "Missing exp id", 400

path = csv _path(exp id)
if not os.path.exists (path):
return "Experiment CSV not found on server", 404

return send file(path, as_attachment=True,
download name=f"{filename}.csv")

@bp.delete ('/experiment/<exp id>")
def delete experiment (exp id):
"""Delete an experiment CSV by experiment id."""
if exp id.endswith('.csv'):
exp id = exp id[:-4]
try:
os.remove (_csv_path (exp id))
return jsonify ({"ok": True, "deleted": exp id})
except FileNotFoundError:

return jsonify({"error": f"Experiment {exp id} not found."}), 404
except Exception as exc:
return Jsonify ({"error": f"Failed to delete experiment: {exc}"}),

500
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Apyeio utils.py

# utils.py - Utility functions for calibration and sample rate management
import Jjson, math, os
from server.config import CALIBRATIONS FILE, SAMPLE RATES FILE

CAL DEFAULT = {"profiles": {}}

def load json file(path):
"""Toad and parse JSON, returning 'None' if it can't be read."""
try:
with open (path, "r") as f:
return Jjson.load(f)
except Exception:
return None

def save json file(path, data):
"""Write 'data' as JSON, creating the parent directory if needed."""
try:
directory = os.path.dirname (path)
if directory:
os.makedirs (directory, exist ok=True)
with open (path, "w") as f:
json.dump (data, f, indent=2)
return True
except Exception as e:
print (f"Failed to save {path}: {e}")
return False

def load calibrations() -> dict:
"""Load calibration profiles from 'CALIBRATIONS FILE' (creating
defaults if missing) ."""
data = load json file (CALIBRATIONS FILE)
if not data:
os.makedirs (os.path.dirname (CALIBRATIONS FILE), exist ok=True)
Save_json_file(CALIBRATIONS_FILE, CAL_DEFAULT)
return json.loads (Jjson.dumps (CAL DEFAULT))
# Ensure keys exist
data.setdefault ("profiles", {})
return data

def save calibrations(data: dict) -> bool:
"""Save calibration profiles to 'CALIBRATIONS FILE'."""
data.setdefault ("profiles", {})
return save json file (CALIBRATIONS FILE, data)

def update calibration profile(freq mhz: int, rss60: dict, rss40: dict) ->
dict:

"""Create or update the calibration profile for 'freq mhz' and persist
it. mmon

data = load calibrations|()

key = str(int (freq mhz))

prof = data["profiles"].setdefault (key, {})

if "a" in rss60 and "b" in rss60:

prof["rss60"] = {"a": float(rss60["a"]), "b": float(rss60["b"])}
if "a" in rss40 and "b" in rss40:
prof["rss40"] = {"a": float(rss40["a"]), "b": float(rss40["b"])}

save calibrations (data)
return prof

def delete calibration profile(freq mhz: int) -> bool:
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"""Delete the calibration profile for 'freqg mhz'."""
data = load calibrations|()

key = str(int (freq mhz))

existed = data["profiles"].pop (key, None)

save calibrations (data)

return existed is not None

def load sample rates() -> dict:
"""Load per-device sample rates from 'SAMPLE RATES FILE'."""
data = load json file(SAMPLE RATES FILE)
return data if isinstance(data, dict) else {}

def save sample rates(rates: dict) -> bool:
"""Save per-device sample rates to 'SAMPLE RATES FILE'."""
payload = {}
# ensure all rates are integers
for dev, rate in (rates or {}).items():

try:
payload[str(dev)] = int (rate)
except (TypeError, ValueError):
continue

return save json file(SAMPLE RATES FILE, payload)

Apyeio config.py

# server/config.py - Configuration values
import os

DATA DIR = os.getenv ("DATA DIR", "/home/pi4/rfWebApp/data")
CALIBRATIONS FILE = os.path.join(DATA DIR, "calibrations.json")
MQTT BROKER = os.getenv ("MQTT BROKER", "XXX.XXX.X.X")

MQTT PORT = int (os.getenv ("MQTT PORT", "1883"))

SAMPLE RATES FILE = os.path.join(DATA DIR, "sample rates.json")
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Hopdptnpa 11T
Koodwag HTML — H dopn g Srema@ng yp1oTn TS EQUPRoYNg

Apyeio index.html

<!DOCTYPE html>
{% from " macros.html" import chart block %}
<html>

<head>

<meta charset="utf-8">

<title>RF Path Loss Lab</title>

<script src="{{ url for('static', filename='lib/plotly-2.27.0.min.Jjs")
}}"></script>

<script src="{{ url for('static', filename='lib/mgtt.min.js"')
}}"></script>

<link href="https://fonts.googleapis.com/css2?family=Roboto&display=swap"
rel="stylesheet">

<link rel="stylesheet" href="{{ url for('static', filename='style.css')
P>
</head>

<body>
<header class="brand-header">
<img class="heartbeat-svg" src="{{ url for('static',
filename='img/heartbeat.svg') }}" alt="">
<div class="fade-in"></div>
<div class="fade-out"></div>
<hl class="brand-text">RF Path Loss Lab</hl>
</header>

<div class="mode-bar">
<div class="mode-bar-top">
<button id="configBtn" class="btn btn--panel">
<svg width="20" height="20" viewBox="0 0 24 24" aria-hidden="true"
fill="none" stroke="currentColor"
stroke-width="1.8" stroke-linecap="round" stroke-
linejoin="round">
<use href="{{ url for('static', filename='img/icons.svg') }}
#icon-config"></use>
</svg>
</button>
<div id="modeSwitch" class="mode-select">
<button class="mode-item active" data-mode="live">Live</button>
<button class="mode-item" data-
mode="experiment">Experiment</button>
</div>
<button id="togglePanelBtn" class="btn btn--panel">
<svg width="16" height="16" viewBox="0 0 24 24">
<use href="{{ url for('static', filename='img/icons.svg')
} }#icon-chevron-up" fill="none"
stroke="currentColor" stroke-width="4" stroke-linecap="round"
stroke-linejoin="round">
</use>
</svg>
</button>
</div>
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<div id="livePanel" class="mode-panel hidden">
<label class="mc-field">Live Window:
<select id="timeRange" class="form-control form-control--select">
<option value="1">1 Minute</option>
<option value="3">3 Minutes</option>
<option value="5">5 Minutes</option>
</select>
</label>
<label id="combinePlotsField" class="mc-field">
<span>Combine plots</span>
<input id="combineToggle" type="checkbox">
</label>
</div>

<div id="experimentPanel" class="mode-panel hidden">
<div class="expPanel-top">
<div class="left">
<input id="expId" class="form-control form-control--input width-
20ch" type="text"
placeholder="Experiment name">
</div>
<div class="center">
<span class="exp-status-text">No active experiment</span>
<span id="expTimer" class="exp-timer"></span>
</div>
<div class="right">
<button id="browseExperimentsBtn" class="btn btn--panel”
type="button">Browse</button>
<a id="downloadExpCsv" class="btn btn--panel hidden"
download>Export</a>
</div>
</div>

<div class="expPanel-bottom">
<div class="group">
<span class="1bl">Tx-Rx Distance (m)</span>
<input id="distInput rss60" class="form-control form-control--
input width-5ch" type="number" min="0"
placeholder="Chl">
<input id="distInput rss40" class="form-control form-control--
input width-5ch" type="number" min="0"
placeholder="Ch2">
</div>
<div class="group">
<span class="1bl">Pt (dBm)</span>
<input id="txPowerDbm" class="form-control form-control--input
width-5ch" type="number">
</div>
<div class="group">
<span class="1bl">Gt (dBi)</span>
<input id="txGainDbi" class="form-control form-control--input
width-5ch" type="number">
</div>
<div class="group">
<span class="1bl">Gr (dBi)</span>
<input id="rxGain rss60" class="form-control form-control--input
width-5ch" type="number" placeholder="Chl">
<input id="rxGain rss40" class="form-control form-control--input
width-5ch" type="number" placeholder="Ch2">
</div>
<div class="group">
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<span class="1bl">System loss (dB)</span>
<input id="sysLoss rss60" class="form-control form-control--input
width-5ch" type="number" placeholder="Chl">
<input id="sysLoss rss40" class="form-control form-control--input
width-5ch" type="number" placeholder="Ch2">
</div>
</div>
</div>
</div>

<div class="exp-action-panel">
<button id="startExpBtn" class="btn btn--panel">Start</button>
<pbutton id="pauseExpBtn" class="btn btn--panel" disabled>Pause</button>

<button id="stopExpBtn" class="btn btn--panel" disabled>Stop</button>
</div>

<div id="channelToggleGroup" class="live-readings">
<div class="reading">
<span class="freq-display">Frequency: -</span>
</div>
<div class="reading" data-channel="rss60">
<label class="channel-toggle">
<input type="checkbox" data-channel-toggle="rss60" checked>
<span>Channel 1</span>
</label>
<div class="reading-data">
<span>Last update:</span>
<span 1d="rss60Timestamp">--</span>
<span>RSS:</span>
<span id="rss60" class="reading-value">--</span>
</div>
</div>
<div class="reading" data-channel="rss40">
<label class="channel-toggle">
<input type="checkbox" data-channel-toggle="rss40" checked>
<span>Channel 2</span>
</label>
<div class="reading-data">
<span>Last update:</span>
<span id="rss40Timestamp">--</span>
<span>RSS:</span>
<span 1d="rss40" class="reading-value">--</span>
</div>
</div>
</div>

{{ chart block('rss60', 'Channel 1: ZX47-60LN-S+', 'statusBarl') }}
{{ chart block('rss40', 'Channel 2: ZX47-40LN-S+', 'statusBar2') }}

<div id="combinedBlock" class="chart-table-block hidden">
<div class="block-header">
<h2 class="chart-title">Channel: 7ZX47-60LN-S+ & 7ZX47-40LN-S+</h2>
</div>
<div class="block-content">
<div id="combinedPlot" class="plot-box"></div>
</div>
</div>
<hr>

{% include "modals/exp_modal.html" %
{% include "modals/cfg modal.html" %

}
}
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{% include "modals/analysis modal.html" %}

<script>
window.MQTT URL = 'ws://' 4+ location.host + '/mgtt';
window.MQTT TOPIC = 'home/rfdetector/+/voltage';
window.MQTT DEV A = 'esp32 60';
window.MQTT DEV B = 'esp32 40';

</script>

<script type="module" src="{{ url for('static', filename='js/main.js')
}}"></script>

</body>
</html>

Apyeio _macros.html — Xpnon Jinja2 macro template ywo T onpovpyioc TV V0
TAVOUOLOTVTMV SLOYPUPRATOV & TIVAK®V

{% macro chart block(key, title, status bar id) -%}
<div 1id="{{ key }}Block" class="chart-table-block">
<div class="block-header">
<h2 class="chart-title">{{ title }}</h2>
<div id="{{ status bar id }}" class="status-bar"></div>
<div class="header-actions">
<button class="btn btn--panel analyze-btn hidden" data-channel="{{
key }}">Path Loss Analysis</button>
<button class="btn btn--panel table-toggle" data-target="{{ key
}1">Table</button>
</div>
</div>
<div class="block-content">
<div id="{{ key }}Plot" class="plot-box"></div>
<div id="{{ key }}TablePanel" class="table-box">
<table class="table">
<thead>
<tr>
<th>Time</th>
<th><span id="{{ key }}TableUnit">Voltage (V)</span></th>
</tr>
</thead>
<tbody id="{{ key }}TableBody"></tbody>
</table>
</div>
</div>
</div>
{%- endmacro %}
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Apyeio exp_modal.html — ITapaBvpo droyeiprong amodnkevpévov Telpapd Ty

<div id="expModal" class="modal hidden">
<div class="modal-backdrop"></div>
<div class="modal-box">
<div class="modal-header-top">
<h3>Experiments</h3>
<button id="expModalClose" class="modal-close">&times;</button>
</div>
<div class="modal-body">
<button id="importCsvBtn" class="btn btn--modal">Import CSV</button>
<input id="importCsvInput" type="file" accept=".csv" class="hidden">
<div id="expModalEmpty" class="muted">No experiments found.</div>
<table id="expTable" class="table hidden">

<thead>
<tr>
<th>Name</th>
<th>Modified</th>
<th>Size</th>
<th>Actions</th>
</tr>
</thead>
<tbody id="expTableBody"></tbody>
</table>
</div>
</div>

</div>

Apyeio cfg_modal.html — ITapdBvpo Sop6pP®ENS TAPARETPOV TNG EQUPUOYNS

<div id="cfgModal" class="modal hidden">
<div class="modal-backdrop"></div>
<div class="modal-box">
<div class="modal-header-top">
<h3>App Configurations</h3>
<button id="cfgCloseBtn" class="modal-close">&times;</button>
</div>
<div class="modal-body">
<section class="cfg-section">
<div class="modal-header">
<h4>Data Units</h4>
</div>
<label>
View:
<select id="cfgUnits" class="form-control form-control--select">
<option value="volt">Voltage (V)</option>
<option value="dbm">Input Power (dBm)</option>
</select>
</label>
<p class="muted">
Before switching to dBm make sure you have selected the correct
calibration profile.
</p>
</section>
<div class="cfg-divider"></div>
<section class="cfg-section">
<div class="modal-header">
<h4>Sampling Rate</h4>
</div>
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<label>
Channel 1:
<select id="cfgRate60" class="form-control form-control--select">
<option value="1">1 Hz</option>
<option value="5">5 Hz</option>
<option value="10">10 Hz</option>
<option value="20">20 Hz</option>
<option value="50">50 Hz</option>
</select>
Channel 2:
<select id="cfgRated4(0" class="form-control form-control--select">
<option value="1">1 Hz</option>
<option value="5">5 Hz</option>
<option value="10">10 Hz</option>
<option value="20">20 Hz</option>
<option value="50">50 Hz</option>
</select>
</label>
</section>
<div class="cfg-divider"></div>
<section class="cfg-section">
<div class="modal-header">
<h4>Power Input Calibration</h4>
</div>
<p class="muted">
Enter a frequency and the corresponding linear coefficients for
each detector, to compute the Input Power:
P(dBm) = a * V + b.
</p>
<label>
Frequency (MHz) :
<input id="cfgFreq" class="form-control form-control--input
width-13ch" type="number" min="10" max="8000"
placeholder="e.g. 2400">
</label>
<div>
<label>
Channel 1: slope
<input id="cfg60 a" class="form-control form-control--input
width-13ch" type="number" step="0.01">
</label>
<label>
intercept
<input id="cfg60 b" class="form-control form-control--input
width-13ch" type="number" step="0.01">
</label>
</div>
<div>
<label>
Channel 2: slope
<input id="cfg40 a" class="form-control form-control--input
width-13ch" type="number" step="0.0001">
</label>
<label>
intercept
<input id="cfg40 b" class="form-control form-control--input
width-13ch" type="number" step="0.01">
</label>
</div>
<button id="cfgSaveBtn" class="btn btn--modal">Save</button>
</section>
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<div class="cfg-divider"></div>
<section class="cfg-section">
<div class="modal-header">
<h4>Saved Calibration Profiles</h4>
</div>
<div class="table-wrap">
<table class="table">
<thead>
<tr>
<th>Frequency (MHz)</th>
<th>Channel 1 (a,b)</th>
<th>Channel 2 (a,b)</th>
<th class="col-actions">Actions</th>
</tr>
</thead>
<tbody id="cfgProfilesTbody">
</tbody>
</table>
</div>
<p class="muted">
Click "set" to activate profile. Click "Load" to edit the
coefficients.
</p>
</section>
</div>
</div>
</div>

Apyeio analysis_modal.html — IlapaBvpo perétne g e£aodévnong owadpopng

<div id="analysisModal" class="modal hidden">
<div class="modal-backdrop"></div>
<div class="modal-box">
<div class="modal-header-top">
<h3 id="analysisModalTitle">Path-loss analysis for experiment: -</h3>
<button id="analysisCloseBtn" class="modal-close">&times;</button>
</div>
<div class="modal-body">
<div>
<label>View data:
<select id="plView" class="form-control form-control--select">
<option value="raw" selected>Raw</option>
<option value="binned">Binned</option>
</select>
</label>
<label>Binning:
<select id="plStat" class="form-control form-control--select">
<option value="mean" selected>Mean</option>
<option value="median">Median</option>
</select>
</label>
<label>X-Scale:
<select id="plXscale" class="form-control form-control--select">
<option value="linear" selected>Linear</option>
<option value="log">Log</option>
</select>
</label>
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<label>Title:
<input id="plTitleInput" class="form-control form-control--input
width-20ch" type="text"
placeholder="Path Loss vs. Distance">
</label>
<label>
<span>Light mode</span>
<input id="analysisLightThemeToggle" type="checkbox">
</label>
<button id="analysisComputeBtn" class="btn btn--
modal">Compute</button>
</div>

<div id="plChart rss60" class="plot-box"></div>
<div id="plChart rss40" class="plot-box hidden"></div>

<div class="analysis-toggles">
<button id="fsplToggle" class="btn btn--modal">FSPL curve</button>
<button id="bestCurveToggle" class="btn btn--modal">0LS
Fit</button>
<div class="logDistance">
<button id="logDistanceToggle" class="btn btn--modal">Log-
distance model</button>
<div id="logDistancePanel" class="analysis-logdistance-panel
hidden">
<label class="mc-field">
<span class="analysis-logdistance-label">d<sub>0</sub>
(m) </span>
<input id="logDistanceDO" class="form-control form-control--
input width-9ch" type="number" min="0" step="0.01">
</label>
<label class="mc-field">
<span class="analysis-logdistance-label">PL (d<sub>0</sub>)
(dB) </span>
<input id="logDistancePl0" class="form-control form-control--
input width-9ch" type="number" step="0.01">
</label>
<label class="mc-field">
<input id="logDistanceUseFirst" type="checkbox">
<span>Use data's first point</span>
</label>
<label class="mc-field">
<input id="logDistanceUseFsplRef" type="checkbox">
<span>Use FSPL 1m reference</span>
</label>
<label class="mc-field">
<span class="analysis-logdistance-label">n exponent</span>
<input id="logDistanceExponent" class="form-control form-
control-—-input width-9ch" type="number" step="0.01">
</label>
<label class="mc-field">
<input id="logDistanceFitExponent" type="checkbox">
<span>Fit n exponent</span>
</label>
<label class="mc-field">
<span class="analysis-logdistance-label">Shadowing &sigma;
(dB) </span>
<input id="logDistanceSigma" class="form-control form-
control-—-input width-9ch" type="number" min="0" step="0.1"
placeholder="0">
</label>
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<button id="logDistanceFitBtn" class="btn btn--
modal">Fit</button>
<button id="logDistanceClearBtn" class="btn btn--
modal">Clear</button>
</div>
</div>
</div>
<div class="analysis-results">
<div id="fsplSummary" class="analysis-result-box analysis-result-
box--fspl hidden">
</div>
<div id="olsSummary" class="analysis-result-box analysis-result-
box--ols hidden">
</div>
<div id="logDistanceSummary" class="analysis-result-box analysis-
result-box--log hidden">
</div>
</div>
</div>
</div>
</div>
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Kodwkag Javascript — Client side viomoinen tng AELTovpyIKOTNTOS TS EQAPROYNS

Apyeio main.js

// main.js - entry point for the web app. Handles mode switching, config
modal, and wiring up UI interactions.

import { ModeManager } from './core/modeManager.js';
import { Analysis } from './core/analysis.js';

import * as Live from './modes/live.js';

import * as Experiment from './modes/experiment.js’';
import { renderTable } from './core/plot.]js';

import { Calibration, SERIES } from './core/state.js';

import { calDeleteProfile, calSaveProfile, getSampleRates, setSampleRate
from './core/api.js';

import { CHANNEL KEYS, getChannelState, setChannelEnabled } from
'./core/channels.js';

ModeManager.register ('live', Live);
ModeManager.register ('experiment', Experiment);
let panelExpanded = false;

// Show/hide the main panel for the current mode.
function showPanelFor (mode, expand = panelExpanded) {
const panels = {
live: document.getElementById('livePanel'),
experiment: document.getElementById('experimentPanel'),
}i
panelExpanded = !!expand;
Object.values (panels) .forEach(p => p && p.classList.add('hidden'));
const p = panels[mode];
if (!p) return;
p.classList.toggle('hidden', !panelExpanded) ;
const btn = document.getElementById('togglePanelBtn');
if (btn) btn.setAttribute('aria-expanded', panelExpanded ? 'true'
'false');
}
// Wire up the mode selector UI to switch between live/experiment modes
function attachModeSwitch () {
const switchEl = document.getElementById('modeSwitch');
if (!switchEl) return;
switchEl.addEventListener ('click', async (e)=>{
const btn = e.target.closest('.mode-item');

if (!btn) return;
const mode = btn.dataset.mode;
if (!ModeManager.modes[mode]) return;

switchEl.querySelectorAll ('.mode-item') .forEach (b =>

b.classList.toggle('active', b.dataset.mode === mode));
document.body.classList.toggle('is-1live', mode==='live');
document .body.classList.toggle ('is-experiment', mode==='experiment') ;

await ModeManager.switchTo (mode) ;
showPanelFor (mode, panelExpanded) ;
1)

}
// Wire the panel toggle button to show/hide the expandable panel

}
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function wirePanelToggle () {
const btn = document.getElementById('togglePanelBtn');

if (!'btn) return;

btn.addEventListener ('click', ()=>{
const mode = ModeManager.current || 'live';
const panel = ({

live: document.getElementById('livePanel'),

experiment: document.getElementById('experimentPanel'),
}) [mode];
if (!panel) return;
panelExpanded = panel.classList.contains ('hidden');
showPanelFor (mode, panelExpanded) ;

1)
}
// Syncs the channel UI with the current enabled/disabled channel state.

function updateChannelReadouts () {
const state = getChannelState();
CHANNEL KEYS.forEach ((key) => {

const input = document.querySelector ( input[data-channel-

toggle="S${key}"] ")

if (input) input.checked = !!statelkey];

const reading = document.querySelector(  .reading[data-
channel="${key}"1");

if (reading) reading.classList.toggle('is-disabled', !statelkey]);

const def = SERIES[key];

if (def && !statelkey]) {
const valuekEl = document.getElementById(def.liveEl);
if (valueEl) valueEl.textContent = '--"';
const tsEl = document.getElementById(def.liveTsEl);

if (tsEl) tsEl.textContent = '--

}
document.body.classList.toggle ( channel-${key}-enabled , !!statelkey]);

document.body.classList.toggle ( channel-${key}-disabled’, !statelkey]);
1)
}

// Schedule a resize of visible charts on the next animation frame when the

window resizes
let resize = false;
function queueVisiblePlotResize () {
if (resize) return;
if (!window.Plotly || !'window.Plotly.Plots?.resize) return;
resize = true;
requestAnimationFrame ( () => {
resize = false;
const plotNodes = document.querySelectorAll ('.chart-table-
block:not (.hidden) .plot-box');
plotNodes.forEach ((node) => {

try |
window.Plotly.Plots.resize (node) ;

} catch {}
1)
1)
}
// Wire up the channel toggle checkboxes to show/hide channels and

readouts accordingly
let channelUiattached = false;
function wireChannelToggles () {
if (channelUiattached) return;
const group = document.getElementById('channelToggleGroup') ;
if (!group) return;
group.addEventListener ('change', (e) => {

update
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const input = e.target.closest ('input[data-channel-toggle]');
if (!input) return;
const channel = input.dataset.channelToggle;
const want = input.checked;
const ok = setChannelEnabled(channel, want);
if (lok) {
input.checked = !want;
alert (At least one channel must remain enabled.’);
}
1)
window.addEventListener ('channel-visibility-changed', (ev) => {
updateChannelReadouts () ;

if (typeof Experiment.onChannelVisibilityChange === 'function') {
try {
Experiment.onChannelVisibilityChange (ev?.detail || null);
} catch {}

}
queueVisiblePlotResize () ;
1)
updateChannelReadouts () ;
queueVisiblePlotResize () ;
channelUiattached = true;
}
// Set up the behavior of the configurations modal
function wireConfigModal () {
const openBtn = document.getElementById('configBtn');
const modal = document.getElementById('cfgModal');
const closeBtn= document.getElementById('cfgCloseBtn');
const saveBtn = document.getElementById('cfgSaveBtn');
const table = document.getElementById('cfgProfilesTbody') ;
const fregkEl = document.getElementById('cfgFreq');
const a60El = document.getElementById('cfgel a');
const b60EL document.getElementById('cfg60 b'");
const a40E1L document.getElementById('cfgd40 a');
const b40El = document.getElementById('cfg40 b'")
const sampleRateSelectors = [
{ el: document.getElementById('cfgRate60'), deviceId: window.MQTT DEV A
[l 'esp32 60" 1},
{ el: document.getElementById('cfgRated0'), deviceId: window.MQTT DEV B
[l 'esp32 40' 1},
1
// Refresh the sample rate selectors with current values from the server
async function refreshSampleRateSelectors () {
if (!sampleRateSelectors.some(({ el }) => el)) return;
try {
const resp = await getSampleRates();
const rates = resp?.rates || {};
sampleRateSelectors.forEach (({ el, devicelId }) => {
if (!el) return;
const current = Number (rates?.[deviceId])
if (Number.isFinite(current)) {
el.value = String(current);
el.dataset.prev = String(current);
} else {
el.value = ;
el.dataset.prev = '';
}
1)
} catch {}
}

// Update sample rate on server when changed

’
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sampleRateSelectors.forEach(({ el, deviceId }) => {

if (!'el || !'devicelId) return;
el.addEventListener ('change', async () => {
const next = Number (el.value);
if (el.dataset.prev === String(next)) return;
el.disabled = true;
try {

await setSampleRate (deviceld, next);
el.dataset.prev = String(next);
} catch {
alert ('Failed to update sample rate. Please try again.');
if (el.dataset.prev != null) {
el.value = el.dataset.prev;
}
} finally {
el.disabled = false;

1)
)i
// Open the modal and reset the input fields
function open () {
modal?.classList.remove ('hidden') ;
modal?.setAttribute ('aria-hidden', 'false');

if (freqgkEl) fregEl.value = '';
if (a60El) a60El.value = '';
if (b60OEl) bo6OEl.value = '';
if (a40E1l) a40El.value = '';
if (b40E1l) Db40El.value = '';

refreshSampleRateSelectors () ;
renderProfilesTable () ;
}
function close(){ modal?.classList.add('hidden");
modal?.setAttribute ('aria-hidden', '"true'); }

openBtn?.addEventListener ('click', open);
closeBtn?.addEventListener ('click', close);
modal?.querySelector ('.modal-backdrop') ?.addEventListener('click"',
close);
// Handle clicks on action button in the profiles table
table?.addEventListener ('click', async (e)=>{
const btn = e.target.closest ('button[data-action]');

if (!btn) return;
const tr = btn.closest('tr[data-freql'):;
if ('tr) return;

const freq = Number (tr.dataset.freq);

switch (btn.dataset.action) {

case 'load': {
fregEl.value = freqg;
const p = Calibration.profiles[String(freq)] || {};
const ¢c60 = p.rss60 || {}, c40 = p.rssd40 || {};
a60El.value = (Number.isFinite(c60.a) ? c60.a : ''");
b60El.value = (Number.isFinite(c60.b) ? c60.b : '"");
a40El.value = (Number.isFinite(c40.a) ? c40.a : ''");
b40El.value = (Number.isFinite(c40.b) ? c40.b : '");
break;

}

case 'set': {

// Only allow if both channels complete
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const p = Calibration.profiles[String(freq)] || {};

const ok = Number.isFinite(p?.rss60?.a) &&
Number.isFinite (p?.rss607?.b)

&& Number.isFinite(p?.rssd40?.a) &&

Number.isFinite (p?.rss40?.b);

if (!'ok) { alert('Profile is incomplete (both channels need
parameters).'); return; }

await Calibration.setActiveFreq(freq);

renderProfilesTable () ;

updateFregDisplay () ;

break;
}
case 'delete': {
if (String(Calibration.activeFregMHz||'"') === String(freq)) {
alert ('Cannot delete the active profile. Set another active
first.");
return;
}
if (!confirm( Delete profile ${freq} MHz? )) return;
try {

await calDeleteProfile (freq);
delete Calibration.profiles|[String(freq)];
renderProfilesTable () ;
} catch (err) {
alert('Failed to delete profile.');
}

break;

}

1)
// Handle the save button to add/update a profile based on input fields

saveBtn?.addEventListener ('click', async ()=>{
const f = parseFloat (freqgkEl?.value);
const a60 parseFloat (a60E1l?.value), b60
const a40 = parseFloat (ad40El?.value), b4d0

parseFloat (b60E1?.value) ;
parseFloat (b40E1?.value) ;

if (!Number.isFinite(f) || £ <= 0) { alert('Enter a valid frequency
(MHz) ."); return; }

if (![a60,b60,a40,b40].every (Number.isFinite)) { alert('Fill all four
coefficients.'); return; }

try {

await calSaveProfile({ fregqMHz: f, rss60: {a:a60,b:b60}, rss40:
{a:a40,b:b40} });

Calibration.updateLocalProfile(f, { rss60:{a:a60,b:b60},
rss40:{a:a40,b:b40} 1});

renderProfilesTable () ;

if (freqkEl) freqkEl.value = '"'; if (a60El) a60El.value = ''; if
(b60E1l) b60OEl.value = '"'';
if (a40El) a40El.value = ''; if (b40El) Db40El.value = '"';
} catch (e) {
alert ('Failed to save calibration.');

}
)i
}

// Handle the calibration profiles table in the configuration modal
function renderProfilesTable() {

const tb = document.getElementById('cfgProfilesTbody"')

const active = Calibration.activeFregMHz != null ?
String(Calibration.activeFreqMHz) : null;

if (!tb) return;

99




const entries = Object.entries(Calibration.profiles)

.sort ((a,b)=> Number (a[0]) - Number (b[0])); // ascending MHz
const fmt = (a,b) => (Number.isFinite(a) && Number.isFinite (b))
? " (${a}, ${b})  : “<span class="muted">-</span>';
const rowsHtml = entries.map(([f, pl) => {

const a60 = p?.rss60?.a, b60 = p?.rss60?.b;

const a40 = p?.rss40?.a, b40 = p?.rss40?.b;

const ok60 = Number.isFinite (a60) && Number.isFinite (b60) ;
const ok40 = Number.isFinite (a40) && Number.isFinite (b40);
const complete = ok60 && ok40;

const isActive = active === f;

return “<tr data-freg="${f}" class="${isActive ? 'is-active' : "'}">
<td><strong>${f}</strong> MHz ${isActive ? '<span class="badge"
style="margin-left:6px; color:#0048FF; font-weight:700;">Active</span>'
'ry</td>
<td>${fmt (a60,b60) }</td>
<td>${fmt (a40,b40) }</td>
<td>
<div class="btn-row">
<button class="btn btn--modal action-btn use-exp" data-
action="load">Load</button>
<button class="btn btn--modal action-btn use-exp" data-

action="set" ${complete ? '' : 'disabled'}>Set</button>
<button class="btn btn--modal action-btn danger del-exp" data-
action="delete" ${isActive ? 'disabled' : ''}>Delete</button>
</div>
</td>
</tr>";
}).join('");
tb.innerHTML = rowsHtml || “<tr><td colspan="4" class="muted">No profiles

saved yet.</td></tr>";
}
// Update the side-table header to the active unit
function updateUnitsLabels () {
const isDbm = !!Calibration.enabled;
const unitLabel = isDbm ? 'Input Power (dBm)' : 'Voltage (V)';
const t60 = document.getElementById('rss60TableUnit');
const t40 = document.getElementById('rss40TableUnit');
if (t6e0) t60.textContent = unitLabel;
if (t40) t40.textContent = unitLabel;
}
// Wire up the units dropdown menu to switch between voltage and dBm
display modes.
function wireUnitsToggle () {
const sel = document.getElementById('cfgUnits');

sel.value = 'volt';
sel.addEventListener ('change', async () => {
const wantDbm = sel.value === 'dbm';

await Calibration.setEnabled (wantDbm) ;
updateUnitsLabels () ;
)
}
// Sync the frequency display in the UI.
function updateFregDisplay () {

const freg = Number.isFinite(+Calibration.activeFregMHz) °?
Math.round (+Calibration.activeFreqMHz) : null;
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const hasProfile = freq != null &&
!''Calibration.profiles?. [String (freq)];
const text = hasProfile ? ‘Frequency: ${freq} MHz : 'Frequency: -';
document.querySelectorAll ('.freg-display') .forEach((el) => {
el.textContent = text; });
}
// Update the units toggle to match selected units
function updateUnitsToggle () {
const sel = document.getElementById('cfgUnits');
if (sel) sel.value = Calibration.enabled ? 'dbm' : 'volt';
}
// Wire up the table toggle buttons to show/hide tables and resize plots.
function wireTableToggles () {
document.addEventListener ('click', (e)=>{
const btn = e.target.closest('.table-toggle');
if (!btn) return;
const key = btn.dataset.target;
const block = document.getElementById(key + 'Block');
if (!'block) return;
block.classList.toggle ('show-table');
btn.classList.toggle('active');
const plotId = ({rss60:'rss60Plot', rss40:'rss40Plot'}) [key];
const el = document.getElementById(plotId);
if (el && window.Plotly) setTimeout (()=> Plotly.Plots.resize(el), 0);
if (block.classList.contains ('show-table')) { renderTable (key); }
1)
}

window.addEventListener ('resize', queueVisiblePlotResize);
// After units are changed, update labels and refresh tables to show new
units.
window.addEventListener ('units-changed', async (e)=>{
updateUnitsToggle () ;
updateUnitsLabels () ;
1)
// After calibration profile is updated, refresh the frequency display.
window.addEventListener ('calibration-updated', ()=>{
updateFregDisplay () ;
1)
// On page load, initialize the app, set up event handlers, and switch to
the default mode.
document.addEventListener ('DOMContentLoaded', async ()=>{
Analysis.init () ;
attachModeSwitch () ;
wirePanelToggle () ;
wireChannelToggles () ;
wireConfigModal () ;
wireUnitsToggle () ;
wireTableToggles () ;
await Calibration.initFromServer () ;
updateUnitsToggle () ;
updateUnitsLabels () ;
updateFregDisplay () ;
// default mode: live
document.querySelector ('#modeSwitch .mode-item[data-
mode="1live"]"')?.classList.add('active');
await ModeManager.switchTo('live');
showPanelFor ('live', panelExpanded) ;

) ;
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Apyeio live.js

// live.]js - Detector's real-time data management (plots & tables)
import { SERIES, S, Calibration } from '../core/state.]js';
import { numericOrNaN, maybeBreak, trimOld,
relayoutWindowAll, renderVisibleTables,

clearAllTables, combinedMainTraces, newPlotWithUnit,
renderLatestReading

} from '../core/plot.js’';
import { startMgttConnection, subscribeMgttValues } from
'./mgttConnection.js"';

import { attachStatusFromMgtt } from '../core/status.]js';

import { getEnabledChannels, isChannelEnabled } from '../core/channels.js"';
let suppress = false;

let minutes = 1;

let combine = false;

const combineToggleEl = document.getElementById('combineToggle');

// Resets live plots with correct units and empty data
function resetLivePlots () {
Object.keys (S) .forEach(k => { S[k]l.x = []; S[k]l.y = [1; }):
const unit = Calibration.enabled ? 'dbm' : 'volt';

if (combine) {
const baseDef = { plotId: 'combinedPlot', title: 'Received Signal
Strength' };

const traces = combinedMainTraces (SERIES) ;
newPlotWithUnit (baseDef, traces, unit);
} else {

Object.keys (SERIES) . forEach (k => {
const def = SERIES[k];
const main = { x:[], y:[], type:'scatter', mode:'lines',
name: (unit === 'volt') ? "Voltage" : "Input Power",
line:{width:2, color:def.color},
connectgaps:false };
newPlotWithUnit (def, [main], unit);
)i
}

}
// Wire up the combine charts toggle checkbox
function wireCombineToggle () {
if (!combineToggleEl) return;
if (enter. onCombineToggle) {
combineToggleEl.removeEventListener ('change', enter. onCombineToggle);
}
enter. onCombineToggle = () => {
combine = combineToggleEl.checked;
applyPlotVisibility () ;
resetLivePlots () ;
}i
combineToggleEl.checked = combine;
combineToggleEl.addEventListener ('change', enter. onCombineToggle);
}
// Show/hide plots based on channel visibility and combine toggle state
function applyPlotVisibility({ force = false } = {}){
if (!force && !document.body.classList.contains('is-live')) return;
const combined = document.getElementById('combinedBlock');
const b60 = document.getElementById('rss60Block');
const b40 = document.getElementById('rssd40Block');
const ch60 = isChannelEnabled('rss60');
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const ch40 = isChannelEnabled('rss40');
const bothEnabled = ch60 && ch40;

if (combineToggleEl) {

combineToggleEl.disabled = !bothEnabled;
if (!bothEnabled && combine) {
combine = false;

combineToggleEl.checked = false;
}
}
const showCombined = combine && bothEnabled;
if (showCombined) {
combined?.classList.remove ('hidden') ;
} else {
combined?.classList.add('hidden') ;
}
if (b60) b60.classlList.toggle('hidden', !ch60 || showCombined) ;
if (b40) b40.classlList.toggle('hidden', !ch40 || showCombined) ;
}
// Handle incoming sensor data, update latest readings, extend plots, and
trim old data
function onSensorUpdate (data) {
if (suppress) return;

const ts = new Date (data.timestamp) ;

const tsText = ts.tolLocaleString();

const vals = {};

if (Object.prototype.hasOwnProperty.call (data, 'zx47 60')) |

vals.rss60 = numericOrNaN (data.zx47 60);
}
if (Object.prototype.hasOwnProperty.call (data, 'zx47 40')) {
vals.rss40 = numericOrNaN (data.zx47 40);
}
// Latest readings
Object.keys (vals) .forEach (k => {
if (!isChannelEnabled(k)) return;
const v = valsl[k];
renderLatestReading (

k,

A

tsText,

(rawValue, channelKey) => (Calibration.enabled ?
Calibration.toDbm(channelKey, rawValue) : rawValue),

{ updateTimestampOnInvalid: false }
)i
1)

// plot
Object.keys (vals) .forEach (k => {
if (!isChannelEnabled(k)) return;
const def = SERIES[k], st = S[k], v = vals[k];
if (!def || !Number.isFinite(v)) return;
let value = Calibration.enabled ? Calibration.toDbm(k, v) : v;
if (!Number.isFinite(value)) return;

st.x.push(ts); st.y.push(value);

if (combine) {

const idx = (k === 'rsse0') 2 0 : 1;
maybeBreak ('combinedPlot', st, ts, idx);
Plotly.extendTraces ('combinedPlot', { x: [[ts]], y: [[valuell] },
[idx]);
} else {
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maybeBreak (def.plotId, st, ts);
Plotly.extendTraces (def.plotId, { x: [[ts]], y: [[value]l] }, [0]);

}
|
// trim and relayout
getEnabledChannels () .forEach(k => trimOld(S[k], ts, 5*60 _000));
relayoutWindowAll (minutes) ;
if (combine) { Plotly.relayout('combinedPlot', { 'xaxis.range': [new
Date (ts.getTime () - minutes*60 000), ts]}); }

renderVisibleTables (getEnabledChannels ()) ;
}
// Entry point when navigating to live mode - sets up UI, event listeners,
and MQTT bridge
export async function enter () {
document.body.classList.add('is-1live'");
const timeSel = document.getElementById('timeRange');
if (timeSel) { timeSel.disabled = false; minutes =
parselnt (timeSel.valuel |'1"); }
applyPlotVisibility ()
resetLivePlots () ;
wireCombineToggle () ;

if (!enter. onChannelChanged) ({

enter. onChannelChanged = () => {
if (!document.body.classlList.contains('is-live')) return;
clearAllTables () ;

applyPlotVisibility (),
resetLivePlots () ;
bi
window.addEventListener ('channel-visibility-changed',
enter. onChannelChanged) ;

}

if (!enter. onUnitsChanged) {

enter. onUnitsChanged = () => {
if (!document.body.classlList.contains('is-live')) return;
resetLivePlots () ;

}i
window.addEventListener ('units-changed', enter. onUnitsChanged);
}
clearAllTables () ;
startMgttConnection () ;
enter. detachStatus = attachStatusFromMgtt () ;

enter. detachMgttValues = subscribeMgttValues (({ channelKey, value,
timestamp }) => {
if (suppress) return;
const data = { timestamp };
if (channelKey === 'rss60') data.zx47 60 = value;
if (channelKey === 'rss40') data.zx47 40 = value;

onSensorUpdate (data) ;
}, { ensureConnection: false });
suppress = false;
timeSel?.addEventListener ('change', onTimeChange) ;
}
// Handle time window selection change
function onTimeChange () {
const timeSel = document.getElementById('timeRange') ;

minutes = parselnt (timeSel.valuel||'1l");
const ends = Object.keys (S)
.map (k => S[k].x.length ? S[k].x[S[k].x.length-1] : null)

.filter (Boolean) ;
if (ends.length) relayoutWindowAll (minutes) ;
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}
// Exit live mode - remove event listeners, clear plots, and reset UI
export async function exit () {
suppress = true;
if (enter. onUnitsChanged) {
window.removeEventListener ('units-changed', enter. onUnitsChanged) ;
enter. onUnitsChanged = null;
}
if (enter. detachStatus) {
enter. detachStatus();
enter. detachStatus = null;
}
if (enter. detachMgttValues) {
enter. detachMgttValues();
enter. detachMgttValues = null;
}
if (enter. onChannelChanged) {
window.removeEventListener ('channel-visibility-changed',
enter. onChannelChanged) ;
enter. onChannelChanged = null;
}
if (combineToggleEl && enter. onCombineToggle) {
combineToggleEl.removeEventListener ('change', enter. onCombineToggle);
enter. onCombineToggle = null;
}
combine = false;
applyPlotVisibility ({ force: true });
if (window.Plotly?.purge) {
Plotly.purge ('combinedPlot"') ;
}
const timeSel = document.getElementById('timeRange');
timeSel && timeSel.removeEventListener ('change', onTimeChange) ;
document.body.classList.remove ('is-1live');

Apyeio experiment.js

// experiment.]js - Experiment recording, plotting and CSV management

import { SERIES, S, Calibration, Distance } from '../core/state.js';

import { newPlotWithUnit, initPlots, numericOrNaN, renderVisibleTables,
clearAllTables, renderTable, clearAllSeries, renderlLatestReading,
drawExperimentArrays, relayoutExperimentFullSpan,

redrawExperimentOnUnitsChanged } from '../core/plot.js';

import { CsvRecorder } from '../core/csvRecorder.js';

import { Analysis } from '../core/analysis.js';

import { getEnabledChannels, isChannelEnabled } from '../core/channels.]js';

import { explist, expImportCsv, exploadParsed, expUploadCsv, expDelete }

from '../core/api.js';

import { startMgttConnection, subscribeMgttValues } from

'./mgttConnection.js"';

import { attachStatusFromMgtt } from '../core/status.]js';

[/ —mmmmmmmmmm e DOM refs (panel + modal) -----—---———-—----
const panel = document.getElementById ('experimentPanel');
const i1idInput = document.getElementById('expId');

const startBtn = document.getElementById('startExpBtn') ;
const pauseBtn = document.getElementById('pauseExpBtn');
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const stopBtn = document.getElementById('stopExpBtn');

const timerEl = document.getElementById('expTimer') ;

const exportBtn = document.getElementById('downloadExpCsv') ;

const browseBtn = document.getElementById('browseExperimentsBtn') ;
const importBtn = document.getElementById ('importCsvBtn') ;

const importInput = document.getElementById('importCsvInput');

const expModal = document.getElementById('expModal');

const expModalClose = document.getElementById('expModalClose');
const expTable = document.getElementById('expTable');

const expTableBody = document.getElementById('expTableBody'):;

const expModalEmpty = document.getElementById ('expModalEmpty') ;

let timerInterval = null;

let startTime = null;

let currentExp = null; // Global variable to hold the current experiment

data and state

let plotsInited = false;

let latestDataTs null; // Timestamp of the latest received data point
let csv = null;

let EXP SNAPSHOT = null; // active calibration profile

let EXP _FREQ MHz null; // active frequency for experiment

const CHANNEL DEVICE LABELS = { rss60: 'ZX47-60', rss40: 'zX47-40" };
const CHANNEL UI = Object.freeze ({
rss60: { distanceInputId: 'distInput rss60',
gainInputId: 'rxGain rss60',
lossInputId: 'sysLoss rss60',
blockId: 'rssocOBlock' },
rss40: { distancelInputId: 'distInput rss40',
gainInputId: 'rxGain rss40',
lossInputId: 'sysLoss rss40',
blockId: 'rss40Block' } });
// Attach MQTT listener for receiving live detector values during an active
experiment
// and recording them into the current experiment data and CSV.
let expMgttDetach = null;
let expDetachStatus = null;
function attachMgtt () {
if (!document.body.classlList.contains('is-experiment')) return;
if (expMgttDetach) return;
expMgttDetach = subscribeMgttValues (({ device, channelKey, value, ts,

timestamp }) => {
if (!currentExp || currentExp.end || currentExp.paused) return;
if (!isChannelEnabled (channelKey)) return;
const data = { timestamp };
if (channelKey === 'rss60') data.zx47 60 = value;
if (channelKey === 'rss40') data.zx47 40 = value;
onSensorUpdate (data) ;
const iso = new Date(ts).toISOString();
const budget = (window.currentExp && window.currentExp.budget) || null;

if (csv) {
const dbm = Calibration.toDbmWithSnapshot (EXP SNAPSHOT, channelKey,

value) ;
if (!Number.isFinite (dbm)) return;
const coeffs = EXP SNAPSHOT?.devices?.[channelKey] || null;
const aCoeff = (coeffs && Number.isFinite (+coeffs.a)) ? +coeffs.a
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const bCoeff = (coeffs && Number.isFinite (+coeffs.b)) ? +coeffs.b
const dist = Distance[channelKey] ?? '';
const pl = (budget && budget|[channelKey])
? (budget.Pt + budget.Gt + budget[channelKey].Gr -
budget [channelKey] .Lsys - dbm)
NaN;
csv.appendRow ([ iso, device, value, dbm,
EXP FREQ MHz 2?2 '', aCoeff, DbCoeff, dist,
(Number.isFinite (pl) ? Math.round(pl*10)/10 : '") 1);
}
}, { ensureConnection: true });
}
// Detach the MQTT listener when experiment ends or is paused to stop
recording live data
function detachMgtt () {
if (!'expMgttDetach) return;
expMgttDetach () ;
expMgttDetach = null;
}
// Get the current experiment object from the global state
function getExp () {
if (!window.currentExp) window.currentExp = {};
return window.currentExp;
}
// Check if there is an active experiment that has started but not yet
ended
function isExperimentActive() {
return !! (currentExp && !currentExp.end);
}
// Determine the active frequency for the experiment.
function updateExperimentFrequency () {
const fregMHz = (Number.isFinite (+Calibration.activeFregMHz) &&
+Calibration.activeFregMHz > 0)
? Math.round(+Calibration.activeFreqMHz)
null;
EXP FREQ MHz = fregMHz;
window.EXP_FREQ MHz = EXP FREQ MHz;
if (currentExp)

if (fregMHz != null) {
currentExp.fregMHz = fregMHz;
} else if (currentExp.fregMHz == null) {

currentExp.fregMHz = null;

}

window.currentExp = currentExp;

}
EXP SNAPSHOT = Calibration.getActiveProfile (fregMHz) ;

[/ —mmmmmmmmm— - Panel status / timer ----------------~-
// Check if an experiment is currently active (started but not ended)
function isStreaming() {

return !! (currentExp && !currentExp.end && !currentExp.paused);

}

// Update the timer label to show elapsed time since experiment start
(mm:ss)

function setTimerLabel () {
if (!startTime) { timerEl.textContent = ''; return; }
const diff = Math.floor ((Date.now() - startTime.getTime()) / 1000);

const mins = Math.floor (diff / 60);
const secs diff % 60;

107



timerEl.textContent =
" (${String(mins) .padStart (2, '0") }:${String(secs) .padStart(2,'0")}) *;
}

function startTimer () {
stopTimer ({ clearLabel: false });
setTimerLabel () ;
timerInterval = setInterval (setTimerLabel, 1000);
}
function stopTimer ({ clearLabel = true } = {}) {
if (timerInterval) { clearInterval (timerInterval); timerInterval = null;
}
if (clearLabel) { timerEl.textContent = ''; }

}
function setStatusText (txt) {
const span = panel?.querySelector ('.exp-status-text');
if (span) span.textContent = txt;
}
function resetPauseButton () {
if (!pauseBtn) return;
pauseBtn.disabled = true;
pauseBtn.textContent = 'Pause';
}
// Reset the experiment form to its initial state
function resetExperimentForm() {
stopTimer () ;
startTime = null;
if (idInput) idInput.disabled = false;
if (startBtn) startBtn.disabled = false;
if (stopBtn) stopBtn.disabled = true;
resetPauseButton () ;
setDistancelInputsEnabled (true) ;
setBudgetInputsEnabled (true) ;
}
// Update the UI to reflect that there is no active experiment
function showFormMode () {
setStatusText ('No active experiment');
Analysis.setAvailability(false);
resetExperimentForm() ;
applyExportRule () ;
}
// Update the UI to reflect that the experiment is paused
function showPausedMode (exp) {
setStatusText (" Paused: S${exp.id || '(no id)"'}");
Analysis.setAvailability(false);
idInput.disabled = true;
startBtn.disabled = true;
stopBtn.disabled = false;
pauseBtn.disabled = false;
pauseBtn.textContent = 'Resume';
setDistancelInputsEnabled (true) ;
}
// Update the UI to reflect that the experiment is running
function showRunningMode (exp) {
setStatusText ('Running: ${exp.id || '(no id)'}");
Analysis.setAvailability(false);
idInput.disabled = true;

startBtn.disabled = true;
stopBtn.disabled = false;
pauseBtn.disabled = false;
pauseBtn.textContent = 'Pause';

startTime = new Date (exp.start);
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startTimer () ;

setDistancelInputsEnabled(false);
}
// Parse a numeric value from an input field by ID, returning null if
invalid
function parseNumber (elld) {

const el = document.getElementById(elId);

if ('el) return null;

const raw = el.value;

if (raw == null || String(raw).trim() === '') return null;
const v = Number (raw) ;
return (Number.isFinite(v) && v >= 0) ? v : null;

}
// Read distance values from the input fields for enabled channels before
starting or resuming
// and alert if any required distance is missing based on the enabled
channels.
function readAndSetDistancesOrAlert (actionLabel) {

const missing = [];

const enabled = getEnabledChannels();

Object.entries (CHANNEL UI).forEach(([channel, { distancelnputId }]) => {
const value = parseNumber (distanceInputId) ;
if (enabled.includes (channel)) {
if (value === null) missing.push (CHANNEL DEVICE LABELS[channell]) ;
else Distance[channel] = value;
} else {
Distance[channel] = null;

}
)
if (missing.length) {
alert ("Enter all parameters for: ${missing.join(', ")} before
S{actionLabel}. ) ;
return false;
}
return true;
}
// Read link budget parameters from the input fields before starting
// and alert if any required parameter is missing based on the enabled
channels.
function readAndSetBudgetOrAlert () {
const Pt = parseNumber ('txPowerDbm') ;
const Gt = parseNumber ('txGainDbi') ;
const Gro0 parseNumber ('rxGain rss60"')
const Gr40 parseNumber ('rxGain rss40"')
( ]
(

’

const L60 = parseNumber ('sysLoss rss60');
const L40 = parseNumber ('sysLoss rss40');
const missing = [];

const enabled = getEnabledChannels() ;

if (enabled.length) {

if (Pt == null) missing.push ('Tx power');

if (Gt == null) missing.push('Tx antenna gain');
}
if (enabled.includes('rss60')) {

if (Gr60 == null) missing.push('Rx gain Chl');

if (L60 == null) missing.push('System loss Chl"'");
}
if (enabled.includes ('rss40')) {

if (Gr40 == null) missing.push('Rx gain Ch2'");

if (L40 == null) missing.push('System loss Ch2'");
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}

if (missing.length) {
alert ("Enter all link-budget parameters:\n${missing.join (', ')} );
return false;

const exp = getExp();
const budget = {
Pt: Pt ?? null,
Gt: Gt ?? null,
}i
if (enabled.includes('rss60')) {
budget.rss60 = { Gr: Gr60, Lsys: L60 };
}
if (enabled.includes('rss40')) {
budget.rss40 = { Gr: Gr40, Lsys: L40 };
}
exp.budget = budget;
return true;
}
// Enable/disable distance input fields based on enabled channels and
whether the experiment is running.
function setDistancelInputsEnabled (enabled) {
Object.entries (CHANNEL UI).forEach(([channel, { distanceInputId }]) => {
const el = document.getElementById(distanceInputId) ;
if ('el) return;
const allow = enabled && isChannelEnabled (channel) ;
el.disabled lallow;

1)

}
// Enable/disable budget input fields based on whether the experiment is

running and channel visibility.
function setBudgetInputsEnabled (enabled) {
["txPowerDbm', 'txGainDbi'].forEach (id => {
const el = document.getElementById(id) ;
if (el) el.disabled = !enabled;
});
Object.entries (CHANNEL UI).forEach(([channel, { gainInputId, lossInputId
P => |
[gainInputId, lossInputId].forEach (id => {
const el = document.getElementById(id) ;
if (!el) return;
const allow = enabled && isChannelEnabled (channel);
el.disabled = l!allow;
|
) ;
}

// Clear distance input fields and reset Distance values

function clearExperimentInputsOnEnter () {
const inputEl = document.getElementById('expId');
if (inputEl) inputEl.value = '';
Object.entries (CHANNEL UI).forEach(([channel, { distancelInputId }]) => {
const el = document.getElementById(distanceInputId) ;
if (el) el.value = '';
Distance[channel] = null;

)i

// Enable all inputs when experiment is not active.
setDistancelInputsEnabled (true) ;
setBudgetInputsEnabled (true) ;
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}
// Show/hide channel block based on channel visibility and enable/disable

based on experiment state.
function applyChannelVisibilityExperiment () {
if (!document.body.classList.contains('is-experiment')) return;
const combined = document.getElementById('combinedBlock');
combined?.classList.add ('hidden"') ;
if (window.Plotly?.purge) {
Plotly.purge ('combinedPlot"') ;
}
Object.entries (CHANNEL UI).forEach(([channel, { blockId }]) => {
const block = document.getElementById(blockId);
if (!'block) return;
block.classList.toggle('hidden', !isChannelEnabled (channel));

1)

const running = isStreaming();
setDistancelInputsEnabled (! running) ;
setBudgetInputsEnabled (!running) ;

}

// and applying experiment-specific UI adjustments.

export function onChannelVisibilityChange () {
if (!document.body.classList.contains('is-experiment')) return;
applyChannelVisibilityExperiment () ;
drawExperimentArrays (getEnabledChannels () ) ;

relayoutExperimentFullSpan (getEnabledChannels (), {
isStreaming: isStreaming(),
latestDataTs

)
renderVisibleTables (getEnabledChannels ()) ;

[/ —mmmmm Export link helpers —-———-—-—-———----————-
// Update the export link and button state based on whether there is a
valid experiment to export.
function updateExportLink (exp) {
if (!exportBtn) return;
if (lexp || lexp.id) {
setExportDisabled (true) ;
exportBtn.href = "#';
exportBtn.removeAttribute ('download') ;
return;
}
const safeld = String(exp.id).trim().replace(/\s+/g,"' ");
exportBtn.href =
‘/api/experiments/${encodeURIComponent (exp.1id) }/download’;
exportBtn.download = "${safeld}.csv ;
}
// Enable/disable the export button
function setExportDisabled(disabled) {
if (!exportBtn) return;
exportBtn.classList.toggle ('disabled', !!disabled);
exportBtn.setAttribute ('aria-disabled', disabled ? 'true' : 'false');
if (disabled) {
exportBtn.removeAttribute ('href'");
exportBtn.removeAttribute ('download') ;
}

}
// Bpply the export button state based on whether there is a finished

experiment available.
async function applyExportRule () {

// Handle changes in channel visibility by redrawing plots, updating tables
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if (!exportBtn) return;
if (currentExp && currentExp.end) { setExportDisabled(false); return; }
setExportDisabled (true) ;
}
/] ——mmm—— Modal helpers —--——-—-—————————————
function openExpModal () {
if (!expModal) return;
expModal.classList.remove ('hidden') ;
expModal.setAttribute ('aria-hidden', 'false');
loadExperimentsIntoModal () ;
}
function closeExpModal () {
if (!'expModal) return;
expModal.classList.add ('hidden') ;
expModal.setAttribute ('aria-hidden', 'true');

}

function fmtDt(s){ try { return s ? new Date(s).tolLocaleString() : '-=-'; 1}
catch { return s||'-=-"'; } }
// Load the list of experiments from the server
async function loadExperimentsIntoModal () {
if (!expTableBody || !expModalEmpty || !expTable) return;
expTableBody.innerHTML = '';

expModalEmpty.classList.add ('hidden') ;
expTable.classList.add ('hidden') ;

try {
const exps = await expList();
if ('exps || !exps.length) {
expModalEmpty.textContent = 'No experiments found.';
expModalEmpty.classList.remove ('hidden') ;
return;

}
// Sort experiments by modification time
exps.slice ()
.sort((a,b) => new Date(b.mtime || 0) - new Date(a.mtime || 0))
.forEach (exp => {
const tr = document.createElement ('tr');
tr.innerHTML =
<td>${exp.id || '"--'"}</td>
<td>${fmtDt (exp.mtime) }</td>
<td>${ (exp.size bytes ?? 0).toLocaleString()} bytes</td>
<td>
<button class="btn btn--modal action-btn use-exp" data-
id="${exp.id}">Use</button>
<button class="btn btn--modal action-btn danger del-exp" data-
id="${exp.id}">Delete</button>
</td>";
expTableBody.appendChild (tr) ;
1)
expTable.classList.remove ('hidden') ;
} catch {
expModalEmpty.textContent = 'Failed to load experiments.';
expModalEmpty.classList.remove ('hidden') ;

}

[/ mmmmmm Import CSV Files —————————————————
importBtn?.addEventListener ('click', () => importInput?.click());
importInput?.addEventListener ('change', async () => {

const file = importInput.files?.[0];

if (!file) return;

importInput.value = '';

if (!file.name.tolLowerCase () .endsWith('.csv')) {
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alert ('Please select a CSV file.');
return;

}

const suggested = (file.name.replace(/\.csvS/1i, '"') ||
'experiment') .trim() ;

let id = prompt ('Enter an ID for this experiment:', suggested);
if (id === null) return;

id id.trim();

if (!'id) {
alert ('Experiment name is required.');
return;

}
const buildFormData = () => {
const fd = new FormData() ;
fd.append('file', file, file.name);
fd.append('exp id', id);
return fd;
}i
let overwrite = false;
while (true) {
let resp;
try {
resp = await expImportCsv (buildFormbData (), { overwrite });
} catch {
alert ('Failed to import CSV. Please check your connection and try
again.');
return;
}
if (resp.status === 409) {
let payload = null;
try { payload = await resp.json(); } catch (e) { /* ignore */ }
const confirmMsg = payload?.error ? "${payload.error} Overwrite it?"
'An experiment with this ID already exists. Overwrite 1it?';

if (confirm(confirmMsg)) {
overwrite = true;
continue;

}

return;

}
if (!resp.ok) {

const text = await resp.text().catch(() => '");
alert (text ? "Failed to import CSV: ${text}  : 'Failed to import
CSVv.");
return;
}
try |
await loadExperimentsIntoModal () ;
} catch {}
alert ("CSV imported successfully as "${id}".");
return;
}
)
[/ —mmmmmmmmm— - Charts —--=—=—---=---=—---—-
function onUnitsChangedExperiment () {
if (!document.body.classList.contains ('is-experiment')) {
return;

}
redrawExperimentOnUnitsChanged (getEnabledChannels()) ;
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// Parse the data arrays for active channels and redraw the plots with
appropriate units.
function onSensorUpdate (data) {
if (!'currentExp || currentExp.end || currentExp.paused) return;
const ts = new Date (data.timestamp) ;
latestDataTs = ts;
const tsText = ts.tolLocaleString();
const vals = {};
// Read the incoming detector values for each channel and store them.
if (Object.prototype.hasOwnProperty.call (data, 'zx47 60')) {
vals.rss60 = numericOrNaN (data.zx47 60);
}
if (Object.prototype.hasOwnProperty.call (data, 'zx47 40')) |
vals.rss40 = numericOrNaN (data.zx47 40);
}
Object.keys (vals) .forEach (k => {

if (!isChannelEnabled(k)) return;

const def = SERIES[k], st = S[k], v = vals[k];
if (!def || !Number.isFinite(v)) return;

if (!st.yVolt) st.yVolt = [];

(
if (!st.yDbm) st.yDbm
if (!st.dist) st.dist =
(
(

— — |l
—
~

if (!st.freq) st.freq =
if (!st.pl) st.pl = [];

const dbm = Calibration.toDbmWithSnapshot (EXP SNAPSHOT, k, v);

const vShow = Calibration.enabled ? (Number.isFinite (dbm) ? dbm : NaN)

\2

st.x.push(ts);

st.yVolt.push (v);

st.yDbm.push (Number.isFinite (dbm) ? dbm : NaN);

st.dist.push (Distancel[k] ?? null);

st.freq.push (EXP_FREQ MHz ?? null);

const budget = currentExp?.budget;

const pl = (budget && budget[k] && Number.isFinite (+dbm))

? (budget.Pt + budget.Gt + budget[k].Gr - budget[k].Lsys - dbm)

NaN;

st.pl.push (Number.isFinite (pl) ? Math.round(pl*10)/10 : "");

const unit = Calibration.enabled ? 'dbm' : 'volt';
const gd = document.getElementById(def.plotId);
if (!'gd || !'gd.data || 'gd.data.length ||

!Array.isArray(gd.data[0]?.y)) |
newPlotWithUnit (def, [{

x: [ts], y: [vShow], type: 'scatter', mode: 'markers', connectgaps:
false, marker: { size: 4, color: def.color },
name: 'RSS', fill: 'none'
}1, unit);

return; // next message will use extendTraces

}

Plotly.extendTraces (def.plotId, { x: [[ts]], y: [[vShow]] }, [0]);
)
relayoutExperimentFullSpan (getEnabledChannels (), {

isStreaming: isStreaming(),

latestDataTs
)
renderVisibleTables (getEnabledChannels ()) ;
// Update the latest value display for each active channel in the UI.
Object.keys (vals) .forEach (k => {
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if (!isChannelEnabled(k)) return;
const v = vals[k];
renderLatestReading (

k,

v,

tsText,

(rawValue, channelKey) => (

Calibration.enabled
? Calibration.toDbmWithSnapshot (EXP SNAPSHOT, channelKey,
rawValue)
rawValue

// ————————————— Load a Finished Experiment —-----——---——-—-—-—-
async function loadFinishedExperiment (id) {
Analysis.setAvailability(false);
Analysis.resetForNewExperiment () ;
clearAllTables () ;
try {
const parsed = await expLoadParsed(id);

window.currentExp = window.currentExp || {};
window.currentExp.freqMHz = +parsed.fregMHz;
currentExp = window.currentExp;

["rss60', 'rss40'] .forEach (k => {
S[k].x = parsed.byDevice[k].x.map (ms => new Date (ms));
S[k].yVolt = parsed.byDevicelk].vVolt;
S[k].yDbm = parsed.byDevicel[k].vDbm;
S[k].dist = parsed.byDevicel[k].vDist;
S[k].freq = parsed.byDevicelk].vFreq;
S[k].pl = parsed.byDevice[k].VPL;

latestDataTs = null;
onChannelVisibilityChange () ;
applyChannelVisibilityExperiment () ;
Analysis.setAvailability (true);
return;

} catch () |
throw new Error('csv could not be loaded');

}
// ———————— Mode API - ————————————————
// Enter the experiment mode. Set up the UI, attach MQTT listeners and
prepare to start an experiment.
export async function enter () {
document .body.classList.add ('is-experiment') ;
Analysis.setExperimentMode (true) ;
if (panel) panel.classList.remove ('hidden') ;
clearExperimentInputsOnEnter () ;
document.getElementById ('timeRange')?.setAttribute ('disabled', 'true');

if (!plotsInited) { initPlots(); plotsInited = true; }

currentExp = null;
window.currentExp = null;
EXP FREQ MHz = null;
window.EXP FREQ MHz = null;
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showFormMode () ;
clearAllSeries () ;
clearAllTables () ;
onChannelVisibilityChange () ;
applyChannelVisibilityExperiment () ;
detachMgtt () ;
startMgttConnection () ;
if (!expDetachStatus) {

expDetachStatus = attachStatusFromMgtt () ;
}

window.addEventListener ('units-changed', onUnitsChangedExperiment) ;

window.handleTableToggle = (key) => {
if (!document.body.classList.contains('is-experiment')) return;
renderTable (key) ;
// resize plot when table is shown/hidden
const plotEl = document.getElementById(SERIES[key].plotId);
if (plotEl && window.Plotly) setTimeout (() =>
Plotly.Plots.resize (plotEl), 0);
}i
}
// Exit the experiment mode. Clean up the UI, detach MQTT listeners and
reset state.
export async function exit () {
document .body.classList.remove ('is-experiment') ;
Analysis.setExperimentMode (false) ;
Analysis.setAvailability(false);
if (panel) panel.classList.add('hidden');
if (!isExperimentActive()) {
setDistancelInputsEnabled (true) ;
}
delete window.handleTableToggle;
detachMagtt () ;
if (expDetachStatus) {
expDetachStatus () ;
expDetachStatus = null;
}

window.removeEventListener ('units-changed', onUnitsChangedExperiment) ;

[/ —mmmmm e Panel events -----------—---—-
// Handle the export button click.
exportBtn?.addEventListener ('click', (e) => {

if (exportBtn.classList.contains('disabled')) {

e.preventDefault () ;
alert ('No completed experiment available for export.');
return;

}

1) i
// Check if an experiment with the given id already exists by listing the
experiments from the server.
async function experimentIdExists (id) {
try {
const exps = await expList();
const safeld = id.replace(/["\w.-]1+/g, ' ");
return exps.some (e => e && String(e.id || "'
} catch { return false; }

) .trim() === safeld);

}
// Handle the start button click. Validate inputs, set up the experiment

state,
// attach MQTT listeners and start recording data
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startBtn?.addEventListener ('click', async () => {
const id = idInput.value.trim();
if (!id) { alert('Please enter a name for the experiment.'); return; }

if (await experimentIdExists (id)) {
alert ('An experiment with this name already exists. Please choose a
different ID.'):;
return;
}
if (!Calibration.activeFregMHz) {
alert ('Activate a calibration profile before starting an experiment.');

return;
}
if (!readAndSetDistancesOrAlert ('starting')) return;
if (!readAndSetBudgetOrAlert()) return;

setBudgetInputsEnabled (false);

const safeld = id.replace(/["\w.-]+/g, ' ")
currentExp = {
. (window.currentExp || {}),

id: safeld,
start: new Date().toISOString(),
end: null,
paused: false,
}i
window.currentExp = currentExp;
try {
pauseBtn && (pauseBtn.disabled = false, pauseBtn.textContent =
'Pause') ;
showRunningMode (currentExp) ;
setExportDisabled (true) ;
updateExportLink (null) ;
applyExportRule () ;
clearAllSeries();
clearAllTables () ;

updateExperimentFrequency () ;

drawExperimentArrays (getEnabledChannels ()) ;
// create a comment with experiment info for the csv
const expInfo = (() => {

const snapshot = EXP SNAPSHOT.fregMHz != null

? { fregMHz: EXP SNAPSHOT.fregMHz }
RS
const budget = currentExp?.budget || null;
if (budget) snapshot.budget = budget;
return Object.keys (snapshot) .length ? snapshot : null;
PO
csv = new CsvRecorder ({
filename: "${safeld}.csv’,
header:
['timestamp', 'device', 'volt', 'dbm', 'freqg mhz','a','b', 'distance m', 'path lo
ss db'],
comment: expInfo ? [ #exp-info:${JSON.stringify (expInfo)} ] : [],
)
csv.start () ;
attachMgtt () ;
} catch (err) {
alert (err.message || 'Failed to start experiment');
}
)

// Handle the pause button click. Toggle between paused and running states.

117



pauseBtn?.addEventListener ('click', async () => {

if (!currentExp || currentExp.end) return;
if (currentExp.paused) {
if (!readAndSetDistancesOrAlert ('resuming')) return;

currentExp.paused = false;
updateExperimentFrequency () ;
showRunningMode (currentExp) ;
} else {
currentExp.paused = true;
showPausedMode (currentExp) ;
}
window.currentExp = currentExp;
applyExportRule () ;
1)
// Handle the stop button click. Finalize the experiment data,
// upload the CSV to the server, reset the UI and update the export link.
stopBtn?.addEventListener ('click', async () => {
if (!'confirm('Stop the current experiment?')) return;
try {
if (csv && currentExp) {
const out = csv.stop();
if (out && currentExp.id) {
const fd = new FormData () ;
fd.append ('file', out.blob, “${currentExp.id}.csv’);
fd.append('exp id', currentExp.id);

try {
const resp = await expUploadCsv (currentExp.id, fd);
if (!'resp.ok) await resp.text().catch(()=> "'");

} catch {}

}
csv = null;
}
currentExp.end = new Date () .toISOString();
latestDataTs = null;
detachMgtt () ;
resetExperimentForm() ;
updateExportLink (currentExp) ;
setExportDisabled(false);
setStatusText ( Finished: ${currentExp.id || '(no id)'}");
Analysis.setAvailability (true);
} catch (err) {
alert (err.message || 'Failed to stop experiment');

/] —mmmmmm Browse Modal wiring --—--—--——-—-———-——-—-
browseBtn?.addEventListener ('click', openExpModal) ;
expModalClose?.addEventListener ('click', closeExpModal) ;
// Close the browse modal when clicking outside the content area
expModal?.addEventListener ('click', (e) => {
if (e.target === expModal || e.target.classList.contains ('modal-
backdrop')) closeExpModal () ;
});
// Handle clicks on the experiment list in the modal for loading or
deleting experiments.
expTableBody?.addEventListener ('click', async (e) => {
const useBtn = e.target.closest ('.use-exp');
const delBtn = e.target.closest('.del-exp');
if (useBtn) {
const i1id = useBtn.dataset.id;
const nextExp = { id, end: new Date().toISOString(), paused: false };
currentExp = nextExp;
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window.currentExp = nextExp;

updateExportLink (nextExp) ;
setExportDisabled(false);
applyExportRule () ;
detachMgtt () ;
resetExperimentForm() ;
closeExpModal () ;
setStatusText ( Loaded: ${id} ) ;

try {
await loadFinishedExperiment (id) ;

} catch (e) {
alert('Failed to load experiment data.');
return;

}
if (delBtn) {
const id = delBtn.dataset.id;

if (!id) return;
if (!confirm('Delete this experiment? This cannot be undone.')) return;
try {

const resp = await expDelete (id);
if (!'resp.ok) {

const err = await resp.json().catch(()=>({error:'Failed to
delete'}));

alert(err.error || 'Failed to delete experiment.');

return;

}
if (exportBtn?.href.includes(id)) updateExportLink (null);
await loadExperimentsIntoModal () ;
if (currentExp && currentExp.id === id && currentExp.end) {
currentExp = null;
clearAllSeries () ;
drawExperimentArrays (getEnabledChannels () ) ;
clearAllTables () ;
}
} catch { alert('Failed to delete experiment.'); }
}
)
// Initial panel state
exportBtn?.classList.remove ('hidden') ;
setExportDisabled (true) ;

Apyeio mqttConnection.js

// mgttConnection.js - Bridge between MQTT messages and in-browser events
for live/experiment modes

const DEV A = window.MQTT DEV A || 'esp32 60';
const DEV B = window.MQTT DEV B || 'esp32 40';
// Map MQTT device identifiers to channel keys
function deviceToChannel (device) {

if (device === DEV A) return 'rss60';

if (device === DEV B) return 'rss40';

return null;
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// Connect to MQTT broker as client and set up topic subscriptions and
message handling
export function startMgttConnection() {
const url = window.MQTT URL;
const topicData = window.MQTT TOPIC;
const topicState = 'home/rfdetector/+/status';
if (lurl || !'topicDhata || 'window.mgtt) {
return;
}
const existing = window. mgttClient;
if (existing && !existing.disconnected) {
return existing;

}

const client = window.mgtt.connect (url, { keepalive: 25, reconnectPeriod:
1000 });
window. mgttClient = client;

client.on('connect', () => {
client.subscribe (topicData, { gos: 0 });
client.subscribe (topicState, { gos: 0 });
window.dispatchEvent (new CustomEvent ('mgtt:conn', { detail: {
connected: true }}));
1)
client.on('reconnect', () => {
window.dispatchEvent (new CustomEvent ('mgtt:conn', { detail: {
reconnecting: true }}));
1)
client.on('close', () => {
window.dispatchEvent (new CustomEvent ('mgtt:conn', { detail: {
connected: false }}));
window. mgttClient = null;
1)
client.on('message', (t, payload) => {
const parts = String(t || '').split('/');
const dev = parts[2];
const leaf = parts[3];

if (dev !== DEV A && dev !== DEV B) return;

if (leaf === 'status') {
const s = payload.toString().trim() .toLowerCase();
const online = (s === 'online');

window.dispatchEvent (new CustomEvent ('mgtt:status', {
detail: { device: dev, online }

1)

return;

}

if (leaf === 'voltage') {
const value = Number (payload.toString().trim());
if (!Number.isFinite(value)) return;

window.dispatchEvent (new CustomEvent ('mgtt:value', {
detail: { device: dev, value, ts: Date.now() }

// Subscribe to normalized mgtt:value samples used by live/experiment
modes.

// Returns a detach function.

export function subscribeMgttValues (onSample, { ensureConnection = true } =

{1 |

120




if (typeof onSample !== 'function') return () => {};
if (ensureConnection) startMgttConnection();

const listener = (ev) => {
const { device, value, ts } = ev.detail || {};
if (typeof value !== 'number' || !device) return;

const channelKey = deviceToChannel (device) ;
if (!channelKey) return;
const epoch = ts || Date.now();
onSample ({

device,

channelKey,

value,

ts: epoch,
timestamp: new Date (epoch) .toISOString()
)
}i

window.addEventListener ('mgtt:value', listener);
return () => window.removeEventListener ('mgtt:value', listener);

Apyeio modeManager.js

// core/modeManager.js - Mode registry and switching controller
export const ModeManager = {

current: null,

modes: {1},

register (name, mod) { this.modes[name] = mod; 1},
async switchTo (name) {
if (name === this.current) return;

if (this.current && this.modes[this.current]?.exit) {
awailt this.modes[this.current].exit();

}

this.current = name;

if (this.modes[name]?.enter) {
awailt this.modes[name].enter();

Apyeio state.js

// core/state.js - Application state management
// Contains global state variables and calibration profile management
import { calGetProfiles } from './api.Jjs';

[/ === Plotting Series Definitions --————-—-———---
export const YRANGE = Object.freeze({ volt: [0,3], dbm: [-70, 101 });
export const SERIES = {

rss60: |

plotId: 'rss60Plot',

title: 'Received Signal Strength',
yTitle: 'Voltage (V)',

color: '#3E51D6',
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liveEl: 'rsso60',

liveTsEl: 'rss60Timestamp',

tableBody: 'rss60TableBody',

fmt: v => v == null || isNaN(v) ? '--' : v.toFixed(2),
bo
rss40: {

plotId: 'rss40Plot',

title: 'Received Signal Strength',
yTitle: 'Voltage (V)',

color: '#8F46B3',

liveEl: 'rss40',

liveTsEl: 'rss40Timestamp',
tableBody: 'rss40TableBody',
fmt: v => v == null || isNaN(v) ? '-=-' : v.toFixed(2),
}
}s
export const Distance = { rss60: null, rss40: null, };

export const S = Object.fromEntries(Object.keys (SERIES) .map(k => [k, { x:

(1, vy [1 }1))>
export const SERIES KEYS = Object.freeze (Object.keys (SERIES))

/] === Calibration Profile Management —--—----———---—-
const CALIBRATION ACTIVE KEY = 'calibration active'; // { fregMHz:
number |null, unit: 'volt'|'dbm' }
// Read/write active profile to localStorage
function readActiveProfile() {
try { return JSON.parse (localStorage.getItem(CALIBRATION ACTIVE KEY)) ||
null; }
catch { return null; }

}

function writeActiveProfile({ freqMHz = null, unit = 'volt' } = {}) {
const payload = { fregMHz: Number.isFinite (+freqMHz) ?
Math.round (+fregMHz) : null,
unit: unit === 'dbm' ? 'dbm' : 'volt' };

try { localStorage.setItem(CALIBRATION ACTIVE KEY,
JSON.stringify(payload)); } catch {}

return payload;
}

// Calibration management object

export const Calibration = {
enabled: false, // toggle globally (UI sets this)
activeFregMHz: null, // current frequency (User sets this)
profiles: {}, // { [fregMHz]: { rss60:{a,b}, rssd40:{a,b} } }

// Load profiles from server and set active profile from localStorage if
a valid one exists

async initFromServer () {
try |

const profilesResp = await calGetProfiles();

this.profiles = profilesResp?.profiles || {};

// active comes from localStorage (per client) but must also exist in
profiles

const local = readActiveProfile() || { fregMHz: null, unit: 'volt' };

const localFreq = Number.isFinite(+local.fregMHz) °?
Math.round (+local.fregMHz) : null;

const prof = localFreqg != null ? this.profiles?.[String(localFreq)]
null;

const hasBothCoeffs = !!(
prof
&& Number.isFinite (prof?.rss60?.a) &&
Number.isFinite (prof?.rss607?.Db)
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&& Number.isFinite (prof?.rss40?.a) &&
Number.isFinite (prof?.rss40?.b)
)7
this.activeFregMHz = hasBothCoeffs ? localFreg : null;
this.enabled = hasBothCoeffs && (local.unit === 'dbm');
writeActiveProfile ({ freqMHz: this.activeFregMHz, unit: this.enabled
? 'dom' : 'volt' });
window.dispatchEvent (new CustomEvent ('calibration-loaded', {
detail: { fregMHz: this.activeFreqMHz, unit: this.enabled ? 'dbm'
'volt' }
P
} catch {}
by
// Set enabled/disabled state and update localStorage
setEnabled(on) {
this.enabled = !!on;
writeActiveProfile ({ freqMHz: this.activeFregMHz, unit: this.enabled ?
'dobm' : 'volt' });
window.dispatchEvent (new CustomEvent ('units-changed', {
detail: { unit: this.enabled ? 'dbm' : 'volt' }
1))

by
// Set active frequency and update localStorage

setActiveFreqg (mhz) {

const f = Number.isFinite (+mhz) ? Math.round(+mhz) : null;
this.activeFregMHz = £f;
writeActiveProfile ({ fregMHz: f, unit: this.enabled ? 'dbm' : 'volt'

});

window.dispatchEvent (new CustomEvent ('calibration-updated', { detail: {
fregMHz: £ } }));
by
// Add or update a calibration profile
updatelLocalProfile (fregqMHz, { rss60, rss40 }) {
const £ = Number (fregMHz) ;

if (!Number.isFinite(f)) return;
const key = String(Math.round(f));
const existing = this.profileslkey] || {}:
this.profileslkey] = {
...existing,

. (rss60 ? { rsso0 } : {}),
. (rssd40 ? { rss40 } {1,
i
by
// Get calibration coefficients for active frequency
getCoeffs (kind) {
if (!this.activeFregMHz) return null;
const prof = this.profiles[String(this.activeFreqMHz) ];
return prof ? (proflkind] || null) : null;
b
// Check if calibration coefficients exist for active frequency
hasCoeffs (kind) {
const ¢ = this.getCoeffs (kind);
return !!(c && Number.isFinite(c.a) && Number.isFinite(c.b)):;
b
// Check if both rss60 and rss40 coefficients exist for active frequency
hasActiveProfileForBoth () {
return this.hasCoeffs('rss60') && this.hasCoeffs('rss40');
b
// Convert voltage to dBm using active profile
toDbm (kind, v) {
const ¢ = this.getCoeffs (kind);
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const n = Number (v) ;

if (!'c || !'"Number.isFinite(n)) return NaN;

const raw = c.a * n + c.b;

return Math.round(raw * 100) / 100;
b
// Get the active calibration profile parameters
getActiveProfile (fregMHz) {

const £ = Number.isFinite (+fregMHz) ? Math.round(+freqMHz)

this.activeFreqgMHz;

const prof = this.profiles?.[String(f)] || {};
const snap = {
fregMHz: £ || null,
devices: {
rss60: prof.rss60 && Number.isFinite(prof.rss60.a) &&
(

Number.isFinite (prof.rss60.b) ? { a: +prof.rss60.a, b: +prof.rss60.b }
null,
rss40: prof.rss40 && Number.isFinite (prof.rss40.a) &&
Number.isFinite (prof.rss40.b) ? { a: +prof.rssd40.a, b: +tprof.rss40.b }
null,
}
}i
return Object.freeze (snap);
by
// Convert voltage to dBm using provided snapshot
toDbmWithSnapshot (snapshot, deviceKey, volt) {
const d = snapshot?.devices?. [deviceKey];
const v = Number (volt);
if (!'d || !'"Number.isFinite(d.a) || !Number.isFinite(d.b) ||
'Number.isFinite(v)) return NaN;
const raw = d.a * v + d.b;
return Math.round(raw * 100) / 100;
by
)i

Apyeio plot.js

// core/plot.js - Plotting utilities for RSS data visualization & table
rendering
import { SERIES, S, SERIES KEYS, YRANGE, Calibration } from './state.js'

~.

// Layout generation based on units

export function makelayout (def, {unit = 'volt'}={} ) {
let chosenY;
if (unit === 'dbm') {
chosenY = {
type: 'linear',
autorange: false,
range: [...YRANGE.dbm],

title: 'Input Power (dBm)',
}i

} else if (unit === 'volt') {
chosenY = {
type: 'linear',
autorange: false,
range: [...YRANGE.volt],
title: def.yTitle || 'Voltage (V) ',
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return {

margin: { t: 60, 1: 70, r: 40, b: 80 1},
plot bgcolor: '"#131927',
paper bgcolor: '#131927',
font: { size: 12, family: 'Roboto, sans-serif', color: "#f0f0f0' 1},
legend: { x: 1, y: 1, xanchor: 'right', vyanchor: 'top', bgcolor:
'rgba (180,180,180,0.2)"', font: { family: 'Roboto, sans-serif', size: 12 }
b
showlegend: true,
title: { text: def.title, font: { family: 'Roboto, sans-serif', size:
22} ),
yaxis: { ...chosenY, showgrid: true, gridcolor: 'rgba(68,68,68,0.6)",
tickfont: { size: 12 }, titlefont: { size: 16 } },
xaxis: { title: 'Time', type: 'date', tickformat: '$H:%M:%S',
hoverformat: 'S$H:%M:%S', showgrid: true, gridcolor: 'rgba(68,68,68,0.6)",
tickangle: -45, automargin: true, nticks: 20, tickfont: { size: 10 },
titlefont: { size: 16 } },
uirevision: “fixed-${unit}-${def.plotlId || 'plot'}",
}i
}
// Main trace generator
export function mainTrace (def, state) ({
return {
X: state.x, y: state.y, type: 'scatter', mode: 'lines',
connectgaps: false,
line: { width: 2, color: def.color, shape: 'linear' },
name: def.legend || def.title,
showlegend: true,
fill: '"none'
}i
}
// Initialize plots for all series
export function initPlots() {
Object.keys (SERIES) .forEach (k => {
const def = SERIES[k];
const traces = [ mainTrace (def, S[k]) 1;
Plotly.newPlot (def.plotId, traces, makelLayout(def), { responsive: true,
displaylogo: false, doubleClick: 'reset' });
ensureUnitResetHandler (def.plotId);
)
}
// Get last timestamp from series
export function lastTs (state, fallbackDate=null) {
return state.x.length ? state.x[state.x.length - 1] fallbackDate;
}
export const GAP MS = 2 000;
// Insert gap in data if time difference exceeds threshold
export function maybeBreak (plotlId, state, ts, tracelIndex = 0) {
if (!state.x.length) return;
const last = state.x[state.x.length - 1];
if (ts - last > GAP MS) {
state.x.push(ts); state.y.push(null);
Plotly.extendTraces (plotId, { x: [[ts]], y: [[null]] }, [tracelndex]);
}
}
// Trim old data from series
export function trimOld(state, refTime, ms) {
const cutoff = refTime.getTime () - ms;

(state.x.length && state.x[0].getTime ()
state.y.shift ();

while
state.x.shift ();

< cutoff) {
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}
// Relayout plots to show data within specified time window
export function relayoutWindowAll (minutes, keys = SERIES KEYS) {
const targets = Array.isArray(keys) && keys.length ? keys : SERIES KEYS;
targets.forEach ((k) => {
const def = SERIES[k];
const st = S[k];
if (!def || !st || 'Array.isArray(st.x) || !st.x.length) return;
const end = lastTs(st);
if (!end) return;
const start = new Date(end.getTime() - minutes * 60 _000);
Plotly.relayout (def.plotId, { 'xaxis.range': [start, end] });
})
}
// Redraw experiment plots for the provided channel keys using the current
unit.
export function drawExperimentArrays(keys = SERIES KEYS) {
const targets = Array.isArray(keys) && keys.length ? keys : SERIES KEYS;
const unit = Calibration.enabled ? 'dbm' : 'volt';
targets.forEach ( (k) => {
const def = SERIES[k];
const st = S[k];

if (!def || !st) return;
const ys = unit === 'dbm' ? (st.yDbm || []) : (st.yVolt || []);
const traces = [{

x: st.x || [1,

Y: YSy

type: 'scatter',

mode: 'markers',

connectgaps: false,
marker: { size: 4, color: def.color },
name: 'RSS',
fill: 'none'
11
newPlotWithUnit (def, traces, unit);
1)
}
// Relayout experiment plots to the full data span, with optional streaming
clamp.
export function relayoutExperimentFullSpan (keys = SERIES KEYS, {
isStreaming = false, latestDataTs = null } = {}) {
const targets = Array.isArray(keys) && keys.length ? keys : SERIES KEYS;

const allX = targets.flatMap((k) => S[k]l?.x || []);

if (!'allX.length) return;

const start = allX.reduce((a, b) => (a < b ? a : b));

const datakEnd = allX.reduce((a, b) => (a > b ? a : b));

const shouldClamp = isStreaming && latestDataTs instanceof Date;

const end = shouldClamp && datakEnd > latestDataTs ? latestDataTs
dataEnd;
targets.forEach ( (k) => {
const def = SERIES[k];
if (!'def) return;
Plotly.relayout (def.plotId, { 'xaxis.range': [start, end] });
1) i
}
// Replot experiment traces when units change and refresh visible tables.
export function redrawExperimentOnUnitsChanged (keys = SERIES KEYS) {
const targets = Array.isArray(keys) && keys.length ? keys : SERIES KEYS;
drawExperimentArrays (targets) ;
renderVisibleTables (targets) ;

}
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// Parse numeric value or return NaN
export function numericOrNaN (v) {
const n = parseFloat(v);
return Number.isFinite(n) ? n : NaN;
}
// Combined traces for both series
export function combinedMainTraces (SERIES) {
const t60 = {
x: [], y: [], type:'scatter', mode:'lines',
name: '7ZX47-60', line: { width: 2, color: SERIES.rss60.color },
connectgaps: false
}i
const t40 = {
x: [], y: [], type:'scatter', mode:'lines',
name: '7ZX47-40', line: { width: 2, color: SERIES.rss40.color },
connectgaps: false
}i
return [te60, t40];
}
// Render latest numeric readout & timestamp for a channel.
export function renderLatestReading(channelKey, rawValue, tsText,
toDisplayValue,
{ updateTimestampOnInvalid = true } = {}) {
const id = SERIES[channelKey]?.liveEl;
if (!id) return;
const el = document.getElementById(id) ;
if ('el) return;

if (!Number.isFinite (rawValue)) {
el.textContent = "'--";
if (!updateTimestampOnInvalid) return;
} else {
const displayValue = toDisplayValue (rawValue, channelKey);
el.textContent = Number.isFinite (displayValue) ?
displayValue.toFixed(2) : '-=-';
}
const tsId = SERIES[channelKey]?.liveTsEl;
if (!'tsId) return;
const tsEl = document.getElementById(tsId);
if (tsEl) tsEl.textContent = tsText;

[/ === Table Helpers ——-————————————————————————————
// Render table for a specific series
export function renderTable (kind, limit = 200) {

const def = SERIES[kind];

const body = document.getElementById(def.tableBody)

if (!body) return;

const xs = S[kind].x || [];

const ys = Calibration?.enabled ? (S[kind].yDbm ?? S[kind].y 2?2 [])
(S[kind] .yVolt 2? S[kind].y ?? []);

body.innerHTML = '';

for (let i = xs.length - 1; 1 >= Math.max (0, xs.length - limit); i--)
const tr document.createklement ('tr');
const yv = ys[i];
tr.innerHTML =
‘<td>${xs[i].toLocaleString () }</td><td>${def.fmt (yv) }</td>";
body.appendChild(tr);

}
}

// Checks which tables are visible and renders them
export function renderVisibleTables (keys = SERIES KEYS) {
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keys.forEach (k => {
const block = document.getElementById(k + 'Block');
if (block?.classlList.contains ('show-table')) renderTable (k);

1)
}

// Clear tables for specified series
export function clearAllTables (keys = SERIES KEYS) {
keys.forEach (k => {

const body = document.getElementById (SERIES[k].tableBody);

if (body) body.innerHTML = '';
});
}
/=== Other Helpers ————————————————————————————
// Clear all data series
export function clearAllSeries() {
SERIES KEYS.forEach (k => {
S[k]l.x = [];
if (S[k]l.y) sSlkl.y = [1;
if (S[k].yVolt) S[k].yVolt = [];
if (S[k].yDbm) S[k].yDbm = [];
if (S[k].dist) S[k]l.dist = [];
if (S[k].freq) S[lk]l.freqg = [];
(s[k].pl) S[k].pl = [1;

if
)i
}

// Ensure reset Y-axis to correct unit
export function ensureUnitResetHandler (plotId) {
const el = document.getElementById(plotId);
if (!el || el. unitResetHooked) return;
el. unitResetHooked = true;
el.on?. ('plotly doubleclick', () => {
const unit = Calibration?.enabled ? 'dbm' : 'volt';
const range = unit === 'dbm' ? [...YRANGE.dbm] : [...YRANGE.volt];
Plotly.relayout (plotId, {
'vaxis.autorange': false,
'vaxis.range': range
1)
return false;
)
}
// Create new plot with specified unit
export function newPlotWithUnit (def, traces, unit) {
const layout = makeLayout (def, { unit });
if (typeof document !== 'undefined' &&
document .body?.classList?.contains ('is-experiment')) {
layout.title = layout.title || {};
layout.title.text = buildExpTitle (def);

}
Plotly.purge (def.plotId);
return Plotly.newPlot (
def.plotId,
traces,
layout,
{ responsive: true, displaylogo: false, doubleClick: 'reset' }
);
}
// Build experiment-specific title for plots
function buildExpTitle (def) {
const exp = globalThis.currentExp;
const 1id = (exp && exp.id) ? ° | S${exp.id}  : '';
const expFreqg = Number (exp?.fregMHz) ;
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const fallbackFreq = Number (globalThis.EXP FREQ MHz) ;
const £ = (Number.isFinite (expFreq) && expFreqg > 0)
? expFreq
(Number.isFinite (fallbackFreq) && fallbackFreq > 0 ? fallbackFreqg
null);
const freq = (f != null) ? ° - ${f} MHz : '';
return "${def.title}${id}${freq} ;

Apyeio channel.js

// core/channels.js - Manages channel visibility state and persistence for
RSS data visualization

const STORAGE KEY = 'rf channels enabled';
const CHANNEL KEYS = Object.freeze(['rss60', 'rssd40']);
const CHANNEL LABELS = Object.freeze ({

rss60: 'Channel 1°',

rss40: 'Channel 2",
)i
// Read stored channel visibility state from localStorage
function readStoredState () {

try {
const raw = localStorage.getlItem(STORAGE KEY) ;
if (!'raw) return null;
const parsed = JSON.parse (raw);
if (parsed && typeof parsed === 'object') {
const state = {};
CHANNEL KEYS. forEach ( (key) => {
state[key] = !!parsedlkey];
b
return state;
}
} catch {}
return null;
}
let state = readStoredState() || { rss60: true, rssd40: true };
// Persist current channel visibility state to localStorage
function persist () {
try {

localStorage.setItem (STORAGE KEY, JSON.stringify (state));
} catch {}
}
// Get a copy of the current channel visibility state
export function getChannelState() {
return { ...state };
}
// Check if a specific channel is enabled
export function isChannelEnabled(channelKey) {
return !!state[channelKey];
}
// Get a list of currently enabled channels
export function getEnabledChannels () {
return CHANNEL KEYS.filter ((key) => !!statelkey]);
}
// Set channel visibility state and persist changes
export function setChannelEnabled(channelKey, enabled) {
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if (!CHANNEL KEYS.includes (channelKey)) return false;
const next = !!enabled;
if ('next) {
const othersEnabled = CHANNEL KEYS
.filter ((key) => key !== channelKey)
.some ( (key) => statelkey]);
if (!'othersEnabled) {
return false;

}
if (state[channelKey] === next) {
return true;

}

state = { ...state, [channelKey]: next };
persist () ;
const detail = { channel: channelKey, enabled: next, state:

getChannelState() };

window.dispatchEvent (new CustomEvent ('channel-visibility-changed', {
detail }));

return true;

}

export { CHANNEL KEYS, CHANNEL LABELS };

Apyeio status.js

// core/status.js - Status badge rendering & MQTT status handling

const STATUS BAR IDS = { 'esp32 60': 'statusBarl',6 'esp32 40': 'statusBar2'
b

// Build a status badge element for a device
export function buildStatusBadge (devLabel, info) {

let state = (info && info.state) ;

if (!['online', 'offline'].includes (state)) state = 'unknown';

const badge = document.createElement ('div');

badge.className = "status-badge status-${state} ;

badge.title = “device: ${devLabel}\nstate: ${state}\n’;

badge.innerHTML = ‘<span class="status-dot"></span><span class="status-

text">${devLabel}: ${state}</span>";
return badge;
}
// Map device IDs to status bar element IDs
export function renderStatusFor (deviceld, info, mapping = STATUS BAR IDS) {
const barId = mapping[devicelId];
const bar = document.getElementById(barId);
if (!bar) return;
bar.innerHTML = '';
bar.appendChild (buildStatusBadge (devicelId, info));
}
// Attach MQTT status listener and render status badges accordingly
export function attachStatusFromMgtt (mapping = STATUS BAR IDS) {
const onStatus = (ev) => {

const { device, online } = ev.detail || {};

if (!device) return;

renderStatusFor (device, { state: online ? 'online' : 'offline' },
mapping) ;

b
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window.addEventListener ('mgtt:status', onStatus);
// cleanup function to remove listener on detach
return () => window.removeEventListener ('mgtt:status', onStatus);

Apyeio api.js

// core/api.js - API client functions for calibration profiles and device
settings

// Get all calibration profiles from the server

export async function calGetProfiles() {
const r = await fetch('/calibration/profiles');
if (!'r.ok) throw new Error('Failed to load profiles');

return r.json(); // { profiles: { "2400": {rss60:{a,b}, rss40:{a,b}},
bl
}
// Save a calibration profile to the server
export async function calSaveProfile({ fregMHz, rss60, rss40 }) {

const r = await fetch('/calibration/profiles', {
method: 'POST',
headers: { 'Content-Type': 'application/json' 1},

body: JSON.stringify({ freqMHz, rss60, rss40 })
1)
if (!'r.ok) throw await r.json().catch(()=>({error:'save failed'}));
return r.json(); // { ok:true, profile: { "2400": { ... } } }
}
// Delete a calibration profile from the server by frequency
export async function calDeleteProfile (freqMHz)
const r = await
fetch (' /calibration/profiles/${encodeURIComponent (fregMHz)} , { method:
'DELETE"' });
if (!r.ok) throw await r.json().catch(()=>({error:'delete failed'})):;
return r.json(); // { ok:true }
}

// get sample rates for all devices from the server

export async function getSampleRates () {
const r = await fetch('/devices/sample-rates');
if (!'r.ok) throw new Error('Failed to load sample rates');

return r.json();
}
// set the sample rate for a specific device on the server
export async function setSampleRate (deviceld, rateHz) {

const r = await fetch( /devices/${encodeURIComponent (deviceld) }/sample-

rate”, {
method: 'POST',
headers: { 'Content-Type': 'application/json' 1},

body: JSON.stringify ({ rateHz })
});

if (!r.ok) throw await r.json().catch(() => ({ error: 'Failed to update
sample rate' }));
return r.json();

}

// list available experiment files/records

export async function expList () {
const r = await fetch('/experiments');
if (!r.ok) throw new Error('Failed to load experiments');

return r.json();
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}

// upload CSV to import endpoint; caller handles status (e.g. 409 overwrite
flow)
export async function expImportCsv (formData, { overwrite = false } = {}) {
return fetch (' /api/experiments/import?overwrite=${overwrite ? '1'
0y, A
method: 'POST',
body: formData
1)
}

// get raw CSV content for a specific experiment id
export async function expGetCsvText (expId) {
const r = await fetch( /experiment-
data?exp id=${encodeURIComponent (expId)} );
if (!r.ok) throw new Error('csv not found');
return r.text();
}
// parse experiment CSV text to structured per-device arrays
function parseExperimentCsvText (text) |

const lines = text.trim().split(/\r?\n/);
let 1 = 0;
while (i < lines.length && lines[i].startsWith('#')) i++;
const header = (lines[i++] || ''").split(',"').map((s) =>
s.trim() .toLowerCase()) ;
const idx = {
ts: header.indexOf ('timestamp'),
dev: header.indexOf ('device'),
volt: header.indexOf ('volt'),
dbm: header.indexOf ('dbm'),
fmhz: header.indexOf ('freq mhz'),
dist: header.indexOf ('distance m'),
pl: header.indexOf ('path loss db'),
}s
const out = {
fregMHz: null,
byDevice: {
rss60: { x: [], vVolt: [], vDbm: [], vDist: [], vPL: [], vFreq: [] },
rss40: { x: [], vVolt: [], vDbm: [], vDist: [], VvPL: [], vFreq: [] },
}
}s
for (; 1 < lines.length; i++) {
const row = lines[i];
if ('row || row.startsWith('#')) continue;
const cols = row.split(',"');
const devRaw = (cols[idx.dev] || "').trim();
const dev = devRaw === 'esp32 60' ? 'rss60' : (devRaw === 'esp32 40' ?
'rss40' : null);
if (!dev) continue;
const t = Date.parse(cols[idx.ts] || '");
if (!Number.isFinite(t)) continue;
out.byDevice[dev] .x.push (t) ;
out.byDevice[dev].vVolt.push (idx.volt >= 0 &&
Number.isFinite (+cols[idx.volt]) ? +cols[idx.volt] : NaN);
out.byDevice[dev].vDbm.push (idx.dbm >= 0 &&
Number.isFinite (+cols[idx.dbm]) ? +4+cols[idx.dbm] : NaN) ;
out.byDevice[dev].vDist.push(idx.dist >= 0 &&
Number.isFinite (+cols[idx.dist]) ? +4cols[idx.dist] : NaN);
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const fm = idx.fmhz >= 0 && Number.isFinite (+cols[idx.fmhz]) ?
+cols[idx.fmhz] : NaN;
out.byDevice[dev] .vFreq.push (Number.isFinite (fm) ? fm : NaN);
if (Number.isFinite (fm) && out.freqMHz == null) out.freqMHz = fm;
out.byDevice[dev].vPL.push (idx.pl >= 0 &&
Number.isFinite (+cols[idx.pl]) ? +cols[idx.pl] : NaN);
}
return out;
}
// fetch and parse experiment CSV by id
export async function exploadParsed(expId) {
const text = await expGetCsvText (expId);
return parseExperimentCsvText (text);
}
// upload finalized experiment CSV for a given id
export async function expUploadCsv (expId, formData) {
return fetch (' /api/experiments/${encodeURIComponent (expId) }/upload”, {
method: 'POST',
body: formData
1)
}
// delete experiment by id
export async function expDelete (expId) {
return fetch (' /experiment/${encodeURIComponent (expId)} ", {
method: 'DELETE'
1)

Apyeio analysis.js

// analysis.js - Path Loss Analysis Module
// Handles computation and plotting of path-loss models and statistics

import {S, SERIES} from './state.js'

import { mean, median, stddev, computeBestFit, generatelLineXs,
computeLogDistanceModel, computelLogDistanceShadowingBand,
fitLogDistanceSlope, } from './statistics.js';

const state = {
buttons: [],
isExperimentMode: false,
isAvailable: false,
activeChannel: null,
initialized: false,
fsplEnabled: false,
bestCurveEnabled: false,
logDistance: {
enabled: false,
panelOpen: false,
params: { dO: null, manualPl0: null, n: null, useFirstPoint: false,
useFsplReference: false, fitN: false, shadowingSigma: 0 },
by
analysisLightTheme: false,
b7
// Some helper functions to access DOM elements and data
function getModal () { return document.getElementById('analysisModal'); }
function getFsplButton() { return document.getElementById('fsplToggle'); }
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function getBestCurveButton() { return
document.getElementById('bestCurveToggle'); }

function getLogDistanceButton() { return
document.getElementById('logDistanceToggle'); }

function getLogDistancePanel () { return
document.getElementById('logDistancePanel'); }

function getFsplSummaryEl () { return
document.getElementById (' fsplSummary'); 1}

function getOlsSummaryE]l () { return document.getElementById('olsSummary') ;
}
function getLogDistanceSummaryEl () { return
document.getElementById('logDistanceSummary'); }

function getTitlelInput () { return document.getElementById('plTitlelInput');
}

function getThemeToggle () { return
document.getElementById('analysisLightThemeToggle'); }
function formatNumber (value, digits = 2) {

return Number.isFinite (value) ? value.toFixed(digits) : '-';
}
function getLogDistanceInputs () {
return {
d0: document.getElementById('logDistanceD0'),
pl0: document.getElementById('logDistancePl0'),
n: document.getElementById('logDistanceExponent'),
useFirst: document.getElementById('logDistanceUseFirst'),
useFspl: document.getElementById('logDistanceUseFsplRef'),
fitN: document.getElementById('logDistanceFitExponent'),
sigma: document.getElementById('logDistanceSigma'),
}i
}
function getAxisValues (
if (!series) return [
return series?.dist |

series) {
1;
I [1;
}
function isValidAxisValue (val) {

return Number.isFinite(val) && val > 0;
}
function getChartElements () {

return [

document.getElementById('plChart rss60'),
document.getElementById('plChart rss40'),

].filter (Boolean) ;
}
function getExperimentFregMHz () {

const raw = window.currentExp?.fregMHz ?? window.EXP FREQ MHz ?2? '';

const num = Number (raw) ;

return Number.isFinite(num) && num > O ? num : null;
}
function buildDefaultTitle() {

const freqVal = getExperimentFregMHz () ;

return "Path Loss vs. Distance at ${formatNumber (freqval, 0)} MHz ;
}
function getChannelColor (channelKey) {

const fallback = '#50abfaff';

if (!channelKey) return fallback;

const raw = SERIES?.[channelKey]?.color;

if (typeof raw !== 'string') return fallback;
const color = raw.trim();
return color || fallback;
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// Update summary sections
function updateFsplSummary (data) {
const el = getFsplSummaryEl () ;
if (!el) return;
if (!data) {
el.classList.add('hidden') ;
el.innerHTML = '';
return;
}
const { slope, intercept, fregMHz } = data;
el.innerHTML =
<div class="analysis-result-title">FSPL CURVE</div>
<dl>
<dt>Slope</dt><dd>${formatNumber (slope, 2)} dB/decade</dd>
<dt>Intercept</dt><dd>${formatNumber (intercept, 2)} dB</dd>
<dt>Frequency</dt><dd>${formatNumber (fregMHz, 0)} MHz</dd>
</dl>
el.classList.remove ('hidden') ;
}
function updateLogDistanceSummary (data) {
const el = getLogDistanceSummaryEl () ;
if (!el) return;
if (!data) {
el.classlList.add('hidden') ;
el.innerHTML = '';
return;
}
const title = '<div class="analysis-result-title">Log-distance
model</div>";
const { d0, plO0, n, datasetSize, rmse, r2, residualMean, residualSigma,
shadowingSigma } = data;
const sigmaMarkup = (Number.isFinite(shadowingSigma) && shadowingSigma >
0) //The 'o' for shadowing band
? "<dt>g&sigma; shadowing</dt><dd>${formatNumber (shadowingSigma) }
dB</dd>"
Ty .
el.innerHTML =
S{title}
<dl>
<dt>d<sub>0</sub></dt><dd>${formatNumber (d0) } m</dd>
<dt>&lt;PL&gt; (d<sub>0</sub>)</dt><dd>${formatNumber (pl0)} dB</dd>
<dt>n exponent</dt><dd>${formatNumber (n) }</dd>
<dt>RMSE</dt><dd>${formatNumber (rmse, 3)} dB</dd>
<dt>R<sup>2</sup></dt><dd>${formatNumber (r2, 4)}</dd>
<dt>Mean (residual)</dt><dd>${formatNumber (residualMean, 3)} dB</dd>
<dt>Std \u03C3</dt><dd>${formatNumber (residualSigma, 3)} dB</dd>
${sigmaMarkup}
<dt>Samples</dt><dd>${datasetSize ?2? '-'}</dd>
</dl>
el.classList.remove ('hidden') ;
}
function updateOlsSummary (data, channelKey)
const el = getOlsSummaryEl () ;
if ('el) return;
if (!data) {
el.classlList.add('hidden') ;
el.innerHTML = '';
el.style.removeProperty('--analysis-ols-color');
el.style.removeProperty ('--analysis-ols-bg');
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el.style.removeProperty ('border-color');
el.style.removeProperty ('background-color');
return;
}
const color = getChannelColor (channelKey) ;
el.style.setProperty('--analysis-ols-bg', color);
const { slope, intercept, rmse, r2, count } = data;
el.innerHTML =
<div class="analysis-result-title">0OLS FIT</div>
<dl>
<dt>Slope</dt><dd>${formatNumber (slope, 2)} dB/decade</dd>
<dt>Intercept</dt><dd>${formatNumber (intercept, 2)} dB</dd>
<dt>RMSE</dt><dd>$ {formatNumber (rmse, 3)} dB</dd>
<dt>R<sup>2</sup></dt><dd>${formatNumber (r2, 4)}</dd>
<dt>Samples</dt><dd>${count 2? '-'}</dd>
</dl>
el.classList.remove ('hidden') ;
}
// Handle log-distance model fitting
function handlelLogDistanceFit () {
const inputs = getLogDistanceInputs();
const nVal = parseFloat (inputs?.n?.value);
const useFsplReference = !!inputs?.useFspl?.checked;
const useFirstPoint = useFsplReference ? false
!'"inputs?.useFirst?.checked;
const fitExponent = !!inputs?.fitN?.checked;
const rawSigma = parseFloat (inputs?.sigma?.value);
if (Number.isFinite (rawSigma) && rawSigma < 0) {
alert ('"Enter a non-negative sigma value for the shadowing effect.');

return;
}
const sigmaVal = Number.isFinite (rawSigma) ? rawSigma : O0;
const rawD0O = parseFloat (inputs?.d0?.value);
const manualD0O = Number.isFinite (rawDO) ? rawDO : null;
const rawPl0 = parseFloat (inputs?.pl0?.value);
const manualPl0 = Number.isFinite(rawP1l0) ? rawPl0 : null;

if ('useFirstPoint && !useFsplReference && (!Number.isFinite (manualDO0) ||
manualD0 <= 0)) {
alert ('"Enter a valid reference distance dO greater than 0.'");

return;

}

if (!'useFirstPoint && !useFsplReference && !Number.isFinite (manualPl0)) {
alert ('Enter a valid PL(d0) value or enable "Use first PL mean

point".");

return;

}

if (useFsplReference && !'Number.isFinite (getExperimentFreqMHz ())) |

alert ('A valid experiment frequency is required to use the 1 m FSPL
reference.');
return;
}
if (!fitExponent && !Number.isFinite(nVal)) {
alert ("Enter a valid path-loss exponent n or enable fitting.');
return;
}
state.logDistance.enabled = true;
state.logDistance.params = {
d0: useFsplReference ? 1 : manualDO,
manualPl0: useFsplReference ? null : manualPlO,
n: fitExponent ? null : nVal,
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useFirstPoint,
useFsplReference,
fitN: fitExponent,
shadowingSigma: sigmaval,
}i
updatelLogDistanceButton () ;
const channel = state.activeChannel;
if (!channel) return;
const opts = getAnalysisOpts();
computeAndPlotForChannel (channel, opts);
}
// Clear summaries and charts
function clearSummaries () {
updateFsplSummary (null) ;
updateOlsSummary (null, null);
updateLogDistanceSummary (null) ;
}
function clearCharts () {
const charts = getChartElements()
charts.forEach((el) => {
if (window.Plotly?.purge) {
try { window.Plotly.purge(el); } catch () {}
}
el.innerHTML = '';
el.classlList.add('hidden') ;
)
}
// Update button states
function updateFsplButton () {
const btn = getFsplButton();
if (!btn) return;
btn.disabled = false;
btn.classList.remove ('hidden') ;
btn.setAttribute ('aria-pressed', state.fsplEnabled ? 'true' : 'false');
btn.classList.toggle('fspl-active', !!state.fsplEnabled);
}
function updateBestCurveButton () {
const btn = getBestCurveButton();
if (!btn) return;
btn.setAttribute ('aria-pressed', state.bestCurveEnabled ? 'true'
'false');

btn.classList.toggle ('bestcurve-active', !!state.bestCurveEnabled);
if (state.bestCurveEnabled) {
const color = getChannelColor (state.activeChannel) ;
btn.style.setProperty('--analysis-bestcurve-color', color);
} else {
btn.style.removeProperty('--analysis-bestcurve-color');
}
}
function updatelLogDistanceButton () {

const btn = getLogDistanceButton();
if (!btn) return;

const enabled = !!state.logDistance?.enabled;
btn.classList.toggle ('logdistance-active', enabled);

const expanded = !!state.logDistance?.panelOpen;
btn.setAttribute ('aria-expanded', expanded ? 'true' : 'false');

}

function toggleLogDistancePanel (force) {

const panel = getLogDistancePanel () ;
const btn = getLogDistanceButton();
if (!panel || !btn) return;
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const desired = (typeof force === 'boolean') ? force
!state.logDistance.panelOpen;
panel.classlList.toggle('hidden', !desired);

panel.setAttribute('aria-hidden', desired ? 'false' : 'true');
state.logDistance.panelOpen = desired;
btn.setAttribute ('aria-expanded', desired ? 'true' : 'false');

updatelLogDistanceButton () ;
}

// Enable/disable inputs based on current selections

function syncLogDistanceInputs() {
const { pl0O, dO, useFirst, useFspl, n, fitN } = getLogDistanceInputs/();
if (!'pl0 || 'useFirst) return;
const useFirstChecked = !!useFirst.checked;
const useFsplChecked = !!useFspl?.checked;
const disablePlInputs = useFirstChecked || useFsplChecked;
plO0.disabled = disablePlInputs;
if (d0) {

dO.disabled = disablePlInputs;
if (disablePlInputs) {
d0.setAttribute ('aria-disabled', 'true');
} else {
dO0.removeAttribute ('aria-disabled') ;
}
}
if (disablePlInputs) {
pl0.setAttribute ('aria-disabled', 'true');
} else {
pl0.removeAttribute ('aria-disabled');
}
const fitChecked = !!fitN?.checked;
if (n) |
n.disabled = fitChecked;
if (fitChecked) {
n.setAttribute ('aria-disabled', 'true');
} else {
n.removeAttribute ('aria-disabled"') ;
}
}
}

function clearLogDistance () {
state.logDistance.enabled = false;
state.logDistance.params = { dO: null, manualPl0: null, n: null,

useFirstPoint: false, useFsplReference: false, fitN: false, shadowingSigma:
0 };
updatelogDistanceSummary (null) ;
updatelLogDistanceButton () ;
}
// Compute first mean point from distance-PL data
function computeFirstPointFromPairs (pairs) {
if (!Array.isArray(pairs) || pairs.length === 0) return null;
let minDist = Infinity;
for (const p of pairs) {
const d = p?.distance;
if (Number.isFinite(d) && d > 0 && d < minDist) {
minDist = d;

}

if (!Number.isFinite (minDist) || minDist === Infinity) return null;
const tolerance = Math.max(le-9, Math.abs (minDist) * le-6);

const values = [];

for (const p of pairs) {
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const d = p?.distance;
const v = p?.pl;
if (!Number.isFinite(d) || !Number.isFinite(v)) continue;
if (Math.abs(d - minDist) <= tolerance) {
values.push (v);
}
}
if (!values.length) return null;
return { distance: minDist, meanPl: mean (values) };
}
// Fit log-distance exponent n
function fitLogDistanceExponent (viewXs, viewYs, d0, pl0) {

if (!Number.isFinite(dO) || dO0 <= 0 || !Number.isFinite(pl0QO)) return
null;

if (!Array.isArray(viewXs) || !Array.isArray(viewY¥s)) return null;

const fit = fitLogDistanceSlope (viewXs, viewYs, d0, pl0);

return (fit && Number.isFinite(fit.n)) ? fit : null;

}

// Ensure buttons are cached

function ensureButtons () {
if (!state.buttons.length) {
state.buttons = Array.from(document.querySelectorAll ('.analyze-btn'));

}

return state.buttons;

}

// Toggle placeholder visibility based on active channel
function togglePlaceholders (activeKey) {
const map = {
rss60: document.getElementById('plChart rss60'),
rss40: document.getElementById('plChart rss40'),
bi
Object.entries (map) .forEach(([key, el]) => {

if (!el) return;

if (activeKey && key === activeKey) {
el.classList.remove ('hidden') ;

} else {

el.classList.add ('hidden"') ;
}
)
}
// Main computation and plotting function
function computeAndPlotForChannel (k, opts) {
const chartId = (k === 'rss60') ? 'plChart rss60'
(k === 'rss40') ? 'plChart rss40'

null;
if (!chartId) return;
const st = S?.[k];
const axisValuesRaw = getAxisValues(st);
const dist = st?.dist || [];
const pl = st?.pl [ (1
const channelColor = getChannelColor (k) ;
const xs = [], ys = [];
const pairs = [];

// Collect valid distance-PL pairs
for (let 1 = 0; 1 < Math.min(axisValuesRaw.length, pl.length); i++) {

const axisVal = axisValuesRaw[i];
const p = pl[i];
if (!Number.isFinite(p) || !isValidAxisValue (axisVal)) continue;

xs.push (axisVal) ;
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ys.push(p);

pairs.push ({ axis: axisVal, pl: p, distance: dist[i] });
}
const el = document.getElementById(chartId);
if (!el) return;

if (xs.length === 0) {
if (window.Plotly?.purge) Plotly.purge(el);

el.innerHTML = "<div class="muted" style="padding:12px;text-
align:center;">
No path-loss data available for this channel (need distance & PL per
sample) .
</div>";
if (state.logDistance?.enabled) {
updateLogDistanceSummary ({ error: 'Not enough data to compute the
log-distance model.' });
} else {
updatelLogDistanceSummary (null) ;
}
return;

}

let traces;

let fsplSourceXs = [];
let viewXs = [];
let viewYs = [];

let logDistanceSummary = null;
let logDistanceError = null;

const baseHoverTemplate = "${ Distance }: ${x:.2f}${ " m }<br>PL: %${y:.2f}
dB<extra></extra>';
const isLight = !!opts.lightTheme;
const gridColor = isLight ? 'rgba(0,0,0,0.15)" : 'rgba(68,68,68,0.6)";
const fontColor = isLight ? '"#111111' : '"#f0f0f0';
const plotBg = isLight ? "#ffffff' : "#1b2130';
const legendBg = isLight ? '"#ffffff' : '#3E4865';
const legendBorder = isLight ? '#cfd6e3' : '#4F5D82';
if (opts.view === 'binned') {
const buckets = new Map () ;
for (let i=0;i<xs.length;i++) {
const decimals = 3;
const key = Number (xs[i].toFixed(decimals));
if (!buckets.has (key)) buckets.set (key, []);

buckets.get (key) .push(ys[i]);
}

const bx = [], by = [];
for (const [d, vals] of [...buckets.entries()].sort((a,b)=>a[0]-b[0]))
{
if (vals.length === 0) continue;
by.push (opts.stat === 'median' ? median(vals) : mean(vals));

bx.push (d) ;
}

fsplSourceXs = bx;

viewXs = bx;
viewY¥s = by;
const trace = {
x: bx,
y: by,
type: 'scatter',
mode: 'markers',
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marker: { size: 12, color: channelColor },
name: (k==='rss60'?'Chl data':'Ch2 data') + ' (binned)',
hovertemplate: baseHoverTemplate,

bi

traces = [trace];
} else {

fsplSourceXs = xs;
viewXs = xs;
viewYs = ys;
traces = [{

X: Xs,

Yy VS,

type: 'scatter',
mode: 'markers',
marker: { size: 4, opacity: 0.8, color: channelColor },
name: (k==='rss60'?'Chl data':'Ch2 data'),
hovertemplate: baseHoverTemplate,
1
}

const datasetLen = Math.min (viewXs.length, viewYs.length);
const fregVal = getExperimentFreqMHz () ;

// Handle log-distance model
if (state.logDistance?.enabled) {

const params = state.logDistance.params || {};

const fitExponent = !!params?.fitN;

let nval = fitExponent ? null : params?.n;

const useFsplReference = !!params?.useFsplReference;

const useFirstPoint = useFsplReference ? false
!''"params?.useFirstPoint;

const manualD0 = params?.d0;

let plOVal = params?.manualPl0;

const shadowingSigma = Number.isFinite (params?.shadowingSigma)
Math.max (0, params.shadowingSigma) : O;

let firstPointInfo = null;

let dOVal = useFsplReference ? 1 : manualDO;

if (useFsplReference && !Number.isFinite (freqgval)) {

logDistanceError = 'A valid frequency is required to compute the FSPL

reference at 1 m."';

} else if (useFsplReference) {

?

plOval = 32.44 + 20 * Math.loglO(fregval) - 60;
} else if (useFirstPoint) {
firstPointInfo = computeFirstPointFromPairs (pairs);

plOval = firstPointInfo?.meanPl ?? null;
dOVal = firstPointInfo?.distance ?? null;
}
if (!Number.isFinite (d0Val) || dOVal <= 0) {
logDistanceError = useFirstPoint
? 'First mean point not available to estimate reference distance.'
useFsplReference
? 'Reference distance is fixed at 1 m when using FSPL.'
'Enter a valid reference distance dO greater than 0.';
} else if (!Number.isFinite (plOVal)) {
logDistanceError = useFirstPoint
? 'First mean point not available to estimate PL(dO).'
useFsplReference
? 'A valid frequency is required to compute FSPL at 1 m.'
'Enter a valid PL(d0) wvalue.';
} else {
let fitInfo = null;
if (fitExponent) {
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fitInfo = fitLogDistanceExponent (viewXs, viewYs, d0OVal, plOval);
if (fitInfo && Number.isFinite (fitInfo.n)) {
nvVal = fitInfo.n;
} else {
logDistanceError = 'Unable to fit the path-loss exponent n from
the current data.';
}
}
if (!fitExponent && !Number.isFinite(nVal)) {
logDistanceError = 'Enter a valid path-loss exponent n.';
} else 1f (Number.isFinite (nVal)) {
let lineXs = generatelineXs (viewXs, opts.xscale);
if (!lineXs.length) {
lineXs = generatelineXs (xs, opts.xscale);
}
if (!lineXs.length) {
lineXs = [...new Set(pairs.map(p => p.distance).filter (v =>
Number.isFinite(v) && v > 0))].sort((a, b) => a - b);
}
const model = computeLogDistanceModel (lineXs, { d0: dOval, plO:
plOval, n: nval });
if (model && Array.isArray(model.xs) && Array.isArray(model.ys) &&
model.xs.length) {
const 1dXs = model.xs;
const 1ldY¥s = model.ys;
const logColor = 'rgb(185,50,50)"';
const shadowingBand = computelLogDistanceShadowingBand (1ldYs,
shadowingSigma) ;
if (shadowingBand) {
const bandColor = 'rgba(185,50,50,0.2)"';
traces.push ({
x: 1dXs,
y: shadowingBand.lower,
type: 'scatter',

mode: 'lines',
line: { width: 0, color: 'rgba(0,0,0,0)" },
hoverinfo: 'skip',

showlegend: false,
legendgroup: 'logdistance',
1)
traces.push ({
x: 1dXs,
y: shadowingBand.upper,
type: 'scatter',

mode: 'lines',
line: { width: 0, color: 'rgba(0,0,0,0)" },
hoverinfo: 'skip',

fill: 'tonexty',

fillcolor: bandColor,

name: '\u00OB1\u03C3 shadowing',
legendgroup: 'logdistance',

})
}

traces.push ({

x: 1dXs,

y: 1d¥s,

type: 'scatter',

mode: 'lines',

line: { width: 4, color: logColor },
name: 'Log-distance model',

hovertemplate: baseHoverTemplate,
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legendgroup: 'logdistance',

P

it++)

const metricPoints = [];
for (let 1 = 0; 1 < Math.min(viewXs.length, viewYs.length);
{
const dx = viewXs[i];
const dy = view¥Ys[i];
if (!Number.isFinite(dx) || dx <= 0 || !Number.isFinite (dy))

continue;

const pred = plOval + 10 * nval * Math.loglO(dx / dOval);

if (!Number.isFinite (pred)) continue;
metricPoints.push({ actual: dy, predicted: pred });
}
let rmse = null;
let r2 = null;
let residualMean = null;
let residualSigma = null;
if (metricPoints.length) {
const residuals = [];

const meanY = metricPoints.reduce((acc, p) => acc + p.actual,

0) / metricPoints.length;
let sse = 0;
let sst = 0;
for (const p of metricPoints) {
const err = p.actual - p.predicted;
residuals.push (err);
sse += err * err;
const dy = p.actual - mean¥;
sst += dy * dy;
}
rmse = Math.sgrt(sse / metricPoints.length);
r2 = (sst === 0) 2 1 : 1 - (sse / sst);
residualMean = mean (residuals);
residualSigma = stddev (residuals);
}
logDistanceSummary = {
do: doval,
pl0: plOval,
n: nval,
useFirstPoint,

datasetSize: metricPoints.length || datasetlLen || pairs.length

|| null,
firstPointDistance: firstPointInfo?.distance ?7? null,
rmse,
r2,
residualMean,
residualSigma,
fitExponent,
useFsplReference,
shadowingSigma,
}i

} else {

logDistanceError = 'Unable to generate the log-distance model

with the current inputs.';
}
}
}

}
// Handle FSPL curve

let fsplSummary = null;
let fspllLine = null;
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if (state.fsplEnabled) {

if (Number.isFinite(freqval)) {
const unigXs = [...new
Set (fsplSourceXs.filter (isValidAxisValue))].sort((a, b) => a - b);

if (unigXs.length) {
const fsplYs = unigXs.map((d) => 32.44 + 20 * Math.loglO (fregval) +
20 * Math.loglO(d / 1000));
fspllLine = { xs: unigXs, ys: fspl¥s };
traces.push ({
X: unigXs,

y: fspl¥s,
type: 'scatter',
mode: 'lines',

line: { width: 4, color: '#ffb347' },
name: 'FSPL',
hovertemplate: “${ Distance }: %{x:.2f}${ m }<br>FSPL: %{y:.2f}
dB<extra></extra>",
1)
fsplSummary = {
slope: 20,
intercept: 32.44 + 20 * Math.loglO (fregqval) - 60,
fregMHz: freqgval,
}i

}
}
// Handle OLS fit
let regression = null;
if (state.bestCurveEnabled) {

regression = computeBestFit (viewXs, viewYs);
if (regression) {
const lineXs = generatelineXs (viewXs, opts.xscale);
if (lineXs.length) {
const lineY¥s = lineXs.map(d => regression.intercept +

regression.slope * Math.loglO(d));
traces.push ({
x: lineXs,

y: lineYs,

type: 'scatter',

mode: 'lines',

line: { width: 4, color: (isLight ? '"#111111"' : "#ffffff'), dash:

"dash" },
name: 'OLS Fit',
hoverinfo: 'skip',

legendgroup: 'ols',

1)

}
}

// Finalize summaries and layout
if (state.logDistance?.enabled) {

const summaryData = logDistanceSummary

| | (logDistanceError ? { error: logDistancekError } : { error: 'Unable
to compute the log-distance model.' });

updatelogDistanceSummary (summaryData) ;
} else {

updatelogDistanceSummary (null) ;
}
updateFsplSummary (state.fsplEnabled ? fsplSummary : null);
updateOlsSummary (state.bestCurveEnabled ? regression : null, k);
const customTitle = (opts.title || '').trim();
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const layoutTitle = customTitle || buildDefaultTitle();
const layout = {
title: {text: layoutTitle, font: { size: 22 }},
xaxis: {
title: 'Distance (m)',
type: (opts.xscale === 'linear' ? 'linear' : 'log'),
autorange: true,
gridcolor: gridColor,
tickfont: { size: 15 },
titlefont: { size: 20 },
b
yaxis: { title: 'Path Loss (dB)', gridcolor: gridColor, tickfont: {
size: 15 }, titlefont: { size: 20 } 1},
margin: { 1: 70, r: 60, t: 60, b: 80 },
autosize: true,
plot bgcolor: plotBg,
paper bgcolor: plotBg,
font: { family: "Roboto, sans-serif", color: fontColor },
showlegend: true, legend: { x:1, xanchor: 'right', y:0, bgcolor:
legendBg, bordercolor: legendBorder, borderwidth: 1,
font: { size: 14, color: fontColor } 1},
}i
Plotly.newPlot (el, traces, layout, { responsive: true, displaylogo: false
)i
}
function updateButtons () {
const buttons = ensureButtons|();
const show = state.isExperimentMode && state.isAvailable;
buttons.forEach (btn => {
if (!btn) return;
btn.classList.toggle('hidden', !show);
btn.disabled = !show;
1)
}
// Modal open/close functions
function closeModal () {
const modal = getModal () ;
if (!'modal) return;
modal.classList.add('hidden') ;
modal.setAttribute ('aria-hidden', 'true');
modal.removeAttribute ('data-channel');
state.activeChannel = null;
togglePlaceholders (null);
if (state.logDistance?.panelOpen) {
toggleLogDistancePanel (false);
}
clearSummaries () ;
}
function resetForNewExperiment () {
state.fsplEnabled = false;
state.bestCurveEnabled = false;
clearLogDistance() ;
closeModal () ;
clearCharts () ;
updateFsplButton () ;
updateBestCurveButton () ;
updateLogDistanceButton () ;
}
function openModal (channelKey) ({
if (!state.isExperimentMode || !state.isAvailable) return;
const modal = getModal () ;
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if (!'modal) return;

state.activeChannel = channelKey || null;
modal.dataset.channel = channelKey || '';
// Update title and inputs
const titleEl = document.getElementById('analysisModalTitle');
if (titleEl) {
const expld = window.currentExp?.id ? String(window.currentExp.id) : '-

titleEl.textContent = “Path-loss analysis for experiment: ${expId} ;
}
const titleInput = getTitleInput();
if (titleInput) {

const defaultTitle = buildDefaultTitle();

titleInput.placeholder = defaultTitle;

titleInput.value = defaultTitle;
}
const themeToggle = getThemeToggle () ;
if (themeToggle) themeToggle.checked = state.analysisLightTheme;
togglePlaceholders (channelKey) ;
updateFsplButton () ;
updateBestCurveButton () ;
updatelLogDistanceButton () ;
syncLogDistanceInputs ()
clearSummaries () ;
modal.classList.remove ('hidden') ;
modal.setAttribute ('aria-hidden', 'false');
const opts = getAnalysisOpts();
computeAndPlotForChannel (channelKey, opts);

’

}
// Event handlers
function handleButtonClick(e) {
const btn = e.currentTarget;
if (!btn) return;
const channel = btn.dataset.channel || null;
openModal (channel) ;
}
function handleBackdropClick(e) {
if (e.target && (e.target === e.currentTarget ||
e.target.classList?.contains ('modal-backdrop'))) {
closeModal () ;
}
}

function handleKeydown (e) {

if (e.key !== 'Escape') return;
const modal = getModal () ;
if (modal && !modal.classList.contains('hidden')) {

closeModal () ;
}
}
// Retrieve current analysis options from inputs
function getAnalysisOpts () {

const view = document.getElementById('plView')?.value || 'raw';
const stat = document.getElementById('plStat')?.value || 'mean';
const xscale = document.getElementById('plXscale')?.value || 'linear';
const titleInput = getTitlelnput();

const title = (titleInput?.value 2?2 '').trim();

const lightTheme = !!getThemeToggle () ?.checked;

return { view, stat, xscale, title, lightTheme };

}

// One-time setup for event listeners & UI state
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function init () {

if (state.initialized) return;

ensureButtons () .forEach (btn => btn.addEventListener ('click',
handleButtonClick));

const modal = getModal () ;
modal?.querySelector ('.modal-backdrop')?.addEventListener ('click',

handleBackdropClick) ;

const closeBtn = document.getElementById('analysisCloseBtn');
closeBtn?.addEventListener ('click', closeModal);

const computeBtn = document.getElementById('analysisComputeBtn') ;

computeBtn?.addEventListener('click', () => {
const k = state.activeChannel;
if ('k) return;
const opts = getAnalysisOpts();
if (typeof togglePlaceholders === 'function') togglePlaceholders (k) ;

computeAndPlotForChannel (k, opts);

1)
const titleInput = getTitlelInput();

titleInput?.addEventListener ('change', () => {
const k = state.activeChannel;
if (!'k) return;

const opts = getAnalysisOpts();
computeAndPlotForChannel (k, opts);
})

const viewSelect = document.getElementById('plView');
viewSelect?.addEventListener ('change', (e) => {

const k = state.activeChannel;

if (k) |

const opts = getAnalysisOpts();
computeAndPlotForChannel (k, opts);
}
1) i
const themeToggle = getThemeToggle () ;

themeToggle?.addEventListener ('change', () => {
state.analysisLightTheme = !!themeToggle.checked;
const k = state.activeChannel;
if (k) |

const opts = getAnalysisOpts();
computeAndPlotForChannel (k, opts);
}
1) i
const fsplBtn = getFsplButton();

fsplBtn?.addEventListener ('click', () => {
state.fsplEnabled = !state.fsplEnabled;
updateFsplButton () ;
const k = state.activeChannel;
if (k) |

const opts = getAnalysisOpts();
computeAndPlotForChannel (k, opts);
}
)
const bestBtn = getBestCurveButton();
bestBtn?.addEventListener ('click', () => {
state.bestCurvekEnabled = !state.bestCurveknabled;
updateBestCurveButton () ;
const k = state.activeChannel;
if (k) |
const opts = getAnalysisOpts();
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computeAndPlotForChannel (k, opts);
}
1)
const logBtn = getLogDistanceButton();
logBtn?.addEventListener ('click', () => {
toggleLogDistancePanel () ;
1)
const inputs = getLogDistancelnputs() ;
inputs?.useFirst?.addEventListener ('change', () => {
if (inputs?.useFirst?.checked && inputs?.useFspl) {
inputs.useFspl.checked = false;
}
syncLogDistanceInputs () ;
1)
inputs?.useFspl?.addEventListener ('change', () => {
if (inputs?.useFspl?.checked && inputs?.useFirst) {
inputs.useFirst.checked = false;
}
syncLogDistanceInputs () ;
1)
inputs?.fitN?.addEventListener ('change', () => {
syncLogDistanceInputs () ;
1)
const logFitBtn = document.getElementById('logDistanceFitBtn');
logFitBtn?.addEventListener('click', handleLogDistanceFit);
const logClearBtn = document.getElementById('logDistanceClearBtn');
logClearBtn?.addEventListener ('click', () => {
clearLogDistance () ;
const k = state.activeChannel;
if (k) |
const opts = getAnalysisOpts();
computeAndPlotForChannel (k, opts);
}
1)
document.addEventListener ('keydown', handleKeydown) ;
updateButtons () ;
updateFsplButton () ;
updateBestCurveButton () ;
updateLogDistanceButton () ;
syncLogDistancelInputs() ;
state.initialized = true;
}
// Public API to set experiment mode and availability
function setExperimentMode (on) {
state.isExperimentMode = !!on;
if (!state.isExperimentMode) ({
closeModal () ;
}
updateButtons () ;
updateFsplButton () ;
updateBestCurveButton () ;
updateLogDistanceButton () ;
}
function setAvailability(on) {
state.isAvailable = !lon;
if (!state.isAvailable) {
closeModal () ;
}
updateButtons () ;
updateFsplButton () ;
updateBestCurveButton () ;
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updatelLogDistanceButton () ;
}
// Expose the public API
export const Analysis = {

init,

openModal,

closeModal,

setExperimentMode,

setAvailability,

resetForNewExperiment,

Apyeio csvRecorder.js

// core/csvRecorder.js - A class for recording CSV data in-memory and
downloading as a file

export class CsvRecorder
constructor ({ filename
{1) A
this.filename = filename;
this.header = header;
this.comment = Array.isArray(comment)

—_

'experiment.csv', header = [], comment = [] } =

? comment.filter (Boolean) .map((line) => String(line))
(comment ? [String(comment)] : []);
this.parts = [];
this.buffer = [];
this.lines = 0;
this. open = false;

}
// Start recording: prepare header and comment and mark as open for
appending rows
start () {
if (this. open) return;
this. open = true;
if (this.comment?.length) {
this.comment.forEach ((line) => {
const text = line.endsWith('\n') ? line : “${line}\n’;
this.parts.push (text);
P
}
if (this.header?.length) {
this.parts.push (this.header.join(',") + '\n');
this.lines++;
}
}
// Write a comment line to the CSV output
writeComment (line) {
if (!line) return;
const text = line.endsWith('\n') ? line : “${line}\n";
if (!this. open) {
this.parts.push (text) ;
return;
}
this. flushBuffer();
this.parts.push (text);
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// Bppend a row of fields to the CSV output and flush buffer if it grows
too large
appendRow (fields) {
if (!this. open) return;

const esc = (v) => {

if (v == null) return '';

const s = String(v);

return /[,"\n]/.test(s) ? ""${s.replace(/"/g, ""M")}"" : s;
bi
this.buffer.push (fields.map (esc).join(',") + '\n');

this.lines++;
if (this.buffer.length >= 1000) this. flushBuffer();
}
// Flush the in-memory buffer of CSV rows to the parts array, which will
be used to create the final Blob
_flushBuffer () {
if (this.buffer.length) {
this.parts.push (this.buffer.join('"));
this.buffer.length = 0;
}

}
// Stop recording and finalize the CSV data, returning a Blob URL for

download
stop () |
if (!this. open) return null;
this. flushBuffer();
this. open = false;
const blob = new Blob(this.parts, { type: 'text/csv' });
const url = URL.createObjectURL (blob);
return { blob, url, lines: this.lines };
}
// Trigger a download of the recorded CSV data as a file with the
specified filename
download () {
const out = this.stop();
if (!lout) return null;
const a = document.createElement ('a');
a.href = out.url;
a.download = this.filename;
a.style.display = 'none';
document .body.appendChild(a) ;
a.click();
requestAnimationFrame ( () => {
URL.revokeObjectURL (out.url) ;
a.remove () ;
)

return out;
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Apyeio statistics.js

// Compute basic statistics: mean, median, standard deviation
export function mean (arr) {
if (!Array.isArray(arr) || arr.length === 0) return 0;
return arr.reduce((a, b) => a + b, 0) / arr.length;
}
export function median (arr) {
if (!Array.isArray(arr) || arr.length === 0) return 0;
const sorted = [...arr].sort((x, y) => x - Vy);
const mid = Math.floor (sorted.length / 2);
return (sorted.length % 2)
? sorted[mid]
(sorted[mid - 1] + sorted[mid]) / 2;
}

export function stddev (arr) {

if (!Array.isArray(arr) || arr.length < 2) return 0;
const m = mean (arr);
const variance = arr.reduce((acc, val) => {

const diff = val - m;
return acc + diff * diff;
}, 0) / (arr.length - 1);
return Math.sgrt (variance);
}
// Compute best-fit line for loglO(x), using least squares
export function computeBestFit (xs, ys) {
const points = [];
const len = Math.min(xs?.length ?? 0, ys?.length ?? 0);
for (let 1 = 0; 1 < len; i++) {

const x = xs[i];
const y = ys[i];
if (!Number.isFinite(x) || x <= 0 || !Number.isFinite(y)) continue;

const 1x = Math.loglO(x);
points.push({ 1x, vy });

}
if (points.length < 2) return null;

const sum = points.reduce((acc, p) => {
acc.lx += p.1lx;
acc.y += p.y;
return acc;

boo { 1Ix: 0, y: 0 });

const n = points.length;

const meanLx = sum.lx / n;

const meanY = sum.y / n;

let num = 0;

let den = 0;

for (const p of points) {
const dlx = p.lx - meanlLx;
const dy = p.y - mean¥Y;
num += dlx * dy;
den += dlx * dlx;

}

if (den === 0) return null;

const slope = num / den;

const intercept = meanY - slope * meanlx;
let sse = 0;

let sst = 0;
for (const p of points) {
const pred = intercept + slope * p.lx;
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const err = p.y - pred;

sse += err * err;

const dy = p.y - mean¥Y;

sst += dy * dy;
}
const rmse = n > 0 ? Math.sgrt(sse / n) : NaN;
const r2 = (sst === 0) 2 1 : 1 - (sse / sst);
return { slope, intercept, rmse, r2, count: n};
}
// Generate linearly or logarithmically spaced x values
export function generatelineXs (xs, scale) {

const valid = [...new Set((xs || []).filter(v => Number.isFinite(v) && v
> 0))].sort((a, b) => a - b);

if (valid.length === 0) return [];

if (valid.length === 1) return valid;

const min = valid[O0];
const max = valid[valid.length - 1];
const count = Math.max (10, Math.min (60, valid.length * 4));

if (scale === 'log') {
const logMin = Math.loglO (min);
const logMax = Math.loglO (max);
|

if (!Number.isFinite(logMin) | !'Number.isFinite (logMax) || logMax ===
logMin) {
return valid;
}
const step = (logMax - logMin) / (count - 1);

const arr = [];
for (let 1 = 0; 1 < count; i++) {
arr.push (Math.pow (10, logMin + step * 1i));
}
return arr;
}
const step = (max - min) / (count - 1);
const arr = [];
for (let 1 = 0; 1 < count; i++) {
arr.push (min + step * 1i);
}

return arr;

}

// Fit log-distance path loss model to data (least squares for fixed

intercept)
export function fitLogDistanceSlope(xs, ys, d0, pl0) {

if (!Array.isArray(xs) || !'Array.isArray(ys)) return null;

if (!Number.isFinite(d0) || dO <= 0 || !Number.isFinite (pl0)) return
null;

const len = Math.min (xs.length, ys.length);

let num = 0;

let den = 0;

(@)

let count

I

for (let i = 0; i < len; i++4) {
const x = xs[i];
const y = ysl[i];
if (!Number.isFinite(x) || x <= 0 || !Number.isFinite(y)) continue;
const 1x = Math.loglO(x / dO);
if (!Number.isFinite(lx)) continue;

num += 1x * (y - pl0);
den += 1x * 1x;
count += 1;
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if (den === | | count < 2) return null;
const slope = num / den;
const n = slope / 10;
return { n };
}
// Compute log-distance path loss model points
export function computeLogDistanceModel (xs, params) {
if (!Array.isArray(xs) || !params) return null;
const dO0 = params.dO;
const pl0 = params.plO;
const n = params.n;

if (!Number.isFinite(dO) || dO0 <= 0 || !Number.isFinite(plQ0) ||
'Number.isFinite(n)) return null;
const resultXs = [];
const resultYs = [];
for (const d of xs) {
if (!Number.isFinite(d) || d <= 0) continue;
const val = pl0 + 10 * n * Math.loglO(d / dO0);
if (!Number.isFinite(val)) continue;

resultXs.push(d) ;
result¥s.push(val);
}
if (!'resultXs.length) return null;
return { xs: resultXs, ys: result¥Ys };
}
// Compute shadowing band for log-distance model
export function computelLogDistanceShadowingBand(ys, sigma) {

if ('Array.isArray(ys) || !ys.length) return null;
const sigmaVal = Number.isFinite(sigma) ? sigma : NaN;
if (! (sigmaval > 0)) return null;
const upper = [];
const lower = [];
for (const y of ys) {

if (!Number.isFinite(y)) {

upper.push (NaN) ;
lower.push (NaN) ;
continue;
}
upper.push(y + sigmaval) ;
lower.push(y - sigmaVval) ;
}

return { upper, lower };
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Apyeio style.css

* { box-sizing: border-box; }

:root{
--color-bg-page: #10151f;
--color-text-body: LightGray;
--color-text-light: #eee;
--color-text-muted: #ddd;
--color-form-control: #4F5D82;
--color-form-control-hover: #7D8BBO;
--color-focus: #lalaff;

}

body {
margin:0;
background: var(--color-bg-page);
color: var (--color-text-body);

font-family: 'Roboto', sans-serif;
padding: lrem;
padding-bottom: 3rem;

}

canvas { max-width: 100%; margin-bottom: 2rem; }

.brand-header{
margin: 0 O .85rem;
position: relative;
display: grid;
place-items: center;
width: 100%;
min-height: max (56px, 2rem);
padding-block: .35rem;
overflow: hidden;
}
.brand-text{
position: relative;
z-index: 2;
line-height: 1.1;
padding: .lrem .6rem;
font-weight: 900;
font-size: 36px;
Jjustify-self: start;
margin-left: 10%;
margin-bottom: 0;
color: rgba(255,255,255,0.9);

[r—————— SIGNAL-LIKE ANIMATION —--—-—-—---— */
.heartbeat-svg{

position: absolute;

left: 0; right: O;

top: 50%;

transform: translateY (-50%);

width: 100%;

height: 56px;

z-index: 0;

pointer-events: none;
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}
.fade-in {
position: absolute;
width: 100%;
height: 100%;
background-color: var (--color-bg-page);
top: O;
right: 0;
animation: heartRateIn 4.5s linear infinite;
z-index: 1;
pointer-events: none;
}
.fade-out {
position: absolute;
width: 140%;
height: 100%;
top: Oy
left: -140%;
z-index: 1;
inset: 0;
pointer-events: none;
animation: heartRateOut 4.5s linear infinite;

background: var (--color-bg-page);

background: -moz-linear-gradient (left, var(--color-bg-page) 0%, var(--
color-bg-page) 50%, transparent 100%);

background: -webkit-linear-gradient (left, var(--color-bg-page) 0%, var(--
color-bg-page) 50%, transparent 100%);

background: -o-linear-gradient (left, var(--color-bg-page) 0%, var(--
color-bg-page) 50%, transparent 100%);

background: -ms-linear-gradient (left, var(--color-bg-page) 0%, var(--
color-bg-page) 50%, transparent 100%);

background: linear-gradient(to right, var(--color-bg-page) 0%, var(--

color-bg-page) 80%, transparent 100%);
}
@keyframes heartRatelIn {
0% { width: 100%; }
30% { width: 0; }
60% { width: 0; }
100% { width: 0; }
}
@keyframes heartRateOut ({
0% { left: -140%; }
30 { left: -140%; }
60% { left: 0; }
100% { left: 0; }

.mode-bar {
display: flex;
flex-wrap: wrap;
gap: 1l.25rem ;
align-items: center;
position: sticky;
top: 07
z-index: 5;
backdrop-filter: blur (6px);
background: rgba(27,33,48,.8);
box-shadow: 0 2px 8px rgba(0,0,0,.4);
padding: 0.75rem lrem;
border-radius: 10px;
margin: lrem auto 1.5rem;
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width: 80%;
border: none;

}

.mode-bar label {
font-weight: 600;
color: var (--color-text-muted) ;
cursor: pointer;

}

.mode-bar-top({
display: grid;
grid-template-columns:
grid-template-areas:
align-items: center;
gap: 1.25rem;
width: 100%;
position: relative;

}

#configBtn{
align-self: center;
background: transparent;
border-color: transparent;
grid-area: config;
justify-self: start;

}

#modeSwitch{ grid-area: switch;

/* Mode selector

.mode-select{
position:relative;
display:inline-flex;
border:none;
border-radius: 6px;
background: transparent;
overflow:hidden;
user-select:none;
--pad-y:.6rem; --pad-x:1.6rem;

(Live / Experiment)

}
.mode-select .mode-item{
position:relative;
appearance: none;
font-weight: 700;
-webkit-appearance: none;
background:transparent;
color: var (--color-text-light);
opacity:.75;
border:none;
cursor:pointer;
z-index:2;

transition:color .2s, opacity .2s,
display:flex;

align-items:center;

gap:.45rem;

padding:var (--pad-y) var (--pad-x);

font-size: lrem;
line-height: .5;
}
.mode-select .mode-item:not(.active)
background: transparent; }
.mode-select .mode-item.active(
background: transparent;
color:#1fl1fff;

justify-self:

auto 1fr auto;
"config switch toggle";

center; }

*/
transform .15s, background .2s;
thover{ color:#3385ff; opacity:1;
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font-size: 1.5rem;
opacity:1;

}

#togglePanelBtn{
grid-area:toggle;
justify-self: end;
margin-left: 0;
transition: transform .2s;
background: transparent;
border-color: transparent;

}

#ftogglePanelBtn[aria-expanded="false"] { transform:

.mode-panel {
display: flex;
padding: 0.75rem lrem;
background: rgba(34,40,56,.8);
border-top: 2px solid #444;
width: 100%;
gap: 2rem;
flex-wrap: wrap;

}

#livePanel . .mode-panel{ gap: 16px; padding-top:

0.75rem;

#combinePlotsField{ gap: .75rem; margin-left: 2rem; }

/* Button variants */

.btn{
display: inline-flex;
align-items: center;
justify-content: center;
gap: .4rem;
border-radius: 6px;
border: none;
line-height: 1.2;
cursor: pointer;
text-decoration: none;
transition: background .2s, border-color .2s,

transform .2s;

}

.btn:disabled,

.btn.disabled{
opacity: 0.45;
pointer-events: none;

}

.btn--panel {
padding: 0.45rem 0.75rem;
font-size: 0.95rem;
background: var (--color-form-control);
color: var (--color-text-1light);
border: lpx solid transparent;

}

.btn--panel:hover:not (:disabled) {
background: var (--color-form-control-hover);
border-color: #666;

}

.btn--modal {
padding: 0.25rem 0.6rem;
font-size: 0.95rem;
background: transparent;
color: var (--color-text-1light);

color

}

.2s,

rotate (-180deq) ;

box-shadow

}

.2s,
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border: 1px solid #555;
}
.btn--modal:hover:not (:disabled) {
background: rgba (255,255,255, .4);
color: white;

}

/* Input/Select Forms */
.form-control{
border: none;
outline: none;
transition: background .2s, border-color .2s,
}
.form-control:focus{ outline: none; }
.form-control--select {
padding: 0.45rem 0.75rem;
font-size: 0.95rem;
border-radius: 6px;
border: none;
background: var (--color-form-control);
color: var (--color-text-1light);
line-height: 1.2;
display: inline-flex;
align-items: center;
gap: .4rem;
}
.form-control--select:hover:not (:disabled) {
background: var (--color-form-control-hover);
border-color: #666;
}
.form-control--select:disabled {
opacity: 0.45;
pointer-events: none;
}
.form-control--input {
padding: 0.4rem;
border-radius: 5px;
border: none;
background: var (--color-form-control);
color: white;

}

.form-control--input:focus { border: lpx solid #lalaff;

/* Hide number spinners in input fields*/

input [type="number"]::-webkit-outer-spin-button,

input [type="number"] ::-webkit-inner-spin-button/{
-webkit-appearance: none; margin: 0;

}

input [type="number"] {
-moz-appearance: textfield;

}

#experimentPanel .mode-panel {
flex: 1 1 100%;
width: 100%;
flex-direction: column;
flex-wrap: nowrap;
gap: 0.75rem;

}

#fexperimentPanel .expPanel-bottom { width: 100%;

.expPanel-top{

color

}

.2s,

}

box-shadow

.28;
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display: grid;

grid-template-columns: minmax (0,1fr) auto minmax(0,1fr);

align-items: center;

column-gap: 12px;

width: 100%;
}
.expPanel-top .left{

display: flex; align-items: center; gap: 12px; justify-self: start;
}
.expPanel-top .center({

display: flex; align-items: center; gap: 8px; Justify-self: center;
}
.expPanel-top .right{

display: flex; align-items: center; gap: 12px; justify-self: end;
}
.exp-action-panel {

position: fixed;

top: 50%;

right: 2rem;

transform: translateY (-50%);

display: none;

flex-direction: column;

gap: 10px;

padding: 0.9rem lrem;

background: rgba(34,40,56,.92);

border: none;

border-radius: 10px;

box-shadow: 0 6px 18px rgba(0,0,0,.4);

z-index: 6;
}
.exp-action-panel .btn{ width: 80px; }
.1s-experiment .exp-action-panel{ display: flex; }

#fexperimentPanel .expPanel-bottom{
display: flex;
flex-wrap: wrap;
align-items: center;
justify-content: center;
gap: 12px 30px;
}
#experimentPanel .expPanel-bottom .group({
display: inline-flex;
align-items: center;
gap: 8px;
}
#experimentPanel .expPanel-bottom .1bl{
white-space: nowrap;
font-weight: 600;
margin-right: 4px;
opacity: 0.9;
}
fexperimentPanel .expPanel-bottom input[type="number"] {
height: 25px;
}
.exp-status-text {
color: white;
font-size: 20px;
font-weight: 700;
}
.exp-timer {
color: var(--color-text-muted);
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}

font-weight: 600;

.mc-field{

}

font-weight:600;

color:var (--color-text-muted) ;
display:flex;
align-items:center;
gap:.35rem;

.width-5ch { width: 5ch; }
.width-9ch { width: 9ch; }
.width-13ch { width: 13ch; }
.width-20ch { width: 20ch; }

.1

}
.1

}
.1

}
.1
.1
}
1

}
.1

————————————— LIVE READINGS ------—-—-——————=%/
ive-readings {

display: inline-flex;

position: fixed;

left: 50%;

bottom: 0.5rem;

transform: translateX (-50%);
width: fit-content;

max-width: calc (100vw - 2rem);
margin: 0 auto;

gap: 2rem;

flex-wrap: nowrap;

overflow-x: auto;

background: rgb(247,247,247);
border-radius: 10px;

padding: 0.5rem 1.5rem;
font-family: 'Roboto', sans-serif;
box-shadow: 0 8px 24px rgba(0,0,0,0.25);
justify-content: center;
text-align: center;

z—index: 1000;

ive-readings .reading {
display: inline-flex;
align-items: center;
gap: 0.75rem;
font-size: 0.95rem;
white-space: nowrap;
color: black;
font-weight: 700;

ive-readings .reading-data {
display: inline-flex;
align-items: baseline;

gap: 0.75rem;

font-size: 0.85rem;

color: #454545;

ive-readings .reading.is-disabled { opacity:
ive-readings .reading[data-channel="rss60"] {
ive-readings .reading[data-channel="rss40"] {
ive-readings .reading-value {

display: inline-block;
color: var (--reading-accent, black);
font-size: 0.95rem;

0.45; 1}
--reading-accent:

--reading-accent:

#3E51D6;

#8F46B3;
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transition: transform .2s;

}

.live-readings .reading-value:hover { transform: scale(1.05);

}

.live-readings [id$="Timestamp"] { font-variant-numeric: tabular-nums; }

[r—mm CHART/TABLE BLOCK -—-—————————————- */
.chart-table-block {

margin: 2rem auto;

width: 80%;

position: relative;
}
.chart-title {

margin: O;

font-size: 1l.4rem;

font-family: 'Roboto', sans-serif;
}
.block-header {

display: flex;

justify-content: space-between;

align-items: center;

margin-bottom: .5rem;

gap: .75rem;
}
.status-bar {

display: flex;

align-items: center;

gap: .b5rem;
}
.header-actions {

margin-left: auto;

display: flex;

align-items: center;

gap: .b5rem;
}
.table-toggle.active { background: #lalaff; }
.block-content {

position: relative;

box-sizing: border-box;

padding-right: 0;

overflow: hidden;

border-radius: 6px;

aspect-ratio: 23 / 9;
}
.plot-box{ width: 100%; height: 100%; }
.chart-table-block.show-table .block-content { padding-right:
lrem); }
.table-box {

position: absolute;

width: 320px;

top: O;
right: 0;
bottom: 0;

overflow-y: auto;
transform: translateX(100%);
transition: transform .28s, opacity .28s;
border: none;
background: #131927;
}
.chart-table-block.show-table .table-box{
transition-delay: .12s;
transform: translateX(0);

calc (320px +
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opacity: 1;

pointer-events: auto;
}
.table {

width: 100%;

border-collapse: collapse;

font-size: 0.9rem;

font-family: 'Roboto', sans-serif;
}
.table thead th {

position: sticky;

top: O;
z-index: 1;
background: var (--color-form-control);

color: white;
padding: 6px;
}
.table tbody td {
padding: 6px 4px;
text-align: center;
}
.table tbody tr:nth-child(even) {
background-color: #1b2130;
}

.status-badge(
display:flex;
align-items:center;
gap:.35rem;
padding:.25rem .55rem;
border-radius: 6px;
background-color: transparent;
border:1px solid #666;
color:var (--color-text-muted) ;
line-height:1;
white-space:nowrap;

}

.status-dot{
width:.6rem;
height:.6rem;
border-radius:50%;
background: #777;
flex:0 0 .6rem;

.status-online .status-dot{ background:#2ecc71; }
.status-offline .status-dot{ background:#e74c3c; }
.status-unknown .status-dot{ background:#7£f8c8d; }
.status-text{ font-weight:500; }

/*=—- MODAL ---%*/
.modal {
position: fixed; inset: 0; z-index: 1000;
display: flex; align-items: center; justify-content: center;
}
.modal-backdrop {
position: absolute; inset: 0; background: rgba(0,0,0,0.55);
}
.modal-box {
position: relative; width: min (1000px, 92vw); max-height: 80vh;
background: #131927; border: none; border-radius: 10px;
box-shadow: 0 10px 30px rgba(0,0,0,.6); overflow: hidden;
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display: flex; flex-direction: column;
}
.modal-header-top, .modal-header {

display: flex;

align-items: center;

justify-content: space-between;
}
.modal-header-top {

padding: .75rem lrem;

border-bottom: 1px solid #333;
}
.modal-box h4 { margin: O0.5rem 0; }
.modal-close {

background: transparent;

border: 0;

color: var (--color-text-1light);

font-size: 1l.4rem;

cursor: pointer;
}
.modal-body {

padding: .25rem lrem; overflow: auto;

display: flex;

flex-direction: column;

gap: lrem;
}
.cfg-section {

display: flex;

flex-direction: column;

gap: .75rem;
}

.cfg-divider { border-top: lpx solid rgba (255, 255, 255, 0.12);

.table-wrap { max-height: 260px; overflow: auto; }
.col-actions { width: 220px; }
.modal .danger { border-color: #733; color: #fdcccc; }
.modal .danger:hover { background: #3alflf; }
.muted { color: #aaa }
#cfgRate60, #cfg60 a, #cfgd0 a { margin-right: 16px; }
#importCsvBtn{ margin: 0.5rem 0 0.75rem auto; }
#cfgSaveBtn{ align-self: flex-end; margin-right:12px;}
/*=—- ANALYSIS MODAL ---%*/
#analysisModal .modal-box {
width: 80%;
max-width: none;
max-height: 95vh;
height: auto;
}
#analysisModal .modal-body{
max-height: calc(92vh - 90px);
overflow: auto;
}
#analysisModal .modal-header-top {
justify-content: center;
position: relative;
}
#analysisModal #analysisCloseBtn {
position: absolute;
right: lrem;
}
fanalysisModal .modal-body > div:first-child{
display: flex;
flex-wrap: wrap;

}
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gap: 0.875rem;
align-items: center;
padding: 0.75rem lrem;
}
#analysisModal #analysisComputeBtn { margin-left: auto; }
#analysisModal .plot-box { height:auto; aspect-ratio: 23/9; }
.analysis-toggles {
padding: 10px Opx;
display: flex;
justify-content: center;
flex-wrap: wrap;
gap: 8px;
border-bottom: lpx solid #333;
}
.logDistance {
position: relative;
display: inline-flex;
flex-direction: column;
align-items: flex-end;
}
.logDistance > .btn { white-space: nowrap; }
.analysis-toggles .btn.fspl-active {
background: #ffb347;
border-color: #ffb347;
color: #000;
}
.analysis-toggles .btn.bestcurve-active {
background: var(--analysis-bestcurve-color);
border-color: var(-—-analysis-bestcurve-color);
color: #000;
}
.logDistance .btn.logdistance-active {
background: #b93232ff;
border-color: #b93232ff;
color: #000;
}
.analysis-logdistance-panel ({
position: absolute;
bottom: calc(100% + 8px);
background: #262£45;
border: 1lpx solid #3e4865;
border-radius: 10px;
box-shadow: 0 l4px 30px rgba (0, 0, 0, 0.45);
padding: 1l4px;
z-index: 40;
color: #f5f6fc;
display: flex;
flex-direction: column;
gap: 10px;
}
.analysis-logdistance-panel .mc-field {
gap: 10px;
font-size: 0.92rem;
white-space: nowrap;
}
.analysis-logdistance-panel .analysis-logdistance-label {
flex: 1 1 auto;
}
.analysis-results {
margin-top: 12px;
display: flex;
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flex-wrap: wrap;
gap: 8px;

align-items: flex-start;
justify-content: center;

}

.analysis-result-box {
border-radius: 8px;
padding: 12px 16px;
border: none;
font-size: 0.95rem;
line-height: 1.45;
color: #000;
text-align: left;
flex: 0 0 auto;
max-width: min(100%,

}

340px) ;

.analysis-result-box .analysis-result-title {

font-weight: 700;
margin-bottom: 4px;
text-transform: uppercase;
font-size: 15px;
letter-spacing: 0.08em;

}

.analysis-result-box dl {
display: grid;
grid-template-columns: auto 1lfr;
column-gap: 12px;

row-gap: 6px;

margin: O;
}
.analysis-result-box dt { font-weight: 600; }
.analysis-result-box dd { margin: 0; }
.analysis-result-box--fspl { background: rgb (255, 179, 71); }

.analysis-result-box--ols { background:
.analysis-result-box--log { background:

.hidden { display: none; }

var (-—analysis-ols-bqg) ;
#b93232ff; }

}

165




	Περίληψη
	Abstract
	Πίνακας Περιεχομένων
	Κατάλογος Εικόνων
	Κατάλογος Πινάκων
	Κεφάλαιο 1: Εισαγωγή
	1.1 Ηλεκτρομαγνητικά κύματα
	1.2 Ηλεκτρομαγνητικό φάσμα
	1.3 Μηχανισμοί Διάδοσης
	1.4 Πολλαπλές Διαδρομές
	1.5 Εξασθένηση Διαδρομής (Path Loss)
	1.6 Μοντέλα Εξασθένησης Διαδρομής
	1.7 Internet of Things
	1.8 Εφαρμογές Διαδικτύου

	Κεφάλαιο 2: Σχεδίαση & Υλοποίηση των μονάδων ανιχνευτών ισχύος
	2.1 Εισαγωγή
	2.2 Η κεραία HyperLOG 7060
	2.3 Γεννήτρια Σήματος Synth USB3
	2.4 Ο μικροελεγκτής ESP32
	2.5 Η αναπτυξιακή πλακέτα DOIT ESP32 DEVKIT V1
	2.6 Mini-Circuits ZX47 Ανιχνευτές Ισχύος
	2.7 MCP3002 Analog-to-Digital Converter
	2.8 Διασύνδεση κυκλώματος - Σχεδίαση πλακετών
	2.9  Το λογισμικό του ESP32
	2.9.1 Πρωτόκολλο MQTT
	2.9.2 Περιγραφή προγράμματος
	2.9.3 Αρχικές Ρυθμίσεις
	2.9.4 Η «ρουτίνα» του προγράμματος
	2.9.5 Δυναμικός ρυθμός μετάδοσης μετρήσεων
	2.9.6 Διάγραμμα Ροής


	Κεφάλαιο 3: Ανάπτυξη Διαδικτυακής Εφαρμογής
	3.1 Εισαγωγή
	3.2 Αναπτυξιακή Πλακέτα Raspberry Pi
	3.2.1 Το μοντέλο Raspberry PI 4B
	3.2.2 Προετοιμασία Raspberry Pi

	3.3 Διαμόρφωση Backend
	3.3.1 Flask
	3.3.2 NGINX
	3.3.3 MQTT over Websockets

	3.4 Frontend
	3.4.1 Γενική εικόνα της σελίδας
	3.4.2 MQTT.js

	3.5 Παρακολούθηση ανιχνευτών σε πραγματικό χρόνο
	3.6 Παράμετροι εφαρμογής και διαμόρφωση
	3.7 Πειράματα εξασθένησης διαδρομής σήματος
	3.7.1 Σχεδιαστική λογική
	3.7.2 Αποθήκευση πειραμάτων
	3.7.3 Εκτέλεση ενός πειράματος

	3.8 Περιβάλλον ανάλυσης πειραμάτων
	3.8.1 Απεικόνιση δεδομένων
	3.8.2 Προσαρμογή Θεωρητικών Μοντέλων


	Κεφάλαιο 4:  Μελέτη της εξασθένησης διαδρομής σε εσωτερικό περιβάλλον
	4.1 Εισαγωγή
	4.2 Μετρήσεις σε χώρο εργαστήριου με οπτική επαφή (Indoor LoS Lab)
	4.3 Μετρήσεις σε χώρο γραφείου με οπτική επαφή (Indoor LoS Office)
	4.4 Μετρήσεις σε διάδρομο με οπτική επαφή (Indoor LoS Corridor)

	Κεφάλαιο 5: Συμπεράσματα & Μελλοντική εργασία
	5.1 Συμπεράσματα
	5.2 Βελτιώσεις & Μελλοντική εργασία

	Βιβλιογραφία
	Παράρτημα I
	Παράρτημα II
	Παράρτημα III
	Παράρτημα IV
	Παράρτημα V


