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NEPIAHWH

2TV TTapouca OITTAwUATIKA €pyacia TrapoucidlovTal acupuateg (eUgelc oTa €Upn
ouxvoTATwv 2,412 — 2,484 GHz (mpotutro 802.11 b/g/n) kai 5,150 — 5,725 GHz
(rpoTutto  802.11a//n/ac). MepiypdyeTal Kal avaAUeTal n  ETTOPACN TWV  KAIPIKWYV
QAIVOUEVWY OE OUVOUAOUO HE TIG QUOIKEG 101OTNTEG TWV NAEKTPOUAYVNTIKWY KUPATWYV
TTOU XPNOIJOTTOIOUVTAl VIO TN HETAPOPA OEDOPEVWY, OTIGC OUXVOTNTEG EVOIAPEPOVTOG.
TENOG TTEPIYPAQETAI N KATAOKEU] KATAAANANG kepaiag Bow-Tie yia xprion oe WLAN
OikTUA, KABWG Kal N TTEIPANATIKA d1adIKagia TTou TTPAyUaTOTTOINONKE YIa va atrodeixBei n
o@odpn emidpacn Tou €idoug Tou pEoou diadoong aTnv dIAdoOT TOU NAEKTPOPAYVNTIKOU
KUMATOG, KOI KATA CUVETTEIQ N ETTIOPACH TWV KABNUEPIVWV KAIPIKWY OUVONKWV.

OEMATIKH MNMEPIXH: MiKpOKUMQTIKEG ZEUEEIG

AEZEIZ KAEIAIA: Acupuateg Zeugeig, Kaipikd Paivopeva, Mikpokupata, 2.4
GHz, 5.1 GHz



ABSTRACT

We will analyze wireless coupling within the frequency band of 2.214 — 2.484 GHz
(protocol IEEE 802.11 b/g/n) and 5.150 — 5.725 GHz (protocol IEEE 802.11a//n/ac). We
shall explain various weather conditions that occur on a daily basis, the physical
properties of the electromagnetic waves that are used for data transfer, the design of a
microwave amplifier for S band and C band waves. Finally we shall explain and show
how our electromagnetic wave changes and alters from the various weather conditions

SUBJECT AREA: Microwave Antennas and Propagation

KEYWORDS: Microwaves, Weather Conditions, Wireless propagation, 2,4 GHz, 5,1
GHz
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NMPOAOIOZ

H ouykekpipgévn OITTAWUATIKA OIEPKNOE TTAPATTAVW OTTO TOV QVAUEVOUEVO XPOVO Yyid
TTOANQTTAOUG Adyoug. O TTI0 onPavTIKOG ATAv N cuAAoyr] OedopévwyY UTTO TIG OIAPOPEG
KAIPIKEG OUVONKES OTTWG £TTIONG N avAyKn UTTOPOVNAG, EUPEONS KATAAANAouU €COTTAICHOU
Kal pubpiong Tou Atav TepdcTia. Metd atrd 1pion xpovo eKTTANPWONKeE n Karatrévnon
AUTAG TNG DITTAWUATIKAG Epyaaiag



Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi
1. EIZArQrH oprPizMOI KAl BAZIKEZ ENNOIEZ

1.1 Wi-Fi (Wireless Fidelity)

Wi-Fi €ival pia texvoAoyia yia acUpuatn dIKTuakr TottoAoyia 61Tou divel Tn duvaTdTnTa
O€ NAEKTPOVIKEG OUOKEUEG (OTTOU €XOUV Tn duvVATOTNTA) VO oUuvOEBOUV XPNOIKNOTTOIVTAG
ouxvotnTteg Twv 2.4 GHz (unkog kupatog 12 cm) kai 5 GHz (prkog kupatog 6 cm). H
XPNon €vOog OUYKEKPIWEVNG TEXVOAoyiag £xel 81ad0Bei oe KABE €idOUC WNYPIOKA CUOKEUN
(a1ré Wuyeia pEXP! KIVNTA TNAEQWVQ).

1.1.1 Npétutro IEEE 802.11

To mpotutro 802.11 evog IEEE eival pia opdda mpodiaypa®wy O0To QUOIKO ETTITTEDO
(Physical Layer of the OSI) woTte va g@apuocBei aocUpparn TOTTIKA OIKTUWON O€
ouxvoTnTeg Twv 2.4, 3.6, 5 kai 60 GHz. H 1rpwTn ékdoon ekddONke 10 1997 Kal £xouv
yivel TTOANATTAEC BeATiwoEIC Kal aAAayéS. MéExpl orjuepa uttdpxouv 5 TpOTUTIA
AeiToupyiag 61Tou ol aAAayég BaaifovTal O0To eUPOG CWVNG TTOU XPNOIUOTTIOIEITAl KAl OTN
ouxvoTNTNTA AEITOUPYIOG.

1.1.2 802.11b

To mpoTutto 802.11b ATav 1o TpwTo TEOTUTTO LAN TTOU XPNOIUOTTOINONKE EUPEWG OE
OIGQPOPEG OUOKEUEG (EVTOG OPNTWYV NAEKTPOVIKWY UTTOAOYIOTWY Kal O€ OIAPOPES
Mop@EG e€oTTAIoNOU). H péyiotn TaxutnTa petddoong dedouévwy Ppioketal ota 11 Mbps
Kal PEyioTn euPBEAEIa 30 pETPA (EVTOGS KTipIoU).

Mivakag 1.1: XapakrnpioTikd péTutrou |IEEE 802.11b

PARAMETER VALUE

Date of standard approval July 1999
Maximum data rate (Mbps) 11
Typical data rate (Mbps) 5
Typical range indoors (Metres) ~30
Modulation CCK (DSSS)
RF Band (GHz) 2.4
Channel width (MHz) 20

1.13 802.11a

To mpdTutTo 802.11a €xel Tn duvaTtdTNTa UYNANG atTddoong Adyw TnG ouxvoTNTAG TTOU
Aerroupyei (AiyoTepeg TapeuBoAég ota 5 GHz). Av kai To Trpotutro 802.11a Bynke Tnv
idla etmmox pe 10 802.11b, dev eCamAwOnke d16T 70 802.11b aTTédIdE UYWNAOTEPES
TaXUTNTEG Oedopévv. O Adyog ATav n ouxvoTnTa AEITOUPYIAG, N OTToIa £KAVE TO KOOTOG
TWV OAOKANPWHEVWY KUKAWPATWV UTTEPBOAIKG uwnAob.

K. AABépTog 13



Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

Mivakag 1.2: XapaktnpioTikd rpoéTutrou IEEE 802.11a

PARAMETER VALUE

Date of standard approval July 1999
Maximum data rate (Mbps) 54
Typical data rate (Mbps) 25
Typical range indoors (Metres) ~30
Modulation OFDM
RF Band (GHz) 5
Number of spatial streams 1
Channel width (MHz) 20
1.1.4 802.11¢g

To 802.11b €ival o TTPoKATOXOG TOou TTPoTUTTOU 802.11g KaI AEITOUPYEI OTN ouXVOTNTA
2.4 GHz tng pmravrtag ISM. MapdAo trou diaBETel YEyioTn TaxuTnTa OEOOPEVWV TNG TAENS
Twv 54 Mbps, n TpayuaTiky TaxutnTa cival Aiyo trapatravw amd 24 Mbps. Av kai
utTdpxel oupBarotnta pe 1o 802.11b n UTTapén ouokeung TToUu OOUAEUElI PE AUTO TO
TTPOTUTTO HEIWVEI aloBNnTd Tnv TaxutnTa Tou OIKTUOU. MNa va TTpayuaTotroinbouv ol
aug¢nuéveg TaXUTNTEG Kal va Trapaueivel n ouugBarotnta oto Trpotutto 802.11g
xpnoipotroicital OFDM (Orthogonal Frequency Division Multiplex).

Mivakag 1.3: XapakrnpioTikd wpéTutrou |IEEE 802.11¢g

IEEE 802.11G WI-FI FEATURES

FEATURE 802.11G

Date of standard approval June 2003
Maximum data rate (Mbps) 54
Modulation CCK, DSSS, or OFDM
RF Band (GHz) 2.4
Channel width (MHz) 20

1.1.5 802.11n

Me tnv edpaiwon Twv mpotuTtwyv 802.11a, 802.11b kai 802.11g, MEAETAONKE n
ouvardtnTa au¢nong TG MEYIOTNG TaxUuTNTaS. To atmmoTéAeoua TTpoékuye Tov lavoudpio
Tou 2004, o6tav n IEEE avakoivwoe 10 TIpoTUTTO 802.11n. OI KATOOKEUAOTEG
OUPPWVNOQV YIa TIC CUOKEUEG TTOU Ba agloTToloUV TO OUYKEKPIYEVO TTPOTUTTIO TO OTTOIO
emionua etmionua kKukhogopei 1o 2009 wg ékdoon 802.11n To TpdTUTIO QUTO €ival
oupBaté pe T TPonyoupeva TIPOTUTIA (0TI idleg ouxvoTtnteg). Emeidni auty n
ouppatétnTa  €xel KOOTOG WG TPOG TNV TaxUuTnTa UTtdpxel n  duvardétnta va
artrevepyoTroinBei. Mo cuykekpiuéva uttTapxouv 3 pubuioeic Asitoupyiag.

e Legacy (u6vo 802.11b kai 802.119)
e Mixed (802.11b, 802.11g ka1 802.11n)
e Greenfield (802.11)

K. AABépTog 14
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21NV pubuion Asitoupyiag Greenfield €xoupe Tn duvaTdTNTA PEYIOTNG TAXUTATAG
OTTOU N MEYIOTN BewpnTIK TaxuTnTa @TAvVEl Ta 600 Mbps.

Mivakag 1.4: XapakTnpIioTIKa TpoTutrou |IEEE 802.11n

IEEE 802.11N SALIENT FEATURES

PARAMETER IEEE 802.11N STANDARD

Maximum data rate (Mbps) 600

RF Band (GHz) 240r5

Modulation CCK, DSSS, or OFDM
Number of spatial streams 1,2,3,0r4

Channel width (MHz) 20, or 40

ACiCel va onPEIWBET OTI UE TO OUYKEKPIYEVO TTPOTUTTO TO €UPOG Cwvng atto 20MHz €xel
oimAaoiaoTei ota 40MHz, n Texvoloyia Kepaiwv €xel BEATIWOEI pe Tnv dnuioupyia
KATEUOUVTIKOTNTAG TOU CNUATOG. TEAOG MEIWVETAI N KATAVAAWON £VEPYEIAG AAAGLOVTAG
TO PUBPO PETABOONG BEDOUEVWV.

1.1.6 802.11ac

To mrpdTuTTo 802.11ac dnuioupyndnKe yia va augnoel TNV eAAxIoTn TaxuTnta o€ dikTua
Wi-Fi oto 1 Gbps pe péyiotn kovrd ota 7 Gbps, KATI TTOU KAVEI TO OUYKEKPINEVO
TTPOTUTTO 1I0AVIKO YIa {wvTavr) HETAdOoON video.

Mivakag 1.5: XapakrnpioTikda mpoétutrou IEEE 802.11ac

IEEE 802.11AC SALIENT FEATURES
PARAMETER DETAILS

Frequency band 5.8 GHz ISM (unlicensed) band
Max data rate 6.93 Gbps
Transmission bandwidth 20, 40, & 80 MHz
160 & 80 + 80 MHz optional

Modulation formats BPSK, QPSK, 16-QAM, 64-QAM

256-QAM optional
FEC coding Convolutional or LPDC (optional) with coding rates of Y%, 2/3, %, or 5/6
MIMO Both single and multi-user MIMO with up to 8 spatial streams.
Beam-forming Optional

1.2 MeB6doi AopaAcgiag

‘Eva acupuato OiKTuo AOyw TNG QUONG Tou Eival ETTIPPETTEG WG EVOG TNV KAOTN
Oedouévwy e didgpopeg TeXVIKES. MNa va au¢ndei To amdppnTo TWV OESOPEVWV QUTWV
TTOU XpnoiuoTrolouv diktuo WI-Fi €xouv oxediaoTei ahyopiBuol ao@aAEiag.

K. AABépTog 15



Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi
1.2.1 WEP (Wireless Equivalent Key)

O 1mpwT0G aAYyOPIBUOG TTOU AgIOTTOINONKE YIa TV AOQAAEIQ ACUPPATWY JIKTUWY Wi-Fi
Aeyotav WEP kai kaBiepwBnke 1o 1999. O aAyopiBuog dev Atav 1d1aitepa atrodoTiKOG
WG TTPOG TNV TTPOCTACIA TOU BIKTUOU, APOU XPNOIKNOTTOIoUCE KAEIDI KpUTTTOYPAPNoNG 64-
bit ka1 Adyw uiag vopoBeaiag Twv Hvwuévwy MoANiTelv oTo BEpa e€aywynig Kal
ONUOCIEUONG KPUTITOYPOPIKWYV TEXVOAOYIWY, OEV ETTITPETTOVTAV OTOUG KATAOKEUQOTEG VA
au¢ioouv 1o KAEIBi oTa 128-bit. Me Tn TTédpodo Tou Xpdvou cuvOUAOTIKA PE TNV auénon
TNG UTTOAOYIOTIKAG 10XU0G, TOo WEP aduvatouoe va ac@alioel éva acuppaTo dikTuo
a@ou 1o 2005 uTmpxav TTPOYPAUKATA TTOU JITTopoUcaV eyyunuéva va Bpoulv To KAEIDI
MEOO O€ PEPIKEG WPEG.

1.2.2 WPA (Wi-Fi Protected Access)

Metrad Ttnv avamroreAeopatikotnta Tou WEP T10 2003 TmpIiv eTmionua  atrooupBei,
uioBetAbnke 0 WPA. H o «koivA dlapoépowon Tou WPA Atav n xpnon
KPUTTTOYPa@NUEVOU KAEIDIOU 256-bit aAAG o1 peyaAUTEPEG AANQYEG TAV OTOV EAEYXO TNG
akepaloTnTag Twv dedouévwyv (message integrity checks) kai €1miong oto TTPWTOKOAANO
akepaldTNTag TTPpoowpivou kKAe1diou (TKIP: Temporal Key Integrity Protocol), To otroio
dnuioupyouoe £va KAEIDi avaloya pe Ta OedouEva UTTO PETAPOPA. 2Tn cuvéxela 1o TKIP
aMage oto Tponypévo TIPOTUTTO KpuTrtoypdenons AES (Advanced Encryption
Standard). Ztn ouvéxela 10 TIPOTUTTO WPA BewpnBnke avac@aiéc Adyw Twv
onuavtikwy eAAeiygewv oto WPS (Wi-Fi Protected Setup) 6trou pe mn duvatdtnta evog
KOUUTTIOU JTTOpoucav va ouvdeBouv OUO0 OuoKeuéG aAAG etmiong va KAatrei o
OuUVOUAOHOG TTOU XPNOIKOTTOIoUoAV AUTEG Ol OUO CUOKEUEG. .

1.2.3 WPA2 (Wi-Fi Protected Access Il)

H teAeutaia dnuioupyia aAyépiBuou acpalciag oe diktua Wi-Fi eivar to WPA2. Mg 1n
mTpooBnkn Tou CCMP (Counter Cipher Mode with Block Chaining Message
Authentication Code Protocol) n ao@daAsia Tou SIKTUOU Qugndnke €xoviag wg HOvVo
eAartwpa to WPS étmou pe 1o KatdAAnAo TTpdypaupa péoa oe 2-14 wpeg PTTOPEIG va
OTTA0EI KATTOI0G TOV KWOIKO TOU DIKTUOU.

1.3 Mérpnon onparog evog dikTuou Wi-Fi

MNa TN u€Tpnon TNG 10XU0G ToU onuaTog evog dikTuou Wi-Fi xpnoipgotrolouue wg povada
Ta Decibel-Milliwatt (dBm). Eival n pérpnon tng 10x00¢ £€xovtag wg Trapadoxr o1 1a 0
dBm avtigtoixouv o 1 mW. lNa va ek@pdacoupe tnv 1oxu o€ dBm amd miliWatt
aglotroloupe Tov TUTTO (O1T0U P N 1o0XU¢ o€ milliWatt i Watt kai x o dBm):

P
= 10log,, ——
S10 ImW
MNa tnv ékepaon oe dBm ammd Watt:

r = 30+ 10log,, %

Kai avtioTpdwg n €kppacn armdé dBm o€ milliWatt:
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P =1mW - 1010

Evw og Watt:

z—30

P=1W .10

MNa pia otaBepr) petddoon dedouévwy o€ dikTtuo Wi-Fi n eAdxioTn Tiun BpiokeTal ota -73
dBm trou avtioToixei ota 50,12 pW). H 10xU¢ TTou @TAveEl attd TNV TTNYR £¢apTaTal atrd
TTOANQTTAOUG TTapAyovTeg aAAd ol TTIo Bacoikoi gival av uttdpxel otk emagn (line of
sight 61TOU OTN CUYKEKPIYEVN TTEPITITWON N ATTOOTACH UTTOPE va TTEKTABEI o€ TEPATTIO
BaBuob), av uttdpxouv euTTOdIa O APIBUOG AUTWYV KAl N TTUKVOTNTA TOU UAIKOU OTTO TO
oTT0i0 gival kataokeuaoueva. MNapakdTtw divetal evog Trivakag avtioTolxiag dBm og Watt
KAl KATTOI0 TTPAKTIKO TTApAdEIyua Xprong.

Mivakag 1.6: AvtioToiXia emiImredou 1I0XU0G, TIPAYHATIKAG 10XU0G Kal TTI8avi xpRion

Eritredo
loxug Xprion
loxug
80 dBm 100 kwW Tutmikég TTOuTTOG padiopuwvou yia FM

62 dBm 1,588 kW 1,500 W n péyiotn 10x06 yia TTouTToug T0tTou ham evog H.IMA.

60 dBm 1,000 kW TUTTIKR) EKTTOUTTT] EVEPYEIAG EVOG POUPVOU PIKPOKUUATWY

Typical single-channel RF output power of a Ku-Band GEO-stationary
55 dBm ~300 W

satellite
50 dBm 100 W Méyiotn RF 10xUG yia TToutté ham radio HF
40 dBm mnow MPpWTOKOANO ETTIKOIVWVIOG O€ YPAUUA HETAPOPAS PEUNATOG

Méyiotn RF 10x0¢ yia @opntd Tmoummd ham radio handheld radio
VHF/UHF

37 dBm 5W

MéyioTn 10X0G yia KIVvNTO TNAEPWVO TTOU AEITOUPYEI EVOG ouxvoTnTeEG GSM
850/900.

33dBm 2W

30 dBm 1,000 mw MéyioTn 10x0G yia KIvnTO TNAEPWVO TTOU AEITOUPYEI EVOG OUXVOTNTEG
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DCS/GSM 1800/1900.

27 dBm 500 mW MéyioTtn 10x0¢ yia UMTS/3G (ETritredo 10x00G6 2)

MéyioTtn 10x0¢ yia UMTS/3G (ETritredo 1ox00og 3) 1,880—

1,900 MHz DECT (250 mW ava 1,728 kHz channel). EIRP yia Wireless
LAN IEEE 802.11a (kavahia pe eUpog 20 MHz ota 5 GHz utroutravta 1
(5,180-5,320 MHz)

24 dBm 251 mw

21 dBm 125 mW MéyioTtn 10x0¢ yia UMTS/3G (ETritredo 10x00G 4)
20 dBm 100 mwW Bluetooth Class 1
15 dBm 32 mwW TuTTiKA eKTTOUTTA 1I0XU0G pIag KapTag dikTuou Wi-Fi evog eopntou HYY.
4 dBm 2.5 mw Bluetooth Class 2 pe gupéieia 10 pyétpa
0 dBm Lomw = Bluetooth standard (Class 3) pe euféAeia 1 pérpo
1,000 yW
-10dBm | 100 pyW MéyioTn 10x0G TTou dEXETAI PIa KAPTa SIKTUOU yia dikTuo Wi-Fi

2AMa TO0TTOoU S9, duvatd onfua Tou dExeTal OEKTNG TUTTOU ham oTn
-73dBm | 50.12 pW MTTAVTa TWV shortwaves.

-100 L MéyioTn 1ox0U¢ TTou déxeTal pia K&pTa OIKTUOU YIO TOV EVIOTTIOUO €VOG
dBm ol SikTUoU Wi-Fi
-111 0,008 pW =

O¢epuikdC B6puUBoc via eupoc {wvnc ota 2 MHz via GPS
dBm 8 fW PMUIKOG BopuBog Y pog Cwvng Y

-127.5 0,178 fw i o, i .
TuTTIKR 10XUG orfjpaTtog atrd dopupopo GPS

dBm 178 aw
-174 0,004 aW = Ogpuikdg B6puBog yia €Upog Cwvng 1 Hz oe Bepuokpaaia dwuatiou
dBm 4 z2W (20 °C)

-192.5 0,056 zZW=

O¢epuikdG B6pUPOG yia eUpog Cwvng 1 Hz aTto didoTnua (4 kelvins)
dBm 56 yw
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2. KAIPIKA ®AINOMENA

H atuydopaipa g yng dIETmeTal ammod aAAayEéS. AuTEG ol aAAayEG oTnv TPOTTOC@aIpa (TO
eMiTTEdO TNG ATUOOPAIPAG OTO OTToI0 oUuE), aAAGlel avAAoya PE TIG KATAOTAOEIS TNG
Bepuokpaciag, TTieong, uypaciag kal Tou avépou (évraon kail dieuBuvon). OtoTe av
BéAoupe va dwoouue pia opoAoyia Ba BETaPE TIC AIoBNTEG AANAYEG TWV PETEPOAOYIKWV
TTOPAUETPWY O€ OUYKEKPIPEVO TOTTO KAl XPOVO.

2.1 OupixAn

H opixAn €ival €va @QuOIKO @AIVOUEVO TTOU TTPAYUATOTTIOIEITAI OTNV ATUOCQAIPA, TTOAU
KOVTA OTnV ETTIQPAVEIA TOU €DAPOUG I TNG BAAacoag. AtToTeAsiTal ammd TTOAU MIKPA
udpoaTayovidla TTPOEPYXOMEVA ATTO TNV CUUTTUKVWOT TWV UdPATHWY TNG ATUOCPAIPAG.

KuUplo xapaktnpioTikd Tng OpixAng €ival n eAdrTwon opatdtnrtag OTTou KAVEl Kal TO
OUYKEKPIPMEVO @aivouevo aioBbntd. ‘Exoupe dUo peBddoug katdraéng TnG OMiXANG,
avaAoya Je TNV ETTITPETITH OpATOTNTA KaI avAAoya e TOV TPOTTO OXNUATIOHOU.

M£B0B0G EMITPETTTAG OPATOTNTAG
‘Exoupe 3 KOTNYOPIEG OTIG OTTOIEG KATATACCOETAL:

*=nNPd ayxAUc: ZTnv ¢npd axAu €xoupe opatdTNTa Avw TWV 2 XIAIOMETPWY. ZuvhRBwg
OnUIoUPYEITAl ATTO OKOVN, XWHA Kal GAAa Enpd cwuartidia.

*Yypr] axAug: 21NV uypr axAu €xoupe opatdTnTa atrd 1 ewg 2 XINOUETPA. ATTOTEAEITAI
atmd TTOANG pIKPA uypd oTayovidla evidg Tou aépa. To QaIvVOUEVO TTapaTnpEiTal oTav
A€Pag PE UWNAN TTUKVOTNTA UYPOCiag, EPXETAI O€ ETTAQPN UE MI TTOAU Bepun) eT@AvEIQ.

*OuixAn: H opixAn civar idia pge TNV uyprp axAu oTov TPOTTIO dnuioupyiag aAAd n
OPATOTNTA PEIWVETAI KATW TOU £VOG XIAIOUETPOU.

Wet Fog Dry Fog

B\

Wet Fog droplets Dggoougngrforzln(:ts

bur;st andr\:et tl?e‘ surfaces, like soap
surfaces, like rain: bubbles:

Eikova 2.1: Ala@opég HeTASU Enpdg Kal uypng axAUug OTav EPXOVTal O ETTAPN HE MIA ETIQAVEIA
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MéBodog oxnuartiopou

e OpixAn akTivoBoAiag: H opixAn akTivoBoAiag dinpioupyeital AOyw €TTA@G TOU aépa UE
TNV ETTIQAVEIQ TOU €OAPOUG OTAV AUTH) TTPONYOUMEVWG €XEI WUXOEI TTOAU TTEPIOCCOTEPO
AOYW TNG VUKTEPIVAG OKTIVOBOAIQG.

Eikéva 2.2: QwToypagia TePIOXAG OTTOU avatrTUoETAI OPiXAn akTivoBoAiag

e OpixAn avapi¢ewe: H opixAn avapig¢ewg gival To ATTOTEAECUA ETTAPNG dUO AEPIWV
Malwv dIaQOPETIKAS BEPPOKPOTIag Kal uypaciag.

Pre-Frontal Fog

, - an
Cloud development because of
frontal lifting of warm moist air

Nimbostratus Clouds

-~ .

~Warm air

Direction of frontal movement

Eikéva 2.3: T'pa@ikA €re§ynon tng opixAng avauifewg

e OuixAn opilovTiag PeTa@opacs: H opixAn opilOvTiag HETAQOPAG oxXnUATiCETal ATTO
TNV JETAPOPA UYyPOU Kal OXETIKA BEpUoU aépa TTAVW OTTO YUXPOTEPN ETTIPAVEIQ.
ATTOpaiTNTOG OUWG OPOG dnUIoUPYIag TNG gival N Yuxpr mM@Aveia Enpedg A
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BaAaocoag va gival TOoO Wuyxpn TToU va PTTopEi va KateRdoel Tn Bepuokpaacia Tou
UTTEPKEIPEVA DIEPXOUEVOU BEPUOU Kal UypoU aépa KATW aTrd To onueio dpodoou
TOU.

Advection Fog

Fog forms

- _+
Warmer, moist air Colder Surface
moves over a colder
surface and its temperature drops

Eikova 2.4: Fpagiki emeénynon tng opixAng opiovTiag HETAPOPAG

2.2 BpoxomTtwon

H tmrrwon Bpoxng amd 1a ouvvepa ovopdletal Bpoxotmtworn. H didkpion Baaoiletai
oTnVv €vtaon TnG BPoxoTITwong OTTou UETPIETAI O€ XINOOTA BPOXNS TTOU TTEQPTOUV avda
wpa, JE Eva €10IKO EPYAAEio TO PPOXOUETPO KABWG KAl OTOV TPOTTO OXNUATIOMOU TNG
Bpoxng.

2.2.1 'Evraon Bpoxoétmrtwong
O1 petepeoAdyol avaloya Pe TNV €vraon TNG PPOXNS €Xouv TIGC aKOAOUBEC KaTnyopieg
BpoxotrTwong étrou Baacifovral 0To UWOoGS TNG BPOXNAG:

o AoBevng Bpoxdmrtwon: <2 mm/h. H cuvnBiopévn TipR ¢Bdavel ota 0,5 mm/h. H Bpoxn
AUTA TTPOEPXETAI ATTO OUVVEPQA PE TTAXOG MIKPATEPO aTTO 2 Km.

e Métpia BpoxdmTwaon: 2-6 mm/h.

o loyxupn BpoxdémTwaon: >6 mm/h. Z& EaQVIKEG UTTOPES PEYAANG éviaong. Otav 1o UWog
NG Bpoxn¢ ¢etrepvael Ta 10 mm/h n Bpoxr auTh BewpeiTal atTOTON, CUVTEAEITAI TTO
MEYAAEG OTayOVEG KAl TTOAAEG QPOPEC oUVODEUETAI ATTO XAAAL!.

e Biain Bpoxoémtwon: 50 mm/h. Autou Tou TUTTOU OI BPOXOTITWOEIS BewpouvTal
OTATIOTIKWG OTTAVIO QAIVOUEVO KAl £XOUV EPJPAVIOTEI KATTOIEG OTIYMEG OTO KOOHO.
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2.2.2 TpomTog oXNUATIONOU BPOXOTITWOEWV

o Bpoxég kataképu@ng UETAPOPAC: AUTOC O TUTTOG BPOXNS TTPOEPXETAI ATTO CWPEITES
KAl ocwpeiTopeAavieg, dnAadry ouvvea avodIKWV PEUUATWY OTTOU TIG OUVOVTAUE O€
XWPEG HaKPIA atTo Tov lonuepIvo.

Eikova 2.5: FpagikA emegRynon BPoxXnAg KATAKOPUPNG LETAPOPAG

o Opoypaikéc Bpoxés: Or ouykekpiuEveSG BPoxES BpiokovTal aTIG BOuvoTTAQyIEG TTOU
€XOUV TTPOCOVATOANIONO TTPOG TIG OKTEG. O aépag TToU BPICKETAI TTAVW ATTO WKEAVOUG
Kal BaAacoeg eival TTAoUCI0¢ o€ udpatuoug. Otav @Tacel 10 Pouvo TIPETTEN va
uTTEPTTNONOEI TNV £EQpON ME ATTOTEAEOUA au&nong Tou uwoueTpou. Me Tnv augnon
TOU UWOMETPOU €XOUME paydaia peiwon TNG Bepuokpaciag oUUTINKVWON TwV
udPaTHWY Kal TEAIKO aTTOoTEAEGHA TN BPOoXN.

Eikéva 2.6: M'pa@iki €re§Rynon opoypa@ikng BPoxng
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o Bpoxég petwtrou | peTwtmkéC Bpoxéc: O 1o ouvnBiopévog TUTTOG BpoxoTrTwong,
KOAUTITEL TTOAAEG  €KATOVTADEG XINIOPETPA O€ pia nuépa. H dnuioupyia TOUG
TTPAYMOTOTTOIEITAl ATTO AVEUOUG TTOU  METOQEPOUV BepudtnTa atmd TIG TPOTTIKEG
TTEPIOXEG TTPOG TOUG MNOAOUG Kal OTa HECT YEWYPOAPIKA TTAATN.

Eikéva 2.7: Fpa@iki emeénynon PETOTIKAG BPOoxXAg

e 0&ivn Bpoxn: Ocwpeital n Ppoxn TTOU TIEPIEXEI QPUOIKA O&IVO  UETEPEWAOYIKA
Katakpnuviopara. O Adyog 1Tou TiBeTal N AéEn aPUOIKO OTNV OPOAOYia €XEI WG OKOTTO
va Tovioel aToIxEia r; oucdieg evidg TnNG Bpoxng tmmou Ppiokovral Adyw avBpwTrivou
TTapdyovTa r €Xouv KATTolo putrtoyovo atroTéAeoua. H Bpoxn amd tn @uon Tng o€
KaBapo tepIBAAAoOV £xel 6EIvo pH.

Eikéva 2.8: ETITITWOEIG 0T @UOoN PETA a1rd piyn 6§ivng Bpoxns.
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2.2.3 AAAayn oXAMATOG OTAYOVOG WG TTPOG TO HEYEDOG

Mia oTtayéva Bpoxng Onuioupyeital amd udpatuoug (vepd oTtov aépa). Me TOoug
udpPaTPOUG AUTOUG UTTAPXOUV WIKPA owpuaTidla TTou OVOUACoVTal TTUPHVES TTUKVWONG
(condensation nuclei). INa Tapddeiyua, PIKPA KOoPudTtia aAatiou amo vepd BdAacoag,
eCaTpideTal 3 KATTOI0 CWHMATIOIO KATTVOU 1 okévng. H TTukvwon dnuioupyeital otav
oTayovidia udpaTuwy TTPOOKOAAWVTAI OTO owuatidlo. KdéBe ocwpuaridio (e Ta
TTPOOKOAANUEVA oCWUATIOIO USPATHWY) YiVETAI dia YIKPR oTayova peyéBoug atrd 1 pm
¢wg 5 pm oe didueTpo (To pEyeBOG eCapTaTal aTTd TO PEyEBOC TOU CwATIBiOU OTO
KEVTPO). ANG akoua 1o péyeBog Tou dev Tou divel TO avaykaio BApog va apxioel Tnv
TITWOoN Tou. Av éva oTayovidlo £€pBel og eTa@r e Eva GAAO TO peyaAUTEPO oTayOoVIdIo Ba
«@Acl» TO WIKPOTEPO KOl TO KAIVOUPYIO OTayovidlo Ba Cuvexioel va Q@OMOIWVEI Td
utTOAOITTa OTayovidia PEXPI va Papuvel APKETA Kal va apyioel tn Trwon tou. Eva
oTayovidio Ba yivel otayova oTav 1o PEyeBog Tou atTokTroel EAaxIoTn didpeTpo 0,5 mm.

Mivakag 2.1: Tumikd peyébn otayovag
Tumikd pey€On otayoévag

Méye0og ZTayovag TeAikn TaxuTnTa

Eidog Bpoxng mm in m/sec |'miles/hr
AoBeviig Bpoxomtwon
Mikpry oTayova 5 .02 2.06 4.6
MeydAn otayova 2.0 .08 6.49 14.4
MéTpia BpoxotTTwon

Mikpry oTayova 1.0 .04 4.03 8.9
MeydAn otayova 2.6 10 7.57 16.1

loxupn Bpoxétmrtwon

Mikpr) oTayova 1.2 .05 4.64 10.3
MeydAn otaydéva 4.0 .16 8.83 19.6
MéyioTo MéyeBog ZTayovag 5.0 .20 9.09 20.2

Etriong TiBeTan TO epwTnUA yIaTi pia oTaydva de uTropei va utrepRei Ta 5 mm. H otaydva
€Xel OUO BUVAEIC TTOU TNV €TTNPEACOUY, N ETTIYAVEIOKT TAON TOU VEPOU KAl N AVTioTAON
agpa Katd Tnv TTWOoN TNG. 2T0 TTAPAKATW OXHKA PTTOPOUNE va doupe TTws aAAdlel To
oxAMa TN n otayova avaloya pe 10 pEyeBog TnNG. Av dolpe ota 4,5 mm n otayoéva
apxicel Kal TTaipVEl Pia HoP@r TTOU MOIACEl YE QAELITTTWTO. TO aTTOTEAEOMA €ival oTa 5
mm ) oTayova KOReTal Kail dnuioupyouvTal 2 oTayOVeG.
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) . | h
& b

| | f \\
1 @ y |
2 ; /

| .
radius in mm L 4
of a sphere 3 b 45 0

with the same mass

Eikéva 2.9: AAAayR oXAMATOG OTayOvag avaAoya e To péyeBog Tng

Eikéva 2.10: OpupaTtiopdég otayovag 5 mm o€ SIGUETPO OTTOU TTEQPTEI a1 TO i610 TNG TO Bdpog. O
OUVOAIKOG XpOVOoG Tou @aivopévou Slapkei 60 ms

2.2.4 Mé0odol &eKTignong amooBeocng nNAEKTpopayvNTIKOU KUMOTOG Adyw
BpoxomTwong

lNa va eKTINAOOUNE TNV BPOoXOTTITWON XPNOIUOoTToIoUNE TO povTéAo Tou Robert Crane i
ammo ITU-R P.530-13 (uéBodog etriveiag TpoBAewncg). Na onueiwBei 611 uttdpxel Kal TO
mTpoTutio  ITU-R P.618-12 TTOU XpnoiyoTroigital yia TTPORBAEWn BPoxOTITwong e KAion
aAAG b€ Ba pag atraoXoAnoel AOyw Tou XapnAoU UWOPETPOU TTOU TTPAYUATOTTOINBNKE TO
TTEipapa Kal 1o €idog TNG Ceuéng (eTTiyela Ceugn).

Alo@opéc HeETAEU TWV dUO PEBOBWYV EKTIUNONC

YTTapxouv dIaQopEG JETALU TwV dUO YVWOTWV POVTEAWY, ITU eTTiyieag TTpOBAEWNGS
Kal Tou povriéhou Crane. Ta poviéAa Crane  Teivouv va Ogixvouv HEYOAUTEPN
e€aoBévnon amd 1o poviéAo ITU Kal TTIO OUYKEKPIYEVA OTN HOKPOTIPOBeoUn Héon
mlavotnTa e€aoBévnons. O Adyog Bpioketar oTIC (WVEG PPOXOTITWONG Ol OTTOIES
opiCovTia PE OIOPOPETIKO YEWYPAPIKO TPOTTO HETAEU Toug. ETttiong dlagopoTtroleital n
TTOAUTTAOKOTNTA TOU KABE povTéAou (Kal utTopovTEAwV Tou Crane).

210 PovTédo ITU TTOU YpnoldoTrolEiTal oTnv €§aoBévnon onuartog amd BpoxotTwon
omou 1O emiTredo etrepvael oTaTioKA 10 0,01%, xpeialdpacTe TNV vOIaPEPOUEVN
Cwvn, Tn ouxvoTnTa, To YAKOG BIAdPOUNAG Kal TTAPAYOVTEG £€a0BEvnNoNG atro TO TTPOTUTTO
ITU-R 838. Ta utréAoitta TooooTd utroAoyifovtal ue atrAEG EEICWOEIC KAl €ival YVWOTEG
yla TNV €UKOAia Xpriong.

To tmaykéopio poviéAo Crane atraitei Tnv €tmiAuon 8 e€locwoewyv yia TNV €UpeOn TG
Méong BpdxwTTwong oTnv diadpoun Tou CAPATOG JOG.
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To povrého Crane dUO OUVIOTWOWYV TTPWTA UTTOAOYIEl TOV OYKO TOU oTayovidiou atrd
TOV pUBUS TNG BPOXOTTTWONG Kal ATro TIG akabapaieg eviog TG aTayovag Baciouévn oTo
MNKOG TNG d1adpopns. XpelalopaoTe TTePiTTou 10 £5I0WOEIG.

210 avaBewpnuévo poviéAo Crane OUO OUVIOTWOEWV XPEIA(OPNOAOTE OUVOPTHOEIG
XWPIKAG CUOXETIONG Kal JIa €€i0worn OAOKARPWONG yia TOV UTTOAOYIOUO £EaaBEévnong
aTto TIG aKaBAPCTieg TWV OTAYOVIBIWY OTNV CUYKEKPIPEVN dIadpOouH.

MéBodog ITU-R P.530-13

H eupeon e€aoBévnong péow TnG peBOdou ITU pag divetal atrd Tnv egiocwon:

Lg
L.cosf
119Rp 022

A = k[l ?GERI}.?53+I}.1‘3‘?.-’L5:|E
o .

1+

OTtou k kal a eivalr rapapéTpol TOAwONG Kal ouxvotntag, Ls eivar n diadpoury Tou

onuarog kal R gival o puBuédg Bpdxomrwong ( oe mm/h).

MéBodoc Crane

21NV PéEBodo Crane uUTTOBETOUME OTI O OTAYOVES €ival OQAIPIKEG KAl N OINAEKTPIKN
oTabepd cival opoloyeviig o€ OAOKANPO Tov Oyko TnG o@aipag. O1 oTtaydveg eivai
KATOVEUNMEVEG TuXaia O€ évav OYKO OUMQWVA HPE TOUG KavOveG Tou Poisson kal n
KATAVOMN TITWoNG €ival yvwoTh. H péon Tipn kal TroikiAia  (yia Adyoug delyuaTtiopou)

MTTOPOUV UTTOAOYIOTOUV WG TTPOG TNV KATAVOWUN] TITWONG:
om f(a)
F= f v(a) [ ]
2o U(a)

- [Tl

Tp

- [Tl

1]
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OTrou F €ival n d€lyuatoAnTITIKA TTAPAPETPOG, TI.X. VIO MIO OUYKEKPIPEVN €€acBévnon A,
A PuUBNSC BpoxoTTwong R, F ival n péon Tiun (utrohoyiopévn), o €ival n Slakupavon

(uttoAoyiopévn), a n akTiva BpoxoTTwong, f(a) N e€apTNON TWV TTAPAPETPWY WG TTPOG
T0 péyeBog TNG oTaydvag kal U(a) 0 OyKOG ToUu XWPOU OTTOU aTTaoXOAOUV OTAYOVEG
MeyEBoug

2.3 Xioévi

To x16vI dnuIoupyeEiTal ETTAVW AVAPEDA ) KATW aTTO TA OTPWHATA TWV VEQWYV, avaloya
TOU PEYEBOUG Kal TNG BEPUOKPATIAg TWV VEQWY, AOyw TNG CUPTTUKVWONG TWV UdPATUWYV
o€ XapnASéTepn Beppokpacia arrd 1o onpeio TTASEWS PE XaunAS puBuod. To atmmoTéAeoua
Mag €ival TTAyog o€ KPUOTAAAIKY) HOP®r, TTOU ouvdEovTal PE TETOIO TPOTTO OTTOU €XOUUE
TIG AEUKEG KOl EAAPPES XIOVOVIQADEG.

O1 vipdadeg TOU XIovIOU €ival ouvnBwg dlapavry PeE OTIATIVEG €0peC owWHATA TTOU
avTavakAoOUV TO QWG Kal €XOUV OTITIKA TTapoucdiaon wg Agukr pala. To uéyebog Twv
KPUOTAAwvV gival 0.25 - 13 xINooTd (mm) Kal TTEQTOUV WG VIPADES TToU oxnuatiovTal
o€ Bepuokpacia edagoug 0 °C (32 °F) A xaunAdTtepn. Ta wuxpd véen dev £Xouv KaTd T
TTAcloyn@ia Toug uypacia o€ avtiBeon pe Ta Bepudtepa véEEn (TTou [piokovtal O€
XOUNAOTEPO UWOMETPO) TIOU TTEPIEXOUV TTEPIOCOOTEPN Uypacia kal  dnuioupyouv
MEYAAUTEPEG KPUOTAAAIKEG VIQADEG.

Na TTOAAOUG TOTTOYPAQPIKOUG KAl HETEWPOAOYIKOUG AOYOUG Ol XIOVOTITWOEIG TTOIKIAAOUV
ONUAVTIKA OTIG KOPUPEG TwV Bouvwyv akOua Kal av gival oTov idlo TTapdAAnAo. Ta opia
TOU «OIaPKOUG XIovioU», OTIGC KOpU®EG, eival ammd 300y. UWOUETPO O YEWYPAPIKO
TTAdTOG 70°, 1.500u. o€ 60°, 2.100u o€ 50°, 3.000u o€ 40°, 3.900u. o€ 30°, 4.500 ot 20°
kKal 5.100y. oTtov lonuepivo. Na onueiwBei etriong ot €1me1dr) 10 XI0vI aTToTEAEITANI ATTO
TTAYWMEVO VEPO, PTTOPEI VO XAPOAKTNPIOTEI WG OPUKTO.

Eikéva 2.11: (Dwroypu(pia-g S1apopwvV Vipadwyv xiovioU atrd Tov Wilson A. Bentley
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2.4 XaAadi

O oxnuatiopog Tou gu@avieTal dTav n uypacia TnG ATNOC@PAIPOG CUUTTUKVWVETAI OE
KAtrolo owpatidlo 6twg n Ppoxn aAAd n Beppokpacia BpiokeTal KATwW Ao Toug 0°
KeAoiou (32 Fahrenheit). To puéyebog Tou ptropei va gival atrd hepIKA XINOOTA PEXPI Kal
OPKETA €KOTOOTA (OTTOU 0€ aUTO TO PEyEBOG Bewpeital emmkivouvo). H tepdaoTia TTOIKIAIG
oTO HEyeBOC €xel va Kavel he TN AavBdvouoa BepudTnTa TTOU ATTEAEUBEPWVETAI ATTO TNV
OTEPEOTTOINCN TOU VEPOU OTTOU AIWVEI TO EEWTEPIKO TTEPIRBANUA Kal €XEI WG ATTOTEAECUA
va ouvevwvovTal dUo 1 Trapatrdvw cwpatidla. To oxApa e€apTdtal atrd TNV Kivhon
TOUG PEOQ OTA OUVVEQQ TTPIV ApXioOuV TNV TITWOTN TOUG. ZUuVvhBwg To oXAUa Toug gival
OQAIPIKO 1 EANEITTTIKO.

Eikéva 2.12 MposidotroinTiké onuaddi yia milavi XaAadoTrTwon gival ouxvd éva aAAOKOTO Kal
XOPOKTNPICTIKO TTPACIVO XPWHA TTOU TTaipvouVv Ta CUVVEQQ.
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Eikéva 2.13: XaAa{OKOKKOG-TEPAG M€ AYKABWTEG TTpoe§oxEG, SlapéTpou 13,5 EKATOOTWYV, TTOU
émeoe oto Harper Tou Kdvoag, oT1ig 14 Mdiou 2004.
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3. YNOBPYXIEZ ZEY=EIZ
3.1 1816TnTEG VEPOU Kal aépa wg péoa H/M Kupdtwyv

H &iadoon HAektpopayvntikou Kuupatog pe péoco 10 vepd aAAAlel pICiKA OTTd TO
TTpoKaBopPIoUEVO Pag  pEoo TTou eival 0 aépag. O1 BaoikéG aAAayEG TTou TTPETTEN va
agloAoynBouv gival N aywylgoTnTa Tou VEPOU Kal n dINAeKTPIKN oTaBepd. ETtmiong n
KEpaia TTPETTEl va OXEDIOOTEI PE TETOIO TPOTTO WOTE VA QAVTEXEI KAl VO MTTOPEI va
AeiToupynoel uttoBpuxia.

AV OUYKPIVOUUE TNV aywyIudTnNTa TOU aépa UE TO vePO PBAETTOUNE TEPAOTIEG dlagopés. O
aépag €xel dia aywyiuétnTa amd 3 * 101 Sm/m ewg 8*101° Sm/m (avdhoya pe Tnv
uypacia Tou aépa) evw N aywyihotnta Tou vepoU Kupévetal até 5,5*10° Sm/m (yia
atmovioPEVo vepO) péxpl Ta 4 Sm/m (yia vepd TG BdAaccag). To TOoIUO veEPO
Kupaiveral ammo 5*10°2 yéxpl 5102 Sm/m.

H OinAekTpIKA oTOBEPA TOU vepOU KupaiveTal amd 55,720 F/m ewg 87,74 F/m kai
eCaptdral ammd 10 TTOo00TO aAATIOU EVIOC TOU VEPOU Kal €TTioNG atmd Tnv BepuUokpaaia
TOU.

3.2 AtmrwAsia d1adpopung

H d1ddoon H/M kuuatog e€aptdral amd Tnv amwAeia diadpoung utrofpuxia. H atmmwAeia
OI0OPOUNAG EKTTPOCWTIEI TN dlAQoPd MPETALU TNV 1I0XU TOU OAPOTOG YETAdOONG Kal ThV
IoXU Tou onuatog Anwng. O UTTOAOYIOPOG TOU COAPATOS AAWNG WG TTPOG TO Orua
MeTAdoong, amrwAsia diadpoung Kal KEPOOG KEPAIAG UTTOPEI va TTpayuatoTroinfel armd
TNV €€iowon Tou Friis:

Pr(dBm) = Pt(dBm) + Gt (dBm) + Gr (dB) — Lpathioss (dB)

Ortrou Pt gival n 1oxUg petddoong, Grkal Gt gival Ta kEPON TOU BEKTN KAl TTOUTTOU, Lpathioss
gival n amwAeia diadpouns pe péoo TO vepO. H ammwAeia diadpouig HTTOopEi va
utToAOYIOTEI aTTO TNV €€icwon:

L (pathioss)(dB)=Lo(dB)+Lw(dB)+Latt(dB)

Ortr0U Lo gival n ammwAgia 81adpouAG OTO KEVO (ATHOO@AIPIKO aépa) Kal IcoUTAl JE:

L, (dB) = 20log (%de)

Otrou d eival n améoTaon MPETALU TTouToU Kai ‘dekTnoe MPETPa, f  n ouxvornta
AeiToupyiag o€ Hertz kai ¢ n TaxutnTa TOU QWTOG UE MECO TO KEVO O€ PETPA ava second.

Lw (dB) €ival n atrwAeia diadpoung Adyw tng aAAayng Tou gEoou Kal uttoAoyideTal atro:

A
L, (dB) = 20log (f)

OT1r0U Ao €ival TO YAKOG KUPATOG YE MECO TO KEVO OTTOU UTTOAOYileTal aTTd TNV £gicwaon
Ao=c/f ka1 A gival o ouvTeAeOTAG KUPATOC TTou diveTal atrd TNV eiowaon A=211/B, 610U B

BéToupe TN oTaBePd aANayAS @AoNS Kal utToAoyifeTal atmo Thv e¢iowon:
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p=w P25 (E_ﬂ)z+1
| e

|1-|-
\
N

OTrou €’ Kal €7 €ival TO TTPAYHATIKO KAl QAVTAOTIKO KOUMATI TNG MIYOBIKNG OINAEKTPIKAG

o1aBepdg TTou divetal aTrd (e=¢€’ — jg”).

MNa Lax(dB) €xoupe atrwAeia diadpouAg AOyw Tng amooBeong Tou péoou OTTou

utToAoyileTal aTTo

Latt(dB)=10log(e29)

OTr0U a gival N oTaBepd ammrdéoBeong kal IcoUTaAl E:

3.3 AvakAdoeig atro TIG SIETTAPESG TOU VEPOU

H avdkAaon amdé tnv em@adveia Kal omd 10 Pubd €€apTdtal ammd TO OUVTEAEOTA
avakAaong kal atrod TG dU0 BIETTAPES PETAEU TOU vEPOU Kal aEpa Kal vepou Kai BuBou. H

MaBnuaTikA e¢icwaon divetal amd Tov TUTTO:

PV T Py

Py T Py

I

OT110U pP1 KOI P2 €ival N TTUKVOTNTA TOU TTPWTOU Kal OEUTEPOU PMECOU AVTIOTOIXA KAl V1 KAl

V2 N KUMAOTIKA TaxUTnTa Tou QuTOG 0€ KABE HECO avTioToIXA.

H amwAeia avakAGoewyv atrd TNV €MQAvEQ Tou vepoU Kal oTto BuBd divetal atmd Tnv
eCiowon:

Li=-V(dB)=-10log(V)

- . 2 . s
VeE=1+ [|F|e“mﬂ'~"}) —ElFle“E‘ﬂ'~’"}cﬂs(ﬂ —(:;J —Tﬂ[rj))
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2TO €TTOMEVO OXNAMUA BAETTOUME POVTEAO KavOAIOU 3 dIaUAwY TTOU CUUTTEPIAQUBAVEI TNV

avakAaon kai atrd TG dUOo JIETTAPEG aEpa-vePoU Kal BuBdg-vepou.

Air
Water

Bottom

Eikova 3.1: MovTéAo kKavaAioU Tpiwyv SiaUAwv.
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4. KATAZKEYH KEPAIAZ A A2YPMATEZ ZEYZEIZ

H emAoyn Tou OXAMATOG TNG KePaiag (TTatmiyiov) £yIve yia TO oxAua Kal peyéBog dIoTI
QAVTEXEI OTIC MNXAVIKEG KaATATTOVACOEIG Ot TTEPIBAANOV OTTOU UTTAPXOUV augnuEVES

KUuMaTIKEG duvauelg (aépag i uddaTiva KUPaTa). AuTé OQ@EiAeETal OTNV OUOIOUOP®Ia TOU

OXAMOATOG.

4.1 ZXxediaon kai e§opoiwon Kepaiag

Me 1n xprion Tou TTpoypduuatog HFSS, oxedidoaue TNV KEpAia Kal TNV evaTTOBECAE O€

vEPO.

L
] 30 60 (rmem)

Eikéva 4.1: Zxed1aouog Kepaiag evrog péoou oTo Tpoypappa HFSS.

2Tn OUVEXEIQ KAVaUE EEOPOIWON TNG KEPAIAG YIO VA BPOUME TIG CUXVOTNTEG OUVTOVIOUOU
ME MECO TO YAUKO VEPO.
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XY Plot 2 HFSSDesign1 &

Cutve info
— dB(SY1,1))
Setup1 : Sweep

0.00

500 —

-1000 —

9B(SH(1.1))
>
S

-20.00 —

2500 —

-30.00 T T T T T T T T T T T T T T T T T T T T T T T T
0.00 0 go t&) 1 Eo Z.BO 2,20 300
Freq[GH2)

ZxAua 4.1: AtroteAéopara utrofpuxiag e§opoiwong
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4.2 KaTOOKEUR KEPAiAG OXAMATOG TTATTIYIOV

Mo TNV KATAOKEUR TNG OUYKEKPIMEVNG KEPAIAG XPNOIMOTTOINONKE PHOVOKAWVO KOAWDIO
dlatoung 4 mm, pia TTAGKA TTAXoug 2 mm, oUVOeoNog BnAukou SMA Kal KaAwdio
KEPAIOG YIO MIKPOKUMATIKEG Ceutelc (RP-SMA). O Adyog €mmAOYyAG TOU HOVOKAWVOU
KaAwdiou TTou Ba €ixe TN XPron Kepaiog BpioKeTal 0To XAUNAO KOOTOG, OTNV 1810TNTA
TOU HOVOKAWVOU KAAwdioOU va OuykKpaTtel TO OXAUA TTOU TOUu OWONKE Kal €TTiong Tn
duvatoTNTA PETPACEWV ME TN POVWON KAl XWPEIig TN povwon Tou KaAwdiou. Agou
TTPAYMATOTTOINONKE N ouvdeouoAoyia €yive evattoBean OIAIKOVNG 0€ OAN TNV ETTIPAVEIQ
oW a1rd TNV KEPQIia yia va €XEl TN duvaTtoTNTA UTTORPUXIAG XProng.

Eikéva 4.2: TotroBéTnon Tng Kepaioag Tavw oTnV TTAAKA XaAKoU pe Ta U0 dKpa va @aivovTal TrpIv
ouvdebouv pe To KaAwdIo Kepaiag.
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»

d L3 i \ .
Eikéva 4.3: H kepaia pe Tn povwon Tou KaOAwdiau apéowg HETA TIG UTTORPUXiEG METPAOTEIG HE

pévwon.
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Eikéva 4.4: H kepaia xwpig pé6vwon Tou KaAwdiau JETA TIG UTTORPUYXiEG HETPAOTEIG XWPIG HOVWOT.
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Eikéva 4.5: H kepaia xwpig Tn yévwon Katd tn Sidpkeia uTroBpUXIWV HETPHOEWV.
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5. MEIPAMATIKH AIAAIKAZIA

270 TTapov Ke@AAaio Ba dwBouv o1 dladIkaoieg Kal TIMEG ATTO dUO TTEIPAUATA TTOU
TTpaydaTtotroindnkav. To TpwTo €ival éva OikTuo acupuatng Ceugng Pe HECO TOV
ATHOOQAIPIKO aépa KAl TTWG ETTNPEACTNKE TO ONRua  atrd TIG KAIPIKEG AANAYEG yia
ammootacn Twv 10 pétpwy. To deuTePo TrEipapa BacioTnke o€ dIAPOPETIKO EOTTAIOUO
OTTOU €iXaue TN OuvVaTOTNTA VA TTAPOUME OTUOCPAIPIKEG KOl UTTORPUXIEG HMETPACEIG O€
armréoTaon amd 5 cm ewg 70 cm.

5.1 Aiadikacia Meipdpatog Kal TIHEG HE HECO TOV ATHOO@PAIPIKO aEpa

MNa va mTpayuarotroinBei 1o Teipapa dnuioupynenke éva dikTuo acupuatng Ceugng Tou
OTTOiOU N aTTOOTAON METALU TWV dUO onueiwv ouvdeong BpiokoTtav ota 10 péTpa, o€
uyog tepitrou ota 9 pétpa oto kevd pe LOS (Line of Sight). O nuépeg kataypa®nig
EMAEXTNKAV VIO TIG BIAQPOPETIKEG KAIPIKEG ouvBnkeg TTou uttipxave. (OpixAn, Bpoxn
XIOVOTITWON). 210 TrEipapa karaypdaenke n aAAayry tou ofparog Wi-Fi oe dBm ava
AETTTO Kal QVTIOTOIXNONKE WE TIMEG TTOU O0BrKave aTTd TOV PETEWPOAOYIKO OTABUO
MeviéAng péow Tou EBvVIKOU AoTepookoTreiou ABNVWY HE XPOVIKO PBripa Tou €&vog
AeTTTOU. TO UYOUETPO OTO OTTOIO BIEEAXONKE TO TTEIPANA KOI TOU OUYKEKPIPMEVOU OTABUOU
€ival TTapOUOIEG. ZTOUG TTIVOKEG TNG KABe pépag diveTal N wpa PETPNONG, BEpUOKpaTia
agpa, OXETIKA uypacia, XIANIooTd BpoxOTTwong Kal duvaun onuarog tou diktuou. O
dpopoAoynTig TTou Xpnolpotroindrike wg Access Point Atav éva Thompson TG565 v7
pe chipset BCM4318 1ng Broadcomm. H TauTTA(éTa TTOU XPENOIMOTIOINBNKE yia TNV
Kataypa@r Tou ouatog Kai TiIg aAAayég ixe embedded WiFi og mAakéTa RK2918.
23 lavouapiou 2016

Mivakag 5.3: Kaipikd dedopéva kai duvapn oiparog yia 1ig 30 lavouapiou 2016

OEPM zX. g;gé OEPMO | 2X. BPQX
QPA | OKPA | YTPA SH KPAZIA | YITP | ONTQZ SHMA
2IAC ZIA (mm) C AZIA | H (mm) (dBm)
16:20 -0.8 89 0.0 -0.8 88 0.0 -53
16:21 -0.8 89 0.0 -0.8 88 0.0 -53
16:22 -0.8 88 0.0 -0.8 88 0.0 -53
16:23 -0.8 88 0.0 -0.8 88 0.0 -53
16:24 -0.8 88 0.0 -0.9 88 0.0 -54
16:25 -0.8 88 0.0 -0.9 88 0.0 -53
16:26 -0.8 88 0.0 -1.0 88 0.0 -55
16:27 -0.7 88 0.0 -1.0 89 0.0 -54
16:28 -0.8 88 0.0 -1.0 89 0.0 -53
16:29 -0.8 87 0.0 -1.0 89 0.0 -56
16:30 -0.8 88 0.0 -1.0 88 0.0 -55
16:31 -0.8 88 0.0 -1.0 88 0.0 -53
16:32 -0.8 88 0.0 -0.9 88 0.0 -53
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BPQX

@EPMO | EX. | Jrxod ®EPMO | ZX. | BPQXO
QPA KPéZIA Z}ElPA SH KPé}:lA KSZ n(Innr:)H SHMA
(mm) (dBm)
16:47 | 0.9 88 | 00 0.8 87 0.0 54
16:48 | g 88 | 00 0.8 87 0.0 -60
16:49 | g 88 | 00 0.8 87 0.0 57
16:50 | g 88 | 00 -0.9 87 0.0 58
16:51| o8 88 | 00 0.9 87 0.0 58
16:52| g 88 | 00 0.9 87 0.0 59
16:53| o7 87 | 00 -0.9 87 0.0 59
16:54 | 07 87 | 00 -0.9 87 0.0 58
16:55 | o7 87 | 00 0.9 87 0.0 58
16:56 | g 87 | 00 0.8 87 0.0 58
16:57 | o8 87 | 00 -0.9 87 0.0 58
16:58| g 87 | 00 0.9 87 0.0 59
16:59 | g 87 | 00 -0.9 87 0.0 -60
17:00| g 87 | 00 -0.9 87 0.0 55
17.01| o3 87 | 00 0.9 87 0.0 56
17.02| o8 87 | 00 -0.9 86 0.0 57
17.03| o3 87 | 00 0.9 86 0.0 58
17:04| g 87 | 0.0 -0.9 86 0.0 59
17.05 | 038 87 | 00 -0.9 87 0.0 58
17:.06 | o3 86 | 00 1.0 87 0.0 57
17:.07| o8 86 | 0.0 -1.0 87 0.0 59
17:08| g 86 | 00 1.0 87 0.0 58
17.09| o3 36 | 00 1.0 87 0.0 58
1710 | o3 36 | 00 1.0 87 0.0 57
17:11| g 86 | 00 1.0 87 0.0 57
1712 | o3 36 | 00 1.0 87 0.0 56
17:13| s 86 | 00 1.0 87 0.0 58
17:14 | o3 36 | 00 1.0 87 0.0 58
17:15| g 86 | 00 1.0 87 0.0 59
17:16 | g 87 | 00 1.0 87 0.0 57
1717 | o3 87 | 00 1.0 87 0.0 58
17:18 | o3 87 | 00 1.0 88 0.0 57
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BPQX

OPA OEPMO | 2X. | OMNTQ OEPMO | zX. | BPQXO
KPAZIA | YTP zH KPAZIA | YITP | NITQZH | ZHMA
C AZIA | (mm) C AZIA | (mm) | (dBm)

17:52 -1.0 88 0.0 13 38 00 58
17:54 -1.0 88 0.0 13 89 00 55
17:56 -1.1 88 0.0 13 89 00 57
17:59 | -1.1 88 0.0 14 89 0.0 56
18:01 -1.1 89 0.0 -1.4 89 0.0 -57
18:02 -1.1 89 0.0 -14 89 0.0 -56
18:03 -1.1 89 0.0 -1.4 89 0.0 -56
18:04 -1.2 89 0.0 -1.4 89 0.0 -55
18:05 -1.2 89 0.0 -1.4 89 0.0 -57
18:06 -1.2 89 0.0 -1.4 89 0.0 -57
18:07 -1.2 89 0.0 -14 89 0.0 -56
18:08 -1.2 89 0.0 -1.4 89 0.0 -56
18:09 -1.2 89 0.0 -1.4 89 0.0 -57
18:11 -1.2 89 0.0 -14 89 0.0 -55
18:12 -1.2 89 0.0 -1.4 89 0.0 -57
18:13 -1.2 89 0.0 -14 89 0.0 -56
18:14 -1.2 89 0.0 -1.4 89 0.0 -56
18:15 -1.2 88 0.0 -14 89 0.0 -59
18:16 -1.2 88 0.0 -1.4 89 0.0 -57
18:17 -1.2 88 0.0 -14 89 0.0 55
18:18 -1.2 88 0.0 -14 89 0.0 -57
18:19 -1.2 88 0.0 -1.3 89 0.0 -59
18:20 -1.2 88 0.0 -1.3 89 0.0 -55
18:21 -1.3 88 0.0 -1.3 89 0.0 -57
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Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

BPQX

opa | @EPMO | 2X. | ONTQ ©EPMO | IX. | BPQXO

KPAZIA | YTP | ZH KPAZIA | YIP | MTQZH | THMA

C AZIA | (mm) C AZIA | (mm) | (dBm)
18:51 | -1.3 89 0.0 1.1 88 0.0 .55
18:52 | -1.3 89 0.0 1.1 88 0.0 57
18:53 | -1.3 89 0.0 1.1 88 0.0 .59
18:54 | -1.2 89 0.0 1.1 87 0.0 57
18:55 | -1.2 88 0.0 1.1 87 0.0 57
18:56 | -1.2 88 0.0 1.1 87 0.0 .56
18:57 | -1.2 88 0.0 1.1 87 0.0 57
18:58 | -1.2 88 0.0 1.1 87 0.0 .58
18:59 | -1.2 88 0.0 1.1 87 0.0 57
19:00 | -1.2 88 0.0 1.1 87 0.0 57
19:01 | -1.1 88 0.0 1.1 87 0.0 .56
19:02 | -1.1 88 0.0 1.1 87 0.0 57
19:03 | -1.1 88 0.0 1.1 87 0.0 .58
10:04 | -1.1 88 0.0 -1.0 87 0.0 57
19:05 | -1.1 88 0.0 -1.0 87 0.0 57
19:06 | -1.1 88 0.0 -1.0 87 0.0 .56
19:07 | -1.1 88 0.0 -1.0 87 0.0 .58
19:08 | -1.1 88 0.0 -1.0 87 0.0 57
19:00 | -1.1 88 0.0 -1.0 87 0.0 -66
19:10 | -1.1 88 0.0 -1.0 87 0.0 -67
19:11 | -1.1 88 0.0 -1.0 87 0.0 .58
19:12 | -1.1 88 0.0 -1.0 87 0.0 57
19:13 | -1.1 88 0.0 -1.0 87 0.0 .55
19:14 | -1.1 88 0.0 -1.0 87 0.0 .58
19:15 | -1.1 88 0.0 -1.0 87 0.0 57
19:16 | -1.1 88 0.0 -1.0 87 0.0 55
19:17 | -1.1 88 0.0 -1.0 87 0.0 57
19:18 | -1.1 88 0.0 -1.0 87 0.0 .59
19:19 | -1.1 88 0.0 -1.0 87 0.0 .55
19:20 | -1.1 88 0.0 -1.0 87 0.0 57
19:21 | -1.1 88 0.0 -1.0 87 0.0 .58
19:22 | -1.1 88 0.0 -1.0 87 0.0 .56
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Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

BPQX

opa | @EPMO | 2X. | ONTQ ©EPMO | IX. | BPQXO

KPAZIA | YTP | ZH KPAZIA | YIP | MTQZH | THMA

C AZIA | (mm) C AZIA | (mm) | (dBm)
19:55 | -1.0 87 0.0 -0.9 86 0.0 .57
19:56 | -1.0 87 0.0 -0.9 86 0.0 .58
19:57 | -1.0 87 0.0 -0.9 85 0.0 .55
19:58 | -1.0 87 0.0 -0.9 85 0.0 57
19:59 | -1.0 87 0.0 -0.8 85 0.0 .58
20:00 | -1.0 87 0.0 -0.8 85 0.0 -56
20:01 | -1.0 87 0.0 -0.8 85 0.0 .57
20:02 | -1.0 87 0.0 -0.8 85 0.0 .55
20:03| -1.0 87 0.0 -0.8 85 0.0 57
20:04 | -1.0 87 0.0 -0.8 85 0.0 .56
20:05| -1.0 87 0.0 -0.8 85 0.0 57
20:06 | -1.0 87 0.0 -0.8 85 0.0 .56
20:07 | -1.0 87 0.0 -0.8 85 0.0 57
20:08 | -1.0 87 0.0 -0.7 85 0.0 57
20:09 | -0.9 87 0.0 -0.7 85 0.0 .58
20:10 | -0.9 87 0.0 -0.7 85 0.0 -59
20:11 | -0.9 87 0.0 -0.7 85 0.0 57
20:12 | -0.9 86 0.0 -0.7 85 0.0 57
20:13 | -0.9 86 0.0 -0.7 85 0.0 57
20:14 | -0.9 86 0.0 -0.7 85 0.0 .56
20:15| -0.9 86 0.0 -0.7 85 0.0 .55
20:16 | -0.9 86 0.0 -0.7 85 0.0 57
20:17 | -0.9 86 0.0 -0.7 85 0.0 57
20:18 | -0.9 86 0.0 -0.7 85 0.0 .55
20:19 | -0.9 86 0.0 -0.7 85 0.0 5
20:20 | -0.9 86 0.0 -0.7 85 0.0 .56
20:21 | -0.9 86 0.0 -0.7 85 0.0 .55
20:22 | -0.9 86 0.0 -0.7 85 0.0 57
20:23 | -1.0 86 0.0 -0.7 85 0.0 .56
20:24 | -1.0 86 0.0 -0.7 85 0.0 57
20:25 | -1.0 86 0.0 -0.7 85 0.0 .56
20:26 | -1.0 86 0.0 -0.7 85 0.0 57
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Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

K. AABépTog

OPA OEPMOKPAZIA ZX. BPQXOMNTQZH | THMA
C YIPAZIA (mm) (dBm)
20:59 -0.7 84 0.0 -58
21:00 -0.6 85 0.0 -55
21:01 -0.6 85 0.0 -57
21:02 -0.6 85 0.0 -57
21:03 -0.6 85 0.0 -56
21:04 -0.7 85 0.0 -56
21:05 -0.7 85 0.0 -57
21:06 -0.7 85 0.0 -56
21:07 -0.7 85 0.0 -55
21:08 -0.7 85 0.0 -59
21:09 -0.7 85 0.0 -55
21:10 -0.6 85 0.0 -56
21:11 -0.6 85 0.0 -57
21:12 -0.6 85 0.0 -55
21:13 -0.6 85 0.0 -57
21:14 -0.7 86 0.0 -58
21:15 -0.7 86 0.0 -59
21:16 -0.7 86 0.0 -55
21:17 -0.7 86 0.0 -55
21:18 -0.7 86 0.0 -58
21:19 -0.7 86 0.0 -58
21:20 -0.6 86 0.0 -55
21:21 -0.6 86 0.0 -57
21:22 -0.6 86 0.0 -55
21:23 -0.7 86 0.0 -57
21:24 -0.7 86 0.0 -55
21:25 -0.7 86 0.0 -58
21:26 -0.7 86 0.0 -55
21:27 -0.7 85 0.0 -55
21:28 -0.7 85 0.0 -55
21:29 -0.7 85 0.0 -56

44



ETidpach KAIPIKWY GUVBNKWY TNE TPOTIO0QAIPAS OF GOUPHATES (EUEEIC HIKPOKUPATIKGY GUXVOTHTWY Wi-Fi
O1 yetpnoeig oTig 23 lavouapiou gixave KATAYPOPEI EVW UTTAPXE XIOVOTTITWOTN. AUCTUXWS
gV UTTAPXE METPNON XIovioU 0€ OAa Ta dedouéva TTou dwlnkave. H TTapakdTw ypagIkn
TTapdoTacn Ocixvel TNV aAAayr] TOU CAPATOG WG TTPOG TO XPOVO HE EAAXIOTO CANA -67
db/m oTig 19:42.

23 lavouapiov 2016
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ZxApa 5.1:Mpagiki NMapdotaon MeTpnoswyv 23 lavouapiou
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Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

Mivakag 5.3: Kaipikd dedopéva Kai duvapun on

25 lavouapiou 2016

MaTog yia Ti6 30 lavouapiou 2016

OEPMO | xIX. | BPQXO OEPMO | ZX. BPQXO
QPA | KPAZIA | YITP | NTQZH KPAZIA | YTPA | MTQZH | ZHMA
C AZIA | (mm) C 2ZIA (mm) (dBm)
15:40 3.4 76 0.0 2.0 77 0.0 -53
15:41 3.4 76 0.0 2.0 77 0.0 -53
15:42 3.4 75 0.0 2.0 77 0.0 -52
15:43 3.4 75 0.0 2.0 78 0.0 -53
15:44 3.4 75 0.0 2.0 78 0.0 -52
15:45 3.4 75 0.0 2.0 78 0.0 -52
15:46 3.4 74 0.0 2.0 78 0.0 -53
15:47 3.4 74 0.0 2.0 78 0.0 -53
15:48 3.4 74 0.0 2.0 78 0.0 -53
15:49 3.3 74 0.0 2.0 78 0.0 -53
15:50 3.3 74 0.0 2.0 78 0.0 -53
15:51 3.2 75 0.0 2.0 78 0.0 -53
15:52 3.1 75 0.0 2.0 78 0.0 -53
15:53 3.0 75 0.0 2.0 78 0.0 -53
15:54 3.0 76 0.0 2.0 78 0.0 -53
15:55 2.9 76 0.0 2.0 78 0.0 -53
15:56 2.8 76 0.0 2.0 78 0.0 -53
15:57 2.7 76 0.0 2.0 78 0.0 -53
15:58 2.6 76 0.0 2.0 78 0.0 -53
15:59 2.5 77 0.0 2.0 79 0.0 -53
16:00 2.4 77 0.0 2.0 79 0.0 -53
16:01 2.4 77 0.0 2.0 78 0.0 -51
16:02 2.3 77 0.0 2.0 79 0.0 -53
16:03 2.2 78 0.0 2.0 79 0.0 -53
16:04 2.2 78 0.0 2.0 79 0.0 -53
16:05 2.2 78 0.0 2.0 78 0.0 -53
16:06 2.1 78 0.0 2.0 78 0.0 -53
16:07 2.1 78 0.0 2.0 78 0.0 -53
16:08 2.1 78 0.0 2.1 79 0.0 -53
16:09 2.1 78 0.0 2.1 79 0.0 -52
16:10 2.1 78 0.0 2.1 80 0.0 -52
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Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

OEPMO | zIX. | BPQXO OEPMO | ZX. BPQXO SHMA
QPA | KPAZIA | YITP | NTQZH KPAZIA | YTPA | NTQZH (dBm)
C AZIA | (mm) C 2ZIA (mm)

16:42 2.1 79 0.0 1.5 82 0.0 -53
16:43 2.1 79 0.0 1.5 82 0.0 -51
16:44 2.1 78 0.0 1.5 82 0.0 -51
16:45 2.1 78 0.0 1.5 82 0.0 -51
16:46 2.1 78 0.0 1.5 82 0.0 -51
16:47 2.1 79 0.0 1.5 82 0.0 -51
16:48 2.1 79 0.0 1.5 82 0.0 -51
16:49 2.1 78 0.0 1.5 82 0.0 -51
16:50 2.1 78 0.0 1.5 82 0.0 -51
16:51 2.1 78 0.0 1.5 82 0.0 -51
16:52 2.1 79 0.0 1.5 82 0.0 -51
16:53 2.1 79 0.0 1.5 82 0.0 -51
16:54 2.1 80 0.0 1.5 82 0.0 -51
16:55 2.0 80 0.0 1.5 83 0.0 -53
16:56 2.0 80 0.0 1.5 83 0.0 -51
16:57 2.0 80 0.0 1.4 83 0.0 -51
16:58 2.0 80 0.0 1.4 83 0.0 -51
16:59 2.0 80 0.0 1.4 83 0.0 -51
17:00 1.9 80 0.0 1.4 83 0.0 -51
17:01 1.9 80 0.0
17:02 1.9 80 0.0
17:03 1.9 80 0.0
17:04 1.8 80 0.0
17:05 1.8 80 0.0
17:06 1.8 80 0.0
17:07 1.8 80 0.0
17:08 1.8 80 0.0
17:09 1.8 80 0.0
17:10 1.7 81 0.0
17:11 1.7 81 0.0
17:12 1.7 81 0.0
17:13 1.7 81 0.0
17:14 1.7 81 0.0
17:15 1.7 81 0.0
17:16 1.7 81 0.0
17:17 1.6 81 0.0
17:18 1.6 81 0.0
17:19 1.6 82 0.0
17:20 1.6 82 0.0
17:21 1.6 82 0.0
17:22 1.6 82 0.0
17:23 1.6 82 0.0
17:24 1.5 82 0.0
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Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

O1 perpioeig omig 25 lavouapiou €ixave karaypagei evw UTIPXE nAlo@aveia.H
TTAPAKATW YPAPIKN TTapdoTacn Ocixvel TNV aAAayr) TOU OUATOG WG TTPOG TO XPOVO UE
eAaxioto oAua -53 db/m oTig 17:43. (Na onueiwBei 611 n TTPWTN PETPNON €ival -57 evw
OAEG o1 UTTOAOITTEG £XOUV EAAXIOTN TIUA -53)

25 lavouapiou 2016

-48
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ZxAua 5.2:pagikn Mapdotaon Merposwyv 25 lavouapiou
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Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

30-31 lavouapiou 2016

Mivakag 5.3: Kaipikd dedopéva kai duvapn onparog yia 1ig 30 kai 31 lavouapiou 2016

OEPMO | IX. | BPQXO OEPMO | ZX. | BPQXO
QPA | KPAZIA | YITP | MNTQZH KPAZIA | YITP | NITQXZH ZHMA
C AZIA | (mm) C AZIA | (mm) |(dBm)
22:42 9.7 74 0.0 9.9 76 0.0 -60
22:43 9.7 74 0.0 9.9 75 0.0 -56
22:44 9.7 74 0.0 9.9 74 0.0 -58
22:45 9.7 74 0.0 10.0 74 0.0 -55
22:46 9.8 74 0.0 10.0 74 0.0 -55
22:47 9.8 74 0.0 10.0 74 0.0 -56
22:48 9.8 74 0.0 10.0 74 0.0 -56
22:49 9.7 74 0.0 10.0 74 0.0 -57
22:50 9.7 74 0.0 10.0 74 0.0 -55
22:51 9.7 74 0.0 10.0 74 0.0 -59
22:52 9.7 74 0.0 9.9 74 0.0 -57
22:53 9.7 74 0.0 9.9 75 0.0 -55
22:54 9.7 74 0.0 9.9 75 0.0 -55
22:55 9.7 74 0.0 9.9 75 0.0 -56
22:56 9.8 74 0.0 9.9 75 0.0 -59
22:57 9.8 74 0.0 9.9 75 0.0 -59
22:58 9.9 74 0.0 9.9 75 0.0 -55
22:59 9.9 74 0.0 9.9 75 0.0 -58
23:00 10.0 73 0.0 9.9 75 0.0 -55
23:01 10.1 73 0.0 9.9 75 0.0 -55
23:02 10.1 73 0.0 9.8 75 0.0 -55
23:03 10.1 73 0.0 9.8 75 0.0 -55
23:04 10.2 73 0.0 9.8 75 0.0 -55
23:05 10.1 73 0.0 9.8 76 0.0 -55
23:06 10.1 74 0.0 9.8 76 0.0 -54
23:07 10.1 74 0.0 9.8 76 0.0 -55
23:08 10.1 74 0.0 9.8 76 0.0 -55
23:09 10.1 74 0.0 9.8 76 0.0 -56
23:10 10.1 74 0.0 9.7 76 0.0 -55
23:11 10.1 74 0.0 9.7 77 0.0 -55
23:12 10.0 74 0.0 9.7 77 0.0 -55
23:13 10.0 74 0.0 9.7 77 0.0 -55
23:14 10.0 74 0.0 9.7 77 0.0 -55
23:15 10.0 74 0.0 9.7 78 0.0 -55
23:16 10.0 74 0.0 9.7 78 0.0 -59
23:17 10.0 74 0.0 9.7 78 0.0 -59
23:18 10.0 74 0.0 9.7 78 0.0 -56
23:19 10.0 75 0.0 9.7 78 0.0 -59
23:20 10.0 75 0.0 9.7 78 0.0 -57
23:21 10.0 75 0.0 9.7 78 0.0 -55
23:22 10.0 75 0.0 9.7 78 0.0 -54
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Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

OEPMO | IX. | BPQXO OEPM | IX. | BPQXO
QPA | KPAZIA | YITP | NTQXH | EHMA QPA | OKPA | YITP | NTQXZH | THMA
C AZIA | (mm) | (dBm) ZIAC | AZIA | (mm) | (dBm)
0:04 9.7 78 0.0 -55 0:46 9.6 77 0.0 -55
0:05 9.7 78 0.0 -55 0:47 9.5 77 0.0 -53
0:06 9.6 78 0.0 -55 0:48 9.5 77 0.0 -54
0:07 9.6 78 0.0 -54 0:49 9.4 77 0.0 -55
0:08 9.6 78 0.0 -55 0:50 9.4 77 0.0 -55
0:09 9.6 78 0.0 -55 0:51 9.3 77 0.0 -55
0:10 9.6 78 0.0 -55 0:52 9.3 77 0.0 -55
0:11 9.6 78 0.0 -54 0:53 9.3 77 0.0 -55
0:12 9.6 78 0.0 -57
0:13 9.6 78 0.0 -57
0:14 9.6 78 0.0 -56
0:15 9.6 78 0.0 -59
0:16 9.6 78 0.0 -58
0:17 95 78 0.0 -55
0:18 9.5 78 0.0 -55
0:19 9.5 78 0.0 -55
0:20 9.5 78 0.0 -55
0:21 9.5 78 0.0 -55
0:22 9.5 78 0.0 -55
0:23 9.5 78 0.0 -55
0:24 9.4 78 0.0 -54
0:25 9.4 78 0.0 -55
0:26 9.4 79 0.0 -55
0:27 9.4 79 0.0 -55
0:28 9.4 79 0.0 -55
0:29 9.4 79 0.0 -55
0:30 9.4 79 0.0 -55
0:31 9.4 79 0.0 -55
0:32 9.4 79 0.0 -55
0:33 9.4 79 0.0 -55
0:34 9.4 78 0.0 -55
0:35 9.4 78 0.0 -55
0:36 9.4 78 0.0 -55
0:37 9.4 78 0.0 -54
0:38 9.5 77 0.0 -54
0:39 9.5 77 0.0 -55
0:40 9.5 77 0.0 -55
0:41 9.6 77 0.0 -55
0:42 9.6 77 0.0 -55
0:43 9.6 77 0.0 -55
0:44 9.6 77 0.0 -54
0:45 9.6 77 0.0 -55
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Emidpaon kalpikwv cuvBnkwv NG TPOTTO0PAIPAG Ot aoUpUaTEG JEUEEIG MIKPOKUUATIKWY ouxvoTrTwy Wi-Fi

O1 petpnoeig yvia Tig nuépes 30 kal 31 lavouapiou gixav KaTaypagei eV UTTAPXE OMIXAN.
H mapakdrtw ypa@ikr rapdoTtacn O€ixvel TNV aAAayr Tou OrUaTog WG TTPOG TO XPOVO HE
eAaxioTto onfua -60 db/m oTig 00:50.

30 - 31 lavouapiou 2016
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ZyxAua 5.3:Mpagik Napdotaon Merprioewv 30-31 lavouapiou
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Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

5 ®eBpovapiou 2016

Mivakag 5.4: Kaipikd@ dedopéva kal duvaun aRpaTog yia 1ig 5 PeBpouapiou 2016

P OEPMO | ZX. | BPQXO P OEPMO | ZX. | BPQXO
A KPAZIA | YITP | MTQZH ZTHMA A KPAZIA | YITP | MTQZH | ZHMA
C AZIA | (mm) |(dBm) C AZIA | (mm) | (dBm)

4:16 7.8 92 0.2 -58 4.56 7.8 92 0.0 -60
4:17 7.8 92 0.0 -56 4:57 7.8 92 0.0 -55
4:18 7.8 92 0.0 -53 4.58 7.8 92 0.0 -53
4:19 7.8 92 0.0 -56 4:59 7.8 92 0.0 -56
4:20 7.8 92 0.0 -55 5:00 7.8 92 0.0 -53
4:21 7.8 92 0.0 -57 5:01 7.8 92 0.0 -54
4:22 7.8 92 0.2 -56 5:02 7.8 92 0.0 -53
4:23 7.8 92 0.0 -55 5:03 7.8 92 0.0 -53
4:24 7.8 92 0.0 -53 5:04 7.8 92 0.0 -54
4:25 7.7 92 0.0 -53 5:05 7.8 92 0.0 -57
4:26 7.7 92 0.0 -53 5:06 7.7 92 0.2 -54
4:27 7.7 92 0.0 -59 5:07 7.7 92 0.0 -53
4.28 7.7 92 0.0 -58 5:08 7.7 92 0.0 -53
4:29 7.6 92 0.0 -57 5:09 7.7 92 0.0 -53
4:30 7.6 92 0.0 -55 5:10 7.7 92 0.0 -53
4:31 7.6 92 0.0 -58 5:11 7.7 92 0.0 -56
4:32 7.6 92 0.0 -54 5:12 7.7 92 0.0 -53
4:33 7.7 92 0.0 -58 5:13 7.7 92 0.0 -54
4:34 7.7 92 0.0 -54 5:14 7.7 92 0.0 -53
4:35 7.7 92 0.0 -56 5:15 7.7 92 0.0 -53
4:36 7.8 92 0.0 -55 5:16 7.7 92 0.0 -53
4:37 7.8 92 0.0 -58 5:17 7.6 92 0.0 -53
4:38 7.8 92 0.0 -55 5:18 7.6 92 0.0 -53
4:39 7.8 92 0.0 -54 5:19 7.6 92 0.0 -56
4:40 7.8 92 0.0 -54 5:20 7.6 92 0.0 -53
4:41 7.8 92 0.2 -54 5:21 7.6 92 0.0 -53
4:42 7.8 92 0.0 -54 5:22 7.6 92 0.2 -53
4:43 7.8 92 0.0 -59 5:23 7.6 92 0.0 -53
4:44 7.8 92 0.0 -53 5:24 7.6 92 0.0 -53
4:45 7.7 92 0.0 -53 5:25 7.6 92 0.0 -53
4:46 7.7 92 0.0 -54 5:26 7.6 92 0.0 -53
4:47 7.7 92 0.0 -55 5:27 7.7 92 0.0 -53
4:48 7.7 92 0.0 -59 5:28 7.7 92 0.0 -53
4:49 7.7 92 0.0 -54 5:29 7.7 92 0.0 -53
4:50 7.7 92 0.0 -57 5:30 7.7 92 0.0 -55
4:51 7.7 92 0.0 -56 5:31 7.7 92 0.0 -54
4:52 7.7 92 0.0 -53 5:32 7.7 92 0.0 -53
4:53 7.8 92 0.0 -54 5:33 7.6 92 0.0 -57
4:54 7.8 92 0.0 -56 5:34 7.6 92 0.0 -54
4:55 7.8 92 0.0 -59 5:35 7.6 92 0.0 -55
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OEPMOKPAZIA BPQXOMNTQ:H
QPA c IX. YTPAZIA mm) SHMA (dBm)
5:36 7.6 92 0.0 -54
5:37 7.6 92 0.0 .53
5:38 7.6 92 0.0 .53
5:39 7.6 92 0.0 54
5:40 7.5 92 0.0 -55
5:41 7.5 92 0.0 .53
5:42 7.5 92 0.0 .53
5:43 7.5 92 0.0 .53
5:44 7.4 92 0.0 52
5:45 7.4 92 0.0 .53
5:46 7.3 92 0.0 .53
5:47 7.3 92 0.0 -53
5:48 7.3 92 0.0 .54
5:49 7.3 92 0.0 57
5:50 7.4 92 0.0 .53
5:51 7.4 92 0.0 52
5:52 7.3 92 0.0 .54
5:53 7.3 92 0.0 .53
5:54 7.2 92 0.0 .53
5:55 7.1 92 0.0 .53
5:56 7.0 92 0.0 54
5:57 6.9 92 0.0 .53
5:58 6.9 92 0.0 54
5:59 7.0 92 0.0 .53
6:00 7.1 92 0.0 .53
6:01 7.1 92 0.0 54
6:02 7.2 92 0.0 -56
6:03 7.2 92 0.0 54
6:04 7.1 92 0.0 .53
6:05 7.1 92 0.0 .55
6:06 7.0 92 0.0 54
6:07 7.0 92 0.0 .55
6:08 7.0 92 0.0 54
6:09 7.0 92 0.0 .54
6:10 7.0 92 0.0 52
6:11 7.0 92 0.0 .53
6:12 6.9 92 0.0 .53
6:13 6.9 92 0.0 .53
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O1 petpnoeig oTig 5 PePpouapiou gixave KATaypaPei v UTTHPXE A0BEVNG BPoXOTTTWON.
H mapakdtw ypa@ikr rapaoTtacn O€iXvel TNV aAAayr Tou OrUATOG WG TTPOG TO XPOVO HE
eAaxioTto onfua -60 db/m oTig 04:56.

-50

-52

-54

-56

-58

-60
-62

xAua 5.4:Fpagikn Mapdotaon Merpioewyv 5 Pefpouapiou
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10 PeBpouapiou 2016

Mivakag 5.5: Kaipikd dedopéva kai Suvaun oquarog yia 1ig 10 PeBpouapiou 2016

op | OEPMO | 2X. | BPOXO op | OEPMO | IX. | BPOXO z'jA'M
n | kPAzia | vre | nTazH | oo M S0 | KPAZIA | YR | nTQEH | o
C AZIA | (mm) (dBm) C AZIA | (mm) )

422 79| 88 00| -62 502 771 90 00| -58
423 79| 88 00| 58 [l 503 771 90 00| 58
424 79| 88 00| 58 504 771 90 00| 58
425 79| 88 00| 57505 771 90 00| 58
426 79| 88 00| -58 506 771 90 00| 58
427 79| 88 00| 58 507 771 90 00| 59
428 80| 88 00| -58 |l 508 771 90 00| 58
429 80| 88 00| 59 [l 5.00 771 90 00| 58
430 80| 88 00| -58 |l 510 76| 90 00| 57
431 79| 88 00| 57511 76| 90 00| 57
4:32 79| 89 00| 58512 76| 90 00| 57
433 79| 89 00| -58 513 76| 90 00| 57
434 79| 89 00| 55 514 76| 90 00| 57
435 79| 89 00| 58 515 75| 90 00| 58
436 79| 89 00| -5 516 75| 90 00| 58
437 79| 89 00| 58 517 75| 90 00| 57
438 79| 89 00| -5 518 74| 90 00| 58
439 79| 89 00| -57 519 74| 90 00| 58
4-40 79| 89 00| -58 520 74 90 00| 57
441 79| 89 00| 58 521 74 90 00| 58
442 79| 90 00| 56 522 74| 90 00| 58
443 78] 90 00| 57523 74 90 00| 57
4-44 78] 90 00| 57524 73| 90 00| 57
4-45 78] 90 00| 55 525 73] 90 00| 58
446 78] 90 00| -58 Ml 526 73] 90 00| 58
4-47 78] 90 00| 58 [ 527 73] 90 00| 58
448 78] 90 00| -5 528 73| 89 00| 58
4-49 78] 90 00| -55 5290 74| 89 00| 58
4:50 78] 90 00| -57 530 74| 89 00| 58
451 771 90 00| 57 531 75| 89 00| 58
4:52 771 90 00| 57 532 76| 89 00| 58
453 771 90 00| 57 533 76| 89 00| 57
4:54 771 90 00| 57534 76| 89 00| 56
455 771 90 00| 57535 76| 89 00| 58
4-56 771 90 00| 57536 75| 88 00| 56
4:57 771 90 00| -57 537 75| 88 00| 58
458 771 90 00| 57 538 75| 88 00| 58
4:59 771 90 00| -57 530 75| 88 00| 57
5:00 771 90 00| 57 540 75| 88 00| 58
5-01 771 90 00| -5 541 75| 88 00| 56
5:02 771 90 00| 58 542 75| 88 00| 56
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Emidpaon Kaipikwyv ouvBnKwv TG TPOTTOOPAIPAG O aCUPHATES CEUEEIS HIKPOKUMATIKWY ouxvoTiTwV Wi-Fi

opa | ©EPMOKPAZIA IX. BPQXOMNTQ:H
C YIPAZIA (mm) *HMA (dBm)

5:43 7.5 88 0.0 57
5:44 7.6 89 0.0 .58
5:45 7.6 88 0.0 57
5:46 7.6 88 0.0 .58
5:47 7.7 88 0.0 -56
5:48 7.7 88 0.0 -55
5:49 7.7 88 0.0 .57
5:50 7.7 87 0.0 -59
5:51 7.7 87 0.0 .57
5:52 7.8 88 0.0 -58
5:53 7.8 88 0.0 -56
5:54 7.8 88 0.0 -55
5:55 7.8 88 0.0 -58
5:56 7.8 87 0.0 .57
5:57 7.7 88 0.0 57
5:58 7.7 88 0.0 -56
5:59 7.7 88 0.0 -58
6:00 7.7 88 0.0 .57
6:01 7.7 88 0.0 -55
6:02 7.7 88 0.0 -55
6:03 7.7 88 0.0 -56

O1 petpnoeigc omg 10 Pefpouapiou gixave Kataypagei e€vw UTTAPXE aoBevAg
BpoxoTrTwon. H TTapakdtw ypa@ikn TTapdoTtacn Ogixvel TNV aAAayr Tou CAPATOS WG
TTPOG TO XPOVO HE eAaxIoTo orua -59 db/m oe TToAaTTAG Xpovikd diacTAPATA.
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-50

4:22
4:25
4:28
4:31
4:34
4:37
4:40
4:43
4:46
4:49
4:52
4:55
4:58
5:01
5:04
5:07
5:10
5:13
5:16
5:19
5:22
5:25
5:28
5:31
5:34
5:37
5:40
5:43
5:46
5:49
5:52
5:55
5:58
6:01

-52
-54
-56
-58
-60
-62

-64
ZxAua 5.5:Tpagikn Mapdoraocn Merprioswv 10 Pefpouapiou

5.2 Ailadikacia Meipdparog Kail TIHEG ME HECO TO VEPO

[0 TO CUYKEKPIPEVO TTEIPAUA agloTToindnkav:

-“Eva opBoywvio TTAACTIKO KIBWTIO OUVOAIKNG XwpenTIKOTNTAg 139 It. (u€yeBog 90 cm X
48 cm x 32 cm).

-ApopoAoynmig ALFA AP121U

-Raspberry Pi 2 pe evowpatwpévn TFT 086vn agig pe USB WiFi TTou XpnOIYOTTIOIEl TO
chipset MT7601U

- Power Bank Twv 4400 mAh
-Kepaia KaTaokeUaopEvn OUPQWVA PE TO TTPONYOUPEVO KEQAAQIO.
H kepaia 6trou egopoiwbnke oto HFSS pag £€dive kEpdog -25 dB ota 2.4 GHz evw 10

TTEIPAPATIKA atroTEAEopATa aAAGlouv avaAoya pe Tnv UtTapén pévwong Kail 1miong 1o
MEoo diadoong.
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ZxAMa 5.1: T0vleon Tou Raspberry Pi 2 pe Tov WiFi USB Adaptor kai To Powerbank..

ZxAMa 5.2: NMpwTtn péTpnon Je HECO TO KEVO (o€ atrdéoTaon 5¢cm)

K. AABépTog 58



Emidpaon kalpikwv cuvBnkwv NG TPOTTO0PAIPAG Ot aoUpUaTEG JEUEEIG MIKPOKUUATIKWY ouxvoTrTwy Wi-Fi

ZxAua 5.3: H kepaia mou Bpiokeral utropUxIa yida TIG HETPAOEIG HE HECO TO VEPO

MapakdTw divovTtal Ol TIUEG VIO CUYKEKPIYEVN ATTOOTACN YE JETO TOV ATHOCQAIPIKO aépa

ME Kal Xwpig pévwon,.

Mivakag 5.6: AGvapn ofPATOG VIO CUYKEKPIMEVES TIHEG HE OUYKEKPIMEVN ATTOOTAON HE HECO TOV

ATHOC@AIPIKS aépa

AmréoTtaon (cm) Xwpig Mévwon Mg Mévwon
5 -23 -36
10 -24 -30
15 -25 -28
20 -30 -30
25 -33 -32
30 -32 -33
35 -34 -34
40 -32 -36
45 -31 -37
50 -31 -40
55 -34 -42
60 -36 -43
65 -39 -44
70 -42 -48
75 -40 -46
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80 -39 -47
85 -37 -47
90 -36 -49
95 -38 -49
100 -40 -50
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MEZO: KENO

-10

-20

-30

-40

-50
-60

s AR WITHOUT INSU LATION s A IR WITH INSULATION

ZxAua 5.6: Ala@opoTtroinon oRMATOg evw aAAddel n aTO6OTACN HE HECO TOV ATHOOQPAIPIKO aépa (KEVO)
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MapakdTw divovTal Ol TINEG VIO OUYKEKPIYEVN ATTOOTACN YE MECO TO VEPO HE KOl
XWpig pévwon.

Mivakag 5.7: AOvaun OAPATOG VIO CUYKEKPIPEVEG TIMEG ME CUYKEKPIMEVT ATTOOTACN ME HECO TO

vEPO
AmréoTaon (cm) Nepd xwpig Mévwon Nepd pe Mévwon

5 -74 -75
10 -72 -72
15 -70 -70
20 -64 -66
25 -65 -67
30 -62 -64
35 -63 -64
40 -63 -61
45 -67 -60
50 -68 -60
55 -69 -100
60 -64 -58
65 -64 -61
70 -100 -100
75 -100 -100
80 -100 -100
85 -100 -100
90 -100 -100
95 -100 -100
100 -100 -100
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-20

-60

-80

-100

-120
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MEZO: NEPO

20 25 30 35 40 45 50

55

e | JNDERWATER WITH INSULATION e JNDERWATER WITHOUT INSULATION

IxApa 5.7: Ailagopotroinon opaTog evw aAAddel n aréoTaon Pe HECO TO VEPOS
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6. 2ZYMMNEPAZMATA

2€ Jia Ceuén Otav YETPAPE TO ONUA PAG PMTTOPOUNE va TToUPE OTI 60O TTIo PJEYAAN €ival n

Sla@opd PETALU TNG MEYIOTNG TIMAG KAl TNG EAAXIOTNG TIMAG TOOO TTIO AoTABNG gival.

H améoTtaon peTagu Twv dUO CUCKEUWV MNTAVE TTAPA TTOAU WIKPN VIO va PNV UTTAPEEr N

mOavoeTNTA Va XaBei To ofjua KaBoAn Tn didpkeia TNG NETPNONG.

ATTO TIG METPNOEIS TTOU TIHPAUYE aTrd TO Treipapa Twv 10 PETPWVY MPTTOPOUME va

OUVOWIOOUE Ta EENC:

- 2716 23 lavouapiou OTTOU gixaue xIovoTITwon n dia@opd CAPATOS BPICKOTAVE OTA
12 dBm o&trou ATave Kal n PeyaAuTepn d1agopd atrd OAeg TIG PETPRoelS. ‘Evag
MOAVOG AOYOoG BPIioKETAI OTNV KPUOTAAAIKT HOPQr TwV VUQAdWY TToU BpiokovTal
0 OTEPEA KATAOTAON Ol OTI0iEg dINUIOUPYOUCAVE QVOKAACEIC OTO ONUa HE
ATTOTEAEOHA TNV «ATTOOUVANWON» TOU CAPATOG. H péon TIWR TOUu OAPATOg ATAVE
—56.48 dBm

211G 25 lavouapiou é1Tou gixaue nAio@daveia n dilagopd oruaTog BpiokoTave ota 3
dBm OT1T0U €ixaue Kal TN MIKPOTEPN diagopd. H péon Ty Tou OAUATOG ATAVE —
52.12 dBm. Na onueiwBei 611 n diagopd ORuaTog Bewpeital ApPIoTN €WES Kal

IQAVIKN

211 30 kai 31 lavouapiou OTTOU gixaue odixAn n diagopd onuarog Atave 7 dBm. H

MéEon TP Tou onuartog BpiokéTtave oTa -55.83 dBm.

21g 5 deBpouapiou 6TTOU €ixape oTTopadikr BPOXOTITwon n dlapopd CrUATOG

ATave 8 dBm pe péon iy ofuatog ota -54.33 dBm

TéNog oTig 10 PeBpouapiou TTOU UTTAPXE OMiXAN, N diagopd oruaTog BPICKOTAVE
ota 4 dBm pe pyéon Tiun onuarog -57.34 dBm.

O1 peTprioeig UTTOBUKVEIOUV OTI Ol KAIPIKEG OUVOAKEG €TTNPEEEAGCOUV MHIA PIKPOKUWATIKNA
Ceuén oTtoug 2.4 peydkukAoug, OtTou avAAoya MPE TIG KAIPIKEG OuvOnKeg aAAdGlel n
oT1aBepdTNTa TNG CeUtng. Eviummwon ékave etmiong n €mmMpPPON TNG OMIXANG OTOo OThV
Ceutn, omou duoTuxwg Oev UTIAPXAV HETPACEIS (0€ METPA OpPaTOTNTAG) VYIia TNV

TTUKVOTNTA TNG.
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2YNTMHZEIZ — APKTIKOAE=A — AKPQNYMIA

Wi-Fi Wireless Fidelity

WEP Wired Equivalent Privacy

WPA Wi-Fi Protected Acces

WPS Wi-Fi Protected Setup

IEEE Institute of Electrical and Electronics Engineers
RF Radio Frequency

Mbps Megabytes per second

(ON]! Open Systems Interconnection

OFDM Orthogonal Frequency Division Multiplexing
CCK Complementary Code Keying

DSSS Direct Sequence Spread Spectrum

ISM band Industrial Scientific and Medical Band

DECT Digital Enhanced Cordless Telecommunications
ITU-R International Telecommunications Union-Radiocommunication
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NMAPAPTHMA I

Mépog TnG TTapoucag DITTAWMATIKAG EpYaCiag £XEl avakoIvwBei og dUo diEBvr) ouvédpia,
oTo International Workshoip on Antenna Technology (2017) ue TiTA\o Bow-Tie Antenna
for Underwater Wireless Sensor Networks kai cuyypageic  KwvoTtavrtivog N. AABEPTOG,
EuvayyeAia A. Kapayidvvn, Owpudag K. Mtrouvtdg, Afuntpa |. KakAaudvn kai €1miong oT10
7th International Conference on “Experiments/Process/System/Modeling/Simulation/
Optimization” pe 1iThAo TROPOSPHERIC AND UNDERWATER PROPAGATION AT
MICROWAVE FREQUENCIES ue ouyypageic KwvoTtavtivog N. AABEPTOG
KwvoTavtivog Bapddkng, ABavaoiog . MntpdtrouAog, EuuayyeAia A. Kapayiavvn,
XpAoTtog N. Bacoupag, MixaAng E. dagpdaAiog.
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2007 Inbemational Workshop an Antenna Technology: Small Antennas, Innovative Structhures, and Applications [WVAT)

Bow-Tie Antenna for Underwater Wireless Sensor
Networks

Kaonstantinos M. Alvenos
Matiormal and Kapodistrian University of Athens
Department of Informatics and Telecommunication
Panepistimiopolis, llisia, 13784, Athens, Greece

Evangelia A. Karagianni, Konstantinos D Vardakis
Hellenic Naval Academy
Hadjikyriakow Avenwe, | 8539, Pirscus, Greece
evkaihna gr

Thomas K- Mpountas, Dimitra I. Kaklamani
Matiomal Technical University of Athens
Sehonl of Electrical and Computer Engineering
9 Iroon Polytechniow Sie, 15780 Zografios, Athens, Greecs
dkcak el niailmiua.gr

Abstracte within this paper the use of WikFi in sir and
underwater environment using the channels around the 1.4 GHz
frequency range that have been standardized worldwide, is
presewted through simulation and experinsental work. Using o
bowstie shaped antenna we stwdy the actual sigmal strength
between underwater and air comditiens, while changing the
distance between two devices, wirelessly conmected with each
niher.

Keywordy == Bosweiie Amtenns, Underwater Commurnicarions,
Wirelesy Fidelity, Wirefess LAN

[ INTRODLUCTION

The use of wireless communication in an underwater
environment i nol something new 25 an idea or concepl. A
variety of wirzless sensors exist within the oceans and seas
arpund the world in order to collect various data that are usefil
for the oil industry, instrament monitoring, pollution coatrol,
climate recording, prediction of namral dismerbances, seanch
and survey missions, and sdy of marine life [1].

The technolegies most frequently used for tese purposes,
have a great amount of disadvantages. Acoustic technologies
are suitable for long ramge communications (in the order of
several km), bui they have poor performance in shallow water,
poor nose mmenity, limited bandwidih becanse of the band of
frequencies used and potential impact on manne life [2]. All
these characteritics make them non-suitable for real-time and
broadband underwater wircless  sensor networks wsed i
defense, offshore ol and gas industries as well as in
environmental monitoring [3]. On the other hand, alihough the
ultra-high bandwidths of optical systems (in the order of many
Gibitals) seem o be ideal but they are very susceptible o
rbidity and the presence of suspended particles, thus o
marine fouling. Also they require line-of-sight conditions [4],
[5]

RF aystems can operate in non-line-of-zight, they are
i 1o meise, tarbidity and suspended particles {depending
on the contamination of the water) and they can allow high

ST8-1-5080-517T-8MT/831.00 020N T |EEE

bandwidths {up to 108 Mbitats) [2]]3]. Additionally, the range
of underwater RF technology can be increased when operating
near the surface, since the air path carries most of the sigral.

Il EECENT APPLICATIONS AND RESEARCH

Underwater Wireless Sensor Metworks (WEN) are sensors
used w0 monitor environmental or physical phenomena in onder
o copperatively dissemirate the daia through the network of
sensors 0 shore access point. Coasiline profeciion, off-shore
oilfgas  field monitoring, oceanographic data  collection,
autopomous of remotely operated underwater vehicles ane
some of the applications of WSN. Researchers deploy WSN's
in unconventional environments for further sisdies which are
stationed underground or underwater, in order o monior sodl
orF sea propemies respectively and then transmit the collected
data [5]. Another possible application is the real-time guidance
of an  autonomous  underwater  wvehicle  (AUV)  when
approaching an underwater docking station and subsequent
high-speed data transfer berween the AUV and the dock.
Another application could be the implementation of IEEE
0211 neteorks in underwater communications at VHFE, UHF
and SHF bands [11], [13].

Prewvious  research  has  been  focused  in channel
characterization and not in antenna design which influences
i siructural pararmeters 35 well as the changes i different
environmental conditions [13], [16]. The great difference in
designing an anbenna when the propagation mean is water, is
the change of the medium®s density which limits owr frequency
options &2 well as the presence of particles when heavy rain
conditions are taken nio a-oownt.

1L ANTENMAS FOR THE 80211 STANDARD

A. Bands for JEEERO2 1]

WLAN has the potential o provide an ideal solution for
cerain applications, since they are globally available, their cost
is relatively low and thar WLAN can operaie in frequency
speciums that have been released for free public wse as 15M
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2017 Intemational Workshop an Antenna Technology: Small Antennas, Innovative Structures, and Applications [[WAT)

{Imdustrial, Scientific and Medicine) radio bands thus there is
no licensing fee.

IEEE 80211 is the current standard for WLAN. Mos:
people refer to WLAN as Wi-Fio It has four popular protocols:
RO2.11a, BO2.01kL, 20211g, and R02.11n. Whils R02.01a
operates at § GHz, 20211k and 802.11g operate ai the 24GHz
Furthermore, 80211 operates at buh 2.4 GHz and 5GHz
band. Mowadays, B02.11ac is becoming more popular among
viendors,

The 24 (GHz has long been a standard around the world,
while the usage of many channels within the 5 GHz band is
probubited in some countries, like China. One reason to use the
lorwer frequency band iz because the waves of the 2.4 GHz
band kave a betier propagation behavior through obstacles than
that of the 5 GHz band waves and thus provides bermer
coverage. (n the other hand, the main reason wo use the 3 GHz
band is that it & not used as widely as the 2.4 GHz band so
there is less interference from neighboring Wi-Fi signals. Also,
the higher the frequency is kept, the smaller the size of the
amtenna should be, meaning that 5 GHz waves need cheaper (in
general terms) antennas which can be designed and built easier.

TABLE L WIRELESS STANDARDS

Simmdard l':guuﬂ.' Dhats Hate
IEEE 80211k 1.4 GiHz 11 Mhps
IEEE 30011 1.4 (iHz 54 Mbps
IEEE SKLIS4 245 GiHz (Worldwide) 250 Kbps
IEEE SKL154 B85535 MHz (4. Amer-

caEsrape) 20430100 K bps
IEEE 300118 5 (iHz 54 Mhps
IEEE 802110 2445 iz 54 Blbges — 04} Bllbgs
IEEE B211ae 5 (iHz .77 Libps

B. Artenna type selection

A highly directional antenna allows the signal from the
WLAN Access Point (AF) 1o be aimed at a designed location.
Signal can be directed wwards high density location and
provide WLAN w users. This provides a convenienl way o
give access o an exiended coverage for a high density
population anea, without the need of installing more APs.

Different antenna configurations were sudied. Various
types of high gain antennas were compiled to be considered for
the WLAMN possible antenna design.  All types can provide
sufficient gain with the use of a plain, parabolic, or cormer
reflector, The choice was the bow-tie antenna.

Fig 1. The b=t anmlcsn

The bow-tie antenna is popular for frequencies ranging
from Ulra High Frequency (UHF), from 300 MHz 0 3 GHz,
up o the millimeter wave range, from 30 GHz o 300 GHz.
The bow-ike antenma performance i3 ool sensitive o small

parameler varations, improving robusiness w manufscturing
tolerances. Ahhough the bow-the antenna provides reasonable
wide-band performance, this is not a high performance
antenna; thus demanding applications may call for mone
complex designs. The resistively bow-tie antenna is a practical
candidate for palse radiation [14].

In thizs paper we assess through experiment the
performance of bow-tie antennas both in air and fresh water
and in terms of RSSI (Received Signal Strength Indicaor).
This type of antenna is selecied and implemented since it is
simple o produce at a very low cost. The bow-tie antennsa is
depicted in Fig. 1 and consisted of a simple 4 mm thick copper
wire with each side of 30 mm covered by a temporary insulator
with a thickness of 0.1 mm and a relative permativity of 3.

v. WaATER PROPERTIES

Propagating an eleciromagnetic wave underwater varies
from the default mediom (which is airl Several factors come
in place but the main ones are condvctivity and penmtivity of
water. This resulis to the need of designing and fabricating
specific antennas for the use in underwater environment for
appropriaie propagaiion of the eleciromagnetic wave and have
the needed durability o sustsin 63 integrity and operability
underwater. Air has a conductivity from 3*10-"* w 8*10r Sim.

A Conductivity of waler

Conductivity of the water can value from 5.5 pSfm up io 4
Sfm. To be more precise high quality deionized water values at
arpund 5 5% 0% Sim, drinkable water values from $%100 w
A% 10 Sfm and salt water around 4 Sim.

B, Permitivity and permeability of warer

The best media for elecromagnetic waves propagation ane
irsulators where the conductivity (a) is zero in Sfm, so they ane
called lesaless media. If the conductivity of a medium
increases, the attenuation of radio waves is also incresses. Ina
medinm with conductivity different 1o zero, the permittiviry (£)
becomes complex with a value of

I3 r AT F L] P
E= EEy |E=L’ e =eql ]tanﬁr}{;:l i1

Where £ is the vacuum permittivity, 0 is the conductivity of
the medium, @ is the angular frequency and & is the relative
permiitivity which varies from 55.720 up w B7.740 in water
case, In this specific case the value at 15°C will be wed which

15 B1.946 sccording the Debye and Cole-Cole models and can
be applied for frequencies up io several hundreds of MHz [9].

Since the water is 2 non~-magnetic medium, the value of is
relative permeabiliny is =1, so, the permeability p of the water
is the same as that of free space g The conductivity of water is
a=5 10,

. UspErwaTER ELECTROMAGNETIC PROPAGATION

A Intringic Impedance of the Waler

The mirimsic impedance 15 a mediom property  that
describes the ratio of the electric fleld sirength 1o the magnetic
field siremgth and this 5 the wave impedance of the
electromagnetic wave when propagates theough it. The intrinsic
impedance of the air is caleulated to Ze=3770L However, the
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intrinsic impedance of water is a complex valoe and i is

expressed a5 a function of permeability (u), permiftivity (£},
conductivity (@), and angular frequency [e=2xl) [6], [8]-

_ Juzp
Z= o Fjan @

8. Propugetion of Eleciromagnetic Waves

The propagation of eleciromagnelic waves in any mediom
is charsctenzed by ils propagation constant ¥, which is given,
using equation 1, by:

¥ =a+ jf = [juple + jue’) 3
-cn:,: et {14 ool
¥= ml‘l'l'"r;mﬁl "I!I 20aBs H-:I

where @ (Mp'm) and f (radfm) are the anenoation and phase
constanis respectively.

Media where a<<me® are comsidered dielectric media or
inaulators and media where a>mae” are comsidened conductons.
It has been proven thar fresh water becomes a conductor for
frequencies below some tens of MHz. It has been also proven
that atienuation incresses with the frequency and conductivity.
S0, it 5 necessary 0 use frequencies below | GHz w get a
reasonable communication range in fresh water environment.

O Underwater Path Loy

The sigmal propagation in water depends on the path loss in
water. Path loss represents the difference between the
rransminied signal power and received sigmal power [T]
Received power a5 a function of ransmitted sigral, underwater
path loss and anfenna gain &t the receiver end is given from
Friis equation [12]:

E(dBm) = F[dBm) + &, (dB)+E, (B} + L{dB) i5)

where Fi is the transmit power, Gr amd G are the gains of the
receiver and transmitter antenis respectively, L is the path loss
in water.

The path loss can be calculated by the equation:

L{dB)} = Ly + L +L, ()
where L is the path loss in air and given by:
Lq(dH) = 20lng =3~ nd)

L.JdB) is the path loss due w changing in medium and can
be caleulated by:
L, (dE) = 20log 22 (8
LdE} is the path loss due to aftenuation in medivm and
given by:

L (dB) = 2iloge™ = B.7ad {9
where d 5 the distance between transmiting and receiving
nodes in meters, Ay is the signal wavelength in air and can be
caleulated by the egquation b=l & is the wave factor and
given by the equation A=2=/f where i is the phase shifting
constant and calculated by equations (3) and (4).

VI SpauLamion RESULTS

Figure 2{a) peesenis the amenma design using High
Frequency System Simuolator software. When operated in the
air, the antenna resonates at 245 GHz with 5 =-26dE and at
910 MHz with S¢;=-204B. When the environment & pure water
the anienna resonatzs at 130 MHz with -10 dB reflection
coefficient. Figure 2(b) depicts the simulation resulis where it
is obvious that the anterma has a very good performance in air
at 2.4 GHz with 20% fractional bandwidth.

fa)

L1

Fig- 2. The design and sivslation resulis of the how-tie sstenns wish HFSS
sofiwane

VIL MATERIALS, BQUIFPMENT AND MEASUREMENTS

The underwater measurements were taken mside a plastic
container reclangle shaped with a maximum capacity of 139
liters (90 cim in length, 48 cm in widih, and 32 cm in heighit).
Cr two devices was a portable ALFA API21U router and a
Raspberry Pi 2 with an integrated TFT touch screen and a Wi-
Fi card containing the MTT601L chipser. For power we used a
#400mAh power bank that was submerged and recorded the
changes of our signal (Figure 3) through software. Owr
maximum distance underwater was 65 cm while in vacuum we
went up o 100 em. The measurements were repeated with the
irsulation remnoved from the bow-lbe anfenna 25 seen in Fig. 4.

Fig 3. Rasphenry Pi I with its poecheemees TFT Wi-Fi adapier and power bask

In Figure 5§ we can see the antenma submerged within the
container a1 a fixed point while the raspberry pi is moved.
Finally, measurements of the received signal stregth ar 2462
MHz for different distances with the bow-tie antensa with and
without insulbstion are presenited in Figure 6. At underwater
distances more than 65 cm the signal s inadequate (less than -
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100dBm) when m air the insulated antenna has an almost linear
dicreasing function. The naked antenna has a  beser
performance in air and underwater (at distances more than 45
cm). The signal strength approaches -100dBm instantly at §3
c¢m distance, a phenomenon that is eliminated with
measurements repetition and it is due to multiple mstant
reflections.

Fig 4. Bow-Tic antcasa with and withont g5 insulation

d within the

Pomeer vy St wrwr o (e

Fig 5 Bow-Te b

S M0 L5 0025 50 5540 &5 5.5 W 6500 75 80 8 30,9 00

A BT AL W AT AT O "

UNTERANTE ATROLY MLATOA UNDERAMIE W BTN ot v

Fig 6. Measurements for the performance of the bow-tie amenna.

VIIL. CONCLUSIONS

In this paper, signal aenuation (received signal strength) of
electromagnetic waves with a bow-tie antenna in an underwater
three dimensional space was examined to establish an
underwater localization system. A high gain bow-tie antenna is
designed and simulated using HFSS software and fabricated
using cheap materials. The antenna gain is -25 dB at 2.4 GHz,
which is wvery high value for underwater wireless
communication to overcome the high path loss due attenuation.

An important result of this work is the drastic change in
received power in air and underwater. The non-insulated
antennsa has a very good performance (better than the insulated
one) when working in air. The strength of the received signal is
-23 dBm at Sem distance and fell almost linear of the order of
0.5dB/cm up to 70 cm. The best performance measured at 50
cm and 90 cm where the signal strength was -30dBm and -
35dBm respectively. For longer distances (more than 30cm) the

antenna without insulation has 10 dB better performance than
the insulated one. Regarding the underwater enviroament, the
insulated antenna has better performance for distances up 1o 38
cm. This indicates the need to take into account the properties
of the medium and in particular its conductivity, at the design
stage. It is worth to mention that the signal is lost at a distance
around 55 cm having a strength of 0.1pW, while it appears
again at 60-65 cm with 1nW signal strength. Both antennas
(insulated or not) can operate up to the distance of 65 cm
underwater. Our inability to test greater distances was based on
the size of the container, which can also be concluded that the
distance could be much greater for a bow-tie antenna.

The experimental results in freshwater agree well with
those obtzined through HFSS simulations, in terms of the
transmission power. So we can conclude that it is possible to
predict the operation of the antennas and improve their design.
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i very high value for undervater wireless communication fo overcome the high path loss due afenuation.

I INTRODUCTHON

transrission of information,

environment in order to study the underwater propagation at lower Wi-Fi frequencies.

2 AIR PROFAGATION

atates that the power density P of & wave is proportional to the inverse of the square distance r from the source.

P-h:i

aobjects without failing connectivity, For microwave frequencies a chear sight path is necessary.

polarization {which requires vertical monopole antennas).

T* Intermaticmal Conference on “Expenments/ProcessfSysiem ModelingdSimulaticnd paimization”™
e IC-EPSMS0

Ahers, -8 July, 2017
CLEME

Abstract: Signal anemuation freceived signal strengih) of elecrromagnetic waves with the use of @ bow-rig
aitenins in bork free space and wnderwaler three-dimentional enviFoRmen! was examined o establish an
eleciromtaghetic propagation localtzation syaem. A kigh gate bow-rie antenng (s desigred ond timulated using
HFSY software and fabricated using chip materials. The antenna gain anderwater {5 -25 a8 ar 2.4 GHz, which

‘Wireless Communications have been wsed for over 130 years. The initial telecommunication deviee was
invented in 1280 called the photo phone which carried voice telecommunications optically, using a light bearm
[1]- Since then technobogy has forwarded and has made it into one of the most important mediems of

The range of wireless communications vanes into IR, RF and satellite which use electromagnetic waves
and more specifically microwaves, Microwaves are being used owver the air for a vanety of applications and
distances. The 700 MHz band {6%4-790 MHz), the 2.4 (GHz band (2412 — 2484 MHz) and the 5 GHz (5150 -
5725 MHz} are the main frequency ranges that will have our attention. Also the mediom these frequencies are
transrnitted will show us how the signal changes. In this paper, except measurements presented for free space
environment af 2.4 GHz, also simulation results are included for underwater propagation in a controlled

Radic propagation is the behavior of radio wawves wravelling from one point @0 another, through the
atmosphere. For the Free Space Propagation, all electromagnetic waves obey the inverse-Square law which

r (n

One propagation mode that i widely used in practical radio transmittion systems is the Direct Mode
propagation. Line of Sight uses a direct line from the transmitting antenna to the receiving antenna. Depending
aon the frequency a clear sight path might not be necessary, For example low frequencies can pass through solid

Another mode is the Surface Mode propagation. Groundwave propagation is used for bower frequencies
hetween 30 KHz and 3 MHz. The propagation interacts with the conductive surface of the Earth using vertical

K. AABépTog

71




Emidpacon KaIpIkwy ouvBnKwy TNG TPOTTOTPAIPAG 0€ AOUPHATEG JEUEEIG HIKPOKUPATIKWY auxvoTATWY Wi-Fi

K. AABépTog

KM Alvenos, K D0 Verdakis, AP, Mitroposies, E.A. Kamgianni, C.M. Vozouras, M.E Fafalies

Last but not least, ionosphens mode is a propogotion mode vsed in practical microwave transmission
systems. Skywave propagation, also known as skip, relies on refraction of the wave from the ionosphere. A
wave directed at an angle inte the sky can be reflected back 1o Earth beyond the horizon by these layers,
allowing lomg distance communbcation.

3 UNDERWATER PROPAGATION

A main reason for the underwater study is the replocement of the acoustic technology that has been used for
many Yyears. Acoustic technology is suitable for long range communication but the dissdvaniapes that
acoompany this technology include poor performance in shallow water, impact of the satural movement and
living habits of marine life and exirermnely bow bandwidih (ens of Kilobits per secomnd). An allernative that was
attempted for mmplementation were optical svstems which offer grest bandwidth, no alterafion of manine lifi
and immunity conceming water depth but it requires line of sight (LOS), which loses connectivity when there
is a presence of suspended particles or furbidity. Svstems that use Radie Frequencies (RF Systems) can be used
withowt the need of Line of Sight, it increases bandwidth o the level of hundreds of Megabits (up 1o 108
Mbita/s), There 15 a need o estinate, samulate and experoment RF techinologies.

EN| Adr and Water Properiics

Propagating an electromagnetic wave underwater varies from our defanlt medium (which is air). Several
Factors come in place but the mam ones ane comductivity of water and permittvaty of water, This results fo the
need of designing and fabricating  specific  ontennas for  the  wse  in underwater environment  for
appropriate  propagotion  of  the electromagnetic wave and have the needed durability 1o sustain its integrity
and operability underwater. Air has a condactivity from 3* 1007 o 8*10r

Conductivity of the water can wvalue from 3.5 pSmim up w0 4 Sm'm. To be more precise high quality
deioneed water values at around 55710 Sm'm, drnkable water values from 5% 10007 @ 57100 Sm/m and salt
water around 4 Sm'm,

Permittivity of water 15 relative to the permittivity of vacuum {or known os permittivity of free spoce). The
parameters used here are the temperature of the water and its salinity. Our permittivity varies from 35720 up
1o 87740 [2). [n this  specific case the wvalue of 2350 will be used (room emperature) which is
T8 304,

3.2 Path Loss

The signal propagation in water depends on the path loss i water, Path  loss  represents  the  difference
between  the mamsmitted saignal power and recetved signal power, Received power () as a function of
transmitted signal (P}, undereater path loss and antennn gaim o the receiver end is given from the Friis
cquation [3]:

P, (dBm) =P, (dBm )+ G, (dBm ]+ G, (dBm]—L_,,., (d8) (2)
where P, is the transmited power, G, and G, are the gains of the receiver's and transmitier’s anionna, L., s
the path beas in waler.
The patl bess can be caleulated by the equation [4]:

Loy (dB )= L, {dB}+ L, (dB]+ L, (dB] (3
where La is the path loss in pir and given by [5];

fdomed-F
L, dB) = 200g| 22 ) o

where d 15 the distance between the transmitier amd the receiver in meters, Fis the opersting frequency in Herte
amd ¢ is the velocity of light using oir a5 o medium in mebers per second.
Lwi{dH] 15 the path loss due to chonging m medium and con be calculated by:

s
T_‘{dB}_EIZII-n_g,[ ] "

where & 15 the signal wavelength using air as o mediom and con be caloulated by the equation L=c/fand & 15
the waove foctor and given by the equation A=2n/ where [} is the phase shifting constant and calculoded by the
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cquation:

2 Iy

i T 0
[f=r L 1+[i—?\| +IJ
L

(&)
where £ and & are the real and imaginary parts of the complex dielectric constant given by {e=e-j2" L
L. i) is the path loss due wo amemeation in mediom and given by:
L, (dB)=10-log(e™" | i
where @ is the alienuation constant and calculated as shown in equabion 8:
oo (] _.]
2 L E'
(8}

3.3 Reflection from Water Interfaces

The reflection from the surface and botiom depends on reflection cocfficient at both interfaces between
“water and aie” and “water and bottem®™ [4]. The reflection coeificient 1s given by equation 9.

-
B:¥: FRY, (%)

where py amd gy are the denaity of the first and second mediom respectively  and  voamd v are the wave
velocity in both mediums,

The refection loss from the surface and from the botom s given m the equation [5);
L, =—V{dB)=—10log(V) (10
2 —oiir) v —afirh n 1
W=l eT ) =2n) e s | = q:l—T.ﬂ[r: |
A (11

where r i= the reflected path length, |T| and o are the amplitude and phase of the reflection coetficient
respectively and A{r) is the difference bebween rand d.

r= H3+|%]
S (12)

The Figure 1 depicts the three-path  channel  model, mcluding the reflection from both interfaces
“pir and water” and “botiom and water™.

where rcan be calculoted as shiown below:

Air
Water

K. AABépTog 73



Emidpaon kalpikwv cuvBnkwv NG TPOTTO0PAIPAG Ot aoUpUaTEG JEUEEIG MIKPOKUUATIKWY ouxvoTrTwy Wi-Fi

KN Alvenos, K.D. Vardakis, AP, Mitroposios, E.A. Kamguanni, CN. Vizouras, M.E. Fafalws

Figure 1. Three-path channel model

where d is the distance between two sensors, H is the distance between surface and sensor amd r s the distance
between the sensor and the reflection pomt.

4 EXPERIMENTAL AND SIMULATION PROCESS

In order to ascertain the transmission of clectromagnetic radiation in a medium and how it is influenced by
the distance, an experiment of the electromagnetic radiation dispersion in the air and in the water was carried
out using a Bow-Tie antenna. In order to perform the experiment, the following were used: Model WGR614 v7
Router, TP-LINK TL-WNT722N external card with Atheros ARY00ZU chipset, Acrylic Wi-Fi Home Wi-Fi
network finder program, Raspberry Pi 2 TFT with Wi-Fi adapter and a power bank, The operating frequency is
Channel 11 (2462 MHz).

The experiment was performed with a chip constructed antenna with and without insulation. We mainky
deal with the spread of EM radiation to the atmosphere where the results of the experiment reveal how the
power of the transmitted signal is affected depending on the transmitier-recesver distance.

4.1 Bow=Tie Antenna Construction

The Bow-Tie antenna was chosen for the experiment due 1o 118 simplicity of construction and i15 low cost.
The antenna was made of 2 standard 4mm thick monofilament copper wire with insulataion, and each side was
covered with 0.Jmm thick silicone insulation with relative permeability 3. The antenna was then mounted on a
copper plate using a special conductive binder material so as to ensure that the antenna performance is not
affected. The antenna distance from the copper plate is about 30mm.

(b)

Figure 2 (1) The Bow-Tie antenna connection to the external network card, (b) The experiment was performed
using Raspberry Pi (for the expenment in the water),

4.2 EM Propagation in Air

The experiment was performed on order to collect data related to the trunsmission of 2.4-5.1 GHz radio
frequency (Wi-Fi frequencies) to different propagation media {air, water) depending on the transmitter<receiver
distance and to note how the antenna performance is affected depending on whether it is isolated or not. A Wi-
Fi Router was used in a S-cm calibrated system with a fixed bow-tie antenna on the opposite (figure 2b). For
every Sem we shifted the Router and we recorded the power measurements. The Bow-Tie antenna was
connected to the external network card and this in turn to @ laptop computer, In contrast to the experiment in
the water, the antenna was connected to the Wi-Fi Router and Raspberry Pi was placed in the reservoir in the
tank, also in a calibrated system per 5 ¢m. The data listed below relate only to the part of the experiment in the
air.
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Distance (om) AIR WITHOUT INSULATION { AIR WITH INSULATION (dBm}

5 -23 -36
10 -24 -30
15 -25 28
20 -30 -30
5 -33 -32
kD -32 -33
a5 -34 -4
a0 -32 -36
a5 -31 37
50 -31 -40
55 -34 -42
60 -36 43
65 -39 e
70 42 -43
ke 40 46
80 -39 -47
85 -37 -47
50 -36 49
85 -38 a5
100 40 -50

Table 1. Experement results
Powar v ditanee inem (dim)

(B -RE'RE BE- SR IS AR BE NE BE NN BN BE RE-BE AN BE AN RS

e AN THOUT SOLLAT O (0] e AT T PURILAT IO

Figure 3. Transmitted power versus distance (antenna with and without insulation)

As we can see from the table and graph data, the antenna performance decreases as the transmitter-receiver
distance increases which is expected. We notice a decrease in the signal strength of the antenna as the distance
increases, resulting in more losses. We also see difference in the antenna performance when it is msulated or
not, From the results of the expennment it appears that in the first 15cm the antenna with msulation exhibits
better behavior as the propagation power increases from -36dBm to -28dBm while the insulated antenna shows
at the same point a gradual drop in its output from -23dBm to - 30dBm. But then the insulated antenna exhibits
a continuous reduction in its yield with a steeper inclination than that without insulation. Noteworthy is the fact
that the output of the insulated antenna does not show a continuwous reduction such as that of the insulated
antenna but in certain points it has a gradual rise with peaks such as those at S0cm and 90cm with a power of -
31dBm and -36dBm,

4.2 EM Propagation in Water

In order to study EM propagation in water, the same expenment was yielded using a tank witch results
have been presented in [9] for 2.4 GHz. Because of the high pass loss, the frequency had to be lower. With the
use of a special system software (HFSS) a first assessment of the results at lower frequencies (around 700
MHz) is taken as shown in figure 4 and to act as a measure of comparison with the actual results of the
experment.

The results of the expenment usmg HESS (High Frequency System Simulator software) are shown m the
following figures:
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Figure 4, The antenna design and simulation results underwater

It appears that when the antenna emits underwater at 700 and 910 MHz, the received power is -4 and -2
dBm respectively, while in air the corresponding value is -20dBm. We observe that the antenna theoretically
responds well with a fractional bandwidth of 2024

5 CONCLUSIONS

Understanding and simulating the frequency of 700 MHz while also experimenting at the frequency of 2.4
(iHz is an opportunity to expand the frequencics used for mobile intemet services (700 MHz), Wi-Fi (2.4 and 5
(iHz). which are standardized in Europe. in other possible applications for underwater and atmospheric use.

An important result of this work is the drastic change in received power in air and underwater with the use
of a bow-tie antenna, insulated and not insulated. The strength of the received signal at the non-insulated
antenna when working m air s =23 dBm at Sem distance, The best performance measured at 50 cm and 90 ¢m
where the signal strength was -30dBm and -35dBm respectively. For longer distances {(more than 30cm) the
antenna without insulation has 10 dB better performance than the insulated one. Regarding the underwater
environment, the insulated antenna has better performance for distances up to 38 em. The experimental results
in freshwater agree well with those obtained through 3D electromagnetic  simulations, in terms of the
transmission power. So we can conclude that it s possible to predict the operation of the antennas and improve
their design,

Understanding, comprehending and studying these specific frequencies can give us new opportunities and
lead us 1o key ideas in order to implement various existing and new technologies in these known frequency
bands in both water and air mediums.
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