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IHEPIAHYH

YKomog G epyaciog ovTng etvat n dMpovpyio VoG LETEMPOLOYIKOD UTAAOVIOV TO OmOoio
KOTAYPAQEL TIG OTUOCQUIPIKEG cuvONKeS mov 10 mepBdAlovy, mépa amd TG KAUCOIKES
LETEMPOAOYIKEG UETPNOGELS, YIVETOL M TPOoTAbEl EVEOUATOONG ousOnTiplov pHETPNOoNG
OTULOCQUIPIKOV  POTTOV  YOUNAOD KOGTOLG, (MGTE VO EMITPEMEL TNV OVOALGN  TNG
TEPLEKTIKOTNTAG TOV UETPOVUEVOD OTHOGPAIPIKOD OEPO GE HOAVCUATIKA 0€pLa, Kabmg Ko
TOV TOMIKOV deikTn LVIEPIDOOVG akTivofolrioc. Ot mpocshnkeg avtég avédvovy to TANB0G TV
dedopévev  mov  pmopovv  vo  eaybovv amd kdbe OomMOGTOAY, EVAD TOVTOXPOVO TO
TEPPOALOVTIKO OVTIKTUTTO TNG OVOA®GIUOTNTOG TG KOTOOKELNG, Olatnpeital oto 1010
nepinov eminedo, mapdAAnAa yivetoar mpoomdbeln pelmong TG OMOTOVUEVNC GYVG TNG
KOTOGKELNG, Kol O ENAKOA0VH0, TOV amalTOVUEVOD OYKOL TNG pmatopiog mov ypetdletal va
oépet. Oha T dedopéva cuAAEYovTan pe T ypnon evog Arduino nano, Kot 0mocTEALOVTOL LUE
™ PonBeta evog devtepov oe popen makétwv AX.25 dwpopoopéva wg AFSK ot taydtta
tov 1200 Baud ypnowomnoidvrtag cvyvotreg tov Bell 202, péow tov FSK modem tov

SX1278.

Aé&Eerg Kherdnd: Metewporoyia, Mrardovi, Atpocearpa, Pomavor, Yrepidong, AxtivoBolria,
Métpnon






ABSTRACT

The purpose of this thesis is to create a weather balloon that records the surrounding
atmospheric conditions, in addition to the classic meteorological measurements, an effort was
made to integrate low cost sensors for measuring atmospheric pollutants as well, to allow the
analysis of concentrations of the most common polluting gases, as well as the local UV index.
These additions increase the data that can be extracted from each single release, while at the
same time the environmental impact of the expendibility of the apparatus is kept at about the
same level, at the same time an effort is made to reduce apparatus' power consumption, and as
a consequence, the required battery volume needed to be carried. All data is collected using an
Arduino nano, and sent for transmission, using a second one, in the form of AX.25 packets
formatted as AFSK at 1200 Baud using tones similar to the Bell 202, using the SX1278's FSK

modem.

Keywords: Meteorology, Sounding, Balloon, Atmosphere, Pollution, Ultraviolet, Radiation,

Measurements






EYXAPIZTIEX

Oa N0ela Vo EKPPACH TIG EVYAPLOTIES OV BTNV OIKOYEVELL LLOV, GTOLG PIAOVG L0V, KOl GTOV
emPArénovta kabnynt) pov, mov pe fondnoav Kot pe oTPEAY Kot TNV EKTOVNON QTNG TNG

gpyociog.
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E1IxArQra

210 TPOTO KEPAANO YIVETOL L0 OVOPOPA OTIG OMAPYES TNG EMICTNUNG TNG LETE®POAOYING,
KOL 10, IGTOPIKT|] OVOOPOLT LE SLIpOpO CILAVTIKA YEYovOTa, To. omoia £€0ecav T1g PAcelg Yo
v eEEMEN TG,

210 deVTEPO KEPAAULIO AVAPEPOVTAL KATO0 GTOLYEID Y10l TNV OTUOGPALPO TOL TAAVITN KaOMG
Kol Yoo TN poOmOvVeN TNG, KOU YIVETOL [0 GOUVIOUN TEPLYPAPN TOV EMKPOTOOVTIOV
ATULOGPALPIKOV GUVONK®V.

¥10 1pito KEPOAOO OvoAVETOL M PaCIK) AglTovpyio. TOV UETEMPOLOYIK®Y, Kot Oyl HoOvo,
UTOAOVIOV Kol padloforidmy, Kot yivetal ava@opd kot ovOALGT 6Tovg 018popovg THTOLS
OTLOCPOLPIKMOV UITOAOVIOV Kot 6Ta, Bonntikd Toug ctotyeia.

10 tétapTo KePAAao mapovstaletal to diktvo APRS kot ot duvatdtnteg Tov, TG0 YeEVIKA,
OG0 KOl TO GVYKEKPIUEVA, TO TL UTOPEL INANON VO TPOCPEPEL GTOV YDPO TOV OTLOCPUIPIKDV
UTOAOVIOV Kot padlooAidmy.

210 MEUMTO KEPOAAOMO YIVETOL L0 €00Y®MYN otV TAOTQOpHo Arduino Kot oTn TAOKETO
kpogleykt Arduino nano, kot T SuvatdTTEG TG, N omoia divel (N OTNV KATAGKELT TNG
gpyociog.

210 €KTO KEQPAANLO TOPOVCIALETOL 1] KATAOKEVT HECH A0 EIKOVES KO TEPLYPAPES GE O1ApopaL
oTAdw0L TNG VAOTOINONG TNG.

210 €000 KEPAANLO VILAPYEL O KMOKOG OV “Tpéxouv” ta dvo Arduino nano.

Kot 1€hog 610 0y800 KeQAAOO YiveTal GOYKPIOT TOV HETPNCEMV TNG KOTOOKEVNG, IE OVTEG

YETOVIK®OV HLETEMPOAOYIKMV CTAOUDV, KOl OVOPEPOVTOL TO, COUTEPAGUATA LLOV.

AxoAovBohv dvo TapapTAOTE, TO £Vo HE KATOEG PToypapies and v dSudikacio g
KOTOGKELNG KOl TG TPOTLTOTOINGMG, KO TO AALO HE TO TEXVIKA PVUALL TOV KOTAGKEVAGTMOV

TOV NAEKTPOVIKAOV EE0PTNUATOV Kol oucONTpV.



KE®AAAIO 1: METEQPOAOTI'IA

1.1 IoTtopixny avadpoun

H mopamipnon tov peTE®POLOYIK®OV QaVOUEVOV omtd Tovg avOpdmovg, kot n a&lomoinon
AVTOV TOV TOPUTNPNoE®Y QaiveTor va €xel pileg 060 Pabiéc oto mapeAbov, 660 kat 1

a&lomoinom g yempyiog Kot 1 SNUovPYio TOV TPOTO®V OPYUVOUEVOVY KOl LOVILMV OIKICUMV.

1.1.1 O 7paiTES CVOTYUATIKES TAPATHPICELS

[ToArol moMticpoil oto Pdbog Twv awwveov O6mwg ot Ivooi, Arvyvmtior, BapvAidvior, k.Am.
emyelpnoay  va  KOTOYPAWOLUV GUOTNUOTIKG TO  HETE®POAOYIKE ocuvpuPdvta, va T
EPUNVELOGOLY, aKOUO Kol va. To TPOPAEYoLY. Mia amd TIG GNUAVTIKOTEPES GLUVEIGPOPES GTNV
otopion TG petewporoyiag Bewpeitor 1 cvyypapr) Tov Metewporoyikdv 1o 350m.y. ot0
omoil0 PaiveTal VO TEPLYPAPETAL Y10, TPAOTN POPA GTNV 16TOPia, 0 KOVKAOG TOV VEPOL, amd TOV
apyoio EAAnva @ilocopo Apiototédn o omoiog Bempeitarl Kot To TATEPUS THG LETEDMPOAOYING.
O poabntg tov, 0 OedPpactoc cuveéypaye éva Pipiio oto omoio Katéypagpe to “onueio’”
Bacel Tov omoimv KAmMO0g UmMOpPOVsE Vo Kavel TPOPAEYES Yo O1dpopa LETEMPOLOYLKA
ocvopupdvto, axkodpo kor oe emown Pdaon. Ildveo oe avtd ta ovyypdaupate Pocictmke m

TPOHYVMOOT] TOL KOPOU Y1t OPKETOVS OLADVEG.

1.1.2  H &&éién s petewpoioyiag

[ToAréc ompavtikés efellelc otov ympo, EAafov ydpo Katd TOV pHecaimva, OmoTE
KOTOGKELAGTNKAY TO TPOTO PETEMPOAOYIKA epyareio. To 1441 kotackevdletor 0 mPAOTOC
uetpnmg Ppoyomtwong ot Kopéa, 10 1450 10 TP®TO
avepduetpo, to 1607 1o mpmto Oeppookdmio, 10 1643 10 mpdTO
Bapouetpo, 10 1714 10 mpdTo BepUOUETPO VLOPUPYVLPOL KO TO
1783 10 mpodto vypduetpo. IlapdAinia emvoodvtor Kot
mpoteEivovTal dtbpopa GLCTNLOTAL TUTOTOINGNG TV
LETEMPOAOYIK®DY UETPNOEWMV, OTMC, M KApoko Oepuoxpaciog

“Kelolov” amd tov Anders Celsius 10 1742 xor 10 ovoTnuUa

E
xova 1: To aveuduetpo tov
Robinson, 1899 (IInyy:

httn /A nhotalih nona oo



Beaufort tov Francis Beaufort to 1806 yia tv katnyopiomoinon tov avépmv Pdoet g

TaOTNTAG TOLG.

1.2 O1 6Vyypoveg TEYV0L0YieS

Tov ®ePpovdpro tov 1959 AauPdver ydpo N TPAOTN ETTLYNUEVN ATOTEPO AVOYMOONG EVOG
LETEMPOAOYKOD d0pLPOPOVL Ge TPoYWd Yup® amd T I'Mm kol extofevetor 0 doPLPOPOG
Vanguard 2 (E), 0 tpd1tog HeTemporoyiKodg S0pu@dpog TS avOp®TOTNTOG TOV KOTAPEPVEL VL
umel e tpoywd, o€ avtibeon pe tovg mpodpduovg tov (A, B, C, D), Adyo g AavBacpuévng
yoviag Tov Govo TEPIGTPOPNG TOL OUMG, OMOTLYYAVEL VO GLAAEEEL TOL TPOCOOKOVUEVO
dedopéva. Tnv In Ampidiov tov 1960 extoéevetan pe emtvuyio o TIROS-1, tov omoiov M
ektOEevon Bewpeitor M TPOTN EMTVYNUEVT EKTOEEVOT) LETEMPOAOYIKOD dOPLPOPOL GTNV
wotopio, 1 omoio GNUATOO0TEL TNV £VOPEN TOV HETEMPOLOYIKADV TOPATNPNCEDV GE TAYKOGHLO

KMpoka.

1.3 H ovveiopopd tns oty kaOnyuepvotyro

H egmomun g petemporoyiog HEC® TV EPAPUOYDOV NG, CLUPAAEL dueca, ot Peitioon
TOAADV EMOYYEALOTIKOV KAGOWV Kot TTuxdv g kabnuepvoémrog. H ypryopn ko €yxvpn
TPOHYVMOOT TOL Kapov KaBMG Kot 1) LOVTEAOTOINGN TOV, £X0VV TEPACTIO OVTIKTUTTO GE TOUEIC
Om®mg M yewpylw kol 1 KTNvotpooio, M VouTiAMa, 1 ogpomopia, OTN  HEAETN NG
neplPaAloviikng pOmavong Kot tng owomopds g, kKobmdg kot otn Pounyavio Ttov

OVOVEDG LMV TNYOV EVEPYELNG.

BATTERIES « ] RECEMVING

NARROW
ANGLE

: 2 IR
TV CAMERA - @=FXH B ELECTRONICS

—— ANTENNA

TAPE be
TRANSPORT — & ! ..
‘ L —TRANSPORT

TV §(ES } 7
TRANSMITTER— % # RADIO

Eiwova 2: Movre/lo 700 5ov¢0pov Vanguard 2 oto TR,X:\JSTRQ;JTJK\!G : e
Goddard Space Flight Center (IInyy: ers: WlD ANGLE TV CAMERA
https.//commons.wikimedia.org/w/index.php?

title=Http://nssdc.gsfc.nasa.gov/database/Master

Catalog%3Fsc%3D1959- = S 4
0014_NSSDC Master Catalog&action=edit&re Ewova 3: meo 700 (50pv(,00pov TIROS-1 (Hnyn
dlink=1) https://www.nesdis.noaa.gov/content/celebrating-

world’s-first-meteorological-satellite-tiros-1)




KE®AAAIO 2: H ATMOXZ®AIPA

2.1 H cvvOeon ths atudcpaipog

2.1.1 Dvoikny ovvleon

Ta ovotatikd aépro g atpodseopag g Inmg, kot oyko, eivar ta e&ng: 78,08% dalwro,
20,95% o&vyoévo, 0,93% apyod, 0.04% o610&eido tov GvBpoka kaBDC kot GAAX oéplo O
apeintéa mocootd. Me v Gvodo g Propumyoviog Tovg TeEAELTAIOVS amdVES, TNV paydaio
avénon tov debvoic epmopiov, Kot ToV TEPPAAAOVTIKOD OMOTVTDOUATOS TOV AVOPMOTOL VTG
ol ovoioyieg tetvouv va oAAGEOLY, OAO KoL GLYVOTEPO. TAPATNPOVVTIOL OEI0CTUEIMTEG
aAAay€G, omd TIC O KPEG, UEXPL KOl TIC IO OPALATIKES, GE Alyd povia ov Ogv mopHovv ta
avdAoyo HETPO, Y10 TIG OTOIEG TPOEWOOTOLOVV EMIGTIHOVIKOL POPEIG Kot OpYOVIGHOL avd TOV

KOGLO.
2.1.2 To atuocpaipikd cTpouaTo.
Kobobg avEdvel to vYOUETPO, 1 ATUOCPOIPIKN TECT KOl 1| TUKVOTNTO TS ATUOGPOIPOG

pewwvovtat, 1 Beppokpacio akoAovBel dpmg Eva aveEdptnto aAdd otabepo potifo, fdoel Tov

omoiov M atpoceapa yopiletar oe 5 dwkpitd oTpdpaTo, pe TO KobBévo omd ovtd vo

s r I / 100
SKATEYETOL ATO OLPOPETIKEG GLVONKESG Ko
90 Thermosphere
va mopovotdlel dapopetikég 1010tTeg. Ta
80 | S5858| 534 _Speed of sound FFivlesopause
GTPMUATO CLTA KO 01 EKTAGELS TOVG Elvat:
70 + ~
e H EEocoaipa peta&y 700 kot 10,000 biima b
z‘ 60 B I Mesosphere
XML £
o 50 r
o —-Stratopause
e H Ogpudcourpa petad 80 ko 700 2 0
X;LM 0 I/ Stratosphere
e H Mecoosooapa petagv 50 ko 80 yAp. ).
Density
o H Xtpatdéopapa petacy 12 kot 50 1 : - Tropopause
Pressure |
i Troposphere
PO % 05 1 ‘.rs

e H Tpondoparpa petald 0 kot 12 yAp. - o
Pressure (kN/m?)
200 250 300
Speed of sound (m's)
150 200 e (20 300
emperature (K)
E
ikova, 4: To atuoopaipiko npotoro twv HIIA (1976) ([Inyn:

https://ntrs.nasa.gov)



2.2 H atuoocpaipixny poraven

H atpoceaipikn pomavon givar éva oOyxpovo TpoOPANL oV amacyoAEl TIG TEPICCOTEPES
Y®peG Tov TAavNTN. Ot S1APOPOL TOPAYOVTIES TG ATHOCPULPIKNG PUTOVOTG, (T AVTOL £yoVV
avOpwmoyevy] mPoEAevo, €ite TPOEPYOVTAL A0 QUOIKEG TNYEC, UITOPOLV VO EMNPEACOVY
apvNTIKG TNV LYEla OomV eKTIBEVTAL GE AVTOVG Y10 GNUAVTIKE ¥POVIKA SOLGTHLATO, CAAL Ko
Vo TPOKOAEGOVY TEPPAALOVTIKG TPOPANUATO TO. OTOl0L [LE TN GEPA TOVS VO, EMOEWVAOCOVV
nepeTaipm ™ Katdotaon. O evpoTaikdg opyavicrds TEPPAAAOVTOC EKTILA OTL TO TEPITOV TO
90% tov Evponaiov ektifetar kadnpepva oe enineda pdmwv mov Kpiveton 0TL vepPaivovy
Ta. 6pla. TEPQ oo To ool etvar emiPAapn yio v avBpdmivn vyeio.

2TOoV TAPOKATO TIVOKO OiVOVTOl T TOC0GTA Tov aoTKoD TANOuspod otv EAAGSa, mov
ntav ektedepéva otoug avtiotoyovg pomovg yia ta £t 2014 €wg 2018. Ot pHmotl tov Tivaka
etvan ot: Bevlomupévio, 010E€1010 TOL ALOTOV, TPOTOGPAIPIKO OLOV, COUATIOW SIOUUETPOV EMG
2.5 ko 10 pikpopetpa.

2014 2015 2016 2017 2018

BaP annual mean 0.0

NO2 annual mean 2.4 3.0 2.4 2.7 3.2

03 percentile 93.15 47.9 96.9 725 96.8 95.8

PM2.5 annual mean 0.0 0.0 0.0 0.0

PM10 percentile 90.41 2.3 4.2 28.6 26.8 3.1
Mivakag 1: ITocooTa TOL 0oTIKOD TAVONGHOV eKTEDENEVA OF EMiMEDO POTOV OV VTEPPaivovy
10 6pro. g E.E. (IInyf: Evporaikes Opyaviopdg Ilepifpdriovrog
(https://www.eea.europa.eu/themes/air/country-fact-sheets/2020-country-fact-sheets/greece))



2.2.1 AvOpwmoyeveis nnyés pomavons

O kup1otepeg mnyéc pumavong otnv Evponaikn ‘Evoon eivat:
€@ H yprion 0puKTOV KOWGIH®V Y100 TNV TOPOymYH EVEPYELNS
Ot KOAMEPYELEG KO 1] KINVOTPOPia
To gumdpLo Kot o1 LETOPOPES
H Bounyoavikn mopaymyn
H ypnion ymukov ovciodv

H Bropmyavia katepyaciog metperaionv Kol 1 mopoym®yn KOUGimy Kot

L K K 2B JNR R 2

H dwyeipion tov amofAntov

2.2.2 Dovoikég mnyés pomavens

2TIC PUOTIKEG TINYEC POTOVONG LITOPOVV VO GUUTEPIANPOOVV:
€ Expréeic noaoteiov
€ Aépuo mov anelevbepdvovTol omd 1o VIESAPOG 1
@ anodecpevovol omd T0 MAOGIHO TOV Thy®V

€ Opyavikn VAN o€ amocvvieon



KE®AAAIO 3: METEQPOAOTTKA MITAAONIA

3.1 Ta uetewpoloyika uralovia

Ta petemporoywcd umoAdvio 1 pmoddvie padofoiong sivor pmoAdvio tHmov vynAoH
VYOUETPOV TO OTOIOL YPTCLOTOOVVTOL Y10, TNV EKTOEELOT| UETEWPOAOYIKMDV OPYOV®V GE
VYNAQ LYOUETPO LE OKOTO TNV TOPUTAPNON TS KATAKOPLONG SOUNG TNG TPOTOCPOLPOC.
[Tépa omd o KAOUGGIKG UTOAOVLO, VITAPYOLY Kol AAAOL GTLOVIOTEPX YPT|CILOTOIOVLUEVOL TUTOL

LITOAOVIDV 01 0TTO{01 YPNGLULOTOLOVVTOL GE EOIKEG TEPITTMOGELG.

3.1.1 H ypnon tovs 6TIS UEPES HOS

Avt ™ otyun, oe maveo amd 1000 tomobBeciec e OA0 TOV KOGLO, TPOYUATOTOLOVVTOL
TOKTIKEG TPOYPOUUOATIGUEVEG EKTOEEVOELS UTAAOVIOV OO KPOTIKOVG Kol WOUDTIKOVG POPELS,
LETEMPOAOYIKEG VINPECIEG, EMGTNUOVIKOVG OPYAVIGHOVS, ond TOV oTpatd, kabmg Kot
TavemoT o, o€ kKodnuepwvn Pdon. Ot ekToEedoEIS OVTEC TPOYHOTOTOOUVTOL GLVHOWMG OTIC
00:00 ka1 12:00 opa Greenwich yio v KaAOTEPN GVYKPIOT TOV OEOOUEVDV, EVOD €6V Kp1Oel
oKoOmipo dvvator va devepynBovv Kot teptocotepeg ektoSevaels ava nuépa. TIoAld amd avtd

Ta dedopéva dnpoctevovtal yio e eh0ept ypNoT 0md OTOIOVONTOTE.
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Eiwcova 5: TomoOeaieg taxtikawv extoéedoewv ova tov koouo (IInyy: http://www.radiopassioni.it)



3.1.2 Eiowxoi tomolr umalovicdy

2T0VG E101KOVG TUTOVG UTaAOVIOV, TepthapPdvovtar ta Aeyopevo “ceiling balloons” 1 “pilot
balloons” to omoio ¥PNGILOTOIOVVTIOL YK TOV TPOGOOPIGUO TOL VYous TG Pdong twv
VEQOOE®Y, 0 oyéon e TOo €00apoc. Emtuyydvoviag v KoTAAANAN mieom &vidg TOv
UITOAOVIOD, EMOUEVMG Kot TOV EmBuEMTO puiud avodov, T0 VYOS TV VEPOCENMY VITOAOYILETOL
Baoel tov ypdvov mov Bo mEPAcEL amd TNV €KTOEEVLOT, UEYPL TO UTOAOVL Vo apyicel vo
KOAOTTTETOL OO TNV PBom TS VEQEMOONC.

AMLEC E101KEG TEPUTTMOOELS YPNONG UETEMPOAOYIKMDV UTAAOVIDV 1 UTOAOVIDV TETOLOL TOLITOL
YEVIKOTEPQ TEPIAAUPAVOUY GUAAOYN GAL®V O£d0UEVOV TPOG OPELOG SLAPOPMOV ETALPIDV, Y10l
TNV TOPOTHPNON Kol KOTOYPOPN TNG OTULOGPUIPIKNG PUTOVONG, OAAG Kol Yoo TV Anym

OTTIKOV DAIKOV (QOTOYPOaPLdV Kot Bivteo) Yo S1pOpPOLS GKOTOVE.

3.2 Yiika kou eéonlicuos

3.2.1 Mnmoiovia

To pmaddvia Tov ¥pNeIoTolovvTon Eivot emi TV

TAEIOTOV KOTACKEVAGUEVA ATd VYNANG AVTOYNG -
latex, av Kot ypNoUoTOI0HVTOL Kot GAAN VAIKE
omwg 10 YAwpompévio. epilovrar pe vépoydvo

Parachute
TIC TEPLOGOTEPEG (POPEG, KOL OMOVIOTEPH E
NAlov, 10 pé€yroto vyog Kabopileton omd TO
péyebog Tov pmaAoviov kol eTaver cuvnbmg Ta Hangar board
25 pe 40 yaopetpa, oto péEYIoTo VYOG TO ~ Unwinder
UITOAOVL GKAEL KO 1] padtoforida TEPTEL.

60'm string

3.2.2 H paowofolioa.
Radiosonde

H padiofoirida Ppioketar kpepaouévn Katw omd

TO UMOAOVL Kol €vol 1 GLUGKEVLT OV QEPEL TN
E
pmatapia, T Opyavo, LETPNOTNG, KATAYPAPNG KOlixiva 6. Evdeiktiki ovatoryio pootofiorions (TTnyn:

, , , http.:.//www.radiopassioni.it)
EMKOWVOVIOG TOL gVOVVOVTAL Y10 TNV KATOYPOPH



KOl TNV OTOGTOAN TV Jed0UEVOV THOW 6TO £00(p0C, €ivarl cuvNB®G OVOADGIU GLOKELN

KaBdg TOAAES popég etvor adbvaTn 1 AVAKTNGN TNG.

3.2.3 Aowma viika

H ovortoyio umopel va meprapfdver emiong kamowo oAe&imtwto yioo TNV OUOAOTEPT KO
acparéotepn k€Bod0 TG paodlofoAidas, TANPOEOPIiES Yo TNV €UPECT TOL OIOKTNTN GE
nepintoon mov Ppebdel and Kamowov tpito, PoTEWES €vOeiEelg, KOOMG KOl OVOKAACTNPO

RADAR oote va kabfictatal o aviyvedoiun.

3.3 Ta dedouéva mov Kataypdpovral

Ta cuvnBéotepa dedoUEVA TTOV KATAYPAPOVTOL LECH TOV OoONTIpV NG padtofoiidag etvor
N Beppokpacio Tov TEPIPAALOVTOG ATHOCPAUIPIKOD AEPA, 1 OTLOCOULPIKT TEST KoL 1] GYETIKN
vypaocio. o v gdpeon ™¢ taydTog Kol TS KAteLOLVONG TOL AVELOV, Ol TAANLOTEPTG
teyvoloyiag padlofoiideg mapaxorovBovvray pécw RADAR, 1 pe ) ypnom dAlov texvikov
padloevtomioov, mhéov ypnoiponoteitor to IMoykdopuo Lvommue Ztrypotodémmons yvootd
o¢ GPS. Kdmoleg padioforideg kataypdeovy eniong 10 1ococtd T0v 6Lovtog (olovoPoiideg)
GTNV ATUOGPOIPA, TNV TEPLEKTIKOTNTA GE ATHO KOl TO GTEPEG GOUATIOW ava povado GyKov.
Kémoleg padtoforideg evoéyetor va @EPOVV KALEPES Y10 TV TOPATIPNGT TOV EAPOVGS, 1 KO

Kauepeg vépuOpNGg aKTVOBoAiag Yo TNV KATAYpOEN KOl TAPOKOAOVON G OPICUEVOV 0EPLOV

pOTTOV.

Eixova 8: Mia aro ti¢ mpwteg padiofolioes (1898) Ewcova. 7: Mia abyypovy padiop OM(SO% (H’W’T
(Iyyii: US Weather Bureau) httptv://campus.plymouth.edu/asc/faczlltles—and—
equipment/radiosonde/)



KE®AAALIO 4: TO ITPOQTOKOAAO APRS

4.1 Ti sivar to APRS

To APRS egivar éva TpmTOKOALO YNELOKNG ETKOVOVIOG, TOL EMITPETEL TNV OTOGTOAY], ANYN
KOl YEVIKOTEPU TNV 0140001 TANPOPOPL®V, Ovapeso o€ €va TANO0C YpNoTOV GE TOMIKO
EMiMed0, GE TPAYLATIKO YPOVO.

To APRS eivatl PBaciouévo oto mpmtokolro AX.25 (podloemKOVmVIio TOKETOUETOYMYNS),
EMMPOCHETO OUWOC TOPEYEL TNV dVVATOTNTO TOV VO, OTEKOVILOVTAL 01 TANPOPOPIES YPAPIKE
Kot va gupavifovior opyavouéva e SiQopovg TPOTovg, ot TANpopopieg dadidovtal cg
TPAYLATIKO YPOVO AVAUEGOH GTOVS YPNOTES, Kol TEAOG LLE TN SLVATOTNTA OLGHVOEGNG TOV UE
to Internet omuovpysiton €va mayKOoUO SiKTLO, JCLVOEOVTOS OAOLG TOVG YPNOTES

ave&optNTMG TOT0OEGING 1) TOTIKOV SIKTHOV.

4.1.1 Ioies ovvatoTnTes mPocpépel

Me Alya Adyw, to APRS, mpocdidel 011 padloEMIKOVOVIES TOKETOUETOYMYNG OVVATOTNTES
CLGTNUATOV TNAELETPING, YEMEVTOTIGUOV, OTOGTOANG UNVOLATOV - KOTAGTOONG, LETASO0NG
KOIPIKAOV GuVONK®OV, Kot GAA®V TANPOQOPLOV. AVOALTIKOTEPO, GE £va TOKETO UTOPEl Vo
mePEXETAL 1 BE0T TOV OVTIKEIUEVOL (YEWYPOUPIKES GUVTETAYUEVES), KATOLO OVTITPOCOTEVTIKO
oVpuPoro pe to omoio 10 ekdoToTe avTiKeipevo (m.y. otabuog, tracker) Ba eppaviletor oTov
YOPTN, emMmPOcOeto pmopel va EUTEPIEXOVTOL TANPOPOPIES YO TO VWYOUETPO GTO OMOI0
BplokeTat, TV ToydTNTO Kot T TOPEIR TOV, TANPOPOPIEG GYETIKA LLE TO LEGO PETADOONG OTMG
N YOG NG KePANg Kol To VYOS NG, Kol TN ovyvotnto ekmoumne. Ot kwvnrol otabpol
avaeEépovy TV Tomobesio Tovg PAGEL TOV TANPOPOPLOY TOV AAUPAVOLY OO TO. GLGTILOTO
yvewevromopod tovg (my. GPS), oe avtiBeon pe tovg otabepodg or omoior Eyovv

npokabopiopévn Béom, tnv omoio Kot avagépovv, Kot Ogv amorteitor kATl avdAoyo.



4.2 O1 JVVaATOTNTES TTOV TIPOCPEPEL EV TPOKEWUEVD

‘Eva petemporoywcd pmorovi coppato pe APRS, pmopel va exkto&evtel omovdnmote vdpyet
KAALYN oo KATO0 TOMIKO SIKTLO, KOl VO OTOGTEALEL TNV TNAEUETPIO Kot T dedopéva Tov,
YOPIG VO, AToTEITON KATO10G EMIYELOC OEKTNG 1] KATO10 EKTEVEC OTKTVO GLYKEKPIUEVA Y1 QVTOV
10 oxkomd. Mmopel va moapakoiovBeitor kot va gpeoavietar n Béon tov, 1 mopeia Kot M
dwadpoun mov €xel dVOGEL TAVMD GTOV YAPTI, O TPAYLATIKO ¥POVO, KOl ToL OEGOUEVO TTOV

ekméUmEL va ivan TpooPacia on-line kot {@vtavad amd omovdNToTE.



KE®AAAIO 5: H IIAAKETA ARDUINO

5.1 T1 givau to Arduino

To Arduino eivor pio TAATEOPUO NAEKTPOVIKNG/IKPOEAEYKTMV AVOLYTOV KMOKA, 1) Omoio
dtvel TN SLVATOTNTO GE OTOLOVONTTOTE AVEEAPTITOV EMMESOV, EUMEPIOG Kol EVAcYOANONS Vo
aoyoAnOel Kol vo TPoyHaTomolel EQAPUOYEC LMKPOEAEYKTOV OE KOTAOKEVEG, projects kot
YEVIKA Vo, VAOTIOLEL TIG 10£€G TOV Ywpic Vo amonteital avtdg vo €xel kKamola TpdTePN eumelpio n
Kamoteg 10waitepeg N e€edikevpéveg yvooels. H ykdpo tov dobéciumv mpoioviov avti
OTLYUN €lVOL TPOCAPHOGLEVT VO TPOGPEPEL APEVOS TNV EVKOMO, TNV OTAOTNTO KoL TO YOUNAO
KOOTOC GTOVLG aPYAPLOVG, 08 HOONTEC, POITNTES KO YOUMIOTEG, KOl OPETEPOL TO O GVUVOETA
Kol €€eldtkevuéva, TPOIOVIO UTOpPovV va oTalfovv Kot vo vTootnpiovy péYpl Kol TIG o
ovvOeteg Kot amontnTikég epappoyéc. Ot mhaxéteg Arduino mpoypappatiCovtot pe v ypron
g YAwooog CH+ pe KAmoleg EVOOUATOUEVEG TPOGOHNKEG KOl AEITOVPYIES, EVD TAPUAANAML
vdpyovv erevBepa OabBéoua apétpnta epyoieio, SNUOLPYNUEVE OO TNV KOWOTNTO TOL

UTOPOVV VO, KAVOLV TOV TPOYPOLULOATICHO EVKOAOTEPO KOl TOYVTEPO.

5.2 To Arduino nano

To Arduino nano, &ivor o OLOKANPOUEVN] TAOKETO LIKPOEAEYKTH PACIGUEVN OTOV
pikpoeieyktn Atmega328 g Atmel. Eivon £toyun mpog ypnon kot pumopet va tpo@odotn el
Kot vo. mpoypappatiotel anevbeiog, kobmg dwbétel 6,11 yperdleton v v Agttovpyio TOL
LUIKPOEAEYKTY), €lval amd TG UIKpOTEPEG TAOKETEG TG “okoyévelns” Arduino kot ovtd v
KoO1GTA 100VIKT Yl YPNON O EQPAPUOYES LLE TEPLOPIGUEVO YDPO, KOl GE GLVOLACUO LE TNV
YOUNAY 1oY0 Asttovpyiog TG €lval amd TIC TAEOV KOTAAANAEG Yoo XPNON O EQPAPUOYES WE
TEPLOPIOUEVT OLIDESIUN 1oYD OTTWG 1) CLYKEKPIUEVT] KATACKELT).

Yuykekpyéva ypnoyonotd v mtlakéto Arduino Nano Rev3.0 n omoia eivor puo e€glrypévn
ékdoomn tov mpokdroyov g Nano Rev2.X, ot maiaidtepeg exdooelg Epepav chip Atmega
168, n mAak€Ta TOVE NTAV TECCAPOV GTPMOEMV GE AvTIOESN LE TOV 2 GTPOCEWV TNG TPITNG
gkdoomg Kot elyav kdmotleg d1popég oTNV TOToBETNON TV oToLEiwV TAVe TOVS OTMG TO

evoekTikd led kot m avesTpapéVn GEPA TOV OVOAOYIKOV AKPOOEKTMV.



5.2.1 Tegyvika yopoxrtypiotikd

270V TOPaKAT® TivaKo oivovTol To TEXVIKA YUpaKTNPIOTIKA TG TAakétag Arduino nano.

Mukpogheyktig ATmega328 | |Sram 2KB
ApPyLTEKTOVIKY) AVR | | ZvyxvotnTa Aertovpyios | 16MHz
Taon Aerrovpyiog 5V | | Avaroykéc gicodol 8
Méye0oc pvipng Flash 32KB | | Mviijpn EEPROM IKB
Méyweto peopo ave 1/0 [40mA | | Evpog ThoNg

pin TPOPOO0Giag

Ynowxka I/0 pins 22 (to. 6 PWM) || | Katavarioon pedpatog | 19mA

Hivakag 2: Teyvika yopaxtnprotikd Tov Arduino nano (IInyq:
https://store.arduino.cc/products/arduino-nano)

apcle]
ancl1]
anclz]
ADC[3]
ancla]
anc[s]
ADC[6]
ADC[7]
{_reseT |[ECETHD
L D1/Tx | PD1
FT23RL
W Ground B bigital Pin
. 22-CBUs1
. Fower | &naleg Pin 23-CBUSH
H e [ ] other Pin
. Internal Pim . Microcontroller's Port
B swo Pin Default
LLeo_suriron | pas
IC5P B 0 G
EEIE» .
(_reseT_ HEDD

Ewcova 9: To didypopo twv axpodexrawv tov Arduino nano (Ilnyn:
https://store.arduino.cc/products/arduino-nano)



KE®AAAIO 6: H KATAXKEYH MOY

6.1 Ta viika

Ye aUTO TO KEPAANLO TEPLYPAPETOL OVOAVTIKA 1) KOTAGKELN amd TN OOUN Kol TO VAKE NG

e€MTEPIKNG CLOKELAGIAG, LEYPL KOL TOV TPOTO GLALOYNG KOl SLXEIPIONG TV OESOUEVOV.

6.1.1 To ocoua t™ys cvoKeVS

To e£mtepkd mepiPAnpo TG CLGKELNG ATOTEAEITON
ano mhaotikd (PVC), 10 gomtepkd g ywpileton
oe Tplo pHéPM KOoTd UAKOG TOL KABeTOL GEova LE
YOPIGUOTO QTIOYUEVA a0 AKPVAKO, Ta YwpiouaTo
oLVOEoVTOL HETOED TOVG UE METOAAIKA oTolyEln TO

omoio. mailovv kot Tov poAO NG “yelwong” Tov
MeTEw poAoVIKG dio8nTHpIa

GPS
M KpO ENEYKT EC

ZUCTN MO ETIKOIVWVIGE

KukAopatoc. Ta yopicpata pali pe 6o ta otoryeio
TOL  KUKAOUOTOG €yovv TN dvvaTtdtTnTo  vo
armoonwvtol ond To eEmTepkd mepiPfAnua. H
KATOOKELY,  €lvar  @Tuypévn €tol OCTE  vo
TPOCTATEVETAL TO ECMTEPIKS TNG amd TN Ppoyn Kot M
) ) ) ) MrraTapia

YOPoTalIKn KoTOvoun TV ototyeiov  AauPdvet ) )

LuoTnua Tpogodogiag
VoY TV OepUOTNTO TTOV EKTEUMETOL OO  TO.

EMUEPOVS oTOLElD MOTE QTN VoL unv emmpedlet Tig
AlgenThpla

LETPNCELS. [Moapakdto BAémovpe KATO1EG ) i
pUTTW V - VEPO Ug

POTOYPAPIES KATA TNV VAOTOINGM NG KOTOGKELTG
OOV dlaKpivovTo KoL ToL oleOnTipLoL. EToIXEia He uynig
Apycd BAETOVUE TNV TPOETOUAGIN TOV EEMTEPIKOV B E:
MG KOTOOKELNG, TO KAT® MEPOG oTOo omoio Oa
tomofetnBodv 10 KOKAOUO TPOPOJOCiOG Kol TO
cToyEin oV TaApdyovy MV mepLocoTepn Bepp étnTaEmo'va 10: Xwpotaliky kazovoun twv otoiyeinv
etvar ddtpnto kou aepldpevo dote 1 BeppoTnTa

avt| vo pmopel vo omoPdAdeTar, eved 1M Kotaokevn eEmTepd PApeTor ASvkn Yo vo

amopevyHel T amoppOPNGN TG NAOKTG AKTIVOBOATAG.
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Eicovo 11: H mpoetoyiocio tov e€wtepicod s KOTOTKEVHS



6.1.2 H viomoinon Kai evemudT®on Tov KOKAOUATOS

2TIC TOPOKATO EKOVEG QOIVETAL 1] VAOTOINGT] TOV ECMTEPIKOV TNG KATOOKEVNG O GTAO10
KOVTA GTO TEAIKO, £Y0vV Tpootedel T mepiocdTEPA oToLXElD Ko £xovv TOKTOTOMOEl OTIC
Béoeig Toug, avouévouy KAmoleg omd TIG CUVOECELS TOVG KOl YIVETAL 1] LEAETT Y10L TO TTOL KoL
g 0o TomobetnBodv Ta VIOAOITA, aALALoVV ot Topeio Kdmol TPdypato To omoio Oa
(PAVOVOV TOPUKATM.

[T cvykekpipéva otig eikdveg dtakpivovral Ta dvo Arduino nano, To KOLUTL ETAVEKKIVIIONG
TOVG OVAUESH TOLG Kol 0 TOUmodEkTNS SX1278, 610 mave péPog Tomobetnuéva Thve o1
KEVIPIKY] TAAKETO TNG KOTAGKEVNG, TICW amd TNV TAoKETa oTnPileTal Le amooTdteg 1 LOVAdQ
tov GPS kot koAntd 1 kepaia Tov, 0 acOnmpag BME280 mévew ot petaAlikn avaptnon
7OV TOV 00N YEl Ko ToV cuykpatel otnv 001 ToV KAT® and 10 eEMTEPIKO KAAVUO, TLO KOT®
eaivetal o cwcOnmpag VEML6075 610 mave HEPOS TG KATOGKELNG KOt SimAa TO KOKA®UQ
pOdLIoNG TAcE®V TO 0moio TEPAAUPEVEL TOVG OLO PLOGTEG KOl TOVG OTTOLTOVLEVOLS YOl TN
0MOGTN AEITOVPYIO TOVG TVKVOTES.

H telikn 0éom tov pubot) tov 5 VDC alddlel kot tomobeteitar 610 KATM HEPOS TPOG
AmoQLYNV OVATTVENG VYNA®Y Bgprokpactdy Kovid otov auwctnmpa Oeppokpaciog Ommg
QOIVETOL OTIG TAV® EIKOVEG.

[T kdtow ot celida @oivetor KOADTEPA 1 KEVIPIKN TAOKETO UE TIG GUYKOAANCELS TV
TPATOV OyOYOV.

[Mopaxdtw PAémovpe 10 Pondntikd kdKAopa tov acOnmpa GP2Y1014AUOF vo eivon
tomofeTnpévo oto pesaio TUpa ™S Kotaokevwng pali pe mm mhakéto tov puiuicTodv Tdong,
eV 0 aicinmpog oto katmdTePo TUNpO poli pe tov MQ-7.

70 KAT® PEPOG TNG KOTOOKEVNG aivetal 1 kepaia, o dtakdntng Asttovpyiog (I — O), kabog
Ko 0 emhoyéag omd Omov emAéyovpe to g Ba dayeprotel o SLAVE ta dedopéva, to edv
Ba Ta amooteilel péow tov SX1278 (S) N €dv Ba o amooteilel pécw g oelplokng €660V
TOV Y1 eLPvion oto serial monitor (P).

10 KAt PEPOC dtokpivovtal emiong ta KaAddlo mov Tpo@odotovv To. LEDs mov Bpickovrat
TPOGOPUOCUEVA TTAV®D GTOV OVOKANCTNPO, TIO KOATO QOIVETOL KOL O OVOKAOGTNPOS UE TO

LEDs Kot 0 dtoupétng Tdong Toug KOAANUEVOG TAVE® TOV.



15/02/2022 20:37 y y 15/02/2022 20:37

Eixovo 12: To eowtepixo t)e KOTATKEVNS KOTA TV DAOTOINO.



[Mopaxdtw PAEmovpe elkOVEG OO TNV TEAKT) LOPPT TNG KATOGKELNC, 0poD £YEL OLOKANpwOET
TO NAEKTPOVIKO KUKA®Ua, £yovv TomoBetnBel OAa ta oTotKEln OTIC TEMKEG TOVS BETELS, KOt O

avakAaoTpag £xel Tpocapt el 610 KATM HEPOG NG KATUTKEVNG.

- a W E e T e

Eixovo 13: H katookevn olokinpouévn



L
Ewcova 14: H kataokevn oloxinpaouévy



Ewova 15: O avaxiaotipog e KOTOOKEVNS



6.2 H tpopodocia tns cvekevng

H ocvokevn tpoodoteitor amd pio aikoAiikn uroatapio 9 Volt. Mg m ypnon ovo pubuictov
tdong, Tov L7805ACV kot tov LF33ABV mapdyovtat o amottovpeves tdoetg, S Volt ko 3.3
Volt avtiotoyo, yio TV Tpopodocio TV EMUEPOVS GTOLXEIMV.

210V TOPaKAT® Tivaka eaivovtal ot TAGES AEITOVPYIaG, O1 LEYIOTES EVIAGELS, KOl Ol LEYIOTES

OYVES TOV GTOXEL®V, KABMS Kol 1] LEYIOT GLUVOALKY| £VTOGT KOl 1GYVG TG GUGKELNC.

E¢aptnua Taon Aeiroupyiag OwopaaoTikn éviacn (MAX)  OwopaoTikr] loxug (MAX)
Arduino nano 0.05A (2*~0.2A) 0.25W
BME280 0.001A 0.005W
VEML6075 0.001A 0.0033wW
Lo-Ra02 sx1278 0.120A 0.396W
MQ-7 0.150A 0.75W
SHARP GP2Y 0.02A 0.1wW
GY-GPSM6V2 0.045A 0.225W
LED

Kokkiva +2.2VDC 0.06A (3*~0.02A) 0.132wW
Mpaoiva +2.2VvDC 0.06A (3*~0.02A) 0.132W
YtrepuBpa +2.2VDC 0.06A (3*~0.02A) 0.132W

2=0.53A I=213W
Mivakag 3: Osopntikég Taoelg, Evracsic, km Loyvg Xrovyciov (katd tpociyyion)

270 TOPAKAT® OGYPOUUN TOPIoTOTOL YPAPIKA 1 pON TNG MAEKTPIKNG 1OYVOC €VTOG NG

KOTOOKELNG Ko O10KPIivVOVTOL 01 TAGELS AEITOVPYIOG TWV GTOLXEIMV.

PO'H IZXYOZ

DuoTeivéEg
evdeieig

GPS
—
+9VDC
MQ-7
+5VDC
+3.3vVDC %{ VEMLGEOTS '
+9VDC

Ewcova 16: Aicypouua Pong Ioybog



Ta 600 Arduino nano g KOTAGKEVNG KOt TA VTOAOITO GTOLYEIL TPOPOSOTOVVTAL UECH TV
Vo pLOGTOV TAOoMG, HE AVTO TOV TPOTO OMOPEVYETAL 1] AVATTLEN LYNADV BEPLOKPACIHOV
eVTOg TOL YMpov Omov Ppiokoviol Ta ocHNTNPOL TOV OMOlMV Ol UETPNOELS UTOpEl vo
EMNPENCTOLV amd TNV Toapoyopevn Bepuomnta tov puductdv tdong tov Arduino nano.
Apapdvtag evieEA®S AOOV TOVG PLOUICTES TOV TAAKETOV, KOL TPOPOOOTAOVING TIS UECH
AOJOTIKOTEPOV PLOLGTOV, HEWOVETOL 1] TopayOpevn Beppotnta and v pvouon g téong
KOl HETOPEPETAL O EEYMPIOTO YDPO, UELOVOVTAG ooV €maKOAovOo kot Tic AavOacuéEVEG

petpnoelg Beppokpaciog Kupimg.

6.3 Ta aucOntipio

2TOV MOPOKAT® TIVOKO OVOQEPOVTOL TO. oeONTAPLO TOV YPNGIUOTOLEL 1| GLGKELT Yo TNV
KOTOypoen TV cLuvONK®OV, 1n AEITOVPYIOL TOLG KOl TO. YOPOKTNPLOTIKE TOLG TTEPTYPAPOVTOL

OVOAVTIKOTEPO GTI] GUVEXELA.

Bepuokpocico EME2ED
Yypoocia BEME2E0
Atnoceompt [Heon EME2ED

MovoEzidio oo AvBpoxo | MQ-T
UVA-UVE Axtwvoporic  |VEMLG0OTS
Toporidie PM2 5 GPZY1014AU0F

Mivokac 4: AvoOntnowa




6.4 Teyvikés mPpoo1aypoaPés-yapaKTypioTiKd Ty arecontijpwy

6.4.1 BME280

O awoOnmpag BME280 eivar vmedBvuvog yioo v pétpnon g
Oeppokpaciag, TG OTHOCEAIPIKNG TIECNG KOU NG OYETIKNG
vypoociog. EmumAéov pe v ypnon ¢ PProdnkng “BlueDot
BME280 Library” d0vatot va vroloyiotel kot to vyopetpo Paoet
g Tieong kol TV apyik®ov puvduicenv Tov aebntipoc, pmopel

eniong va pvbuiotel o pvOudg derypotoinyiog Tov osOnTpa

KaOd¢ kot 1 Katavdiwon evépyelog (m.y. sleep mode). Eucove 17+ H mhareto. tov

BME280 (Inyy:
www.aliexpress.com)

Ovopootiky Taon 3.3V-5V
Ovopootikd Pedpa 0.4mA d GND 3.3V
B¢ppokpacio Asttovpyiog -40 - 80 °C 3.9y
Evpog Métpnong Iigong 300-1100hPa & [5} 3.3y k-
(£1hPa) P BHL '
Evpog Métpnong Ogpuokpaciog -40 - 80 °C Py U1 0 @
(x1°C) w YOO oNpl
Ebvpog Métpnong 0-100% (£3%) L sND2 -
Zyetkng Yypooiog .
YDDIO sSoifsDA  ——G0A |
AevBvvon I2C 0x76(I1pokad.) -
. SDOADR SCKSCL ——GEaL |
Hivakag S: Teyvika yopaxtnprotika BME280 (IInyn: vl
Barometer Sensor-BME280/) T
GHMD ST

GND
Eiova 18: To kokiwua g mhaxétag tov
[ ) /7 1 r -

nDAATAON /TT \



6.4.2 VEMLG6075

O awenmpog VEML6075 eivar vrevbuvog yio tn pETpmon g TOmKNG
UVA «ot UVB axtivoPoAiag kat pe ) ypnon g Ppriodnkng “SparkFun
VEMLG6075 Arduino Library” dOvaton vo vroloyiotel kat o deiktng UV

Baocel TV peTpicev. . )
Ewcova 19: H mhoxéro

TITA AT rAAE

100 n T 100 T
i __d_l:'.':"E‘ a0 __.Ecm‘ne \l
_ &0 B 20 M) A
£ 4 g . f):’ A
g 80 g 0 £ e \
50 50 1 LV-A
| UvA | . -
5 1 ) i \
5 30 ] ]l E an _z x_
20 UV e a0 | ||
211 m ,
o f/r Mo _ /1l o [
300 350 400 450 500 550 60O -6l ) A0 o a0 =) an
A - Wawelength (nm) Angle (deg)
Ewcova 20: Daouozikn omokpion too Ewcova 21: Anokpion tov arotntipo. oe
T Amenne o ' oyéon ue ™ ywvia rpéortwaong (Inyn:
Ovopootiky Taon 1.7V -3.6V
Ovopoaotiko Pedpa 0.48 mA
B¢ppokpaocio Asrtovpyiog |-40 — 80 °C
Avdivon UVA 0.93 counts/uW/cm?
Avéivoon UVB 2.1 counts/uW/cm?
Awevbovon I2C 0x10

ivakag 6: Teyvika yopaKTNPLOTIKA

VEML6075 (IInynq: www.vishay.com)



6.4.3 MQ-7

O aenmpag MQ-7 elvar vevBuvog Yo TV pétpnon g

OLYKEVTPMOONG TOL povo&ewiov Ttov  dvBpoaka otV

atpoceapa, pe tm xpnon g Pprodnkng MQ-7.h o
aloOnTNPOg KOTAUETPE TN CLYKEVIPMON Kol HOG TNV S / Gas 32':,[;-0'? ™)

eneavifel pEc®m TOV TPOYPAUUATOS TNV TN ™G ogEwdva 22: O ausOnuipag MQ-7 (Tnyi:
https://www.waveshare.com/wiki/MQ-

COMOTIO ova KUPKO HETPO. 7 Gas Sensor)
Téon Aertovpyiog 5V
Tdon mpobéppavong 5V

Xpovog Tpobépuavong 60+1 devtepdrenta

Avrtictaon 0éppavong 33Q4+5%

Oeppoxpacio Asttovpyiog |-20-50°C

"Evpog pétpnong 20-2000 copatido/kopiko péTpo

Hivaxag 7: Teyvika yopaxtnprotikd tov MQ-7 (IInyn: https://www.waveshare.com/wiki/)

[Topaxdtw PAETOLLE TO KOKA®UA TOV XPNCYLOTOLEITAL Y10 TN AgtTovpyio Tov MQ-7

5 r"—'f 2
|

4 | VS

2 L8] (8] e
4 + .
"

Eiovo. 23: To fonOnuixo kdxiwuo too MQ-7 (IInyy: https://forum.arduino.cc/t/mq-7-flying-

L2nde Tannddaae a il /KT T ANKN


https://www.waveshare.com/wiki/

2t mopakdto ypoenpoata eotvetal n evarsOncio tov MQ-7 e d1dpopes ovoies kabmg Kot

10 TG enNpealetal and eEMTEPIKOVS TOPAYOVTES.

e MQ-7 100 MQ-7
bl Fig.4
b ]
1.2 —— 85%RH *
& -"""‘---‘\-‘.L . et L] — 3
@ . — ¢ 10 : “
= -9 i — — 2 Eaaac |
L —_—a S
T I em
o5 yew 2, L
-10 0 10 20 30 40 50 & =
Ewcovo, 24: EvoucOnaoio. tov MQ-7 o€ oyéon ue ——C0 RN
Hepﬂoxpaaza Kol vypaaloc nepzﬁaMovrog (IInyn: = H2 u\\\\
Tosiem o /1. RESUSIU AN By W)\ 0.1 | A—LPG \\u
"Omnov: e 4
—¥—Alcohol
r 4 —e—air
Ro: n avtictaon tov aoOnmpo ota 1T
0.01 . Ppm
100ppm CO kot kaBapd agpa. 10 100 1000 10000
Rs: 1 aviictoon tov o1sOntipe oe Eicova 25: Xoapoxtnpiotika evoiaOnoiog tov
AAN T (TTaanidio Tnddonn e/ iinicnis vivmuninnda vean amean il /)

GUYKEVIPAOGELS SLAPOP®V OEPIMV.

6.4.4 GP2Y1014AUOF

Me tov aoOnmpa GP2Y1014AUOF, petpdror | TePEKTIKOTNTA TOV OTLOGOUPIKOD OEPO GE
Kamvo (VEpog), kot copatidt PM2.5. Me ) yprion ™g Bprodnkng GP2YDustSensor.h kot
evog PonnTikod KUKAMUOTOG TOIPVOLUE TNV TN HETPOVUEVT GE LIKPOYPOULUAPLL GEPTNG

VANG ava KuPikd péTpo.

220uF] [ ® ... \
o © ()
M )
Eixova 26: Ewcovo, 27: O ouoOntipog
Evoectikn ovvoeauoloyio tov aroOntipo: GP2Y1014AUOF (ITny#:
GP2Y1014AUOF (Inyij: https: //www smart-

htl‘ps //create ara’umo CC/pVOJecthub/mlrcemk/dly—alr— A S D



Téon Aertovpyiog -0.7-7V 4
Méyioto pedpa 20mA
®epuokpacio Aettovpyiog |-10-65°C 3
EvaieOnocio (Avédroyo 710 0.35-0.65V/ =
. . o 4

TPOG UETPTOT piypa) (0.1mg/m?) Z /|

s 2
Mivaxog 8: Teyvika yopaxTNPLoTIKE TOV g //
GP2Y1014AUOF (IIny1: https://www.global.sharp/) & 1 j/

0
0 0.2 0.4 0.6 0.8

Dust density [rrlg-'ulj:l
Ewcova 28: Taon e€odov oe ayéon ue
wepiektikotnto, og okovny (LInyn:

lLdteo o/ foieiaie T L T 1. L N\

6.5 H ovlloyi twv dedouévay

6.5.1 [Ilpocoropicuos tyg Oéons

O mpoodopiopdg e Béong ¢ ovokevng yivetan pécw GPS, pe ) ypnon tov ublox NEO-
6M. H emowovia peta&d tov GPS kot tov arduino nano yivetrar péow g Pipriodrxng
"AltSoftSerial.h", evdd péom tov NMEA parser NeoGPS amokmdikorotodviot ta dedopéva o

dgdopéva evad TapAAANAa VITOAOYILETOL Kol 1) TAXOTNTA TG GVGKELT|G.

Ewcova 29: To Ublox Neo 6M GPS Module



6.5.2 H pon twv dedouévav

Ola ta dedopéva tov petpnoewv cvAréyovtar ond 1o MASTER arduino nano kot émerta
amootélhovior otov SLAVE, poag ohokAnpwBel n petapopd towv dedopéveov o SLAVE
avaAoya LE TNV KATAGTAOT) OV PpiokeTol 0 EMAOYENS TOL VILAPYEL TAVE GTY| KOTAGKELY| it
Bo gppavicel Ta dedopéva otn oeplakn o06vn 1 Ba Ta arooteirel acHppata péow SX1278
pe m xpnomn g PpAodnkng "Radiolib", oe kdOe mepintwon apov amocTaAoVV To dEOUEVAL
ta evdektikd LED g cvokevng avaBosfrvouy Kotd tn mpoypappaticpévn akolovdio o
TEPIMTOON OV KATL TAEL GTPAPA OYETIKA HE TNV HETAOOOT, EUPOVICETOL UAVLUO UE TOV
KOOWKO GOAALATOS. XTO TOPOKAT® Odypapp TapicTatal YPaelKd 1 pon TV JdE00UEVMV
€VTOG NG KOTOOKELNG, OO TNV KATAYPOQEN TOVG £0G KOl TNV OTOGTOAN, dtakpivovtol To

TPOTOKOAAN ETKOVOVING TOV YPTGLULOTOLOVV TOL EXUEPOVG CTOLXELDL.

BME280
(Ozpporpaoia,
Yypaoia, A Nico

POH AEAOMENQN

VEMLEOTS
VA, UVB Axtivofohic

AgkTng UV)

MQ-7
(Mov oEeiio Tou
avBpaka (ppm))

GRZY1014AL OF
(Zwp aridio PM2.5,
kamvGc-vEpog)

ERTINEEES Sh AV CAOVIKO O nud
(Tewyp apikég I3C
TWTETaYUEVEG, AX 25

updpETpo) AhAn Zziprakn

Ewcéva 30: Aidypouua Pong Asdouévav



6.6 H anootoi twv ocdouévaov

H omootod) tov dedopévov yivetar péom tov Ra-02 SX1278 wor g Pprrodnxng
"Radiolib.h".

6.6.1 To Ra-02S5X1278

To Ra-02 SX1278 eivon o povada padtosnikovoviog Baciopévn otov mounodéktn SX1278
g SEMTECH. Epopudlet texvoroyio gupéoc paopatog LoRa kot n guféierd tov pmopet

Kot eTévetl ta 10 ymdpeTpa, dStotnpdvtog TopdAANA T KOTAVAA®GT & YOUNAG eTimeda.

Téon Aertovpyiog 1.8-3.7V o “ﬁ’:
Méyioto pedpa 150mA b GND , S

Andotoon enkovoviog <15km

®epuokpacio Aettovpyiog |-40-80°C

ugpgi+: ¥d |

300/ N84/%d0

Xoyvotnto emwotvoviag  |433MHz

©F
;.EE’ i
i |

2
3
i

EvaicOnoio Meypt kon -148dBm Eucéva
Taydmra Meypt kar 300kbps 31: H povado Ra-02 SX128 (Inyn:

https://grobotronics.com/lora-module-
ivakag 9: Teyvika yopoxtnprotikd Tov Ra-02 SX1278 .»» 7~  1a7071.. .1

(IInyn: https://grobotronics.com/lora-module-433mhz-sx1278.html)

6.6.2 H kepaio

H kepaio ™¢ xataokevng elvar pio kepaio padiocvuyvotitev gupovg 433,050-434,790MHz

Ko Képdovg 2dBi.

ZoyvotnTa 433,050-434,790MHz &
Képdog 2dBi v
®epupokpacia Aettovpyiog | -40-85°C

Avtidpaon 50Q

Mivakag 10: Teyvikd yopoKTNPIOTIKA TG KEPAING

(IInyn: terviké @OALO TNG Kepaiog)

https://grobotronics.com/antenna-
rf-434mhz-2dbi-63.6mm-u.fl. html)



6.6.3 H ovuforotyto ue to APRS

H Biprobnkm "Radiolib.h" etvon o yevikn Bipiodnikm padioenicovovidv mov vrootnpilet
TOALG TPWTOKOALD EMKOVOVING, Eival cUPaTH e TOAAEG LOVADESG POSIOETIKOVOVING KOt UE
TOAAEG TAUTQOpPUES, ovumepthapfovouévov tov arduino nano kot g povadog Ra-02
SX1278. Avtd mov Kdvel 6T TPoKEWEV TEPimT®ON ivan To va dnpuovpyet makéta AX.25 ue
T dedopéva kot Emerta va ekméumel péow tov FSK povrep g povadag. To pudvtep sivon
teyvoroylag FSK direct mode, éto1 umopei va mopaydei orjuo AFSK ota 1200bit/s (6poto pe
to poviep Bell 202) eréyyoviag to péom tov akpodéktn DIO2 tng povadag pe évav
axpodéktn tov arduino nano mov vmootnpilet PWM. To onuo émerta pmopel vo

amokmotkonomBel cav FM.

6.7 To KVKiwua T™HS KATAGKEVNS

2TV mopaKdTe £KOVO QOIVETOL TO NAEKTPOVIKO KUKAMLLO TNG KOTOGKELTC.



T S0P
1 ! buLzyLiy
anNoS I & _
J2ANE'E+ o 1o 8% gy
Dans+ H¢b=£0 1
Dane+ SHHLERE /_\ H /._\
Uz LUuoidiz 5
OKK( T u__._OOﬂ MG OMEY
oMiAoynay : 4rioT - 22 1va
H L 934 AS 1S
™ SL09TW3A T — _ _I. £-DW
— awo was | oszang NO H3MOd ~ -
— iz %)
u NIA
SNYHL1dSId
/ o -
— z m £ —
WAL -vd @ —_— 27
K11
v —] i - ——
* N+ NF . _
—_—a anels —— Jagsely — r\\l _.I
wigo - 5y e T T y
a3y _|> ANA — {o'enau) . . {o'enau) ) m
DUEeN OuEN
ouinply ouinply
Giv - TH —|| g . .
| L anef— ] - ~T~ drlozz - 52
— ONTD —1
p———g NE'E 150N
e ELEE oS —
el (1010 XS5 -
— L1010 5010 1353y
ANV —Jzoig  PNPOW BHOT  pgh - 2
BLETXS Z0-2d
— £ 010 NG _
40NYOTOTAZAD

Ewcova 33: To Koxkdwua e Karaokevns



KE®AAAIO 7: O KQAIKAX

7.1 O kawoixac tov Master

#include <Wire.h>

#include <SparkFun VEML6075 Arduino Library.h>
#include "BlueDot BME280.h"

#include <NMEAGPS.h>

#include <AltSoftSerial.h>

#include <SoftwareSerial.h>

#include "MQ7.h"

#include <GP2YDustSensor.h>

#include "I2C_Anything.h"

//PM2.5 SETTINGS

const uint§ t SHARP LED PIN =7; // Axpodektng cvuvdeong tov esmtepikov Led tov
aicOnmpa

const uint§ t SHARP VO PIN = A3; // Axpodektng cuvdeong g avaroyikng e£060v
GP2Y DustSensor dustSensor(GP2YDustSensorType::GP2Y1010AUOF, SHARP LED PIN,
SHARP_VO _PIN);

float PM25, PM25avg; //Anlwon petafAntov mov Ba xpnoiomolovvtol

/IMQ-T Settings
#define A_PIN 2

#define VOLTAGE 5

MQ7 mq7(A_PIN, VOLTAGE);

float PPM; //AnAwon petafinte aucOnmpa

//INEML6075 SETTINGS
VEML6075 uv; //creating VEML6075 object
float UVA, UVB, UVI; //AnAwon petafintov aichntmpa




//BME280 SETTINGS
BlueDot BME280 bme2; //Object for Sensor

int bme2Detected = 0; //Eleyyog dwabecipotrag aicOnmpa

float TEMP, HUM, PRESS, ALT; /AfAwaocn petapintov aicdntmpa

//GPS SETTINGS

NMEAGPS gps;
AltSoftSerial gpsPort; // akpodextng 8 - GPS TX, axpodektng 9 - GPS RX
float LAT, LONG, SPEED; //AnAwon petapintov GPS

I/

void setup() {
Serial.begin(9600); /Exkivnon Kot SnAmoT TaLTNTAG GEPLIKNG ETKOVOVHG (serial)

Wire.begin(); //Exkivnon oeiplaxng enkowvoviag (12C)

//GPS SETUP

gpsPort.begin(9600); //Aniwon tayvrag emkovoviag GPS
Serial.println( F("GPS Start") ); //eppavion: GPS Start

//INEML6075 Setup

if (uv.begin() == false) //Ereyyoc dabecyotntog asntmpa
{
Serial.printIn("Unable to communicate with VEML6075.");
while (1);
b
Serial.printin("VEML6075 is up and running.");

//[SHARP PM2.5 Setup
//PYOMIZEIZ AIZOHTHPA ZOMATIAIQN PM2.5

//dustSensor.setBaseline(0.4); //PvBuion tdong pundevikng pétpnong
//dustSensor.setCalibrationFactor(1.1); //PvBuon pe opyovo akpipetog
dustSensor.begin();



Serial.println("PM2.5 sensor is up."); /Epgovion povnuatog: PM2.5 sensor is up.

//BME280 Setup
/Mapdpetpot Aettovpyiog acOnnpo BME280

bme2.parameter.communication = 0; //0 = gmkowvovia pecw 12C
bme2.parameter.[2CAddress = 0x76; //AevBovvon 12C
bme2.parameter.sensorMode = 0b11; //0b11 = normal mode
bme2.parameter.IIRfilter = 0b100; //0b100 = IIR Filter value

bme2.parameter.humidOversampling = 0b101; //PvOudg derypotoAnyiog vypasciog

bme2.parameter.tempOversampling = 0b101; //PvOudg derypatoinyiog Oeppokpaciog

bme2.parameter.pressOversampling = 0b101; //PvBudc derypotoinyiog micong
//PYO®MIXH APXIKOQON
XYNOHKQN

bme2.parameter.pressureSealevel = 1013.25; //Twun atpoc@aipikng wieong 6€ UNOEVIKO

vyopetpo = 1013.25 hPa

bme2.parameter.tempOutsideCelsius = 15;  //@gppokpacia nepipariovioc (mtpokad.)

if (bme2.init() !=0x60) {  //eleyyog dwwbecipotToc cucsOnpa
Serial.println(F("BME280 Sensor not found!"));
bme2Detected = 0;
h
else {
Serial.printin(F("BME280 Sensor detected."));
bme2Detected = 1;
h
//IMQ-7 setup
while (!Serial) {

; // Avopovn yuo EmKovmvio

}

Serial.printIn("Calibrating MQ7");
mq7.calibrate(); // vmohoyispog RO

Serial.println("Calibration done!");



Serial.println(F(" ");

2

void loop() { //axoAovBia EKTELEGNG POVTIVOV OPYOVMV - ETOKOIVOVING
GPSF ();
BME280 ();
VEML 6075 ();
ParticulateMatter ();
MQ_7 ();
[[~=mmmmmmmmm povutiveg petagpopag petofAntov octov SLAVE
TransmitO (); //Povtiva petapopos tov 6 mpotev
Transmitl (); //Metagopa Tov VoAV 7

Serial.println("'- ");

delay(5000); //avapovn 5 devteporentmv

void ParticulateMatter () //PM2.5 Function
{

Serial.print("Dust density: ");

unsigned int PM251 = dustSensor.getDustDensity(); //Exywpion pertpnong ot fond.
petafAnt

PM25 = (float)PM25i; //petatponn oe float yio t petopopa

Serial.print(PM25);  //ep@avion tiung ot ceplokn

Serial.print(" ug/m3, Running average: ");

unsigned int PM25avgi = dustSensor.getRunningAverage(); //Exympion petpnong ot Pono.
uetofantn

PM25avg = (float)PM25avgi; //petatponn og float yio ) petopopa

Serial.print(PM25avg); //EPEOVIGN TYUNG GTY| GEPLOKT)

Serial.println(" ug/m3");

Serial.println();



void BME280 () /BME280 Function
{

if (bme2Detected)

{ // Exyopion HeTpNoE®V OTIC LETOPANTES KOl EUPOAVIOT] OLTOV
Serial.print(F("Temperature [°C]:\t\t"));
TEMP = bme2.readTempC();
Serial.printin(TEMP);
Serial.print(F("Humidity [%]:\t\t\t"));
HUM = bme2.readHumidity();
Serial.printin(HUM);
Serial.print(F("Pressure [hPa]:\t\t\t"));
PRESS = bme2.readPressure();
Serial.printin(PRESS);
Serial.print(F("Altitude [m]:\t\t\t"));
ALT = bme2.readAltitudeMeter();
Serial.printin(ALT);

Serial.println();

b

else

{
Serial.print(F("BME280 Fault")); /Epgavion povnuotog GeaAnotog

}

void GPSF () //GPS Funciton

{
while(gps.available( gpsPort )) /Eheyyog vrapéng dedopevov oto GPS

{

gps_fix fix = gps.read(); // get a complete fix structure when its available



Serial.print( F("Latitude:") ); /Exympion 6t HeTafANTN KOl ELPOVIOT] YEWYPAUPLKOV
TATOVG (e axpiPeta 6 deKadkwV)
if (fix.valid.location)
LAT = fix.latitude();
Serial.print(LAT, 6);

Serial.print( F(", Longitude:") ); //Exympion otn HETAPANTN KOl ELPOAVION YEDYPOAPIKOV
unkovg (pe akpipela 6 SekadIKmV)
if (fix.valid.location)
LONG = fix.longitude();
Serial.print(LONG, 6);

Serial.print( F(", Speed (Km/h):") ); //Exywpion otn pHeTafAnTn Kot ELOOAVIOT) TOYVTNTOG
if (fix.valid.speed)

SPEED = fix.speed_kph();

Serial.print( SPEED );

Serial.println();
Serial.println();

b
h

void MQ_7 () //MQ-7 Sensor Function

{

Serial.print("Carbon Monoxide (PPM) = "); //Exympion Tiung otn petafintm Kot epgavion
™me

PPM = mq7.readPpm();

Serial.printin(PPM);

Serial.println();

}

void VEML 6075 () /VEML6075 Function
{



String UV As = String(uv.uva()); //Exyopion tyumv og fondntika strings
String UVBs = String(uv.uvb());

String UVIs = String(uv.index());

UVA =UVAs.toFloat(); //petatponn tiumv oe float yio tn petapopd
UVB = UVBs.toFloat();

UVI = UVIs.toFloat();

Serial.print("UVA:"); //eppbvion tyuev

Serial.print(UVA);

Serial.print(", UVB: ");

Serial.print(UVB);

Serial.print(", UVindex: ");

Serial.print(UVI);

Serial.println();

Serial.printIn();

//===Povrtiveg petapopdig dedopévov aro tov MASTER octov SLAVE

void TransmitO ()
{
Wire.beginTransmission(2); //Amoctol) tov tpdTtev 6 petapfintov otov SLAVE
12C_writeAnything(UVA);
12C_writeAnything(UVB);
12C_writeAnything(UVI);
12C_writeAnything(LAT);
12C_writeAnything(LONG);
12C_writeAnything(SPEED);
Wire.endTransmission();
delay(100);
h
void Transmitl (){
Wire.beginTransmission(2); //Amoctoln T@v vTorommV 7 petafAntmv

12C_writeAnything(TEMP);



12C_writeAnything(HUM);
12C_writeAnything(PRESS);
12C_writeAnything(ALT);
12C_writeAnything(PM25);
12C_writeAnything(PM25avg);
12C_writeAnything(PPM);
Wire.endTransmission();

delay(100);

7.2 O kaoikag tov Slave

/*
RadioLib AX.25 Transmit AFSK Code

This code sends AX.25 messages using
SX1278's FSK modem. The data is modulated
as AFSK at 1200 baud using Bell 202 tones.

Other modules that can be used for AX.25
with AFSK modulation:

- SX127x/RFM9x

- RF69

- SX1231

- CC1101

- nRF24

- Si443x/RFM2x

For default module settings, see the wiki page

https://github.com/jgromes/RadioLib/wiki/Default-configuration

For full API reference, see the GitHub Pages



https://jgromes.github.io/RadioLib/
*/

#include <Wire.h>
#include <RadioLib.h>
#include "I2C_Anything.h"

double UVA, UVB, UVI, PM25, PM25avg, LAT, LONG, SPEED, TEMP, HUM, PRESS,
ALT, PPM;
int transmission = 0, dataprint = 7, LEDpin = 8, printState;

boolean haveData = false;

/* SX1278 connections:

NSS pin: 10

DIOO pin: 2

RESET pin: 9

DIO1 pin: 3 */

SX1278 radio = new Module(10, 2, 9, 3);

// create AFSK client instance using the FSK module
// pin 5 is connected to SX1278 DIO2
AFSKClient audio(&radio, 5);

// create AX.25 client instance using the AFSK instance
AX25Client ax25(&audio);

void setup() {

Wire.begin(2); /I AvaBeon wog toyoag 12C devbuvong (avtictoyn otov
MASTER)

Wire.onReceive(receiveEvent); // register event

Serial.begin(9600); // start serial



pinMode(dataprint, INPUT); //
pinMode(8, OUTPUT); /
digitalWrite(8, LOW); //

/I Exkktynom tov SX1278
Serial.print(F("[SX1278] Initializing ... "));
int state = radio.beginFSK();

if(state == ERR_NONE) { //é\keyyoc tov SX1278 yia cpaiparto
Serial.printIn(F("success!"));
} else {
Serial.print(F("failed, code "));
Serial.println(state);
while(true);

}

// initialize AX.25 client
Serial.print(F("[AX.25] Initializing ... "));
// NEAQ EIZATETAI TO ATAKPITIKO TOY AIIOXTOAEA TTA TO
APRS!! \/
state = ax25.begin("==!!AIAKPHTIKO ATIOZTOAEA!!==");
if(state == ERR_NONE) {

Serial.println(F("success!"));
} else {
Serial.print(F("failed, code "));
Serial.printin(state);
}
}

void loop()

{
printState = digitalRead(dataprint); //Checks what to do



if (haveData) //Ehleyyog dmaping dedopévmv mpog yxpnon
{
if (printState == 1) //EAeyyog Oeong emhoyea (1 = eppavion 6T GepLoKn)
{
Serial.print("Latitude:");
Serial.print(LAT, 6);
Serial.print(", Longitude:");
Serial.print(LONG, 6);
Serial.print(", Speed (Km/h):");
Serial.printin(SPEED);
Serial.println();
Serial.print("Temperature [°C]:\t");
Serial.printin(TEMP);
Serial.print("Humidity [%]:\t\t");
Serial.printin(HUM);
Serial.print("Pressure [hPa]:\t\t");
Serial.println(PRESS);
Serial.print(" Altitude [m]:\t\t");
Serial.printin(ALT);
Serial.println();
Serial.print("UVA: ");
Serial.print(UVA);
Serial.print(", UVB: ");
Serial.print(UVB);
Serial.print(", UVindex: ");
Serial.printin(UVI);
Serial.println();
Serial.print("Dust density: ");
Serial.print(PM25);
Serial.print(" ug/m3, Running average: ");
Serial.print(PM25avg);
Serial.println(" ug/m3");
Serial.println();



Serial.print("Carbon Monoxide (PPM) =");
Serial.printin(PPM);

Serial.println();

Serial.println("- ");

flash (); //avomapoaymyn povtivag POTEVOV EVOEIEEWV
flash ();

}
else if (printState == 0) //EAeyyog Oeong emhoyea (0 = amocToA)

{
Serial.println("Starting transmission");
AX25Transmit (LAT);
AX25Transmit (LONG);
AX25Transmit (SPEED);
AX25Transmit (TEMP);
AX25Transmit (HUM);
AX25Transmit (PRESS);
AX25Transmit (ALT);
AX25Transmit (UVA);
AX25Transmit (UVB);
AX25Transmit (UVI);
AX25Transmit (PM25);
AX25Transmit (PM25avg);
AX25Transmit (PPM);
flash (); //avamapaywyn povtvag POTEV®V eVoeifewv
flash ();

b

haveData = false; //evnuepmon d100eciionTog dedOUEVOV

void receiveEvent() //Povtiva Ayng dedopévav

{
if (transmission == 0) //eheyyoc kotactoons Anyng (0 = 6 TpmTec)



{ /Ko KATOY®PNON TOV TIUWOV GTIC OVTICTOLES LETAPANTES
12C_readAnything (UVA);

12C_readAnything (UVB);

12C_readAnything (UVI);

[12C readAnything (LAT);

12C_readAnything (LONG);

I2C_readAnything (SPEED);

transmission = 1;  //evnuepwon Katastoong ANyng

h

else if (transmission == 1) //eheyyog Katactaong ANyng (1 = 7 evamopevovcec)
{ //K0i KOTOYmPNOT TOV TILOV GTIS OVTIGTOLES LETAPANTES
12C_readAnything (TEMP);

12C readAnything (HUM);

12C_readAnything (PRESS);

12C _readAnything (ALT);

12C_readAnything (PM25);

12C readAnything (PM25avg);

12C _readAnything (PPM);

transmission = 0;  //evnuepmon KATOGTAGT ANYNG

haveData = true;  //evnuepwon dwabectpotnrag dedopevmv

void flash() //Povtiva potevov eviciéemv
{
digital Write(LEDpin, HIGH);
delay(200);
digitalWrite(LEDpin, LOW);
delay(100);
digital Write(LEDpin, HIGH);
delay(200);
digitalWrite(LEDpin, LOW);
delay(400);



digitalWrite(LEDpin, HIGH);
delay(200);
digitalWrite(LEDpin, LOW);
delay(100);
digitalWrite(LEDpin, HIGH);
delay(200);
digitalWrite(LEDpin, LOW);
delay(400);

void AX25Transmit (double DATA)
{
// send AX.25 unnumbered information frame
Serial.print(F("[AX.25] Sending UI frame ... "));
// NEAQ EIZATETAI TO ATAKPITIKO ITPOOPIZMOY XTO APRS!!
\/
int state = ax25.transmit(DATA, "==!!AIAKPITIKO [TPOOPIEMOY!!==");
if (state == ERR_NONE) {

//EAEYY0G Y10. GOOALLOTO, KOTO TIV OTTOGTOAN

Serial.println(F("success!"));

} else {
//Epoavion povnuotog eAaAatog
Serial.print(F("failed, code "));

Serial.printin(state);

7.3 O kaodikag emxovwiogs puetaév Master kot Slave

/I Written by Nick Gammon
// May 2012



#include <Arduino.h>

#include <Wire.h>

template <typename T> int [2C_writeAnything (const T& value)
{
const byte * p = (const byte*) &value;
unsigned int i;
for (i = 0; 1 < sizeof value; i++)
Wire.write(*p++);
return i;

} // end of I2C_writeAnything

template <typename T> int [2C_read Anything(T& value)
{
byte * p = (byte*) &value;
unsigned int i;
for (1= 0; 1 < sizeof value; 1++)
*pt++ = Wire.read();
return i;

} // end of 12C_readAnything

template <typename T> int [2C_singleWriteAnything (const T& value) {
int size = sizeof value;
byte vals[size];
const byte* p = (const byte*) &value;
unsigned int i;
for (i = 0; 1 < sizeof value; i++) {
vals[i] = *p++;

}

Wire.write(vals, size);

return i;



KE®AAAIO 8: AZIOAOTrHzH METPHIEQN KAI

Y. YMIIEPAXMATA

8.1 2VPKpIoN TOV UETPHGEWMY UE YEITOVIKODVS 6TAOUOVS

Oleg o1 petpnoeic AapfPdavovy ydpo oty 1010 Tomobecio S1POPETIKEG DPES TNG NUEPOC, LE
dwpopeTikég ovvOnkeg. Ta dedopéva TV petpiioemv aflohoyodvial G€ GUYKPIOT LE
dedopéva omd (oVTavég UETPNOEIS YELTOVIKAOV HETEMPOAOYIK®OV OTOOU®V. Zov Tieon
avaeopds (ota Om) v ™ Babuovounon tov awcOntypa BME280 ypnoipomoteiton n wicon
TOV UETEMPOAOYIKOV 0TaBLOV OV BpickeTor 6To YOUNAOTEPO LYOUETPO (0T 16m).

2TIC TOPOKAT® EWKOVEG POIVOVTOL Ol TOTODEGTIES KOl Ol PETPNOELS TOV YEITOVIKOV oTAOUDV
v otov ¥aptrn, KoOMG Kot 1 Tomobecio Kol Ol UETPNOELS TG KATAGKELNG HOV (KAT®
aploTePA o€ KAOe ekova).

O petpnoelg ocvuykévipmong povoceldiov Tov avOpako eival amodeKTEG dedOUEVOL TOV OTL
oTNV TEPLOYN TOAAA GTiTIO XPNGOTOOVV G HEGO BEpuavons tlakia kot EUAOCOUTES.

Ot peTpNoELS CLYKEVTPMONG COUATIOMY Kol oKOVNG ivar TOAD yaunAég dedopévov OtL M
neployn Ppioketar eKTOG TOANG Kol AGTIKOV 10TOV, ETOUEVMG TO OTTOTEAECUOTOL EVOEYETOL VL
emnpedlovion amd tov "00pvPo" Kot TV amdKMor Tov osnTpa.

XTI HETPNOELS TG devTépag dev vrdpyel cvykpion pétpnong dociktn UV kabog ivar voyta

Kot O&V VITAPYEL NAIKO PG,



8.1.1 Nvyrepvij uétpnon Asvtépa, 28/2/2022 wpa 20:00
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8.2 2vunepdouora

Ao to TOPOTAVEO GUUTEPAIVOVUE OTL TO LETEMPOAOYIKA UTAAOVIA, AEI0TODVTOS VAIKA Kot
TEYVIKEG YOUNAOD KOGTOVG, UTOPOLV VO OTOTEAEGOVV GNUOVTIKG £PYOAELR Yo TN GLAAOYN
YPNOU®V OATUOCPUPIKAOV OEGOUEVDV, Ol LOVO LETEMPOAOYIKOD YOPUKTIPA.

Me 11¢ KoTAAANAEG PEATUDCELS KOl GUVTOUEVUEVES TTPOGONKEG UTOPOVY VO, LAG TPOSPEPOLV
TANOOPO TANPOPOPLDY KOl PO TTO OAOKANPOUEVT EIKOVA Y10, TIC GVVONKES OV EMIKPOUTOVV
omv atudéseapa, Ponbovrog pag £tct vao eEdyovpe TOAVTIHO GUUTEPAGHOTO PACEL TV
ooV HIopovUE Vo BEATIOGOVUE KOTAGTAGES GE OLAPOPES TTLYEG TNG Kadnuepvotntog,
oo TNV TAPOYWYN TPOPILOV Kol TIC UETAKIVICELS LEXPL Kot T KoOnuepvotnTa Tou omAol
avOpamov.

H eveléio mov pag mpoo@Epovy avTéC Ol KATOOKEVEG 0€ GLUVOVAGHUO LE TO €0POG KAALYNG
Tov dktoov APRS emitpémovv ) ¥pnon Tovg omovdnNToTE OVTO v avarykaio 1 emtBountd
KOl OO0 OMOWOVONTOTE, YWPIS VO OmoToLVTOL HOVIHES, Oumavnpés Kot eEEOKEVIEVEC
VTOOOUES Yoo TNV €KTOEELON TV PAdOPOAd®Y Kol TN ANYN TOV KOTAYEYPOUUEVEOV

OEOOUEVMV.
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IHAPAPTHMA A: H KATAZTKEYH

€ H xatoockevn eETepIKa.

2T1C TOPUKAT® QOToYpapieg PAETOVIE TO eEMTEPIKO TN KOTOOKEVNG KOTA TN SLAPKELL TNG

vAomoinong, otV Kdtm 61 ekdva daxkpiveton to cwcOnmpag VEML607S.

| ASSPS UG Ko AN B SEPUNIESVSERER AN SN



2T¢ mopokdTe®  Qotoypagieg Owakpivovioar o owoOnmpag BME280 kdtw omd to

TPOCTATEVTIKO KAAVULO KoL 1) KEPOLOL GTO KATM HEPOG TNG KOTAGKELNC.

Eicovo 38: O ouaOnripog BME280 kot n kepoio

Ol TopaKATO POTOYPAPIEG SEYVOUV TOV GKEAETO KOl TNV EGMTEPIKT SOUN TG KATUOKELNG,.

Ewova 39: To eowrepixo s kataokevns



2TIC TOPaKAT® eOTOYPOQies paivetol To mmg ivor tomobetnuévol or asOntpeg BME280

kot VEML6075 avtictouyo.

O avaxiaotipog mov Oa Ppioketar Tdvo amd T padtoPoAida 6TO apyIKO GTAOI0 KATACKELNG.
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Bosch Sensortec | BME280 Data sheet 2|55

BME280
Digital humidity, pressure and temperature sensor

Key features
s Package 2.5 mm x 2.5 mm x 0.93 mm metal lid LGA
+ Digital interface I*C (up to 3.4 MHz) and SPI (3 and 4 wire, up to 10 MHz)
+ Supply voltage Voo main supply voltage range: 1.71 Vto 3.6 V
Vooio interface voltage range: 1.2 Vto 3.6 V
s Current consumption 1.8 pA @ 1 Hz humidity and temperature
2.8 pA @ 1 Hz pressure and temperature
3.6 pA @ 1 Hz humidity, pressure and temperature
0.1 pAin sleep mode
+« Operating range -40...+85 °C, 0...100 % rel. humidity, 300...1100 hPa
+ Humidity sensor and pressure sensor can be independently enabled / disabled
s Register and performance compatible to Bosch Sensortec BMP280 digital pressure sensor
s RoHS compliant, halogen-free, MSL1

Key parameters for humidity sensor

Response time (7,34,) is
Accuracy tolerance +3 % relative humidity
Hysteresis +1% relative humidity

Key parameters for pressure sensor

RMS Noise 0.2 Pa, equiv. to 1.7 cm
Offset temperature coefficient +1.5 Pa/K, equiv. to +12.6 cm at 1 °C temperature change

Typical application

Context awareness, e.g. skin detection, room change detection
Fitness monitoring / well-being
* Warning regarding dryness or high temperatures
+ Measurement of volume and air flow

Home automation control

= control heating, venting, air conditioning (HVAC)

Internet of things

GPS enhancement (e.g. time-to-first-fix improvement, dead reckoning, slope detection)
Indoor navigation (change of floor detection, elevator detection)
Outdoor navigation, leisure and sports applications

Weather forecast

Vertical velocity indication (rise/sink speed)

Target devices

Handsets such as mobile phones, tablet PCs, GPS devices
Mavigation systems

Gaming, e.g flying toys

Camera (DSC, video)

Home weather stations

Flying toys

Watches

Modificatons reserved | Data subject to change without notice Daocurnent number: EST-BME2B0-D5002-15

Revision_1.6_092018



Bosch Sensortec | BME280 Data sheet 3|55

General Description

The BME280 is as combined digital humidity, pressure and temperature sensor based on proven
sensing principles. The sensor module is housed in an extremely compact metal-lid LGA package with
a footprint of only 2.5 * 2.5 mm? with a height of 0.93 mm. Its small dimensions and its low power
consumption allow the implementation in battery driven devices such as handsets, GPS modules or
watches. The BME280 is register and performance compatible to the Bosch Sensortec BMP280 digital
pressure sensor (see chapter 5.2 for details).

The BME280 achieves high performance in all applications requiring humidity and pressure
measurement. These emerging applications of home automation control, in-door navigation, fitness as
well as GPS refinement require a high accuracy and a low TCO at the same time.

The humidity sensor provides an extremely fast response time for fast context awareness applications
and high overall accuracy over a wide temperature range.

The pressure sensor is an absolute barometric pressure sensor with extremely high accuracy and
resclution and drastically lower noise than the Bosch Sensortec BMP180.

The integrated temperature sensor has been optimized for lowest noise and highest resolution. Its
output is used for temperature compensation of the pressure and humidity sensors and can also be
used for estimation of the ambient temperature.

The sensor provides both SPI and 1*C interfaces and can be supplied using 1.71 to 3.6 V for the
sensor supply Voo and 1.2 te 3.6 V for the interface supply Vooio. Measurements can be triggered by
the host or performed in regular intervals. When the sensor is disabled, current consumption drops to
0.1 pA.

BME280 can be operated in three power modes (see chapter 3.3):

s sleep mode
s« normal mode
+« forced mode

In order to tailor data rate, noise, response time and current consumption to the needs of the user, a
variety of oversampling modes, filter modes and data rates can be selected.

Please contact your regional Bosch Sensortec partner for more information about software packages.

Modificatons reserved | Data subject to change without notice Daocurnent number: EST-BME2B0-D5002-15

Revision_1.6_092018



N A
VISHAY.

VEMLGE075

WurW.vishay.com
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UVA and UVB Light Sensor with I2C Interface

DESCRIPTION

The VEMLEDTS senses UVA and LVE light and inconporates
photodiods, amplifiers. and enalog / digital circwits into a
gingla chip using & CMOS process. When the UV sensor is
applied, it is able to detect UWA and LWB intansity to provida
a measure of the signal strength as well as allowing for LW
measuremart.

The VEMLEDTS provides excellent temparature compensation
capebdity for keeping the output steble under changing
temparature. VEMLBOTS's functionality is easily operated wia
the simple commend format of FC (SMBus compatibls)
interizce protocol. VEMLEOTS's operating woltage ranges
from 1.7 V' to 3.6 V. VEMLBOTS is packaged in & lead (Pt)-fres
4 pin OPLGA package which offers the best market-proven
refabiity.

FEATURES
* Package type: surface-mount
= Dimensions LxWx Hinmm): 20 x 125210

* Integrated modulss; ultravickst sensor (UV), and
signal conditioning IC

* Converts solar UV light intensity to digital data ~ RoHS
» Expellant UMA and UV sensitivity Foumm
* Relable performance of UV radiation FREE
measwement under long time soler W EREEN
exposUre E—

* 1&-bit resolution per channal
= LVA and UVE individual channel solution

s Low power consumgtion 12C protocel (SMBus compatibls)
intariaca

* Package: OPLGA

= Temperature compansation: -40 *C to +85 *C

» Jutput typs: FC bus

= Operation voltage: 1.7 Vto 3.6V

* Material categorization: for definitione of compliance
plaase see www.vishay.com/doc P61 2

APPLICATIONS

* Handheld devica

= Motebook

= Consumer device

* Industrial and medical application

PRODUCT SUMMARY
OPERATING 12C BUS PEAK SENSITIVITY RANGE OF SPECTRAL
PART HUMBER | VOLTAGE RANGE | YOLTAGE RANGE LUva, UVE BANDWIDTH fasn OUTPUT CODE
M vl fnm) [nm)

VEMLEDTS 1.7 A6 1.71036 355, 350 =10 16 olt, FC
Mote
I Adjusteile through BC intariace

ORDERING INFORMATION

ORDERING CODE PACKAGING voLuME O REMARKS

VEMLEDTS Tepe and resal MO0 2500 pcs 2.0mmx 1.25mmx 1.0 mm
Mote
I MG minimum crder quankiy
Feav. 1.3, 14-Jan-2019 1 Daacumant Mumber: 84304

For techinical questons, contact: sensorstechsupport&vishay. Com

THIZ DOCUMENT 12 SURJECT TO CHAMGE WITHDUT MOTICE. THE PRODUCTS DESCRIBED HEREIM AND THIZ DOCUMENT
ARE SUBJECT TO SPECFIC DISCLABERS, SET FORTH AT Wi vIshay, com/soc 51000
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ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwize specified)

PARAMETER TEST CONDITION SYMBOL MIN. MAX. LHIT
Tupply volege Voo o X v
Operation tampensture range Tarh -40 +E5 "G
S10rage 1empErature ranga T -4 +E5 "G
RECOMMENDED OPERATING CONDITIONS (T, = 25 “C, unless othenwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. MAX. LHIT
ZUpply voleqe Vo 17 a6 v
Cperation tamperaiure range Tanh 40 +B5 "
12C bus oparaling frequency fecoay 10 400 hHz
PIN DESCRIPTIONS
PIM ASSIGNMENT SYMBOL TYPE FUNCTION
1 GHO I Ground
z SOAT 170 jopen oran) T daia bus oata Mput 7 outpdl
k] SCLEK I FC digital bus clack nput
[ Voo [ Pawier sLpgly Ingul
BELOCK DIAGRAM
VEMLGOTS
[ o) : Voo
L \\“L-“'F":' ] VEMLENTS pin-aut essignment
B My aro
Vi ; B o
E £ {%) soaT
o
é_#lw_ {?} ECLK
oA JecL (D vop
DOscilator
BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITHIN SYMEOL ML TYP. MAX URIT
Supply aperation woltage Voo 1.7 - 3.8 W
Supply cumant Vio-18Y o 280 E A
I%C signal nput Lk Hgn Npo =33V Vi i - - v
= =gralinp Logc iow bo = m : - oY
%G mignal nput Lapk: Hgh Voo =26 ¥ Vu i - - v
= Egraling Logc iow wo =2 m - o
COperating tampensiure Tarn -4 - +85 C
o Lightt conatian - dark; L . .
Shidown cumernt Vop o1 8%, Tore - 85 0 Igp (504 a0a nA
A responshvity |y = S0ms .65 - countapWem=
UWE respansiity Iy = 50ma B 21 - COUNEEANCm®
Visible ¢ Infrered rasponsa ‘W-LED /7 IRED {840 nmj) - 0.5 =<1 H
Hotes

1T Hichila MCSU03EX (365 nm)
El UNTOP31OTO38HS 315 nm)

Feav. 1.3, 14-Jan-2019

THIZ DOCUMENT 1=

ARE SUBJECT TO SPECFIC DISCLABIERS, SET FORTH AT Wiy

2

For tachinical questions, contact: sensorstachsi

Daacumant Mumber: 84304

pportEnisnay. com

SURJECT TO CHAMGE WITHDUT MOTICE. THE F'P\E-:IUCT“" DE\.».CFIIEEEI HEHEIN nNI:I THIZ DOCUMENRT



HANWEI ELECTRONICS CO .. LTD MQ -7 http://www.hwsensor.com

TECHNICAL DATA MQ-7  GAS SENSOR

FEATURES
* High sensitivity to carbon monoxide
* Stable and long life
APPLICATION
They are used in gas detecting equipment for carbon monoxide(CO) in family and
industry or car.
SPECIFICATIONS

A. Standard work condition

Symbol Parameter name Technical condition Remark

Ve circuit voltage 5V+0.1 Acor De

Vu (H) Heating voltage (high) V0.1 Ac or De

Vu(L) Heating voltage (low) 1.4VE0.1 Acor De

RL Load resistance Can adjust

Ru Heating resistance 330 +59 Room temperature
TH (1) Heating time (high) 60+ 1 seconds

TH L) Heating time (low) 90+ 1 seconds

PH Heating consumption About 350mW

b. Environment conditions

Symbol | Parameters Technical conditions Remark
Tao Using temperature -20°C-507C
Tas Storage temperature -20°C-507C Advice using scope
RH Relative humidity Less than 95%RH
0z Oxygen concentration | 21%istand condition) Minimum value is over 2%
the oxygen concentration can
affect the sensitivity
characteristic
¢. Sensitivity characteristic
symbol Parameters Technical parameters | Remark
Rs Surface resistance In 100ppm
Of sensitive body 2-20k Carbon Monoxide
2 (300/100ppm) | Concentration slope rate Less than 0.5 Rs (300ppm)/Rs( 100ppm)
Standard working | Temperature -20°C =2°C relative humidity 65% 5% RL:10K Q +5%
condition Ve:5VE0.1V VHISSVE0IV VH:ILAVEOLV
Preheat time No less than 48 hours Detecting range:

20ppm-2000ppm carbon monoxide

D. Structure and configuration, basic measuring circuit
Structure and configuration of MQ-7 gas sensor is shown as Fig. 1 (Configuration A or B),
sensor composed by micro AL203 ceramic tube, Tin Dioxide (SnO2) sensitive layer, measuring
electrode and heater are fixed into a crust made by plastic and stainless steel net. The heater

provides necessary work conditions for work of sensitive components. The enveloped MQ-7 have

TEL:86-371-67169070 67169080 FAX:R6-371-67169090 Email: salesi@hwsensor.com




HANWEI ELECTRONICS CO ., LTD MQ -7 http:/'www.hwsensor.com

6 pin .4 of them are used to fetch signals, and other 2 are used for providing heating current.

Parts Materials

Gas sensing Snlk

layer
Electrode Au
Electrode line Pt
Heater coil Mi-Cr alloy
Tubular ceramic | AlLOs
Anti-explosion Stainless steel gaure
network (SUS316 100-mesh)
Clamp ring Copper _ plating Ni
HResin base Bakelite
Tube Pin Copper plating Ni

o |l | |l | b

-3

oo e

Fig.1

o16 @17.,82

B4

14

229

9,5

AR

2175

Standard circuit:

As shown in Fig 2, standard measuring circuit of

TN, VL MQ-7 sensitive components consists of 2 parts. one

HA

LT is heating circuit having time control function (the

e high wvoltage and the low voltage work

it can accurately respond changes of surface

' ‘ circularly ). The second is the signal output circuit,

resistance of the sensor.

Heating voltage 1.4v (Low) 90s Flgz

Electric parameter measurement circuit is shown as  Fig.2

E. Sensitivity characteristic curve

|-I c_ IT
Fig.3 is shows the typical
— it sensitivity characteristics of
e i
H:—_——- the MQ-7 for several gases.

in their: Temp: 20°C .
Humidity: 65%-.

‘Ra

= = O concentration 21%

= - RL=10k 2
—— [ L .
—m—u: 'L.\ Ro: sensor resistance at 100ppm

- )
H —&—LF§ ‘ll\\ I~y COin the clean air.

—5— H4 “‘“u‘_'
et Rs: sensor resistance at various
—.—

concentrations of gases.

Fig.3 sensitivity characteristics of the MQ-7

TEL:86-371-67169070 67169080 FAX:R6-371-67 169090 Email: sales@hwsensor.com
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Mg—7 Fig.4 is shows the typical
e 1R Fig4 dependence of the MQ-7 on
—m 85EAY temperature and humidity.
.‘i ; Ro: sensor resistance at 100ppm CO'in
= e — airat 33%RH and 20degree.
- _-___-_-_-___-T Rs: sensor resistance at 100ppm CO at

U different temperaturcs and humiditics.

OPERATION PRINCIPLE
. The surface resistance of the sensor Rs is obtained through effected voltage signal output of the
load resistance RL which series-wound. The relationship between them is described:
Rs\RL = (Ve-VRL) / VRL
Fig. 5 shows alterable situation of RL signal output measured by using Fig. 2 circuit output

In 100ppm0 ) In air

r 3
F 3
k 4

Inn anr

WHSw

l

s
P

i

-t

—

P

P

o

O ]
e
pem-————

benmmmm——
¥
i
—t

]
1]

E—

1.4y 6l 90s

l

""""'!.

—_

Signal __, | !/H—:,'\ q/,r-—:\qf,-

J\’\*{\ A [ Fig.5 \\J\\JK\_‘

signal when the sensor is shifted from clean air to carbon monoxide (CO) , output signal

—_—

measurement is made within  one or two complete heating period (2.5 minute from high voltage
to low voltage ).
Sensitive layer of MQ-7 gas sensitive components is made of SnO2 with stability, So, it has
excellent long term stability. Its service life can reach 5 years under using condition.
SENSITVITY ADJUSTMENT
Resistance value of MQ-7 is difference to various kinds and various concentration gases. So, When
using this components, sensitivity adjustment is very necessary. we recommend that you calibrate the
detector for 200ppm CO in air and use value of Load resistance that( Ry ) about 10 K Q (5K Q to 47 K Q).
When accurately measuring, the proper alarm point for the gas detector should be determined after
considering the temperature and humidity influence. The sensitivity adjusting program:
a. Connect the sensor to the application circuit.
b. Turn on the power, keep preheating through electricity over 48 hours.
¢. Adjust the load resistance RL until you get a signal value which is respond to a certain
carbon monoxide concentration at the end point of 90 seconds.
d. Adjust the another load resistance RL until you get a signal value which is respond to a CO
concentration at the end point of 60 seconds .

Supplying special IC solutions, More detailed techmeal information, please contact us.
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B Absolute Maximum Ratings

(Te=25°C)
Parameter Symbol Rating Unit
Supply voltage Vce 0.3 to+7 v
*! Input terminal voltage Vien 0.3 to Vee \Y
Operating temperature Tope —10 to +65 °C
Soldering temperature T sel —20 to +80 °C
*1 Open drain drive input
BElectro-optical Characteristics
(Te=25°C, Voc=5V)
Parameter Symbol Conditions MIN. TYP. | MAX. Umt
Sensitivity K e 0.35 0.5 0.65 |[V/ADImgm’)
Output voltage at no dust Voc I 0 0.9 1.5 V
Output voltage range Vou TUER =47k 34 - - A%
LED terminal current Iign | ™ LED terminal voltage =10 - 10 20 mA
Consumption current Iec “Rp=w - 11 20 mA

*1 Semsitivity is specified by the amount of output voltage change when dust density changes by 0.1 mg/m?.
And the dust density for detection is a value of the density of cigarette (MILD SEVENE) smoke measured
by the digital dust monitor (P-5L2: manufactured by SHIBATA SCIENTIFIC TECHNOLOGY LTDL).

*2 Input condition is shown i Fig. |

*3 Output sampling timing s shown in Fig. 2

BRecommended input condition for LED input terminal

Parameter Symbol Value Unit
Pulse Cycle T 10:1 ms
Pulse Width Pw 0.32 :0.02 ms
Operating Supply voltage Voo 5:0.5 A%

Sheet Mo.: E4-AD1SMMEN
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Fig. 1 Input Condition for LED Input Terminal

Pulse-driven wave form

GPZY1010AUOF :
i R=1500 T=10ima
ar M. E—
ZEF C=0uF Pur=0.32ms
e

Fig. 2 Sampling Timing of Output Pulse

OM

OFF

Ohutput pulse

0.Z2Bms

Sampling

Fig. 3 Output Voltage vs. Dust Density

4

gt volage (V)
[5]
)

i} 02 0.4 0.6 oe
Dust density Irm;'rnJ]

Remarks : Please be aware that all data in the graph are just for reference and are not for guarantee.

Sheet Mo.: E4-AD1501EN
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2 Pin Definition

2.1 Pin assignment

NEO-6

Top View
L
Figure 2 Pin Assignment
No Module Name 1o Description

1 All Reserved I Reserved

2 Al 55 M [ 5P Slave Select

3 All TIMEPULSE Q Timepulse (1PPS)

4 All EXTINTO [ External Interrupt Pin

5 All UsB_DM Vo USB Data

[ All UsB_DP [le} USE Data

7 All VDDUSE I USB Supply
See Hardware Integration Manual

8 Al Reserved Pin 8 and 9 must be connected together.

. Output Voltage RF section

’ Al VCCRF o Pin 8 and 9 must be connected together.

10 All GHND I Ground

1" Al RF_IN I GPS signal input

12 All GHND I Ground

13 All GHND I Ground

14 All MOSVCFG COMO an SH MOSIH Configuration Pin.
Leave open if not used.

15 All MISO/CFG COMI I SH MO ! Configuration Pin.
Leave apen if not used.

16 All CFG GPSO/SCE I Power Mode Configuration Pin / SPI Clock.
Leave apen if not used.

17 Al Reserved [ Reserved

18 All SDAZ Vo BDC Data

19 All scL2 Vo DDC Clock

20 All Tl 8] Serial Port 1

21 All RxD1 I Serial Port 1

22 All W_BCKP [ Backup voltage supply

23 All WCC I Supply voltage

24 All GMD I Ground

Table 8: Pinout
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3 Electrical specifications

3.1 Absolute maximum ratings

MEO-6 - Data Sheet

Farameter Symbal Module Min Max Units Condition
Powser supply vallage WL NEQ-6G -0.5 2.0 W

NEQ-E0, &M, &P, &, BT -0.5 16 W
Eackup battery woltage W_BCEP Al -0.5 16 W
USE sipply voltsge YDDOLUSE Al 0.5 15 W
Input pin voltage in Al 0.5 16 W

Win_ush Al 0.5 VDO 1Y
SB

D current trough ary digital WO Ipn 10 i
pin (except supplies)
WCC_AF output curnent ICC_RF Al 100 m
— » B r E F
Input powser at BF_IN Préin N:'}El.'.l_ &M, 65, B, BT 15 dim soupce impedanc

NEQ-6F 5 dim = S ontinuous

wasve
Storage lempesature Tslg Al -4 BS C
Table % Absolute maximum ratings
& GPS receivers are Electrostatic Sensitive Devices (ESD) and require special precautions when

handling. For more information see chapter 6.4.

& Stressing the device beyond the “Absolute Maximum Ratings™ may cause permanent damage.
These are stress ratings only. The product is not protected against overvoltage or reversed
voltages. If necessary, voltage spikes exceeding the power supply voltage specification, given in
table abowve, must be limited to values within the specified boundaries by using appropriate
protection diodes. For more information see the LEA-&/NEO-5/MAX-6 Hardware Integration

Manual [1].
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3.2 Operating conditions

MEO-6 - Data Sheet

o All specifications are at an ambient temperature of 25°C.
Parameter Symbol Module Min Typ Max Units  Condition
Power supply voltage WCC NEQ-6G 1.75 1.8 1.95 v
NEQ-BC/M 27 30 36 W
NEQ-G6PAIT
Supply voltage USBE VDDUSE Al 20 33 36 v
Backup battery voltage W_BCKP All 1.4 36 W
Backup battery current |_BCKP All 22 LA WV _BCKP =18V,
VCC =0V
Input pin valtage range vin All a VCC W
Digital IO Pin Low level input voltage Wil All ] 0.2"WCC W
Digital IO Pin High level input voltage Wih All 07T VCC v
Digital IO Pin Low level output voltage Vol All 0.4 v lol=4mA
Digital 10 Fin High level output voltage  Voh All WCC 0.4 W loh=4ma
USB_DM, USB_DP Vinl All Compatible with USB with 22 Ohms series resistance
WCC_RF voltage VCC_RF All VCC-0.1 v
WCC_RF output current ICC_RF All 50 ma
Anfenna gain Gant All 50 dB
Receiver Chain Noise Figure MFtot All 3.0 dB
Operating temperature Topr All =40 85 “C
Table 10: Operating conditions
o Operation beyond the specified operating conditions can affect device reliability.
3.3 Indicative power requirements
Table 11 lists examples of the total system supply current for a possible application.
Parameter Symbol Module Min Typ Max Units Condition
_ 16
Ma. supply current Iccp All &7 ma, ﬁg ;36 v
lce Acquisition All 47" A
lcc Tracking NED-6G/QIT 40” mA
Max Performance made] MEO-BMPA 0% ma
- = WCC =30V
Average supply current Icc Tracking NEQ-EGAT 38 A 1BV
{Een made) MNEC-EMPA/ 37 mA
lce Tracking HEQ-6G/Q 12° mA
(Pawer Save mode S 1 Hz) MEO-BM 11" A
Table 11: Indicative power requirements
o Values in Table 11 are provided for customer information only as an example of typical power

reguirements. Values are characterized on samples, actual power requirements can vary depending on
FW version used, external circuitry, number of 5Vs tracked, signal strength, type of start as well as time,

duration and conditions of test.

" Use this figure to dimension rmaximum current capability of power supply. Measurement of this parameter with 1 Hz bandwidth.

* NEQ-6Q, NEQ-6M, NEQ-6P, NEO-EV, NEQ-6T
" NEO-6G

" Use this figure to determine required battery capacity.
" =8 SVs in view, CNo >40 dBHz, current average of 30 sec after cold start.

* With strong signals, all orbits available. For Cold Starts typical 12 min after first fix. For Hot Starts typical 15 s after first foo
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3.4 SPI timing diagrams

MEO-& - Data Sheet

In order to avoid a faulty usage of the SPI, the user needs to comply with certain timing conditions. The

following signals need to be considered for timing constraints:

Symbol Description
55 N Slave Select signal
SCK Slave Clock signal

Table 12: Symbol description

t

T

- L

S5_N

f— | .

Figure 3: 5Pl timing diagram

3.4.1 Timing recommendations

i

Parameter Description Recommendation
toar Initialization Time 500 ps

tow Deselect Time 1ms

Bitrate 100 kbit's

Table 13: 5P timing recommendations

The values in the above table result from the requirement of an error-free transmission. By allowing just
a few errors, the byte rate could be increased considerably. These timings — and therefore the byte rate
— could also be improved by disabling other interfaces, e.g. the UART.

The maximum bandwidth is 100 kbit/s*'
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1. General Description

The SX1276/77/78/79 incorporates the LoRa spread spectrum modem which is capable of achieving significantly longer
range than existing systems based on FSK or OOK modulation. At maximum data rates of LoRa the sensitivity is 8dB
better than FSK, but using a low cost bill of materials with a 20ppm XTAL LoRa can improve receiver sensitivity by more
than 20dB compared to FSK. LoRa also provides significant advances in selectivity and blocking performance, further
improving communication reliability. For maximum flexibility the user may decide on the spread spectrum modulation
bandwidth (BW), spreading factor (SF) and error correction rate (CR). Another benefit of the spread modulation is that
each spreading factor is orthogonal - thus multiple transmitted signals can occupy the same channel without interfering.
This also permits simple coexistence with existing FSK based systems. Standard GFSK, FSK, OOK, and GMSK
modulation is also provided to allow compatibility with existing systems or standards such as wireless MBUS and IEEE
802.15.4g.

The SX1276 and SX1279 offer bandwidth options ranging from 7.8 kHz to 500 kHz with spreading factors ranging from 6 to
12, and covering all available frequency bands. The SX1277 offers the same bandwidth and frequency band options with
spreading factors from 6 to 9. The 8X1278 offers bandwidths and spreading factor options, but only covers the lower UHF
bands.

1.1. Simplified Block Diagram

wewp [l i{
| [ mss
i i [ miso
LoRa/FSK -
-
Interface
PA_BOOST D—qi [ sex
7] i)
RFO_LF |
| T conne [[] mxrxmenaon
Registers
Power Distribution
W D% & IJ_'I [£]
XTA X6 VBAT_ANA VBAT DIG VEAT_RF VR_ANA VR_DIG GND  NRESET
Figure 1. Block Diagram
Rev. 7 - May 2020 Page 9 www.semtech.com
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1.2. Product Versions
The features of the four product variants are detailed in the following table.

Table 1 SX1276/77/78/79 Device Variants and Key Parameters

Part Number Frequency Range Spreading Factor Bandwidth Effective Bitrate Est. Sensitivity
SX1276 137 - 1020 MHz 6-12 7.8 - 500 kHz .018 - 37.5 kbps -111 to -148 dBm
SX1277 137 - 1020 MHz 6-9 7.8 - 500 kHz 0.11 - 37.5 kbps -111 to -139 dBm
SX1278 137 - 525 MHz 6- 12 7.8 - 500 kHz .018 - 37.5 kbps -111 to -148 dBm
SX1279 137 - 960MHz 6- 12 7.8 - 500 kHz .018 - 37.5 kbps -111 to -148 dBm

1.3. Pin Diagram
The following diagram shows the pin arrangement of the QFN package, top view.

28 RFO_LF

27 PA_BOOST
26 GND

25 VR_PA

24 VBAT_RF
23 GND

22 RFO_HF

i’ i T T T T ™

opgugubudt
1 RFI_LF — -
ZVRANA [ ] r -
3VBATANA [ —
4 VR_DIG 1 I 0GND =
5 XTA — —
6 XTB [ —
7 NRESET [— —

I r

INININININIE]

0

a\

o o = w =

g8 g 8828 ¢

w o 9 49 0 07

SX1276/77/79

21 RFI_HF

20 RXTX/RFMOD
19 NSS

18 MosI

17 MISO

16 5CK

15 GND

Figure 2.

1 RFI_LF
2 VR_ANA

3 VBAT_ANA
4 VR_DIG

5 XTA

6 XT8B

7 NRESET

Pin Diagrams

28 RFO_LF
27 PA_BOOST
26 GND

25 VR_PA

24 VBAT_RF

23 GND
22 GND

gououdgho

=3
=
=3
—

0GND

el
]
.
]
-
—
—

[—

—
 —

21GND

20 RXTX/RFMOD
19 NSS

18 MOsI

17 MIsO

16 SCK

IRINININININ]

15GND

s = & & 38
g g & o o
S o o
o o A = o=
5X1278

13 DIOS
14 VBAT_DIG
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1.4. Pin Description
Table 2  Pin Description

Number Name

SX1276/77/79/(78)

Type
SX1276/77/79/(78)

SX1276/77/78/79

Description

SX1276/77/79/(78)

0 GROUND g Exposed ground pad

1 RFI_LF I RF input for bands 2&3

2 VR_ANA = Regulated supply voltage for analogue circuitry
3 VBAT_ANA - Supply voltage for analogue circuitry

4 VR_DIG - Regulated supply voltage for digital blocks
5 XTA lle] XTAL connection or TCXO input

6 XTB o XTAL connection

7 NRESET lle] Reset trigger input

8 DIOO lle] Digital I/0, software configured

9 DIO1/DCLK o Digital I/0, software configured

10 DIO2/DATA o] Digital I/0, software configured

" DIO3 lle] Digital I/0, software configured

12 DIO4 o Digital I/O, software configured

13 DIOS o] Digital I/0, software configured

14 VBAT_DIG - Supply voltage for digital blocks

15 GND # Ground

16 SCK | SPI Clock input

17 MISO o} SPI Data output

18 MOSI | SPI Data input

19 NSS | SPI Chip select input

20 RXTX/RF_MOD o} Rx/Tx switch control: high in Tx

21 RFI_HF (GND) 1(-) RF input for band 1 (Ground)

22 RFO_HF (GND) Of(-) RF output for band 1 (Ground)

23 GND = Ground

24 VBAT_RF - Supply voltage for RF blocks

25 VR_PA - Regulated supply for the PA

26 GND - Ground

27 PA_BOOST Optional high-power PA output, all frequency bands
28 RFO_LF o} RF output for bands 2&3

Rev. 7 - May 2020
©2020 Semtech Corporation
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2. Electrical Characteristics

2.1. ESD Notice

The SX1276/77/78/79 is a high performance radio frequency device. It satisfies:

¢ (Class 2 of the JEDEC standard JESD22-A114 (Human Body Model) on all pins.

¢ Class lll of the JEDEC standard JESD22-C101 (Charged Device Model) on all pins

It should thus be handled with all the necessary ESD precautions to avoid any permanent damage.

2.2, Absolute Maximum Ratings

Stresses above the values listed below may cause permanent device failure. Exposure to absolute maximum ratings for
extended periods may affect device reliability.

Table 3 Absolute Maximum Ratings

Symbol Description Min Max Unit
VDDmr Supply Voltage -0.5 3.9 Y
Tmr Temperature -55 +115 °C
Tj Junction temperature - +125 °C
Pmr RF Input Level - +10 dBm

Note  Specific ratings apply to +20 dBm operation (see Section 3.4.3).

2.3. Operating Range
Table 4 Operating Range

Symbol Description Min Max Unit
VDDop Supply voltage 1.8 3.7 \
Top Operational temperature range -40 +85 °C
Clop Load capacitance on digital ports - 25 pF
ML RF Input Level - +10 dBm

Note A specific supply voltage range applies to +20 dBm operation (see Section 3.4.3).

2.4. Thermal Properties
Table 5 Thermal Properties

Symbol Description Min Typ Max Unit
THETA_JA Package 0, (Junction to ambient) - 22.185 - °C/wW
THETA_JC Package ¢ (Junction to case ground paddle) - 0.757 - “CIW

Rev. 7 - May 2020 Page 13 www.semtech.com
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2.5. Chip Specification

The tables below give the electrical specifications of the transceiver under the following conditions: Supply voltage
VDD=3.3 V, temperature = 25 °C, FXOSC = 32 MHz, Frr = 169/434/868/915 MHz (see specific indication), Pout =

+13dBm, 2-level FSK modulation without pre-filtering, FDA = 5 kHz, Bit Rate = 4.8 kb/s and terminated in a matched 50
Ohm impedance, shared Rx and Tx path matching, unless otherwise specified.

Note  Specification whose symbol is appended with “ LF” corresponds to the performance in Band 2 and/or Band 3, as
described in section 3.3.3. “ HF”" refers to the upper Band 1

2.5.1. Power Consumption
Table 6 Power Consumption Specification

Description Conditions
IDDSL Supply current in Sleep mode - 0.2 1 uA
IDDIDLE Supply current in Idle mode RC oscillator enabled - 1.5 - uA
IDDST Supply current in Standby mode Crystal oscillator enabled - 1.6 18 mA
IDDFS Supply current in Synthesizer FSRx } 58 } il
mode
LnaBoost Off, band 1 - 10.8 -
IDDR Supply current in Receive mode LnaBoost On, band 1 - 11.5 - mA
Bands 2&3 - 12.0 -
RFOP = +20 dBm, on PA_BOOST - 120 - mA
IDDT Supply current in Transmit mode RFOP = +17 dBm, on PA_BOOST - 87 - mA
with impedance matching RFOP = +13 dBm, on RFO_LF/HF pin - 29 - mA
RFOP = + 7 dBm, on RFO_LF/HF pin - 20 - mA
2.5.2. Frequency Synthesis
Table 7 Frequency Synthesizer Specification
Symbol Description Conditions Min Typ Max Unit
Band 3 137 - 175 (*160)
FR Synthesizer frequency range Programmable Band 2 410 - 525 (*480) MHz
(*for SX1279) Band 1 | 862 (*779) - 1020 (*960)
FX0osc Crystal oscillator frequency - 32 - MHz
TS_0OSC Crystal oscillator wake-up time - 250 - us
TS_FS Frequency synthgsizer wakeup From Standby mode - 60 - us
time to PllLock signal
Rev. 7 - May 2020 Page 14 www.semtech.com
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200 kHz step - 20 - us
1 MHz step - 20 - us
Frequency synthesizer hop time 5 MHz step - 50 - us
TS_HOP at most 10 kHz away from the 7 MHz step - 50 - us
target frequency 12 MHz step - 50 - us
20 MHz step - 50 - us
25 MHz step - 50 - us
FSTEP Frequency synthesizer step FSTEP = FXOSC/21? - 61.0 - Hz
FRC RC Oscillator frequency After calibration - 62.5 - kHz
BRF Bit rate, FSK Programmable values (1) 1.2 - 300 kbps
BRA Bit rate Accuracy, FSK ABS(wanted BR - available BR) - - 250 ppm
BRO Bit rate, OOK Programmable 1.2 - 32.768 kbps
BR_L Bit rate, LoRa Mode From SF6, BW=500kHz to 0.018 - 37.5 kbps
SF12, BW=7.8kHz
FDA Frequency deviation, FSK (1) Programmable 0.6 - 200 kHz
FDA + BRF/2 =< 250 kHz

Note: For Maximum Bit rate, the maximum modulation index is 0.5.

Rev. 7 - May 2020
©2020 Semtech Corporation
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2.5.3. FSK/OOK Mode Receiver

All receiver tests are performed with RxBw = 10 kHz (Single Side Bandwidth) as programmed in RegRxBw, receiving a
PN15 sequence. Sensitivities are reported for a 0.1% BER (with Bit Synchronizer enabled), unless otherwise specified.
Blocking tests are performed with an unmodulated interferer. The wanted signal power for the Blocking Immunity, ACR,
1IP2, 1IP3 and AMR tests is set 3 dB above the receiver sensitivity level.

Table 8 FSK/OOK Receiver Specification

SX1276/77/78/79

Symbol Description Conditions Typ Max Unit
; ; ; FDA=5kHz, BR=1.2kbis -121 - dBm
Direct fie of RFl and RFO pins, | ppp = 54z BR=4.8 kbis 17 | - | dBm
shared Rx, Tx paths FSK sensitiv- FDA = 40 kHz. BR = 38.4 Kb/s* 407 . dBm
gﬁnhéghze;; Lilfvoaln. FDA = 20 kHz, BR = 38.4 kb/s** 408 | - |dBm
FDA = 62.5 kHz, BR = 250 kb/s*** -95 - dBm
RFS_F_LF
FDA=5kHz, BR=1.2kbis -123 - dBm
Split RF paths, the RF switch FDA=5kHz, BR=4.8kb/s -119 - dBm
insertion loss is not accounted for. | FDA = 40 kHz, BR = 38.4 kb/s* -109 - dBm
Bands 2&3 FDA = 20 kHz, BR = 38.4 kb/s** -110 - dBm
FDA = 62.5 kHz, BR = 250 kb/s*** -97 - dBm
; ; ¢ FDA=5kHz, BR=1.2kbis -119 - dBm
Direct tie of RFl and RFO pins, | ppa — 57 BR=4.8kbis A5 | - | dBm
shared Rx, Tx paths FSK sensitiv- FDA = 40 kHz. BR = 38.4 kb/s* 105 ~ dBm
Lehidas e: FDA = 20 kHz, BR = 38.4 kb/s** 405 | - |dBm
an FDA = 62.5 kHz, BR = 250 kbls™* 92 - | dBm
RFS_F_HF
. . FDA=5kHz, BR=1.2kbis -123 - dBm
o g oo e | FoR-Siw BR =43 0 e | C e
noi secauntadiisr FDA = 40 kHz, BR = 38.4 kb/s* -109 - dBm
Band 1 ! FDA = 20 kHz, BR = 38.4 kb/s** -109 - dBm
FDA = 62.5 kHz, BR = 250 kb/s*** -96 - dBm
RES O OOK sensitivity, highest LNA gain | BR = 4.8 kb/s -117 - dBm
= shared Rx, Tx paths BR =32 kb/s -108 - dBm
CCR Co-Channel Rejection, FSK 9 - dB
FDA = 5 kHz, BR=4.8kb/s
Offset = +/- 25 kHz or +/- 50kHz
ACR Adjacent Channel Rejection Band 1 50 - dB
Band 2 56 - dB
Band 3 60 - dB
Offset = +/- 1 MHz 71 - dB
BI_HF Blocking Immunity, Band 1 Offset = +/- 2 MHz 76 - dB
Offset = +/- 10 MHz 84 - dB
Offset = +/- 1 MHz 71 - dB
BI_LF Blocking Immunity, Bands 2&3 Offset = +/- 2 MHz 72 - dB
Offset = +/- 10 MHz 78 - dB
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2nd order Input Intercept Point
P2 Unwanted tones are 20 MHz Highest LNA gain - +55 - dBm
above the LO
3rd order Input Intercept point Band 1
IIP3_HF Unwanted tones are 1MHz and Highest LNA gain G1 - -1 - dBm
1.995 MHz above the LO LNA gain G2, 5dB sensitivity hit - -6 - dBm
Band 2
Highest LNA gain G1 - -22 - dBm
3rd order Input Intercept point LNA gain G2, 2.5dB sensitivity hit - -15 - dBm
IIP3_LF Unwanted tones are 1MHz and
1.995 MHz above the LO Band 3
: . - -15 - dBm
Highest LNA gain G1 _ -1 . dBm
LNA gain G2, 2.5dB sensitivity hit
BW_SSB Single Side channel filter BW Programmable 2.7 - 250 | kHz
- Wanted signal 3dB over sensitivity _ .
IMR Image Rejection BER=0.1% 50 dB
IMA Image Attenuation - 57 - dB
: AGC enabled Min - -127 - dBm
DR_RSSI RSSI Dynamic Range WMe R 0 B dBm
" RxBw = 83 kHz (Single Side Bandwidth)
** RxBw = 50 kHz (Single Side Bandwidth)
A RxBw = 250 kHz (Single Side Bandwidth)
2.5.4. FSK/OOK Mode Transmitter
Table 9  Transmitter Specification
Symbol Description Conditions Min Typ Max Unit
; Programmable with steps
RF OP RFF;);t([))ut‘poz‘eszfﬂrohmsp'q Max R +14 . dBm
on pin (High efficiency PA). Min ] A R dBm
ARF_ RF output power stability on RFO VDD=25V1t033V - 3 - dB
OP_V pin versus voltage supply. VDD=1.8V1t0o3.7V - 8 - dB
RF OPH RF output power in 50 ohms, on Programmable with 1dB steps Max - +H7 - dBm
= PA_BQOST pin (Regulated PA). Min - +2 - dBm
RF_OPH_ | Max RF output power, on .
MAX PA_BOOST pin High power mode - +20 - dBm
ARF_ RF output.power stability on PA_- VDD =24V 1i03.7V R 121 . a8
OPH_V BOOST pin versus voltage supply.
RF output power stability versus » " -
ARF_T temperature on PA_BOOST pin. Erome T =407 G Ao 55 G B ] - dB

Rev. 7 - May 2020
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169 MHz, Band 3
10kHz Offset - -118 -
50kHz Offset - -118 - dBc/
400kHz Offset - -128 - Hz
1MHz Offset - -134 -

433 MHz, Band 2
10kHz Offset - -110 -

PHN Transmitter Phase Noise 50kHz Offset - -110 - dBc/
400kHz Offset - -122 - Hz
1MHz Offset - -129 -

868/915 MHz, Band 1
10kHz Offset - -103 -
50kHz Offset - -103 - dBc/
400kHz Offset - -115 - Hz
1MHz Offset - -122 -

ACP Transmitter adjacent channel BT=1. Measurement conditions as } ) a7 dBm

power (measured at 25 kHz offset) | defined by EN 300 220-1 V2.3.1

18 TR Transmitter wake up time, to the Frequency Synthesizer enabled, PaR- R 120 ~ s

= first rising edge of DCLK amp = 10us, BR = 4.8 kb/s

Rev. 7 - May 2020
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