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Yrevbvvn Anlwon oty

Befaidve 01t elpan cuyypagéag avtig g epyociog kot 0Tt KOs Ponbeia tnv onoia
elyo yio v mpoeTopacio g eivol TANPOS avayvoOPICUEVT] KoL OVOPEPETOL TNV
epyacia. Eniong éxm avaeépet Tic 0noteg mnyEg amd Tig omoieg Ekava ypnon
dedopévmv, 1emv N AéEemv, gite avTég avapEépovtal akppog ite TaPUPPACUEVEC.
Emiong BePardvo 6Tt avti 1 gpyacio TPOETOYHAGTNKE Od ELEVO TPOCHOTIKA EOTKA
v N ovykekpuévn epyacic. H éykpion tng simhopatikng epyoasiog and to Tunua
HAextpordymv Mnyoavikov kon Mnyavikov Yroroyiotadv tov [ovemotnuiov
[TelomovviGov OV VTTOINAMVEL ATOPOLTITMOG KO OTOJ0YT] TOV ATOYEMDY TOV
ovyypapéa ek pEpovg tov Tunuartog. H mapodoa epyacia amotehel mveLHOTIKY
woktnoia tov eortnti Kapayyovié I'empyiov mov v ekmdvnoe. 1o TAaiclo g
TOMTIKNG OVOIKTNHG TPOGPOCNG 0 GUYYPOUQENS/ dnovpyog exkywpet oto Tavemotpio
[Telomovvncov, Un ATOKAEIGTIKY AOEL YPTOTG TOL SIKALDLOTOS AVATOPUYMYNG,
TPOCAPUOYNG, ONUOCIOV SAVEIGLOV, TAPOVGINCTG OTO KOO Kot YNOLOKNG d1dyvong
TOVG SEBVMG, GE NAEKTPOVIKT LOPON KO GE OTOLOONTOTE LEGO, Y10 SOAKTIKOVS Kol
EPEVVNTIKOVG GKOTOVG, GIVED AVTOALAYLLOTOG KOt Y100 OAO TO ¥POVO OEPKELNS TV
dkaopdtov Tvevpuatikig wiokmotioc. H avowkt npoécfacn oto mAnpeg keipevo yia
HEAETN Kot avAyveoT dgv onpaivel Ko’ o1ovonmote TpOTo TopaydpnoT SIKOOUATOV
SLVONTIKNG WO10KTNGI0G TOL GLYYPOOEN/INUIOVPYOD 0VTE EMTPENEL TV
OVOTOPOY®YY], VOO LOGIELOT), AVTLYPOT], ATOONKELGON, TOANGT, EUTOPIKT XPNON,
LETAO0GT, dlaVOLLY, EKO0GT, EKTEAEDT), «LeTa@OpT®on» (downloading), «avaptnon»
(uploading), petdpaot, TPOTOTOINGN LUE OTOLOVONTOTE TPOTO, TUNUATIKA 1)
TEPUMNTTIKA TG EPYAGLAG, YWPIC TN P1TH TPONYOVUEVT] £YYPOOT CLVOIVEGT] TOVL
ovyypapéa/onuovpyod. O cuyypaeéac/dnuovpyog dtatnpet 1o GHVOLo TV NKdV
KOl TEPLOVGLAKMV TOV SIKAUOUATDV.
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JKomnoc Epyaaoiacg

2KOTAOG TNG OUMAMUOTIKNG QLTS EIVOIL 1) KOTAGKELT] TETPOEAMKOTTEPOL Kol EAEYYOG TNG
TTNONG TOL, ¥PNOLOTOI®VTAG TNV TAATEOpra ARDUINO.

>10Y0¢ pog etvan n e€okeimwon pe v mAateoppa Arduino kot 1 a&lomoinon 6cwv
naOape Katd to S10aKTIKA pog eEAUNVA, ATd KOAANGELS TAAKETAOV , ¥P1IoN
UIKPOEAEYKTMV LEYPL EPEVVA. Y10 TO OTOLOONTTOTE AVTIKEIUEVO YPEWLOUAOTE

TANPOPOpPIEC.

NepiAndn Epyaciag
To teyvikd Koppdtt Bo amotereiton amd T0 TETPAEMKOTTEPO KOt TO XEPIGTNPLO
wAonynong tov, to omoia Ha ypnoipomotovv v maatedpro ARDUINO.
[N v dexmepainon g Ba ypelactel va avevpeBodv Ta KatdAlnia eEoptnpata Tov
ATTOLTOVVTOL Y10 VO KOADQOOVV o1 avdykeg Tov OEAovpe Vo KOAVTTEL TO
TETPOEMKOTTEPO(T.Y. OLApKELD TTTHONG, MPEAUO BApog KAT.).
"Exovtog amo@acicet Ta TeVIKE yopakTnploTiKa Tov eéaptnudtov, Oa yivel Epguva
ayopdg Kot Katdmy n Tpouneta Toug.
>t ocvvéxewn Ba yivel cuvappoAdYNoN TOV ETUEPOVS GTOLYEIWV TOV
TETPOEMKOTTEPOL KO TOV GTOLXEI®MV TOV XEPLoTNPIOV TAOYNONG TOV.
Oa yivel TPOYPAUHATICUOG TNG TAAKETAS TOV Bal YpPNCUOTOLEL TO TETPAEMKOTTEPO
KaOADG Kot TNG TAAKETOS TOV XEPLGTNPLOL TAOTYNGNG TOV.
To tetpaghkontepo mpoPAénetar va eKTEAEL TNG AElTOVPYieg TAONYNONG :
pitch,roll,yaw.
H oloxApwon tov €pyov Ba emitevyBel pe v emkovoviokr (evén twv 600
KOTOGKELDV, LLE TNV XPNOT POSOKVUATOV, KAONDS Kot [LE TOV EAEYYO TOV
OAOKANPOUEVOV TAEOV GLGTNATOS OTL TANPEL TIG OPYIKES LOG TTPOOLAYPOPES

PURPOSE & SUMMARY OF THESIS

The purpose of this thesis is the making of a quadcopter and the control of its flight,
using the Arduino platform.

The technical part of this project consists of the assembly of the quadcopter and the
making of its remote controller which will use the Arduino platform. For doing so we
will find out the tools and parts that we need to have to cover the needs of the
copter(e.g time of flight, beneficial weight). Having now known the specification that
our parts need ,we will do a market research and acquire the necessary equipment.
After that its assembly time of our quadcopter and its remote controller. Now its the
programming phase of quadcopter's flight controller and its remote controller. The
quadcopter should be able to execute the following functions : pitch, roll, yaw.

The completion of this project will be achieved through radio link communication of
the two components as well with the test that our now completed system conforms on
our specifications.




|I2TOPIKH ANAAPOMH

To tetpaghkodnTepo givar n Abon oto TpdPAnua g KaOetng amoysiwone. To mpmTo
KOTOYEYPOUUUEVO TETPpaEMKOTTEPO ONpovpyNOnke to 1908 and tov Louis Bergeut. H
e€EMEN KoL 1 avATTTLEN TOV GLVEXLGE LE T XPOVIAL ,0ALA 1) TPOYLOTIKY TNG AvOion
NnpOe pe v emoyn g IIAnpogopiag kot tov Tvtepvet, n onoia avortdyOnke TV
dekaetio Tov 1970,EedmAdOnke to 1980 kot avamtOceETE PEXPL KOl CILEPDL, .

[Tpwv v Ynoaxn Emoyn, ta un eravopopéva evaépia oynuato (unmanned aerial
vehicles, UAV) 1 drones ftav og meplopiopévn ypnomn, dtbétovtog eite meploptopévn
duvatodtnto Kabodnynong eite evaAwm Levén padtoehéyyov.

H e&€Mén toov ehappdv Kot yaunAlod k66Tovg asOnTpmv OTwg o1 Yynelokeg
Kauepeg pall pe t1g texvorloyieg @OPNTAOV VTOAOYIGTAOV EMETPEYOV GTO LT
emavopouéva evaépla oxnuato va eEeAyBodv Kot vo Aapavouy ovtdvopeg
AmoPAcELS Katd T o1dpKeto TN mTnong. To un emavdpopéva evaéplo oynULATo EYoVV
av&avOLEVT] XPNON TOGO Y1 TOATIKOVG OGO Kol Y10 GTPOATIMTIKOVS GKOTOVG,.

Ta oo amAd mapadeiypata etvat, N AN eotToypoeiog N Pivieo and yovieg un

TPOGPACILES [LE TO GLVNOIGUEVO HEGO KO GTOVG GTPATIOTIKOVS GKOTOVG TO
YELPOVPYIKA YTLTNUOTA AEPOG-E0GPOVS GTO AQPYAVIGTAV.




2TAAIA AHMIOYPT1AZz

Kdé&Be apyn kot 00cKoAN Aéve Kot 0vTO 10YLEL Kot Yo TV O1KT| Hog TepinTmor). Avt
™ oTyUn dgv Yvopilovpe omoAVT®MG TIMOT Y10l TIG TEXVIKEG TPOJALYPOPES TOV
eEapmuatwv mov Ba ypetactovpe. Evtuydg Oa poag Aoet ta yépla 1 10T0GEMON
ecalc.ch . H ouykexpipévn 16tocerida elvatl apocimpévn 6to KivnTiplo GUGTHHOTA.
e Eumelpa yEPLL Kol YVAOTEG TOV AVTIKEILEVOL Ba pmopovoe va ypnoipomodet yio
TPOPAEYN CLUTEPLPOPES EVOC LOVTELOV, OTO KA OGS YEPLOL UTOPEL VO LG TTEL TL
akpipwg xperaldpacte yio va £xoupe Eva TETPAKOTTEPO YVopilovtag Hovo to péyedog
10V kot T0 Bépog Tov. ['vopilovtag 6t NBeha Tov okeletd TV 450mm Kot
vroAoyilovtog 6to mepinov otl Ba NTav 6T 2 KIAA,T 10TOGEAMDA aVTY Hog STVEL TIg
amavtnoels mov yayvoopue. ['vopilovtag mAéov Tt yperalopaote ,elpaote £TOOL VAL
KAvoupe TV €pevva oyopds yio Ta eEapTNpaTo pog Kot TNy popnfgvon tove. Ot
1GTOGEADEC TOV YPNOIUOTOINGA V1o AVTOV TOV 6KOTO 0w TO NTav: ebay, aliexpress,
hobbyking(g1d1k6 yio poviehMopod) kot banggood.

H rmA\akEta eAEyyou mTnong

Yndpyovv moAréc mAakETEG TOL B0l LTOPOVGALLE VO, XPTCLLOTOMGOVLLE Y10 TOV
EAEYYOL TOV TETPUEMKOTTEPOL HLOC. XTNV 01K Hog Tepintwon Oa ypNOLOTOMGOVLE
pio CRIUS MultiWii v2.5, mov ypnowonotet évav ATMELMega 328P
LIKPOETEEEPYUG T KOt £XEL EVOOUOTOUEVO EMITOAYVVGIOUETPO, YOPOCKOTLO,
Bapopetpo kot payvntopeTpo. OVopdcsTnKe amd 10 £pY0 AOYIGHKOD OVOLYTOU KMOTKO
MultiWii, 10 onoio 6ToyevEL GTOV EAEYYO PASIOEAEYYOVUEVAOV TOAVKIVITNPIOV
wmtauevov cvotnudtov. [epiocdtepec mAnpopopicg yia to £pyo pmopovv va Bpedodv
€0 https://code.google.com/archive/p/multiwii/, eniong e avtnVv TV 16T0GEASA OOt
Bpobpe ToVg KMOOKES KO TOL TPOYPALLATO TTOV B0l ¥PELGTOVLLE Y10 TNV SIUUOPP®ON
™G TAOKETOG LLOG.

2YNAPMOAQOIH2H

T1 Ba yperaocTovpE:

T to TeTpagAKOTTEPO:
o) okereto 450mm xquad

B) 4 kivnpec 2216 920K V( 2 pe 6e£106TpoPO KAEWDMLO KOl 2 LLE OPLGTEPOGTPOPO)

v) 4 nAextpovikovg eheyyovg tayvtnrag (ESC) favourite littlebee 20a opto

s

) umoatapia 11.1v 3s lipo 5000 45¢



https://code.google.com/archive/p/multiwii/

€) kepaio orange rx 2.4ghz
) eleyktg mtrong crius multiwii SE V2.5

ultiWii SE V2.5

J

\
s A
A

I to xelpLotplo mhonynong:

a) yeplompro PS3

B) arduino uno PIKPOEAEYKTNG

v) arduino uno USB host shield

d) kepaia iRangeX IRX4 Plus 2.4G CC2500 NRF24L01 A7105 CYRF6936 4 IN 1
Multiprotocol STM32 TX Module

€) pmataplodnkn tov 6

o1) Ta e€optuata pog dgv Ba £xovv OAa Ta cwoTA Yo epdg Popata. Onote Oa
YPEWGTOVUE KOADILO, ONAvkd Kot apceviKd BPOouaTo, KOAANTNPL, KAAdL,
HOVOTIKA, KAT.




‘Exovtog paléyet Ta vAKA Tov Bo ypelocToVIE HTOPOVLE VO EEKIVI|GOVLLE.

Hexwape torofetmvtag Toug Kivntpeg kot to. ESC otov okehetd pag,6mmwg otnyv
ewcl. Eva amd ta vép tov okeheto pog ivor 0Tt £l EVOOUATOUEVO KOKA®UA
petapopdg evépyetag otny Paomn tov. OmoTe pe Eva KOANTPL Kot KAANL KOALGUE TOL
Beticd ota OeTikd Kot To opyNTIKA 6T apvnTIKA (fdomn- esc). Oa KoOAANGOoVLE Kot £vol
OeTiKd Kot £va apvNTIKO AKOLO Y10, VO GUVOEGOVE Kot TNV pratopio pog (ek2). Zepd
&xel va ovvdéoovpe o ESC pe v mhaxéta poc. To mog, eaptdratl and tov tHmo Tov
ToAVKOTTTEPOL oV Ba ypnotpomomaoovpe. H eikdva 3 pag deiyvet tov 1pdmo avaroya
e Tov TOTO.

aikl

Tricopter

PITCH




Epeic ypnowonrotodpe v quad X S10pdpemon Yo T0 TETPUKOTTEPO OGS, OTOTE
amA®G ypetalete va doHUE GTNV EIKOVO QLTS TNG SLUUOPPMOOTG Yo Vo LABOVLE TO10
ESC mpénet va cuvdebei o mod axida ¢ mhakétag pag. I'o mtapdderypo, 6v o
Kivntpog €xel to vovuepo 10 oty gdva, 10te GuVOLoLLE To avtictolyo ESC
KaA®moo otnv akidoa D10 g mhakétag pog. [Ipocoyn oty cepd tov kKolmdiov, oto
dwd pog ESC 1o povpo kadmdoto etvar 1 yeimwon, 1o KOKKIVO

N 1éon Vee kot ta Aevkd yio Tov teTpayovikd moApd. H euwova pe Tig Slopoppmoelg
LOG OElyVEL EMIONG KoL TNV GMGTH QOPA TEPIGTPOPNS TWV KIVNTHP®V HOC, Y10 VO
OAAGEOVIE TNV TTEPIOTPOPN TOV KIVITIPO TIPETEL AMAMG VO, AVTIOTPEYOVLE 2 amd TiG 3
evaoelg Tov. Edd €xet onpacio kot 1o KAeldwpa ¢ mpomédag tov Kivntpa. Ot dvo
Kvnmpeg mov Ba oTpEeovtal SEEI0GTPOPO TPETEL VAL £XOVV APIGTEPOGTPOPO
KAeldwpa Kot ot GAAoL dV0 avticToryo 0eE106TPOPO.

Zepd £yl va cuVOEGOLIE TOV dEKTT oG oty mhakéta. H ewkova 4 Ba pag Bondnost
VO KOTOVONGOVLE KOADTEPQ TNV TAAKETA paG. Evd 1 ewkova 5 pag delyvet ta kavaia
TOV OEKTN HOG.

ESC
Interface

FTDI / Serial
Interface

Magnetometer

I Compass

2x 12C Interface

Bluetooth /
Alt Serial
Interface

9 Axis Accelerometer
IGyro

cik 4

Av kortd&ovpe TIG aKIOEG e TNV UTAE YPOUU OTNV TAAKETO Lo O doOLE ToEg
aK10EG GLVOEOVTOL LE TTOLO KOVAA TOV OEKTN HOC.\




20ovon ZuvOEoEWV

[Mokéta Aéxng ESCs

+ BATT(In cepd)

- BATT(2n cepd)

D2 THRO

D4 AILE

D5 ELEV

D6 RUDO

D7 AUX1

D8

D3 MITPOXTA APIZTEPA

D9 [MIZQ AEEIA

D10 MITPOXTA AEEIA

DI11 IMIZQ APIZTEPA
XEIPHZTHPIO

I'a to yepnotpio aniog yperdleton vo evdcovpe v thokéta arduino UNO pe v
mhokéto arduino UNO USB host shield,n onoia Oa pog emtpéyetl va cuvoécovpe to
xeipnomptlo PS3,va to dafdoovpe kot pe mv Bondeta g Kepaiog pog va
EMIKOWVOVIGOLLLE LLE TO TETPAKOTTEPO HaG. ['la va cuvoebel ) kepaia Tpémer n TP
g akida va cuvdedel pe v D3 akida tng PWM povédag tov arduino kot petd va
Tpo@odotBel amo v Vee kat ) yelwon g mAaKETaS.

10
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[MPOrPAMMATIZMO2

Aapdpbwon eAeyktn TTNONC
[Na owt6 o Prpa Ba ypetactovpe Tovg MultiWii kdoKeS Ko TO Ypaptkd TepPAriov
JLETAPNG XPNOTN, TOL Umopel vo Ppedel edm
https://code.google.com/archive/p/multiwii/ . @a ypnoiporoticovpe TV 2.4 K000
nov gtvor ko 1) teAevtaia. o v Tpomomotcovpe Kat “oveRACOVE™ TO TPOYPOLLLLOL
otV mhakéta pog Ba ypnopomotcovpe to arduino npdypappo (Arduino IDE).
Méoa otov eakero“MultiWii 2.4\MultiWii”, mov katefdoape nprv, Bo Bpodie To
MultiWii.ino apyeio, pe to onoio Ba Exovue mpdsfacn ota apyeio KOOKA GTO
Arduino IDE.

H Baaotkn eykataotacn

Avotyovpe Tovg Kddikeg 6to Arduino TPOYPOLLLLO KO WEYXVOLLE TNV KOPTELD
config.h, exei Oa BpiokovTol o1 TapapéTpol SIUOPPMOTG TOL TPOYPAUUATOS TTOV Oa
avépel oty mhakéta pog. [a va dtedégovpe pia emaoyn mpémnet va v Pydlovpe amod
T GYOMO, 0V TO YIVETE SLOYPAPOVTOG TO “//” UTPOGTA OO TN YPOUUT TOL KOJIKA TOV
Bélovpe va mpocsBicovpe. Avtég eivar ot aAlay£ OV 16mS v XPELGTOVE VO
KOVOLLE:

) 0 TOTTOG TOL TOAVKOTTEPOL LAG: E0D TPOGOOPILOVILE TOV TUTO TOV TOAVKOTTEPOL
mov Béhovpe va ehéyyovpe TV mhakéta pog. Epeig éxovpe éva tetpakdntepo kot
emAeEape va ypnotpomomaoovpe v dtapdpemon X. [a va v emhélovpe mpénet va
Bydrovpe amo ta oxdAo TNV Ypouun mov ypaest “#define QUADX™.

B) Tpocdlopiodg TAAKETOS Kol oleONTp@V: 1) ETAOYY| £0M £E0PTATAL OO TOVG
aoOntpeg eAéyyov pog. H mhaxéta pog pe ta ocncOntmpo g Ppiokete 1on oty
Mota aALd av anopacilape va mpocsOétape Kot Ao aveEaptnto Bo Tpémel va ta
emAéCoope kot avtd. H emloyn mov taptdlet pe tov eAeykti mtnong pog etvot
“#define CRIUS_SE v2 0 // Crius MultiWii SE 2.0 with MPU6050, HMC5883 and
BMPO085”.

"o 6heg Tig dAAeg emA0YEC B KPUTGOVUE TIG OPYLKES TILES, OAAL UTOPOVLLE VO TIG
aAAGEOLE OVAAOYQL TIG OVALYKES LLOG.

Topa propovpe va e oto pevod Tools, oto arduino npdypappa, vo emAéEovpe
Vv cvpuporr Thakéta kot eneEepyaotn. [a to 01ko pog MultiWii ypnoiponolovpe
“Arduino Pro or Pro mini” pe tov “Atmega328 (5V,16MHz)”. 'l va. cuvdécouyie to
MultiWii pe tov vmodoyiot Ba ypnoipomomcovpie Eva epyareio mov Aéyete FTDI,
v va uvdeBoHV cwotd mpénel amAdg va tpocégovpe Tig evoeitelg BLK kot GRN
Kol 071G 2 TAOKETEG, OIS 6TV £koOva 6. 'Exovtag kdvel autd Tatdpe T0 KOLUTL
“Verify” yuo chvtaén tov kddwo(compile), kot av 6da givar evta&et tote TaTALE TO
xovuni “Upload” yia va “aveBdoovpe” Tov KOOKO Lo GTNV TAUKET LLOG.

11
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https://code.google.com/archive/p/multiwii/

BaBuovounon

AoV avEPNKE TO TPOYPULLLLO LLOG GTNV TAOKETO, LWITOPOVLLE VO YPTCGLLOTOGOVLLE TO
MultiWiiConf GUI, mov katefdoape pali pe Touvg KOdKeS. XTov QAKELO
MultiWiiConf ntpénet va. Bpodpe Tov @AKELO TOV OVTIGTOLYEL GTO OKO HLaG
Aertovpykd cvotnua kot vo tpéovpe v epapuoyn MultiwiiConf.
Me to MultiWiiConf GUI avoiytd, emiléyovpe v 00pa(COM) oty omoia et
ouvdebel n mhakéta pag( umopoVue va to BPodie amd TOV SLOYEPLOTI] GUCKEVDOV),
notdpe READ ko petd START. Oheg ot mAinpogopieg pog yo tnv mAakéta pog 0o
avaroprotavtol oto GUI, dnwg oty ekdva 7.
Topa npénet va fabpovopuncovpe KAToovg acOnTipes TG TAAKETOG LLOG.
e  Emrtoyvvowdpetpo: Balovpe v mAakéTo o€ pio ETITEIT EMPAVELL KOL TOTALE
to xovuni CALIB_ACC. Agv petaxivoope v mAakéto péypt va 6Pnoetl To
UTTAE @OTAKL TNG.
o [Iv&ida: matdpe o kovuni CALIB. MAG kot yio o emdpeva 30 devtepdrienta
yupilovpe ™V TAaKETO YOP® amd GAOVLS TOVG AEoveES TNG.

12
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Tpomot ntnonc(Flight modes)

To MultiWii map€yet d10popovg TPOTOVE TTNOELS, AVALOYO TOLG AGHNTPES TOL
YPNOLOTOIOVE KOl TIC OVAYKEG TTOV £YOVUE KATH TOV EAEYYO TOV TOAVKOTTEPOV LLOGC.

MultiWiiConf — X

MULTRICOM]| SETTINGS P
g 1o o P I D RATE TPA LOWMIDHISH L WM H L M oH L MmoH
V240 ROLL 531 30l 250 .. (600 (arm
Save Loap | PITCH[330 laosol 250 ANGLE 2
COM = COMO YAW (68 (0.045 0 0.00 BARD
ALT (64" [0025] 24
PORTCOM - oo oo oo MAG n
coma A3 0
ClosEcomm  PoSR 34 044 0053
NawR (257 (0337 [0.085
LEVEL 010" (00401 400
MAG (40
MID  [050) [mrer 1000 1000

EXPO [0.00 FRONT_L FRONT_R

i (Y
ROLL PITCH

RATE l].tf[l EE‘L‘: ACC BARO MAG
EXPO [0.65 GPS SONAR OPTIC
READ RESET CALIB_MAG CALIB_ACC WRITE SELECT SETTING 0 1000 1000

REAR_L REAR_R

START STOP  Cycle Time: 2800 12C error: 0

speed: 0

sat :

dist home : 0
debugl debugd

ek 7
H ewdva 8 pog deiyvel mordg tpdmog ypnotponotel KOs aicOnpa (y=ovarykaio
eEApTNLO, 0= TTPOTEIVOUEVO EEAPTNLLAL).

e Arm (Acro Mode): deiyvel av To moAvKOTTEPO lval “OmAMGUEVO” 1 Gyt Yo
ntion. Edv tintota dAlo dev elvar evepyomotlpévo,xpnoipomoteitol autopoTo,
avtog 0 Tpdémog. H yovia mov amoostédeton amd tov padlomound pdg Aéel OG0
YPNYOP TPEMEL TO TETPOUKOTTEPO OGS VO CTPEPETOL YOP® OO TOVG AEOVES TOV
Kol €0V ap|oovE ToV EAEYXOV TOL Ba cuveyicel va Kiveital (ot va yabel
EMKOWVOVIO,OALE €0V ATAMG APT)COVLLE TO YEPNCTAPLO GTNV AKPN).

e Angle(Self Level Mode): pe avtdv tov 1pdmo 0 eAeYKTNG TTHONG YPNOYLOTOEL
TOV EMTOYVVGLOUETPO KOL TO YUPOCSKOTIO Vo 010t pel To eminmedo tov
TOAVKOTTEPOL 6TaBEPO OGO deV LILAPYEL EAEYYOG.

e Horizon: givan évag cuvdloopog peta&d tov Arm kot Angle. O
CLUTEPIPEPETOL G angle 660 VILapPyEL LIKPN (PT|OT TOL PASTOTOUTOV KO MG
acro 6tav o Toundc Ppickete vd peydAo optio( Ty pe To 1010 drone tpaPayple
otafepd Pvieo pe LKPEG KIVIOELS Kol LETATOTIGELS Kot HeTd pe To 100 drone
UTTOPOVLLE VO KAVOVLE OYWVIGTIKEG TTNOELS).

e Mag: ue 10 mag evepyomompévo o EAEYKTNG Ttiomg Ba ypnoomotet To
Loy VI TOUETPO Y10, VAL KPATAEL TO TOAVKOTTEPO GTAEP VaL OElYVEL TPOG Lt
KatevBuvor, Otav 0ev EAEYYETAL TO Yaw TOV.

e Baro: ypnowonotei to PapdUeETPO V1o Vo KPATAEL TO TOAVKOTTEPO LLOG OE
otafepd VYOUETPO.

e GPS hold: dwatmpel v Béon oL ypnoponowwvtag o GPS kot 1o BARO

e GPS return home: ypnoponotei 1o GPS kot 1o poyvntépeTpo yo v
EMIGTPOPT] TOL TOAVKOTTEPOV GTO APYIKO G UETLD.
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[ va evepyomoicovpie £vay TPOTO TTHONG TPEMEL VO, GLVOEGOVLE TNV TAUKETOL LLOG
Le Tov vwoAoyloty, va avoiéovpe to MultiWiiConf GUI, emAéyovpe v Bvpa
nag(COM), mataue READ,START kot ToeKAPOVLE TOL KOVTLA TOV TOUPLALOVY LE TOV
emBouunto tpdmo mrong Ko v Pondntikn katdotaon(AUX), dnwg oty gikdva 9.
Ot 1po6TOL LITOPOHV VoL GLVIVAGTOVY UETAED TMV SUPOPETIKOV KATUGTAGEMV Y10,
KOAOWYOLV SL0QOPETIKES OVAYKES (OTNV JIKY| HOG TEPITTO®ON EXOVUE LOVO LLdL
Bondntikn xatdotaon AUX1).

MODE Gyroscope Accelerometer Barometer Magnetometer GPS
Acro/Gyro only X
Stable/Angle X X
Horizon X X
HeadFree X X X X 0
Altitude Hold X X X
GPS return home X X 0 X X
GPS waypoint X X 0 X X
GPS position hold X X 0 X X
Failsafe X

e 8

AUX1 AUX2 AUX3 AUX4
M )

LOWMIDHIGH L M H L H L H

ARM
ANGLE

HORIZON H
BARO
MAG =

e 9
Yvvtoviopog eréyyov PID

O ocvvtoviopdg eréyyov PID yivete péosm tov MultiWiiConf GUI ko eivan ) Aemtn
pOOoN Tov TETPpaKOTTEPOL poG. Kabopilel TV cupmeptpopd 1oV TETPAKOTTEPOL LLOG
otV amoyeimon,mpocyeimon Kot Katd TV oldpkela T nTrong Tov. Edd umopel va
Bpet kdmolog mAnpoopieg yia 1o Ti lvar o PID €reyyoc, g Asttovpyel, Tdg ot TYHES
TOV GLVTEAEGTMV TOL Oa EMNPEAGOVV TN GTAGT TOL OYNLLOTOG HOG KO TS UTOPOVLLE
vo To. cuvtovicovpe. https://oscarliang.com/quadcopter-pid-explained-tuning/

To wpdypappo MultiWii €yet Tig dkég Tov oTdvVTapT TIHES, OTOS oTNV £1KOva 10.
[No v oAAGEovpe o T Totdpe Kot KPOTape Tivem TG Kot LETO GEPVOLLLE TOV
delktn ota 6e&ld 1 aploTEPA, Y10 VO VENGOLLLE 1] VO LELWCOVLE OVTIGTOLYO TNV TUUY.

14

——
 —


https://oscarliang.com/quadcopter-pid-explained-tuning/

0 P
ROLL 33
PITCH 3.3
YAW 6.8
ALT 64

Pos 0.15
PosR 343
NavR 25
LEVEL 9.0
MAG 4.0

eix 10)

XelpLatnplo Mtnonc

Amo@pdocica 6tL n0ela va ypnoiponomon yeptotipto PS3 yuo v mhonynomn tov
TETPOKOTTEPOL HoG. [l va yiver avto, £x0vTag GLUVOEGEL TOL KOUUATLO LOG T YOEVOLLE
oTNV 16TOGEAIDO

https://github.com/felis/USB_Host_Shield 2.0 kot katefalovpe v Bipiodnkn ce
pHopeM zip.

Metd v npocBétovpe oto arduino IDE. Ta frpata yia va yiver avtd givor og e€fg
sketch->include library-> add .zip library kot v emAéyovpe and kel mTov TV
amodnkevoapeE.

Metd katevBuvopacte oy wotoceAida https://github.com/DroneMesh/USB_PPM
kot kateBalovpe 1o apyeio PS3 PPM kot to avoiyovpe oto arduino IDE. Emiéyovpe
B0pa, TAakéta Kot pukpoemeEepyaotn, kdvovpe compile ko petd upload. Eipoote
£TOLLOL.
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https://github.com/felis/USB_Host_Shield_2.0
https://github.com/DroneMesh/USB_PPM

2YMIEPAZMATA KAI NMPOTAZEIZ ANAMNTY=H2

O apamdve ceMoeg elvar Evag 0omnyog pe Tic factkég 00MnYieg Yo TNV VAOTOMGON
Kot ovAmTuén evog moAVKOTTTEPOL YpMolponotmvtag MultiWii eleykti TTiomng.
AveloptNTOC TO OTL EUEIC EMAEEUNE VO YPTOLOTOGOLVLE TNV SAUOPP®OT X GTO
TETPOKOTTEPO LLOG, TA PUATO LLOG LTOPOVY EDKOAN VO TPOGUPLOGTOVV Y10 VO,
QTIOEOVUE BALOV TUTTOV TTOAVKOTTEPO.

Q¢ mTvyakn o propovcav TpocteBoHv dLapopot achNTPEg aKdpa Yio LEYOADTEPO
Eleyyo M/xat emhoyéc mtnoels. 'Eva moAd opaio mapdadetypa ivor n xprion covap,
dtvovtog €161 610 drone pag TV KavoTnTa Vo avayvepilel Kot vo amoyedyel EUTOdIaL.
Evo éva amho mapaderypo o tav n eveopdtoon Kduepag pe Sk emkotvovio
EIKOVOG NYOV 1 OTMG AVAPEPULE GE TTPONYOLLEVT GeEALda Ba pmopovoape va Balope
GPS ko1 va aglomomcovpe Tig Aettovpyieg TTnong Tov.

"Eav kdmotog aioBdavetarl olyovpog yia Tig YVOGELS TOV GTOV TPOYPUUUATIGHO o
umropovce va epPabvvel Kot va yplyel KOodtkes (vropovutiveg). o mtapdderypa pe to
AT VOGS KOLUTION Vo KAvel Kamoto kKOATo otov aépa (flip). Eniong pe tic
KatdAANAeS Yvdoel kot eEomMopd Oa pmopovce kovelg va kdvet Eva drone va kdvet
YapTOypaenon(mapping) evog ydpov Kol Vo OVATOPUGTHGEL TO TPLOIACTUTO HOVTELOD
TOV.

To un emavopopéva evagpla oynuaTa eival pio Tapo oA wpaio 10, 1 omoia
ouveyds eEEMOGETE.

O koopog ypnoonolel TAéov drones Oyl amAd Yo QOTOYPOPNOELS, OAAL OTTO AYDVEG
ToYVTNTOG UEYPL Otavoun (PaynTo 1 oTONTOTE ,my PAEME amazon) pEYPL akdLL
dnuovpyndnke drone yuo yapepa. Avtd mov 0EA® va o gival 6Tt To HOVO TOL HOG
oTOpOTAEL Etvat 1 @avTacio pog Kot 1 0peén pag.

.
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[MAPAPTHMA

KQAIKEZ 2Y2THMATO2
Kwdwkac MultiWii.

Kaptéda MultiWii

/*
* Welcome to MultiWii.
*
* If you see this message, chances are you are using the Arduino IDE. That is ok.
* To get the MultiWii program configured for your copter, you must switch to the tab
named 'config.h'.
* Maybe that tab is not visible in the list at the top, then you must use the drop down
list at the right
* to access that tab. In that tab you must enable your baord or sensors and optionally
various features.
* For more info go to http://www.multiwii.com/wiki/index.php?title=Main_Page
%
* Have fun, and do not forget MultiWii is made possible and brought to you under
the GPL License.
*
*/
Kaptéda Alarms.cpp
#include "Arduino.h"
#include "config.h"
#include "def.h"
#include "types.h"
#include "MultiWii.h"
#include "LCD.h"
#include "Sensors.h"
#include "Alarms.h"

void alarmPatternComposer();

void patternDecode(uint8_t resource,uint16 t first,uint16_t second,uint16_t
third,uint16_t cyclepause, uintl6_t endpause);

void setTiming(uint8 t resource, uint16_t pulse, uintl6_t pause);

void turnOff(uint8_t resource);

void toggleResource(uint8 t resource, uint8_t activate);

void vario_output(uintl6 td, uint8 tup);

void inline switch_led flasher(uint8 t on);

void inline switch landing_lights(uint8 t on);

void PilotLampSequence(uint16_t speed, uint16_t pattern, uint8 t num_patterns);

static uint8_t cycleDone[5]={0,0,0,0,0},
resourcelsOn[5] = {0,0,0,0,0};

static uint32 t LastToggleTime[5]={0,0,0,0,0};

static int16_t i2c_errors_count old = 0;
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static uint8 t SequenceActive[5]={0,0,0,0,0};

#if defined(BUZZER)
uint8_t isBuzzerON(void) { return resourcelsOn[1]; } // returns true while buzzer is
buzzing; returns 0 for silent periods
#else
uint8 t isBuzzerON() { return 0; }
#endif //end of buzzer define

/********************************************************************/

[RHE* Alarm Handling kxS
/********************************************************************/
/*

AlarmArray

0: toggle

: failsafe

: noGPS

: beeperOn

: pMeter

: runtime

: vBat

: confirmation

1 Acc

: 12C Error

*/

/*

Resources:

0: onboard LED

1: Buzzer

2: PL GREEN

3: PLBLUE

4: PL RED

*/

void alarmHandler(void) {

01N N KW

O

#if defined(RCOPTIONSBEEP)
static uint8_t i = 0,firstrun = 1, last rcOptions] CHECKBOXITEMS];

if (last_rcOptions[i] !=rcOptions[i]) alarmArray[ALRM FAC TOGGLE] =
ALRM_LVL TOGGLE 1;
last_rcOptions[i] = rcOptions[i];
i+t
if(i >= CHECKBOXITEMS)i=0;

if(firstrun == 1 && alarmArray[ALRM_FAC_CONFIRM] == ALRM_LVL_OFF)
{
alarmArray]JALRM _FAC_TOGGLE]=ALRM LVL OFF; //only enable
options beep AFTER gyro init
alarmArray[ALRM FAC BEEPERON]=ALRM LVL OFF;

}

else firstrun = 0;
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#endif

#if defined(FAILSAFE)
if ( failsafeCnt > (S*FAILSAFE DELAY) && f. ARMED) {
alarmArray[ALRM_FAC FAILSAFE]=ALRM LVL FAILSAFE PANIC;
//set failsafe warning level to 1 while landing
if (failsafeCnt > 5*(FAILSAFE DELAY+FAILSAFE OFF DELAY))
alarmArray[ALRM FAC FAILSAFE]=ALRM LVL FAILSAFE FINDME;
/Istart "find me" signal after landing
}
if ( failsafeCnt > (S*FAILSAFE _DELAY) && !f.ARMED)
alarmArray[ALRM FAC FAILSAFE]=ALRM_LVL FAILSAFE FINDME;
// tx turned off while motors are off: start "find me" signal
if ( failsafeCnt == 0) alarmArray[ALRM_FAC_FAILSAFE]=ALRM LVL OFF;
// turn off alarm if TX is okay
#endif

#if GPS
if (f.GPS_mode != GPS MODE NONE) && !'f.GPS_FIX)
alarmArray[ALRM _FAC GPS]=ALRM_LVL GPS NOFIX;
else if ({f.GPS_FIX) alarmArray]ALRM_FAC GPS]=ALRM LVL ON;
else alarmArray[ALRM_FAC GPS]=ALRM _ LVL OFF;
#endif

#if defined(BUZZER)
if ( rcOptions[ BOXBEEPERON] ) alarmArray[ALRM_FAC BEEPERON] =
ALRM _LVL ON;
else alarmArray[ALRM_FAC BEEPERON]=ALRM LVL OFF;
#endif

#if defined(POWERMETER)
if ((pMeter[PMOTOR_SUM] < pAlarm) || (pAlarm == 0) || f. ARMED)
alarmArray[ALRM_FAC PMETER]=ALRM_LVL OFF;
else if (pMeterf[PMOTOR_SUM] > pAlarm) alarmArray[ALRM_FAC PMETER]
=ALRM_LVL ON;
#endif

#if defined(ARMEDTIMEWARNING)
if (ArmedTimeWarningMicroSeconds > 0 && armedTime >=
ArmedTimeWarningMicroSeconds && f.ARMED)
alarmArray[ALRM_FAC RUNTIME]=ALRM LVL ON;
else alarmArray[ALRM_FAC RUNTIME]=ALRM LVL OFF;
#endif

#if defined(VBAT)
if (vbatMin < conf.vbatlevel crit) alarmArrayfALRM FAC VBAT] =
ALRM LVL VBAT CRIT;
else if ( (analog.vbat > conf.vbatlevel warnl) || (NO_VBAT > analog.vbat))
alarmArray[ALRM FAC VBAT]=ALRM LVL OFF;
else if (analog.vbat > conf.vbatlevel warn2) alarmArray[ALRM_FAC VBAT] =
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ALRM_LVL VBAT INFO;
else if (analog.vbat > conf.vbatlevel crit) alarmArrayfALRM_ FAC VBAT] =
ALRM _LVL VBAT WARN;
/lelse alarmArray[6] = 4;
#endif

if (i2¢_errors _count > i2¢ errors count old+100 || i2¢_errors count < -1)
alarmArray[ALRM_FAC I2CERROR]=ALRM LVL ON;

else alarmArray[ALRM_FAC I2CERROR]=ALRM LVL OFF;

#if defined(LCD_TELEMETRY) &&
!defined(SUPPRESS TELEMETRY PAGE 8)

if (telemetry == 8) lcd_telemetry(); // must output the alarms states now because

alarmPatternComposer() will reset alarmArray([]

#endif

alarmPatternComposer();

}

void alarmPatternComposer() {
static char resource = 0;
// patternDecode(length1,length2,length3,beeppause,endpause,loop)
#if defined(BUZZER)
resource = 1; //buzzer selected
if (IS _ALARM SET(ALRM_FAC FAILSAFE,
ALRM_ LVL FAILSAFE FINDME) ) patternDecode(resource,200,0,0,50,2000);
//failsafe "find me" signal
else if (IS ALARM_SET(ALRM_FAC FAILSAFE,
ALRM_LVL FAILSAFE PANIC) ||
IS ALARM_SET(ALRM_FAC ACC,ALRM_LVL ON))
patternDecode(resource,50,200,200,50,50); //failsafe "panic" or Acc not calibrated
else if (IS_ ALARM_SET(ALRM_FAC TOGGLE , ALRM_LVL TOGGLE 1))

patternDecode(resource,50,0,0,50,0); /ltoggle 1
else if (IS ALARM_SET(ALRM_FAC TOGGLE ,ALRM LVL TOGGLE 2))
patternDecode(resource,50,50,0,50,0); /ltoggle 2

else if (IS ALARM_SET(ALRM_FAC TOGGLE,
ALRM LVL TOGGLE ELSE)) patternDecode(resource,50,50,50,50,0); //toggle
else

#if GPS

else if (IS ALARM_SET(ALRM_FAC GPS,ALRM LVL GPS NOFIX))

patternDecode(resource,50,50,0,50,50); //gps installed but no fix

#endif

else if (IS ALARM_SET(ALRM_FAC BEEPERON ,ALRM LVL ON))

patternDecode(resource,50,50,50,50,50); //BeeperOn

#ifdef POWERMETER

else if (IS ALARM_SET(ALRM_FAC PMETER ,ALRM LVL ON))

patternDecode(resource,50,50,0,50,120); //pMeter Warning

#endif

else if (IS_ ALARM_SET(ALRM_FAC RUNTIME ,ALRM LVL ON))
patternDecode(resource,50,50,50,50,0); //Runtime warning

#ifdef VBAT

else if (IS ALARM_SET(ALRM_FAC VBAT,ALRM LVL VBAT CRIT))
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patternDecode(resource,50,50,200,50,2000);  //vbat critical
else if (IS ALARM_SET(ALRM_FAC VBAT,ALRM LVL VBAT WARN))
patternDecode(resource,50,200,0,50,2000); //vbat warning
else if (IS_ ALARM_SET(ALRM_FAC VBAT,ALRM LVL VBAT INFO))
patternDecode(resource,200,0,0,50,2000); //vbat info
#endif
else if (IS ALARM_SET(ALRM_FAC CONFIRM ,ALRM LVL CONFIRM 1)
) patternDecode(resource,200,0,0,50,200);  //confirmation indicator 1x
else if (IS ALARM_ SET(ALRM_FAC CONFIRM ,ALRM LVL CONFIRM 2)
) patternDecode(resource,200,200,0,50,200); //confirmation indicator 2x
else if (IS ALARM_SET(ALRM_FAC CONFIRM ,
ALRM LVL CONFIRM_ ELSE)) patternDecode(resource,200,200,200,50,200);
//confirmation indicator 3x
else if (SequenceActive[(uint8_t)resource] == 1)

patternDecode(resource,0,0,0,0,0); // finish last sequence if not finished
yet
else turnOff(resource); // turn off the

resource
alarmArray[ALRM FAC ACC]=ALRM LVL OFF;
//reset acc not calibrated

#endif
#if defined(PILOTLAMP)
if (IS ALARM_SET(ALRM_FAC I2CERROR ,ALRM LVL ON))

PilotLampSequence(100,B000111,2); /12C Error
else if (IS_ ALARM_SET(ALRM_FAC BEEPERON,ALRM LVL ON))
PilotLampSequence(100,B0101<<§/B00010001,4); //BeeperOn
else{

resource = 2;
if (ARMED & & f. ANGLE MODE)
patternDecode(resource, 100,100,100,100,1000); //Green Slow Blink-->angle
else if (FARMED && f.HORIZON MODE)
patternDecode(resource,200,200,200,100,1000); //Green mid Blink-->horizon
else if (f ARMED) patternDecode(resource,100,100,0,100,1000);
//Green fast Blink-->acro
else turnOff(resource); //switch off
resource = 3;
#if GPS
if ( IS ALARM SET(ALRM FAC GPS,ALRM LVL ON))
patternDecode(resource,100,100,100,100,100); // blue fast blink -->no gps fix
else if (f.GPS_mode != GPS_ MODE NONE)
patternDecode(resource, 100,100,100,100,1000); //blue slow blink --> gps
active
else setTiming(resource,100,1000); //blue
short blink -->gps fix ok
#else
turnOff(resource);
#endif
resource = 4;
if (IS ALARM_SET(ALRM_FAC FAILSAFE,
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ALRM LVL FAILSAFE PANIC) ) setTiming(resource,100,100); //Red
fast blink--> failsafe panic

else if (IS ALARM SET(ALRM FAC FAILSAFE,
ALRM_LVL FAILSAFE FINDME) ) patternDecode(resource,1000,0,0,0,2000);
//red slow blink--> failsafe find me

else turnOff(resource);

}
#endif

}

void patternDecode(uint8 t resource,uint16 t first,uint16 t second,uintl6 t
third,uint16_t cyclepause, uint16_t endpause){

static uint16_t pattern[5][5];

static uint8_t icnt[5] = {0,0,0,0,0};

if(SequenceActive[resource] == 0){
SequenceActive[resource] = 1;
pattern[resource][0] = first;
pattern[resource][1] = second;
pattern[resource][2] = third;
pattern[resource][3] = endpause;
pattern[resource][4] = cyclepause;

J

if(icnt[resource] <3 ){
if (pattern[resource][icnt[resource]] != 0){

setTiming(resource,pattern[resource][icnt[resource]],pattern[resource][4]);

}
j

else if (LastToggleTime[resource] < (millis()-pattern[resource][3])) { //sequence is
over: reset everything
icnt[resource]=0;
SequenceActive[resource] = 0; //sequence is now done,
cycleDone sequence may begin
alarmArray[ALRM_FAC TOGGLE]=ALRM LVL OFF;
//reset toggle bit
alarmArray[ALRM_FAC CONFIRM]=ALRM LVL OFF;
//reset confirmation bit
turnOff(resource);
return;
h
if (cycleDone[resource] == 1 || pattern[resource][icnt[resource]] == 0) {
//single on off cycle is done
if (icnt[resource] < 3) {
icnt[resource]++;
}
cycleDone[resource] = 0;
turnOff(resource);

}
h
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void turnOff(uint8 t resource){
if (resource == 1) {
if (resourcelsOn[1]) {
BUZZERPIN OFF;
resourcelsOn[1] = 0;
¥
telse if (resource == 0) {
if (resourcelsOn[0]) {
resourcelsOn[0] = 0;
LEDPIN_OFF;
}
telse if (resource == 2) {
if (resourcelsOn[2]) {
resourcelsOn[2] = 0;
#if defined (PILOTLAMP)
PilotLamp(PL_GRN_OFF);
#endif
}
telse if (resource == 3) {
if (resourcelsOn[3]) {
resourcelsOn[3] = 0;
#if defined (PILOTLAMP)
PilotLamp(PL_BLU_OFF);
#endif
}
telse if (resource == 4) {
if (resourcelsOn[4]) {
resourcelsOn[4] = 0;
#if defined (PILOTLAMP)
PilotLamp(PL _RED OFF);
#endif
}
}
}

#if defined (PILOTLAMP)
//original code based on mr.rc-cam and jevermeister work
//modified by doughboy to use timer interrupt

#define PL_ BUF _SIZE 8

volatile uint8 t queue[PL_BUF_SIZE]; //circular queue
volatile uint8 t head = 0;

volatile uint8_t tail = 0;

/********************************************************************/

[rANE Pilot Lamp Handling oo/
sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeosie sk sk skeoske skeoske sk sk skokeskok sk
/ /

//define your light pattern by bits, O=off 1=on
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//define up to 5 patterns that cycle using 15 bits, pattern starts at bit 0 in groups of 3
// 14131211109876543210
//' R BGRBGRBGRBGRBG
//parameters speed is the ms between patterns
/! pattern is the 16bit (uses only 15 bits) specifying up to 5 patterns
/! num_patterns is the number of patterns defined
/lexample to define sequential light where G->B->R then back to G, you need 4
patterns
/! B00000101<<8 | BO0010001
//lexample: to define alternate all on and al off, you only need two patterns
/! B00000111
void PilotLampSequence(uint16_t speed, uint16_t pattern, uint8 t num_patterns){
static uint32_t lastswitch = 0;
static uint8 t seqno = 0;
static uint16_t lastpattern = 0; //since variables are static, when switching patterns,
the correct pattern will start on the second sequence

if(millis() < (lastswitch + speed))
return; //not time to change pattern yet
lastswitch = millis();

for (uint8_t i=0;i<3;i++) {
uint8 t state = (pattern >>(seqno*3+i)) & 1; //get pattern bit
//since value is multiple of 25, we can calculate time based on pattern position
//i=0 is green, 1=blue, 2=red, green ON ticks is calculated as 50*(0+1)-1*25 =25
ticks
uint8 t tick = 50*(i+1);
if (state)
tick -=25;
PilotLamp(tick);
resourcelsOn[i+2]=state;
}
seqno+-+;
seqno%=num_patterns;

}

void PilotLamp(uint8_t count){
if (((tail+1)%PL_BUF_SIZE)!=head) {
queue[tail]=count;
tail++;
tail=(tail%PL_BUF SIZE);
b
}

//ISR code sensitive to changes, test thoroughly before flying
ISR(PL _ISR) { //the interrupt service routine
static uint8_t state = 0;
uint8 t h = head;
uint8 tt = tail;
if (state==0) {
if (h!=t) {
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uint8 t ¢ = queue[h];
PL PIN ON;
PL CHANNEL+=c;
h = ((h+1) % PL_BUF_SIZE);
head = h;
state=1;
§
} else if (state==1) {
PL PIN OFF;
PL CHANNEL+=PL _IDLE;
state=0;
}

¥
#endif

skl s et ks s ke ks s ekl s s ekl s ket ks st okl s st kel st ks stk ks st kel s ekl sk /
[rAHE LED Handling Hodk/

/********************************************************************/

//Beware!! Is working with delays, do not use inflight!

void blinkLED(uint8 t num, uint8 t ontime,uint8 t repeat) {
uint8 ti,r;
for (r=0;r<repeat;r++) {
for(i=0;i<num;i++) {
#if defined(LED_FLASHER)
switch_led flasher(1);
#endif
#if defined(LANDING _LIGHTS DDR)
switch_landing_lights(1);
#endif
LEDPIN TOGGLE,; // switch LEDPIN state
delay(ontime);
#if defined(LED_FLASHER)
switch_led flasher(0);
#endif
#if defined(LANDING _LIGHTS DDR)
switch_landing_lights(0);

#endif
delay(60); //wait 60 ms
/********************************************************************/
[rAHE Global Resource Handling roAdok/

/********************************************************************/

void setTiming(uint8_t resource, uintl6 t pulse, uintl6_t pause){
if (IresourcelsOn[resource] && (millis() >= (LastToggleTime[resource] +
pause))&& pulse !=0) {
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resourcelsOn[resource] = 1;

toggleResource(resource, 1);

LastToggleTime[resource]=millis();

} else if ( (resourcelsOn[resource] && (millis() >= LastToggleTime[resource] +
pulse) ) || (pulse==0 && resourcelsOn[resource]) ) {

resourcelsOn[resource] = 0;

toggleResource(resource,0);

LastToggleTime[resource]=millis();

cycleDone[resource] = 1;

j
}

void toggleResource(uint8 t resource, uint8 t activate){
switch(resource) {
#if defined (BUZZER)
case 1:
if (activate == 1) {BUZZERPIN ON;}
else BUZZERPIN OFF;
break;
#endif
#if defined (PILOTLAMP)
case 2:
if (activate == 1) PilotLamp(PL_GRN_ON);
else PilotLamp(PL_GRN_OFF);
break;
case 3:
if (activate == 1) PilotLamp(PL_BLU_ON);
else PilotLamp(PL_BLU_OFF);
break;
case 4:
if (activate == 1) PilotLamp(PL_RED_ON);
else PilotLamp(PL_RED_OFF);
break;
#endif
case 0:
default:
if (activate == 1) {LEDPIN_ON;}
else LEDPIN_OFF;
break;
b

return;

}

/********************************************************************/

[rANE LED Ring Handling ot/

/********************************************************************/

#if defined(LED_RING)
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#define LED RING ADDRESS 0xDA //7 bits

void i2CLedRingState(void) {
uint8 t b[10];

b[0]='M'; // Multiwll mode
if (L ARMED) { // Motors running = flying
if(!{(FANGLE_MODE||[fHORIZON MODE)){ /ACRO
b[0]='x";
} else if(f.GPS_mode == GPS_ MODE RTH){ //RTH
b[0]="w";
} else if(f.GPS_mode == GPS_ MODE HOLD){//Position Hold
b[0]="v';
} else if(fFHORIZON_MODE){ /HORIZON mode
b[0]="y";
} else {
b[0]="u"; // ANGLE mode
}
i2¢_rep_start(LED RING ADDRESS);
i2¢_write(b[0]);
12¢_stop();
} else if (1. ACC_CALIBRATED) { // Multiwii not stable or uncalibrated
b[0]="t';
i2c_rep_start(LED RING_ADDRESS);
12c_write(b[0]);
12c_stop();
} else { // Motors not running = on the ground
b[0]="s";
if ffANGLE_MODE) b[1]=1;
else if (fftHORIZON MODE) b[1]=2;
else b[1]=0;
if fBARO_MODE) b[2]=1;
else b[2]=0;
if (ftMAG_MODE) b[3]=1;
else b[3]=0;
#if GPS
if (rcOptions[ BOXGPSHOME)) b[4]=2;
else if (rcOptions| BOXGPSHOLDY]) b[4]=1;
else b[4]=0;
#else
b[4]=0;
#endif
b[5]=(180-att.heading)/2; // 1 unit = 2 degrees;
b[6]=GPS_ numSat;
i2c_rep_start(LED RING_ADDRESS);
for(uint8 t 1=0;1<7;1++){
12¢_write(b[1]);
}
i2¢_stop();
}
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#if defined (VBAT)
if (analog.vbat < conf.vbatlevel warnl){ // Uh oh - battery low
i2c_rep_start(LED RING_ADDRESS);
i2c_write('r');
12c_stop();
}
# endif

}

void blinkLedRing(void) {
uint8 t b[3];
b[0]='g’;
b[1]=10;
b[2]=10;
i2¢_rep_start(LED RING ADDRESS<<I);
for(uint8_t i=0;i<3;i++)

12¢c_write(b[1]);

i2¢_stop();

}

#endif

/********************************************************************/

[rAHE LED flasher Handling ropok/
/********************************************************************/

#if defined(LED_FLASHER)
static uint8_t led flasher sequence = 0;
/* 1f we load a specific sequence and do not want it change, set this flag */
static enum {
LED FLASHER AUTO,
LED FLASH