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ABSTRACT

The objective of our project was to study about unmanned aerial vehicle or
drone using processor unit by Pixhawk flight controller board and other modules.
Drone receive energy from energy ground station by AC voltage transmission wire. AC
transmission makes use small and light wire from altitude at 12 metres Finally,AC
convert to DC 12V 50A with a switching power supply. This method makes drone can
fly longer than using a lipo battery wherewith operate 20-30 minutes. In order to make
the drone as a transmitter-receiver antenna Signal from the NRF24l01 module that is
installed with the RCWL-0516 sensor that is a microwave motion sensor. Then passed
to display on the LCD screen. Which is suitable for detection intruder in area or alert

surveillance area for security system and best range for operation is 300 metres.
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UM 2.10 fegagaanuiiiseu (ESC)
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[ ] =3 [ o o s a g v oo a e o @ =

Wuannuwaenudsesdmiuldlumsty wuawedlddueiaidvminuinass
mEnInenasugildegrades uwaduaesusziamlug fie

2.5.1 UUmmBILUU NiMH (Nickel Metal Hydride)

] (7] [ 3 1 [ E73 dl 3 d'

dMIVRIMALIUTWINANLUY FP 1 unesuivglfuunmadiuy NiIMH Lumaeswuy
tldvuiuesnmaguasnuildgeenin Tutegtuuumneduvuiiduiitedldfuunndd
LUALABIUUY NiCd (Nickel Cadmium) usdildiuninidlesandaiaguinnings 2-3 wh

ol v - R P Y o v aa l
uBNNY NiCd saimsiiuivodeuwinaeaudnime amnuguesnunmesdeuvenlugUvasa

d A 1 14 1 ! 0:! 1 v

Ussgiwuamaidneldidu 1000 mAh vanganui lu 1 Flusesamsedienseuaaonanld

q

1A

@l I

gﬂﬁ 2.11 §98NULUAMMDI LU NIMH (Nickel Metal Hydride)

2.5.2 WUMABILUU LiPo (Lithium Polymer)

wialulaglmiiminlformesudduilandsnulnilasuanuiey unlutaguude
WUAWBSWUY LiPo (Lithium Polymer) wumwmeskuviidelfUsouniuuy NiMH wiane
DAY ﬁmﬁ'mm’[ﬁwﬁamuqq ANUESLAzUsEANEANgInIman UBNMNTLUAABILUY

o @ o

o & v Vs o a v Ay 1
M3 ﬂ’]iﬂqﬂﬂ'ﬁﬁﬂqﬁﬂﬂqﬂwaﬂuﬂLW@ﬂﬂSUWﬁ\N'}ULW GIND AUNIANINABDINITEIU

[

LiPo il
v o Sz o v ) ™ o 1 § My a
VOLAYUVDILUALRDILUUUNAD N?qﬂqﬁﬂﬂqﬂuaiﬂ@qlﬂﬂ LLUWLWB?LLUUN%‘U’ﬁﬂﬂLWEN 300-400



11

o O = 1 < . a ] = a a 8/ )
AT @sUszneufiegmelulupmeiuuy LiPo Aaldeds enafanmssudaladill
YsIsedaiueggns sumiadfiaseliludunddilivasnds awildifnnssedaldidde

a a ql; 8 = y‘f e S at A i o asey 1 i ot
LANNITNTSLUNN W\TUUHTﬂ‘ﬁLLUCﬁLW@?LLUU{J?\N@E”J\‘iﬂJ‘UBﬂ'ﬁig'NW maaﬂgummuamamidmm

]
o I

UM 2.1 e auUmABILUU LiPo (Lithium Polymer)

2.6 N13AUANNTSTULAY ROLL PITCH YAW

Pitch Axis

s

L

Yaw Axis

o

Roll Axis

SUT 2.13 unu ROLL PITCH YAW

- wnumue daualuasamadondt unu longitudinal axis, uaznsvuuvie

5&' A o s ldy @t 1 nkl/ 1
LARBUNUDIAIAITOULNUTLI WS NS NWeULTUTLIN" Roll

a v =

- unurrnendndmiialudadn SndhmiaSendt unu lateral axis, wagmsmyumia

-=II o c:‘l} = 7 1 dyl " . "
PARBUAIAITOUYAULILIUNANWUEITUUN" Pitch

v
o i

- unuluLUIRIAURANISENI center of gravity (WainTesduagluiuissdv) 151

Sendunu vertical axis, uaznsviuvsalnReufivesdiiseugeiilsnFendnuniduii

n n

Yaw



12

= | v o o \oa
nsmUANNIstAdeunvedlnsuayldn1sBes nsean enuds suunuiaiian
a v ) = v %) Y] 5 = al
AIVANMIAUNI DaenaTINEINsEeIe sevdnnisilluiFeswowudes uagn1svay
Yo mUAULA1ANIN Accelrometer way Gyroscopes UFMUIMRENSINTRAMRMANS

P o v 1 o ¢ =1 <
wisldmuguenmasnilifaugasauiu PID wuwesivarareglusuess MU

2.7 YanuANnIsUY
° v o al a v € 1 a ¢y o
wwnminmvauanuaisslunistudglulasaeulvsaiaosieg iduigesildsn
ATINLSY 3 LAY AIUANTYAUANINGN WAYALAIUTTEINTA Gat]

2.7.1 Inertial Measurement Unit (IMU)

e IvsaguaTaifildlu INS (Inertial Navigation System) iuduusznaundnitld
luasesdy, 11upIne waz 1Fo WuAeITUIINTULTS IMU Usenausae 2 druvdn fo
accelerometers 3 1AN14 UAY gyroscopes 3 MANIN FITUAULTIETUNINLELAZ AN

= L. o 2 al':u } 4 P 5/ a oW 2/ 1 @ a
LIINANMNEIAY MINUITINAINLEE 3 Unufe X,Y,Z Wiiea1eBeiuusalidugisveslan fu Ia
AT LS L3088 Rotor v ieriglumsinmiamevssununyulerly

FUMUILANRABAATTNSMY

§1J17i 2.14 Inertial Measurement Unit (IMU)

- Accelrometer : {fugUnsalfild¥aanuisnamzunuiiavasiufe unu X, ¥, Z
lnetfisuiuussliudrveddanannsadsegndlddmiuinanudadls

- Gyroscopes : \ugunsaiinmnusadayiedmiuldlunsnvseiunsmsei
Tvatis

lwidle Accelerometer amsainarudesldidoudes Wifimusnduasdoste

AIULSUTINL LWT12797 Output ¥84 Accelerometer finafunseliiudaa unatpdaen

i
=

Output ¥84 Accelerometer lalfinagaiane uivdesiald fufagdadug asq duluduan

'
=

#191U Gyroscope Aivdpsfislidr Output Aldferdsliiinnisdunardusnioutputves



13

Gyroscope u1l#n35u38n13 Discrete Integral fivzanunsanuldiidossin output veq
[=f [ a
Gyroscope Lﬂummmmmw
2.7.2 Guwasinszeene Ultrasonics
el o o a o= o | = o | =
L‘fJuL‘ﬁuLsua‘smmmuIm&fmﬂaﬂamﬁmmummmqqmw 20 kHz Fadupdulugrun
1 =Y =l L3 - as =Y -] at A:‘j al
wywdlianunsaladudes Wuwesvindansledaviheulnsardenisnszoentenisiaaeud
P v & a o ) o 2 o« | o
YoanduLdsIlunsenuiUNuRIYe9FINae Fea1aidureudanters aIuedIuY seAay
= 1 [ Y] ] | (l a4 = - o oo ' "
desrzunsndudnldludinansiuuasdlnglvosnduanuiigiiazasfiounduidon

s 1

Echo” laetaniianvesmsasviounduvesaduidendudndnlaonsafussosinssewinetng

2
= I

fuldues ﬁﬂﬁmmmi’mxUsm'mqqmﬂﬁﬂmuﬁawuﬂauawaﬂ

sUit 2.15 Magraduies HCSRO4

2.7.3 \HUResInANSUUTIEINA Barometer

U1503Lma3 (Barometer) A9 1A300AT19IAATNAUUSSENNA d WS TAAIAY

]
@ =

nanuinINLsuYateIne aglivenamse Tanudsiduialnenseuennia uwali
A:J s o ] d 1 gj
mMiasuwdasanunany aunsadiluvuensiwdsuwlasaniweinialudanaidy 9
> L7 o =) &J =
NTINANUNAAUDINIANAIEYA UIUsEaanan s TuNTIATIERINIANURL (Surface
4 i Y |
Weather Analysis) LWa¥I8AUNITBIANUNABINTA (Surface Troughs), SEUUAILNABINA

g4 (High Pressure Systems) wagtdua1unne1n1eyia (Frontal Boundaries)

2.8 lunn (Propeller)

Luiia (Propeller) Aogunsaivyusiindudhereds Taumiligu uasuvuniondy gusrs

Unoghandeudausiaesduiuly gunsalifneguueniaeny viadourauwuy uay Tddwiu
JuLAdDY vﬁaﬁqmmﬁmulﬂﬁwwﬁfwhua“|mﬂiﬂam’riﬂizﬁwaq’lwﬁwyuﬁuawmﬂvﬁamm

Tyadu



14

Jayaniluvasluiin

k4 1
124 = =

a9 v o & o o

Thrust 1Wuusedldduindouainiaeululuenie Thrust Wussuufiadsiuimely

NANAUDINIALU %eﬁagﬁwmagﬂLmULLawmUi%’lumsa%ﬁﬁizuumé’nﬁuﬁ%"um Tuwadlu
1y - - w o 9 = a & | P 4 |

srUvTUAdBURIMAIUgULUUMTS Tuinusenaumemelunienfuisusasinduiuly se
a 2/ € :l" = 1 o v =]d st 1 =l & as dl I3
NUAILANLNANYITENIT Hub mvm'mam’luwmmaxﬂammﬂu Shaft 989lATRI8UR
YRAVDILUNA

2.8.1 Tuwaldl

[] v & a o = lo’ v '6' o a s ! v el =&
Wuluiediudsigauasdimminu dwihitvedduinastelildsounomesiiady

Y

31117; 2.16 fagalunalsl

2.8.2 lummsveuasuluasu 3o Tuiva APC

2 ]

< v da o s a5 @ ' [ a al =t ! ! o @
Huluieiidenlivily fminannndiluieedalduiinnudanduand dmsy

Ve =l 1

nsavenvateInIeuldluiniateavialalyn widmniiluiaeials

UM 2.17 dedluinmsvewasuluasu 4



15

2.8.3 luwmansuaulnives

2 v da [ v a ] ' i a a 4 o =L'L
hiluieideuldlumsudedu Tuialinnudavdugeaniluiaeiingu waeiiily

YUY

.’

' X

5UN 2.18 fegdluiamsuswasulvives

Tuwanieuldivaniaenuvatesluig udseendy 2 viafe

- luiauuuseuda (Speed Propeller) luaulinfivunefuamesuseuaniui

v

wazdlununw Wusaudaiionuadedalunisdu

///

JUT 2.19 Medrsluinuuuseudn (Speed Propeller)

o/ (I) a = ke 2/ as Ad 1 a
- luiauuusousi (Slow Propeller) luiasdndldfuanimeruiifivualug i

‘D} L% al o A a =Y ﬂy b7 o at =t v 0' L3
Umindanunn leglunnedadasitud vsunsas 1%3@UMTLLE13V]E]‘ZﬂQ@



16

o |

3Ut 2.20 foaluianuuseush (Slow Propeller)

dudnwuzuasluaNuAnA UL Hnannseenwuu s nyus Ay 19y Wiean

L@89NIITUNIN U8 aLusaUTeINTs DU Wudy

2.9 UeinAIUANNITIY
maginililivesamuaunistudandueimunnistulusuiuulanie Opensource
filiaenlimuaedninsineg ‘qmua'iwa"lﬁﬁlxmw%'auﬁ"umiiaa%’UL%uLsua%mUﬂum‘sﬁu
?zfa ALk Gyroscope , Barometer , Accelrometer , Magnetometer uas 4503950 GPS
module 8ndae awnsathluussynaldliviuil deqduannsaidendeldandrolud auay

AU LY

d ¥ s L1 =
A13199 2.1 uanegiannlusunsuuazvainauaunisiy

HWRIL vl
Arducopter http.//code.google.com/p/arducopter
Openpilot http://www.openpilot.org
Paparazzi http://paparazzi.enac.fr
Pixhawk http://pixhawk ethz.ch
Mikrokopter http://www.mikrokopter.de
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Tuszuy digital Juaedld yeyIauuA High uay Low ddiasnsasiiiszuy digital luanunu
gunsaliifiosmunuiiedyyas analog 19y NIMIUANAMULEINBLADS, NSAIUANAIY
aiveavaanaln van Tuszuu digital a¥lianansamunugunsaimniilinse 151azdedld

PWM lunsaauau Tngasdsunuianues High-Low (Duty cycle) fafagurelui

¢ 50% Duty cycle MungauIn auady High 50% Wag auiia iy Low 50%

*  25% Duty cycle wunga i muta iy High 25% wae Aunatidy Low 75%

e 80% Duty cycle nu1gA1U mm’;mﬁﬁ]u High 80% Lay munmﬁtﬂu Low 20%

STANDARD PWM

50% Duty Cycle

25% Duty Cycle

Phase Correct PWM

T LT

50% Duty Cycle

25% Duty Cycle

2.25 &qyans PWM 71 Duty cycle A1499)

=

U

‘Luﬂﬁﬂi’umunmwﬁwaﬁ’unixLLﬂlWﬁﬂﬁﬁhﬂaaﬂiﬂﬁaqﬂﬂitﬁﬁ%mmuﬁqﬁ auUsu
° . 1 4 . o u’.}r a = 1
50% Duty cycle agvinlvidieaeiiu Hish 50% satunsualnihiisnsesnluasimdons 50%

VoA Wohlmunuuaines sxvhlinewme e 50% vesamiiigean

2.11.2 dnysynad PPMEryayneu PPM

Juwedanialunslédygrafivmdwos udamnsamily 1dads Feyyeu PWM

[t 7]

9 1 al

dm3u R/C (Radio Control) Servo Idunnniwmilsdesdyqas sunmieluiiuansinathves

Lr 7]

@/

sUnBudayayIns PPM-Sum dwiudtusias PWM §1uau 4 o
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Period

e [

PWM CH1

PWM CH2

PWM CH3

PWM CH4

3UI 2.26 AdU PPM-Sum

ﬁl | o 2/ o L ar
UM 2.27 uansndudayaa PPM-Sum uwiun1sasnadayain PWM S1uiu 4 dyeyio

[

wildindyara PPM-Sum \Hudyninuuuiaiu (periodic) wiazAugnuUsaenlaiu

<

o o | Al | 1 ' % 1
Pulse NUA1UNII9Y29 HIGH A9 (Lbyu GL‘U'?J’N 250..400 usec) LAAITNNII%I LOW VD4

Pulse uwrazdu o19laitvindu Anuntaves Pulse usassy (Anunislugie HIGH wax Low

lne593) 91udIimuna Duty Cycle dm3udmuaia PWM Tagl3sen1ugsuves

o

Fodyaa Inevilusavvesdyyin PWM dnaglutie 6-8 dyga Tuunansd a:ld
dryry1al Inverted PPM-Sum Ao (Judyerainduasdn (andnnsediu) vesdmana PPM-

Sum

2.12 NRF24L01

NRF24L01 f® Module dmsusuuazasdymyio

=

INg WUU Transceiver ApaM150%1
wihivauiiu(Receiver) wazds(Transmitter) ldlughduies Tneldnnua unsiu-detioya

a o o [ ) . 1% = =
2.8 GHz wpghddyanusalioliiemnediu Arduino uasisimgnene Sadunilluluga

= I da a
aamﬂimawummuﬂmqamn

2.12.1 GENERAL FEATUREs

- Tugaoanslfans Wireless Prenduing 2.4 GHz

- LUV Transceiver (Transmitter + Receiver) dsuagzsudmyaalusuien
-89 1.9 - 3.6 Volts

- 52UE3UAEEn : 1100 m



- ALElUN153Uds : 250 Kops , 1 Mbps , 2 Mbps

- WBNAWINAVUIALE N LU

-9 ;34 x 17 x 1 mm (11749 x 817 X %)

17 .:I o o 1w 5 =l
- ldrudgetia 2.4 GHz vilvsu-dedeyaldmnisuasiiazanng

- anu§alun1ssu-de gegeda 2 Mb dedund

- Aunseuadn lufy 14 mA

3Vl 2.27 NRF24L01

A9 2.2 VLALNTNVDIUAAZYY Va9 NRE24L01
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=
e

AU NN

PIN1 | GND | Ground

PIN2 | veC | Inides 1.9- 3.6 v (14 3.3 V910 Arduino)

PIN3 | CE | ChipEnable, Rx 38 Tx (Funsads)

PIN4 | CSN | Chip Select Not

PIN5 | SCK | Clock dgyayneuuniing

PIN6 | MOSI | Slave Data Input (Master Output - Slave Input)
PIN 7| MISO | Slave Data Outout (Master Input - Slave Output)
PIN8 | IRQ | Interupt Requset pin (Active Low)
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Front

3U 2.28 9194 NRF24L01

A5 2.3 M350 NRE24L01 Wy Arduino

Tngagldau 7 Pin 91nviaviaa 8 (Uaee Pin IRQ 101l3) Tagsie Pin % 7 14niu

Arduino

NRF24L01 Arduino

GND GND

VCC 33V
e Digital 9
CSN Digital 10
MOSI Digital 11
MISO Digital 12
SCK Digital 13

2.12.2 Mesh Network
sUluuMsinlasadednune Tree Topology upseg s uRudmIUTIQa nRF24L01
vaneauoriuinduiisslugafiomslianelditedsdoyaangandslusngandavindu 430

uaaalugateasinrwamsalumsidenloiudunduld Tnsasanodi 6 lugaluudazndu

Y U

lngusaglugassfivunoaausedindu 00 f1 05 auwieudnnulugavsiludediinvesnis

2/

Tgau LLW'%%\‘]LLﬁllﬁﬁﬂ’l‘iL%EJUI&U‘S’]%LﬁE]‘UEﬂFﬁhu’mIM@ﬁlﬁlﬂiﬁulﬂ Lﬂué’ﬂwmgmmuﬁa

aa A

vosnulil (Tree Topology) Msuanfisazisuanlugausn (luga 00) Azdifsfionlaslsfe 01,
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o | a a e Y 1 ek el
02, 03, 04 waz 05 ntuluudazisiavaansouanisesnluldsn 5 As fegreied 04 Sas

' '
=

aa o v o vl

Tfeunnaanlailu 014, 024, 034, 044, 054 uaAed 05 favleng 015, 025, 035, 045, 055
dmiumsdeloya Asdosavannsaiudsioyaldiamyiuiman (parent) uarisdon

ﬂ' d s i . [ v s;' ot M Qs [ s r-'\l 1 d’

JUNUANBBNIINAIDA (child) Az iudoyatuAmdnlala nsazsvdsleyaludiisgondy

@ 1% ' o v o @ | PP v a A a '
warfensdindeyadslunimdn fmdnaradduiinmandnliuazisdosdy Aaunuazds

a ol

2/ 1 @l ﬁ‘ s Aa' 1 d 2 1 L2 q‘ 1 L 1 2 Uﬂ'
ﬂ@%ﬁﬂ?ﬂiﬂﬂﬁﬂ\'}%ﬂﬂ‘ﬂaﬂﬂQEJEJEMLTWIGGﬂ’ﬁEN‘UBHﬁ auiminnigsy 014 ﬂ@ﬂﬂ?iﬁﬂ‘ﬂ@i&ﬁiﬁﬂ\?

3

o
=

g0y 035 nsdsdeyavziluddl

014 -> 04 -> 00 -> 05 -> 035

lnevoyandsluaziidauity (Header) luanitddnudusids wagAantsaalwngln

Y

Yo &/

Miilenagoslasy “’aual,l,a'm'faam'sﬁa%’aaéaﬂa”uﬁ%wi’m’mxdmé’ﬂﬂlﬁﬁﬂwu AU

v
(ugiedl

035 ->05->00->04->014

d st QI
JUN 2.29 dnwarnsveneiduga

Tunufsimunfiannsnadldnnlaseing 6 fu 1+ 5+ 25 + 125 + 625 + 3,125
= 3,906 fis %qcﬁuﬁwmumﬂﬁﬁa'ﬂ.uquwﬁ wilunafuRudadesrinenainaindsdug
il uuiildnuaieenatdesniy

mslUlde Mesh network fiusslemilumsvenelasstnoiifesnisgninesuou

i lneidagnareiesannsaviiaduuideliluwasdenty gldonmsndasaediedu

i
Py

ToyavvislunduiuusiazAslugasu (Node 00) wazdeansodtoyaludagninedidugla

fe
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o L 1 v o 1 2/ s = o 1 <

nmahlUldnulasdwlvgldifiedwleyaveanues wWevduuanwiolssuana
A 1 1 o EIJ J 5 o ﬂ'J = 1
naunans Ingsiuddslulnungu nduAdzgnnsznelvauticdarens uasgnaie
Umemednihnsdedeyandulugsivungiu ldissud szneuaussiadds usasTnungnds
annsodsdoyaluiilnuagiu
PNAUNTIRYMUA dnvurn1sdidoyaniunIunan onvnaliiinnisvuiuvasoyalany
lasanefdiaun@nuing %aawLLfﬂwﬁwmﬁmmuLam‘luﬂﬁdvﬁayal,l,wﬁu

ofvaantsainalasihednynriife nsiiudasinualisndudeadidsdegs nas

Feulosrardnisasiudunensly

2.13 RCWL-0516 lwuiwasnsaaduing uuuadululasian

lugaifuwesisns doppler munadniumdonsuussiulidiinire OC 4-28v Fafy
lugaiuiaiisminsndunisiadeulmuadnniouiuiu ROWL-9196 mealuladnig
witenilulasinees doppler fuavdsdyaasziugs TTL Insdnludfdesinisiadeuln

o

360 aemlifinsasnduymuonuazsevisuwesgean 7 was wiemaambarauly
TSVl sumngdmivaindinlalesidugosnsiedouln
nsldmazindeuiumueeiniadunnuedoulnuuy PR 2sldmdnnisnsiasy
AUTDULUUBUNILSA 'Lﬁ’mnﬁwmﬁmmﬁulﬁﬂmmu digital uiteRBEUDd PIR Al¥ns
aTduaNufoufe Tmaduiiuay ﬁﬂ‘z’fmumauaﬂawgnwmumaqmmﬁlﬁ&’m il
ATIIUAANANAUBY
f1uasatunsiedeuln ey asaduluanie $aitlng WWeumeuen

£

LU i lWenludRudadnu lsesa ATIRTUEYNTN LYULYDT Microwave Radar RCWL-0516

9

o & a ) | P a o P P &t ¢ o
ijLWngaﬂquﬂ QLQNI)U\‘]’]EJ Lﬂiaﬁlﬂﬂhl@mﬁmﬂ?‘iLﬂaau‘lﬁ’J%ﬂ\‘i mm?mLQWWWWLUULLUU

digital A1 0 %38 1 88N

SU#i 2.30 ROWL-0516 WUesnT9TUTng wuuedulilasiam
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3Uil 2.31 msse ROWL-0516 ffu Arduino

2.14 LCD Display

191 LCD 80111910111 Liquid Crystal Display 3a1fusaitvinunainudnaiansa
a3 nannishe aundvesiilidesadns niefi3unda Backlight of dlefinsudes
nszualwidrlunssduiingn fogvin Tindnlusanas vialduasdiunanni Backlight wans

Fuiuuniiae dwduilaundntanuliagllaing nanddfiunnenetunydussninasanaa

as
o s o

| oA A =l o q v < YY) o v P A
\uALdey wie Siihvan vilildeneslummefewuiuimilide udamuiuuma gty

] |
s

99 Liquid Crystal Display (LCD) tJussuansmaguuuunisiiteuiunldauiuiv

2

seuvaNonailafIetNunIva 98 LCD dvisuuunaasnalduiisnuseiSondn Character
LCD %'aﬁm‘aﬁmumﬁaé’ﬂmﬁaa"ﬂmzﬁmmiaLLamwamﬁagjLLﬁ’a LaZLUUAANUNSOUARINE
Jugunmmie Tydnwalldnunnudesnisvesdldanuwionia Graphic LCD uvenaniuns

=Y I aa a ='{ 2/ o val i
YUAUUIDNLNISHAR VUL Y IaNIZ 9Ty wﬂngLLUULLazg‘ds’mawwmmﬁummamwa

| - aa 4 a A 9 a )
LWUWIHNPIRDE LATesARaY w30 wiladng (Hudu
98 LCD uuatu 2 wuulun)qaudneavnisuansuadai

ld s L3 1 s 1
1. Character LCD 1¥uaefluaninardusisnusaudaduuunies 1@wuas LCD 4wl

=

16x2 vanefialu 1 unildsnwsldld 16 2 uasiiionun 2 ussviRlsldann @ 20xa 2y
vefislu 1 unadl fsnwstdld 20 #2 wagilvionun 2 ussin

2. Graphic LCD Lﬂuﬂaﬁmmmﬁwumlﬁ'h%’Lﬁusiasamuwﬁwgﬁguuaq w3aUdas
uasoonld v Whedannsoadeguiunuuminaeld Myszyrunasssylusnuuzye
1w (Pixels) lukriazuun 1y 128x64 mngfeveiiiiugamuuuuey 128 90 Uavi

PAANUUIIA 64 90
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Q
“HBCEEFEHIJHLHHDPy F

L abcodedahidk Innos

®

SU# 2.32 LCD module

2.16 Arduino UNO

Arduino fie Open-Source Platform d@miun1sasissuwuumadidnnseing lned
nsfenunel Arduino Platform 1l Platform fidiesienislder, Tne Arduino Platform
Usnaulusie

2.16.1 dwidusinuif (Hardware)

vasndidnnsedindvinaidn fifllilaseulvsaiaes (MCU) utudumdn gnian
Usgnausamiugunsnididmsetindduy tielihedensldom wierBonsui vsda
Arduino, lnguasa Arduino tesiivatesuliidentd Tnsluusiayueaiiruumnsneiuly

1599U9VUIATIWDTA MDA (T SruauvesnSUdEaI, usIIWTlY, UssEnan

Y99 MCU 1udiu

3U#1 2.33 Arduino UNO

' P &
2.16.2 duiiduganduas (Software)
- MW Arduino ($93399 udAe M ¢/C) Wdmiudeulusunsuauau McU
- Arduino IDE iuasasilodmsuideulusunsuaneniw Arduino, Aaulwalusinsu

(Compile) wazdulnanlusunsuatuesn (Upload)



UNN 3

A5ALHUNIIVY

3.1 msUsznaulnsunazniseiededinminlvan

lumsusznauasfosinnsidengunsaiuasdermenuad Flight controller §ag
Tsunsu Mission planner mié‘?«ahqﬂn'sfﬂ nsReen PID MsUssdiudminivan uas
nszualiihgigaimemosisnszualuldou

3.1.1 msUsznoulasu

dulsenavvadlasuiild

1. uesA Flight Controller Pixhawk 2.4.6

2. uBino3 4 3 JU MT2216 - 810KV

B ﬁmﬂ’mﬂuﬂ"nm%’mama% (Electronics Speed controller) Hobbywing 4 ¢

4. luamsueuliues 4 lu Ju EMAX1045

5. Wsulasu F450

6. GPS M8N module

7. Telemetry 433 MHz

8. Buzzer

9. Safety switch

10. Remote Receiver FS - i6A

11. Switching power supply 12V DC 50A

12. Slvingsu FS-16A wieuseisuing



| o«
n1InegunIal

Telemetry

433 MHz

Safety switch

Remote Receiver
- @ Buzzer
I

GPS module

®

Switching Power supply

Power Module

3y

a
Y

3.2 InsuilaUseneauaulasaaunan

28
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3.1.2 n3ReAURIA Flight Controller mTUswnsy Mission Planner

AergURUUYeslnTy

Tusduwuuilisndenld a

Tuim Avadontyesi

JUN 3.3 nsasrunsuvedlngy

NINTISAISLUSY Accelerometer

Mission Planner 1.3,31.2 build 1.1.5711.13489

sl o oo

Install Firmware

s T pri 1) vimsasiumiueialvifianig
>> Mandatory Hardwore

Frame Type YDIURALLAUATIILT

Accel Calibration
Compass

Radio Calibration

2) imanslasueglusudnata

Flight Modes

FuilSafe wardenamnSiuniiveliinunduan

>> Optional Hardware

aEjiunleLAy

SUN 3.4 Tunoun1sAT3Lun Accelerometer
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Level Left side Right side Nose down Nose up Back side

31J17i 3.5 msdnlasuilonsasiusniiemng

- Level : 13luluisu
- Left side : MalasunzuAsIde
- Right side : M9lATuRzILATIVN
- Nose down : 1alasuliiasnuntvedlasufuia
- Nose up : Mslasuliimdumthveslasuttueuuy
- Back side ; aNw\37aimul,ﬁalﬁﬁﬂﬁmwﬁwaﬂmuwagjﬁ’ﬁwé’q

¥N15AI3IUSN Compass

‘Y Compass uwhmsmiiuniamsveaduiieliiTnyuntmgu Tnensudus
Insuluseufimmelidudatuyauasiiuansuulusunsy Wsunsuaafursuiamaly

598 UNTASIUNETIAY

ot north. and rotate around

0 degrees, and rotate around the

hit every white dot

Rotate with each data point Use Auto Accept

U7 3.6 wiiwalusunsuvnizyinisA3iuym Compass
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Radio calibration

(C¥ Mission Planner 1.2.59 mav 1.0 l= () e

Install Firmware

il
>> Mandatory Hardy s

Frame Type

>> Optional Har dwa

v 1

gﬂﬁ 3.7 »IM19vde Radio Calibration

msnsunsluingdsdulidusmuiinnsSudgageamaamaiisoanis Tl

v o1 A a g = ) o a s v
VUL oAIRYA 1 azkamm Iauwatluldsunsulilswihnisensiusvangalugean

WA2%11n15n9 Click when Done Wuswiasqdy

. Pitch : nMaAuMTinnaLMAY
Throttle : AudaRNaRAINGS ‘

Taun9@eamnuny pitch

&=

Roll : wndaulunisdnauas

ﬁ YAW : ATLIANNIT

MYUIBLN AN

297 lAE NI EATLULNY roll
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Flight Mode
o & a 1 a ea v a & oA a
imsidenlnuanisiundagivunlavaingnsslunasdusidonTvualunisoy Tng
a L4 o [} s d' . o I ::I 2 =
fInY B uaz C 9evinusaniu Ineidle Switch 8 aglusiumia 1 9¢1d 3 flight mode Tu

= L3 si o 1 A:] 2 = 1 s
g C uazilloaglusumiad 2 921690 3 flight mode 1Wuriy

Switch B Switch C

Switch D
Switch A

Y B[ Fs-i6

- Switch A slsAlvain Auto vhanilaeiseinunga Waypoint Unikuiilag GPS
- Switch B : 98¥9usuiU switch C Tnadunisii 1 914 flicht mode 1 1,24 d1u

AU 2 9214 flight mode 7 3,56

o as

- Switch C : 923A1 flight mode Timuandusadl
1. Loiter : naindionfugeuazsiumiasag GPS

2. AltHold :Twmﬁaﬂmmqﬂmé’mhﬁﬁ

3. PosHold : luuailade Loiter maunw roll ua pitch Ieiilovos throttle Tuloe

U

ATINA

4. Stabilize : nuAPIUANLUY manual fvuansiBesesdasuldi 45 aem
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5. PosHold : wwilauts 3
6. PosHold : wilauts 3
& :: 1 = Ve s at A nl = 7
= Switch D : Glxﬂﬂﬂir‘il.lﬂ RTL %99 Return to Launch 1MUUﬂaU§J’]EN’QﬂV1LiJJUUWJEJ

GPS

ECEER=

Instoll Fimwes

Wizard
»> Mondatory ¥

Frame Typ®
Accel Calibratin
Compass

findio Calibration

3Ui 3.10 n134aFn Flight mode

n9¥ien PID

n3Rern PID ﬁwﬁiﬁmwﬁuwmmnmwmaaﬂmmﬁ"ﬂmsmaaaiﬁaaaagjﬁ'uﬁué’aﬂ%’ugum
lUi3esqauldivnsauuds Tnewansgumnsteabifasdnalagdusnnia Roll uas
Pitch winfgaluazifinnisundsvesen Roll wae Pitch vililnsuiionnisduld mnsily ag

MIANISADUALDIY ‘Emaei'mmrwmigu%ﬁaﬂ'ﬂ PID Tsimilaudu YAW winan P avlulnsu

at

2199zdu wnilulasusnaagnseialallivn 1 Huduy N5UILALaEaA P,ID il
P - Gain : mnguiuldagyililasuervveflontsdugunn mnslulnsuanasziionnns

ADUAUBINBNITAIUANTIAY

| - Gain : wingaiiulilielnsuiimsiBeasBonduiugaunadniniviouiiing

augatnas, mnmduludislasudensyfumsiBeshommuiawhlitamsdudaied

aunals

D - Gain : vinguiuluasiindyausuniueadimanssvudevewmaslisouils

winduiulumsusugaunaazda
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Ingun@uaisiazusuan Roll wag Pitch ‘Lﬁmﬁauﬁ’mwﬁﬂzmuqmmiaamﬁaqmﬁauﬁ’u

o

dau Yaw azmupun1svguilasy faduazuiud PID liussanasd

| e |

ndard Params

|

4 Params

meter Lst

2/

3U# 3.11 n1369en PID

3.1.3 mMyiaussenewasuazUsziiutiminivan

o as

usawnuewnasvedlnsutuudsdAymszasibinsuilasuduawnsaussmn
uminldiuilvslessesinsiaussenueweusasilaonsnaaonsnylduunaes
14.8V 5500 mAh lumvaaeslaegiglitu Power module vos flight controller @i

d o v o o o v o 2 v & v ] / )
NN sEUauaUs Wl ursluneuduiindeyaiiu log file Tunsldoy

LABEATS

To Battery

e pixliawikc e

Curr | Voltage

eiiow) To ESCs

or PDB

< - sUR 3.13 N15IALIIENVDINBLADS LA A
JUN 3.12 n15m0 Power Module o

Audeyanssuauazusesy



A13197 3.1 1A WIENVDILDADS
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Level | ussunuaimes UsENNaLnDS WSeENUBLABS WIIENUDLADS
fal 1 (g) #2712 () #i 3 (g) § 4 (g)
1 16 24 22 20
2 85 107 100 118
4 155 161 138 158
q 240 260 220 230
5 334 330 295 280
6 452 a78 448 467
7 636 623 618 621

NNWATIMYBIINLOABSATEAY 7 U A Insuaansagniminldunniiaadi

2498 N5y

3Ui 3.14 Level vo3laming RC
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5UN 3.15 umiinvedlasudild 2,624 nfu

MNN1svaaeniioya log file Al@wINANT AL Plot graph saelusunsy Mission Planner

Value Graph

_BAT.Volt (V) (Min: 15 Max; 16 Mean: 16) BAT.Cur (A) (Min: 0 Max: 8 Mean: 3)

20 -e—

T R WS SR I VI AT 7Y A T e e e mem——

0 - Stabilize pter V3.6.0 (2eedcf56) B03937
Stabilize | ff603d11 b u-blox at 115200 baud
06:59:37.000 (VSRS VRVIVY] U7-0U.07.000 07:00:22.000

Line Number

JU# 3.16 wansnsmlussiunagnszanlusunsy Mission Planner

INNTMNGDANNTSNARBIMENRES 1 Fseiunsyuasiaudield 4 ke 8x3 = 24 A
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Yo oV w | fu B W v & oo = o X oy
RimhldmanzalihuflevewessuiminTvanldunniudamsdenssualiunnduls

Inendien Switching Power Supply 12V 50A @wnsaususedunssdild 1.0V - 15.11v

Leay -

JUM 3.17 ussdushanadndennanes

JUT 3.18 useAudgnaings

FWNAL7 11,05V WeTEWNa1eR 15,13V

3.2 N39RNUUUNIIATINIUAIIARDUIMIN DN s dayarugUnsaideansls

GHE]
nfinanlulunsldonulasuildndsanuaina paslunsuszandldusslonisneg

Yo o = v =
iminduiumwansavas NRF24L01 fiannsaldauluguiuuves Mesh network 8aft
Aomsudsleyasaniuluguuuuvadasstedsfoyasentuiiuneny fimhdnin

UszgnaldnulunssudadsaedetesmetgmiSemsudeionasduaulule

Node 01

Node 015 Node 025 Node 035

3UM 3.19 vdenlmozunsun1sviieuees Mesh network
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3.2.1 d@wdsvnausdedeyeyi
ludwuszneuresidedyaraszusznaulufme Arduino UNO | uiged RCWL-

0516 uay lugataainiAliany NRF24L01

ROWL-0516 . —
Radar B

Sensor

NRF24L01+
Breakout
Board

U7 3.21 Schematics wasidadnyey10s
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@ s

3.2.2 @nusEnaudiiu - dedyno

luduusznauresdiu - dedygiazyszneulusae Arduino UNO uax lugaian

JUN 3.23 nMsregUnsaliiiu - dedyain

Vec

-] CE cs =<
SCK MOSI s
—a MISO RQ &=

NRF24L01+
Breakout
Board

Arduino
Uno
(Rev3)

Gnd

|:

EURRNERRE

T L]

|

<

UM 3.24 Schematics Y893V - dadryeyro
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UM 3.25 a3y - dadyana

[

3.2.3 d@dssneusisudaa

@ e

luduussnovvesiasudyansyssneulushe Arduino Mega, Tupaidnennely

@18 NRF24L01 , W LED , 99uaning , a3nd uay Buzzer

LD + T module

Nrf24101

f LED1 LED2 LED3 LED4
q Red (633nm) Q Red (633nm) q Red (633nm Red (633nm)
= o AP v

o e

o | ¢ o
JUN 3.26 nsregUunIalfsudyyIu
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JUT

3.27 Schematics YA USM
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3.2.4 vwanmsvhauszuuivdsdoyalsans NRF24L01

Transceiver set

Transmitter set 1

Receiver set
Found | Send
movement ‘ e ﬂ \
send ikl
.) a Signal On the drone d
e ¥

220V

Uﬁ 3.29 Uﬁ@ﬂ‘lﬂS%LLﬂiﬂJLLﬁﬂﬁﬂﬁ‘iUﬂ\‘l’UEllJaﬁl'i'l’-ﬂf\]Uﬂ']‘iLﬂﬁ@u‘lW'J

1

vaenlaozunsuiiuaninisieulag adnsnuannadsulvauinalndleumes
RCWL-0516 mwuigaiazyinsulagdiaianda HIGH Wedn1sasianuwdderiuszunanaly
lulasmaulnsaiaes Arduino Tnsuansddreqliidnladieie Detect waadeAdinuluga

ady a i - .y
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U 3.30 auansnaliolisudyao

325 mansrgUnsal NRF24LOT

sl 3.31 Luga NRF24L01 + t@eniAsuda(PA)

2

Tudumsmasoluiisneimunliluduldalulusunsy Arduino IDE
& o
- NIMIPEUANUILAZUYULUS (Frequency Channel)
¢ | < ° v o 1 o
gunsalluiiuyunualugnuanud 2.4 - 2,525 GHz Tnefvuanruuualdmusiiouiuai
0 - 125 Amnaldnngns  Fredsuaaed = 2400 + CHserocren) Feszylilumamdnaes

NAR

e

& oy
108 Freq ceieceq) ABEMUAMUATIFDINS (GHZ)

a v o
CHselectey  AD WYUWUATIADINSAIAT (MHz)

PRI Channet 1311 90 dufifogunnuivesdygrafe 2.490 Hz

network.beqgin (90, this node); //({(channel, node address)

- MSANANBAIINTTAITRYE (A data rate)
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L |

luga NRF24L01 Fuanusasarnsnsnsdald 3 seduie 250 Kbps , 1 Mbps , 2 Mbps

IeilAn RF output #e -6 dBm , -12 dBm , -18 dBm Buileruuaiigasunisdadn 250

= _— =1 4 ad I
kbps zdAINIIMDUEUDY (Sensivity 1138 Receive power) Anan lagAn1snauaLaIveq

A A Py |

o P a
250 kbps Wufa -94 dBm TurueAAMiwdedAiniseaeuaussivesninie -88 dBm uay -82
$ Y Y R |
dBm Feazilunalildszeenianissudsditosnin

AT NABN “ 250 kbps

radio.setDataRate (RF24 _250KBPS) ;

- MIAIATHNAYY Power Amplifier (PA)

lun136an level 1as PA tuisauidannsiaangedda RF24 PA MIN |

RF24_PA_LOW, RF24_PA HIGH wag RF24_PA_MAX fdavhldvinnisnaaeunisdalaeds

=

FsEAU PA level Liszfiugeanfie MAX wutheunsahiulidedeyaun udidewdoussduty

anger s mageuNU AN sas AR Tumneasariimsaad e iy ay

[
o/ o o

gunsailwsvhoudiusasiiidwnegunsaiiflasutuigunsaluanmadomds

d. - L '2 P L 2 1 [ = 1 o
radio syt devel it AL LA AT WIIFNANINEYIISTUEY 12 lWns dufeueotoy

'
= ]

fN13dalifi  radio.setPALevel (RF24_PA_MAX) ; welilasvasymeilnaigamiiia:

Dulule TnesazuanswansSaluundely

3.2.6 N1IBONUUVTEUUNAUUANINg

JUT 3.32 lnezunsunisiegunsal HC-SRO4 uaw Arduino Nano iU Plxhawk
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Compass

& Channel 1 : Pitch

JUM 3.33 uanINaNISAaUAUDY Pulse Yas Joystick

N1INDUALDIEINBUANNYBISTUMILLANIAN Pulse BN AtTuasfiuem analog
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- Angwlddosnd 0.9 was : A RC control fe 1325 WS uay 1675 S

- iguldtienndn 0.3 was - A1 RC control &8 1300 S Wag 1700 us
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Tanludiuvasnindaduies

#include <RF24Network.h>

#include <RF24.h>

#include <SPI.h>

RF24 radio(10, 9); // nRF24L01 (CE,CSN)

RF24Network network(radio);  // Include the radio in the network

const uint16_t this_node = 011; // Address of our node in Octal format ( 04,031, etc)
const uint16_t node01 = 01; // Address of the other node in Octal format

char msg[20] =";

void setup()

{
SPl.begin();

radio.begin();

network.begin(90, this_node); //(channel, node address)
radio.setDataRate(RF24_250KBPS);
radio.setPALevel(RF24_PA_MAX);

pinMode(2, INPUT);

Serial.begin(9600);

}

void loop()

{

network.update();

if (digitalRead(2)==1)

{



char msg[]="detect1";

RF24NetworkHeader header(node01);
bool ok = network.write(header, &msg, sizeof(msg));

delay(300);

Serial.printIn("Detect1");

}

if (digitalRead(2)==0)

{

char msg[]="no1 *;

RF24NetworkHeader header(node01);

bool ok = network.write(header, &msg, sizeof(msg));

Serial.printIn("unDetect1");

delay(300);

- Anludiuvainiadsuaziu
#include <RF2dNetwork.h>
#include <RF24.h>
#include <SPLh>
RF24 radio(10, 9); // NnRF24L01 (CE,CSN)
RF24Network network(radio);  // Include the radio in the network
const uint16_t master00 = 00;
const uint16_t this_node = 01; // Address of this node in Octal format ( 04,031, etc)
const uintl6_t node01 = 011;  // Address of the other node in Octal format
const uintlé_t node02 = 021;

const uintl6_t node03 = 031;



const uint16_t node04 = 041;

wi
?

char msg[20] =

void setup()

Serial.begin(9600);

SPl.begin();

radio.begin();

network.begin(90, this_node); //(channel, node address)
radio.setDataRate(RF24_250KBPS);

radio.setPALevel(RF24_PA_LOW);

void loop()

network.update();

while ( network.available() )

{ // s there any incoming data?
RF24NetworkHeader header;
char msg[20] = "";
network.read(header, &msg, sizeof(msg));
// check header from sensor1

if (header.from_node == 011)

RF24NetworkHeader header(master00);

// sent from sensorl to ground



bool ok = network.write(header, &msg, sizeof(msg));
Serial.print("node01 = ");
Serial.println(msg);

delay(10);

// check header from sensor2
if (header.from_node == 021)
{

RF24NetworkHeader header(master00);
// sent from sensor2 to ground
bool ok = network.write(header, &msg, sizeof(msg));
Serial.print("node02 = ");
Serial.println{mseg);

delay(20);

// check header from sensor3

if (header.from_node == 031)

RF24NetworkHeader header(master00);

// sent from sensor3 to ground

bool ok = network.write(header, &msg, sizeof(msg));
Serial.print("node03 = ");

Serial.println(msg);

delay(20);



// check header from sensord
if (header.from_node == 041)

{

RF24NetworkHeader header(master00);

// sent from sensor4 to ground

bool ok = network.write(header, &msg, sizeof(msg));
Serial.print("node0d4 = ");

Serial.println(msg);

delay(20);

- Taaludruvesniasu

#include <RF24Network.h>

#include <RF24.h>

#include <SPI.h>

#include <Wire.h>

ftinclude <LiquidCrystal_I12C.h>

LiquidCrystal_I2C lcd(0x27, 20, 4); //Module 11C/12C Interface

RF24 radio(10, 9); // nRF24L01 (CE,CSN)

RF24Network network(radio);  // Include the radio in the network

const uint16_t this_node = 00; // Address of this node in Octal format ( 04,031, etc)
const uint16_t node01 = 01;

char msg[20] = ";



int pinButtonSensor = 8;
int checkSensor1 = 0;
int checkSensor2 = 0;
int checkSensor3 = 0;
int checkSensor4 = 0;
int LED1 = 49;

int LED2 = 48;

int LED3 = 47;

int LED4 = 46;

int buzzer = 11;

void setup()

{

Serial.begin(9600);

SPl.begin();
radio.begin();

network.begin(90, this_node); //(channel, node address)
radio.setDataRate(RF24_250KBPS);

radio.setPALevel(RF24_PA_LOW);

pinMode(buzzer,OUTPUT);

pinMode(LED1,0UTPUT);
pinMode(LED2,0UTPUT);
pinMode(LED3,0UTPUT);

pinMode(LED4,0UTPUT);

pinMode(pinButtonSensor,INPUT);
lcd.begin();

lcd.backlight();



lcd.home();

lcd.setCursor(0, 0);
lcd.print("Sensor1:");
lcd.setCursor(0, 1);
led.print("Sensor2:");
led.setCursor(0, 2);
led.print("Sensor3:");
lcd.setCursor(0, 3);

led.print("Sensor4:");

}

void loop()

{

lcd.setCursor(8, 0);
led.print("wait ");
lcd.setCursor(8, 1);
led.print("wait ");
lcd.setCursor(8, 2);
led.print("wait ");
lcd.setCursor(8, 3);
lcd.print("wait ");
if(digitalRead(pinButtonSensor) == 1)

{

I UaReavianum il
digitalWrite(LED1,LOW);
digitalWrite(LED2,LOW);

digitalWrite(LED3,LOW);



digitalWrite(LED4,LOW);

digitalWrite(buzzer,HIGH);

}

network.update();

while ( network.available() )

{ //Isthere anyincoming data?
RF24NetworkHeader header;
/1 NUAFIuLT msg Lﬂiﬁum"ﬂmﬂﬂ
char msg[20] ="

network.read(header, &msg, sizeof(msg)); // Read the incoming data
Serial.print(header.from_node);

Serial.print(" : ");

I/ wassiaurls msg W string Wiadnesanis check ol

String stringMsg = String(msg);

I mewmﬁm’ﬁﬂﬁhmm

Serial.print(stringMsg);
Serial.printIn(stringMsg.length());

delay(1000);

int checkStateButton = digitalRead(pinButtonSensor);

if(checkStateButton == 1)

{

/1 Uil

digitalWrite(LED1,LOW);
digitalWrite(LED2,LOW);
digitalWrite(LED3,LOW);

digitalWrite(LED4,LOW);



digitalWrite(buzzer,HIGH);

}

if(stringMsg == "no1 " || stringMsg == "detect1")

{

lcd.setCursor(8, 0);
lcd.print(msg);

checkSensor1=0;

if(stringMsg == "detect1" && checkStateButton == 0)
{

/I busser 584

digitalWrite(LED1,HIGH);

digitalWrite(buzzer,LOW);

delay(3000);

}

else

{

/1 1% busser weasas (alAd no2
digitalWrite(LED1,LOW);

digitalWrite(buzzer,HIGH);

if(stringMsg == "no2 " || stringMsg == "detect2")

{

lcd.setCursor(8, 1);



lcd.print(msg);

checkSensor2=0;

if(stringMsg == "detect2" && checkStateButton == 0)

{

// busser $84
digitalWrite(LED2,HIGH);
digitalWrite(buzzer, LOW);

delay(3000);

}

else

{

/1141 busser wegynsas e lAA no2

digitalWrite(LED2,LOW);

digitalWrite(buzzer,HIGH);

}
}

if(stringMsg == "no3 " || stringMsg == "detect3")
{
lcd.setCursor(8, 2);

lcd.print(msg);

checkSensor3=0;

if(stringMsg == "detect3" && checkStateButton == 0)

{

// busser %24



digitalWrite(LED3,HIGH);

digitalWrite(buzzer,LOW);

?

delay(3000);

else
{

/1 Wi busser vigyaias Wa kAN no2
digitalWrite(LED3,LOW);

digitalWrite(buzzer,HIGH);

if(stringMsg == "no4 " || stringMsg == "detect4")
{

lcd.setCursor(s, 3);
lcd.print(msg);

checkSensor4=0;

if(stringMsg == "detect4" && checkStateButton == 0)

{
// busser 524
digitalWrite(LED4,HIGH);

digitalWrite(buzzer,LOW);

!’

delay(3000);

else



/114 busser neasas (HaldAn no2

digitalWrite(LED4,LOW);

digitalWrite(buzzer,HIGH);
}
}

checkSensor1++;
checkSensor2++;
checkSensor3++;
checkSensor4++;

if(checkSensor1 >=10)

{

led.setCursor(8, 0);

led.print(" "),
lcd.setCursor(8, 0);
led.print("wait");

I/ busser weypsaaiieilFsumasls

digitalWrite(LED1,LOW);

if(checkSensor2 >= 10)
{
lcd.setCursor(8, 1);
led.print(" U
lcd.setCursor(8, 1);
led.print("wait");

digitalWrite(LED2,LOW);



if(checkSensor3 >=10)
{
lcd.setCursor(8, 2);
led. print(" ");
lcd.setCursor(8, 2);
lcd.print("wait");
digitalWrite(LED3,LOW);
}
if(checkSensor4 >= 10)
{
lcd.setCursor(8, 3);
led.print(" i’
lcd.setCursor(8, 3);
led.print("wait");

digitalWrite(LED4,LOW);



dauvaeni1seulusunsuaunan

#include <checksum.h>

#include <mavlink_conversions.h>
#include <mavlink_helpers.h>
#include <mavlink_types.h>
#include <protocol.h>

#include <NewPing.h>

NewPing sonar0(3, 4, 300);

NewPing sonar1(5, 6, 300);

NewPing sonar2(7, 8, 300);

NewPing sonar3(9, 10, 300):

NewPing sonard(11, 12, 100);
//duusiildarunin Heartsest QNAMNIUNT

unsigned long HeartbeatTime = 0;

//

o dg v = FA Y i &
G]'JLLUCJWPULW@&Q RCOverride LG]EJ'JWNUUHLULLWagﬂiﬁ

i 2/ [ 74
o/ o

//ldsunsudlonasliBusihmuaivesidsderiadey
uint16_t Pitch = O:

uintl6_t Roll = 0;

uint16 t PitchOut = O:

uint16_t Rollout = 0;

uint16_t PitchOutTemp = O;

uint16_t RolloutTemp = 0;

uint8_t n =

///oefine \Humsimunarnaisineg Tiuievasiaed 1/
L¥U #define ledPin 3

#define NDistance 5

o/

#define DistanceFence 100 //328%N199 ’JF’]’JUF"’J&JL%?,JV?’N"IU



= a e
#define AltMin 70 // ANUgInNI1TAIUALLIUNT

#define DistMin 50 //ANULANANTUANTENINIEDITLUENIVDILAWLR A URU

o A
NI1IAABUN

7/ Tuiinietiuiinteyaveuduiwnsusasia unsined long var = val;

Y
var - YORAILLUS

val - ANUBIMILUSARBINITANRUR//

struct Sensores
{

uint16_t Distance[NDistance] = {0},

uintl6_t AverageDistance =
bool Fence = false;
bool Active = false;

i
#define NSensores 5

Sensores Sensor[NSensores);

void setup()
{

Serial.begin(57600);

}
void loop()

{
if ( (millis() - HeartbeatTime) > 1000 )
{
HeartbeatTime = millis();
FHeartBeat();
}

FSensores();

FRCOverride();



}

void FSensores()

{
ShiftArrays();
MeasureSensores();
MediaDistance();
CheckDistance();

}

void FRCOverride()

{

mavlink_message t msg;

uint8_t buf[MAVLINK_MAX_PACKET LEN]:

uintl6 t len;
Pitch = CheckPitch(Pitch);
Roll = CheckRoll(Roll
if( Pitch != PitchOutTemp || Roll != RollQutTemp )
{
n =408
PitchOutTemp = Pitch;
RollOutTemp = Roll;

}
else
{
n+=1:
ifin == 4)
{
RollOut = RollOutTemp;
PitchOut = PitchOutTemp;
RCOverride(&mseg, len, buf, PitchOut, RollOut):
}
}
}

void ShiftArrays()



for (uint8 ti=0;i < NSensores; i++)

{
for (uint8_t j = NDistancias - 1;j > 0; j--)
{

Sensor(i].Distance[j] = Sensor[i].Distance(j - 1]:

}

void MeasureSensores()

{

Sensor[0].Distance[0] = sonar0.ping cm();
Sensor[1].Distance[0] = sonar1.ping_cm();
Sensor[2].Distance[0] = sonar2.ping cm();
Sensor[3].Distance[0] = sonar3.ping_cm();

Sensor[4].Distance[0] = sonarfl.ping_cm();

}

void AverageDistance()
{
for (uint8_ti = 0;i < NSensores; i++)
{
int Total = 0;
uint8_t Num = 0;
for (uint8_t j = O; j < NDistance; j++)
{
if (Sensor[i].Distance[j] I= 0 && Sensor[i].Distance[j] < 300)
{

Total += Sensorli].Distancelj]; ////x += 10: LTBUYIN x = x + 10447

Num += 1;



if (Num > 3)

{

Sensor[il.AverageDistance = Total / Num;

else
{

Sensorli]. AverageDistance = O;

}
void CheckDistance()

{
for (uint8_t i = 0; i < NSensores; i++)
{
if (Sensorli]. AverageDistance = 0 && Sensor[i].AverageDistance < DistanceCerca)

{

Sensorlil.Fence = true;
else

Sensor[il.Fence = false;

}
uint16_t CheckPitch(uint16 t Pitch)
{

int16_t Difference = Sensor[0].AverageDistance - Sensor[2].AverageDistance

ifl Sensor[4].AverageDistance > AltMin || Sensor[4]. AverageDistance == 0 )
{

if( abs(Difference) > DistMin )

{

ift Sensor[0].Fence == true )

{



if( Sensor[2].Fence == true )
{

ift Sensor[0].AverageDistance < Sensor[2].AverageDistance )

{
return( Pitch = ValueRC( Sensor[0].AverageDistance, 1 ) ):

lelse
{

return( Pitch = ValueRC( Sensor[Z].AverageDistance, 0 ) );

return( Pitch = ValueRC( Sensor[O].AverageDistance, 1))

else

ifl Sensor[2].Fence == true )
{

return( Pitch = ValueRC( Sensor[Z].AverageDistance, 0 ) );

else

return( Pitch = 0 );

}

else ifl Sensor[Q].Fence == true && Sensor[2].AverageDistance == 0 )

{

return( Pitch = ValueRC( Sensor[O].AverageDistance, 1) );

else if ( Sensor{0].AverageDistance == 0 && Sensor[2].Fence == true )



return( Pitch = ValueRC( Sensor[2].AverageDistance, 0 ) );

}

else

return( Pitch = 0 );

return( Pitch = 0 );

1
uint16_t CheckRoll(uint16 t Roll)
{
int16_t Difference = Sensor[1].AverageDistance - Sensor[3].AverageDistance;

ifl Sensor[4].AverageDistance > AltMin || Sensor[4].AverageDistance == O )

{
if( abs(Difference) > DistMin )
{

ift Sensor[1].Fence == true )

{

ifl Sensor[3].Fence == true )

{

ift Sensor[1].AverageDistance < Sensor[3].AverageDistance )

{

return({ Roll = ValueRC( Sensor[l].AverageDistance, 0 ) );



else

return( Roll = ValueR(( Sensor[3].AverageDistance, 1) );
}

lelse{

return( Roll = ValueRC( Sensor[1].AverageDistance, O ) );

else

ifl Sensor[3].Fence == true )

{

return( Roll = ValueRC( Sensor[3].AverageDistance, 1 ) );

else

return( Roll = 0 ):

}
else if( Sensor[1].Fence == true && Sensor[3].AverageDistance == 0 )

{

return( Roll = ValueRC( Sensor[1].AverageDistance, 0 ) ):
}
else if ( Sensor[1].AverageDistance == O && Sensor[3].Fence == true )

{



return( Roll = ValueRC( Sensor[?)].AverageD\'stance, 1))

}

else

return( Roll = 0 );

else
return( Roll = 0 ):

}
uint16_t ValueRC( uint 16 _t Distance, bool inc ) /////ANMUORLWANAUAN return///
{

if( Distance < 30 )

{
if( inc == true )
{
return( 1700 )

else

return( 1300 ):

}
else if( Distance < 90 )

{
if( inc == true )
{
return( 1675 );



else

retun( 1325 )

}
else if( Distance < 150 )

{
if( inc == true )

{
return( 1650 ):

else

return( 1350 );

}
void FHeartBeat() {

mavlink_message t msg;

uint8_t buf[MAVLINK_MAX_PACKET LEN];

uintl6 tlen;

// System ID = 255 = Gcs

mavlink_msg_heartbeat_pack(255, 0, &msg, MAV_TYPE_QUADROTOR,
MAV_AUTOPILOT GENERIC, O, 1, O);

// Copy the message to send buffer

len = mavlink_msg_to_send_buffer(buf, &msg);
// Send the message (.write sends as bytes)
Serial.write(buf, len);

//Serial.write("\n\\rHeartBeat\n\r");



void RCOverride(mavlink_message_t *msg, uint16_t len, uint8_t *buf, uint16_t PitchOut,
uint16_t RollOut) {

mavlink_msg_rc_channels_override_pack(255, 0 , msg, 1, 0, RollOut, Pitchout, 0, 0, 0, O, 0,
0);

len = maviink_msg_to_send_buffer(buf, msg);

Serial.write(buf, len);
/*Serial.print("\n\rPitch: ");

Serial.print(PitchOut);
Serial.print(",");
Serial.print(" Roll: );
Serial.print(RollOut);*/

/*mavlinkﬁmsg_rc_c:hannels_overridegpack(u\'nt8_t system_id, uint8 t component id,
mavlink_message t* msg,
uint8_t target_system, uint8_t target_component, uint16 _t chanl raw, uint16_t chan2_raw,
uint16_t chan3 raw,
uint16_t chand _raw, uint16_t chan5_raw, uint16_t chan6 raw, uint16 t chan7 raw,
uint16_t chan8 raw)*/
/*Channel 1 = Roll
Channel 2 = Pitch
Channel 3 = Throttle
Channel 4 = Yaw*/
/*sensorQ = W

Sensorl = U

1
>
=X

Sensor?

Sensor3 = %’18*/
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Ultrasonic Ranging Module HC - SR04

Product features:

Ultrasonic ranging module HC - SR04 provides 2cm - 400cm non-contact
measurement function, the ranging accuracy can reach to 3mm. The modules
includes ultrasonic transmitters, receiver and control circuit. The basic principle
of work:

(1) Using IO trigger for at least 10us high level signal,

(2) The Module automatically sends eight 40 kHz and detect whether there is a
pulse signal back.

(3) TF the signal back, through high level , time of high output IO duration is
the time from sending ultrasonic to returning.

Test distance = (high level timexvelocity of sound (340M/S) / 2,

Wire connecting direct as following:

® 5V Supply
® Trigger Pulse Input
® Echo Pulse Output
® 0V Ground

Electric Parameter

Working Voltage ' DCS5V

Working Current 15mA

Working Frequency 40Hz

Max Range 4m

Min Range Zem

MeasuringAngle 15 degree

Trigger Input Signal 10uS TTL pulse

Echo Output Signal Input TTL lever signal and the range in
proportion

Dimension 45%20*15mm




Y1

HC-5RO4 §

Vee Trig Echo GND

Timing diagram

The Timing diagram is shown below. You only need to supply a short 10uS
pulse to the trigger input to start the ranging, and then the module will send out
an 8 cycle burst of ultrasound at 40 kHz and raise its echo. The Echo is a
distance object that is pulse width and the range in proportion . You can
calculate the range through the time interval between sending trigger signal and
receiving echo signal. Formula: uS / 58 = centimeters or uS / 148 =inch: or: the
range = high level time * velocity (340M/S) / 2; we suggest to use over 60ms
measurement cycle, in order to prevent trigger signal to the echo signal.

10us TTL Tjn]_'ngg Diagram

Trigger Input l

to MModule

8 Cwcle Sonic Burst
from Maodule !
Input TTL lewer

Echo Pulse Output signal with a range
to User Timemg Crret in proportion




Attention:

o The module is not suggested to connect directly to electric, if connected
electric, the GND terminal should be connected the module first, otherwise,

it will affect the normal work of the module.
® When tested objects, the range of area is not less than 0.5 square meters
and the plane requests as smooth as possible, otherwise it will affect the

results of measuring.

www.Elecfreaks.com



NRF24L01+
Single Chip 2.4GHz Transceiver

Preliminary Product Specification v1.0

Key Features Applications

Worldwide 2.4GHz ISM band operation
250kbps, 1Mbps and 2Mbps on air data
rates

Ultra low power operation

11.3mA TX at 0dBm output power
13.5mA RX at 2Mbps air data rate
900nA in power down

26A in standby-I|

On chip voltage regulator

1.9 to 3.6V supply range

Enhanced ShockBurst™

Automatic packet handling

Auto packet transaction handling

6 data pipe MultiCeiver™

Drop-in compatibility with nRF24L01
On-air compatible in 250kbps and 1Mbps
with nRF2401A, nRF2402, nRF24E1 and
nRF24E2

Low cost BOM

+60ppm 16MHz crystal

5V tolerant inputs

Compact 20-pin 4x4mm QFN package

Wireless PC Peripherals

Mouse, keyboards and remotes

3-in-1 desktop bundles

Advanced Media center remote controls
VolP headsets

Game controllers

Sports watches and sensors

RF remote controls for consumer electronics
Home and commercial automation

Ultra low power sensor networks

Active RFID

Asset tracking systems

Toys

All rights reserved.
Reproduction in whole or in part is prohibited without the prior written permission of the copyright holder.

March 2008
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Liability disclaimer

Nordic Semiconductor ASA reserves the right to make changes without further notice to the product to
improve reliability, function or design. Nordic Semiconductor ASA does not assume any liability arising out
of the application or use of any product or circuits described herein.

All application information is advisory and does not form part of the specification.
Limiting values

Stress above one or more of the limiting values may cause permanent damage to the device. These are
stress ratings only and operation of the device at these or at any other conditions above those given in the
specifications are not implied. Exposure to limiting values for extended periods may affect device reliability.

Life support applications

These products are not designed for use in life support appliances, devices, or systems where malfunction
of these products can reasonably be expected to result in personal injury. Nordic Semiconductor ASA cus-
tomers using or selling these products for use in such applications do so at their own risk and agree to fully
indemnify Nordic Semiconductor ASA for any damages resulting from such improper use or sale.

Data sheet status

Objective product specification | This product specification contains target specifications for product
development.

Preliminary product specification | This product specification contains preliminary data; supplementary
data may be published from Nordic Semiconductor ASA later.
Product specification This product specification contains final product specifications. Nordic
Semiconductor ASA reserves the right to make changes at any time
without notice in order to improve design and supply the best possible
product.

Contact details

Visit www.nordicsemi.no for Nordic Semiconductor sales offices and distributors worldwide

Main office:

Otto Nielsens vei 12
7004 Trondheim
Phone: +47 72 89 89 00
Fax: +47 72 89 89 89
www.nordicsemi.no
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NRF24L01+ Preliminary Product Specification

Writing Conventions

This product specification follows a set of typographic rules that makes the document consistent and easy
to read. The following writing conventions are used:

.

Commands, bit state conditions, and register names are written in Courier.

Pin names and pin signal conditions are written in Courier bold.

Cross references are underlined and highlighted in blue.

Revision History

Date Version . Description
March 2008 1.0
Attention!
Observe precaution for handling A

Electrostatic Sensitive Device.

Aad

Revision 1.0 Page 3 of 75
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1 Introduction

The nRF24L01+ is a single chip 2.4GHz transceiver with an embedded baseband protocol engine
(Enhanced ShockBurst™), suitable for ultra low power wireless applications. The nRF24L01+ is designed
for operation in the world wide ISM frequency band at 2.400 - 2.4835GHz.

To design a radio system with the nRF24L01+, you simply need an MCU (microcontroller) and a few exter-
nal passive components.

You can operate and configure the nRF24L01+ through a Serial Peripheral Interface (SPI). The register
map, which is accessible through the SPI, contains all configuration registers in the nRF24L01+ and is
accessible in all operation modes of the chip.

The embedded baseband protocol engine (Enhanced ShockBurst™) is based on packet communication
and supports various modes from manual operation to advanced autonomous protocol operation. Internal
FIFOs ensure a smooth data flow between the radio front end and the system’s MCU. Enhanced Shock-
Burst™ reduces system cost by handling all the high speed link layer operations.

The radio front end uses GFSK modulation. It has user configurable parameters like frequency channel,
output power and air data rate. nRF24L01+ supports an air data rate of 250 kbps, 1 Mbps and 2Mbps. The
high air data rate combined with two power saving modes make the nRF24L01+ very suitable for ultra low
power designs.

nRF24L01+ is drop-in compatible with nRF24L01 and on-air compatible with nRF2401A, nRF2402,
nRF24E1 and nRF24E2. Intermodulation and wideband blocking values in nRF24L01+ are much
improved in comparison to the nRF24L01 and the addition of internal filtering to nRF24L01+ has improved
the margins for meeting RF regulatory standards.

Internal voltage regulators ensure a high Power Supply Rejection Ratio (PSRR) and a wide power supply
range.
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1.1 Features

Features of the nRF24L01+ include:

Radio
» Worldwide 2.4GHz ISM band operation
» 126 RF channels
» Common RX and TX interface
» GFSK modulation
» 250kbps, 1 and 2Mbps air data rate
» 1MHz non-overlapping channel spacing at 1Mbps
» 2MHz non-overlapping channel spacing at 2Mbps
Transmitter
» Programmable output power: 0, -6, -12 or -18dBm
» 11.3mA at 0dBm output power
Receiver
» Fast AGC for improved dynamic range
» Integrated channel filters
» 13.5mA at 2Mbps
» -82dBm sensitivity at 2Mbps
» -85dBm sensitivity at 1Mbps
» -94dBm sensitivity at 250kbps
* RF Synthesizer
» Fully integrated synthesizer

N nRF24L01+ Preliminary Product Specification

» No external loop filer, VCO varactor diode or resonator

» Accepts low cost +60ppm 16MHz crystal
Enhanced ShockBurst™

» 1to 32 bytes dynamic payload length

» Automatic packet handling

» Auto packet transaction handling

» 6 data pipe MultiCeiver™ for 1:6 star networks
Power Management

» Integrated voltage regulator

» 1.9 to 3.6V supply range

» Idle modes with fast start-up times for advanced power management

» 26pA Standby-l mode, 900nA power down mode
» Max 1.5ms start-up from power down mode
» Max 130us start-up from standby-l mode
* Host Interface
» 4-pin hardware SPI
» Max 10Mbps
» 3 separate 32 bytes TX and RX FIFOs
» 5V tolerant inputs
*  Compact 20-pin 4x4mm QFN package
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1.2 Block diagram
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Figure 1. nRF24L01+ block diagram
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2 Pin Information

2.1

CE

CSN

SCK

MOSI

MISO

Pin assignment

1] E a 9] ]
2 z & B K
120) (19| (18] [17] | 16 |
1 . (15
2) oy
...... nRF24L01+
3} 13
QFN20 4X4
4) ‘12|
5 ) 11
....... A a8 )/ B X
b\l 1) /| 9N | O[] gpfgdd
B 2 SEESeNC R
H g > £ ™

vss

ANT2

ANT1

VDD_PA

Figure 2. nRF24L01+ pin assignment (top view) for the QFN20 4x4 package
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2.2 Pin functions
Pin Name Pin function Description
1 CE Digital Input Chip Enable Activates RX or TX mode
2 CSN Digital Input SPI Chip Select
3 SCK Digital Input SPI Clock
4 MOSI Digital Input SPI Slave Data Input
5 MISO Digital Output | SPI Slave Data Output, with tri-state option
6 IRQ Digital Output |Maskable interrupt pin. Active low
7 VDD Power Power Supply (+1.9V - +3.6V DC)
8 vss Power Ground (0V)
9 Xc2 Analog Output | Crystal Pin 2
10 Xc1 Analog Input  |Crystal Pin 1
1" VDD PA Power Qutput |Power Supply Output (+1.8V) for the internal
nRF24L01+ Power Amplifier. Must be con-
nected to ANT1 and ANT2 as shown in Fig-
ure 29,
12 ANT1 RF Antenna interface 1
13 ANT2 RF Antenna interface 2
14 vss Power Ground (0V)
15 VDD Power Power Supply (+1.9V - +3.6V DC)
16 IREF Analog Input |Reference current. Connect a 22kQ) resistor
to ground. See Figure 29.
17 VSS Power Ground (0V)
18 VDD Power Power Supply (+1.9V - +3.6V DC)
19 DVDD Power Output |Internal digital supply output for de-coupling
purposes. See Figure 29.
20 vss Power Ground (0V)
Table 1. nRF24L01+ pin function
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3 Absolute maximum ratings

Note: Exceeding one or more of the limiting values may cause permanent damage to nRF24L01+.

Operating conditions ] Minimum i Maximum l Units
Supply voltages
VDD -0.3 3.6 V
VEE] 0 \
Input voltage
V, | -0.3 ’ 5.25 | V
Output voltage
Vo | vsstovpp | vsstovpp |
Total Power Dissipation
Pp (T4=85°C) ’ | 60 J mw
Temperatures )
Operating Temperature -40 +85 °C
Storage Temperature -40 The5 °C

Table 2. Absolute maximum ratings
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4 Operating conditions

Symbol Parameter (condition) Notes| Min. | Typ. | Max. [Units
vDD | Supply voltage 1.9 3.0 3.6 V
vDD | Supply voltage if input signals >3.6V 2.7 3.0 3.3 V

TEMP | Operating Temperature -40 27 | +85 | °G

Table 3. Operating conditions
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5 Electrical specifications

Conditions: VDD = +3V, vSs = 0V, Ty = - 40°C to + 85°C

9.1 Power consumption
Symbol Parameter (condition) Notes Min. Typ. Max. Units
Idle modes
lvpp_PD Supply current in power down 900 nA
lvob_st1 | Supply current in standby-I mode a 26 A
lvpp sT2 | Supply current in standby-Il mode 320 pA
lvop su Average current during 1.5ms crystal 400 A
- oscillator startup
Transmit
lvbb Txo Supply current @ 0dBm output power b Th3 mA
lvbp_Txe | Supply current @ -6dBm output b 90 Tk
B power
lvop Tx12 | Supply current @ -12dBm output b 7.5 mA
B power
lypp Tx1s | Supply current @ -18dBm output b 70 ==
B power
lvop ave |Average Supply current @ -6dBm out c 0.12 mA
B put power, ShockBurst™
lvop_Txs |Average current during TX settling d 8.0 mA
Receive
lvoD 2m Supply current 2Mbps 13.5 mA
VoD 1M Supply current TMbps 13.1 mA
lvDD 250 Supply current 250kbps 12.6 mA
lypb rxs |Average current during RX settling e 8.9 mA

a. This current is for a 12pF crystal. Current when using external clock is dependent on signal swing.

b. Antenna load impedance = 15Q+j880Q)..

c. Antenna load impedance = 15Q+j88Q. Average data rate 10kbps and max. payload length packets.

d. Average current consumption during TX startup (130us) and when changing mode from RX to TX
(130ps).

e. Average current consumption during RX startup (130ps) and when changing mode from TX to RX
(130us).

Table 4. Power consumption
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Bl General RF conditions
Symbol Parameter (condition) Notes | Min. | Typ. [ Max.| Units
fop ‘Operating frequency o a | 2400 2525 MHz
PLL.es |PLL Programming resolution 1 MHz
fxTAL Crystal frequency 16 MHz
Afagg Frequency deviation @ 250kbps +160 kHz
Afqm Freguency deviation @ 1Mbps +160 kHz
Afom Frequency deviation @ 2Mbps +320 kHz
Rgrsk | Air Data rate b 250 2000| Kkbps
FcHanNEL 1m| Non-overlapping channel spacing @ 250kbps c 1 MHz

1Mbps

FCHANNEL 2M Non—%verlapping channel spacing @ 2Mbps c 2 MHz

a. Regulatory standards determine the band range you can use.
b. Data rate in each burst on-air
¢. The minimum channel spacing is 1MHz

Table 5. General RF conditions

8.3 Transmitter operation
Symbol Parameter (condition) Notes | Min. | Typ. | Max. | Units
Pre  |Maximum Output Power o & == 0 +4 | dBm
Prrc  |RF Power Control Range 16 18 20 dB
Prrcr | RF Power Accuracy +4 dB
Pewz |20dB Bandwidth for Modulated Carrier (2Mbps) 1800 | 2000 kHz
Pew1  [20dB Bandwidth for Modulated Carrier (1Mbps) 90C | 1000 kHz
Pewz2sg |20dB Bandwidth for Modulated Carrier (250kbps) 700 800 kHz
PrRr12 |15t Adjacent Channel Transmit Power 2MHz -20 dBc
(2Mbps)
Prr22  |2" Adjacent Channel Transmit Power 4MHz -50 dBc
(2Mbps)
Prr1.1 |15t Adjacent Channel Transmit Power 1MHz -20 | dBc
(1Mbps)
Prr2.1 |27 Adjacent Channel Transmit Power 2MHz -45 | dBc
(1Mbps)
PRF1.250 | 15! Adjacent Channel Transmit Power 1MHz -30 | dBc
(250kbps)
PrF2.250 |2"d Adjacent Channel Transmit Power 2MHz -45 dBc
(250kbps)

a. Antenna load impedance = 15Q+j88Q

Table 6. Transmitter operation
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54 Receiver operation
Datarate| Symboal Parameter (condition) Notes| Min. | Typ. | Max. | Units
RXmax | Maximum received signal at <0.1% BER 0 | | dBm
2Mbps RXsens | Sensitivity (0.1%BER) @2Mbps -82 dBm
1Mbps RXsens | Sensitivity (0.1%BER) @ 1Mbps -85 dBm
250kbps|  RXggns | Sensitivity (0.1%BER) @250kbps 94 dBm
Table 7. RX Sensitivity

Datarate| Symbol Parameter (condition) Notes| Min. | Typ. | Max. | Units
2Mbps | C/lzg |C/l Co-channel 7 dBc
Cllist |18 ACS (Adjacent Channel Selectivity) C/l 2MHz 3 dBc
Cllonp |27 ACS C/l 4MHz =17 dBc
Cllzrp |3 ACS C/l 6MHz -21 dBe
Clinn [N™ACS €/, f> 12MHz -40 dBc
Clinth [N ACS CII, f;> 36MHz 3 -48 dBc
1Mbps | Cl/lgo |C/I Co-channel 9 dBc
Cllist [15ACS C/I 1MHz 8 dBc
Cllonp | 2" ACS C/I 2MHz -20 dBc
Cll3rp |34 ACS C/l 3MHz -30 dBe
Clinth Nt ACS CII, f,> BMHz -40 dBc
Clintn [N ACS CII, f;> 25MHz a 45 dBc
250kbps| Cllgg | C/l Co-channel 12 dBc
Cllist |15t ACS C/l 1MHz -12 dBc
Clionp 279 ACS C/l 2MHz -33 dBc
Cllsrp |34 ACS C/I 3MHz -38 dBc
Clinth [N ACS CII, f;> BMHz -50 dBc
Clinth [Nt ACS C1I, f;> 25MHz ¢ -60 dBc

a. Narrow Band (In Band) Blocking measurements:
0 to +40MHz; 1MHz step size
For Interferer frequency offsets n*2*fxtal, blocking performance is degraded by approximately 5dB com-
pared to adjacent figures.

Table 8. RX selectivity according to ETSI EN 300 440-1 V/1.3.1 (2001-09) page 27
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Datarate| Symbol Parameter (condition) Notes | Min. | Typ. | Max. | Units
2Mbps Cllco | C/l Co-channel (Modulated carrier) T 1 T dBc
Cllist |1t ACS C/l 2MHz 4 dBc

Cllanp  [2M ACS C/I 4MHz -18 dBc

Cllrp |39 ACS C/l BMHz 24 dBc

Clnen  [NIACS CII, £ > 12MHz -40 dBc

Clintn - [Nt ACS CII, ;> 36MHz a -48 dBc

1Mbps Cllco  |C/l Co-channel 12 dBc
Cllyst |1t ACS C/l 1MHz 8 dBc

Cllonp |27 ACS C/I 2MHz 21 dBc

Cllagp |39 ACS C/I 3MHz 30 dBc

Clnt [N ACS I, f;> BMHz -40 dBc

Clinth [Nt ACS C/I, f;> 25MHz a -50 dBc

250kbps Cllco  |C/l Co-channel 7 dBc
Cllist |18t ACS C/I 1MHZ -12 dBc

Cllanp  |2M ACS C/l 2MHz 34 dBc

Cllsrp |39 ACS C/l 3MHz -39 dBc

Clinth - [Nt ACS C/I, f; >BMHz -50 dBc

Cllntn [Nt ACS CI, f; >25MHz a -60 dBc

a. Narrow Band (In Band) Blocking measurements:
0 to +40MHz; 1MHz step size
Wide Band Blocking measurements:
30MHz to 2000MHz; 10MHz step size
2000MHz to 2399MHz; 3MHz step size
2484MHz to 3000MHz; 3MHz step size
3GHz to 12.75GHz; 25MHz step size
Wanted signal for wideband blocking measurements:
-67dBm in 1Mbps and 2Mbps mode
-77dBm in 250kbps mode
For Interferer frequency offsets n*2*fxtal, blocking performance are degraded by approximately 5dB
compared to adjacent figures.
If the wanted signal is 3dB or more above the sensitivity level then, the carrier/interferer ratio is indepen-
dent of the wanted signal level for a given frequency offset.

Table 9. RX selectivity with nRF24L01+ equal modulation on interfering signal. Measured using
Pin = -67dBm for wanted signal.

Revision 1.0 Page 17 of 75



Datarate| Symbol Parameter (condition) Notes/Min.| Typ. |Max.|Units
2Mbps | P_IM(6 |Input power of IM interferers at 6 and 12MHz offset -42 dBm
from wanted signal
P_IM(8) |Input power of IM interferers at § and 16MHz offset -38 dBm
from wanted signal
P_IM(10) | Input power of IM interferers at 10 and 20MHz offset -37 dBm
from wanted signal
1Mbps | P_IM(3) |Input power of IM interferers at 3 and 6MHz offset -36 dBm
from wanted signal
P_IM(4) | Input power of IM interferers at 4 and 8MHz offset -36 dBm
from wanted signal
P_IM(5) |Input power of IM interferers at 5 and 10MHz offset -36 dBm
from wanted signal
250kbps| P_IM(3) |Input power of IM interferers at 3 and 6MHz offset -36 dBm
from wanted signal
P_IM(4) | Input power of IM interferers at 4 and 8MHz offset -36 dBm
from wanted signal
P_IM(5) | Input power of IM interferers at 5 and 10MHz offset -36 dBm
from wanted signal

Note: Wanted signal level at Pin = -84 dBm. Two interferers with equal input power are used. The
interferer closest in frequency is unmodulated, the other interferer is modulated equal with the
wanted signal. The input power of interferers where the sensitivity equals BER = 0.1% is pre-
sented.

Table 10. RX intermodulation test performed according to Bluetooth Specification version 2.0
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5.5 Crystal specifications

Symbol Parameter (condition) Notes | Min. | Typ. | Max. | Units
Fxo |Crystal Frequency "" 16 | MHz
AF | Tolerance ab +60 ppm
Co Equivalent parallel capacitance 1.5 7.0 pF
CL Load capacitance 8 12 16 pF

ESR |Equivalent Series Resistance 100 Q

a. Frequency accuracy including; tolerance at 25°C, temperature drift, aging and crystal loading.
b. Frequency regulations in certain regions set tighter requirements for frequency tolerance (For
example, Japan and South Korea specify max. +/- 50ppm)

Table 11. Crystal specifications

5.6 DC characteristics

Symbol Parameter (condition) Notes | Min. Typ. Max. | Units
ViH HIGH level input voltage 0.7vDD 5.053 Vv
VL LOW level input voltage vss 0.3vbp| V

a. Ifthe input signal >3.6V, the VDD of the nRF24L01+ must be between 2.7V and 3.3V (3.0V+10%)

Table 12. Digital input pin

Symbol Parameter (condition) Notes | Min. Typ. Max. | Units
Von HIGH level output voltage (Igy=-0.25mA) vDD -0.3 VDD Vv
VoL LOW level output voltage (g =0.25mA) 0.3 Vv

Table 13. Digital output pin

9.7 Power on reset
Symbol ~ Parameter (condition) Notes | Min. | Typ. | Max. | Units
Tpup Power ramp up time a 100 ms
Tror Power on reset b 1 100 ms

a. From 0V to 1.9V.
b. Measured from when the VDD reaches 1.9V to when the reset finishes.

Table 14. Power on reset
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6 Radio Control

This chapter describes the nRF24L01+ radio transceiver’s operating modes and the parameters used to
control the radio.

The nRF24L01+ has a built-in state machine that controls the transitions between the chip’s operating
modes. The state machine takes input from user defined register values and internal signals.

6.1 Operational Modes

You can configure the nRF24L01+ in power down, standby, RX or TX mode. This section describes these
modes in detail.

6.1.1 State diagram

The state diagram in Figure 3. shows the operating modes and how they function. There are three types of
distinct states highlighted in the state diagram:

* Recommended operating mode: is a recommended state used during normal operation.
+ Possible operating mode: is a possible operating state, but is not used during normal operation.
+ Transition state: is a time limited state used during start up of the oscillator and settling of the PLL.

When the vDD reaches 1.9V or higher nRF24L01+ enters the Power on reset state where it remains in
reset until entering the Power Down mode.
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Legend:
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Figure 3. Radio control state diagram
6.1.2 Power Down Mode

In power down mode nRF24L01+ is disabled using minimal current consumption. All register values avail-
able are maintained and the SPI is kept active, enabling change of configuration and the uploading/down-
loading of data registers. For start up times see Table 16. on page 23. Power down mode is entered by
setting the PWR_UP bit in the CONFIG register low.

6.1.3  Standby Modes

6.1.3.1 Standby-I mode

By setting the PWR_UP bit in the CONFIG register to 1, the device enters standby-I mode. Standby-I mode is
used to minimize average current consumption while maintaining short start up times. In this mode only
part of the crystal oscillator is active. Change to active modes only happens if CE is set high and when cE
is set low, the nRF24L01 returns to standby-l mode from both the TX and RX modes.
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B.1.92 Standby-Il mode

In standby-Il mode extra clock buffers are active and more current is used compared to standby-l mode.
nRF24L01+ enters standby-Il mode if CE is held high on a PTX device with an empty TX FIFO. If a new
packet is uploaded to the TX FIFO, the PLL immediately starts and the packet is transmitted after the nor-
mal PLL settling delay (130us).

Register values are maintained and the SPI can be activated during both standby modes. For start up
times see Table 16. on page 23.

6.1.4 RX mode

The RX mode is an active mode where the nRF24L01+ radio is used as a receiver. To enter this mode, the
nRF24L01+ must have the PWR_UP bit, PRIM_RX bit and the CE pin set high.

In RX mode the receiver demodulates the signals from the RF channel, constantly presenting the demodu-
lated data to the baseband protocol engine. The baseband protocol engine constantly searches for a valid
packet. If a valid packet is found (by a matching address and a valid CRC) the payload of the packet is pre-
sented in a vacant slot in the RX FIFOs. If the RX FIFOs are full, the received packet is discarded.

The nRF24L01+ remains in RX mode until the MCU configures it to standby-l mode or power down mode.
However, if the automatic protocol features (Enhanced ShockBurst™) in the baseband protocol engine are
enabled, the nRF24L01+ can enter other modes in order to execute the protocol.

In RX mode a Received Power Detector (RPD) signal is available. The RPD is a signal that is set high
when a RF signal higher than -64 dBm is detected inside the receiving frequency channel. The internal
RPD signal is filtered before presented to the RPD register. The RF signal must be present for at least 40us
before the RPD is set high. How to use the RPD is described in Section 6.4 on page 24.

6.1.5 TX mode

The TX mode is an active mode for transmitting packets. To enter this mode, the nRF24L01+ must have
the PWR_UP bit set high, PRIM_RX bit set low, a payload in the TX FIFO and a high pulse on the cE for
more than 10us.

The nRF24L01+ stays in TX mode until it finishes transmitting a packet. If CE = 0, nRF24L01+ returns to
standby-l mode. If CE = 1, the status of the TX FIFO determines the next action. If the TX FIFO is not
empty the nRF24L01+ remains in TX mode and transmits the next packet. If the TX FIFO is empty the
nRF24L01+ goes into standby-Il mode. The nRF24L01+ transmitter PLL operates in open loop when in TX
mode. It is important never to keep the nRF24L01+ in TX mode for more than 4ms at a time. If the
Enhanced ShockBurst™ features are enabled, nRF24L01+ is never in TX mode longer than 4ms.
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6.1.6 Operational modes configuration

The following table (Table 15.) describes how to configure the operational modes.

Mode f:g;;;’e I; I:_z;?:—izf CE input pin FIFO state
RX mode 1 1 1 -
TX mode 1 0 1 Data in TX FIFOs. Will empty all
levels in TX FIFOs®.
TX mode 1 0 Minimum 10ps | Data in TX FIFOs.Will empty one
high pulse | |evel in TX FIFOsP.

Standby-ll 1 0 1 TX FIFO empty.

Standby-I 1 - 0 No ongeing packet transmission.
Power Down 0 - - -

a. If CE is held high all TX FIFOs are emptied and all necessary ACK and possible retransmits are car-
ried out. The transmission continues as long as the TX FIFO is refilled. If the TX FIFO is empty when
the CE is still high, nRF24L01+ enters standby-Il mode. In this mode the transmission of a packet is
started as soon as the CSN is set high after an upload (UL) of a packet to TX FIFO.

b. This operating mode pulses the CE high for at least 10ps. This allows one packet to be transmitted.
This is the normal operating mode. After the packet is transmitted, the nRF24L01+ enters standby-|
mode.

Table 15. nRF24L01+ main modes
6.1.7 Timing Information
The timing information in this section relates to the transitions between modes and the timing for the CE

pin. The transition from TX mode to RX mode or vice versa is the same as the transition from the standby
modes to TX mode or RX mode (max. 130us), as described in Table 16.

Name nRF24L01+ Max. Min. Comments
Tpd2stby Power Down =» Standby mode 1.5ms Internal crystal
oscillator
Tpd2stby Power Down = Standby mode 150us With external
clock
Tstby2a Standby modes = TX/RX mode 130us
Thce Minimum cg high 10us
Tpece2csn Delay from CE positive edge to csN 4us
low

Table 16. Operational timing of nRF24L01+

When nRF24L01+ is in power down mode it must settle for 1.5ms before it can enter the TX or RX modes.
If an external clock is used this delay is reduced to 150us, see Table 16.. The settling time must be con-
trolled by the MCU.

Note: If vDD is turned off the register value is lost and you must configure nRF24L01+ before enter-
ing the TX or RX modes.
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6.2 Air data rate

The air data rate is the modulated signaling rate the nRF24L01+ uses when transmitting and receiving
data. It can be 250kbps, 1Mbps or 2Mbps. Using lower air data rate gives better receiver sensitivity than
higher air data rate. But, high air data rate gives lower average current consumption and reduced probabil-
ity of on-air collisions.

The air data rate is set by the RF_DR bit in the RF_SETUP register. A transmitter and a receiver must be
programmed with the same air data rate to communicate with each other.

NRF24L01+ is fully compatible with nRF24L01. For compatibility with nRF2401A, nRF2402, nRF24E1, and
nRF24E2 the air data rate must be set to 250kbps or 1Mbps.

6.3 RF channel frequency

The RF channel frequency determines the center of the channel used by the nRF24L01+. The channel
occupies a bandwidth of less than 1MHz at 250kbps and 1Mbps and a bandwidth of less than 2MHz at
2Mbps. nRF24L01+ can operate on frequencies from 2.400GHz to 2.525GHz. The programming resolu-
tion of the RF channel frequency setting is 1MHz.

At 2Mbps the channel occupies a bandwidth wider than the resolution of the RF channel frequency setting.
To ensure non-overlapping channels in 2Mbps mode, the channel spacing must be 2MHz or more. At
1Mbps and 250kbps the channel bandwidth is the same or lower than the resolution of the RF frequency.

The RF channel frequency is set by the RF_CH register according to the following formula:
Fo= 2400 + RF_CH [MHz]

You must program a transmitter and a receiver with the same RF channel frequency to communicate with
each other.

6.4 Received Power Detector measurements

Received Power Detector (RPD), located in register 09, bit 0, triggers at received power levels above -64
dBm that are present in the RF channel you receive on. If the received power is less than -64 dBm,
RDP = 0.

The RPD can be read out at any time while nRF24L01+ is in receive mode. This offers a snapshot of the
current received power level in the channel. The RPD status is latched when a valid packet is received
which then indicates signal strength from your own transmitter. If no packets are received the RPD is
latched at the end of a receive period as a result of host MCU setting CE low or RX time out controlled by
Enhanced ShockBurst™.

The status of RPD is correct when RX mode is enabled and after a wait time of Tstby2a +Tdelay_AGC=
130us + 40us. The RX gain varies over temperature which means that the RPD threshold also varies over
temperature. The RPD threshold value is reduced by - 5dB at T = -40°C and increased by + 5dB at 85°C.
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6.5 PA control

The PA (Power Amplifier) control is used to set the output power from the nRF24L01+ power amplifier. In
TX mode PA control has four programmable steps, see Table 17.

The PA control is set by the RF_PWR bits in the RF_SETUP register.

SPI RF-SETUP RE duinutiove DC current
(RF_PWR) consumption
11 0dBm 11.3mA
10 -6dBm 9.0mA
01 -12dBm 7.5mA
00 -18dBm 7.0mA

Conditions: vbp = 3.0V, vss = 0V, Ty = 27°C, Load impedance = 15Q+j88Q.

Table 17. RF output power setting for the nRF24L01+

6.6 RX/TX control

The RX/TX control is set by PRIM RX bit in the CONFIG register and sets the nRF24L01+ in transmit/
receive mode,
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PARTS

1 Pixhawk

2 Buzzer

3 Safety switch

4 Micro-SD card and adapter
5 Micro-USB cable

6 Six-wire cable x2

GETTING STARTED

With the help of APM firmware, Pixhawk turns any
RC plane, copter, or rover into a full-featured personal
drone. Once you have a fully-assembled frame, follow
this guide to install Pixhawk.

@ MOUNT

7 Power module

8 I°C splitter module

9 Four-position I’C splitter cable
10 Three-wire servo cable

11 Mounting foam

1 Mount

2 Connect

3 Load firmware
4 Calibrate

Use the provided foam to mount Pixhawk as close as possible to your vehicle's center of gravity.
Make sure to orient the board with the arrow pointing forward.

Attach the foam squares to the
corners of the board.

Vehicle front



..I

CONN

m
M

(Required) Connect the buzzer

and safety switch,

(Optional) Connect a 3DR
Radio to Pixhawk's Telem (GPS or GPS+Compass required)
Connect a 3DR GPS+Compass to

provide the autopilot with positioning

port using the 6-wire cable
provided with your 3DR Radio
Kit to receive data and data during flight. This kit includes a
6-wire cable to connect the GPS ports,
Connect the MAG to the I’C port using
the 4-wire cable provided with the 3DR

GPS+Compass.

communicate with
the autopilot in flight.

(Required) Connect the 3DR
Power Module to the Power port
using the 6-wire cable to direct
power from your lithium polymer
(LiPo) battery to the autapilot.

(Optional) The I°C splitter expands the I°C port to allow up
to four additional peripherals to connect to Pixhawk. Use the
4-wire cable to connect the I°C splitter and add a compass
module, external LED, digital airspeed sensor, or other

peripherals to your vehicle,



If the SD card is not preloaded into Pixhawk, insert the micro-SD card into the slot at the
bottom end of the board.

‘.
$

Connect the ground (-), power (+), and signal (5) wires to the RC
pins using the provided 3-wire servo cable.

For a Spektrum DSM, DSM2, ar DSM-X Satellite RC receiver, connect to
the SPKT/DSM port.

For a complete list of RC systems compatible with Pixhawk, visit the APM wiki nage nere.

Purchase a PPM Encoder module to connect a PWM
RC receiver to Pixhawk at store 3cccom.



CONNECT OUTPUTS

Connect each signal wire from the PDB to
the main output signal (5) pins by motor
- number. Connect one wire for each motor
U.:R 83765432 l " to the corresponding pin.
e O L L L e l Pin1= Motor 1 Pin5 = Motor 5
Pin 2 = Motor 2 Pin & = Motor 6
Pin 3 = Motor 3 Pin 7 = Motor 7
Pin4 = Motor 4 Pin 8 = Motor 8

For planes, connect the control channel
wires to the main output signal pins.

Pin 1= Aileron

Pin 2 = Elevator
Pin 3 = Throttle
Pin 4 = Rudder

For rovers, connect the throttle and steering
wires to the main output signal pins.

Pin 3 = Throttle

Pin 4 = Steering

LOAD FIRMWARE

APM firmware is the brains of your autopilot operation and must be installed before using Pixhawk.

To load firmware onto Pixhawk, install a mission planner application on your ground station computer. Choose
either Mission Planner (Windows) or APM Planner for (Windows, 0S5 X, and Linux).

Both applications are available for free download from ard:




M\ Download Mission Planner (Windows)

Ardupilot.com =3 Downloads —» Mission Planner

MiSSiOﬂ Planner « Downloads

Sort by: Title | Hits |

e MissionFianner -4 alsl @i STTIPOO PO P Select the installer
package to download.

Download APM Planner (Windows, OS X, and Linux)

Ardupilot.com = Downloads = APM Planner 2.0

APM Planner 2.0 « Downloads
Sort by: Title | Hits | [

« APM Planper 2.0 Mac Boninneenndennly Select your platform to
« APM Planner 2.0 Windows i i
. A wner 2.0 Linux

ISTALL PLANN
After selecting the correct file, read the safety information and select Download.
Open the file to run the setup wizard. Proceed through any security warnings, and install all

suggested drivers, When the installation is complete, open the application, and connect Pixhawk to your
computer using the micro-USB cable,

Your computer will automatically install the correct drivers. Do not select Connect at this time; Pixhawk can only
load firmware while unconnected to Mavlink.
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When prompted, follow the directions te load the firmware. Once the status bar shows that the download is
complete, power cycle the board by disconnecting and reconnecting the USB,

If you hear a musical tone, your firmware installation is complete. If you hear a series of tones followed by three
beeps, disconnect the USB and reconnect while holding down the safety button, Upon restart, listen for a series
of tones followed by two beeps indicating that your firmware has loaded successfully.

Everything is OK:
musical tone

Pixhawk needs your attention: ieep BEEP beep.
beep BEEP beepi.. BEEP BEEP BEER -» n BEEP BEEP /

CALIBRATE

With Pixhawk connected to your computer, select the communication option from the drop-down menu for
, and select the Cenresticon, Select initial Setup and Mangatery Hardware to

{J, set the rate to
access the calibration wizards.

INITIAL SETUP

[ CONNECT)

! Remove propellers before performing calibration.
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FailSafe |

»> Optional Horchwal .

|
|
| NOTE: X ond H st NOT

mieschangatie the prop
| mtaten changes

For copter, select your frame orientation.

Install Firmware Compass
>> Mandatory Har dy Enatie
Framea Typa
S
Acck {Zulll)ulliv.ll
Radio Calibr ati
Flight Modes:
FailSafe
>> Optional Hardwal
Esnrmphe Manunl Settogs
AP wah, onbosrd Compass ROTATION NOMNE
APM with edernal Cormpers’ ROTATION, ROLL. 100

|| P4 mith onbioeed or et el Com e, ROTATION_NONE

Select the options to enable the compass; to allow automatic declination
»atior to launch the wizard,

calculation; and to specify Pixhawk. Select .
and follow the prompts.

Show Me
videos demonstrating live calibration techniques at 3dr.com/learn,

DOCONNECT

i




Install Firmwere | 5 ccalerometer Calibration
>> Mandatory Hardw

Frame Typo p— e
; N

ArduCopter 29+

bration, check the box for AC 3.0+, select

rate, and

follow the prompts to calibrate Pixhawk’s accelerometer. Make sure to wait a

couple of seconds befare and after changing the positions of the vehicle.

nstall Firmware

>> Mandatory Harcdw
Frame Type
Composs
Accel Calibratior

L b =y 7.. <

Flight Modes
FailSala

>> Optional Hardwa

Select #acio Cahbration Lo teach Pixhawk to work with your RC
transmitter. Turn on your transmitter, select Calitol- Hadia and move
all sticks and switches to their extreme positions. Selecl Ciich

once the red bars are set for all available channels.

i
Install Firmmane Cument Mode:  Siablize

Wizard ont PAM. 5.0

>>Mandatory Hardw Fight Moda 1 [Silibikes TH st W
Frame Type Faght Mode 2 Conr o] H W Senplo Mode [l Super Senpie WAL 1231

Compass : e T Super Semgio AN 1341 -

Fight Mode 3

Accel Calib LR

tior
Fhght Mode 4

Radia Calibratio shana 5 LB k]
o Flght Mode 5 2 . W e Mose [l Supar Senple Mode PN 1021
FallS: | Fegeodes | [RTL . W Svpha Moce [l Super Sevpl Mode 1750 +
ailSale

>> Optianal Hardwai

Move each switch on your transmitler to its available positions. The miss

1749

on

planner will indicate the currently selected position with green highlighting. Select

a mode for each switch position, and select >ave Mordes to assign.



LED MEANINGS
. . . . Flashing red and blue: initializing. Please wait.

Double flashing yellow: error. System refuses to arm.

O . o . Flashing blue: disarmed, searching for GPS. Autonomous, loiter, and return-to-launch
modes require GPS lock.

Cw} @ w~> @ Flashing green: disarmed, GPS lock acquired. Ready to arm. Quick double tone when
s (\« disarming from the armed state.

Solid green plus single long tone. armed and ready to fly!

Flashing vellow RC failsafe activated.

)

Flashing yellow plus quick repeating tone: battery failsafe activated.

. . Flashing yellow and blue plus high-high-high-low tone: GPS glitch or GPS failsafe
activated.

SAFETY SWITCH MEANINGS

. . O . Quick, constant blinking: performing system check. Please wait

@] ) O o Intermittent blinking; system ready. Press the safety button to activate.
. . . . Solid: ready to arm, Proceed to the arming procedure.

Learn more
about LED meanings and buzzer tones at 3dr.com/learn.
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Spektrum DSM receiver
Telemetry (radio telemetry)
Telemetry (on-screen display)
Us8

SPI (serial peripheral interface) bus
Power module

Safety switch button

Buzzer

Serial

GPS module

CAN (controller area network) bus
I°C splitter or compass module
Analog to digital converter 6.6 V
Analog to digital converter 3.3V
LED indicator

1Input/output reset button

2 5D card

3 Flight management reset button
4 Micro-USB port

1Radio control receiver input
2 S.Bus output

3 Main outputs

4 Auxiliary outputs




IMPORTANT NOTE

Please note that these instructions describe basic setup for Pixhawk and do not represent the
complete set of configuration procedures required to build a copter, plane, or rover.

For more information on ESC calibration, battery monitoring, failsafes, mode descriptions,
and more, visit ardupilot.com. Do not operate your vehicle without a complete understanding
of the online instructions.

SPECIFICATIONS

Frocassm

32-bit ARM Cortex M4 core with FPU Cimensions

168 Mhz/256 KB RAM/2 MB Flash Weight 38 g (1.3 0z)
32-bit failsafe co-processor Width 50 mm (2.0")

Height 15.5 mm (.6")
Length 81.5 mm (3.2")

Sensors

ST Micro 16-bit gyroscope

ST Micro 14-bit accelerometer/magnetometer
MEAS barometer

MPU6000 accelerometer/magnetometer

Fovar

Ideal diode controller with automatic failover

Servo rail high-power (7 V) and high-current ready
All peripheral outputs over-current protected, all
inputs ESC protected

leitartag s
5x UART serial ports, 1 high-power capable, 2x with
HW flow control

Spektrum DSM/DSM2/DSM-X Satellite input
Futaba 5.BUS input and output

PPM sum signal

RSSI(PWM or voltage) input

I°C, SPI, 2x CAN, USB

3.3and 6.6 ADC inputs

SUPPORT

For more information about Pixhawk and other documentation, visit
3dreomyleain For more instruction on using APM firmware and

planner software, visit ardupilot com

For customer support, contact us at he'g 2drcer or call our
) 414 Monday through Friday, 8 am to 5 pm, PST.

support line at +1 (2



SAFETY

Operating a powered vehicle of any kind can be a lot of fun, but it carries certain inherent risks. Regulations
governing the use of powered vehicles, including aircraft, vary from locale to locale, even within the same country
or district. Itis your responsibility to ensure that you understand and comply with all local laws and regulations,

Safety basics:
* Never operate the vehicle or software in a way that could be dangerous to you, other people, or property.
* Always keep propeller arcs free of objects and body parts while the vehicle is live,
Keep in mind that software and hardware failures happen. Although we design our products to minimize
such issues, you should always operate with the understanding that a failure could oceur at any time and
without warning. Accordingly, you should take the appropriate precautions to minimize danger in case of

product failure,
* Never use the software or hardware for manned vehicles,
+ Always operate within local laws and regulations.
* Do not operate the aircraft if you are under the age of 18

Additional safety information

*+ Be sure to maintain safe distances between people and your alrcraft.

+ Never operate your aircraft if your ability to do so with the utmost attention to safety is impaired in any
way. Do not operate your aircraft while tired, under the influence of drugs or alcohol, or atherwise unable to
operate it with the highest attention to safety.
Environment conditions can change rapidly and can make operation difficult. If this occurs, land your aircraft
and discontinue use immediately. Do not operate your aircraft if operating conditions are not ideal. This
includes, but is not limited to, rain, snow or excessive wind,
* Always ensure Lhe batlery cable is disconnected [rom the aircrall until you are ready Lo fly, and ensure Lhal

your batteries are fully charged prior to use.
* Always turn on the transmitter and ensure the throttle stick is all the way down before connecting the
battery.
After landing, disarm your vehicle immediately and disconnect the battery cable.
Do not turn off the transmitter until after you have disconnected the battery.
Always remove the propellers while lesting the motors,
* When the battery is connected, always assume the vehicle is live and the motors are armed.
+ Do not attempt to fly longer than the battery's safe capacity.
+ Do not operate the vehicle with excess weight attached.
Ensure that all vehicle components are well maintained befare each flight. Ensure that components are
firmly attached and operating properly.
Replace any worn or damaged components before each flight. Never operate with any dameged or worn

components.
* SAFETY IS THE FIRST PRIORITY, Take all precautions necessary to ensure your own safety as well as the
safety of other people and property.



DISCLAIMER

THE LIMITED WARRANTIES APPLICABLE TO 3D ROBOTICS-BRANDED HARDWARE CAN BE FOUND AT
WWW.3DROBOTICS.COM/TERMS/ AND CAN BE REFERENCED IN FULL AT THAT URL. 3D ROBOTICS
RESERVES THE RIGHT TO UPDATE THE WARRANTIES AT ANY TIME WITHOUT EXPRESS NQTICE. 3D
ROBOTICS MAKES NO OTHER WARRANTIES FOR 3D ROBOTICS-BRANDED PRODUCTS, AND MAKES

NO WARRANTIES WHATSOEVER FOR SERVICE, SOFTWARE, MAINTENANCE OR SUPPORT FOR NON-3D
ROBOTICS-BRANDED PRODUCTS. SUCH PRODUCTS, SOFTWARE, SERVICES, MAINTENANCE OR SUPPORT
IS PROVIDED BY 3D ROBQTICS "AS IS” AND ANY THIRD-PARTY WARRANTIES, PRODUCTS, SOFTWARE,
SERVICES, MAINTENANCE OR SUPPORT ARE PROVIDED BY THE QRIGINAL MANUFACTURER OR
SUPPLIER, NOT BY 3D ROBOTICS. 3D ROBQOTICS MAKES NO EXPRESS WARRANTIES EXCEPT THOSE STATED
IN 3D ROBOTICS' APPLICABLE WARRANTY IN EFFECT ON THE DATE OF THE INVOICE, PACKING SLIP OR
ACKNOWLEDGEMENT.

3D ROBOTICS OFFERS THE HARDWARE AS-IS AND MAKES NO REPRESENTATIONS OR WARRANTIES OF
ANY KIND CONCERNING THE HARDWARE, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE,
INCLUDING, WITHOUT LIMITATION, WARRANTIES OF TITLE, MERCHANTARBILITY, FITNESS FOR A
PARTICULAR PURPOSE, NON-INFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS,
ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE. SOME
JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY
NOT APPLY TO YOU.

EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT WILL 3D ROBOTICS BE LIABLE TO
YOU ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE QR
EXEMPLARY DAMAGES ARISING QUT OF THE USE OF THE HARDWARE.

3D ROBOTICS ACCEPTS NO LIABILITY FOR DAMAGE(S) OR INJURIES INCURRED DIRECTLY OR INDIRECTLY
FROM THE USE OF THIS PRODUCT,

SOFTWARE IS SUBJECT TQ THE SEPARATE SOFTWARE LICENSE AGREEMENT ACCOMPANYING OR MADE
AVAILABLE TO YOU IN. CONNECTION WITH THE SOFTWARE. A PORTION OF THE SOFTWARE MAY
CONTAIN OR CONSIST OF OPEN-SOURCE SOFTWARE, WHICH YOU MAY USE UNDER THE TERMS AND
CONDITIONS OF THE SPECIFIC LICENSE UNDER WHICH THE OPEN-SOURCE SOFTWARE IS DISTRIBUTED.
YOU AGREE THAT YOU WILL BE BOUND BY ANY AND ALL SUCH LICENSE AGREEMENTS, AND THAT YOUR
USAGE OF THIS PRODUCT INDICATES YOUR ACCEPTANCE OF THOSE AGREEMENTS. TITLE TO SOFTWARE
REMAINS WITH THE APPLICABLE LICENSOR(S). IN NO EVENT WILL 3D ROBOTICS BE LIABLE TO YOU FOR
DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE THE SOFTWARE.

Pixhawk Kit User Guide V8 © 3D Robotics, Inc. 20 March 2014
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Lightweight design

Longer duration of flight

Low CG design
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Using imported Silicon steel cotls from Japan: High
quality NMB bearing of Japan; Ndfleb with strong
magnetic and high temperature resistance to decrease
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nstallation for general type propellier




Accessory pack for CW thread motor

Accessory pack for CCW thread motor

MTE2216 SPECIFICATIONS
KVv:810
MAX Thrust:950G Length:33.2MM
NO.OF CELL:3-48S Weight:80G
Franmework:12N14P Shaft:3MM
PropellerrEMAX1045 Diameter:27.9MM
oo
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RCWL-0516

RCWL-0516 microwave radar sensor module Human body induction switch module Intelligent sensor
Features:

1, transmission signal processing control chip RCWL-2196

2, wide operating voltage range: 4.0-28.0V

3, compared with the traditional infrared feeling PIR, with the penetrating detection capability
4, block time, distance adjustable

5, output 3.3V power supply
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Application Design Note:

1, the sensing face in front of the gold without any shelter.

2, front and rear sensing surface space to set aside more than 1CM

3, the module carrier plane and install as flat line

4, a certain application of effective detection area

5, the component side of the module is positive sensing face, the opposite is negative sensing surface. Negative sensing surface sensing less
effective

6, microwave modules can not be large-scale applications in the same area, otherwise there will be mutual interference. Between single individuals
over distance greater than 1M

RCWL-0516 is a doppler radar microwave motion sensor module which can act as an alternative to a PIR motion sensor. This git repository is an
attempt to collect the rather scant information on this board in one place.

The unit | have was supplied by IC station (SKU 10630): http://www.icstation.com/rcwl-0516-microwave-motion-sensor-module-radar-sensor-body-
induction-module-100ma-p-10630.html (Use coupon code 'joeics' for a 15% discount).

Operating frequency: The product specification omits the operating frequncy. | found a carrier at 3.181GHz on my unit using a HackRF One SDR
radio (see spectrum plot below). | suspect this frequency will vary from device to device: it would be difficult to have a tight specification with such a
simple RF circuit on FR4 PCB.

Working voltage: 4 - 28V. It provides a convenient 3.3V output to drive a MCU (good for 100mA ?).

The forward side of the board is the side with components, This side should face the objects being detected. Do not obstruct forward side with
anything metalic. The back side should have clearance of more than 1cm from any metal.



Board header

Pin Function
3V3 3.3V regulated output. Max 100mA (?)
GND Ground

OUT  Trigger: high (3.3V) if motion detected. OV normally.
VIN 4 - 28V supply voltage
CDS (light sensor related.. TODO)

Schematic
The only schematic | could find is very low resolution and it's hard to make out some of the text. However |'ve been reverse engineering it and
adding my annotations.

There are two parts to this schematic. A microwave frequency transmitter/receiver/mixer and a much lower frequency part based on an IC (marked
RCWL-9196) which is very similar to the BISS0001 IC used in PIR motion detectors.

First the microwave part:

The best explanation of how the microwave part of this works is in patent EP3091605A1. It describes as similar type of module operating at 5.8GHz.

Annotated by

Joe Desbonnet R CWLMO5 16

Rev 2017-01-06b
“RCWL-0516 microwave inductien module” (Google Translate)
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“Note that U1 except pin 8 remaining pins are compatible with the BISS0001; their function is
also compatible.” (Google Translate)

At the heart of the RF is a Q1 a MMBR941M high frequency NPN transistor [5] in what is probably a Colpitt oscillator [6] configuration.

The schematic above is misleading because it omits a key inducter and capacitors constructed from PCB traces (a microline inductor and capacitor).
The inductor is the S curve trace on the top surface and capacitors are the ring structure on the bottom surface and also the rectangular block to
the left of the S curve, Using the formula at reference [12] below | calculte the inductance of the S curve to be (very approximately) 10nH.

A critical function of a doppler radar is to be able to 'mix' the reflected signal with the transmitted signal to arrive at a frequency which is the
difference between the transmitted and reflected signal.
In this board Q1 also cleverly assumes the function of the mixer: [TODO: this really needs to be explained].

The low doppler frequency difference is extracted by a low pass RC filter (C9 = 1nF, R3 = 1k, fc = 1/2nRC = 160kHz) and amplified by the RCWL-
9196 IC and treated exactly the same as a signal from a PIR sensor.

Update 4 Jan 2017: finally found the signal at 3.181GHz with the HackRF One SDR!
One interesting observation: waving my hand in front of the sensor causes significant changes in the transmitting frequency, shifting by up to 1MHz.

My theory: the low frequency doppler shift causes small changes in the transistor base bias.



| used spice simulations to verify that small changes to transistor base bias causes changes in oscillation frequency. By running a few simulations |
estimate that 1V change in bias will change oscillation frequncy by 1.4MHz.

100
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The low frequncy part
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| wave my hand
in front of
RCWL-0516
module.

The core of the low frequncy signal processing is an IC marked RCWL-9196. The schematic says (in chinese) that it's similar to a BISS0001 PIR IC.

- But there are differences. Unfortunately | can't find any hard information (eg datasheet) on this.

Now can | find any information on the brand/company name "RCWL".

Pin number

W 0o~ Oy BRwWwN

T
o W N = O

BISS0001
A Retriggerable & non-retriggerable mode select (A=1 : re-triggerable)
VO Detector output pin (active high)
RR1 Output pulse width control (Tx)
RC1 Qutput pulse width control (Tx)
RC2 Trigger inhibit control (Ti)
RR2 Trigger inhibit control (Ti)
Vss Ground
VRF RESET & voltage reference input (Normally high. Low=reset)
VC Trigger disable input (VC > 0.2Vdd=enable; Vc < 0.2Vdd =disabled)
IB Op-amp input bias current setting
Vdd Supply voltage
20UT 2nd stage Op-amp output
2IN- 2nd stage Op-amp inverting input
1IN+ 1st stage Op-amp non-inverting input
1IN- 1st stage Op-amp inverting input
10UT 1st stage Op-amp output

Adjustment components

RCWL-9196
3.3V regulated output (100mA max?)
same
same?
same?
same?
same?
same
Vin (4 - 28V)
same
?
3.3V regulated output (again?)
same
same
same
same
same

On the back of the board (the side without components) are pads for 3 optional components (0805 dimensions).

Pad Function
Regulate the repeat trigger time. The default (unpopulated) time is 2s.
CT™M A SMD capacitor to extend the repeat trigger time.
Pin 3 of the IC emits a frequency (f), and the tigger time in seconds is given by (1/f) * 32678
R-GN The default detection range is 7m, adding a 1M resistor reduces it to 5m
R-CDS the VCC is in parrel connection with CDS(RCWL-9196 pin 9) through R-CDS.

Connect the LDR at the R-CDS to turn off the detecting function at night. (?? TODO: make sense of this)



Spice simulation

| started with an example Colpitt circuit [9] and substituted the 2N3904 NPN with a MMBR941 (Spice model from [10)).
| am using the Windows LTSpice from Linear Technologies (available as free download [11], also works with Linux under Wine emulator).

See colpitt.asc for a working Colpitt oscillator and rcwl-0516.asc for a model of the RCWL-0516 (however it does not oscillate!).
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Doppler effect calculations

« |f ft is the transmitted frequency, fr is the reflected frequency (as measured by the common transmit/receive antenna on the sensor), v is the speed
of the target relative to the sensor (negative if receeding, positive if advancing toward sensor), ¢ is the speed of light and fd = (fr-fd) is the doppler
shift, then:

fr=ft(c+v)/(c-v)

fd=fr-ft=2vft/(c-v)

If(c<<v)thenfd=2vft/c

Assume typical human motion speed of v =1 m/s. ft = 3.181GHz, ¢ = 2.998E8 m/s, then fd = 10Hz.

. /** Example NOT tested : Log the output pin of a RCWL-0516 radar module to a 433 MHz XY-FST transmitter. */
#include <VirtualWire.h>

. #define PIN_RADAR 2
#define PIN_TX 9
#define PIN_LED 13

void setup() {
Serial.begin(9600);
pinMode(PIN_LED, OUTPUT);
vw_set_tx_pin(PIN_TX); J/ Arduino pin to connect the receiver data pin
vw_setup(6000); / bps connection speed

}



intrv =-1;

void loop() {

digitalWrite(PIN_LED, HIGH);

int v = digitalRead(PIN_RADAR);

if (v!=rv){
v =v;
char msg[20];
sprintf(msg, "R %Iu %d", millis() / 1000, v);
vw_send((uint8_t *)msg, strlen(msg));
Serial.printin{msg);
vw_wait_tx(); // Wait to finish sending the message

}
digitalWrite(PIN_LED, LOW);
delay(100);

p.s. more info
http://www.icstation.com/rcwl-0516-microwave-motion-sensor-module-radar-sensor-body-induction-module-100ma-p-10630.html
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Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmegal6U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial
converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put
into DFU mode.

Revision 3 of the board has the following new features:

s 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduino Due that operate with 3.3V. The second one is a
not connected pin, that is reserved for future purposes.

e Stronger RESET circuit.

e Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with
previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V



Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)

Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rev3-reference-design.zip (NOTE: works with Eagle 6.0 and newer)
Schematic: arduino-uno-Rev3-schematic.pdf

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an
ATmega328, but an Atmega8 is shown in the schematic for reference. The pin configuration is identical
on all three processors.

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

e VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regulated power source). You can supply
voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.

* 5V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise it.

e 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

e GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

e Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins
are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

e External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachInterrupt() function for
details.

e PWM: 3,5,6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.




» SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication
using the SPI library.

» LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

» TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

 AREF. Reference voltage for the analog inputs. Used with analogReference().
* Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmega8,
168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows
a_.inf file is required. The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is being
transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial
communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also supports 12C (TWI) and SPI communication. The Arduino software includes a
Wire library to simplify use of the I2C bus; see the documentation for details. For SPI communication,

use the SPI library.

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno from
the Tools > Board menu (according to the microcontroller on your board). For details, see the
reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original
STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegal6U2/8U2 is loaded with a DFU bootloader, which can be activated by:

e On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2.

e On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground,
making it easier to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to
load a new firmware. Or you can use the ISP header with an external programmer (overwriting the
DFU bootloader). See this user-contributed tutorial for more information.

Automatic (Software) Reset



Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other implications. When the Uno is connected to either a computer running Mac 0S X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malformed data
(i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace
can be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the
auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for
details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
layer of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break
the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board to
be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil
(0.16"), not an even multiple of the 100 mil spacing of the other pins.
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Turn on the tansm tter, Connect the receiver to the cattery, ensure After the motcr emits two short . e Call
wrottle Calibration
move the throtile stick * the transmi‘ter and receiver are well » “Beep-beep”, move the thiottle shick ’ o \ d
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Throttle Signal Loss Protection: When the ESC cetects loss of signal for ever 0.25 second, it will cut ot the output Immediately to averd an even greater loss which may be caused by the continuous kigh-sceed
rotation of crapellers or rotor blades. The ESC will resume the carresponding output after normal signals are recewed
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