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ABSTRACT
This thesis is to design and build a system of automatic photograph

capturing unmanned aerial vehicle. It aims for an alternative choice for those who
need to automatic photograph capturing. It can be accomplished by defining the
target point and the target height. After the system is started, the vehicle will
automatically take off to the defined height, and then move to the defined target
point. After the photograph is captured, it moves back and landing to the base

automatically.
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dt
WiothnsAmisamguuuuinsuiu agliidu

u(t) = kp xe(t)+k, xje(r)dﬂ— k, x%e(t) (2.8)
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3.1.1 nsmseunsnensallunsaudanisieulusunsy
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TURaUNISATINIMaALazRnaelUTNTY ArduPilot-Arduino

1)

2)

3)

4)
5)

6)

anilvaalusunsud https://code.google.com/p/ardupilot-
mega/downloads/list Inglndlsunsunsidot ArduPilot-

Arduino-1.0.3-windows.zip

uanlWa ArduPilot-Arduino-1.0.3-windows.zip sanunaglilng
inesie ArduPilot-Arduino-1.0.3-windows aussqlusunsy
vianuneagialu annsaldauldias

anulwanlavss Aldlunis@eulusunsui

h //eithub.com/divdron r il
wanlwdfinnilnanoenunazlilidinesve ardupilot- master
Wlutslulnaines ardupilot-master 3219alHdinaste
libraries LN lUluInSmeF libraries udwinn1stauUlnduasing

wesviamusiloglulndines tbraries TlSluTWAn0% ArduPilot-
Arduino-1.0.3-windows/libraries

souUnIRrReUtass Wusuasaaunisansalusunsy
ArduPilot-Arduino tealyluniswaunlusunsy
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| Auto TakeOff

i System
[ |
. Automatic Mode | | Auto Flying | Output
‘ 1 ‘ —— — To Naza Box
Scheduler | System | Processor

Auto Landing

1 System
T

Take Photo

Sysmtem
. M- W B

e ey

Remote
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| Input From
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UM 3.2 uwansnnsieuseserinausazssuuvedlUsunsy

3.1.3 nseanuuuldsunsuiildlunsasrsdudyuaduauildsunain

o ot
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793N (Pin-Change External Interrupt) HagssuuNsAULIAMaNY095eUY TUN1TATI9TU
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If pin_Stat == High

Yes

¥

No

Y

Start_Time = Current Running Time in Microsecs

End_Time = Current Running Time in Microsecs

A

Gnd PinChange JnterrupD

'

RC_In_Value = End_Time - Start_Time

Ui 3.3 Waduimvaddusunsuiililunmsaredudyaraildlussuuteiuinegilaisuun

NFURYUvessTun

wanalAnn1s@eulus AR

TUsunsuludauaeaniswseunis

sei();

EICRA = 0b00000001;

EIMSK = 0b00000001;

- 1Uansle Interrupt Tnasauwes
lulasmoulvsaiaes

- 19911 External Interrupt Tulnun Pin
Change #1971 INTO

- Wanslda Interrupt 7w INTO
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Tusunsuludruvainisiney

ISR (INTO_vect) - et ISR (INTO_vect) illuitedu Interrupt
{ Routine flazgnideniileiin Interrupt 910
U7 INTO
static uint32_t start_t,stop t; - Usenediua start t, stop t Tudn
TRUWANKUUATIT VWA 32 bit
if(pinStatus() == HIGH) - ﬁnﬁagmmﬁuﬁwm Juveuriu
{
start_t = timer_now(); - WSutiuia
}
else - ilsldvevantu (Huveunas)
{
stop_t = timer_now(); - limganstiuan
width = stop_t = start t; - AunAvesdyauinanas sy
AUsnY Landuan
1
}
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Timer OverFlow Interrupt
Occur every 10 us

Now

Yes
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PinStatus = HIGH PinStatus = LOW J
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( END )
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The ctl_val value is a Pulse
Width (Width = ctl_val * 10us).
It can be defined between 100
to 200.

The MAX value is a Time Period
of signal (T = MAX * 10us).
It can be defined between 201

to 2000.

UM 3.4 Wadvndnvedlusunsuiildadndyamunuililugunsalteduing
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Wsunsulugdruvaanisimseunis

sei();

TIMSK1 = 0b00000001;

TCCR1B = 0b00000001;

TCNT1 = 65536 - 20;

-1 Uan 514 Interrupt Taesaaves
lulasmoulnsaiaes

- 1 Uan1sl89u Interrupt 970 Timerl
Overflow

- Wanslgeu Timer wfinilAin1svng
ARy 1/8

- ﬁy'aﬁaﬁ’uiﬁﬁﬁiWLﬁwﬁ’Uﬁhgaqmauﬁfm 20 #s
\Jushunundiiisdesiu iwelmannis
Interrupt MEAIULIAT 10 us

TWsunsuludluwaanisineu

ISR (TIM1_OVF_vect)
{

static uint16 i;

if(i > ctl_val)

{
setPinStatus(LOW);

else

{
setPinStatus(HIGH);

}
i++;
if(i > MAX)
{
i=0;
}

- e ISR (TIM1_OVF_vect) iluiady
> = a A Sa
Interrupt Routine MaggnLsBNLUBING
Interrupt 91nN15 Overflow U84 Timerl
as al = = o =1

- UsenadaudsTe i 9a91uILaLIWIn 16
bit L1 dustiv

T 1 ' J 4 ~
- 01 i dAmInn A1 Pulse Width 9
A8INg
- Wianugueswwedinmiu LOW

- o1 danldainnda A1 Pulse Width 7
ABINNg

- Wianauzvesunedwndu HIGH

- LUAT | TU 1 AN
- 1 i AAwWnnIA1 MAX

a & YA W
- SW@mlian | Hawvinfiu 0




18

fvnndaansiasudmananiieiad asvinldlasnisudsuddnds ctl val
Fadusuusfifmuannunaradlagnss
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CH1 = MIN
CH2 = MIN
CH3 = MIN
CH4 = MIN

Delay 0.5 S

Y

CH2 = MIN

A
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A

CH4 = MIN

Delay 0.5 S

Y

Delay 0.5 S

Y

A

Delay 15 P CH1 = MAX

o wax [ oelay0ss

Delay 0.5 S > CH3 = MAX
CHa = MAX € Delay 0.55 €

Y

CH1 = MIN

Delay 0.5 S

Y

CH3 = MIN

U 3.6 Wainsavaddusunsuililunmasesaiugunaesmuguanng wie ox las

ﬁagﬂﬁ 3.7

3.1.6 MTRANUUVUNNMAARIFUA Y ITlAa AT Uwas TInAMuLS Ay
e inAnuEuTea MUINNILIIINTaENL MIUUABIWELILIS
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(Start Process every 20 mD

v
Read Angle From

Accelerometer

v
Read Angle Rate

from Gryometer

k 4
Real_Angle = (0.95 * AngleRate * dt) + Real Angle)) + (0.05 *

Accel Angle)

y

Print Real_Angle

A 4

Print Accel_Angle

Y

End

U7 3.7 advdavedlusunsunisnsesuuunoumaiamys

3.1.7 NNS82NLUUSLUUNISUUD ALUIIR

Tuszuumstudnlui® suduguiuunisvhaousuuidusimuanis Aedidsu
Avuanisiiullumiseainus nsvieezlifinswasugluuuiiuanis widedl
Wasuwaslife Amsiwosuessyuu wu Afifaudmng ArAwalunisdu Wudu
wansanugsgfagUT 3.8
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Arrive Target

Move to

target

Height OK

Take Off

Start signal is received. Arrive Home

Arrive Ground

Landing

3U 3.8 anuglaezunsuvesszuumuaunsiudaluli

TWsunsuaeduiinissesumdinisduau welasudds aswdsudoiuyluss
douzn1seaniu anugniseenduasinmsdenisiiiasesdututuluwnis Wedessay
mmmwmwmh Ragyhnsdsuanuglufanmusmsiadeuiilusatmune anuznis
Lﬂaaumlﬂwﬁmma mmmww';m'iaauulﬂmLﬁmmaLLayLﬂaawlUmwm b
Lﬂsawumaauwlﬂmﬂmma OH mnmﬂaauamudﬂmamuumsmamw Luamamw
iSaagyinsiasuanugludenue mstundu donugmsdunduagynnsiusiete sty
lﬂé’amuaanﬁuuavmé‘auﬁlﬂ%’wwﬁw La‘]'al,ﬂ‘%'mﬁuné’uﬁamuaanﬁuavﬁ'lm'im%’auamuy
"Lﬂaqamuvmiawam amumwawammammwmLmawuaqLiam waudlorsosiuan
sefuasiey awvhmsidsuanusludianur mssesndasunmsvnaana s ANYULUD
IUSLLHSNV}L”UEJ‘LH]“L‘Uiﬂ,‘uaﬂ‘ls‘m“’ﬂﬁL‘Uﬁ]aﬂ’lm“”UaGIUiLm‘iﬂﬂLiE]EJ"] wiaglulduguuuu
BUNTY ilosanilusunsuasdosianuludnvarass nsvauwuuuiy Seldawsa
eulusunsuuuueynsild TnedaansiandulBalusunsiludauues drdunstudalulfa
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¥ ) o o o ° a
1) YUN5IANTT NSIUAYUENIUZYDIAIAUNITYINUVDITZUUTU
anlullf (Multitask Management Layer)

v o i v 9

Tussuuidesnisanuawsnlunisvihaumateqogiamseniu wis
A a Py . & % v o 9
fFeniudn Multitask 1y 9zdeseenwuulusunsdliviludnuuzves
mswdstananlumsiuliudazau lneszaduiuluu asdugduuy
mMsligulusunsy sgdesagludnuurvents Jswluies Mudsuuuy
199N139YADYANTEUIUNTIANTEUIUAITUIEL avdunaginvindle
28NUUUMAIANS N5¥ieTumuvaa e saviauluguuuy Multitask
latus Aslnaningui 3.9

Others
Process

\

Yes»

S| N
Yes+_—> IsDone = true ——»|
L 9N |

If State=17? IsDone = false?

No
/!\ Change\\
— P State++ IsDone = false <—VYes: Condition
Found?

If State=2?

/l\
Yes {1sDone = true -——-H\I/\

Ve
~Change ™.
Condition
Found?

No

| { Statet+ €—————IsDone = false le—Yes
i 1

N,

No l
& | N
If State =3 ? >—Yes IsDone = false? >—Yes IsDone = true '—vﬁ/‘
No ///\
¥ S, ~"Change
) 2N 53

_ Condition
Found?

IsDone = false =—Yes

State++

U 3.9 Iadtvsevealuswnsuadnnisnisyinanuuwuy Multitask
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[

TneilAnlushnsuaatl

Tusunsuludruvasnisaanisidinaunuy Multitask

if(State == 1) - i State agludfuiiisdioanis
{
if(lsDone == 0) - maslilansgvinssuiunng
{
//Do Something here - ¥nszuIunsfideanIsi
IsDone = 1; - \WAsuA1dUUS IsDone =1 Lilauaniwi
} nszuIuN1s iy State TUudn
if(<ChangeStateCondition>) - fuAmmanisaiiviilviudou State
{
IsDone = 0; - Sidwsuys IsDone wioldly State daly
State++; - RS State WTARyy 1ile T
} luvh State dalu
}

2) YunszuIuns (Process Layer)
= 5 o o o 6 & v al Y o I 1 as o v
Wudumeaihanuindumds dailitnseeduvinuning N Invile
2 Y] YY) o v & o ol 1% v
asraretulunisdadunisdulinemun 30 Heduieldeulaun

® Movement Set Flying Height(height)
fnthilddmiuimuaninugdlunisdu

® Movement ConstForward_Set Value(ForwardSpeed)
fmhilddmsuimuasinnusilunsiedeuiiludnami

®  Movement_ConstForward Start(ForwardSpeed)
Y g vo v & oa v a [ v v o
fmhilddmsvdasusumstuludmiieanusaad

® Movement_ConstForward _End()
v oo Y - v v W <
Inhalgdmiudmgansiuludramidennugined
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Movement_LockHeading_Start(angle_from_north)

s w Yo w W oa vy P o o 4 a
fIwhiilddmsudasudulifenfianensiuimeunissdy
Movement_LockHeading _End()
fimhilddmsudmganmsionfisnieamswuiveunisadu

Movement_LockHeading_Set_Degree(angle_from_north)
fmhilddmiusmuanuililunsdonfiamemsiuiveandasdu

Movement_LockHeading2Target Start()
InthiilfdmsudaSunisdaniirmenisuhuonnissdulud i
Wmne

Movement_lLockHeading2Target End()
ﬁwﬁwﬁlﬁﬁm%’uﬁ"&wqﬂmsé’anﬁﬂma msviuvsnazasdulusum
wWwae

Movement_LockHeading2Target_Set Target(target lat,target lon)
fmihilddmsuivundivunefidesnisasiurinvensiasdulum

Movement_Baro_LockAlt Start(height)
fmhfidasudunsdonsiuanugs Tneredenduredinauga
wuuinanRy

Movement_Baro_LockAlt End()
fimihfidmgansdenseaunITugs laggadsnnifuiwesinniugeuuy
TNAMUGY

Movement_Baro_LockAlt_Set Meter(height)

a v oaoe W al v v a ca
wmwnwumszmummq\mmmm'ﬂwﬁaﬂ Tng9deniduasin
ANLFUUIRAILAY

Movement GPS LockAlt Start(height)

v du oo w 9 v oa v o
fmhdidaSudunisdonsziuaaugs Tnededsanaugeildanida
\od

Movement_GPS_LockAlt_End()
s v oad v v oa 1 =
fnthiidimganisdenszauanugs Tnedredinnanugailianifies

Movement _GPS_LockAlt Set Meter(height)
fimthiifmusssiumugeaiiesnisltien lnudrediainaugeiliann
Iod



Movement_GoZ2Target_Set_Target(target_lattarget_lon)
fnthiifmuaidwanefiagliindeuiily

Movement_GoZ2Target_Start(target lattarget lon)
fmhadasudunistuludatmneidwuald
Movement_Go2Target_End()

A v da - @ a o w
fmhidmgansuludadmuefirmualy

Movement_Set_Home(home_lat,home_lon)
fimthinmuasumiaves grusendu

Movement_Go2Home Start()

v oAy o v - 9 a
fvthfdasuaunstundugiuseniy
Movement_Go2Home End()

a v odd a Y a
HMVEANRYANNTUUNAUSIUDDNUY
Movement_TakeOff Start()
ImiwdusuRun1siulu
Movement_TakeOff End()

a v oo & a
Inumdangan1siuiu

Movement_Landing_Start()
fmhndusudunisasaen
Movement Landing End()

v sl
quqﬂa\jwqﬂﬂT EIRRRIg!

Movement_Adj2Target_Start(target_lat,target lon)
S v oS o w o = A oy
MﬂuqﬂﬁﬁLiNﬂUﬂT&'U'ﬁULLUUE\BLE]EJWLW@L‘U"@L“I'J’WIQJ']EJ

Movement_Adj2Target End()
W o o 1Y) =l ad
ﬁwmwawqmmﬁﬂwLluuaxLa&JﬂLwaLﬂngLﬁ’mum

Movement_Lock2Symbol_Start()
fvthndssununisdendumdsiudydnuainldlumsason

Movement_Lock2Symbol End()
Imhdsmgansdendumiaiudysnwaiililunisasen
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“ P 4 - - ) - al
Geulumsidsuanugianue 7 Seuly Welilddudeulalunsiwasuaniuy

® Movement_LockHeading Arrive Stat()
= a W 4 o
Lﬂﬂﬁﬂ?WSlW@ﬂi?ﬂﬁﬂUﬂ?igﬂ AVIANINNTITUUAIVDILATRIUU

® Movement_LockHeading2Target Arrive_Stat()
- a o a d a o
Wuanuziensivaeunisdeniienanisiuiveaniesdulud
Lmane

® Movement_GoZTarget Arrive_Stat()
= al aler
Wuanusiiensassunsindouiitadwune

® Movement Go2Home Arrive Stat()
- o et &
\huaneiiensnaumsindeuiitgusandy

®  Movement TakeOff IsFinish()
Wuanaezifionsivaeunisiudu

® Movement AdJZTarget Arrive_Stat()
\uaaasiiensimaounsindouiiuuvandealusutming

® Movement_Lock2Symbol_Arrive Stat()
Duanuziensiaaeunisdondundsiudydnuaiaimen

° o - i il ) =
Tnsannsnihiedunas@oulvsireqmant ywsenausudulusunsud
f99n15 HIufYansnsasuanIE

3.1.8 msaanuuunisauauiiasasduiuniiludatmnenasaiaa

Tunsfivhliiasesduaunsafun St manenasanaity a“umw

meuuwuaaﬂwuuuu aumamumm\mmwwaaﬂwuuuauwauﬂmma fuvlmmu
mm;ummawuaamm Ltmuﬂﬂi‘mﬂumN@wamﬂauﬂaU’lmuaumiﬂwﬂu (P Controller)

AeEUNS

output =k, x (heading — bearing) (5.1
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g

= ! & < o s = '3
output e Anewnm Nazhlldlumstuneweslumisniwesnismyu
4 a
UGNLERNTY
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src = cvQueryFrame(capture);

cvtColor( src, src_gray, CV_BGR2GRAY );

GaussianBlur( src_gray, src_gray, Size(3, 3),
2.2);

vector<Vec3f> circles;

HoughCircles( src_gray, circles,
CV_HOUGH_GRADIENT, 1, src_gray.rows/8,
200, 50,0,0);

for( size_ti=0;i<circles.size(); i++)

{

Point center(cvRound(circles[i][0]),
cvRound(circles[i][1]));

int radius = cvRound(circles[i][2]);

circle( src, center, 3, Scalar(0,255,0), -1,
80);

circle( src, center, radius, Scalar(0,255,0),
280}

if(IsHalf(src_gray,center,radius,0.35,0.65))
{

circle( src, center, radius,
Scalar(0,0,255), 3, 8,0 );

cout << "X: " << center.x<<"Y: " <<
center.y << "\r\n";

}

imshow("Output",src);
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TOOL  ABOUT 3T ENGLISH

@] (@] worr [2] ware [3] reso

B TX MONITOR

1.Receiver Type 2.Cut Off Type
@ Tradition ) D-Bus PPM (MM @ Inteligent

Left end of the slide should be the
lowest position of throttle stick!
Please double check the moving
direction of the throttle slide!

This step is optional. X1 and X2 is for
remote gain tuning; X1 is also for gimbal
pitch control. Setup the channel on your RC
correctly

5.Control Mode Switch

| GPS [Fail-S A _[Fail-Safel M | |

VOL-LOWI4] MC Output Off CONTROL MODE Fail-Safe
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TOOL ABOUT oz ENGLISH

IEE (PORT "\HPOP: . WRITE E’ READ

TX MONITOR

1.Receiver Type 2.Cut Off Type
@ Tradition ) D-Bus ' PPM (D) MM @ Inteligent

R 82 s (S

CCHA e Left end of the slide should be the
i) lowest position of throttle stick!

- TEEEEE Please double check the moving

CH2 | cirection of the throttie slide!

This step is optional. X1 and X2 is for
remote gain tuning; X1 is also for gimbal
pitch control. Setup the channel on your RC
correctly.

S.Control llode Switch

|| GPS [Fail-Safel _A_[Fail-Safel M [ |

MC Output Off CONTROL MODE]  Fail-Safe
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TOOL  ABOUT 3 ENGLISH

@EKF‘ORT IMPORT WRITE READ

p| TX MONITOR

1.Receiver Type 2.Cut Off Type
@ Tradtion () D-Bus (O PPM 7 IMM @ Inteligent

3.Command Sticks Calibration
.. ......... CH3' '

. R s ] Left end of the slide should be the
lowest position of throttie stick!

tor Wixer /
. ' NN EEERE D Please double check the moving
| L H 2 direction of the throttie slide!
I ] Ci“l 1 LD han e e B | [} ~

Tx Cali This step is optional. X1 and X2 is for

3 remote gain tuning; X1 is also for gimbal
Calibration | START pitch control. Setup the channel on your RC
7/ correctly
4,Sticks Monitor

5.Control Mode Switch

|| GPS [F:

"'OL LO\NH] MC Output 0] CONTROL MODE Fail-Safe
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TOOL ABOUT o ENGLISH

IE]E.-.PC'.U.T l;l IMPORT I?l WRITE I——I READ

B—wm! TX MONITOR
@ 1.Receiver Type 2.Cut Off Type

Mounting @ Tradtion (' D-Bus () PPM () IMM
Mounting

3.Command Sticks Calibration

Left end of the slide should be the
lowest position of throttle stick!
Please double check the moving
direction of the throttie slide!

This step is optional X1 and X2 is for
remote gain tuning, X1 is also for gimbal
Calibration | START pitch control Setup the channel on your RC
correctly.
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VOL-LOW[4] MC Output Off CONTROL MODE Fail-Safe
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L&d| ExPoRT II MPORT /; WRITE READ

s TX MONITOR

l 1.Receiver Type 2.Cut Off Type
Q@ Tradttion ' D-Bus () PPM (D) IMM @ Inteligent

3.Command Sticks Calibration
" CH3'"
PO CHA Left end of the slide should be the
= lowest position of throttle stick!

Voo TR Please double check the moving
CH2 direction of the throttle slide!

=i 1' : ! This step is optional. X1 and X2 is for

- . remote gain tuning; X1 is also for gimbal

Calibration | START | pitch control. Setup the channel on your RC
correctly
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#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#finclude <unistd.h>

#include <sys/types.h>

#include <sys/socket.h>

#include <netinet/in.h>

#include <fcntlh>

#include <sys/sienal.h>

#include <errmo.h>

#include <termios.h>

#include <iostream>

#include <unistd.h>

#include "opencv2/highgui/highgui.hpp*
#include "opencv2/imgproc/imgproc.hpp”

#define SEND THROUGH SERIAL 0

using namespace std,
using namespace cv;

#define THRESHOLD BINARY 0
#define THRESHOLD TO ZERO 3

void Uart_INT(int status);

bool IsHalf(Mat img in gray , Point center , int radius , float threshold low ,
float threshold_high) "
{
Mat img_thresholded;
Size size;
uint sgr_length;
uint6d sum_all pixel;
uint ij;
uint start_x;
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uint start_y;
uint end_x;

uint end_y;
float percent;
size = img_in_gray.size();

ifl(center.x + radius) > size.width) return 0;
ifl(center.x - radius) < Q) return 0;

ifl(center.y + radius) > size.height) return 0;
ifl(center.y - radius) < 0) return 0;

sgr_length = (uint)sgrt((double)pow(radius,2) / 2) * 2;

start_x = center.x - (sgr_length / 2);
end x = center.x + (sgr_length / 2);

start_y = centery - (sqr_length / 2);
end y = centery + (sqr_length / 2);

threshold(img_in_gray, img_thresholded, 127, 255, THRESHOLD BINARY);

sum_all pixel = 0;
for(j = start y;j<=end y;j++)
{
for(i = start x;i<=end x;i++)

{
sum_all_pixel += img_thresholded.at<uchar>(Point(i j));

percent = (float)sum_all_pixel /(255 * sqr_length * sqr_length);

ifl(percent > threshold low) && (percent < threshold high))



return true;

}
else

{
return false;

int Uart_Init(void)

{

int fd;
int baudRate;
struct termios termAttr;
struct sigaction saio;
fd = open("/dev/ttyUSBO", O_RDWR | O_NOCTTY | O_NDELAY);
if (fd == -1)
{
perror{"open_port: Unable to open /dev/ttyUSBO\N"):

return -1;

saio.sa_handler = Uart_INT;
saio.sa flags = 0;
saio.sa_restorer = NULL,;
sigaction(SIGIO,&saio,NULL);

fentl(fd, F_SETFL, FNDELAY);
fentl(fd, F_SETOWN, getpid();

tceetattr(fd,&termAttr);

baudRate = B115200;
cfsetispeed(&termAttr,8115200);
cfsetospeed(&termAttr,8115200);
termAttr.c cflag &= ~PARENS;

62



termAttr.c_cflag &= ~CSTOPS,;

termAttr.c_cflag &= ~CSIZE;

termAttr.c_cflag |= CS8;

termAttr.c_cflag |= (CLOCAL | CREAD);
termAttr.c_lflag &= ~(ICANON | ECHO | ECHOE | ISIG);
termAttr.c_iflag &= ~(IXON | IXOFF | IXANY);
termAttr.c_oflag &= ~OPOST,

tcsetattr(fd, TCSANOW,&termAttr):

return fd;

int Uart_Write_Buf(int fd , unsigned char * buf , int count)
{
iftwrite(fd, buf,count) == -1)
return -1,
return 0;

int main()
f

Mat src, src_gray;
CvCapture * capture = cvCreateCameraCapture(0);

float resolution;

int img_width = 320;
int img_height;

#if SEND_THROUGH SERIAL ==
int port_fd;
port_fd = Uart_Init();
string str_out;
char str_out_c[20];
#endif
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#if SEND THROUGH SERIAL ==
iflport_fd == -1)
{
cout << "Uart_Init Error®;
return 0;

}
Hendif

cvSetCaptureProperty(capture,CV_CAP_PROP._FRAME WIDTH,320);
cvSetCaptureProperty(capture,CV_CAP_PROP_FRAME HEIGHT,240);

while(waitKey(1) |= 13)

{
//orint i=0 ;i <5 ;i++)
cvGrabFrame{capture);

src = cvRetrieveFrame(capture);

// Convert it to eray
cvtColor( src, src_gray, CV_BGR2GRAY );

// Reduce the noise so we avoid false circle detection
GaussianBlur( src_gray, src_eray, Size(3, 3), 2, 2 );

vector<Vec3f> circles;

// Apply the Hough Transform to find the circles
HoughCircles( src_gray, circles, CV_HOUGH GRADIENT, 1, SrC_gray.rows/8,

200, 50, 0, 0 );

// Draw the circles detected
for( size_ti=0;i < circles.size(); i++ )

{
Point center(cvRound(circles[i)[0]), cvRound(circles[il[1]));
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int radius = cvRound(circlesi][2));

// circle center

circlel src, center, 3, Scalar(0,255,0), -1, 8, 0 );

// circle outline

circle( src, center, radius, Scalar(0,255,0), 3, 8, 0 );

ifllsHalf(src_gray,center,radius,0.35,0.65))
{

// circle center

circle( src, center, 3, Scalar(0,255,0), -1, 8, 0 );

// circle outline

circle( src, center, radius, Scalar(0,0,255), 3, 8, 0 ):

cout << "X: " << center.x << "Y: " << centery << "\A\n";

H#if SEND_THROUGH_ SERIAL ==
sprintf(str_out_¢,"X: %d Y: %d\r\n",center.x,center.y);

write(port_fd,str_out_c,strlen(str_out q));
#endif

imshow("Output",src);

}
void Uart_INT(int status)

{
printf("Received data from Uart\r\n");
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#define POSITION_LOG LENGTH ADDR 0x0000
#define POSITION LOG START ADDR 0x0010
Hdefine POSITION LOG _UPDATE INTERVAL 1000

uint16 t logger position current addr;
uint8_t logger position_stat;
uint16 t logger position length;

void Logger Init{void)
{

logger_position_current_addr = POSITION _LOG_START ADDR;
logger position_length = 0;

void Logger Position Write(double lat , double lon)

{
int32 t lat int,lon int;
lat_int = (int32_tXlat * 10000000),
lon_int = (int32_tXlon * 10000000);
hal.storage->write_dword(logger position_current addr,lat int);
logger position current addr += 4;
hal.storage->write_dword(logger_position current addr,lon_int);
logger position current addr += 4;
logger position length++;

void Logger Update(void)
{

static uint32_t logger position last_update;
uint32_t now;

now = hal.scheduler->millis();

if(logger_position_stat)



iftnow - logger_position_last_update > POSITION LOG UPDATE INTERVAL)

{
Logger_Position Update();
logger position last_update = now;
}
}
}

void Logger Position Print Out(void)
{
uint16_t current_addr = POSITION LOG_START ADDR;
double lat;
int32 t lat int;
double lon;
int32_t lon_int;
uint16_t length;
uint1lé ti;

length = hal storage->read word(POSITION LOG LENGTH ADDR);

hal.console->printf("Latitude,l ongitude,Number\r\n");
for(i = 0 ;i < length ; i++)
{
lat_int = hal.storage->read dword(current_addr);
lat = (double)lat_int / 10000000;
current_addr += 4;
lon_int = hal.storage->read dword(current_addr);
lon = (double)lon_int / 10000000;

current_addr += 4;
hal.console->printf("%.7lf,%.7lf,%d\r\n" lat,lon,i);

void Logger Position Start(void)
{
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logger position_stat = 1;
}

void Logger Position End(void)
{
logger_position_stat = 0;
hal.storage-

>write_ word(POSITION_LOG_LENGTH_ADDR logger position length);

}

void Logger Position Update(void)

{
Logger_Position_Write(DJI_GPS_Get_Lat(),DJl GPS Get_Lon());

#tinclude <AP_Common.h>
#include <AP_Progmem.h>
ftinclude <AP_HAL.h>
#include <AP_Param.h>
#include <AP_Math.h>

Hinclude <AP HAL AVR.h>
#include <AP_HAL AVR SITL.h>
#include <AP_HAL Empty.h>

#define CH 10
fidefine CH 21
#define CH 3 2
#define CH 4 3
#define CH 54
#define CH 6 5
#define CH 76
#define CH 8 ¢

#define SW_A THRESHOLD 500
#idefine SW B THRESHOLD 500
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#define SW D THRESHOLD 500

uint8_t sw_thr_stat;
uintg_t sw rud_stat;
uint8 t sw ele stat;

uint8 t sw_ail stat;
uint8 t override_control = 0;

uint8_t chl_request control , ch2_request_control , ch3 request control ,

chéd _request control,

uint8_t chl_failsafe_control , ch2_failsafe_control, ch3_failsafe_control ,
chd_fai[safekcontrol;

uint16_t chl_control value = 0;

uintl6_t ch2 control value = 1500;

uint16_t ch3_control_value = 1500;

uintl6_t chd control value = 1500;

uintl6_t rcin_pure 1,
uintl6_t rcin pure 2;
uintl6_t rcin_pure 3;
uint16 trcin pure 4;
uintl6_t rcin_pure 5;
uintl6_trcin _pure 6;
uintl6_t rcin_pure 7;
uintlé _trcin_pure §;

uint8_t output _en = 0;

void Remote_Init(void)

{
hal.rcout->write(CH _1,1500);
hal.rcout->write(CH 2,1500);
hal.rcout->write(CH_3,1000);
hal.rcout->write(CH_4,1500);
hal.rcout->write(CH_5,1000)
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switch

hal.rcout->write(CH_6,1500);
}

void Remote Update(void)
{

uintlé_trc 1,rc 2,rc 3,rc_4,rc_5,rc_6,rc_7,C 8;

uintlé_trc outlrc_out2rc_out3rc_outd,rc_out5,rc outé,rc out?;
static uint16 t last t rc;

uint32 t now = hal.scheduler->millis();

uintl6 t sw_cheé;
uintl6_t sw_cht;

ifl(now - last_t rc) > 10)
{

last_t rc = now;

rc_1 = halrcin->read(CH 1);
rc_2 = halrcin->read(CH 2);
rc_3 = halrcin->read(CH_3);
rc_4 = hal.rcin->read(CH_4);
rc_5 = halrcin->read(CH_5);
rc_6 = halrcin->read(CH_6);
rc_7 = halrcin->read(CH_7);
rc_8 = halrcin->read(CH 8);

rcin_pure 3 =rc_3;
sw_ch6 = rc_6 - 1000;

sw_ch7 = rc_7 - 1000;

iflsw_ché >= 500)
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{

sw_thr stat = 1;
}
else
{

sw_thr_stat = (;
}

ifi(sw_ché % 500) >= 250)
{
sw_rud stat = I;
1
else
{
sw_rud_stat = 0;
}

iflsw_ch7 >= 500)
{

sw_ele stat = 1;
}
else

{
sw_ele stat = 0;
}

ifl(sw_ch7 % 500) >= 250)
{
sw_ail_stat = 1;
}
else

{
sw_ail_stat = 0;
1
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//Dim sw_thr as override control
ifsw_thr_stat != 0)
{

override control = 1;

}
else

{

override_control = 0;

iflrc_1 > 2000) rc_1 = 2000;
iflrc_1 < 1000) rc_1 = 1000;
iflrc_2 > 2000) rc_2 = 2000;
if(rc_2 < 1000) rc_2 = 1000;
iflrc_3 > 2000) rc_3 = 2000;
iflrc_3 < 1000) rc_3 = 1000;
iflrc_4 > 2000) rc_4 = 2000;
iflrc_4 < 1000) rc_4 = 1000;
if(rc_5 > 2000) rc_5 = 2000;
iflrc_5 < 1000) rc_5 = 1000;
iflrc_6 > 2000) rc_6 = 2000;
iflrc_6 < 1000) rc_6 = 1000;
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iflrc_7 > 2000) rc_7 = 2000;
iflrc_7 < 1000) rc_7 = 1000;
if(rc_8 > 2000) rc_8 = 2000;
iftrc_8 < 1000) rc_8 = 1000;

D_Control Decising========c2=22a3=7££==
ifloverride_control)
{
rc_outl =ga1;
rc_out? = rc_2;
rc_out3 =rc 3;
rc_outd = rc 4;
}
else

{
iflch1_reqguest_control) rc_outl = chl control value;

elg€rc oWl A re

iflch2_request_control) rc_out2 = ch2_control_value;

else'ng \autZiEge, 2;

iflch3_request_control) rc_out3 = ch3 control value;

else rc_out3 = rc_3;

iflchd_request_control) rc_out4 = chd control value;
else rc_outd = rc_4;

}

rc_outb = rc_5;
rc_ outé =rc T,
rc out? =rc §;



iflrc_outl > 2000) rc_outl = 2000;
ifirc_outl < 1000) rc outl = 1000;
iflrc_out2 > 2000) rc_out2 = 2000;
iflrc_out2 < 1000) rc_out2 = 1000;
iflrc_out3 > 2000) rc_out3 = 2000;
iftrc_out3 < 1000) rc_out3 = 1000;
iflrc_outd > 2000) rc_outd = 2000;
iflrc_outd4 < 1000) rc_outd = 1000;
ifirc_out5 > 2000) rc_out5 = 2000;
iflrc_out5 < 1000) rc_out5 = 1000;
if(rc_outé > 2000) rc_outé = 2000;
if(rc_outé < 1000) rc_out6 = 1000;
iflrc_out? > 2000) rc_out7 = 2000;
iflrc_out? < 1000) rc_out? = 1000;

)
)

ifloutput_en)

{
hal.rcout->write(CH_1,rc_out1);
haLrcout—>write(CH_2,rckout2);.
hal.rcout->write(CH_3,rc_out3);
hal.rcout->write(CH_d,rc_outd);
hal.rcout->write(CH_5,rc_out5);
hal.rcout->write(CH_6,rc_out6);
hal.rcout->write(CH _7,rc_out7);

}

else



void Remote Output Enable(void)
{
output en = 1;

}

uint8_t Remote Get Override Stat(void)
{

return override_control;

}

unsigned int Remote Get Pure Ch3(void)
{

return rcin_pure 3;

}

uint8 t Remote Sw._Thr Stat(void)

{
return sw_thr_stat;

}

uint8_t Remote Sw Rud_Stat(void)

i
return sw_rud_stat;

}

uint8_t Remote_Sw_Ele Stat(void)
{

return sw_ele stat;

}



uint8 t Remote Sw Ail Stat(void)

{
return sw_ail_stat;

//===================Ch1 Request
B e
void Remote_Ch1_Request Control(uint8 t stat)
{
if(stat)

{
ch1_request control = 1;

}
else
{
ch1_request_control = 0;.
}
1

void Remote_Ch1_Control Value(unsigned int value)

{
chl_control value = value;

'//=:::====:::========Ch2 Request
Contiole=s===cccosummeearemen
void Remote_Ch2_Request_Control(uint8_t stat)
{
ifstat)
{
ch2 request control = 1;

}



else
{
ch2_request control = 0;
}
}

void Remote Ch2 Control Value(unsigned int value)

{
ch2 control value = value;

Contrple=ss=sdeocmstemsaaaaoax
void Remote_Ch3_Request_Control(uint8 t stat)
{

if{stat)
{
ch3_request control = 1;
}
else
{
ch3_request_control = 0;
}
}

void Reﬁwote_(:h3_Control_Va[ue(unsigned int value)

{
ch3_control value = value;
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Control

void Remote_Ch4_Request_Control(uint8_t stat)
{
if(stat)
{
chd_request _control = 1;
}
else
{
chd_request_control = 0;
}
}

void Remote Ch4 Control_Value(unsigned int value)

{
chd_control value = value;

#define CH 10
fdefineCH 21
#define CH 3 2
fidefine CH 43
#define CH 54
#define CH 6 5
#define CH_7 6
#define CH 87

#include <AP_HAL.h>

void RC_Out Init(void)
{

hal.rcout->set freq(0xF, 490);
hal.rcout->enable mask(OxFF);
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#define CH 10
#idefine CH 21
#idefine CH 32
#tdefine CH 4 3
#define CH 54
fidefine CH 6 5
#define CH 76
#define CH 87

#include <AP_HAL.h>
#include <RC_Channel.h>

RC_Channel rc_1(CH_1);
RC_Channel rc_2(CH 2);
RC_Channel rc_3(CH_3);
RC Channel rc 4(CH 4);
RC_Channel r¢_5(CH_5);
RC_Channel rc 6(CH 6);

void RC_In_Init(void)
{

RC_In_Setup Radio();

// set type of output, symmetrical angles or a number range;

/7 XXX BROKEN

rc_l.set angle(100);

rc_l.set_dead zone(2);

rc_1.set type(RC CHANNEL TYPE ANGLE RAW);

7/ XXX BROKEN
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rc_2.set_angle(100);
rc_2set dead zone(2);
rc_2.set_type(RC_CHANNEL TYPE ANGLE RAW);

rc_3.set_range(0,100);
rc_3.set dead zone(2);

rc_d.set angle(100);

rc_d.set dead zone(2);
rc_4.set_type(RC_CHANNEL TYPE ANGLE RAW);

rc_5.set_range(0,100);
rc_6.set_range(0,100);

void RC In_Read Radio(void)

{
rc_1.set pwm(halrcin->read(CH 1));
rc_2.set_pwm(hal.rcin->read(CH 2));
rc_3.set_pwm(hal.rcin->read(CH_3));
rc_d.set pwm(halrcin->read(CH 4));
rc_5.set_pwm(hal.rcin->read(CH_5));
rc_6.set_pwm(halrcin->read(CH_6));

void RC_In_Setup_Radio(void)

{
hal.console->println("\n\nRadio Setup:");

uints ti;

for(i = 0; i < 100;i++X
hal.scheduler->delay(20);
RC_In_Read Radio();
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save:");

82

rc_lradio min = rc_l.radio in;
rc_2.radio_min = rc_2.radio in;
rc_3.radio_min = rc_3.radio_in;
rc_dradio_min = rc_4.radio_in;
rc_5.radio_min = rc_5.radio_in;

rc_é.radio_min = rc_6.radio_in;

rc_lradio max =rc_lradio in;
rc_2.radio_max = rc_2.radio in;
rc_3.radio_max = rc_3.radio_in;
rc_d.radio_max = rc_d.radio in;
rc_5.radio_max = rc_5.radio_in;
rc_é.radio_max = rc_é.radio_in;

rc_l.radio_trim = rc_l.radio in;
rc_2.radio_trim = rc_2.radio_in;
rc_d.radio_trim = rc_d.radio_in;
/{ 3 is not trimed
rc_5.radio_trim = 1500;
rc_6.radio_trim = 1500;

hal.console->printin("\nMove all controls to each extreme. Hit Enter to

while(1){

hal.scheduler->delay(20);

// Filters radio input - adjust filters in the radio.pde file
//
RC_In_Read_Radio();

rc_l.update_min_max();
rc_2.update_min_max();
rc_3.update_min_max();
rc_d.update_min_max();
rc_5.update min_max();
rc_6.update_min_max();



ifthal.console->available() > 0) {
hal.console->printlin("Radio calibrated, Showing control values:");

break;

}

return;

int RC_In_CH1(void)

{
return rc_1.control_in;

}

int RC_In_CH2(void)
{

return rc_2.control_in;
}

int RC_In_CH3(void)
{

return rc_3.control_in;
}

int RC_In_CHd(void)
{

return rc_4.control_in;

}

int RC_In_CH5(void)
{

return rc_5.control_in;

}

int RC_In_CHé(void)
{
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return rc_6.control in;

#include <AP_Common.h>
ftinclude <AP_Progmem.h>
#include <AP HAL.h>
#include <AP_Param.h>
#include <AP Math.h>

#include <AP HAL AVR.h>
Hinclude <AP_HAL AVR SITL.h>
#include <AP_HAL Empty.h>

#define CH 10
#define CH 2 1
#define CH 32
#define CH 4 3
#define CH 54
#define CH 6 5
fidefine CH 7 6
#define CH 87

tdefine FLYING HEIGHT

#define TAKE OFF MAX_RATE
#define TAKE_OFF START RATE

#define TAKE_OFF ARRIVE THRESHOLD 0.3

20

300

300

#define TALE OFF HOLD T TO ARRIVE 3

#define LANDING _MAX_RATE

#idefine FORWARD VALUE HIGH
#define FORWARD VALUE_MID
#define FORWARD VALUE LOW
#define MAX_FORWARD VAL UE
#define MAX_FORWARD RATE

100

300

200
150
300

300
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#define MAX_ROTATE_RATE 100
#define MAX_LIFT RATE 100
#define MAX_LANDING RATE 50

#define ADJ2TARGET MAX MOVE RATE 100
#define ADJ2TARGET ARRIVE DISTANCE 1

#define TARGET ARRIVE LV1 DISTANCE 20
#define TARGET ARRIVE LV2 DISTANCE 10
#define TARGET ARRIVE [V3 DISTANCE 5

float kp_heading = 7;

float kp_alt = 100;

float lock_heading degree;
float lock alt_meter;

float gps_lock alt meter;
double movement target lat;
double movement target lon;
double movement _home lat;
double movement home lon;
double movement last eps lat;
double movement last gps lon;
int16_t movement_const_forward value;
uint8_t lock heading stat;
uint8_t lock heading2target;
uint8_t lock alt_stat;

uint8_t gps_lock alt stat;
uint8 t landing_stat;

uint8_t go2target stat;

uint8_t goZtarget arrive stat;
uint8_t go2target arrive lv;
float go2target current heading;

uint8_t gozhome stat;
uint8_t goZhome arrive_stat;



uint8_t goZzhome_arrive_lv;
float go2home_current heading;

uint8_t takeoff stat;

uint8_t takeoff is_ finish;

float takeoff kp = 100;

uint8_t takeoff first arrive_stat;
uint8 t takeoff stage;

uint8_t adjZtarget stat;
uint8_t adj2target arrive stat;
double adj2target lat;
double adj2target lon;

double adj2target kp = 5000000;

uint8_t const forward_stat;

void Movement _Init(void)
{

void Movement_Update(void)

{
static uint32_t last_t update;
static uint32 t last_t_goZtarget_update , last_t go2home update;

uint32_t now;

now = hal.scheduler->millis();

iflnow - last_t_update > 20)
{



ifllock_heading_stat)
{
Lock Heading Update();

}

ifllock_heading2target)
{
Lock Heading2Target Update();

}

ifllock alt stat)
{

Baro_Lock Alt Update();
}

iftgps_lock alt_stat)
{

GPS_Lock Alt Update();
}

ifllanding_stat)
{

iflconst_forward stat)
{
Movement_ConstForward Update();

}

iflco2target_stat)
{
if(now - last_t go2target update > 200)
{
Movement_GoZ2Target Update();
last_t go2target update = now;



iftgoZhome_stat)
{
if(now - last_t go2home update > 200)
{
Movement_Go2Home_Update();
last_t goZhome update = now,
}
}

if(takeoff stat)

{
Movement_TakeOff Update();

iftadj2target_stat)

{
Movement Adj2Target Update();

}

void Movement_ConstForward_Set Value(int value)

{
iftvalue < 0) value = 0;

iftvalue > MAX_FORWARD VALUE) value = MAX FORWARD VALUE;

movement_const_forward value = value;
}

void Movement_ConstForward_Start(int value)

{
const forward stat = 1;

]
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Remote Ch2 Request Control(1);
ifltvalue < 0) value = 0;
iftvalue > MAX_FORWARD_VALUE) value = MAX_FORWARD VALUE;

movement_const forward value = value;

}

void Movement_ConstForward End()

{
const_forward stat = 0;
Remote Ch2 Request Control(0);

}

void Movement_ConstForward Update()

{
int16_t rc_2.drive;

drive = movement const forward value;

if(drive > MAX_FORWARD_RATE) drive = MAX FORWARD RATE;
if(drive < -MAX_FORWARD RATE) drive = -MAX_FORWARD RATE;

rc_2= 1500 + drive;

Remote_Ch2 Control Value(rc 2);

void Movement_LockHeading Start(float degree)
{
lock_heading_ stat = 1;
lock_heading degree = degree;
Remote Ch4 Request Control(1);
}

void Movement_LockHeading End(void)

{
lock_heading stat = 0;



Remote Ch4 Request Control(0);
}

void Movement_LockHeading Set Degree(float degree)
{

lock_heading_degree = degree;
}

void Lock Heading Update(void)

{
intl6 _trc 4, drive;
drive = (int16_tXAHRS_Sub_Angle(AHRS_Get Yaw(),lock heading degree) *

kp_heading);
ifldrive > MAX_ROTATE_RATE) drive = MAX_ROTATE RATE;
if(drive < -MAX_ROTATE RATE) drive = -MAX_ROTATE_RATE;

rc_4 = 1500 - drive;

Remote Ch4 Control Value(rc 4);
}

void Movement_|ockHeading2Target Start(void)
{

lock_heading2target = 1,

Remote Chd Request Control(1);
}

void Movement_LockHeading2Target End(void)

{
lock_heading2target = 0;
Remote_Ch4 Request Control(0);
}

void Movement_LockHeading2Target Set Target(double lat,double lon)

{
movement target lat = lat;



movement target lon = lon;
}

void Lock Heading2Target Update(void)

{
intlé_t rc_4, drive;
static float bearing;
float current_heading;
double current_lat,current lon;

current_lat = DJI_GPS_Get Lat();
current_lon = DJI_GPS Get Lon();
Currentmheading =
(DJI_GPS_Get_Heading());

bearing =

DJI_GPS_Get_Bearing(current lat,current_lon,movement _target_latmovement target

lon);

//hal.console->printf("current heading : %f ; bearing : %f ; Sub :
%M\r\n",current_heading,bearing AHRS_Sub_Angle(current_heading bearing));

drive = (int16_tXAHRS_Sub_Angle(current_heading,bearing) * kp_heading);

if(drive > MAX_ROTATE RATE) drive = MAX_ROTATE RATE;
if(drive < -MAX_ROTATE RATE) drive = -MAX_ROTATE_RATE;

rc_4 = 1500 - drive;
//hal.console->printf("Drive : %d\r\n" drive);

Remote_Chd Control Value({rc 4);
}
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void Movement Baro LockAlt Start(float meter)
{

lock alt_stat = 1;

lock_alt_meter = meter,

Remote Ch3 Request Control(1);
}

void Movement Baro_LockAlt End(void)
{

lock alt_stat = 0;

Remote Ch3 Request Control(0);

}

void Movement_Baro LockAlt Set Meter(float meter)

{
gps_lock alt_meter = meter;

}

void Movement GPS LockAlt Start(float meter)
{

¢ps lock alt stat = 1,

gps_lock alt_meter = meter,;

Remote_Ch3 Request Control(1);
}

void Movement GPS_LockAlt End(void)
{

gps_lock alt stat = O,

Remote Ch3 Request Control(0);
}

void Movement_GPS LockAlt Set Meter(float meter)

{
gps_lock alt meter = meter;

}



void Baro Lock Alt Update(void)
{
intlé_trc 3, drive;
drive = (int16_tX(BARO_Get_Alt() - lock alt_meter) * kp alt);
if(drive > MAX_LIFT_RATE) drive = MAX_LIFT_RATE;
ifldrive < -MAX_LIFT_RATE) drive = -MAX_LIFT RATE;

rc_3 = 1500 - drive;

Remote_Ch3_Control Value(rc 3);
}

void GPS_Lock Alt Update(void)

{
intl6_t rc_3, drive;
drive = (int16_tX(DJI_GPS_Get AU( - gps lock alt meter) * kp_alt);
ifldrive > MAX_LIFT RATE) drive = MAX_LIFT RATE;
iffdrive < -MAX_LIFT RATE) drive = -MAX_LIFT RATE;

rc_3 = 1500 - drive;

Remote_Ch3_Control Value(rc 3);
}

uint8_t Movement GoZ2Target Arrive Stat(void)
{

return go2target_arrive_stat;

}

void Movement_Go2Target Set Target(double lat , double lon)
{

movement_target lat = lat;

movement_target lon = lon;

}
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void Movement_Go2Target Start(double lat , double lon)
{
go2target arrive stat = 0;
goZtarget_arrive_lv = (;
movement_target lat = lat;
movement _target lon = lon;
movement_last_gps lat = DJI GPS Get Lat();
movement_last_gps lon = DJI_GPS Get Lon();
//go2target_current_heading = DJI_ GPS_Get Heading();
goZtarget current heading = AHRS Get Yaw();

//Hold Altitude
Remote_Ch3 Request_Control(1);
Remote Ch3 Control Value(1500);

Movement ConstForward _Start(FORWARD VALUE HIGH);
Remote Chd Request Control(1);
go2target stat = 1;

}

void Movement_Go2Target End(void)

{
Remote Chd Request Control(0);
Remote Ch3_Request Control(0);
Movement_ConstForward _End();
goZtarget stat = 0;

}

void Movement_Go2Target_Update(v;)id)
{

double current_gps_lat,current_gps_lon;

float current_distance;

float current_bearing;

float current_speed;

uintl6_t current numsat;

intl6 t driverc 4,
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iflgo2target arrive stat == Q)

{
current_gps_lat = DJI_ GPS_Get_Lat();

current_gps_lon = DJI GPS Get Lon();
current_speed = DJI_ GPS Get Speed();
current_numsat = DJI GPS_Get NumSat();

current_distance =
DJI_GPS_Get_Distance(current gps_lat,current_gps_lon,movement target lat,moveme

nt_target lon);
current_bearing =
DJI_GPS_Get_Bearing(current_gps_lat,current_gps_lon,movement target lat,movemen

t target lon);

//go2target_current_heading = DJI_GPS Get Heading();
go2target current_heading = AHRS Get Yaw();

drive =
(int16_tXAHRS Sub_Angle(go2target current_heading,current bearing) * kp_heading);

if(drive > MAX_ ROTATE RATF) drive = MAX _ROTATE RATE;
ifldrive < -MAX_ROTATE_RATE) drive = -MAX ROTATE RATE;

rc_4 = 1500 - drive;

Remote Chd Control Value(rc_4);

if(current_distance < TARGET_ARRIVE_LV1 DISTANCE) go2target_arrive lv =
iflcurrent_distance < TARGET_ARRIVE_LV2_DISTANCE) go2target arrive_lv =

iflcurrent_distance < TARGET_ARRIVE_LV3 DISTANCE) go2target_arrive lv =



switch(go2target arrive lv)

{
Case 0: Movement_ConstForward_Set_Value(FORWARD VALUE HIGH);

break;

case 1: Movement_ConstForward Set_Value(FORWARD_VALUE MID);
break;

case 2: Movement_ConstForward_Set Value(FORWARD VALUE LOW);
break;

case 3: Movement_ConstForward Set Value(0);
Remote_Chd_Control Value(1500); go2target arrive stat = 1; break;

}

}
else
{
Movement_ConstForward Set Value(0);
}
1

void Movement_Set Home{double lat , double lon)
{
movement_home lat = lat;
movement_home_lon = lon;
;

void Movement_Go2Home_Start(void)

{
géZhome_arrive_stat =0;
gozhome_arrive v = 0;
go2home_current_heading = AHRS Get Yaw();
Remote_Ch3 Request Control(1);
Remote_Ch3_Control_Value(1500);
Movement_ConstForward_Start(FORWARD VALUE HIGH);
Remote Chd Request Control(1);
goZhome stat = 1,
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void Movement_Go2Home End(void)

{
Remote Chd Request Control(0);
Remote_Ch3 Request Control(0);
Movement_ConstForward End();
gozhome stat = 0;

}

uint8 t Movement Go2Home Arrive Stat(void)
{
return goZhome arrive_stat;

}

void Movement_Go2Home_Update(void)
{
double current gps lat,current gps lon;
float current_distance;
float current bearing;
float current_speed,
uint16_t current numsat;

intlé_t drive,rc 4;

ifleo2zhome_arrive_stat == 0)

{
current_gps_lat = DJI_GPS_Get Lat(),
current_gps_lon = DJI GPS_Get_Lon(),
current_speed = DJI_GPS_Get_Speed();
current_numsat = DJI GPS Get NumSat();

current_distance =
DJI_GPS_Get_Distance(current_gps_lat,current_gps_lon,movement _home _lat,moveme

nt_home lon);
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current_bearing =
DJI_GPS_Get Bearing(current_gps_lat,current_gps_lon,movement home_lat,movemen

t_home_lon);

//go2target_current_heading = DJI GPS_Get Heading();
goZhome_current_heading = AHRS Get Yaw();

drive =
(int16 tXAHRS_Sub_Angle(go2home_current_heading,current bearing) * kp_heading);

if(drive > MAX_ROTATE RATE) drive = MAX_ROTATE RATE;
ifldrive < -MAX_ROTATE_RATE) drive = -MAX_ROTATE RATE;

rc 4 = 1500 - drive,

Remote Chad Control Value(rc 4);

iflcurrent_distance < TARGET_ARRIVE_LV1_DISTANCE) go2home _arrive v

iflcurrent_distance < TARGET_ARRIVE_LV2 DISTANCE) goZhome arrive (v

2;
iflcurrent_distance < TARGET ARRIVE LV3 DISTANCE) go2home _arrive lv =
3
switch(go2home_arrive_Lv)
{
case 0: Movemént_ConstForward_Set_Value(FORWARD_VALUEAH!GH);
break;
case 1: Movement_ConstForward_Set_Value(FORWARD VALUE MID);
break;
case 2: Movement_ConstForward_Set Value(FORWARD VALUE LOW);
break;

case 3: Movement_ConstForward Set Value(0);
Remote_Chd Control Value(1500); go2home_arrive stat = 1; break;



}
alsa
{
Movement_ConstForward Set Value(0);
}
}

void Movement TakeOff Start(void)
{

takeoff is_finish = 0;

takeoff first_arrive stat = 0,

takeoff stat = 1;

Remote Ch3 Request Control(1);
}

void Movement_TakeOff End(void)
{

takeoff stat = 0;

Remote_Ch3 Request_Control(0);

}

uint8_t Movement TakeOff IsFinish(void)
{
return takeoff is finish;

}

void Movement_TakeOFf_Ubdate(void)
{

intlé_trc 3, drive;

uint32_t now;

float d_height;

static uint32_t first_arrive t;

//now = hal.scheduler->millis();
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d_height = BARO Get Al() - FLYING HEIGHT;

drive = (int16_tXd height * kp_alt);

ifidrive > TAKE_OFF_MAX_RATE) drive = TAKE_OFF MAX_RATE;
ifldrive < -TAKE_OFF MAX_RATE) drive = -TAKE_OFF MAX_RATE;

rc_3 = 1500 - drive;
Remote Ch3 Control Value(rc_3);

now = hal.scheduler->millis();

iflltakeoff first arrive_stat)
{
ifld_height > -TAKE_OFF_ARRIVE THRESHOLD)
{
takeoff first_arrive_stat = 1;
first_arrive_t = now;
//hal.console->printf{*Arrived and wait for 3 sec\r\n");
}
1
else
{
ifi(now - first_arrive t) > (TALE_OFF HOLD T TO ARRIVE * 1000))
{
takeoff is finish = 1;
Movement_TakeOff End0);
//hal.console->printf("Take Off finished\n\n");
, .
}

void Movement_Landing_Start(void)

{
Remote Ch3 Request Control(1);
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Remote Ch3_Control Value(1500 - LANDING_MAX_RATE);
}

void Movement_Landing_End(void)
{

Remote Ch3 Request Control(0);
}

void Movement Adj2Target Start(double lat , double lon)
{

adj2target stat = 1,

adj2target_arrive_stat = 0;

adj2target_lat = lat;

adj2target lon = lon;

Movement LockHeading Start(0);

Remote_Ch1 Request Control(1);

Remote Ch2 Request Control(1);

void Movement_Adj2Target End(void)
{
adj2target stat = (;
Movement_LockHeading End();
Remote Ch1l Request Control(0);
Remote Ch2 Request Control(0);

uint8_t Movement Adj2Target Arrive Stat(void)

{
return adj2target_arrive stat;

}

void Movement_Adj2Target Update{void)
{

double d latd lon;

double x_outputy output;



float distance2target;
intl6 t x drivey drive;

uint32_t now,
static uint32_t last_t;

now = hal.scheduler->millis();

if(now - last_t > 100)

{
last_t = now;
d lat = adj2target_lat - DJI_ GPS_Get Lat();
d_lon = adj2target_lon - DJI_GPS Get Lon();

x_output = adj2target kp * d lon;
y_output = adj2target kp * d lat;

if(x_output > 500) x_output = 500;
iflx_output < -500) x_output = -500;

ifty_output > 500) y_output = 500;
ifly_output < -500) y_output = -500;

x_drive = (int16_t)x_output;
y_drive = (intl6 tly output;

if(x_drive > ADJ2TARGET MAX_MOVE RATE) x_drive =

ADJ2TARGET MAX_MOVE_RATE;
if(x_drive < -ADJ2TARGET_MAX_MOVE RATE) x_drive = -

ADJ2TARGET MAX_MOVE_RATE;

ifty drive > ADJ2TARGET MAX_MOVE_RATE) y drive =

ADJ2TARGET _MAX_MOVE_RATE;
ifly_drive < -ADJ2TARGET MAX MOVE RATE) y drive = -

ADJ2TARGET MAX_MOVE RATE;
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//hal.console->printf{"Lat:%.7f ; Lon:%.7f ; dLat:%.7f ; dLon:%.7f ;

X_drive:9%d ;
y_drive:%d\r\n",DJI_GPS_Get_Lat(),DJi_GPS_Get_Lon(),d_lat,d lonx_drivey drive);

Remote Ch1_Control Value(1500 + x_drive),
Remote Ch2_ Control Value(1500 + y_drive);

ifltadj2target arrive stat)

{
distanceZtarget =

DJI_GPS_Get_Distance(DJI_GPS_Get_Lat(),DJI_GPS_Get_Lon(),adj2target_lat,adj2target |

on),
if(distance2target < ADJ2TARGET ARRIVE_DISTANCE)

{
//hal.console->printf("Adj2Target Arrived\r\n");
adj2target _arrive_stat = 1;

}

}
}
}

void Movement_Adj2MainLine Start(void)

{
float angle src2target;
float angle_current2target;

}

void Movement_Adj2MainLine_End(void)
{

void Movement_Adj2MainLine Update(void)
{



Hinclude <FastSerial h>

#include <AP_Common.h>
#include <AP_Progmem.h>
ftinclude <AP_HAL.h>
#include <AP Param.h>
#include <AP Math.h>

#include <AP_HAL AVRh>
#include <AP_HAL_AVR SITL.h>
#include <AP_HAL Empty.h>

#include <NazaDecoderLib.h>

#define HORIZONTAL ROUND_LENGTH
#define VERTICAL_ROUND_LENGTH

#define HEADING ADJ

uint32_t currTime, attiTime;
uint8_t gps_avail,compass avail;
float last_bearing;

float degree2form(float ang_in)

{
iflang_in > 180) return ang_in - 360;

else return ang_in;
}

float degreeZradian(float ang in)
{

-17

40075
40008
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return ang in * 0.017453;
}
float radian2degree(float ang_in)
{

return ang in * 57.296;

}

void DJI_GPS_Init(void)

{
hal.uartC->begin(115200,128,16);

}

void DJI_GPS_Update(void)
{
uint8_t decodedMessage,
intl6 t numg;

numc = hal.uartC->available();

for(intl6 ti=0,i<numc;i++)
{
decodedMessage = NazaDecoder.decode(hal.uartC->read());
switch (decodedMessage)
{
case NAZA MESSAGE GPS:
gps_avail = 1;
//hal.uartC->ResetBuffer();
break;
case NAZA MESSAGE COMPASS:
compass_avail = 1;
//hal.uartC->ResetBuffer();
break;
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uint8_t DJI_GPS GPS_Avail(void)
{
ifleps_avail == 1)
L
gps avail = 0;
return 1;
}
else
{

return 0;
}
}

uint8_t DJI_GPS _Compass Avail(void)

{
iflcompass_avail == 1)
{
compass_avail = 0;
return 1;
}
elsa
{
return O;
}
}

double DJI_GPS _Get Lat{void)

{
return NazaDecoder.getLat();

}

double DJI_GPS Get Lon(void)

{
return NazaDecoder.getLon(),

}
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double DJI_GPS _Get Alt(void)
{
return NazaDecoder.getAlt();

}

uint8_t DJI_GPS_Get FixType(void)
{
return NazaDecoder.getFixType();

}

uint8_t DJI_GPS_Get NumSat(void)
{
return NazaDecoder.getNumSat();

}

float DJI_GPS_Get Heading(void)
{
return degree2form(NazaDecoder.getHeading() + HEADING_AD));

1

float DJI_GPS_Get Speed(void)
{
return NazaDecoder.getSpeed();

}

float DJI_GPS_Get_Distance(double p1_lat , double p1_lon, double p2_lat,

double p2_lon)

{
int radius = 3956.6;

const float two = 2.0;

float delta_lat = radians(p2_lat - p1_lat);

float delta_lon = radians(p2_lon - p1 lon);

float a = square(sin(delta_lat/two)) + cos(radians (p1_lat)) * cos(radians
(p2_lat) * square(sin(delta_lon/two));

float c = two * asin(sgrt(a));

float d = radius * ¢;
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return d * 1000;

float DJI_GPS_Get_Bearing(double p1_lat , double p1_lon, double p2 lat

double p2_lon)

{
double a = degree2radian(pl_lat);

double b = degree2radian(pl lon);
double c = degree2radian(p2_lat);
double d = degree2radian(p2 lon);

if (cos(c) * sin(d - b) == 0)
if (¢ > a)
return 0;
else
return 180;
else

{

double angle = atan2(cos(c) * sin(d - b), sin(c) * cos(a) - sin(a) * cos(c) *

cos(d - b)),
return radian2degree(angle);

void Camera_Control_Init(void)

{
hal.uartB->begin(115200,128,16);

}
void Camera_Control _Take(void)

{
hal.uartB->write('t);

#include <AP_Common.h>



#include <AP Progmem.h>
#include <AP_Param.h>
finclude <AP_Math.h>
#include <AP_HAL.h>
#include <AP_Buffer.h>
#include <Filter.h>
#include <AP_Baro.h>

#include <AP HAL AVR.h>

#define BATTERY AN CH 0

AP HAL::AnalogSource* battery an source;

void Battery Init{void)
{

battery_an_source = hal.analogin->channel(BATTERY AN _CH)

}

float Battery Read(void)

{
return (floatXbattery an source->read average() * 0.03);

#include <AP_Common.h>
#include <AP_Progmem.h>
#inc{udél <AP_Param.h>
ftinclude <AP Math.h>
#include <AP_HAL.h>
ftinclude <AP_Buffer.h>
#include <Filter.h>
#include <AP_Baro.h>

#include <AP_HAL AVRh>

2
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AP_Baro MS5611 baro(&AP_Baro MS5611::spi);

static uint32_t timer;

static float baro_pressure , baro_temp , baro_alt;

void BARO Init{void)

{

/* What's this for? */
hal.gpio->pinMode(63, GPIO_OUTPUT);
hal.gpio->write(63, 1);

baro.init();
baro.calibrate();

timer = hal.scheduler->micros();

void BARO_Cal(void)

{

}

baro.calibrate();

void BARO Update(void)

{

s'f((haLschedulferomicros() - timer) > 100000UL) {
timer = hal.scheduler->micros();

baro.read();

baro_pressure = baro.get pressure();
baro_temp = baro.get temperature();
baro_alt = baro.get _altitude();
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float BARO Get Pressure(void)
{
return baro_pressure;

}

float BARO Get Temp(void)
{

return baro_temp;
}

float BARO_Get_Alt(void)

{
return baro alt;

// -*- tab-width: 4; Mode: C++; c-basic-offset: 4; indent-tabs-mode: nil -*-

//
// Simple test for the AP_AHRS interface

/f

#finclude <AP HAL.h>
#include <AP_Common.h>
#tinclude <AP_Progmem.h>
#include <AP Math.h>
#tinclude <AP_Param.h>
#include <AP_InertialSensor.h>
#include <AP_ADCh>
#include <AP_GPS.h>
#include <AP_AHRS.h>
#include <AP Compass.h>
#tinclude <AP Declination.h>
#include <AP_Airspeed.h>
#include <AP Baro.h>
#include <GCS_MAVLink.h>
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#include <Filter.h>
#include <SITL.h>
#include <AP_Buffer.h>

#include <AP_HAL AVR.h>
#include <AP_HAL AVR SITL.h>
#include <AP_HAL Empty.h>

#if CONFIG_HAL BOARD == HAL BOARD APM2
AP _InertialSensor MPU6000 ins;

#elif CONFIG_HAL_BOARD == HAL_BOARD APM1
AP_ADC_ADS7844 adc;

AP InertialSensor Oilpan ins( &adc );

#else

AP_InertialSensor_Stub ins;

#endif

AP_Compass_HMC5843 compass;
GPS *g_gps;

AP_GPS_Auto g gps driver(&g gps);
// choose which AHRS system to use
AP_AHRS DCM ahrs(&ins, g gps);

//AP_AHRS_MPU6000 ahrs(&ins, g_gps); /7 only works with APM2

AP Baro HIL barometer;

t#define HIGH 1
#define LOW 0

#if CONFIG_HAL BOARD == HAL BOARD APM2
# define A LED PIN 27



113

# define C LED PIN 25

# define LED_ON LOW
# define LED_OFF HIGH
f#else

#define A LED PIN 37
# define C_LED_PIN 35

# define LED_ON HIGH

# define LED OFF LOW

#tendif

#define HEADING ADJ 0

static void flash_leds(bool on)

{
hal.gpio->write(A_LED_PIN, on ? LED_OFF : LED ON);

hal.gpio->write(C_LED PIN, on ? LED ON : LED OFF);

void AHRS Leds(bool stat)

{
hal.gpio->write(A LED PIN, stat);

hal.gpio->write(C_LED_PIN, stat);

void AHRS _Init(void)
{

#ifdef APM2 HARDWARE
// we need to stop the barometer from holding the SPI bus
hal.gpio->pinMode(40, GPIO_OUTPUT);
hal.gpio->write(40, HIGH);

#endif

ins.init(AP_InertialSensor:COLD START,
AP InertialSensor:RATE 100HZ,



114

flash_leds);
ins.init_accel(flash_leds);

ahrs.init();

ifl compass.init() ) {
hal.console->printf("Enabling compass\n™);
ahrs.set_compass{&ompass);
}else {
hal.console->printf("No compass detected\n”);
}
g gps = &g_gps_driver;
HIf WITH_GPS
g gps->initthal.uartB);
#Hendif

void AHRS Update(void)
{
static uintl6_t counter;
static uint32 tlast t, last_print, last compass;
uint32 t now = hal.scheduler->micros();
float heading = 0;

if (last_t == 0) {
last t = now;
return;

}

last_t = now;

if (now - last_compass > 100*1000UL &&
compass.read()) {
heading = compass.calculate_heading(ahrs.get dcm_matrix());
// read compass at 10Hz
last_compass = now,



Hif WITH_GPS
¢ gps->update();
#endif
}

ahrs.update();

float AHRS_Convert2Format(float ang in)
{

float rtn_value,

ifitang_in > -180) && (ang_in < 180))
{
rtn_value = ang in;

}

iflang in > 180)
{

rtn_value = ang in - 360;
}

iflang in < -180)
{

rtn_value = ang_in + 360;
}

return rtn_value;

float AHRS_Sub_Angle(float first_ang , float second ang)

{
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float rtn_value;

if(first_ang == 180) first_ang = 179.99;
if(first_ang == -180) first_ang = -179.99;

iflsecond_ang == 180) second ang = 179.99;
iflsecond ang == -180) second_ang = -179.99,

first_ang = AHRS_Convert2Format(first ang);
second ang = AHRS Convert2Format(second ang);

ifl((first_ang - second_ang) < 180) & ((first_ang - second_ang) > -180))

{
rtn_value = first_ang - second ang;

}

if(first_ang - second _ang > 180)

{
rtn_value = first_ang - (second ang + 360);

}

if(first_ang - second ang < -180)

{
rtn_value = (first_ang + 360) - second_ang;

}

return rtn_value;

float AHRS_Get_Roll(void)

{
return ToDeg(ahrs.roll);

}

float AHRS Get Pitch(void)
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{
return ToDeg(ahrs.pitch);

}

float AHRS Get Yaw{void)

{
return AHRS_Convert2Format(ToDeg(ahrs.yaw) + HEADING ADJ - 90);

/%
5 Example of RC_Channel library.
* Code by Jason Short. 2010
4 DIYDrones.com
*/

#include <AP_Common.h>
#include <AP_Progmem.h>
#include <AP_HAL.h>
#include <AP Param.h>
#include <AP_Math.h>

f#include <AP_HAL AVR.h>
#include <AP_HAL AVR SITL.h>
#include <AP_HAL_Empty.h>

#defineCH 10
#define CH 2 1
#define CH 32
#define CH 4 3
#HdefineCH 54
#define CH 6 5
#defineCH 7 6
fidefine CH 8 7

#define TARGET LAT 15731092
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#define TARGET LON 100.773679
const AP_HAL::HAL& hal = AP_HAL BOARD DRIVER;
uint8_t alt lock mode = 0;

uint8_t plan i

double home_lat,home lon;

double plan_target point[4][2] = {13.730558,100.772027,
13.729838,100.772033,
13.729836,100.772411,
13.730597,100.772419};

double auto_target point[2] = {13.730578,100.772201}:
uint8_t auto stage;
uint8 t auto_stat;

void setup()
{

Battery_Init();
hal.uartA->begin(9600);
RC_Out_Init();

//RC In_Init();

BARO Init();
DJI_GPS_Init0);
AHRS_Init();

Logger Init();
Camera_Control_Init();
//FailSafe_Init();

Remote Update();
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if(Remote_Sw Rud Stat())
{

Logger Position_Print Out();

while(Remote_Sw_Rud_Stat();
}

if(Remote_Sw _Ele Stat())
{
Remote Update();
while(1)

{
hal.console->printf{'THR : %d , RUD : %d , ELE : %d , AlL : %d

\n\n*,Remote_Sw_Thr_Stat(),Remote_Sw_Rud_Stat()Remote_Sw Ele_Stat(),Remote S
w_Ail_Stat();
Remote Update();
hal.scheduler->delay(100);
}
}

hal.console->printf("Waiting for locked Satellite >= 7\n\n");
while((DJI_GPS_Get_NumSat() < 7) && !Remote Get Override Stat())

{
DJI_GPS Update();

Remote Update();
hal.console->printf("Current NumSat : %d \r",DJI_GPS_Get NumSat());

}
hal.console->printf("\\n");

home_lat = DJI_GPS Get_Lat();
home_lon = DJI_GPS Get Lon();

Movement_Set_Home(home lat,home lon);

hal.console->printf('Set home to %.61f,%.6\A\r\n",home_lat,home lon);



//—::::=====:=====:====Waiting for Start

COﬂditiOﬂ::::====::::===::===.—.:::::

hal.console->printf("Waiting for remote-start-condition.. \r\n")

hal.console->printf(' Throttle up to maxi!\r\n");
while(hal.rcin->read(CH_3) < 1800) hal.scheduler->delay(50);
hal.console->printf("Throttle down to minif\r\n®):
while(hal.rcin->read(CH_3) > 1200) hal.scheduler->delay(50);
hal.console->printf(*Start-Condition Found!i\r\n");

Remote Output Enable();

hal.scheduler->delay(1000);

void Auto_Start(void)
{

auto_stat = 1;

auto stage = 1;

}

void Auto_End(void)

{
auto_stat = 0;
Movement TakeOff End();
Movement_Go2Target End();
Movement Go2Home End();
Movement_Landing End();
Movement_Adj2Target End();

void Auto_Running(void)
{
uint32_t now;
static uint32_t stage last t;
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now = hal.scheduler->millis();

switch(auto_stage)
{
case 1:
Movement TakeOff Start();
auto_stage++;
hal.console->printf("Start TakingOff\r\n");
break;
case 2:
ifMovernent TakeOff IsFinish())
{
Movement_TakeOff End();
Movement GoZ2Target Start(auto target point[0],auto_target point[1]);
Logger Position Start();
auto_stage++;
hal.console->printf("TakeOff Finished\r\n");
hal.console->printf("Start Going to Target\r\n"),
}
break;
case 3:
ifMovernent Go2Target_Arrive_Stat()
{
Movement GoZ2Target End();
Movement Baro_LockAlt Start(BARO Get Alt());
Movement Adj2Target Start(auto target point[0],auto target point(1]);
auto_stage++; '
hal.console->printf("Arrive Target\r\n");
hal.console->printf("Finely adjusting to target\r\n");
}
break;
case 4:
if(Movement Adj2Target Arrive Stat()

{



122

Movement_Adj2Target End();
stage last t = now;
auto stage++;
hal.console->printf("Adjusting finished\r\n");
hal.console->printf{"Waiting for 3 sec\r\n");
}
break;
case 5:
if(now - stage last t > 3000)
{
Camera_Control_Take();
stage_last t = now;
auto_stage++;
hal.console->printf("Take a photo\r\n");
hal.console->printf("Waiting for 5 sec\r\n");
}
break;
case 6:
iflnow - stage last t > 5000)
{
Movement Baro LockAlt End();
Movement Go2Home Start();
auto_stage++;
hal.console->printf("Start going to Home\r\n");
}
break;
case 7:
if(Movement_Go2Home Arrive Stat())
{
Movement Go2Home End();
Movement_Baro_LockAlt_Start(BARO_Get Alt());
Movement_Adj2Target_Start(home_lat,home_lon);
auto_stage++;
hal.console->printf("Arrive Home\rA\n");
hal.console->printf("Finely adjusting to home\r\n");
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break;
case &:

ifftMovemnent Adj2Target Arrive Stat())

{
Movement_Adj2Target End();
Movement_Baro LockAlt End();
Movement_Landing Start();
Logger Position End();
auto stage = (;
hal.console->printf("Adjusting finished\r\n");
hal.console->printf("Start Landing\r\n®);

}

break;

void Auto_Update{void)
{
iflauto_stat)
{
Auto_Running();
}
}

void Plan_Running(void)
{

switch(plan i)
{
case O:

Movement_Go2Target_Start(plan_target_point[0][0],plan_target point[0][1]);
plan_i++;
break;

case 1:
if(Movement _GoZ2Target Arrive Stat())
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{
Movement Go2Target End();
plan_i++;
t
break;
case 2:

Movement GoZTarget Start(plan_target point[1)[0],plan target point[1][1]);
plan_i++;
break;
case 3:
iftMovement_Go2Target Arrive Stat()
{
Movement Go2Target End();
plan_i++;
}
break;
case 4:

Movement_Go2Target Start(plan target point[2][0],plan_target point[2][1]);
plan_i++;
break;
case 5:
if(Movement Go2Target Arrive Stat())
{
Movement Go2Target End(;
plan_i++;
}
break;
case 6:

Movement_Go2Target _Start(plan_target point[3][0],plan_target point[3][1]);
plan_i++;
break;
case T1:
if(Movement Go2Target Arrive Stat()
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{
Movement Go2Target End();
plan i = 0;
t
break;
}
}
void loop()
{

static uint32_t last t rclast t ahrs, last print, last compass,last_kp heading;
static double gps_lat,gps lon,gps alt,gps heading;

static float gps_distance2target,gps_bearing;

static double compass_heading;

static uint8 t gps_fixtype,gps_numsat;

uint32_t now = hal.scheduler->micros();

uint32_t now ms = hal.scheduler->millis();

static uint32_t loop_last _t;
uint32 t loop_time;

static uint8_t last_sw_ele stat;
static uint8_t last_sw_ail_stat;
static uint8_t last_sw _rud_stat;

loop_time = now - loop_last t;

loop_last_t = now;

iflnow_ms - last_t_rc > 50)

{
last_t_rc = now_ms;

if(Remote_Sw_Ele_Stat() && llast_sw ele_stat)
{
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//Movement_Baro_LockAlt_Start(BARO_Get Alt();
//Movement_LockHeading2Target Set Target(13.727856,100.771976);
//Movement_LockHeading2Target Start();
//Movement_ConstForward Start(200);

//Movement_GoZ2Target Start(13.730208,100.772212);
//Movement_Go2Home Start();

Movement_Adj2Target Start(home_lat,home_lon);

iflRemote Sw Ele Stat() && last sw ele stat)
{
//Movement Baro_LockAlt End();
//Movement_LockHeading2Target End();
//Movement_ConstForward End();
//Movement_Go2Target End();
//Movement_Go2Home End();
Movement Adj2Target End();

if(Remote Sw Ail Stat() &&!last sw ail stat)
{

//plan i = 0;

//Logger_Position Start();
}

if(Remote_Sw_Ail Stat() && llast_sw _ail_stat)

{
//Movement_Baro_LockAlt Start(BARO Get Alt());
//Movement LockHeading2Target Set Target(13.727856,100.771976);
//Movement_LockHeading2Target Start();
//Movement ConstForward_Start(200);
//Movement_GoZ2Target Start(TARGET LAT,TARGET LON);
//Plan_Running();
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Camera_Control Take();

iflRemote Sw Al Stat() & last_sw_ail_stat)
{
//Movement Baro LockAlt End();
//Movement LockHeading2Target End();
//Movement ConstForward End();
//Movement Go2Target End();
//Logger Position_End();

if(Remote_Sw Rud Stat() & !last_sw rud_stat)

{
//Camera_Control_Take();
//Movement Baro_LockAlt Start(BARO_Get Alt();
BARO_Cal();
//Movement TakeOff Start();
Auto_Start();

iflRemote Sw_Rud Stat() & last_sw rud_stat)
{
//Movement Baro_LockAlt_End();
//Movement TakeOff End(;
Auto End();

R

last_sw_ele stat = Remote Sw Ele Stat();
last_sw_ail_stat = Remote Sw_Ail_Stat();
last sw rud stat = Remote Sw Rud_Stat();

ifiDJI_GPS_GPS_Avail())

{
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gps_lat = DJI GPS_Get_Lat();

gps_lon = DJI_GPS Get Lon();

gps_alt = DJI_GPS Get Alt();

gps_fixtype = DJI_GPS_Get_FixTypel);
gps_numsat = DJI GPS Get NumSat();
//eps_heading = DJI_ GPS Get Heading();
gps_heading = AHRS Get Yaw(),

gps bearing = DJI_GPS Get Bearine(eps_lat,gps lon,13.730201,100.77221);
gps_distance2target =
DJI_GPS Get Distance(gps lat,gps lon,13.730201,100.77221);

//hal.console->printf("Lat : %.6lf ; Lon : %.6lf ; Alt : %.2f ; Hd : %.2f ;
Distance : %.2f ; Brng : %.2f ; NumSat : %d ; Speed : %f Bat :
%.2A\r\n",gps_lat,gps_lon,gps_alt,gps_heading,gps_distance2target,gps bearing,gps nu
msat,DJI_GPS _Get Speed(),Battery_Read()); '
//hal.console->printf("Lat : %.7f ; Lon : %.71f ; Alt : 9%.7Uf ; FixType : %d ;
NumbSat : %d\r\n",gps_lat,gps_lon,gps_alt,gps fixtype,gps numsat);
}

if(DJI_GPS Compass_Avail())
{
compass_heading = DJI_GPS_Get Heading();

}

iflnow_ms - last_print > 100)
{ g
last_print = now_ms;
//hal.console->printf("Lat : %.61f ; Lon : %.6lf ; Alt : %.2f ; Hd : %.2f ;
Distance : 9%.2f ; Brng : %.2f ; NumSat : %d ; Speed : %f Bat :
%.2A\n\n",gps_lat,gps_lon,gps_alt,gps_heading,gps_distance2target,gps bearing,gps nu

msat,DJI_GPS Get Speed(),Battery Read());
//hal.console->printf(*%d 9%d %d %d %d %d %d %d %d\r\n",hal.rcin-

>read(CH 1), hal.rcin->read(CH_2),hal.rcin->read(CH_3),hal.rcin->read(CH _4),hal.rcin-
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>read(CH_5),hal.rcin->read(CH_6),hal.rcin->read(CH_7),hal.rcin-

>read(CH 8),Remote Sw B Stat();
//gps_distance2target =

DJI_GPS Get Distance(gps_lat,gps_lon,13.727493,100.772486);
//hal.console->printf(“%.2f , %.2A\"\n",BARO Get Alt(),BARO Get Pressure());
//hal.console->printf("Baro Height : %.2ANn",BARO Get Alt());
//hal.console->printf("%.2A\nN\n",BARO_Get Alt());
//hal.console->printf("Loop time %ld\r\n",loop_time);

}

DJI GPS_Update();
BARO_ Update();
AHRS_Update();
Remote Update();
Movement Update();
Logger Update();
Auto_Update();

AP_HAL MAINQ);





