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Chwong 1
TONG QUAN

1.1 Téng quan vé linh vire nghién ciru
Ngay nay, thiét bi bay khong nguoi 1ai (Uninhabited Aerial System: UAS)
ngay cang phat trién manh trong linh vuc nghién ctru khoa hoc, trong dé
Quadrotor la mét trong nhitng UAS dugc quan tdm nghién ciru. Phuong tién nay
c6 thé duoc diéu khién tir xa bdi ngudi diéu hanh trén mit dét hodc bay tu dong
thdng qua mdt duong bay dugce 14p trinh tir trude. Mo hinh Quadrotor duoc lap
rap c6 céu trac cing, nhe va gon, dugc thiét ké trong mot khéi khép kin, gia tri
ctia né duogc khing dinh qua nhiéu tmg dung thyc té hién nay nhu:
e Dung tim kiém ctru nan trong méi trudng ddi nai, noi nguy hiém cho con
ngudi.
o Dung trong khéo sat, thiét 14p ban do.
e Dung trong linh vuc an ninh, quén su
e Dung trong linh vuc giéi tri, quang céo...
1.2 Lich sit phat trién
UAS dugce nghién ctru tir rit 14u. Chiéc Quadrotor dau tién trén thé giGi ra
doi vao ndm 1907 do hai anh em nha khoa hoc ngudi phap Charles Richet va
Charles Breguet ché tao, c6 tén 13 “ Breguet-Richet Gyroplane No.1”. N6 chi ¢
mot dong co dot trong 40745 HP (THP = 750W) va duoc ding didu khién céc
canh quat cia Quadrotor thong qua hé thong truyén dong bang day dai va pu-li.
Bo khung cta Quadrotor nay dugc lam béng dng thép, cé tng trong lugng
khoang 500 kg. Breguet-Richet Gyroplane No.1 dugc thuc hién bay thir ddu tién
vao thang 9 nam 1907 tai Douai-Phép, 14n nay no chi bay dwoc vai phut & do cao
1.5 mét [12].



Hinh 1-1: Breguet-Richet Gyroplane No.!
Vao nidm 1920, mot k§ su nguoi Phap tén Etienne Oemichen cling di
nghién ctru va cho ra doi mdt Quadrotor mang tén éng, Oemichen No.2 nhu hinh
1-2. N6 gdm c6 bdn dong co va duge bd tri cin bang tai bbn géc ctia mdt khung
hinh chit thap. Ban déu né dugc gén thém maét khi cau dé nang va gift én dinh
cho ¢6 may nay. Oemichen No.2 c6 két qua kha quan hon Breguet-Richet
Gyroplane No.1 trudc d6. Oemichen No.2 di dugc thir nghiém rat nhidu 14n va
c6 kha ning bay trong vong mot dam (01 dim = 1.6 Km), c6 thé dat dugc 300
mét dd cao [12].

Hinh 1-2: Oemichen No.2

Nim 1922, Georges De Bothezat va Evan Jerome thanh cong khi thiét ké
chiéc Quadrotor khdng 16 phuc vu cho quan d§i My. C6 mdy nay dad dugc diéu
khién bang cach thay dbi don 1é cling ltic céc goc xo#n cua canh quat. Ngoai ra




no6 con duge gin thém 4 canh quat nho dé diéu khién. Chiéc Quadrotor nay dugc
dat tén la “Bach tudc bay”.

o

Hinh 1-3: Bach tuéc bay

Twr d6, Quadrotor it dugc chii y hon trude. Cho dén nhitng nam 1980, né
duoc cha ¥ tré lai v6i két céu duoge thiét ké don gian, linh dong, kha ning mang
tai cao va gia thanh thap.

Ngay nay, mot s6 cong ty & nudc ngoai nhu coéng ty Parrot, cong ty
Draganfty Innovations, chuyén nghién ciu va phat trién Quadrotor nham dép
ing céc nhu cdu cia x4 hoi: phuc vu trong thdm hiém, tim kiém ctu nan, khao
sat dia hinh, giai tri, quang cdo... Sau ddy 1a mot s6 hinh anh ctia Quadrotor trén
thé gi6i da duoc san xuét trong nhitng nim qua [14]:

MR N AT

Hinh 1-4: Convertawings Model A, 1955/1956




Hinh 1-7: Quadrotor MD4-200 ciia Microdrone

—__




Hinh 1-8: X-Pro ciia hdng Draganfly Innovations

Cong viéc nghién ctru v& Quadrotor di dugc quan tdm tir lau boi cdc nhom
nghién ctru khéc nhau trén thé gigi. Va thuc té dd ching to rang Quadrotor 1a
mot lua chon cho céc tmg dung ciia UAS so véi may bay truc thang thong
thuong. N6 d3 mang lai cho cdc nha khoa hoc thém nhiéu lua chon cho cong viéc
nghién ciru. ‘

Quadrotor phat trién manh song song véi sy phat trién vuot bac cia cong
nghd vi dién tir. Sy phat trién ndy di mang lai nhicu loi ich cho xa hoi, gi4 thanh
ludn duge giam xudng trong khi chit lugng lai duoc ning 1én, mot bai toan
muén thué tudng chung khong thé giai quyét duge. Ngdy nay, sinh vién trong
cac truong dai hoc cling rAt quan tdm, nhiét tinh nghién ctru trong linh vyc nay.

Trong nhiing ndm gén ddy, sinh vién cdc truong dai hoc trong nudc cling

——da quan thm nghién oo Quadrotor diéu khién tir xa; bang song RE nhu: Pai-hoe
Su pham k¥ thuét TP HCM, dai hoc Bach khoa TP HCM, Pai hoc Bach khoa Da
Ning, Pai hoc Giao théng vén tai TP HCM...Sau day 1a mot sd hinh anh
Quadrotor do sinh vién Viét Nam nghién ctru:




Hinh 1-9. M6 hinh bay Quadrotor diéu khién tir xa ( nhém BKIT4U) — Ngay hoi
sang tao tré DHOG Tp. HCM

-
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Hinh 1-10. Quadrotor diéu khién tir xa ciia sinh vién rrwong DH GTVT.

]



Hinh 1-11. Quadrotor ciia sinh vién trwong PH SPKT TP.HCM

1.3 Muc dich nghién cttu
Khao sat mo hinh vét 1y, két hop v6i viée xdy dyng mo hinh va giai thudt
didu khién tir d6 dua ra co so ly thuyét phuc vu cho viéc tinh toan, thiét ké phan

cing va phén mém didu khién.

Thuc hién mé phéng mo hinh Quadrotor, danh gia kha nang tu cAn bang
ciia md hinh khi dung phuong phép diéu khién PID két hop véi phuong phap
tuyén tinh héa LQR (Linear quadratic regulator) va bd loc Kalman.

1.4 Phuong phap nghién ciu

Nghién ctru céc tai liéu va céc thidt ké c6 sin trong va ngoai nudc. Tinh
toan thiét ké mo hinh héa va md phong, sau do thiét k& mo hinh tong hop hoan
chinh dua trén md hinh 4o, sau d6 thir nghi¢m, danh gi4 va hiéu chinh, cu thé
nhu sau:




o Nghién ciiu cc loai cam bién nhu: Gyroscope (cam bién goc quay),
accelerometer (cam bién gia téc), magnetometer (cam bién tir truong), cam bién
siéu Am...va cac ing dung trong thiét ké Quadrotor.

e Dua vao cac thanh phan nhu dong co, canh quat, vi tr bo tri dong co,
trong lugng, kich thudc cua hé théng tir 6 phan tich cic yéu td, céc thong s6
anh huong dén sy chuyén dong ctia Quadrotor va rit ra cic tham s6 can thiét cia
hé théng.

o St dung cac kién thirc toan hoc dé xdy dung cac phuong trinh toan tugng
trung ¢6 thé coi nhu mé hinh thue va cé thé dung trong méi truong mé phong.

e K&t hop phuong phép diéu khién d& chon 1a PID va LQR, loc Kalman, cac
thuét toan nay co nhiém vu nhén va xr ly cac thong tin nhdn dugc tir cac cam
bién gia téc, cam bién géc quay, cam bién tir trudng, cam bién d6 cao, tir d6 tinh
toan, udc lugng két qua cta he thong va dua ra tac vy diéu khién tich hop nhdm
thuc hién diéu khién duoc tdt nhét, téi vu nhét.

Céc phan mém hd trg trong nghién ciru nhu sau:

e Matlab Simulink

e IDE Arduino

e Microsoft Visual Studio
1.5 Pham vi nghién ciru

Nghién ctru vé Quadrotor la mot dé tai kho, doi hoi kién thirc tong hop &
nhiéu linh vuc nhu: thiét ké co khi, dong luc hoc, cac phuong phap didu khién,
mach dién ti, truyén thong va 1ap trinh diéu khién..

Trong nude, tinh hinh nghién ctru cling chua dat két qua cao, do viéc tinh

- V— —

“foan dé dat s On dinh va can bang trén khong trung rat khé. Vi vay “trong Tudn
van nay chi trong tAm di sdu vao nghién ctru Quadrotor va4i cac diéu kién sau:

e Chi nghién ctru Quadrotor bbn canh cong suat nho.

e Thoi gian bay cua mo hinh <=5 phut.

o Chi tap trung vao bai toan diéu khién can béng,

o Khéng tryc tiép thiét ké cac mach diéu khién, téc gia dung cdc vét tu co
san trén thi trudng nhu: dung board Arduino cho mach didu khién trung tam, 4

ESC (Electronic speed controller), board IMU GY-86, khung co khi, déng co,
pin.




Chuong 2
CO SO LY THUYET VA GIAI PHAP

2.1 Nguyén Iy hoat dong ciia Quadrotor

Quadrotor c6 thé dugc dinh nghia la mét phuong tién bay cé bén cénh
quat gén lén phan cudi ciing ctia mot khung hinh chir thap, 1a mot trong nhiing
AUS linh hoat nhét trong di chuyén. N6 ¢6 thé cit hay ha canh theo phuong
thang ding nén n6 khong cin duong dan dé 14y da nhu c4c loai may bay canh
bang khac. N6 co thé quay trai, quay phai, 1én, xudng & bat ky goc quay nao khi
nguoi didu khién yéu cAu. Bdn canh quat duoc didu khién boi bbn dong co
khong choi than (BLDC). Trong bbn canh quay nay s& dugc chia lam 2 cdp déi
nhau. Cap canh quat phia truéc va phia sau quay cung chiéu kim ddng ho, trong
khi d6 cip canh quat bén phai va bén trai quay nguoc chidu kim ddng hd nhim
cAn bing moment xoay dugc tao ra tir cic canh quat trén khung. Ca bdn canh
quat sinh ra mot lyc dAy bang nhau khi cAt canh néu quay cling mdt tbe do. He
théng dugc mo ta tbng quat trong hinh 2-1 va so d6 nguyén ly duge mo ta trong
hinh 2-2 [5], [6].

(b)

Hinh 2-1: M6 td téng quat ciia Quadrotor
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Hinh 2-2: So do nguyén Iy cita Quadrotor
2.1.1 Trang thai lo lirng
Quadrotor dugc thiét k& co thé bay lo ling trong khdng trung. O trang théi
ndy, tat cd cac canh quat quay voi mot téc do khong doi (Q=Q=Q3=).

Hinh 2-3: Trang thdi lo ling

2.1.2 Trang thai bay 1én, bay xuong

Quadrotor dugc thiét ké c6 thé bay lén hodc xubng theo phuong thang
dimg. Khi mudn diéu khién bay 1én theo phuong thing dung ta s& cung tang nhu
nhau vé tdc dd cia 4 dong co. Khi mudn giam do cao theo phuong thang ding,
ta s& cing giam dan tdc d6 cua 4 dong co nhu nhau.
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Hinh 2-4: Trang thdi bay [én, xuong

Trong do:

#: 13 gia tdc theo phuong thang ding

Q. 1a van tdc goc ctia canh quat

Aa: 12 luong tang hodc gidm w dé Quadrotor bay 1én hay ha xubng
2.1.3 Trang thai nghiéng trai, nghiéng phai (Roll)

Quadrotor dugc thiét ké c6 thé bay nghiéng tri, nghiéng phai. Dé bay
nghiéng sang phai, gilt nguyén téc dd cua cia hai canh quat phia trudc va phia
sau, tang tbc d6 cna canh quat bén trai va giam tdc d6 ctia canh quat bén phai.
Tuong tu, dé nghiéng sang tréi, ta van gilt nguyén tdc do cia hai canh quat phia
trude va phia sau, tang tbc do cuia canh quat bén phai va giam tbc do cta canh

——gtigtbéatell———————————

Hinh 2-5: Trang thdi nghiéng trdi, nghiéng phai
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Trong do:

d: 1a gia téc theo phuong nghiéng

Oy 1 van tée gde cia canh quat

Aa Ap: 13 lugng tang hodc giam w dé Quadrotor nghiéng tai, nghiéng phai
2.1.4 Trang thai xoay trai, xoay phai (Yaw)

Quadrotor dugc thiét ké c6 thé xoay sang trdi, xoay sang phai theo truc
thing ding. DPé xoay sang phai, ta giam téc do cip canh quat phia truge va phia
sau, tang toc d§ cdp canh quat bén trai va bén phai. Dé xoay sang trai, ta lam
nguoc lai theo cch trén.

T T
Qpﬁﬁ; QH'ﬁE
Sau Pl
Qﬂ‘ﬁg Q;.ﬁ‘ﬁp.

Hinh 2-6: Trang thdi xoay trdi, xoay phai
Trong do:

¥: 12 gia t6c xoay =

Qu: 12 van téc goc cua canh quat

AaAp: 14 lugng tang hodc gidm w dé Quadrotor xoay trai, xoay phai
2.1.5 Trang thai 14t trwdrc, 1it sau (Pitch)

Twong tu nhu trang thai nghiéng tr4i, nghiéng phai, hai canh quat trai va
phai gitr nguyén tbc dd nhu nhau. pé 1at trude hay 14t sau, ta ting giam téc do
ctia hai canh quat phia truée va phia sau.
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San

QH+’5A

Hinh 2-7: Trang thdi lat trudc, Idt sau
Trong do:
9  :lagiatdelat
Qu 14 véan téc goc ciia canh quat

A AR : 14 lugng tang hodc gidm w dé& Quadrotor xoay trai, xoay phai

Chting ta c6 thé thdy ring, viéc diéu khién Quadrotor bay nhu thé nao thuc
chét 1a viéc diéu khién téc do quay cua bén dong co. Viec diéu khién cac cip
dong co that don gian va chinh xac, vi vy Quadrotor s& linh dong hon cac thiét
bi bay khéc rat nhiéu. Pay cfing 1a mdt uu diém ctia Quadrotor dé cac nha khoa
hoc quan tdm nghién ctru.

2.2 Ciu tao ciia Quadrotor
2.2.1 Pong co khéng choi than (Brushless DC motor: BLDC)

DPong co BLDC 1a mot dong co khong chdi than, nén khong bi &n mon hay
khong bi phong tia lira dién 1am hu héng thiét bi. BLDC la mot loai dong co
ddng bd nam cham vinh ctru, ¢ toc d cao, monent 16n, khéi lwong nho rat phi
hop cho viée diéu khién Quadrotor. BLDC trong thuc té nhu hinh 2-8 va hinh 2-
9,
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multi-rotor copter motors

~MOTC

H gh Performance Brushless 0

Hinh 2-9: Péng co BLDC Max-CF 2822

2.2.2 Mach diéu khién dong co BLDC

Trong ludn vin ndy, ngudi thuc hién khong truc tlep ngh1en ctru mach
didu khién dong co BLDC ma st dung board mach didu khién c6 san, d6 12 mach
ESC (Electronic Speed Contloller) Mach ESC dung d& thay dbi toc do cta dong
co BLDC dua trén nguyén tic cung cap Xung tuan tu cho céac cudn day dé tao ra
tir trudng quay cho dong co. Trong tluong hop nay, cdc ESC dong vai trd nhu
c4c bién tan, ding dé& dbi dién dp mot chiéu sang dién dp 3 pha xoay chiéu, c6
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tAn sb thay doi dugc. Pé dbi chiéu quay cho ddng co, ta chi cAn thay doi vi trf
cap ngudn ctia 2 trong 3 cugn day [15]. So dd céu tao cia mdt ESC nhu hinh 2-
10, cach dau ndi ESC d8 diéu khién dong co BLDC dugc thé hién trén hinh 2-11,
hinh anh mét ESC thyuc té dugc thé hién trong hinh 2-12, chi tiét vé& so dd
nguyén ly cia mot ESC duoc thé hién trong phu luc A.

Brushless DC
Electronic Speed Control (ESC)
(with Battery Eliminator Circuit)

Receiver Throttle Connection
w/BEC Paower

/

Brushless DC
Motor Leads

Heat Sink for ESC
Cooling

Power Input from
Main Battery

Hinh 2-10: Céu tao ciia mét ESC
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Brushless Motor Wiring

Brushless Electronic Brushless Motor
Speed Control (ESC)

Receiver

Iiilc = = = =

ltem: DYE-1007
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Hinh 2-12: ESC thc té
2.2.3 Khbi didu khién trung tim
Trong ludn van nay, ngudi thuc hién khong true (iép thiét ké Board dicu
khién trung tAm ma sir dung Board c6 sin trén thi truong, do 1a Board Arduino
Atmega 2560 nhu hinh 2-13, céc thong s6 k¥ thuat cua Board Arduino Atmega
2560 dugc trinh bay trong bang 2-1, céc thong so chi tiét ctia Board dugc thé
hién trong phu lyc B.

b e =

!,_,,__;:__ . 'i.}.
! | .}"
\

BB

WwW . ARDUINO.CC

R Ec

TRUONG @‘H&j&j‘&ﬁfﬁ
THU VIEN
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Bang 2-1: Cac thong sb clia Board Arduino Atmega 2560 [16]

Vi diéu khién ATmega2560

Ap hoat dong 33V

égph;/)éo dé nghi (dé 710V

Ap ngd vao (gi6i han) | 6-20V

Chan Digital I/ O 54 (trong do ¢ 12 cung cap dau ra PWM)
Chén input Analog 16

Dong DC 1/ 0 Pin 130 mA

Dong DC 3.3V Pin 800 mA

Dong DC chan 5V 800mA

Flash Meriory 121151212]3 nt;(')ng d6 tht ca déu duoc st dung bdi bd nap
RAM 8 KB

Tan s6 xung clock 16 MHz

2.2.4 Khbi cam bién

Trong ludn vin nay, ngudi thuc hién st dung Board tich hop sén nhiéu
loai cam bién trén cling mdt mach in, d6 1a Board IMU GY86. Céc loai cam bién
"~ duoc tich hop trong Board nay nhu MPU 6050 tich hop 3 truc gia tdc, 3 truc goc
gyro, HMC5883L, MS5611, cac du li¢u duge truyén qua cong ndi tiép chuan

I,C. Hinh anh cia Board IMU GY86 dugc trinh bay trong hinh 2-14.
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L MPUBOS 0 HMO

Hinh 2-14: Board IMU GY86

MPU - 6050 1 loai thiét bi Motion Tracking 6 tryc tich hop dAu tién trén
thé gidi, no 1a su két hop cta 3 truc gyroscope, 3 truc Accelerometer va mot bo
xu ly chuyén dong sb (Digital Motion Processor). MPU - 6050 bao gdm 3 bd
ADC 16 bit d4 s& hoéa dAu ra cua gyroscope va 3 by ADC danh cho
Accelerometer. P& c6 s tinh todn chinh xdc voi ca su nhanh va cham, né cho
phép ngudi st dung 1ap trinh cho gyroscope vdi cac tAm do £250, £500, £1000,
va £2000%/sec (dps), va cho Accelerometer véi cac thm do +2g, +4g, £8g, va
+16g. So dd chan MPU 6050 dugc trinh bay trong hinh 2-15, chirc nang cac
chin ctia MPU — 6050 dugc trinh bay trong bang 2-2, so dd khoi ctia MPU- 6050
dugc trinh bay trong hinh 2-16.
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INT
FSYNC
REGOUT
ADO
VLOGIC

AUX_CL

Hinh 2-15: So dé chdn cia MPU- 6050
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Bang 2-2: Chirc nang cac chan MPU 6050

Pin Number '::l::l h;:;jo Pln Name Pin Description
1 Y Y GLKIN Optional external reference clock input. Connect to GND if unused.
6 Y Y AUX_DA G masler serial data, for connecling to extenal sensors
1 Y Y AUX_CL G Master serial clock, for connecting to extemal sensors
8 Y ICS SPI chip select (0=SPI mode)
8 Y VLOGIC Digital 110 supply voltage
9 Y AD0/SDO G Slave Address LSB (ADO); SP! serial dala output (SDO)
9 Y ADO G Slave Address LSB (ADO)
10 Y Y REGOUT Regulator filter capacitor connection
1 Y Y FSYNC Frame synchronization digital input. Connect to GND if unused.
12 Y Y INT Interrupt digital output (totem pole or open-drain)
13 Y Y VDD Power supply voltage and Digital 1/0 supply voltage
18 X Y GND Power supply ground
19,21 Y Y RESV Reserved. Do not connect.
20 Y Y CPOUT Charge pump capacitor connection
2 Y h CLKOUT System clock output
23 Y SCL/SCLK I°C serial clock (SCL); SPI serial clock (SCLK)
23 Y SCL G serial clock (SCL)
24 Y SDA/SDI G serial data (SDA); SPI serial data input (SDI)
2% Y SDA G serial data (SDA)
2‘135' 41’65‘1174' Y Y NC Not internally connected. May be used for PCB trace routing.
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1
CLKIN
i ” CLOCK |~ Clock MPU-60X0
CLKouT
Solf i
test X Accel | [—» ADC -+ Interrupt O INT
Status
Reglster
(Ic8)
Self -
il Y Accel ADC ¥ 1 Slava I2C and ADO/(SDO)
FIFO A SPI Serial
Interface 8CL/(SCLK)
Bell : SDA / (SDI)
i ZAccol | |—»! ADC -+ Config
Reglsters
Master 12C |__ AUX_CL
:::{ XG —+{ ADC g I
i
0 £ Sensor Higtioy AUX_DA
g Registers
Selt a FSYNC
test +—1 | Y Gyro | —*] ADC
Factory
SHbmiion Digital Motlon
|| Processor
Self ‘
tost 8—{ | ZGyro » ADC [ (DMP)
Temp Sensor |—»| ADC |-
Charge
| Pump Blas & LDO
A 20 J\ta J\w T
L ) A A
CPOUT VDD GND REGOUT [VLOGIC]

Note: Pin names In round brackets () apply only to MPU-6000
Pin names In square brackets [ ] apply only to MPU-6050

2.2.4.1 Cam bién treong HMC5883L

ddng tur.

Hinh 2-16: So dé khéi MPU 6050

Cam bién truong HMC5883L 12 loai cam bién duogc thiét ké dung dé
cam bién tir & mirc thip thong qua mot giao tiép sb duge st dung trong céc tng
dung nhu la ban va do tir trudng voi chi phi thdp. HMC5883L bao gdm nhiing
cdng nghé tién tién, d6 phan giai cao ctia dong cam bién HMC118X, dong cam
bién magneto-resistive, thém vao dé 12 mot ASIC chira dyng do khuéch dai, tu
dong khur tir, khir offset va mot by ADC-12 bit cho phép sai s6 hudng chuyén
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HMC5883L st dung cong nghé Anisotropic Magnetoresistive (AMR)
ctia Honeywel tao nén mot loi thé so vai cac cdng nghé cam bién tir khac. Cam
bién Low Noise, AMR c6 thé dat t6i do phan giai 1a 5 milli-gauss trong truong
tir +8 Gauss. Tdc do toi da dit lidu dau ra 1a 160 Hz. I,C str dung giao tiép &
mode Standard va Fast mode (100 va 400 khz).
2.2.4.2 Cam bién do cao MS5611

Cam bién dd cao MS5611-01BA 1a mdt cam bién do do cao thé hé
mé&i véi dd phan giai cao (10cm) s dung chun giao tiép SPI va I,C. Modul cam
bién bao gdm mot cam bién ap suét tuyén tinh cao va mdt bd ADC 24 bit tiéu thu
nang luong cuc thip véi hé s6 calibrated bén trong. MS5611 cung cAp gid tri
chinh xéac 24 bit, gia tri nhi¢t do va mot s6 mode hoat dong khac, né cho phép
nguoi su dung chuyén ddi tbc dd va ning luong tiéu thuy.

2.3 Phwong phap diéu khién
2.3.1 Giai thuat didu khién PID
2.3.1.1 Ly thuyét diéu khién PID

Bo didu khién PID (Proportional Integral Derivative) 12 mdt bd didu
chinh c6 phan hdi nhim 1am giéa tri sai léch cia mdt tin hi€u dang duogc diéu
khidn bing 0. B PID c6 ba thanh phén:

o Proportional: Tich phan
o Integral: Vi phin
o Derivative: DPao ham
Ba thanh phin nay déu c6 vai tro dua tin higu sai Iéch v& 0, nhung moi
thanh phin déu c6 tinh chét riéng. Tin hiéu phan hdi (feedback signal) thuong la-
tin hiéu do bang cim bién. Gia tri sai 1éch bing gia tri cta tin hiu dat (setpoint)
trir cho gid tri cua tin hi¢u phan héi.
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Hinh 2-17: Sor d6 khéi cita b diéu khién PID

Bo didu khién PID duogc dit theo tén cla 3 khau hiéu chinh P, I va D.
Nguoi ta co thé chi 4p dung bd didu khién P, PI, PID.

MB& hinh didu khién PID duoc trinh bay trong hinh 2-18.

R(s)+- E(s) L

G(s)

Y(s) ~

Hinh 2-18: Mé hinh diéu khién PID

Cong thic toan hoc cua bd didu khién PID trén mién Laplace nhu cong

thic 2.1

Ts

K
C(s)=K, +—i+de=Kp(l+—l—+Tds)
S

Trong do:
e K, Doloitilé

2.1)
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e K; D0 loi tich phén

e K, DO loiviphan

o T;=KyK;: Thoi gian khau vi phan
o T, Thoi gian khau tich phan

> Diéu chinh ti 1& P: 12 phuong phap diéu chinh tao ra tin hi¢u didu
chinh ti 16 v6i sai 1éch dau vao.

$ Didu chinh tich phén I: 1a phuong phap diéu chinh ti 1& dé lai mot do
léch (offset) sau didu chinh rit 16n. P& khic phuc ta két hop diéu
chinh ti 16 va diéu khién tich phan. Diéu chinh tich phén la phuong
phap didu chinh tao ra tin hiéu didu chinh sao cho dd léch giam vé
0. Thoi gian cang nho thé hién tic dong diéu chinh tich phén cang
manh, tng v6i do 1éch cang bé.

» Pidu chinh vi phan D: Khi hing s6 thoi gian hodc thoi gian chét clia
hé thong rét 16n, diéu chinh theo P hodc PI c6 dap g qué cham thi
ta str dung két hop véi sit dung vi phan. Piéu chinh vi phén tao ra
tin hiéu diéu chinh sao cho ti 1¢ véi toe do thay dbi sai léch déu vao.
Thoi gian cang lon thi didu chinh vi phan cang manh, ung v&i bd
diéu chinh véi dap tmg thay dbi dau vao cang nhanh.

Chu tric cua bo didu khién PID dugc trinh bay trong hinh 2-19
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Hinh 2-19: Céu trilc b¢ diéu khién PID
B didu khién PID c¢ tin hi¢n ngd ra ti 1& tuyén tinh v&i tinh higu ngd vao,
v6i vi phéan va tich phén tinh hi€u vao theo cong thirc 2.2

U(S) - KPE(S) +K ( ) +K SE(S) (2.2)

Ca 3 bo diéu chinh ti 1€ (P), tich phén (I), vi phan (D) dugc cong lai véi
nhau dé tinh toan dAu ra cho bd didu khién PID.

o Gia tri do loi ti 1& K, cang 16n thi dap tng cang nhanh, do do sai sb
cang 16n, bu khau ti 1& cang 16n. Khi gia tri do loi tl 16 K, qué ton s&
dan t6i qué trinh mét &n dinh va dao dong.

o Gi4 tri do loi tich phan K; cang 16n, kéo theo sai s6 on dinh bi khir
cang cao. Doi lai 12 d6 vot 16 cang 16n thi bat ky sai s am nao duoc
tich phan trong sudt dap ung qua do phai du*oc triét tiéu tich phén
bang sai s6 duong trudce khi tién t4i trang thai 6n dinh.

o Gia tri d0 lgi vi phan Ky cang 16n thi lam giam do vot 16, nhu’ng lam
cham thoi gian dap Gng qua do va cd thé dan den mét on dinh do
khuéch dai nhidu tin hiéu trong phép vi phén sai sb.

2.3.1.2 Phwong phap diéu chinh b$ PID
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Zlegle1 va Nichols dua ra hai phuong phép thuc nghiém dé x4c dinh tham
sé bd diéu khién PID. Phuong phép thir nhit ding mo hmh quén tinh bac nhét
ciia déi tugng diéu khién. Phuong phép thu hai khong cin dén mé hinh todn hoc
ctia ddi tugng nhung chi 4p dung cho mot sb 16p ddi tuong nhét dinh.

% Phuong phap Zleglel - Nichols thir nhit

Xac dinh thong sb ctia bd didu khién dua vao dap tng ctia hé ho [2] [3].
Ta cho tin hiéu r(?) tac dong & ngd vao clia md hinh didu khién va do lai dép
trng & ngd ra nhu hinh 2-20 va hinh 2-21.

, S
4 N — L C:L‘(t)

Péi twong diéu khién

v

Hinh 2-20: So dé khéi ciia hé hé

Lt

c(?) |

v

- TN P —. S

Hinh 2-21: Padp itng ctia hé ho




28

Khi d6 ta ¢ so db dxeu khién ding PID nhu hinh 2-22 [2] [3], ngd ra
ctia hé thdng dugc hdi tiép vé dé tham chiéu véi ngd vao mong mubn.

R(s X

Hinh 2-22: So db khoi cita hé kin ¢é by PID
Cudi ciing ta ¢6 phuong trinh cho b diéu khién PID nhu cong thitc (2.3)

1
GC(S)=KP[1+T—+TDSJ 2.3)

IS

Béng phuong phép thuc nghiém, Ziegler-Nichols da tong hop lai nhu
trong bang 2-3.
Bang 2-3: Béang tinh cac théng s6 PID theo Z-N1

Thong s6 bd :
Al Kp K1 Kp
dieu khién
T‘).
P TK - .
TZ
- P+ 09X L Te3 L S
T.K
PID | 122 oT 0.5T
. K 1 ST

<+ Phuwong phap Ziegler-Nichols thir hai
Dbi véi phuong phép nay, Ziegler-Nichols thay bd PID thanh bg khuéch
dai c6 hé sb khuéch dai K, nhu hinh 2-23 [2], [3].
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K,  |——s| Doi twgng diéu khién -+

Hinh 2-23: So' dé khoi ciia hé kin c6 bé ti Ié P
Phuong phép nay thay bo diéu khién PID trong hé kin bang bo khuéch dai,
sau d6 tang K cho dén khi hé ndm & bién gidi 6n dinh, tuc 14 hé kin trd thanh
khau dao dong diéu hoa nhu trong hinh 2-24.

c(?) ¢

v

— Liic nay ta-c6 Ky va-chu k ctia- dao-dong 4614 Ty Tham s6-cho bd-didu———

\
|
Hinh 2-24: Dap ing cua hé kin ‘
khién PID chon theo bang 2-4.
|
|
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Bang 2-4: Bang tinh céc thong s6 PID theo Z-N2

Bo diéu khicn Kyp 1y Tp
]) (]S*th an ()
Pl 0.45%K 1 LI Y 0
| 1.2
PID 0.6*Kgn 0,5% T, 0,125% T

2.3.2 Ly thuyét b loc Kalman mé rfng

B loc 1& qua trinh xir Iy nhim loai bo nhimg gi khong c6 gia tri hodc
khong quan tdm dén va gitt lai nhitng gi c6 gid tri sir dung.

B§ loc Kalman 1a mot tap hop cac phuong trinh todn hoc mo ta mat
phuong phép tinh toan truy hdi hiéu qua cho phép uéc doan trang thai cia mot
qué trinh (process) sao cho trung binh phuong sai cua do 1¢ch (gitra gia tri thue
va gia tri uéc doan) 1a nho nhét. B loc Kalman rét hiéu qua trong viéc ugc doan
céc trang thai trong qua khir, hién tai va tuong lai, thAm chi ngay ca tinh chinh
xéc ctia hé théng mo phong khong duge khang dinh.

B6 loc Kalman duogc sit dung dé loc tin hiéu tra v& tir cam bién. Ngb ra
ctia bd loc Kalman khong phai 1a tin hiéu cung loai véi tin hi¢u cia cam bién
(sau khi d& loai nhiéu) nhu nhitng bd loc khac ma ngd ra cta no 1a ude lugng (du
dofn) t6i wu ctia vector trang thai So-dd khdi cia b loc Kalman trong hinh 2-
25.
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Céc nguon Mo hinh
nhicu h¢ thong
Tin hiéu Cam bién Tin hié;" Bo loc
can do cam bicén -
Vector Sai 0 Vector Vector udc lugng
Trang thaiX(k) cam bién quan sat Z(k) trang thaiX (k)
w

Hinh 2-25: So dé khéi ciia bg loc Kalman
Hé théng rdi rac tuyén tinh dugc trinh bay trong phuong trinh (2.4) [6], [8].
x, = Ax,_, +Bu,_, + @,

(2.4)

Trong do:

o A, B, H: 12 cac ma tran khong gian trang thai

e x;:la vector trang thai tai thoi diém k
e ay,v:lacac can"ﬁh"iéu‘phépﬂo_c&ahé-thé — = —
Thuét toan Kalman c6 thé duoc mo ta qua hai giai doan: giai doan dy bao

gia tri trang thai cia m6 hinh va giai doan hiéu chinh gié tri cho trang thai cua
mo hinh.

Giai doan du bdo: Dua vao g1a tri wdc lugng cla tin hién vector ngd vao
trude do va gia tri do duoc tir cam bién & thoi diém hién tai Uy, Kalman sé& thyc
hién du bao gié tri cua trang thai tiép theo va tinh duge ma trén higp phuong sai
16i (covariance error).
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Giai doan hiéu chinh gid tri mé hinh: Trudc tién s& tinh toan do loi b
loc Kalman Kj sau d6 hiéu chinh gia tri wéc lwong & hién tai va ma trn higp
phuong sai Py .

Sau d6 quay vé giai doan du béo. Luu dd giai thuat ctia bo loc Kalman
mé rong duge trinh bay trong hinh 2-26 [8].

Hiéu chinh trang thai hién tai

U'éc liwgng trang thai hién tai :
¢ lirgng trang thai hién tai 1. Hé so @0 loi Kalman

1. Gia t-l'i wéc lwgng & hién tai Kk _ P;\,HT(HP;\,HT x R)ﬂl
2. Hiéu chinh gia tri wéc lwgng

A s ghs 7 A + A — AT n”
2. Hiép phwong sai 10i ¢ hién tai X=X+ Kk(zk - H'\k)
P, = APy _ 1Ar +0 3. Hiéu chinh gia tri error covariance

P, = (I-KH)P,

Hinh 2-26: Luu dé gidi thudt ciia bg loc Kalman mo rong

——Trong ludn vin nay, tie giéd ding bo-loc Kalman d&lonﬂn.hlﬁult&i@ tur
cam bién IMU, c6 nhiém vu tinh toén cac thong sé nhan vé tir cam bién tai cac
thoi diém khac nhau, ude lugng gia tri t8i wu cin thiét cho hé théng diéu khién.
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Chuong 3
MO HINH HOA VA MO PHONG

3.1 M6 hinh toan hoc
3.1.1 M6 phong theo goc Euler-Lagrange

Céc trang thai di chuyén ctia Quadrotor trong khéng gian dugc md ta trong
hinh 3-1.

X earth (®)
0
(a)
R Y
Y earth
Z earth

Hinh 3-1: Cdc trang thdi trén hai hé toa di: (a) hé toa o mt dat, (b) hé toa do
trén thdn may bay
Quadrotor 1a mot hé théng 6 béc tw do va né duge dinh nghia bang 12
thong sb: ba goc roll, pitch, yaw (&, 6, ¥), (p, ¢, ) 12 ba vén téc goc quanh cic
truc x, , z trén hé toa do thdn méy bay, ba thong s6 con lai 13 (x, y, z) chi dinh vi
tri ctia Quadrotor trén 3 truc x, y, z tham chiéu gitra hai hé toa do mat dat va hé
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toa d0 than mdy bay, (4, v, W) 1a cac van tdc tuong mg trén x, y, z. Vector trang
thai thé hién diy du cac thong s6 can thiét trong mé phong nhu sau:

V = 1x,y,z,'xﬁysz,(ﬁ,qu,(/),Uﬁw}
3.1.2 Ma trin xoay goc_Euler

Tir khong gian hinh hoc va két qua tham chiéu tir hai hé toa do trén, ta co

ma trin xoay xung quanh ba tryc x,y,z tuong tng Ry, Ry, R, [6], [7].
1 0 0
R.=|0 cos¢g sing 3.1
0 -sing cos¢

cosy siny O

R =|-siny cosy O (3.2)
0 0 1
cosy siny 0

R, =| —siny cosy O (3.3)
0 0 1

Ta ¢6 ma tran truyén tbng hop:
R=R¢.R,. R,
cycld syl —s0
R=| cysOsp—cosy sysOsp+cycd spcd

3.4
cysfcd+sysg sysBcd—spcy clco G4

Trong do:

cp =cos¢ sg=sing
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cf=cosd,s0=sind
ey = COSY, Sy = sy

Pé tim véan tdc goc u, v,w theo phuong X, y, Z ta tim theo dao ham cia X, y

va Z.
Ta co:
X u
V= Rl v (3.5)
Z W
Suy ra:
x=a+b+c (3.6)

Véi: a = cos¥.cosbu, b= sin¥. cosB.v, c = -sin.w
y=d+e+f 3.7

Vo6i: d= (cos‘P.sinB.sin@-cos@,sin‘P)u,
e =(sin‘{’.sin8.sin®+cos‘P.cosQ))V;

f= sin@.cosb.w

7=g+h+k (3-8)

Véi: g = (cos‘?.sin@.cos®+sin‘{’.sin®)u,
h = (sin‘l’.sine.cos@—sin@.cos‘P)v,
k = cosf.cosP.w
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Pé tim van téc goc quay p, ds I trén ba truc X, y, z. Ta lAy dao ham goc

quay 9, 6, va ‘.

Ta c6:
bl
dt .

W

Vi

1 tand.sind tand.cos®
T=(0  cosd ~sin®
0 sind/cos® cosp/cosO

Suy ra:
d=p +qtan€’sin¢+rtan6?cos¢5

0 =qcosg—rsing

: Q'"fziﬁ‘¢'+‘r'cos¢
cos@ cosO

3.1.3 Phwong trinh dgng hoc

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

Theo dinh luat Newton thi hop luc F = ma, véi a la gia tbe, m 1a khoi

lugng vat thé [6], [7].
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o i) (p
1 1 A1 .
L=| v ql(n v w) (3.14)
m ‘
w ]
Suy ra:
I I F, 0) (p
pl==|F |=R 0|~ q|(u v W) (B:12)
Comy ‘
W F g) \
Vi vector gia toc lyc hép dan:
0 ~sind
R| 0 |=g| singcosd (3.16)
g cos@cos ¢
Viy, van tdc cha Quadrotor co thé tinh nhu cong thirc sau:
(1 1 (FY—=sirf ) gw—r)
v |==| F |+g| singcos@ |—| ru—pw
| om| . (3.17)
w F, cos @ cos ¢ py—qu
Ta dugc cong thirc tinh gia t&c nhu sau:
. .
i=—DF —gsml—qw+rv (3.18)

m
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. )

v=;1-Fy + gsingcos & —ur + pw (3.19)

1

W=—F, +gcosOcosg— pv+qu (3.20)
m y

3.1.4 Khi dong lyc va moment hé théng

Gia st Quadrotor dugc st dung cho mo6 hinh gom 04 dong co c6 khéi
lugng m, chidu dai cénh tay 1, tai tdm khdi didu khién c6 trong luong M va béan
kinh r nhu hinh 3-2.

e
" @
3

Hinh 3-2: So dé bé tri phan ciing Quadrotor

Quadrotor 1a mot khéi dbi xtmg nén moment xodn cua hé thdng duge sinh
ra cling mang tinh ddi xting, do d6 ta c6 ma trén clia moment quén tinh hé théng
nhu sau:



39

I. 0 0
I={0 1, 0
0 0 I
Voi:
2My?
I.=1,=1= 5 +20°ma

(3.21)

(3.22)

Va tai tim lyc ctia hé théng s& tring v6i tam cia md hinh, nén theo dinh

luat Neuton — Euler ta c0:

Luyc tac dong:
F = Ma =My

V6i M: Khéi lugng tong ctia Quadrotor
Moment:

T=Ilo+wlo

V6i: @: Van toc gbe
. Gbde quay quanh truc.

Tix d6 ta c6 thé viét dang Newton-Euler cho mé hinh nhu sau:

EY (Ml 0\, . oMv
) Lo I)w, oo

Trong d6: Fi: Lyc tac dong 1én phuong i, i=X,y,Z.

wi: van tdc Goc quay quanh tryc i, 1 = X,y,Z.
Ti=Tg, To, Tw: Moment x04n
Hay

(3.23)

(3.24)

(3.25)
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v, l F  sinf Y, - 9\'}5‘
V= 7 F, |+g| cos Osing |- ¢.v: AN (3.26)
v, L cosfcosg v, — v,
M5 hinh luc ning cta Quadrotor:
F=F1+F2+F3+F4 (327)
M6ment xodn quanh goc Roll:
To =-I(-F2+ F4) (3.28)
Moment xoén quanh goc pitch:
To = I(F1 - F3) (3.29)
Moment xodn quanh goc Yaw:
Ty =|(F;-F;+F3-Fy (3.30)

3.1.5 M hinh toan dong co BLDC

BLDC (brushless DC motor) st dung trong dé tai nay 1a mot dong co mot
chidu DC nhung nguyén ly hoat dong nhu mot dong co xoay chiu 3 pha.Vi khi
didu khién ta diing mrc ap DC d4 didu khién hay dung k¥ thuat PWM giong nhu
didu khidn dong co DC thuén tiy.

Vén dé chuyén ddi tir mirc 4p DC nhén dugc qua tin hiéu PWM & ngd vao
qua dién &p 3 pha cho dong co 14 do khéi driver ESC dam nhiém. Khéi ndy s&
nhan tin hiéu PWM & ngd vao va cho ra & ngd ra dién 4p 3 pha léch nhau 120° dé
cép cho 3 pha ctia BLDC. Do d6 trong trudng hop nay ta co thé str dung mo hinh
toan cta dong co DC & thuc hién cho m6 phong. M6 hinh toan cua dong co DC
nhu hinh 3-3 [16].
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La Ra Ia

Eb Tm

Va

Hinh 3-3: So dé twong dwong ciia déng co BLDC

Ta cb:
%(t)=Rafa(f)+La%+Eb(f) (3.31)
E, (1) = K,(r) P2
T ()=Ki() (3.33)
L(6)-T,(t)=J,B,a() (3.34)
Trong do:

Vaidien ap pnén ung (v)

Ra: tré khang phén Gng (Q)

La: cudn day phén tng (H)

I.: dong phin tng (A)

Ey: Suét dién dong (v)

o : the do gbe (rad/s)

T : dong co md-men xoén (N.m)
Ty, : momen can (N.m)

0 : vi tri gbc cia truc rotor (rad)
Jm = rotor quan tinh (kgm?)




42

B,, = hé s6 ma sat nhot (NMS / rad).
K, = mo-men xodn khong dbi (Nm / A).
K;, = hing sb sirc phan dién dong (Vs / rad).

Ta c6 md hinh déng co BLDC nhu hinh 3-4.

load
torque
TL
1 Iy | K, T, 1 o
L,s+R, J,S5+B, speed

K, 4

Hinh 3-4: So' d6 khéi ciia mé hinh dong co BLDC
V.. dién ap cung cAp ngd vao,
T;: momen can
w : the dd gbe.

Thé (3.32) vao (3.31) va (3.33) vao (3.34) ta ¢6:

V(0= R, 0+ L, 220+ K 000 (3.35)
Ki()=J, d‘;f‘) + B, a0) (3.36)

Bién dbi Laplace phuong trinh (2.38) va (2.39) ta co:
V.(s)= Ry, ()L, (s)+ Ky(s) (3-37)
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K (s)=8J,0(6)+ B,0(5) (:38)

m

Khi T;=0, ta c6 mo hinh dong co BLDC nhu hinh 3-5.

Ls+R, g ' | JustB, speed!

~
o
'Y

Hinh 3-5: So d6 khéi dong co BLDC khi T, =0

Hinh 3-5 cho thiy déng co BLDC chay voi didu kién khong tai (ly tudng)
Ham truyén dat gitra dau vao dién ap va ngd ra tdc dd dong co nhu cong
thire (3.39).

o(s) _ K,
Va (S) La‘]mS2 + (Ra‘]m + LaBm)S + (RaBm + Ker) (339)
Trong do:

w(S): Vén tbe goc
Va(S): Dién ép dat vao motor tuong g gia tri PWM trong diéu khién

3.1.6 Khung mo hinh:
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Khung m6 hinh 1a mét khung nhom, két cAu nhu hinh 3-6.

Hinh 3-6: Khung mo hinh vét ly
Kich thuéc va khéi lugng khung khac nhau s& c6 céc gia tri quan tinh cua
moment khac nhau. D6 12 cac gia tri cta [ = [k, Iy, L], trong 46 I, I, I la cac
gid tri moment quédn tinh trén truc X, y, va z. Nhu theo mot s6 tai liéu tham khao,
gia tri nay dugc tinh toan nhu cong thic (3.40) va (3.41) 9]

Mt MK m r’
[ =1 =20 22 oM 4 T
W 6 3 (3.40)
2
mmrm 2
IZ =-—'—2 +4Ml (3.41)

Trong do:

M: 12 khéi lugng ctia Quadrotor

7+ ban kinh vong tron tAm ciia mo6 hinh
m,,: khdi luong ciia motor

7 + Ban kinh truc cia motor

I chidu dai canh tay ctia Quadrotor

3.1.7 Canh quat
Trong d8 tai ndy, canh quat s dung loai hai 14, ¢6 ban kinh rp= 12,75 cm,
nhu hinh 3-7.
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Hinh 3-7: Cdanh quat hai la

Dé don gian hoa, phin ma sat ciia khong khi tac dong 1én canh quat va géc
nghiéng cua canh quat ¢6 thé b6 qua. Luc ndy theo ly thuyét vé dong luong tao
ra cua canh quat s€ gbm hai thanh phan: lyc Fyo va moment Mo S€ ti 1€ v6i binh
phuong clia vén téc goc quay w va duge tinh bang hai cong thirc sau:

F,, = prr’ C0" = K@ (3.42) |
(2. 43) |
\J r"’J} T

= 5 2 _ 7
M,, = prr,,C,0" = K, o

Trong do:

Cr. Hing sb cta lyc day ngang

C,: Hang s6 cua lyc nang

p : Mat do khong khi

Foro: Ban kinh chia canh quat

K,: Hé sb quan hé gitta luc ddy ngang va van tbc quay cuia canh quat
K, Hé s6 quan hé giita luc néng va van tdc quay cua canh quat
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3.2 M6 hinh mo6 phong

M6 hinh Quadrotor thuc te 6 thé chia ra lam nhleu modun con nhu: khéi
ngd vao, khéi xtt Iy va Kkhédi co cAu chip hanh. Ta co6 so didu didu khién nhu hinh
3-8:

DATA PIEU
KHIEN TU
RC el KHOI MO
KHOI BIEU HINH TOAN
KHIEN cUA

& QUADROTOR
DATA NHAN
VE TU IMU

Hinh 3-8: So dé diéu khién Quadrotor

3.2.1 Khbi tin hiéu ngd vao

Tin hiéu & ngd vao duge chia lam hai loai:

Y

o bisy o by dié i i4 tri cua cac goc Roll, pltch yaw va luc

tao ra clia khéi nay dong vai tro 1a gia tri mong muon, cung cap ngd vao mong
mubdn cho bd dicu khién PL

Tin hiéu roll, pltch yaw nhén dugc tir cam bién, thi day la gia tri trang thai
hién tai ciia méy bay, gid tri nay la ngd vao thu hai ctia bo d1eu kh1en PI. Khéi PI
c6 nhiém vu didu chinh sau cho gia tri tra vé to IMU pha1 sép st bing véi goc
mong mudn didu khién, lac d6 gia tri sai s6 ¢ xem nhu bang khong.

Trong matlab Simulink, ta thuc hién két ndi nhu hinh 3-9.
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ey S b

To1_antuge 1

Scope

Cy—> P& S
: plen_attmde [@

Scopei

1 ) rad_max

B

{61500}/ 500

AT

D g (BN o

Hinh 3-9: Khdi diéu khién can bang

Két qua dap ung cua goc roll, pitch sau by PI dugc thé hién nhu hinh 3-10
va hinh 3-11.

Time (s)
1 . H M
ob .. ek N T S
- -“: /’f' ‘
P — /a ......... —
1 t1] - |t2 3
"0 2 4 6 B 10

Hinh 3-10:Ddp vng gbc Roll sau bo Fi

Theo hinh 3-10, truc nim ngang la tryc thoi gian t, don vi tinh 1a gidy (s),
truc thing ding thé hién do lon cua sai s6 e, don vi 1a (d9/s). Ta thdy rang, tai
thoi didm ban dau t=0 khi ta dat kénh CH1 & mtc 1, thi sau khoang 1.5s, tai thot
didm t2 thi than quadrotor da nghién ding géc mong mubn didu khién. Tai thoi
didm t3=1.5s, ta cho kénh CHI & mirc -1, sau thoi gian 1.5s thi mdy bay lai tra
vé trang thai nhu mong mubn va tuong tu cho céc trudng hop tiép theo.
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'
—_

Hinh 3-11: Bdp ting goc Pich sau bo Pl

3.2.2 Khéi tinh toan, wéc lwgng didu khién (control system)

Tir cac cong thic lye va moment ctia mo hinh trong muc 3.1.4, ta xay
dung duge ham udce lugng gid tri didu khién PWM cho bén dong co nhu hinh 3-
12 (Chi tiét xin xem phu luc C).

- s |
—p{Roll M1
pwm1
—p|Pitch M2 pwm2
- motor_mixer M3 . pwm3
pwmd
) ——{ Thrust M4 |
L.:—;__ — —:-Lr _ . _ - _

Hinh 3-12: M6 hinh woc lugng gia tri diéu khién motor

T cac budc trén ta két hop lai va tao thanh kh&i didu khién cho Quadrotor
nhu hinh 3-13.



49

o il o o
-
9 s
e
| /e of
ol LR o o M
nl 0 I o
pin a® = ' ==

o o
o L. b M
T o @m ‘(’?‘DLF e | o vy NODLEYE l_’ 'f

1)

yau_ake s IT7Y S

- o y@b e I | ,@
s

of Tof_Ztce o
H |
. L4 : .

v um ||

1] L) o
fu-1500) /500 f
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Hinh 3-13: Khéi mé phong diéu khién Quadrotor

ay mo phong trén Matla imulink ta dugc u g T s
15, 3-16 la gia toc goc cuia goc roll, pitch va yaw.
1
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Hinh 3-14: Dadp ung goc Acc roll sau bo Pl
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Nhén xét: Theo két qua hinh 3-14, ta thay hé thdng dép tng khd nhanh VOl
t~0,8 gidy, thi h¢ thong dat dugc gia toc mong muon.

T 27 23 24 25

Hinh 3-15:Ddp g gbc Acc pitch sau bo Pl

Nhén xét: Theo hinh 3-15, thi sau thoi gian t~0,1 gidy thi hé thong da dat
dugc gia tri Acc pitch mong muon.

1

05t

ol

Hinh 3-16: Ddp tng gia téc goc yaw sau bo PI
Nhén xét: Dya vao hinh 3-14 dén 3-16, ta thay sau khi qua bo diéu khién
PI, thi ngd ra cua né nhanh chéng dat dén trang thai mong mudn sau thoi gian
kh4 ngén, Iic nay sai s6 ngd vao eji=par = 0. Tin hiéu ngd ra ctia cac khéi PI,
duge dua dén khéi tinh luc can thiét @& cdp xung PWM dén didu khién timg
ddng co.
3.2.3 Khéi mo6 hinh dfng lwe Quadrotor
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T phuong trinh toan ctia dong co DC (cong thie 3.39), va céac thong sb
k¥ tht}ét cua doéng co BLDC EMAX XA2212, ta tinh dugc phuong trinh toan
cho bbn dong co va thuc hién mo phong trong Matlab nhu hinh 3-17.

g

325
2 5e-0852+0.018+1

325
2 5e-0852+0.015+1

rotational_velocity

325
2 5e-08s2+0.01s+1

325 voltage

2.5e-085%+0.015+1

Hinh 3-17: Phuong trinh todn dong co BLDC

Theo céc cong thirc toan vé ma tran cosine va cdc cong thie tinh lyc va
moment ctia hé théng (tlr cong thirc 3.4,3.27,3.30)ta da xay dung duge ham mo
phong lyc néng nhu hinh 3-18, (ham matlab dugc thé hién trong phu luc D).
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Hinh 3-18:Khdi thuce hién ham moé phong tinh todn luc va moment ciia hé thong \

Tir cac két qua trén két hop véi thu vién ciia cam bién IMU ta ¢c6 m6 hinh |
dong luc ciia Quadrotor nhu hinh 3-19.
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Hinh 3-19: Mo hinh dong luc Quadrotor (Dynamic model)
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3.2.4 Khéi giao dién didu khién

Pé thyc hién truyén dit liéu tir bo didu khién trong mo phong, ta dung giao
dien GUI dé thiét 1ap céc gia trji CHI1, CH2, CH3, CH4. Chi tiét giao dién diéu
khién duoc trinh bay nhu hinh 3-20.

e
lr 'M\b.(,( A ﬁw ‘w\ ﬂ

a2

1 l'l 0

| l-i v---n-a it gl B (S48
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Hinh 3-20: Giao dién diéu Ihién Quadrotor trong mé phong
Trong do:
Pb thi gia tbc goe roll, pitch va yaw
P thi goc quay goc roll, pitch, yaw
Gié tri hién tai clia cc trang thai cia Quadrotor

Khéi tin higu dicu khién Radio controller.

Gia tri PWM sau khi tinh toan, cung cép dén ESC didu khién dong co.
Khéi hién thi mé hinh Cad ctia quadrotor

Khéi nit 16ch (chi tiét duge thé hién tai phu luc E)

AN ol S

3.3 Két qua md phong Quadrotor
Sau khi thuc hién mo phong Quadrotor trén Matlab Simulink, ta dat két
qua nhu sau:
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__ Accelerometer (m/s"2)

20 T T T T

10 —1

0

-10 - -
0 2 4 B 8 10

— Gyroscope (deg/s)
400 T T . r

200 F b

0

_QDU 1 1 1 ]
0 2 4 6 g 10

Hinh 3-21: Ddp ung cdn béng véi truwong hop @ =0, 0 =0, 0<¥ <n/2

__ Accelerometer (m/s"2)
20 r ; x ;

10'—-\\‘— J

— Gyroscope (deg/s)
200

100 \

0 .

_1Du 1 1 1 1
0 2 4 B g 10

Hinh 3-22: Ddp ting cdn bang voi truong hop 0 < g<n/2,0=0¥=0
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— Accelerometer (m/s"2)

20

1Ur\\\-__
0

_1D 1 1 1
0

— Gyroscope (deg/s)
100

0
100 /ﬁ

_2GD 1 1 (] 1
0 2 4 B g 10

Hinh 3-23: Ddp tng can béng voi truong hop @ =0, 0< g < gid, =0

— Accelerometer (m/s"2)

20

12

0 -

-10 :
0 o 4 B B 10

— Gyroscope (deg/s)

0.2

0 2 4 6 g 10

Hinh 3-24: Dap timg cdn béng véi truong hop @ =0, 0 =0, =0
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3.4 Nhin xét

Tir két qua mo phong trén, ta thiy hé théng dat duoc do én dinh cao. Dua
vio db thi hinh 3-21 dén hinh 3-24 ta thiy sai sé cta goc Roll, Pitch, Yaw l1a kha
1ho 0.2 <@, 6, ¥ <0.2 do d6 hé thong dat trang thai can bang kha 6n dinh.
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Chwong 4
MO HINH VAT LY VA BAY THU'C NGHIEM

Trong chuong ndy, tAc gid d& tai trién khai trén md hinh vat Iy va nhiing
thuét todn diéu Kkhién vao board Arduino 2560 va da cho bay thir dé kiém ching
lai két qua.

4.1 M6 hinh vat ly
4.1.1 Kung mo hinh
Khung mé hinh gbm bdn tay nhom co6 chiéu dai I=1,5 cm, dugc gan cb
dinh doi ximg vao bdn gdéc cia mét dia hinh vudng. Tai bon dinh cta thanh
nhém ta gin bon dong co BLDC nhu hinh 4-1.

Hinh 4.1: Khung mo hinh Quadrotor

4.1.2 Dong co:
DPong co BLDC dugc st dung trong dé tai c6 céc thong s6 k§ thuét nhu
bang 4-1.
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Bang 4-1: Bang thong s6 ctia dong co A2212 sur dung trong md phong

Sé vong/volt (KV) 980
Trong luong (m) S2g
Duong kinh truc 3mm
Chiéu dai 43.5
Puong kinh rotor 28,5mm
Dién tro R 0.09Q2
Vee 12V
Hiéu suét tbi da 80%

-

Hinh dang thuc té ciia motor nhu hinh 4-2.

Hinh 4-2: Péng co khong chéi than (BLDC) A212
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Trén ly thuyét thi bdn dong co c6 cac thong s6 k¥ thuét nhu nhau, hé sd
KV nhu nhau nhung trén thue té€ thi dap ung cua mdi dong co diéu khac nhau.
Do do6, dé ting thém do chinh xac trong didu khién ta cén khao sat dap Gng cua
tirng motor.

4.1.3 Mach céng suit ESC

Mach ESC la mot mach dién tir cong suét, duoc dung d8 didu khién dién
ap ba pha ngo ra dé cép cho dong co BLDC. Mach ESC ding dé diéu khién toc
d6 cta dong co BLDC, ESC sir dung trong d8 tai c6 thong sé k§ thuat nhu bang

4-2 .

Bang 4-2: Thong s6 k¥ thuét ctia ESC

Vee 6-12V
Imax 304
Trong luong 26g

Mach ESC diéu khién dong co BLDC nhu hinh 4-3.
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Hinh 4-3: Mach ESC
Trén thuc té thi dép Gmg cla tung ESC ciing khac nhau khi cap mt tin
hiéu PWM & dau vao. Khi ESC hoat dong thi tin hicu PWM phai ndm trong
khoang [PWMuin , PWMina], sau khi do kiém tra ta thu dugc bang thong s6 nhu
bang 4-3. '

Bang 4-3: Gidi han va d6 16n cia timg PWM cho ting ESC

PWMnin PWMinax
ESC1 0,94 ms 0,193 ms
ESC2 0,95 ms 0,192 ms
ESC3 0,92 ms 0,193 ms
ESC4 0,95 ms 0,195 ms

4.1.4 Mach diéu Kkhién trung tim
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’ Khéi didu khién trung tdm 1a mot board Arduino 2560. Céc thong s6 chi
tiét cta board nhu da duoc gidi thiéu trong muc 3.2.3. Hinh dang board nhu
trong hinh 4-4.

Hinh 4-4: Khéi diéu khién trung tam ding Board Arduino 2560
So dd nguyén ly ctia Board Arduino 2560 nhu hinh 4-5 [16].
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Hinh 4-5: So db nguyén Iy cia Board Arduino 2560
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Arduino Mega 2560

[P — |_‘_
Ry e
e —

Hinh 4-6: So d6 két néi phan ciimg cia Quadrotor

4.1.5 M6 hinh vat Iy hoan chinh
Quadrotor sau khi gin ddy du céc thanh phan can thiét va c6 hinh dang
ahu hinh 4-7. M6 hinh Quadrotor nay ¢ tam cta trong luong tring voi tm clua
dia hinh vudng, va diém nay s& dugc dung dé thuc hién cac phép quy doi gitta
hai hé toa d6 (%, y, 2)s Va (X, ¥, 2)E -
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Hinh 4-7: Mo hinh Quadrotor hoan chinh

4.2 Bay thue nghi¢m
~ Pé thyc hién budc nhung thudt todn rén Matlab Simulink, truéc hét can
chudn bi moi truong lam viéc gitta Matlab Simulink va Arduino, céc budc thuc
hién nhu sau:
Budc 1: Cai dit mdi truong code cho arduino, link cai dat: www.
Arduino.com
e 2 Cai dit tool hé trg ciia Matlab cho board Arduino [13], [16].

Bugc 3 K&t ndi board Arduino v6i may tinh qua cong USB va lic nay ta
c6 thé thuc hién nhing thuat todn vao board arduino 2560.

4.2.1 Kiém tra dap ung cin bang

Piu tién dé thir kiém ching lai thuat toan, ta tién hanh kiém tra dap ung
cin biing cua Quadrotor trén timg tryc X, va truc y. Ta cb dinh theo phuong truc
y trén gia d&, va phuong truc X ta dé tu do, sau cho no6 ¢6 thé chuyén dong lén
xubng quanh truc y nhu hinh 4-7. Trudng hop nay ta kiém chimg dap ung cua
goc pitch trén mo hinh.

Khi m6 hinh & trang thi can bing quanh truc y nhu hinh 4-7, d& kiém
ching dap ing clia goc pitch, ta tac dong 1 luc 1én canh tay mo hinh, ltic nay mo
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hinh s& quay quanh truc x, lam léch mdt goc @, eg# 0, khi théi tac dung luc thi ta
thy md hinh ty dong trd ve vi tri can bang ban dau. Tuong tu cho truong hop
géc roll, ta co dinh trén phuong tryc x trén gia do, va trén phuong tryc y dé dao

dong tu do, va két qua ta thu dugc tuong tw cAn bang trén géc Roll nhu hinh 4-
8.

Hinh 4-8: Kiém tra dép ting can béng trén truc x

f?é d& dang so sanh gitta m6 phong va thuc t8, ta 1an luge diéu khién &
timg didu kién trén hai m6 hinh. Tur do, ta da thu duoc cac truong hop nhu sau:

Khi mé hinh & trang thai cin bang véi @ =0, 0 =0, ¥ =0, ta dugc hinh
4-9.
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(b)

’ Hinh 4-9: Quadrotor ¢ trang thdi can béng quanh truc, (a) mo hinh vat 1y, (b) |
mé hinh mé phong |

Trong mo6 phéng, khi ta thay dbi céc gia tri thanh truot cia bdn kénh CHI, |

CH2, CH3 va CH4 thi md hinh CAD s& thay dbi twong tmg theo gia tri cua kénh ‘

d6. Trong mo hinh thyc thi ta ding bd diéu khién RC bén kénh dé dicu khién. |

Trong thuc nghiém, khi ta thay doi tran th4i cua tay diéu khién thi mo hinh |
—Quadrotor 1ap tirc thay d6i trang thai twong g v6i g¢ fidu khién cia tay game

Khi ta thay dbi goc duong @ > 0, 6 > 0 thi md hinh dich chuyén thay ddi \

goc nghién nhu hinh 4-10, twong tu nhu mé hinh CAD trong mo6 phong. !
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— Mode!

1 - Feced [11 fps]

(b)

Hinh 4-10: Trang thdi mé hinh khi @> 0,0 >0, (a) mé hinh thuc, (b) mo hinh
mo phong
Tuong tw khi ta thay d6i géc am @ < 0, 6 <0, thi md hinh dich chuyén
thay dbi goc nghién nhu hinh 4-11, tuong tu nhu két qua md phong. Tuy nhién
gia tri goc nghién hoan toan khac nhau. DAy 1a su khic biét gitta md phong va
thuc té.
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— Model

1 - Fixed [10 fps]

\ (b)

Hinh 4-11: Trang thdi mé hinh khi @ < 0, 6 <0, (a) mé hinh thiee, (b) mé hinh
mo phong
Nhén xét: Tir md hinh thue va md hinh mo phong nhu trong céac hinh 4-9,
4-10, va 4-11, ta c6 nhan xét nhu sau:
o Phuong diu khién trong thuc té va mo6 phong 1a nhu nhau,
« Gia tri goc léch gitia thuc t& va md phong khéc nhau, goc léch trong mod
phong 16n hon goc 1éch trén mo hinh thye te.

4.2.2 Kiém tra dap g cin bang khi cé lye ning

Pékiém tra duoc lu uc—ﬁﬁng—cua—rmrhmirrvat—b«—tﬁhket—laphai—day—s&ng—

song tur trAn nha xubng, sao cho md hinh vét 1y truot duge trén hai day khi ¢o tac
dong ciia lyc ning. M6 hinh the hién nhu hinh 4-12.




nhiéu khi bay, sw ty bn dinh ctia h
dan dén hé tho
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Hinh 4-12: Kiém tra luc ndng ciia mo hinh
Qua nhiéu 13n tién hanh bay thi, ta da thdy rang hé théng da

3 mat can bing do cac

o dong kha
8 théng vAn chua dat. Bién do on dinh rét nho,
yéu to ngoai lyc bén ngoai tac dong.
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KET LUAN

Trong qua trinh phan tich mo hinh may bay bdn canh, chung ta co thé cho
rang Quadrotor la mot hé dao dong séu bat tu do. Tt nhiing thong s6 lam thay
dbi trang thai md hinh, chung ta d3 tim ra duoc cac mod hinh todn tuong Ung cla
cac thanh phf?m cAu thanh ciia md hinh. Dya vao cac md hinh toan hoc, chung ta
dung Matlab Simulink phién ban 2014a 44 tién hanh mo phong va da dat dugce
mbt sb két qua nhu da duge trinh bay trong chuong 4.

Tir nhitng két qué dat duge tir md phong, ching ta tién hanh cho xay dung
m6 hinh thuc va quan sat cac két qua thuc té ctia n6 nhu trong chuong 4. Tu hai
két qua nay chung ta thay ching c6 nhiing két qua tuong ddng nhu nhau nhung
ching khong ddng nhét voi nhau vé goc léch. Chang han nhu ching ta quan sat
hinh 4-10, khi tin hi€u didu khién goc roll trén mo phong va trén mo hinh thuc la
nhu nhau (2000s) thi goc 1&ch do duoc cia mod hinh thyc 1a 7 gin bang 32 do,
trong khi d6 goc 1éch trong mb hinh CAD thi 16n hon, tuong ty cho cac goc 1éch
khéc, goc 1éch trén mo hinh md phong luén 16n hon goc léch trén mo hinh thuc
té.

Tir nhitng sai biét vé gid trj cla goc 1éch, n6 da lam thay dbi vé vé kha
ning tu cin bang ctia md hinh thye. Nguyén nhén ciia sy chénh 1&ch két qua giita
mo phong va thuc té nay 1a do mot s6 nguyén nhén tac dong 1én m6 hinh thuc té
ma ta khong co dé cap dén trong qua trinh md phong nhu:

« Mat d6 khong khi clia moi truong

« Anh huoéng cta cac tiéng 6n xung quanh, tiéng On do bdn dong co da giy
ra nhidu trén cam bién IMU.

. Nhitng sai sb ciia md hinh co khi, trong luong phan b trén mo hinh thuc
khong ddng didu tuyét doi.

« Nhiing sai sb do cac mach dién tir tao ra.

Pay la mot s6 yéu t6 1am han ché kha nang ty can bang trén mo6 hinh thuc

Két qua dat dwoc:

. Da hoan thién m6 hinh mo6 phong trén Matlab Simulink dung b diéu
khién PID.

« Da thi cong phan ctmg, chuong trinh didu khién trén mo hinh vt ly dugc
vidt trén mdi trudong Arduino IDE.
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Han ché ciia dé tai:

« M5 hinh con dao dong quanh diém can bang kha 16n.

. Chua thiét ké duoc bd didu khién LQR + B¢ loc Kalman.

. Khaning tu can bang chua thé hién duoc bang thyc nghiém

« Chua thuc hién két ndi d}rc_yg gifta matlab Qimulink va arduino, nén da lam
tang thém su khéc biét vé két qua gitra hai m6 hinh.

Huwdéng phat trién:

Ngoai viéc khic phuc nhiing mét han ché cua dé tai, Ching ta c6 thé két
hop phuong phap nhén dang t&i uu (Identification and Optimization) dé tu cip
nhét cac thong sb trong diéu khién tai ting thoi diém cta md hinh nham han ché
bién dd dao dong clia mo hinh. Tiép theo ta c6 thé tich hop thém cdc modun
khéac nhu GPS, camera trén mo hinh dé phuc vu duge mét s& nhu ciu thuc té
nhu: giam sat tir xa, hd trg trong ctru ho, ciru nan, quay phim trén khong, va phuc

vu cho nhu cau giai tri.v.v...
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Product Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560
(datasheet). It has 54 digital input/output pins (of which 14 can be used as PWM outputs),
16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, 8 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 Mega is compatible with
most shields designed for the Arduino Duemilanove of Diecimila.
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Technical Specification

EAGLE files: Mﬁ&ﬂe&nﬁeﬁﬁﬂﬂﬂﬂ—smemam: ino- E

ARDULRY

Microcontroller ATmega2560

Operating Voltage 5V

Input Voltage (recommended) 7-12V ;
Input Voltage (limits) 6-20V

Digital I/O Pins 54 (of which 14 provide PWM output)
Analog Input Pins 16

DC Current per /O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MHz
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The Arduino Mega2560 can be powered via the USB conneclion 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 connecled 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 conneclor.

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 volis 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 volis.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it
fealuras the Atmega8U2 programmed as a USB-to-serial converter.

The power pins are as follows:

e VIN. The input voltage to the Arduino board when il's using an external power source (as opposed to § 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.

e 5V. The regulated power supply used to power the microcontroller and other components on the board. This
can come either from VIN via an on-board regulator, or be supplied by USB or another regulatad 5V supply.

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

e GND. Ground pins.

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for the bootloader), 8 KB of
SRAM and 4 KB of EEPROM (which can be read and written with the EEPROM library).

T R I TR R R

Each of the 54 digital pins on the Mega can be used as an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at § 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); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX) and 16 (TX); Serial 3: 15 (RX) and
14 (TX). Used lo receive (RX) and transmit (TX) TTL serial data. Pins 0 and 1 are also connected o the
corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

e External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5), 19 (interrupt 4), 20 (interrupt 3), and 21
(interrupt 2). 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 atlachlntermupl() function for details.

e PWM: 0 to 13. Provide 8-bit PWM output with the analogWirite() function.

B . = 5 SPI communication, which, although

provided by the underlying hardware, is not currently included in the Arduino language. The pins are also
broken out on the ICSP header, which is physically compatible with the Duemilanove and Diecimila.

o 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.

s [PC: 20 (SDA) and 21 (SCL). Support |2C (TWI1) communication using the Wire library (documentation on the
Wiring website). Note that these pins are nol in the same location as the I?C pins on the Duemilanove.

The Mega2560 has 16 analog inputs, 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
analogReference() function.

There are a couple of other pins on the board:

e AREF. Reference voltage for the analog inputs. Used with analogRefarence().
s 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.
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Communication

The Arduino Mega2560 has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega2560 provides four hardware UARTSs for TTL (5V) serial communication.
An ATmega8U2 on the board channels one of these over USB and provides a virtual com port to software on
the computer (Windows machines will need a inf file, but OSX and Linux machines will recognize the board
as a COM port automatically. The Arduino software includes a serial monitor which allows simple textual
data to be sent to and from the board. The RX and TX LEDs on the board will flash when data is being

transmitted via the ATmega8U2 chip and USB connection 1o the computer (but not for serial communication
on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Mega's digital pins.
The ATmega2560 also supports 12C (TW1) and spPl communication. The Arduino software includes a Wire

library o simplify use of the 12C bus; see the wmmmhﬂ_ﬂmﬂﬂﬂhm for details. To use the SPI
communication, please seé the ATmega2560 datasheel.

The Arduino Mega2560 can be programmed with the Arduino software (download). For details, see the

reference and tutorials.

The Atmega2560 on the Arduino Mega comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. [t communicates using the original STK500
protocol (reference, C header files).

The Arduino Mega2560 can be programmed with the Arduino software (download). For details, see the
reference and

The Atmega2560 on the Arduino Mega comes preburned with a boolloader 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 Serlal
Programming) header; see {hese instructions for details.




Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino Mega2560 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 is connected to the reset line of the ATmega2560 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 Mega2560 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 Mega2560. 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 Mega 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 Mega 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.

The maximum length and

and power jack extending beyond the former dimension. Three 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.

The Mega is designed to be compatible with most shields designed for the Diecimila or Duemilanove. Digital
pins 0 to 13 (and the adjacent AREF and GND pins), analog inputs 0 to 5, the power header, and ICSP
header are all in equivalent locations. Further the main UART (serial port) is located on the same pins (0 and
1), as are external interrupts 0 and 1 (pins 2 and 3 respectively). 8Pl is available through the ICSP header on
both the Mega and Duemilanove / Diecimila. Please note that I’C is not located on the same pins on the
Mega (20 and 21) as the Duemilanove / Diecimila (analog inputs 4 and 5).
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How fto use Arduino

ARUUENO

Arduino can sense the environment by receiving input from a variety of sensors and can affect i
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board
programmed using the Arduino programming language (based on Wiring) and the Arduir
development environment (based on Processing). Arduino projects can be stand-alone or they cz
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'l have to follow different instructions for your person
0OS. Check on the Arduino site for the latest instructions. http:/arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable

‘ Blink led

Now you're actually ready to “burn” your W El | vt 1817
first program on the arduino board. To
select “blink led", the physical translation
of the well known programming “hello

world", select
int ledPin « 132 7/ LED coemeoted bo digitol pin 13
F“e)skatchbook? ¢/ 'fie setup()} wechod runs onoe, when the sketoh atarcs
Arduino-0017>Examples> woid setwp()
/7 inttialire the digital pin as sn outpagt
DIgItal>BlInk P nads il;drtn: lel'i"'.:7): !
)
Once you have your skecth you'll /7 the doon () mothod xuns ver sed ver SR,
see something very close to the
screenshot on the right. peeei
ddgitalVive (ledPin, HIGH): /4 sev the LED on
delay{l090) 7/ wait for a secand
In Tools>Board Select MEGA digital¥rire (ledbin, LOW) s )/ set the LED off
delay(LDO0) 2 J/ weilt Cor a seoend
)
A

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

[ | R
K ol h

lone compiling.

o T o TX
fudle RX v RX

tor errors) Upload [X RX Flashing Blinking Led!

“ompite buttan
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Terms & Conditions

ARDUING

1. Warranties

1.1 The producer warrants that its producls will conform to the Specifications. This warranty lasis for one (1) years from the date of the sale. Tha
producer shall not be liable for any defects lhat are caused by neglecl, misuse or mistreatment by the Customer, including improper installation or tasling,
or far any praducts that have been altered or modified in any way by a Customer. Moraover, The producer shall nol ba liable for any defects that result from
Customer's design, specificalions or inslructions far such products. Testing and other quality control techniques are used to the extant the producer deems
nacassary.

1.2 Wany products fail to conform to the warranty set forth above, the producer's sole liability shall be to replace such products. The producer's liability
shall ba limited to products that are detarmined by the preducer not to conform 1o such warranly. If the praducer alacts to replace such products, the
producar shall have a reasonable lime lo replacements. Replaced products shall be warranted for a new full warranty period.

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS* AND "WITH ALL FAULTS " THE PRODUCER DISCLAIMS ALL OTHER
WARRANTIES. EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERGHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4 Cuslomer agrees thal prior to using any systams that include tha pl’leﬂ products, Customer will test such systems and the functionality of tha
products as used in such systems. The producer may provide lechnical, applications or dasign advice, quality characterization, reliabllity data ot athar

services. Cuslomer acknowledges and agrees that providing these gervices shall nat axpand of otharwise alter the producer's warranties, as sel forth

above, and no additional obligations or liabilitles shall arisa from the producer providing such services.

15 The Arduino™ products are nol authorized for use in safaty-crilical applications where a tailure of the product would reasonably be expected to cause
savere personal injury or death. Safety-Critical Applications Include, without limitation, life support devices and systems, equipmant of systems for the
operation of nudear facililies and weapons systems. Arduino™ products are neither designed nor intended for use in military or asrospace applications or
environments and for aulomolive applications or environment. Cuslomer acknowledges and agrees that any such use of Arduino™ produds which is solely
al the Cusiomer's risk, and thal Customer Is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer acknowledges and agress thal it is solely responsible for compliance with all legal, regulatory and safely-relaled requirements concerning s

products and any use of Arduino™ produdts in Customer’s applications, notwithstanding any applications-refaled informalion or support that may be
provided by the producer.

2. Indemnification
Tha Customer acknowledges and agrees lo dafend, indemnify and hold hammless the producer from and against any and all third-party losees, damages,

liabilities and expanses itincurs to the extent directly caused by: (i) an actual breach by a Gustomer of the represenlation and warmanlies made under this
terms and conditions ar (i) the gross negligence or willful misconduct by the Customer.

3. Consequential Damages Waiver
In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental, consequential o

exemplary damages in connaction with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the
possibllity of such damages. This sactlon will survive the termination of the warranty period.

4. Changes to specifications

Tha producer may make changes lo specifications and product dascriplions at any time, without nolice. The Customer must not rely on the absence or
characterislics of any fealuras or instructions marked “reserved” or "undefined." The producer reserves these for fulure definition and shall have no
responsibility whatsoever for conflicls or incompalibilities arising from future changes o them. The product information on the Web Site or Materials is
subject to changa without notice. Do not finalize a design with his information.

Enviromental Policies

The producer of Arduino™ has joined the Impatto Zero®
policy of LifeGate.it. For each Arduino board produced is
created / looked after half squared Km of Costa Rica's
forest's.
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Phu luc C

function [M1, M2, M3, M4] = motor;mixer(Roll, Pitch, Yaw,
Thrust)

idle PWM = 1000;

M1 = ((Pitch - Yaw) * Thrust / 2 + Thrust) * 1000 + idle PWM;
M2 = ((-Roll + Yaw) * Thrust / 2 + Thrust) * 1000 + idle PWM;
M3 = ((-Pitch - Yaw) * Thrust / 2 + Thrust) * 1000 + idle PWM;
M4 = ((Roll + Yaw) * Thrust / 2 + Thrust) * 1000 + idle PWM;
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Phu luc D

function [forces, moments] = multicopter (DCM, Vb, p, Vr)

) e mmmme——ms=m—=——===============Constants=ss=sssssssEEsEEETEE
coefficient drag = 15; % coefficient of drag

prop diameter = 0.15; % Diameter of the propelle (met)

aircraft mass = 0.812; % Ailrcraft mass 0.26(kg)

aircraft_diameter = 0.6; % Motor to motor distance (met)
%:7':::.:: -::;t::::;':::i:::::::;‘:::‘:::::AC t ua Lo_]: [\fli;}_er::::::‘::ﬁ::‘_::.‘:::’_::—.

MIX = [ O 1 -1 ; % QUAD [+]

A= aircraft’diameterAZ / 10;.. % body cross sectional area (X)
aircraft diameter”2 / 10;.. 2 body cross sectional area (Y)
sum(abs (MIX(:, 3))) * pi/4 * prop diameter”2 1; % body cross
sectional area (2)

Fg = aircraft mass .* (DCM * [0; 0; 9.811); % gravitational
force

Fd = -Vb .* coefficient drag .* A; % drag force

B o e R B A e e e T PR S Thrust Model----———=——"—"—"7="7"777

forces = Fg + Fd;
forces(3) = forces(3) - sum(Fr);

mx = Fr .* MIX(:,1) .* (aircraft_diameter / 2)*sind(45); % X
moment
my = Fr .* MIX(:,2) .* (aircraft diameter / 2)*sind(45): % VY
moment

moments = [sum(mx); sum(my); sum(mz)];
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Phu luc B

function varargout = multifsim{varargin)

gui Singleton = i

gui State = struct ('gui Name', mfilename,

‘gui_singleton‘, gui Singleton,

'gui)Openinchn', @multi_simﬁOpeninchn,

'guiﬁ@utputhn', @multi_sim_Outputhn,

‘gui_Layouthn‘, (1 .

'guinallback‘, [1):

if nargin &é& ischar (varargin{l})

guiEState.gui_Callback = str2func(varargin{1});

end

if nargout

[varargout{l:nargout}] = guitmainfcn(gui_State, varargin{:}):
else

gui#mainfcn(gui_State, varargin{:});

end

%::::::::::::—:::::::;::—:::::Initialization::::::v— ————————— =====
function multi_sim;Openinchn(hObject, eventdata, handles,
varargin)

handles.output = hObject;

global v £ v_r index accelerometer gyroscope plot length

update rate camera cameral scale;

loadﬁsystem('multiimodel‘);

set_param('multiﬁmodel/chl_input‘, ryalue', '1500');
set_param('multi_model/ch2)input', ryalue', '1500");
set_param(‘multiimodel/chBIinput', 'value', '1500");
set_param('multi_model/chﬂginput‘, 'value', '1500');
camera = 1;

cameral_scale = 0.1;

update rate = 247

plot length = 10;

index = update_rate * plot length;
gyroscope = zeros (4, index);
accelerometer = zeros (4, index);
axes(handles.model_plot);
axis('off');
axes(handles.gyroscope_plot);
axis('off');
axes(handles.accelerometertplot);
axis('off');

fid = fopen{'model.stl', Can¥
ftitle = fread{fid,SO,'uchar:>5char');
numfFaces = fread(fid,l,‘int32');
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T = fread(fid,inf,’uint8:>uinUﬂW;

fclose (fid):

trilist = 1:48;

ind = reshape(repmat(SO*{O:(numFaces—
1)),[48,1]),[1,48*numFaces])+repmat(trilist,[l,numFaces]);
Tri = reshape{typecast(T(ind),‘sjngle‘),[3,4,numFaces});
v = Tri(:,2:4,:);

= reshape(v,[3,3*numFaces]);

= double(v)';

= reshape(l:3*numFaces,[3,numFacesl)';
vr =V * [1, 0, 0; 0, 1, O; 0, 0, 11;
handles.timer = timer ('ExecutionMode', 'FizedSpacing',
'period', round (1000 / update rate) / 1000, 'TimerFecn',
{@update data, handles});

guidata (hObject, handles)

function varargout = multi_sim_Outputhn(hObject, eventdata,
handles)

varargout{l} = handles.output;

function ch4_pwm_Creatchn(hObject, eventdata, handles)

if isequal(get(hObject,'BackgroundColor'),
get(O,'defaultUicontrolBackgroundColor'})
set(hObject,‘BackgroundColor’,[.9 .9 .91);

end

function ch3_pwm_Creatchn(hObject, eventdata, handles)

if isequal(get(hObject,'BackgroundColor'),
get(O,'defaultUicontrolBackgroundColmr'))
set(hobject,'BackgroundColor',[.9 .9 .91):

end

function chZ#pwm#Creatchn(hObject, eventdata, handles)

if isequal(get(hObject,‘BackgroundColor'),
get(O,'defaultUicontrolBacquoundColor'))

H g <

set(hObject,‘BackgroundLOLox‘,[.9 91

end

function chl_pwm_Creatchn(hObject, eventdata, handles)

if isequal(get(hObject,'BackgroundColor‘),
get(O,'defaultUicontrolBacquoundColor‘})
set(hObject,‘BacquoundColor',[.9 .9 .91):

end

function slider_scale_Creatchn(hObject, eventdata, handles)
if isequal(get(hObject,'BackgroundColor'),
get(O,'defaultUicontrolBacquoundColor‘))
set(hObject,'BacquoundColor‘,[.9 .9 .91);

end
%ﬁ::zzzzz:::*:zzz:r::::::::::::::::Buttons::::::::::f::::::::—:
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global camera;

camera = 1;

set(handles.camera_l, "Enable', 'off')i
Set(handles.camera_z, 'Enable', 'on');
set(handles.cameraﬁB, 'Enable', ‘'on')
%Set(hamdles.start_butron, ‘Enable', 'off'):

function camera_ZrCallback(hObject, eventdata, handles)
global camera;

r

camera = 2;

set(handles.cameratl, '"Enable', ‘on');
set(handles.camera_Z, "Fnable', 'off'):
set(handles.camera_B, 'Enable', ‘on');

function cameraﬁB_Callback(hObject, eventdata, handles)
global camera;

camera = 3;
set(handles.camera_l, "Enable', 'on'):
set(handles.camera_z, ‘Enable', ‘on');

set(handles.camera_3, 'Enable', 'off');

function slider_scale_Callback(hObject, eventdata, handles)
global cameral scale;

cameral_scale = get(hObject,‘Value');
set(handles.scale,'String', round(lO*get(hObject,'Value'))/lO);
function model_button_Callback(hObject, eventdata, handles)

if get(hObject,'value') ~= 1
axes(handles.model_plot);
cla;

axis('off'")

end

function gyroscopeﬁbutton)Callback{hObject, eventdata, handles)
global update rate plot length gyroscope:
if qet(hObject,‘value‘) ~= 1

gyroscope = zeros (4, update_rate +—ptot—tength)s
axes(handles.gyroscope_plot);

cla;

axis('off");

end

function accelerometer_button_Callback(hObject, eventdata,
handles)

global update rate plotﬁlength accelerometer;

if get(hobject,'value') ~= 1

accelerometer = zeros (4, update rate * plot length);
axes(handles.accelerometer_plot);

cla;

axis('off');

end




function measurements_button_Callback(hObject, eventdata,
handles)

1:f get(hObject,‘vaiue') ~= 1
set(handles.x_position,'String‘, PRy
set(handles.yﬂposition,'String‘, VY
set(handles.z_position,’Strlng', R
set(handles.x_velocity,'String‘, LER) Y
set(handles.y_velocity,‘String', Y1y

set (handles.z velocity, 'string’, Ly
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set(handles.rollﬁattitude,‘Strjnq',
set(handles.pitchﬁattitude,'Strinq‘, Y
set(handles.yawﬁattitude,'String', R &
set(handles.rollﬁrate,‘String‘, YY) ;
set(handles.pitch_rate,'Strinq‘, AN
set{handles.yaw_rate,'Strinq‘, U

set(handles.outl,'String‘, iy
set(handles.outZ,'Stxinq', kY
set(handles.outS,'String‘, VY
set(handles.out4,'String‘, LEg S

end

function startfbutton_Callback(hObject, eventdata, handles)
global index gyroscope accelerometer;
set(handles.start_button, 'Enable', 'off');
set(handles.stop_button, 'Enable', 'on');

gyroscope = zeros (4, index);

accelerometer = zeros (4, index);
set_param('multi#model‘,'SimulationCommand‘,'Start‘);
start(handles.timer);

function stopﬂbutton_Callback(hObject, eventdata, handles)
set(handles.startﬁbutton, 'Enable', 'on');
set(handles.stop#button, "Enable', 'off'):
set_param('multi_model‘,'blmuldtiuncummand','Qfop‘):
stop(handles.timer);

function ch4_center_Callback(hObject, eventdata, handles)
if get(hObject,'value') ==

set(handles.ch4_center, "Enable', 'off');

end

set(handles.pwm4,'String', 11500'") 7
set(handles.ch4_pwm,‘Value',lBOO);
set_param('multigmodel/ch4_input', 'walue', '1500");
function ch3_center_@allback(hObject, eventdata, handles)

if get(hObject,'value')

set(handles.chB_center, 'Enable', 'off');
end
set(handles.pme,'String‘, 11500") ¢
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set(handles.chB_pwm,'Valu@‘,lSOO);
Set_param('multiJmodel/chSﬁinput', 'value', '1500'):
function ch2_center_Callback(hObject, eventdata, handles)

if get(hObject,‘vaiue') == 1
set (handles.ch2_center, 'Enable', 'off'):
end

set(handles.pme,‘String', Y15001) 7
set(handles.chZ_pwm4'Value',lBOO);

Set_param('multj_model/ch!_jnput‘, 'value', '1500");
function chl_centertCallback{hObject, eventdata, handles)
if get(hObject,‘value‘) == 1

set(handles.chlﬁcenter, 'Enable', 'off'):

end

set(handles.pwml,'String', T1500');
set(handles.chl_pwm,'Value‘,1500);
setﬁparam(‘multirmodel/chl_input', "Walue', '1500');
function ch4#pwm_Callback(hObject, eventdata, handles)
set(handles.pwm4,'String‘, sprintf('%f',
get(hObject,'value')));

if get(hObject,‘value') ~= 1500
set(handles.ch4_center, "walue', 0);
set(handles.ch4ﬁcenter, 'Enable', 'on');

elseif get(hObject,'value') == 1500

set (handles.ch4 center, 'value', 1);

set (handles.ch4_center, 'Enable', 'off');

end

set_param('multiimodel/ch47input', 'yalue', sprintf('st',
get(hObject,'value')));

function ch3tpwm#Callback(hObject, eventdata, handles)
set(handles.pme,‘String‘, sprintf('%f’,
qet(hObject,'value')));

il get{hObject,‘value') ~= 1500
set(handles.ch3ﬁcenter, "Value', 0);

set (handles.ch3_center, 'Enable', 'on'):

elself get(hObject,'value') == 1500
set{handles.ch3_center, "Value', 1):
set(handles.chB’center, '"Fnable', Toff'}):

end

set_param(‘multi_model/chS_input‘, 'value', sprintf('%f',
get(hObject,‘value')));

function ch2_pwm_Callback(hObject, eventdata, handles)
set(handles.pme,'String', sprintf('sL", ‘
get(hObject,'value‘)));

if get(hObject,‘value') ~= 1500

set (handles.ch2 center, 'value', 0);
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set(handles.ch2_center, 'Enable', 'on');

elseif get(hObject,'value') == 1500
set(handles.chZ_center, 'Value', 1):

set (handles.ch2_center, 'Enable', 'off');
end

set param('multj_model/chﬂ_input', tyalue', sprintf('st',
get(hObject, value')) )

function chl pwm,Callback(hObject, eventdata, handles)
set (handles.pwnl, 'string’', sprlntf(“f‘

get (hObject, ‘value')) )

if get(hObject,'lene )y ~= 1500

set (handles.chl _center, raluaety; 0);

set (handles. chl center, 'Enable', 'on');

elseif get(hObject, value') == 1500

set (handles. chl center, ‘value', 1):
set(handles.chl_center, 'Enable , 'off');
end

set param('m multi modrl/chl{input‘, tvalue', sprintf('sf’,
get(hObject, value'))):

functlon update data(hObject, eventdata, handles}

tic;

global v £ v_r index accelerometer gyroscope plot length camera
cameral_scale;

camerazﬁscale = cameral scale * 1y

camera3 scale = cameral scale * 1;

51mulatlon data =

get param(' multi mudpl/dynaml( model/simulationrdata',
'RuntimeObject');

simulation time = simulation data. InputPort (19). Data;

By s o i arim B IR Plot Gyroscope-—-————""""T7TTTTTT7

|

H

if get(handles.gyroscope_ button, 'vatue') ==
gyroscope = cireshift (gyroscope, [4 =11)7
axes (handles.gyroscope_ plot);

gyroscope (1, index) = simulation_data. InputPort (16) .Data;
gyroscope (2, index) = simulation_data. TnputPort (17) .Data;
gyroscope (3, index) = simulation_data. InputPort(lB).Data;
gyroscope (4, index) = simulation_time;
plot(gyroscope(4,:), gyroscope(l, ) ¢ yroscope(4,.),
gyroscope (2, 1), gyroscope (4, $) gyroscope{3,.)),
ylim('auto');

if simulation_time < plot length

x1im ([0 plot length]);

else

xlim([simulation)time - plot_length simulation_time]);



90

end

Q e e e S T Plot Accelerometer—-————- e
if get(handles. accelerometer button, 'Value') ==

accelerometer = 01rcsh1ft(accelerometer, [4 —l]);

axes (handles. accelerometer plot);

accelerometer (1, index) = simulation data. InputPort(l3).Data;
accelerometer (2, index) = simulation data.InputPort (14). Data;
accelerometer (3, index) = -simulation data. InputPort(lS).Data;
accelerocmeter (4, index) = 51mulatlon_t1me,
plot(accelerometer(4 2 ), accelerometer(l,:),

accelerometer (4, :), accelerometer(Z )i accelerometer (4,:),
accelerometer (3,:) )7

ylim('auto');

if simulation time < plot length

®x1im( [0 plot_length]),

else

x1lim( [simulation time - plot length simulation time]);

if get(handles.measurements button, 'Value')
set (handles.x position,‘”tllng sprintf('3L',
simulation data. InputPort (4) . Data});

set (handles.y pOSlthD,'STLqu sprintf ('%$f',
simulation data. InputPort (5) . Data));

set (handles.z p051t10n,'ftr1ng sprintf ('¢f',
simulation data. InputPort (6) . Data))

set (handles.x velOCLty,'“Lrlug sprintf ('sf’,
simulation data. InputPort(l). Data))

set (handles.y velocity, 'String- o) ejarmaser i mn v
simulation data. InputPort (2) . Data))

set (handles.z veloc1ty,'%tr1ng sprintf ('3f', -
simulation data. InputPort(B) Data))

set (handles.roll attitude,’'String'’ , sprintf(':Lf',
simulation data. InputPort(7) Data)),

set (handles.pitch_ attitude, "String'; sprintf ('%f',
simulation data. InputPort (8) . Data)) s

set (handles.yaw attitude, 'String’ sprintf('sf',
simulation data. InputPort(9) Data)),

set(handles roll rate,'String’', sprintE( %L,
simulation data. InputPort(lO) Data)):

set (handles.pitch rate,’ String', sprintf('Sf',
simulationrdata.InputPort(11).Data));
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set(handles.yaw_rate,'Strinq‘, sprintf('%f’,
simulation_data.InputPort(12).Data));
control data =
get_param('multi_model/dynamic_model/Contfol_data',
'RuntimeObject');

set(handles.outl,'String', sprintf(‘%f‘,
control_data.lnput?ort(1).Data(l)});
set(handles.outZ,'String‘, sprintf('sf',
control_data.InputPort(2).Data(l)));

set (handles.out3, String', sprintf('sf',
controlfdata.InputPort(3).Data(l)));
set(handles.out4,'String', sprintf('%f',
control_data.InputPort{4).Data{l)});

if get(handles.model button, 'Value') ==

roll attitude = —simulation_data.InputPort(?}.Data;
pitch_attitude = —simulation_data.InputPort(8).Data;

yaw attitude = simulation_data.InputPort(9).Data;

roll matrix = [1L00; 0 cosd (pitch attitude) -
sind(pitchﬁattitude); 0 sind(pitch attitude)
cosd(pitch_attitude)];

pitch_matrix = {cosd(roll_attitude) 0 sind(roll_attitude); 01
0; —sind(roll_attitude) 0 Cosd(rollﬁattitude)];
yaw_matrix = [cosd(yaw_attitude) —sind(yaw_attitude) 0;
sind(yaw_attitude) cosd(yaw_attitude) 0; 0 0 11;
v=vr* pitch matrix * roll matrix * yaw matrix;
axes(handles.modelgplot);

cla (handles.model plot);

pafch('Faces'Lgi'Vertices',v, ' FaceColor', [0.5 0.5 0.5],

'EdgeColor', ‘none', 'FacelLighting’, rgouraud
'AmbientStrength', 0.01);
camlight(‘headlight');

material ('dull');

axis('off');

if camera == 1

xlim([—cameralﬁscale cameralﬁscale]);
ylim([—cameral_scale cameral_scale]);
zlim([—cameralgscale cameralgscalel);
camproj(‘perspective');

view ([0 151);

elself camera ==

y focus = —simulation_data.InputPort(4).Data;
x_focus = dsimulation_data.InputPort(5).Data;
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z focus = simulation;data.InputPort(6).Data;
ylim([yﬁfocus—cameraZﬁscale y_focus+camera2_scale]);
xlim([x_focus—cameraZ_scale x#focus+camera2#scale]);
zlim([zﬁfocus—cameraZHscale z_focus+camera2_scale])
campro]j ('perspective');

view([0, -1, 0.5]);

elseif camera ==

y focus = —simulation_data.InputPort(4).Data;
x_focus = —simulationﬁdata.InputPort(5).Data;

z focus = simulation data.InputPort(6).Data;
ylim([yéfocus—cameraB)scale y_focus+camera3_scale]);
xlim([x_focus—camera3_scale x_focus+camera3_scale]);
zlim([z_focus—cameraB_scale z;focus+camera3ﬁscale]);
camproij ( 'perspective');

view([0, O, camera3_scale]);

end

end

drawnow;

cycles = 1 / toc;

if camera ==

set(handles.update_rate,‘String', ['l - Fixed ['

r

num2str (round (cycles)) ' fps]'1);

elseif camera == 2
set(handles.update#rate,‘String‘, ['2 - Rear ['
num?2str (round (cycles)) ' fps]1'1):

elseif camera == 3
set(handles.update_rate,‘String‘, ['3 - Top ['
num2str (round (cycles)) ' fps]'1):

oo




Phu luc F

Code cho board arduino
void setup()

{

// port directions: 1=input, O=output
pinMode(lB,OUTPUT);
pinMode(2,INPUT);
pinMode(3,INPUT);
pinMode(d,lNPUT);
pinMode(5,INPUT);
pinMode(6,INPUT);

}

void pwmgen(float x)

{
digitalWrite(13,HIGH);
delay(x);
digitaIWrite(13,HlGH);
delay(20-x);

}

void loop()

{

RC1=0;

RC2=1;

RC3=0;

int inmain=digitalRead(2);
int in1=digitalRead(3);
int in2=digitalRead(4);
int in3=digitalRead(5);
int ind=digitalRead(6);
digitalWrite(13,LOW);
if(inmain==1)

{

if(in1==0)

{

if(in2==0)

{

if(in3==0)

{

if(in4==0)

{
pwmgen(0.92);
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}

else

{
pwmgen(0.9825);
1}

else

{

if(in4==0)

{
pwmgen(1.045);
}

else

{
pwmgen(l.lO?S);

Hh

else

{

if(in3==0)

{

if(ind4==0)

{
pwmgen(1.17);
}

else

{
pwmgen(1.2325);
1}

else
I
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if(ind==0)

{
pwmgen(1.295);
}

else

{
pwmgen(1.3575);

et gt et




else

{

if(in2==0)

{

if(in3==0)

{

if(ind4==0)

{

pwmgen(1.42);
}

else

{
pwmgen(1.4825);
}

}

else

{

if(in4==0)

{
pwmgen(1.545);
}

else

{
pwmgen(1.6075);
}

}

}

else
1
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ilf(in3==0)

{

if(in4==0)

{
pwmgen(1.67);
}

else

{
pwmgen(1.7325);
}

}

else
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{

if(in4==0)

{
pwmgen(1.795);
}

else

{
pwmgen(1.92);
}

}

}

I Tao thoi gian delay NN

#include<iostream.h>
#include<math.h>
#include<conio.h>

main()

{

//bien ban dau
intbits,count=0,ton[100];
float samples=1,i,res,j,toff;
unsigned long inttoffc;
clrscr();

cout<<"Enter the no of bits involved : ";
cin>>bits;
for(i=1;i<=bits;i++)

{

samples=2*samples;

cout<<"\n\nThe no of samples are "<<samples<<"\n";

samples-=1;

getch();

res=1/samples;

cout<<"\n\nThe resolution is necres<<"\n\n";

getch();

cout<<"TABULATING THE RESULTS OF THE CALCULATION FOR THE VALUE OF CYCLES

REQUIRED FOR DESIRED PWM - TON AND TOFF \n\nS.no\tTON\t\tTON
CYCLES\tTOFF\t\tTOFF

CYCLES\n";

i=1.000;

for(j:O;j<=sampIes;j++)
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{

ton[j]=i*5000;

toffc=100000-ton(j];

toff=20-i;
cout<<j+1<<“\t"<<i<<”\t”<<ton[j]<<“\t\t"<<toff<<"\t"<<toffc<<”\t\n" :
i+=res;

}

getch();

}

J 1] Ham tao PWM T
function PWM=PWM (u)

b=1,;

d=1

al=1;a2=1;a3=1;a4=1;

b1=1;b2=1;b3=1;b4=1;

c=[1111;001-1;1-100; d/b d/b -d/b -d/b]
A=[al;a2;a3;a4]

B=[b1000;0b200;00b3 0; 000 b4]
PWM=(BA-1)*((cr-1)*u-A)

Phu luc 4: Ham dong lyc cuia motor

function F=FORCE (PWM)

b=1;

d=1

al=1;a2=1;a3=1;a4=1;

b1=1;b2=1;b3=1;b4=1;
¢=[1111;001-1;1-100; d/b d/b -d/b -d/b]
A=[al;a2;a3;ad]

B=[b1000;0b200;0 0b30;000b4]
F=A+B*PWM

function phi(phi)
global cp

global sp
cp=cos(phi);
sp=sin(phi);

global ct
global st
ct=cos(theta);
st=sin(theta);



98

function si(si)
global cs

global ss
cs=cos(si);
ss=sin(si);

function angle (phi,theta,si)
cp=cos(phi);
ct=cos(theta);
cs=cos(si);
sp=sin(phi);
st=sin(theta);

% khoi tao gia tri ban dau
Ixx=0.017247
lyy=0.017674
1zz=0.030082
b=1.5500e-006
d=b/10

g=9.81,

L=.3;

m=0.9;
Kiroll=-0.0070
Kdroll=0.0987
Kproll=0.0763
Kipitch=-0.0070
Kdpitch=0.0987
Kppitch=0.0763
Kiyaw=-0.0070
Kdyaw=0.0987
Kpyaw=0.0763
Kialtitude=-0.0099
Kdaltitude=-0.0831
Kpaltitude=-0.0195
Kix=-0.0099
Kdx=-0.0831
Kpx=-0.0195
Kiy=-0.0099
Kdy=-0.0831
Kpy=-0.0195

b=1;

d=1
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al=1;a2=1;a3=1;a4=1;
b1=1;b2=1;b3=1;b4=1;
c=(1111;001-1;1-100; d/b d/b -d/b -d/b]
A=[al;a2;a3;a4]
B=[b1000;0b200;00b30;000 b4]
global cs

global ss

global ct

global st

global cp

global sp

cs=0

ss=0

ct=0

st=0

cp=0

sp=0

I T Didu khién Quadrotor/////111111H1111111T1
#include <inttypes.h>

#include <math.h>

#include <Wire.h> // For magnetometer readings
// QuadCopter PID GAINS

#define KP_QUAD_ROLL 1.8 // 2.2 //1.75
#define KD_QUAD_ROLL 0.42 // 0.54 //0.45
#define KI_QUAD_ROLL 0.5 // 0.45 //0.5
#define KP_QUAD_PITCH 1.8 Jf2.2 [jA75
#define KD_QUAD_PITCH 0.42 //0.54 //0.45
#define KI_QUAD_PITCH 0.5//0.45//0.5
#define KP_QUAD_YAW 3.8 // 4.6 //3.2//2.6
#tdefine KD_QUAD_YAW 1.3 // 0.7 //0.8 //0.4
#tdefine KI_QUAD_YAW 0.15// 0.2 //0.15
#define KD_QUAD_COMMAND_PART 18.0 // for special KD implementation (in two
parts)

ttdefine acc_offset_x 508

#define acc_offset_y 504

t#tdefine acc_offset_z 501

#define gyro_offset_roll 370

#define gyro_offset_pitch 373

#define gyro_offset_yaw 380

#define MAX_CHANNELS 4 // Bo RC 4 kenh
t#tdefine MIN_THROTTLE 1037
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#define CHANN_CENTER 1500

#define SPEKTRUM 1

#define GRAVITY 101 //this equivalent to 1G in the raw data coming from the
accelerometer

#define Accel_Scale(x) x*(GRAVITY/9.81)

#define ToRad(x) (x*0.01745329252) // *pi/180

#tdefine ToDeg(x) (x*57.2957795131) // *180/pi

#tdefine Gyro_Gain_X 0.92 //X axis Gyro gain

tidefine Gyro_Gain_Y 0.92 //Y axis Gyro gain

#define Gyro_Gain_Z 0.94 //Z axis Gyro gain

#define Gyro_Scaled_X(x) x*ToRad(Gyro_Gain_X)

#define Gyro_Scaled_Y(x) x*ToRad(Gyro_Gain_Y)

#define Gyro_Scaled_Z(x) x*ToRad(Gyro_Gain_Z)

#tdefine Kp_ROLLPITCH 0.0125

#define Ki_ROLLPITCH 0.000010

#tdefine Kp_YAW 1.2

#define Ki_YAW 0.00005

#tdefine SPEEDFILT 3

#define OUTPUTMODE 1

//Sensor: GYROX, GYROY, GYROZ, ACCELX, ACCELY, ACCELZ

int SENSOR_SIGN[]={1,-1,-1,1,-1, 1,-1,-1,-1%. /1,111, 1,-1}

float AN[6]; //array that store the 6 ADC filtered data

float AN_OFFSET[6]; //Array luu tru gia tri gyro

float G_Dt=0.02;

float Accel_Vector([3]={0,0,0}; //luu vector gia toc

float Accel_Vector_unfiltered[3]= {0,0,0};

float Accel_magnitude;

float Accel_weight;

float Gyra_Vector[3]={0,0,0};

float Omega_P[3]={0,0,0};

float Omega_I[3]={0,0,0}

float Omega[3]={0,0,0};

float errorRollPitch[3]={0,0,0};

float errorYaw(3]={0,0,0};

float errorCourse=0;

float COGX=0;

float COGY=1;

float roll=0;

float pitch=0;

float yaw=0;
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void Attitude_control{){

//dieu khien goc roll

err_roll_ant = err_roll;

if (AP_mode==2)

err_roll = comando_rx_roll - ToDeg(roll);

else

err_roll =0;

err_roll = constrain(err_roll,-30,30);

roll_| +=err_roll*G_Dt;

roll_I = constrain(roll_1,-50,50);

roll D= comando_rx_roll_diff*KD_QUAD_COIVIMAND_PART - ToDeg(Omegal0]);
control_roll = KP_QUAD_ROLL*err_roll + KD_QUAD_ROLL*roll_D +
KI_QUAD_ROLL*roll_l;

//dieu khién goc pitch

err_pitch_ant = err_pitch;

if (AP_mode==2)

88

err_pitch = comando_rx_pitch - ToDeg(pitch);
else

err_pitch=0;

err_pitch = constrain(err_pitch,-30,30);

pitch_I += err_pitch*G_Dt;

pitch_I = constrain(pitch_l,-50,50);

control_pitch = KP_QUAD_PITCH*err_pitch  + KD_QUAD_PITCH*pitch_D +
KI_QUAD_PITCH*pitch_l;

// dieu khien goc yaw

err_yaw_ant = err_yaw;

if (AP_mode==2){

err_yaw = comando_rx_yaw - ToDeg(yaw);

if (err_yaw > 180)

err_yaw -= 360;

else if(err_yaw < -180)

err_yaw += 360;

}

else

err_yaw =0;

err_yaw = constrain(err_yaw,-60,60);

yaw_| += err_yaw*G_Dt;

yaw_| = constrain(yaw_l,-50,50);

yaw_D =coma ndo_rx_yaw_diff*kD_QUAD_COMMAND_PART - ToDeg(Omegal[2]);

// Dieu khien PID
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control_yaw = KP_QUAD_YAW*err_yaw + KD_QUAD_YAW*yaw_D +
KI_QUAD_YAW*yaw_|;

}

int channel_filter(int ch, int ch_old)

{

int diff_ch_old;

int result;

result = ch;

diff_ch_old = ch - ch_old;

if (diff_ch_old<0)

{

if (diff_ch_old<-30)

result = ch_old-30;

}

else

{

if ((diff_ch_old>30)&&(ch_old>900))

result = ch_old+30;

}

return((ch+ch_old)/2);

}

90

long timer=0;

long timer_old;

void setup(){

inti;

int aux;

Serial.begin(38400);

pinMode(2,0UTPUT);

digitalWrite(2,HIGH);

pinMode(8,INPUT);

pinMode(9,0UTPUT); // motor 1
pinMode(l0,0UTPUT); // Motor 2
pinMode(11,0UTPUT); // Motor 3
pinMode(12,0UTPUT); // Motor 4
pinMode(13,0UTPUT);
ch1=MIN_THROTTLE;
ch2=MIN_THROTTLE;
ch3=MIN_THROTTLE;
ch4=MIN_THROTTLE;
delay(100);

7
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comando_rx_yaw =0;

Servol = 1500;

91

Servo2 = 1500;

Serial.printin();

RxServolnput_ini();

delay(1000);

// lay gia tri dieu khien

Neutro[1] = RxGetChannelPulseWidth(1);

Neutro[2] = RxGetChannelPulseWidth(2);

Neutro[3] = RxGetChannelPulseWidth(3);

Neutro[4] = RxGetChannelPulseWidth(4);

Neutro[5] = RxGetChannelPulseWidth(5);

Neutro[6] = RxGetChannelPulseWidth(6);

for (i=0; i<80; i++)

{

Neutro[1] = (Neutro[1]*0.8 + RxGetChannelPulseWidth(1)*0.2);
Neutro[2] = (Neutro[2]*0.8 + RxGetChannelPulseWidth(2)*0.2);
Neutro[3] = (Neutro[3]*0.8 + RxGetChannelPulseWidth(3)*0.2);
Neutro[4] = (Neutro[4]*0.8 + RxGetChannelPulseWidth(4)*0.2);
Neutro[5] = (Neutro[5]*0.8 + RxGetChannelPulseWidth(5)*0.2);
Neutro[6] = (Neutro[6]*0.8 + RxGetChannelPulseWidth(6)*0.2);
delay(25);

}

Serial.print("Rx values: ");

Serial.print(Neutro[1]);

Serial.print(",");

Serial.print(Neutro[2]);

Serial.print(",");

Serial.print(Neutr0[3]_);

Serial.print(",");

Serial.printin(Neutro[4]);

Serial.print(",");

Serial.printin(Neutro[5]);

Serial.print(",");

Serial.printin(Neutro[6]);

#if SPEKTRUM==1

Neutro[3] = CHANN_CENTER;

Neutro[2] = CHANN_CENTER,;

Neutro[1] = MIN_THROTTLE;

Helse
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Neutro[1] = CHANN_CENTER;
Neutro[2] = CHANN_CENTER;
Neutro[3] = MIN_THROTTLE;

tendif

num_servos = 4;

Servos[0].pin = 10; // motor 1
Servos[1].pin = 11; // motor 3
Servos[2].pin = 12; // motor 2
Servos[3].pin = 13; // motor 4
Servo_Timer2_set(0,MIN_THROTTLE);
Servo_TimerZ_set(1,MIN_THROTI‘LE);
Servo_Timer2_set(2,MIN_TH ROTTLE)
Servo_Timer2_set(3,MIN_THROTTLE);
Servo_Timer2_ini(); // Servo Interrupt initialization
Analog_Reference(EXTERNAL);

Analog_Init();

12C_Init();

delay(100);

’




