BO GIAO DUC VA PAO TAO
TRUONG PAI HOC QUAN LY VA CONG NGHE HAI PHONG

HPU

PO AN TOT NGHIEP
NGANH PIEN TU - TRUYEN THONG

Sinh vién : Nguyén Vii Hoang Anh

Giang vién hwéng dan:TS. Poan Hiru Chuc

Hai Phong -2024




BO GIAO DUC VA PAO TAO
TRUONG PAI HOC QUAN LY VA CONG NGHE HAI PHONG

HrPU

PE TAI : THIET KE CHE TAO THIET BI BAY KHONG

NGUOI LAI DRONE

PO AN TOT NGHIEP PAI HQC HE CHINH QUY
NGANH PIEN TU - TRUYEN THONG

Sinh vién thye hién  : Nguyén Vii Hoang Anh

Giang vién huéng dan: TS. Poan Hitu Chirc

Hai Phong - 2024

1



BO GIAO DUC VA PAO TAO
TRUONG PAI HOC QUAN LY VA CONG NGHE HAI PHONG

NHIEM VU DE TAI TOT NGHIEP

Sinh vién : Nguyén Vii Hoang Anh - MSV : 2213103002
Lép : DTL 2601
Nganh : Pién tir - Truyén thong

Tén dé tai : Thiét ké ché tao thiét bi bay khong nguoi 14i Drone

i1



NHIEM VU DE TAI
1.Noi dung va ciac yéu cdu cin gidgi quyét trong nhiém vu
dé tai tot nghiép ( vé 1y luin, thuc tién, cic s6 liéu cén tinh toan va cic ban
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LOI MO PAU

Thiét bi bay khong ngudi 1ai ngay cang duoc s dung rong rii trong nhiéu linh vyc
ctia cudc séng. Hon thé nira, viéc sit dung thiét bi drone trong quin sy ngdy cang trd nén
phé bién va hiéu qua. V61 myc dich nghién ctru tim hiéu, thuc hién cac thiét ké vai mot thiét
bi cu thé em da chon dé tai “Thiét ké ché tao thiét bi bay khong ngwoi ldi drone” 1am dé dé
t6t nghiép ciia minh.

Sau thoi gian lam dd an, em da thuc hién xong cac ndi dung chinh gom:

- Nghién ctru téng quan vé thiét bi drone;

- Thiét ké cac mach diéu khién;

- Lap dat phan co khi ciia drone.

Do thoi gian ¢6 han va kién thirc con han ché nén dd an con nhiéu van dé can tiép tuc
phai giai quyét vi vay rit mong cac thiy va cic ban gdp ¥ dé d6 an ctia em hoan thién hon.

Qua day em xin tran trong giri 16i cam on t6i cac thay trong Khoa Dién — Dién tu,
Truong Dai hoc Quan 1y va Cong nghé Hai phong, dac biét 1a TS Poan Hitu Chuce da giang
day va hudng din em sudt nhitng thoi gian em hoc tap tai truong.

Sinh vién thuc hién

Nguyén Vii Hoang Anh



CHUONG 1. TONG QUAN VE DRONE

1.1. Khai niém vé Drone

Drone 1a té€n goi chung chi céac thiét bi bay duogc diéu khién tir xa hodc tu dong hoa.
Céc thiét bi bay khong nguoi lai (flycam, UAV...) ndy khong c6 nguoi 1ai hay diéu khién
truc tiép bén trong ma thuong dugc van hanh nho hé théng, phﬁn mém duoc 1ap trinh tu
dong hodc c6 ngudi van hanh, diéu khién tr xa, & khu vuc an toan hon.

Trong nhitng ndm gan déy, drone gianh duoc nhiéu sy quan tim dic biét, dién hinh 1a
quadcopter. Quadcopter 13 mot mo hinh bay hay thiét bi bay khong nguoi 14i, duoc xép vao
loai may bay c6 kha ning cét canh va ha canh thang dtng. Quadcopter c6 kha ning di chuyén
theo 6 huéng co ban (1én-xudng, trudc-sau, trai-phai) va co thé di chuyén da hudng rat linh

hoat.

Hinh 1.1: Mot sd loai Drone hién ¢6



1.2.  Cach thirc hoat dong ciia Drone (Quadcopter)

May bay Quadcopter c¢6 dang chit thap hay ddu cong véi bdn dong co dit & bbn goc.
Hai truc chéo cuia may bay dugc dat theo hai truc X, Y cua hé truc toa do Descartes. Mbi
dong co két hop véi canh quat trong Quadcopter s& tao ra mot lwc ddy va moment xodn nhat
dinh, bon canh quat dugc chia thanh hai nhém c6 chiéu quay nguogc nhau, hai canh ddi dién
nhau quay cung chiéu. Két qua 12 moment xoén bj triét tiéu néu 4 canh quat déu c6 cung
mot van tde goc, do d6 c6 thé 1am cho may bay khong bi xoay tron khi bay. Dé can bang
mo hinh thi cac dong co phai duoc diéu khién sao cho md hinh ¢6 géc 1éch so vai truc chuan

trong pham vi cho phép. Céc hé truc toa dd ciia Quadcopter thé hién trong hinh sau:

mg

Hinh 1.2: M6 phong Drone trong hé truc toa do Descartes
Dé diéu khién mo hinh bay Quadcopter, c6 hai phwong phap d6 1a diéu khién theo kiéu
chit X va diéu khién theo kiéu chit thap (hay con goi 13 diéu khién theo kiéu ddu cong).
Phuong phap diéu khién theo dang chit X dugc sir dung trong diéu khién huéng bay ctia mo
hinh, bai vi viée thay doi hudng dugce thyc hién béi hai dong co, vi vay kha ndng dap tng

va tinh linh hoat cao hon so véi viéc thay d6i toc 6 bang mot dong co theo kiéu dau cong.



Vigc thay d6i toc do quay cua cac dong co vira lam cho mo6 hinh can bang, vira dung dé dicu

khién mé hinh di chuyén. Huéng di chuyén dugc minh hoa & hinh sau:
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Hinh 1.3: M6 ta hudng di chuyén ciia Drone
Huéng ctia may bay khi di chuyén duoc diéu khién boi hai dong co, tiy theo huéng
di chuyén ma cac dong co nay thay doi tbc do dé tao ra goc nghiéng so véi truc can bang.
Nhu hinh 2.4, hudng di chuyén ctia may bay duogc thé hién qua sy thay doi toc do cua cac
dong co. Vi du: Bé may bay di chuyén hudng toi thi dong co 1,2 s& giit nguyén hodc giam
tbc do con cip dong co 3,4 s& quay nhanh hon. Twong tu véi cac hudng di chuyén khéc thi
viéc thay dbi téc do quay tuwong tng s& gitip may bay di chuyén ciing nhu xoay tron hoic

thay d6i do cao.



1.3.  Ciu tao co ban ciia Drone (Quadcopter)

Hinh 1.4: CAu tao co ban ctia Drone
Tay Cam Diéu Khién (TX)
Bo Thu nhan Song Piéu Khién (RX)
Bd Khung Kit (cover)
Canh Quat (Fans)
Dong Co (Motor)
Bo biéu Téc (ESC)
Mach diéu khién (FC)



1.4.  Phuwong thirc diéu khién vo tuyén sir dung Module NRF24L01
Bo diéu khién drone thuong st dung song radio tan s6 2,4GHz, hinh thirc khong
khac miy so v6i nhitng b diéu khién tir xa cia may bay mé hinh truyén théng, gom hai nat
bam va dng ten c6 thé gip gon. Mot sb bo diu khién c6 sy két hop ca tin hiéu 2,4GHz va
Wi-Fi, trong gidng tay cam diéu khién may choi game hodc chung c6 thé dua trén tng dung
diéu khién chay trén smartphone hay may tinh bang. Tuy nhién trong qua trinh hoc tip va
nghién ctru, em quyét dinh str dung Module NRF24L01 lam phuong thtrc chinh trong diéu
khién v6 tuyén Drone.
1.4.1. Gi6i thiéu tong quan vé Module truyén thong NRF24L01
La module thu phat c6 con chip don 2.4GHz v61 giao thirc nhung baseband, iing dung
cho truyén nhan khong day véi ning luong cuc thap .
NRF24L01 dugc thiét ké dé hoat dong theo chuan ISM véi tan sb 2.400-2.4835Ghz.
Module dugc két ndi v6i cac thiét bi ngoai vi thu dong hay can mot vi diéu khién dé
c6 thé giao tiép v6i nhau thong qua giao thire SPI va khoang cach téi da cho khong vét can

1én dén 100m.

Hinh 1.5: Mach thu phat RF NRF24L01 + PA LNA 2.4Ghz Anten roi
Khi néi dén cac giai phap RF hai chiéu gia ré nhung dang tin ciy, khong c6 mo-dun

nao 1am t6t hon nRF24L01. Pay 1a 1y do:



Gia thanh thdp - NRF24L01 12 mot trong nhitng mo-dun truyén nhan khong day
ré nhit trén thi trudng, ban co thé d& dang mua mot cai truc tuyén véi gia dudi
28
D@ két ndi voi vi diéu khién/Bo mach Arduino - nRF24L01 c6 thé dé dang két
nbi v6i mot loat cac hé thdng vi diéu khién: MCU/ARM/PIC/AVR/STM32
bang cach sir dung giao thtrc SPI hodc thu vién RF24 khi két ndi v6i Arduino.
2.4Ghz cho su linh hoat trong truyén thong khéng day - Tan sb hoat dong
2.4GHz cho phép st dung tdc do bit cao hon so véi cac tin s hoat dong thip
hon. N6 sir dung phuong phap diéu ché GFSK cho viéc truyén dit liéu, c6 nghia
1a téc d6 truyén dit liéu c6 thé 1a 250kbps, 1Mbps hodc 2Mbps.
Dai phat song cao - Khi sir dung véi cai dat phi hop, nRF24L01 c6 thé phat
song song dai hon vai kilomet. Tuy nhién, néu ban can mot mo-dun doc 1ap véi
dai phat song cao, ban c6 thé kiém tra mo-dun nRF24L01+ nay duoc thiét ké
v6i b khuéch dai cong suat va dng-ten IPX cho truyén thong khong day lén
dén 1000 mét (khong c6 rao can)
1.4.2. Théng s6 ky thuit cia NRF24L01
e IC chinh: NRF24L01+
e Dién ap cung cip: 3.3VDC
e Dién 4p giao tiép GPIO: 3.3VDC, khi giao tiép vdi cac board mach 5VDC
can ndi tiép qua trd hodc sir dung cac mach chuyén muc dién ap.
e Giao tiép: SPI
e Dong ti€u thy: 45mA
e Tan sb song: 2.4Ghz
e Sir dung tuong ty nhu NRF24L01 khong c6 khuéch dai va cé thé giao tiép
v6i cac module khong c6 khuéch dai PA va LNA.
e Tich hop khuéch dai cong suit phat PA (power amplifier) va LNA (Low
Noise Amplifier)
e (Cong suit thu phat: 20dBm



e Tdc do truyén nhan tdi da: 2Mbit/s
e Chuan chin 2x8 twong tu cic mach NRF24L01 khong c6 khuéch dai.

VCC (+3.3V)

E E LBl ]

Hinh 1.6: So do chan Module NRF241L01

Pin number | Pin name Abbreviation Function

1 Ground Ground Két ndi chan Ground véi hé thong

2 Vcee Nguon Nguon ding cho Module 14 3.3V

3 CE Chip Enable St dung dé giao tiép SPI

4 CSN Ship Select Not Pin nay luén kich hoat & mirc cao, néu

khong sé& ngit giao tiép SPI

5 SCK Serial Clock Cung cap xung clock phuc vu trong
giao tiép SPI

6 MOSI Master Out Slave In | Két néi véi chan MOSI ctia MCU dé
Module nhan dir liéu ttr MCU

7 MISO Master In Slave Out | Két ndi v6i chan MISO cua MCU dé

Module gtri dir liéu tr MCU




IRQ

Interrupt

Hoat dong & mirc thap va chi duoc sir

dung néu ngat dugc yéu cau

"II"I:I:I
Ground

GPIO-1
GPIO-0

MISO

Hinh 1.7: So d6 ndi chan NRF24L.01 véi MCU

1.4.3. So @0 nguyén Iy va phwong thirc hoat dong
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Hinh 1.8: So d6 nguyén ly Module NRF24L01
Pipe/Address NRF24L01
2.401 GHz 5 letter string

NRF24L01 |9 il NRF24L01
NRF24L01 |9 il NRF24L01

2.402 GHz

2.525 GHz

NRF24L01

2400 to 2525 MHz
1MHz spacing - 125 channels

E' JF‘. .IJ).
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Tree Topology

Node 011

Node 01111 Node 02111

Node 01 Node 05
Node 02 Node 03

Node 051

Node 015 Node 025 Node 035

Hinh 1.9: Phuong thirc hoat dong cua cac Module NRF24L.01

1.4.4. Ung dung ciia NRF24L01 trong thuec té
Diéu khién tir xa: NRF24L01 c6 thé duogc st dung dé tao ra cac hé théng diéu
khién tir xa cho dén, quat, hodc céc thiét bj dién gia dung khac.
Hé théng bao dong va an ninh: N6 ¢6 thé duoc tich hop vao cac hé thong bao
dong nha ctra hodc cira hang dé giri thong bao khi co su kién xay ra.
Do ludng va giam sat moi truong: NRF24L01 c6 thé duoc két ndi véi cac cam
bién dé thu thap dit liéu tir moi trudng nhu nhiét d6, do 4m, anh sang va gui dix
liéu vé& mot tram co s6.
Hé théng do xa va diéu khién robot: Trong cac du an robot, NRF24L01 c6 thé

duoc sir dung dé thiét 1ap két ndi khong day gitra diéu khién va robot.
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Mang cam bién khong day: NRF24L01 cho phép tao ra mot mang cam bién
khong day véi nhiéu nat cam bién giri dit liéu dén mot tram co s& hodc trung
tam thu thap dir lidu.

Hé théng truyén thong IoT (Internet of Things): NRF24L01 c6 thé duoc sir
dung trong cac du an IoT dé két ndi céc thiét bj IoT v&i nhau hodc véi Internet
thong qua céac gateway.

Tro choi va giai tri: N6 cling c6 thé duoc sir dung dé tao ra cac hé thong tro
choi khong day hodc céc hé théng giai tri khong day khac.

Mang cam bién méi trudng trong nong nghiép: NRF24L01 c6 thé duoc sir dung
dé giam sat moi truong trong ndng nghiép, giup ngudi nong dan theo doi va

di€u chinh cac yéu t6 nhu nhiét d§, d am va do phoi sang.
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CHUONG 2. THIET KE HE THONG DRONE
2.1. So do hé théng thiét bi bay Drone

*Drone
MPU 6050

MOTOR3{— ESC3 kb | I . —{ ESC1 [—~{MOTOR1

Arduino Nano

MOTOR4l | Esca k™ 1 L ESC2 [ MOTOR2

NRF24L01
Nguén

Piéu
Khién

Hinh 2.1. So dd khdi ciia Drone

Khdi nguon:

Pin Lipo 2200 mAh

IC ASM 1117

Module mach ha nguén LM2596
Khdi vi diéu khién

Vi diéu khién Arduino Nano

Khoi cam bién

Cam bién gia tbc MPU6050

Khdi thu phat tin hi¢u
Module thu phat NRF24L01
Tur so d6 khdi ta thyc hién thiét ké so d6 nguyén 1y trén phan mém Altium nhu dwa
ra ¢ hinh dudi day.
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PIN LIPO

Motor A2212/13T-1

1
2

3

Motor A2212/13T-2

1
2

3

Motor A2212/13T-3

1

2
3

Motor A2212/13T-4

1

2
3

Jifie s
ESC1
[
Vin 3V
D1
A0 R3 1
15K
ESC2
1
K 3V i
K
Receiver LED K R1
2 CH1 330
vee  b—
- CH2 e
GND CH3 G ESC3
| CH4 [l
3V
BAT +— — | [
S 1 Tt T
L on
N 88 L ESCa
— IOREF ~11 (i ;
— RESET ~10 —cip o —
- «; — 3V3 S =
SV 5V 5v s |
Vin | SNP yNOR3
— Vin 7
~6
A0 4 Ao 5
|11 A :
— A2 ~3 -
HRuaa Q0 —t A3 2 —
55].%&88%3 — A4 1-TX [—
=t A5 0RX —
MPU-6050
Arduino R3

Hinh 2.2. So d6 nguyén 1y cta thiét bj drone duoc thiét ké
*Tay diéu khién
So db khéi tay didu khién duoc trinh bay & hinh 2.3.

Arduino Nano

P11

NRF24L01

Ngudn

Drone

Hinh 2.3. So d6 khdi tay diéu khién
e Khéi ngudn:
IC ASM 1117
Pin 7.4 V
e Khéi vi diéu khién
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Gom 1 Kit vi diéu khién Arduino Nano
e Khéi diéu khién

Joystick
e Khéi thu phét tin hiéu

Gom 1 Kit mach thu phat NRF24L01

2.2. Lua chon linh kién

2.2.1. Vi diéu khién Arduino Nano

Arduino Nano 13 1 bo mach phat trién thong minh duoc thiét ké dé xay dung cac miu
prototype nhanh chéng véi kich thudc nho nhat. Arduino Nano cung cp dy du giao dién
cho cac tng dung than thién voi breadboard. Trung tdm cua bo mach 1a vi diéu khién
Atmega328 hoat dong véi tan sb 16 MHz, ¢ chirc ning gan giéng Arduino Duemilanove.
Bo mach cung cap 20 chan input/output digital, 8 chan analog va 1 cong mini-USB.

Hinh 2.1: Vi diéu khién Arduino Nano

Véi 1 s6 luong 16n cac chan input/output, dem lai loi thé cua viée st dung nhiéu giao
tiép serial nhu UART, SPL, I12C. Phan ctmg twong thich v&i Arduino IDE, Arduino CLI...
Tir d6 mé ra nhiéu huéng phat trién tng dung véi vi diéu khién Arduino Nano:

e An ninh: Kha ning cung cap hiéu suat cao va tiét kiém ning luong mé ra co
hoi phat trién cac tmg dung an ninh nhu hé thdng kiém soat truy cip sir dung

15



cac loai cam bién. Sy linh hoat trong viéc giao tiép véi cam bién va cac thiét bi
ngoai vi bang cach str dung giao tiép serial da nang cao pham vi st dung.

e Mbi truong: Tinh ning tiét kiém niang luong cia vi diéu khién Arduino Nano
va cac tily chon cung cip ngudn dién cho bo mach di ting cudn kha ning trién
khai cac du an IOT tir xa lién quan dén van dé moéi trudng.

e Diéu khién — Robot: Pay ludn 14 linh vuc yéu thich ctia cong dong phat trién
Arduino. Vi phan ctng nho gon, ta ¢ thé tao ra cac Gmg dung robot phtc tap
hodc cac thiét bi diéu khién tir xa tién tién nhu UAV, robot, oto...

*Thong s6 ky thuit:

» Atmega328 Microcontroller:
e BO xu ly 8-bit hi¢u suit cao, tiét kiém nang lugng
e Datt6i 16 MIPS cho tan s6 16 MHz
e B0 nhd 32 kB, trong do c6 2 kB dugc str dung cho bootloader
e 2kBSRAM
e 1kB EEPROM
e 32x8 thanh ghi
e BO dém thoi gian thuc vo1 dao dong riéng biét
e 6kénh PWM
e Giao tiép serial USART c6 thé lap trinh
e Giao tiép serial SPI Master/Slave

> Nguon:
e Cbng két nbi Mini-B USB
e Ngudn bén ngoai khong 6n dinh tir 7-15V (chan 30)
e Ngudn bén ngoai 6n dinh 5V (chan 27)

» Sleep Modes:
o Idle
e Giam nhiéu ADC
e Power-save
e Power-down
e Standby

e 20 chan Digital

e 8 chan Analog
e 6 chan output PWM

16



*So do khoi va Power Tree ciia Arduino Nano:

VIN +5V

LM1117IMPX-5.0

ATMEGA328P FT232RL

Y1 16MHz

VUSB

Nano
. Power I Microcontroller
B reo B pata communication
Il Internal Parts B connectors

Block Diagram of Arduino Nano

Hinh 2.2: So d6 khéi Arduino Nano
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PMIC

“ LM1117IMPX-5.0

RANGE 5V-12V > LDO

MAX 800mA

RANGE SV

Legend: ¥ connector
. Power Main Part

Internal Part

Power Tree of Arduino Nano

W

—

\..)

N

—

~—

Hinh 2.3: Power tree Arduino Nano

Microcontroller
ATMEGA328P-32MUR

NAX 8mA

L LED (Yellow)
KPT-2812YC

MAX 5.6nA

PWR LED (Yellow)
KPT-2012S6C

HAX S.6mA

RX LED (Yellow)
KPT-2012SURCK

MAX 5.6nA

TX LED (Yellow)
KPT-2012SGC

MAX 5.6mA

FT232RL

MAX SO0mA

ARDUINO

Nano

SKU code: ARRORES

Power Tree

Last update: & May, 2022

Arduino Nano c6 thé dugc cung cip ngudn thong qua cong USB hodc thong qua chan
VIN. Nguén vao cua chan VIN duoc diéu chinh béi 1 LDO (Low Dropout Regulator), do
do nguén dugc gidi han & muc 5V dé dam bao hoat dong t8i wu ctia bo mach. Ngoai ra, con
c6 1 bo diéu chinh ap khac giéi han dién 4p xubng 3,3V dé cung cap ngudn cho cac linh

kién c6 yéu cau dién ap thap.
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*Connector Pinouts

ARDUINO
NANO

[ pes [ 013 ] {012 | pea NG
@R TN | copx
(CAREF ) { ~010. | pe2
Aoclel I o IXED {~ ~09 | pB1 ]
Aoc[110 I A IGED {~ps | pBo.
Avc[2]0 I A2 ST {~ ~ 07" | po7
Aoc[3] ICTEN A3 IEED |~ ~p6.~ | po6_J
Aoc[a]" I« 0D {~ ~05" | pos_J
(O pes TR 019 ) L 04| P04 J
L0 ] Avcle] | TS (- ~~03~ | pp3
0| vcly) B vz Poz
I reser) Creser D
{po/Rx | Ppo_J
L o1/7x | Pp1

FT23RL

| Tx Leo |22-causij

LED_BUILTIN | PBS ]

[l cround |l Internal Pin [ Dpigital Pin [l Microcontroller’s Port
B rower B swo Pin [] Analog Pin
B reo [ | other Pin Default

Hinh 2.4: So @6 chan Arduino Nano

*Atmega328

Pin Function | Type Description

1 PBO Internal Serial Wire Debug
2 PBI Internal Serial Wire Debug
3 PB2 Internal Serial Wire Debug
4 PB3 Internal Serial Wire Debug
5 PB4 Internal Serial Wire Debug
6 PB5 Internal Serial Wire Debug
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*Analog:

Pin Function | Type Description

1 +3V3 Power 5V USB power

2 A0 Analog Analog input 0/GPIO

3 Al Analog Analog input 1/GPIO

4 A2 Analog Analog input 2/GP1O

5 A3 Analog Analog input 3/GPIO

6 A4 Analog Analog input 4/GPIO

7 AS Analog Analog input 5/GPIO

8 A6 Analog Analog input 6/GP1O

9 A7 Analog Analog input 7/GP1O

10 +5V Power +5V Power Rail

11 Reset Reset Reset

12 GND Power Ground

13 VIN Power Voltage input
*Digital

Pin Function | Type Description

1 D1/TX1 Digital Digital Input 1/GPIO

2 DO0/RX0 Digital Digital Input 0/GPIO

3 D2 Digital Digital Input 2/GPIO

4 D3 Digital Digital Input 3/GPIO

5 D4 Digital Digital Input 4/GPIO

6 D5 Digital Digital Input 5 /GPIO

7 D6 Digital Digital Input 6/GPIO

8 D7 Digital Digital Input 7/GPIO

9 D8 Digital Digital Input 8/GPIO

10 D9 Digital Digital Input 9/GPIO

20




C6 tong cong 14 chan k§ thuat sé va 8 chin Analog trén bo mach Arduino Nano. Cac

chan k¥ thuét s6 ¢ thé duoc sir dung dé giao tiép v6i cam bién bang cach sir dung ching

nhu 14 chan vao hoic diéu khién tai bang cach sir dung chung nhu 1a chan ra. Mot ham don

gian nhu pinMode (...) va digitalWrite (...) c6 thé dugc sir dung dé kiém soat hoat dong cua

chung. Dién ap hoat dong 13 0V va 5V cho cac chin k§ thuat sb. Cac chan Analog c6 thé do

dién ap tuong ty tir OV dén 5V bang cach sir dung bat ky trong 8 chan Analog théng qua

mot ham don gidn nhu analog-Read ().

Ngoai vi¢c phuc vu myc dich chinh ctia ching, cdc chan nay cling co thé duoc st dung
cho muc dich dac biét, dugc thao luan duoi day:

Chan Serial 0 (Rx) va 1 (Tx): Cac chan Rx va Tx dugc su dung dé nhan va
truyén dir li¢u serial TTL. Chung dugc két noi véi vi dieu khién ATmega328P
thong qua chip USB sang TTL tuong ung.

Chan Ngoai vi Ngit 2 va 3: Cac chan nay c6 thé duoc ciu hinh dé kich hoat
mot ngat trén mirc thip, mot canh ddc dwong hodc 4m, hodc mot thay ddi trong
gia tri.

Cac chan PWM 3, 5, 6, 9 va 11: Cac chan nay cung cAp mot dau ra PWM 8-bit
bang cach su dung ham analog-Write ().

Cac chan SP110 (SS), 11 (MOSI), 12 (MISO) va 13 (SCK): Cac chan nay dugc
st dung cho giao ti€p SPI.

Chan LED 13: Chan nay dugc két ndi vi mot dén LED tich hop san. Khi chan
13 1a HIGH - LED s€ sang va khi chan 13 1a LOW, no s€ tat.

12C A4 (SDA) va A5 (SCL): Str dung cho giao tiép I2C bang thu vién Wire.

AREF: St dung dé cung cép dién 4p tham chiéu cho cac chan vao twong tu véi
ham analogReference(...).

Chan Reset: Khi chan nay LOW, vi diéu khién s& duoc reset.

*Cac chan sir dung trong sian pham:

D2-D5 dung dé diéu khién dong co motor.

MISO: Pau vao hoidc dau ra, dung trong giao tiép SPL
SCK: Déu ra, dong hd tir Master dén Slave.

MOSI: Pau vao hoic dau ra, dung trong giao tiép SPL
RST: Pau vao, dung dé dit lai (hoat dong & mirc thap).
Vin: Du ra, cung cap dién thé.

GND: Néi dat.
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*Thiét ké co khi:

> L32
Zo | £0.64 »
[ i
® ©® 3 ©® ® © s ® ® © ® © ® © O
=d =
= = ==
A (2 =
- A
41
- VII”HIUIlI”IIIHHI“IHUIII”IIIUHIUIlI”llI”IHHlH”IHL HI[ l:l'
2.54
Mechanical dimensions of Arduino Nano
Hinh 2.5: Ban vé& co khi Arduino Nano
2.2.2. Arduino UNO R3:
Chan xust tin higu ra s8
L
- -
Nut reset ﬁ E ..
- B ; ) "3‘. 1 IC Atmega 328
e — Jl; ) o iNC
- < Heant
Chip nap CH340
CAng ngudn
ngodi 7-12v

Chan e3p ngubin Chan |4y tin higu Analog
cho cam bién

Hinh 2.6: Arduino UNO R3
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Vi diéu khién

bién &p hoat dong

Tan s6 hoat dong

Dong tiéu thu

Dién ap vao khuyén dung
Dién ap vao gidi han

S6 chan Digital /O

Sb chan Analog

Dong t6i da trén mdi chan I/0
Dong ra tbi da (5V)

Dong ra ti da (3.3V)
B0 nh¢ flash

SRAM

EEPROM

ATmega328 ho 8bit

5V DC (chi dugc cip qua cong USB)
16 MHz

khoang 30mA

7-12V DC

6-20V DC

14 (6 chan hardware PWM)

6 (d6 phan giai 10bit)

30 mA

500 mA

50 mA

32 KB (ATmega328) vé61 0.5KB dung boi
bootloader

2 KB (ATmega328)

1 KB (ATmega328)
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2.2.3: Modulde NRF24L.01

s

Arduino Uno/ Nano - NRF24L01

3.3vV-VvCC
GND - GND

8- CSN

7 -CE

13-SCK

11 - MOSI

12 - MISO

Hinh 2.7: So d6 ndi chan NRF24L01 v6i Arduino Nano
* Cac chan dung trong bai nay:

Pin numbers | Pin name Function

1 MISO Két ndi véi chan D12 caa MCU
2 MOSI Két ndi voi chan D11 cuia MCU
3 SCK Két ndi voi chan D13 cua MCU
4 CE Két ndi véi chan D9 cua MCU
5 CSN Két ndi voi chan D10 cuia MCU
6 GND Ground

7 VCC Két ndi véi 3.3V cia MCU

24




2.2.4. MPU 6050

Moé-dun MPU6050 14 Hé thong co dién vi mdé (MEMS) bao gém Gia tdc ké 3 truc va
Con quay hdi chuyén 3 truc bén trong né. Pidu nay gitp chung ta do gia tdc, van tdc, dinh

huéng, d dich chuyén va nhiéu thong sb lién quan dén chuyén dong khac ctia mot hé théng

hodc vat thé.

Hinh 2.8: Cam bién gia toc MPU 6050

* Thong sb ki thuat:

Chip: MPU-6050 tich hop 6 truc cam bién (Po dugc 3 truc goc + 3 truc gia
tdc)

Dién ap lam viéc: 3 - 5V

Giao tiép: 12C

Hd trg ADC 16 Bit

D¢ phan giai goc: £250 +£500 £1000 £2000 dps

Do phan giai gia toc: +2 +4 +8 £16¢

Kich thude: 20.2 x 15.5mm

25



Auxiliary Serial Data—» OXDAE

+3V 10 +5V e OVCC: - .-

Auxiliary Serial Clock=—————p OXCLI 1

1 1
OADO-

Hinh 2.9: So @6 chin cam bién MPU 6050

Pin number | Pin name | Description

1 VCC Ngudn cap (3.3V hoic 5V)

2 GND Chan dit (Ground)

3 SCL Chén xung Clock trong giao tiép 12C

4 SDA Chan dir liéu (Data) trong giao tiép 12C

5 XDA Chan dit lidu (Data) cho bus giao tiép 12C thu hai
6 XCL Chén xung Clock cho giao tiép I12C tht hai

7 ADO Chan dia chi dinh danh 12C (néu dugc st dung)

8 INT Chén ngat (Interrupt) cho MPU6050

*Céac chan sir dung trong du 4n:

Pin Number

Pin Name

Description

Vce

Cung cap ngudn cho module, ¢6 thé 1a + 3V dén
+ 5V. Thong thuong + 5V duogc sir dung

26




2 Ground Két n6i véi mat dat ciia hé thong

Puoc st dung dé truyén dir liéu théng qua giao

3 Dong bd ndi tiép (SCL :
ong bd noi tiep ( ) tiép 12C
4 Dit licu ndi tiép (SDA) C6 thé ,du(jf:' st dung dé gi’ao‘ ti‘ép cac mo-dun
12C khac vo1 MPU6050. No 1a tuy chon
2.2.5. Joysticks

Mach Joystick module thudng duoc sir dung dé 1am tay cAm hodc can diéu khién,
mach c6 kich thudc nho gon v6i bdn 16 dc trén mach rat dé ga bat. Mach Joystick module
rat dé st dung, chi can cép nguén cho mach, cac tin hi¢u tra ra bao gém tin hi¢u Ananog
cta hai truc X, Y va 1 nat bAm.

Hinh 2.10: Can diéu khién da huéng Joystick
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2D-model

9228 min

0198 _
25— 25*
1 -
60" 26"
< 185 Y
< i
. ) <
ﬁ}z
- A
o J i
~
1 ln? : |
_1.1_,_0.3:0.*9‘ 3
-

37203

With Pushbutton (Type 3)

E' l'!l"‘

Pushbutton Switch

Hinh 2.11: Ban v€ co khi Joystick
Mach Joystick module thudng duoc sir dung dé 1am tay cam hodc can diéu khién,
mach c¢ kich thude nho gon voi bon 16 ¢ trén mach rat dé ga‘in. Mach Joystick module rat
dé sir dung, chi can cép nguén cho mach, cac tin hiéu tra ra bao g6m tin hi€u Ananog cua
hai truc X, Y va 1 ntt bAm...
* Thong s ki thuit:
e Ngudn cap: Tuy chon, thudng cip 3.3 hoic 5VDC.
e Kiéu dang tin hi¢u ngd ra 1 Digital va 2 Analog (1 nat nhan va hai tryc X,
Y), mirc tin hiéu theo ngudn cép vao.
e Kich thuéc: 4.0 cm x 2.6 cm x 3.2 cm
e Trong luong: 12g.
* Cac chan sir dung:

Pin numbers | Pin name | Description

1 GND Chan Ground cua Module
2 +5V Murc dién ap hoat dong

3 VRx bién &p ti 1€ voi truc X

4 Vry bién ép til¢ voitruc Y

5 SW Nut nhan
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Micro-Controller

To ADC Pin
of Micro- <
controller

To Digital Pin
of Micro-
controller

Ground

Sv

=
o®>
w3
W
ot =
=
P

Hinh 2.12: So d6 nbi chan Joystick voi MCU

2.2.6. IC AMS 1117
AMSI1117 13 IC 6n 4p 3 chan g6i SMD pho bién c6 nhiéu model cho céc yéu cau

dién ap ¢ dinh va c6 thé didu chinh. IC c6 thé cung cip dong dién t6i da 1A va dién ap
dau ra c6 thé thay ddi tir 1,5V dén 5V. N6 ciing c¢6 dién ap sut thap 1a 1,3V khi hoat dong
& dong dién t4i da.

* Thong sb ki thuat:

B diéu chinh dién ap tuyén tinh 3 cuc c6 thé diéu chinh hodc ¢b dinh.
Bo diéu chinh dién ap sut thap (LDO).

Loai dién ap ¢ dinh: 1.5V, 1.8V, 2.5V, 2.85V, 3.3V va 5V.

Pham vi dién ap thay d6i: 1,25V dén 13,8V.

Dong dién dau ra 1a 1000mA.

Dién ap sut tdi da: 1.3V.

G161 han dong dién tich hgp va bao v¢ nhiét.

Nhiét d6 hoat dong 16p tiép giap 1a 125 ° C.
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e (G061 SOT-223, TO-252 va SO-8.

0248.0 264
— (530-67])

AMSI1117
IN ouT
ADIJ

Iro

1

Input

ADJ/Ground "4

Hinh 2.13: IC AMS 1117

—»

_* 01160124 k_
(295-3.15)
$
02660287
(6.71-7.29)

0130-0148

(330-3.71)

NOM

i

007
(1.80)
MAX

O

FaY

J c.ﬁi 0 3 i
(0.64-084)
0181
(4.60)

NOM

0010-0014
(0.25-036)

(0.64-0.84)

Hinh 2.14: Ban vé co khi IC AMS 1117
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2.2.7. Mach giam ap LM2596

Mach Giim Ap LM2596 1a module giam ap c6 kha nang diéu chinh duoc dong ra
dén 3A. LM2596 1a IC ngudn tich hop ddy du bén trong. Tt 13 khi cip ngudn 12V vao
module, sau khi giam ap ta c6 thé 14p dugc ngudn 3A < 9v... nhu 5V hay 3.3V.

*Thong s6 ky thuit:

« Module ngudn khong st dung cach ly
o Ngudn dau vao tir 4V - 35V.
 Ngudn dau ra: 1V - 30V.

e Dong ra Max: 3A

o Kich thudc mach: 53mm x 26mm

o Diu vao: INPUT +, INPUT-

o Diura: OUTPUT+, OUTPUT-

Hinh 2.15: Mach giam ap LM2596

2.3. Thiét ké mach nguyén ly

*Tay cam dieu khién:
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Hinh 2.16: Mach nguyén Iy tay diéu khién Drone

2.4. Thuat toan PID
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CAu tric ctia bd diéu khién PID (hinh 2.17) gdm 3 thanh phén 1 khau khuéch dai (P),
khau tich phan (I) va khau vi phan (D). Khi st dung thuat toan PID nha thiét phai lwa chon
ché do lam viéc P, I hay D va sau d6 dat tham s cho cac ché do da chon. Mot cach tong

quat, c6 ba thuat toan co ban dugc stir dung 1a P, PI va PID.

U
1 p
e U; Y U
- kp PA TS —Yreo—2s
U
TpS L

\ 4

Hinh 2.17: Cau trac bd diéu khién PID. U, U; Up

Bo diéu khién PID c6 cau trac don gian, dé su dung nén dugc str dung rong rai trong
diéu khién cac dbi trong SISO theo nguyén 1y hdi tiép (hinh 4.4) bd PID c6 nhiém vu dua
sai 1&ch e(t) ctia hé thong vé 0 sao cho qué trinh qua d6 thda man cac yéu cau co ban vé chit
luong:

- Néu sai léch tinh e(t) cang 16n thi thong qua thanh phan up(t), tin hiéu diéu chinh u(t)
cang lon.

- Néu sai léch e(t) chua bang 0 thi théng qua thanh phan ui(t), PID van con tao tin hiéu
diéu chinh.

- Néu su thay d6i cua sai 1éch e(t) cang 16n thi thong qua thanh phan up(t), phan tng
thich hop cua u(t) s€ cang nhanh.

e Poi tuong | v
Mo—p» U P N "
PID diéu khién

T

Hinh 2.18: Piéu khién héi tiép v6i bo didu khién PID
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B0 diéu khién PID dugc mo ta bang mo hinh vao-ra:

uw(®) = k, [e(t) + H e(Odt + T, 21

dt
Trong do :
e(t)  —tin hiéu dau vao.
u(t) — tin hiéu dau ra.

kp — tin hiéu khuéc dai
T — hang s6 tich phan.
Tp — hing s vi phan.

Tir m6 hinh vao — ra trén, ta ¢6 duoc ham truyén dat caa bd diéu khién PID
1
R(s) =k (1+—+T s)
( ) P TIS D

C6 nhiéu phuong phap xac dinh tham s6 cta b diéu khién PID:
- Phwong phap Ziegler-Nichols.
- Phuong phap Chien-Hrones-Reswick.
- Phuwong phap tong T cuia kuhn.
- Phuong phép t6i vu modul va phuong phép tbi uu dbi ximg.

- Phuong phap tdi wru theo sai léch bam

Dé tai sir dung phuong phép Ziegler-Nichols nén t6i chi di sdu vao phuong phap nay,

cac ban co thé tim hi€u thém cac nguyén tac khac nhu da néu & trén.

2.4.2. Phuong phap Ziegler-Nichols.

Phuong phap Ziegler-Nichols 1a phwong phéap thyuc nghiém dé xac dinh tham sb bd

diéu khién P, PI hoic PID béang cach dwa vao dap Gmg qua d6 cua dbi twong diéu khién. Tuy

theo dic diém cua tirng ddi twong, Ziegler va Nichols dwa ra hai phuong phép lua chon tham

sO cua bo diéu khién

Phwong phap Ziegler-Nichols thir nhét:

Phuong phép nay ap dung cho cac ddi tugng c6 dap ing ddi véi tin hiu vao 1a ham nic c6

dang chit S (hinh 2.19) nhu nhiét do 10 nhiét, tde do dong co...
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Hinh 2.19: d4p tmg nic cua hé hé c6 dang chit S.
Thong s6 cua bo diéu khién dugc chon theo bang sau:

Bang 2.1: cic tham sd PID theo phuong phap Ziegler-Nichols thtr nhat

Thong sb
Kp Ty To
BbK
P T2/(k. Th) - -
I 0,9T2/(k.T1) T1/0,3 -
D 1,2T2/(k.T1) 2T1 0,5T1

Phwong phap Ziegler-Nichols thir hai.

Phuong phap nay ap dung cho ddi tugng c6 khau tich phan 1y twong nhu muc chat

16ng trong bon chira, hé truyén dong dung dong co... dap tmg qua do cta hé ho cua ddi

tuong ting dén vo cung. Phuong phap nay duoc thuc hién nhu sau:

U
ktn >

D01 tuong
diéu khién

y

e

Hinh 2.20: xac dinh hr?mg s6 khuéch dai t6i han

- Thay b6 diéu khién PID trong hé kin bang bd khuéc dai (hinh 2.20)
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- Tang hé s6 khuéc dai toi gia tri toi han ke dé hé kin & ché do bién gidi 6ndinh,
tire 14 h(t) c6 dang dao dong diéu hoa.
- X4c dinh chu ky Tw cua dao dong.

h(t)
1004

80
g0
40

20

-
a i 10 15 20 28 30 38 0t
Hinh 2.21: Dép tmg nic cua hé kin khi k= ke
Thong s6 cua cac bo diéu khién duge chon theo bang sau:

Bang 2.2: Cac tham s6 PID theo phuong phap Ziegler-Nichols thir hai.

Thong
5 kp T: To
BbK
P 0,5k - -
I 0,45 kn 0,85 Tin -
D 0,6 kin 0,5 Tt 0,125 Tt
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Tinh toan thong s6 cho b diéu khién PID.

1 1 1 1 1 L] 1 1 1
12+
B
— - pi
10 o e e - p“:.,
: B, A A ST
v
8h /! 4
I
/
I
II
6t | ]
||'
4t L .
f1
0
ok | |
b
0] / u
L 1 L 1 L L L L
0] 1 2 3 4 5 51 i 8 g 10

Hinh 2.22: So sanh dac tinh P,P1,PD,PID
Hé théng trén chi thuc sy dat hiéu qua khi ta thiét k& cho n6 1 bd diéu khién phu
hop.Véi két cau phan cing va dic tinh diéu khién 1a diéu khién téc do thi bo diéu khién PI
s 1a thich hop hon ca, ta chi ding thém khau vi phan néu lién quan t6i diéu khién vi tri.Do
mg dyung vi diéu khién ngay cang rong rii, chinh vi vay viéc s6 hoa bo diéu khién PI 1a rat
quan trong.Di cing voi nd 1a cac phuong phap cho ta s héa mot cach twong ddi chinh xac
nhu Ziegler-Nichols....... vV V.
Thuit toan diéu khién.
V& nguyén tic khi xdy dung bo diéu khién cho mét dbi twong nao dé thi ta can biét
duoce ciu tric, dic tinh, ham truyén. ..cta ddi tuong.
Vé6i dong co 1 chiéu bat ki thi ta khong phai lac nao cling mé xé dong co ra roi do dac
cac thong sb ctia nd, chinh vi vay bo diéu khién phai c6 nhiém vy tao ra tin hiéu diéu khién
pht hop nhét, c6 kha niang diéu khién linh hoat v6i nhiéu dong co khac nhau.

V6i diéu khién PID thi ¢6 rat nhiéu cach thirc thyc hién, riéng b PID thi c6 PID thudng

va PID thich nghi
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w(k) ei(k) | Bo dieu khién| k)| Pong co Bi(k)
PID DC

Hinh 2.23: PID thuong

ea(k)
. ei(k) PID | DPongco X

Hinh 2.24: PID thich nghi
Véi PID thuong thi dau ra chi phu thudc vao tin hiéu ei(k), con v6i PID thich nghi thi
con phuy thude thém vao ex(k).
Thuec té cho thay PID thich nghi hoat dong t6t va 6n dinh hon PID thudng.
Phwong trinh toan hoc bg PID.
|

v?>

de(t)
D gt

Hinh 2.25: So d6 khédi bd PID
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de(t)

Ult)=K,*e(t)+K, j e(t)*dt+ K,

Néu bo thanh phan vi phan di ta chi con PI:

Ult)=K,*e(t)+K, j e(t) * dt

/" _

tis)

At

Cha thich: - dudng chadm gach bidu didn van t8c cin thiét v_set.
- diromg gach gach bidu didn van tdc thue t& cia déng co.

Hinh 2.26: Trich mau 14y tin hiéu
At 1a thoi gian 1dy mau (Samplingtime) 14 rat nho.

Ta tinh thanh phan tich phan j e(t)*dt =lim()_e()*Ar),,, Lay gan dung ta c6

0

j e(t)*dr = im(>_ e(r) * At),,,, = > e(i)* At trong d6 i=0,1,2,...

0
Tomlaitaco U(t)=K,*e+K, *Ze(i)At
bit e sum(i+1)= Z e(i)=e_sum(i)+e(i+1) Cong thic trén dugc viét lai nhu sau:
Uit)=K,*e+K,e_ sum
Ap dung vao phan ctng diéu khién ta c6 ngd ra bo PI 1a %duty (PWM).
Ngdvaola e sum=v_cur—v_set
v_cur la van tdc hién tai

v_set la van toc dat
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Sy phu thudc ctia van tc vao %duty 14 gan nhu tuyén tinh cho nén dé don gian ta coi
n6 1a tuyén tinh.Vi vdy ta c6 thé diéu khién van tdc thong qua %duty.
- Giai thuat 1ap trinh dé tinh PWM nhu sau

Kp,Ki 14 cac hé sb xac dinh nhd phuong phap Ziegler-Nichols.

e 2 =(v_set-v_cur) la sai Iéch dang xét

e 1 la sai 1éch trude do

e sum=e 2+e 1 14 tong cac sai léch tdi thoi diém dang xét

e sub=(e_2 -e 1) 1a do bién thién sai léch

v_cur la van tdc hién tai

v_set la van tdc dat

Vé6i encoder 100xung/vong, ta trich mau 50ms, nhu vay van toc dong co tai thoi diém
dang xét 1a v_cur = 12*INTO (INTO 13 s6 xung dém duoc trong 50ms)

Ta di dén hé thtrc tinh PWM cho PI cudi ciing 1a:

PWM=PWM + Kp*e 2 + Ki*e_sum
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CHUONG 3. CHE TAO VA THU NGHIEM
3.1. Lip dit san pham

Sau khi thiét ké va lya chon linh kién ta thuc hién ché tao mach in va lip dat co khi
toan bo thiét bj drone. Chi tiét tirng phan mach PCB va co khi nhu cac hinh dudi day.

= - e :
VAl -k hog g E R

2 £11 D0 09 D8 07 D : i 3 D2 GNDRST RX0 Tx1 PE1 ]
01201900 09 D& D . v

e G RX
Joi R TX
o2 g PWR

=, Ul am L 4 L
=

3 AT +5V RSTGND VIN PEQ
& k. ¥ e o

Ndu-9Ll @

l

Hinh 3.1: Mach PCB drone sau khi gén cac bd phan
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Hinh 3.2: Lap rap khung Drone

Hinh 3.3: Gan mach PCB vao khung drone
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Hinh 3.4: Thiét bi Drone sau khi lp ghép hoan chinh
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Hinh 3.5: Tay cam diéu khién sau khi ldp rap hoan chinh
3.2. Chwong trinh diéu khién

Chuong trinh thuc hién diéu khién drone dwoc viét trén Arduino IDE va st dung

thudt toan PID cho dong co nhu trinh bay & chuong 2. Chi tiét chuong trinh duoc trinh bay
chi tiét & phu luc 1.
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Két luan

Sau thoi gian thuc hién dd 4n em da thuc hién dugc cac ndi dung chinh gé)m:

- Hiéu dugc nhing kién thire tong quan vé thiét bi bay khong nguoi 141, di sau tim hiéu
thiét bi qua Quadcopter bao gdm cac mach diéu khién, cac thanh phan co khi va thuat
toan diéu khién PID cho cic dong co duoc sir dung trong dd an.

- Nghién ctru tim hiéu va thiét k&, thuc hién cac mach va lap dit thir nghiém thiét bi
drone loai Quadcopter.

- Thuc hién viét chuong trinh diéu khién cho thiét bi bay di ché tao.

Trong thdi gian 1am d6 4n em d3 nhan duoc nhiéu su giup d&, hudng dan tir céc thiy
co trong Khoa Dién — Dién tur, Truong Pai hoc Quan ly va Cong nghé Hai Phong,
nho nhitng diéu d6 ma em dd hoan thanh dwgc dd 4n cia minh. Em xin tran trong

cam on td1 tat ca thay co va cac ban.
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Phu luc 1

#include <Wire.h>
#include <EEPROM.h>

float pid p gain roll = 1.3;
float pid i1 gain roll = 0.04;
float pid_d_gain_roll = 18.0;
int pid_max_roll = 400;

float pid_p_gain_pitch = pid_p gain_roll;
float pid_1_gain pitch =pid 1 gain roll;
float pid d_gain pitch =pid d gain roll;
int pid max_pitch = pid max_roll;

float pid_p_gain_yaw = 4.0;

float pid 1 gain yaw = 0.02;

float pid d gain yaw = 0.0;

int pid_max_yaw = 400;

boolean auto level = true;
//Khai bao céc bién toan cuc

byte last channel 1, last channel 2, last channel 3, last channel 4;
byte eeprom_data[36];

byte highByte, lowByte;

volatile int receiver input channel 1, receiver input channel 2,
receiver input channel 3, receiver input channel 4;

int counter_channel 1, counter channel 2, counter channel 3,
counter channel 4, loop counter;

intesc 1,esc 2,esc 3, esc 4;

int throttle, battery voltage;

int cal int, start, gyro _address;

int receiver input[5];

int temperature;

int acc_axis[4], gyro_axis[4];

float roll level adjust, pitch level adjust;

long acc_x, acc_y, acc_z, acc_total vector;

unsigned long timer channel 1, timer channel 2, timer channel 3,
timer channel 4, esc timer, esc_loop timer;

unsigned long timer 1, timer 2, timer 3, timer 4, current time;
unsigned long loop_timer;

double gyro pitch, gyro roll, gyro yaw;
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double gyro_axis_cal[4];

float pid_error_temp;

float pid 1 mem_roll, pid roll setpoint, gyro roll input, pid output roll,

pid last roll d error;

float pid 1 _mem_pitch, pid pitch setpoint, gyro pitch_input, pid_output pitch,
pid_last pitch d error;

float pid i mem_yaw, pid yaw_ setpoint, gyro yaw_input, pid output yaw,
pid last yaw d_error;

float angle roll acc, angle pitch_acc, angle pitch, angle roll;

boolean gyro angles set;

//Quy trinh thiét 1ap

void setup() {
Serial.begin(57600);
for(start = 0; start <= 35; start++)eeprom_data[start] = EEPROM.read(start);
start = 0; //Dit diém bit dau vé 0.

gyro_address = eeprom_data[32]; /Luu trit dia chi con quay trong bién.
Wire.begin(); //Khéi dong 12C vai tu céach 1a chu.
TWBR = 12; //Pit tc d6 xung nhip 12C thanh 400kHz.

DDRD |=B11110000; ~ //Dinh céu hinh k§ thuat s6 4, 5, 6 va 7 lam dau ra.
DDRB |=B00110000; //Dinh cau hinh ky thuat s6 12 va 13 lam dau ra.

digitalWrite(12,HIGH); //Bat den led canh béo.

while(eeprom_data[33] !="]' || eeprom_data[34] !="M' || eeprom_data[35] !=
'B")delay(10);

//Can c¢6 MPU-6050 vé6i con quay hdi chuyén va gia tc ké
if(eeprom_data[31] == 2 || eeprom_data[31] == 3)delay(10);
set_gyro_registers(); //Pit cac thanh ghi con quay cu thé.

for (cal_int = 0; cal int < 1250 ; cal int ++){ //Doi 5 gidy trudc khi tiép tuc.
PORTD |=B11110000;
delayMicroseconds(1000);
PORTD &= B00001111;
delayMicroseconds(3000);

;
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//ldy nhiéu mAu dir liéu con quay hoi chuyén dé xac dinh d6 1éch trung binh
ctia con quay hdi chuyén
for (cal_int = 0; cal_int <2000 ; cal int ++){ //Lay 2000 bai doc dé hiéu chuén.
if(cal_int % 15 == 0)digitalWrite(12, !digitalRead(12)); //Thay doi trang thai dén
LED d¢ biéu thi hiéu chuan.
gyro_signalen(); //Poc dau ra con quay hoi chuyén.
gyro axis_cal[1] += gyro_axis[1];
gyro_axis_cal[2] += gyro_axis[2];
gyro_axis_cal[3] += gyro_axis[3];
//cung cap xung 1000us trong khi hiéu chinh con quay hoi chuyén dé esc k phat ra
tiéng bip.

PORTD |=B11110000;
delayMicroseconds(1000);
PORTD &= B00001111;
delay(3);

}

//Bay gid c6 2000 s6 do,-> do 1éch con quay hdi chuyén trung binh.
gyro_axis_cal[1] /=2000;
gyro axis_cal[2] /= 2000;
gyro_axis_cal[3] /=2000;

PCICR |= (1 << PCIE0); /Dt PCIEO dé bat quét PCMSKO.
PCMSKO |= (1 << PCINTO);
PCMSKO |= (1 << PCINT1);
PCMSKO |= (1 << PCINT2);
PCMSKO |= (1 << PCINT3);

//Doi cho dén khi bo thu hoat dong va budm ga dugc dit & vi tri thap hon.

while(receiver input channel 3 <990 || receiver input channel 3 > 1020 ||
receiver_input channel 4 <1400){
receiver_input channel 3 = convert receiver channel(3);
receiver input channel 4 = convert receiver channel(4);
start ++;
//Cung cap xung 1000us trong khi chd dau vao may thu dé esc k phat ra tiéng bip.
PORTD |=B11110000;
delayMicroseconds(1000);
PORTD &= B00001111;
delay(3);
if(start == 125){
digitalWrite(12, !digitalRead(12));
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start = 0;
§
h

start = 0;

//Nap dién ap pin vao bién battery voltage.

//65 1a dién ap bu cho diode.

//12.6V equals ~5V @ Analog 0.

//12.6V equals 1023 analogRead(0).

//1260 /1023 = 1.2317.

//battery voltage gitr 1050 néu dién ap pin 1 10,5V.
battery voltage = (analogRead(0) + 65) * 1.2317;

loop_timer = micros();

// tat dén led.

digitalWrite(12,LOW);
b

//Vong 1ap chuong trinh chinh
void loop(){

//65.5 = 1 deg/sec (kiém tra bang dit liéu cia MPU-6050 dé biét thém thong tin).
gyro_roll input = (gyro roll input * 0.7) + ((gyro_roll / 65.5) * 0.3); //Gyro
pid input 1s deg/sec.
gyro_pitch_input = (gyro_pitch_input * 0.7) + ((gyro_pitch / 65.5) *
0.3);//Gyro pid input is deg/sec.
gyro_yaw_input = (gyro_yaw_input * 0.7) + ((gyro_yaw / 65.5) * 0.3);
//Gyro pid input is deg/sec.

//Tinh toan goc con quay

//0.0000611 =1/ (250Hz/ 65.5)

angle pitch += gyro_pitch * 0.0000611;
angle roll += gyro roll * 0.0000611;

//0.000001066 = 0.0000611 * (3.142(PI) / 180degr)
angle pitch -= angle roll * sin(gyro_yaw * 0.000001066);
angle roll += angle pitch * sin(gyro yaw * 0.000001066);

acc_total vector = sqrt((acc_x*acc_x)+(acc_y*acc y)+H(acc_z*acc z));
//Tinh tong vecto gia toc.
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if(abs(acc_y) <acc_total vector){

angle pitch acc = asin((float)acc_y/acc_total vector)* 57.296; //Tinh gdc nghiéng.
}
if(abs(acc_x) <acc total vector){

angle roll acc = asin((float)acc_x/acc_total vector)* -57.296; //Tinh gdc cudn.

b

//Pat thude thity MPU-6050 va ghi lai cac gid tri ¢ hai dong sau dé hiéu chuan.
angle pitch acc -=0.0;
angle roll acc -=0.0;

angle pitch = angle pitch * 0.9996 + angle pitch acc * 0.0004; //Piéu
chinh d¢ 1éch cta géc nghiéng cta con quay hdi chuyén bang goc nghiéng cua
gia toc ké.

angle roll = angle roll * 0.9996 + angle roll acc * 0.0004; //Hi¢u chinh d¢ Iéch cua
gdc cudn con quay bang goc cudn gia toc.

pitch level adjust =angle pitch * 15; //Tinh todn hi¢u chinh
gbc nghiéng
roll level adjust=angle roll * 15; //Tinh todn hiéu

chinh gbéc cudn

if(lauto_level){ //Néu may bay bon canh khong & ché do ty dong
cap
pitch level adjust =0; //Dat hi¢u chinh goc nghiéng veé 0.
roll level adjust =0; //Dat hiéu chinh goc cudn veé 0.
b

//Dé khoi dong dong co: throttle thap va yaw trai (step 1).
if(receiver_input channel 3 <1050 && receiver input channel 4 <
1050)start = 1;
//Khi can diéu hudng trd lai vi tri chinh giita, khéi dong dong co (step 2).
if(start == 1 && receiver_input_channel 3 <1050 &&
receiver_input channel 4 > 1450){
start = 2;

angle pitch = angle pitch_acc;
angle roll = angle roll acc;
gyro angles set = true;

//Dit lai bd diéu khién PID dé khoi dau sudn sé.
pid i mem roll = 0;
pid last roll d error = 0;
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pid 1 mem_pitch = 0;
pid_last pitch d error = 0;
pid i mem yaw = 0;
pid last yaw d_error = 0;
}
//Durng dong co: throttle thép va yaw sang phai.
if(start == 2 && receiver_input_channel 3 <1050 &&
receiver_input channel 4 > 1950)start = 0;

//Diém dit PID tinh bing do trén gidy duoc xac dinh boi dau vao may thu
cudn.

//Trong truong hop chia cho 3, tbc dd cudn t6i da 1a khoang 164 do mdi gidy (
(500-8)/3 = 164d/s ).

pid roll setpoint = 0;

//Chiing ta can mot dai chét nho 16us dé c6 két qua tét hon.

if(receiver_input channel 1> 1508)pid roll setpoint =
receiver _input channel 1 - 1508;

else if(receiver input channel 1< 1492)pid roll setpoint =
receiver_input channel 1 - 1492;

pid roll setpoint -=roll level adjust;
pid_roll_setpoint /= 3.0;

//Diém dit PID tinh bing do trén gidy duoc xac dinh boi dau vao may thu cao
do.

//Trong trudng hop chia cho 3, tbc do cao do tbi da 1a khoang 164 do mdi gidy
((500-8)/3 =164d/s ).

pid_pitch_setpoint = 0;

//Can mot dai chét nhé 16us dé co két qua tot hon.

if(receiver_input channel 2 > 1508)pid pitch_setpoint =
receiver _input channel 2 - 1508;

else if(receiver input channel 2 < 1492)pid pitch setpoint =
receiver_input channel 2 - 1492;

pid pitch_setpoint -= pitch level adjust;

pid_pitch_setpoint /= 3.0;

//Piém dit PID tinh bang do trén gidy dugc xac dinh boi ddu vao may thu
1éch.

//Trong truong hop chia cho 3, toe d yaw tdi da 1a khoang 164 d6 mdi gidy (
(500-8)/3 = 164d/s ).

pid_yaw_setpoint = 0;

//Chung ta can mot dai chét nho 16us dé co két qua tét hon.

if(receiver input channel 3 > 1050){ /Khong yaw khi tit dong co.

51



if(receiver_input_channel 4 > 1508)pid yaw_setpoint =
(receiver_input _channel 4 - 1508)/3.0;
else if(receiver input channel 4 < 1492)pid yaw setpoint =
(receiver input channel 4 - 1492)/3.0;
b

calculate pid();

//Dién 4p pin 14 can thiét dé bu ddp. o
//IM&t bo loc bo sung dugc st dung dé giam tiéng on.
//0.09853 = 0.08 * 1.2317.

battery voltage = battery voltage * 0.92 + (analogRead(0) + 65) * 0.09853;
//Bat dén led néu dién ap pin yéu.

if(battery voltage < 1000 && battery voltage > 600)digital Write(12, HIGH);

throttle = receiver_input_channel 3;
if (start == 2){ //Cac dong co dugc khoi
dong.
if (throttle > 1800) throttle = 1800;
esc_1 =throttle - pid_output pitch + pid output roll - pid output yaw;
//Tinh xung cho esc 1 (front-right - CCW)
esc_2 = throttle + pid_output pitch + pid_output roll + pid output yaw;
//Tinh xung cho esc 2 (rear-right - CW)
esc_3 = throttle + pid_output pitch - pid output roll - pid output yaw;
//Tinh xung cho esc 3 (rear-left - CCW)
esc_4 = throttle - pid_output pitch - pid_output roll + pid_output yaw;
//Tinh xung cho esc 4 (front-left - CW)

if (battery voltage < 1240 && battery voltage > 800){ //Pin da
duge két ndi chua?
esc 1 +=esc 1 *((1240 - battery voltage)/(float)3500); //Bu xung
esc-1 khi sut ap.
esc_2 +=-esc_2 *((1240 - battery_voltage)/(float)3500); //Bu xung
esc-2 khi sut ap.
esc 3 +=esc 3 *((1240 - battery voltage)/(float)3500); //Bu xung
esc-3 khi sut ap.
esc_4 +=esc_4 * ((1240 - battery_voltage)/(float)3500); //Bu xung
esc-4 khi sut ap.
b
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if (esc_1<1100) esc_1=1100; //Giit cho dong co chay.

if (esc 2 <1100) esc 2 =1100; //Gilt cho dong co chay.
if (esc 3 <1100) esc 3 =1100; //Gilt cho dong co chay.
if (esc_4 <1100) esc_ 4 =1100; //Giit cho dong co chay.
if(esc 1 >2000)esc_1=2000; //G161 han xung esc-1 & muc
2000us.
if(esc_2 >2000)esc_2 = 2000; //G161 han xung esc-2 & muc
2000us.
if(esc_3 >2000)esc_3 =2000; //G161 han xung esc-3 & muc
2000us.
if(esc_4 > 2000)esc_4 = 2000; //G161 han xung esc-4 & muc
2000us.
b
else{

esc_1=1000; //Néu bat dau khong phai 1a 2, hiy giit xung 1000us cho
esse_slé_z =1000;  //Néu bat dau khong phai 1a 2, hdy giir xung 1000us cho
esse_s?é_s =1000;  //Néu bat dau khong phai 1a 2, hdy giir xung 1000us cho
esse-s?,c._4 =1000; //Néu bat dau khong phai 1a 2, hiy giit xung 1000us cho
ess-4.

b

if(micros() - loop_timer > 4050)digitalWrite(12, HIGH); //Bat deén
LED néu thoi gian vong ldp vuot qua 4050us.

//Toc do lam moi 1a 250Hz. Biéu d6 c6 nghia 1a esc can ¢d xung cir sau 4ms.

while(micros() - loop timer < 4000); //Doi cho dén khi
4000us duogc thong qua. ’
loop_timer = micros(); //Dat by dém thoi gian

cho vong lip tiép theo.

PORTD |=B11110000;

//Tinh thoi gian ctia canh yéu cua xung esc.
timer channel 1=-esc 1+ loop timer;
timer channel 2 =esc 2 + loop_timer;
timer channel 3 =esc 3 + loop_timer;
timer channel 4 =esc 4 + loop timer;
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gyro_signalen();

while(PORTD >= 16){
esc_loop timer = micros(); //Poc thot gian hién tai.
if(timer_channel 1 <=esc _loop timer)PORTD &=B11101111;
if(timer_channel 2 <=esc _loop timer)PORTD &=B11011111;
if(timer_channel 3 <=esc loop timer)PORTD &=B10111111;
if(timer_channel 4 <=esc _loop timer)PORTD &=BO01111111;

b
b

ISR(PCINTO_vect) !
current_time = micros();
//Channel 1

1f(PINB & B00000001){ //Pau vao 8 ¢ cao khong
if(last_channel 1 == 0){ //Pau vio 8 da thay dbi tir 0 thanh 1.
last channel 1=1; //Ghi nhé trang thai dau vao hién tai.
timer 1 = current time; //Dat timer 1 thanh current time.
b
j ‘ ,
else if(last channel 1 ==1){ //Pau vao 8 khong cao va thay doi tur 1 thanh 0.
last_channel 1= 0; //Ghi nh¢ trang thai dau vao hién tai.
receiver_input[1] = current_time - timer 1; /Kénh 1 1a current time - timer 1.
b
//Channel 2

if(PINB & B00000010 ){
if(last_channel 2 == 0){
last channel 2 =1;
timer 2 = current time; }
b
else if(last channel 2 ==1){
last channel 2 = 0;
receiver_input[2] = current_time - timer_2;
b
//Channel 3
if(PINB & B00000100 ){
if(last_channel 3 == 0){
last channel 3=1;
timer 3 = current time;
)

b
else if(last channel 3 ==1){

last channel 3 =0;
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receiver_input[3] = current_time - timer 3;

}

//Channel 4

if(PINB & B00001000 ){
if(last_channel 4 == 0){
last channel 4 =1;
timer 4 = current_time;
b

b
else if(last channel 4 ==1){

last channel 4 =0;
receiver_input[4] = current_time - timer_4;
b
b

//Chuong trinh con dé doc con quay hdi chuyén

void gyro_signalen(){
//Doc MPU-6050
if(eeprom_data[31] == 1){
Wire.beginTransmission(gyro address);
Wire.write(0x3B);
Wire.endTransmission();
Wire.requestFrom(gyro address,14);

receiver_input channel 1 = convert receiver channel(1);
receiver _input channel 2 = convert receiver channel(2);
receiver_input channel 3 = convert receiver channel(3);
receiver_input channel 4 = convert receiver channel(4);

while(Wire.available() < 14);

acc_axis[1] = Wire.read()<<8|Wire.read();
acc_axis[2] = Wire.read()<<8|Wire.read();
acc_axis[3] = Wire.read()<<8|Wire.read();
temperature = Wire.read()<<8§|Wire.read();
gyro_axis[1] = Wire.read()<<8|Wire.read();
gyro axis[2] = Wire.read()<<8|Wire.read();
gyro_axis[3] = Wire.read()<<8|Wire.read();

b

if(cal_int == 2000){
gyro_axis[1] -= gyro_axis_cal[l];
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gyro_axis[2] -= gyro_axis_cal[2];

gyro_axis[3] -= gyro_axis_cal[3];
b
gyro roll = gyro axis[eeprom_data[28] & 0b00000011];
if(eeprom_data[28] & 0b10000000)gyro_roll *= -1;
gyro_pitch = gyro_axis[eeprom_data[29] & 0b00000011];
if(eeprom_data[29] & 0b10000000)gyro pitch *=-1;
gyro_yaw = gyro_axis[eeprom_data[30] & 0b00000011];
if(eeprom_data[30] & 0b10000000)gyro_yaw *=-1;

acc_x = acc_axis[eeprom_data[29] & 0b00000011];
if(eeprom_data[29] & 0b10000000)acc_x *= -1;
acc_y = acc_axis[eeprom_data[28] & 0b00000011];
if(eeprom_data[28] & 0b10000000)acc y *=-1;
acc_z = acc_axis[eeprom_data[30] & 0b00000011];
if(eeprom_data[30] & 0b10000000)acc_z *= -1;

}

//Chuong trinh con tinh toan dau ra pid

void calculate pid(){
//Tinh toan cudn
pid_error_temp = gyro_roll input - pid_roll_setpoint;
pid i mem roll +=pid i gain roll * pid error temp;
if(pid 1 mem_roll > pid max roll)pid i mem roll = pid max_roll;
else if(pid 1 mem_roll <pid max roll * -1)pid 1 mem_roll = pid _max_roll * -1;

pid_output roll =pid p gain roll * pid error temp + pid i mem roll +
pid_d gain_roll * (pid_error temp - pid last roll d error);
if(pid_output_roll > pid_max_roll)pid_output roll = pid_max_roll;
else if(pid_output roll <pid max roll * -1)pid output roll = pid max roll * -1;

pid last roll d error =pid _error temp;

//Tinh toan cao do

pid_error_temp = gyro_pitch_input - pid_pitch_setpoint;

pid 1 mem pitch += pid 1 gain_ pitch * pid_error temp;

if(pid 1 mem_pitch > pid max_pitch)pid i mem pitch = pid max_pitch;

else if(pid i mem pitch < pid max_pitch * -1)pid i mem_ pitch = pid max_pitch * -
1;

pid_output pitch =pid p gain pitch * pid_error temp + pid i mem pitch +
pid d gain pitch * (pid_error temp - pid last pitch d error);
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if(pid_output_pitch > pid max_pitch)pid output pitch = pid max_pitch;
else if(pid_output pitch <pid max_pitch * -1)pid_output_pitch =
pid max pitch * -1;

pid last pitch d error =pid_error temp;

//Yaw calculations

pid_error temp = gyro_yaw_input - pid_yaw_setpoint;

pid 1 mem yaw +=pid i gain yaw * pid_error temp;

if(pid 1 mem_yaw > pid max yaw)pid i mem_ yaw = pid max_yaw;

else if(pid i mem yaw <pid max _yaw * -1)pid i mem_ yaw =
pid_max_yaw * -1;

pid output yaw =pid p gain yaw * pid error temp + pid i mem_ yaw +
pid d gain yaw * (pid_error temp - pid last yaw d error);

if(pid_output yaw > pid _max_yaw)pid output yaw = pid max yaw;

else if(pid_output yaw < pid max yaw * -1)pid output yaw = pid max_ yaw
% _ 1 ;

pid last yaw d_error = pid_error_temp;

}

//chuyén d6i tin hi¢u thu thyc té thanh gia tri tiéu chuan
//Dir 1i¢u dugc luu trit trong EEPROM duoc str dung.

int convert_receiver _channel(byte function){
byte channel, reverse;
int low, center, high, actual;
int difference;

channel = eeprom_data[function + 23] & 0b00000111;
if(eeprom_data[function + 23] & 0b10000000)reverse = 1;
else reverse = 0;

actual = receiver input[channel];
low = (eeprom_data[channel * 2 + 15] << 8) | eeprom_data[channel * 2 + 14];
center = (eeprom_data[channel * 2 - 1] << 8) | eeprom_data[channel * 2 - 2];

high = (eeprom_data[channel * 2 + 7] << 8) | eeprom_data[channel * 2 + 6];
if(actual < center){

if(actual < low)actual = low;

difference = ((long)(center - actual) * (long)500) / (center - low);

if(reverse == 1)return 1500 + difference;

else return 1500 - difference;
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b

else if(actual > center){
if(actual > high)actual = high,;
difference = ((long)(actual - center) * (long)500) / (high - center);
if(reverse == 1)return 1500 - difference;
else return 1500 + difference;

}

else return 1500;

b

void set _gyro registers(){

// MPU-6050

if(eeprom_data[31] == 1){
Wire.beginTransmission(gyro address);
Wire.write(0x6B);
Wire.write(0x00);
Wire.endTransmission();
Wire.beginTransmission(gyro address);
Wire.write(0x1B);
Wire.write(0x08);
Wire.endTransmission();
Wire.beginTransmission(gyro address);
Wire.write(0x1C);
Wire.write(0x10);
Wire.endTransmission();
//kiém tra ngau nhién
Wire.beginTransmission(gyro address);
Wire.write(0x1B);
Wire.endTransmission();
Wire.requestFrom(gyro address, 1);
while(Wire.available() < 1);
if(Wire.read() != 0x08){

digitalWrite(12,HIGH);
while(1)delay(10);

)
Wire.beginTransmission(gyro address);
Wire.write(0x1A);
Wire.write(0x03);
Wire.endTransmission();
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Tai liéu tham khao

Arduino.cc

Quach Tuin Ngoc(2003). Ngon Ngit Lap Trinh C, Nha xuét ban Théng Ké.
http://www .brokking.net
https://github.com/parakhm95/Custom-Quadrotor-Drone
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