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01 Introduction

Research Objectives

Quadcopter Attitude Control implementation.

Attitude control test using the Testbed.
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I A CONTROLA
F52Y

F450 V2 =g &

BX2212 920KV,
DYS 30A SimonK ESC _ _
* Frame Weight : 282g - HE28ZEF
* Diagonal Wheelbase : 450mm
« NQYHECELR *  Weight: 28g
e 11.1v €I 10200 rpm

« 9.4x43IE 11.1V5000mAh HfE{ 2]
AEA| Z|Cf HEFR 182

*  Weight: 14.5¢g
*  Outout PWM Frequency : 18KHz
* Input voltage : 2~6s Lipo
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. Programming/debug

[ Digital
l:‘ Analog

. Crystal/Ose
[[] External Memory

USART

EtO| /72 E

EtO| /72 E

PEN

(RXDO/PDI) PE0
0/PDO) PE1
(XCKO/AIND) PE2
(OC3A/AINT) PE3
OC3B/INT4) PE4
(OC3C/INTS) PES
(T3/INT6) PE6
(ICP3/INTT) PE7
(S5) PBO
(SCK) PB1
(MOSI) PB2
(MISO) PB3
(OCO0) PB4
(OC1A) PBS
OC1B) PB6

Pinout ATmega 128A
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(OC2/0CI1C) PB7
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PA2 (AD2)
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e

| ] PA3 (AD3)

7 [] pa4 (ADY)

| | PAs (AD3)
|_] PAG (AD6)
| ] PAT (ADT)
|_] PG2(ALE)
| ] PC7(A15)
|| PC6 (A14)
| ] PC3 (A13)
|| PC4(A12)
|| PC3aln

7 [] pc2(Al0)

| ] PC1(A9)
| ] PCo(A8)
| | PG1 (®D)
] pGo (WR)
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Hardware Interface

11.1V
Battery

ATmega 128A

Motor

Motor
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Control System CONTROLA

Outer Attitude

Controller Controller

Hovering / Attitude
Path Following

Sensor & Filter
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USART Features CONTROLA

Atmega 128°| RIEHEAI T E

« XIHEAMILE USART 27} LHZ
- Universal Synchronous and Asynchronous Receive and Transmitter)
- USARTO, USART1
o 2t™ O|=HtAl(Full - Duplex)
-RX, TX THO| M S A0 e S 7hs
- SN /Hs7| 85 7ts
« =2 ™Mol o| H 0| E YAl 7|(Baud Rate Generator) L &t
- AFE QIHEE
- Z AP 2 (TX Complete)
Al 4| O|H 8| K| A B &=H| 2t = (TX Data Register Empty)
AL F (RX Complete)
Of &4 7bit ~ 13bitZ2 4 E

|

3 o

-
. o
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USART Data Frame Format CONTROLA

USART S 015 =Y

(IDLE) | Sp1 [Sp2)\ (St/IDLE)

St (Start bit)

: 1bit, B4 0(=2]) 24 ZHEICH SA A RIEHO 2 M
* 5,6,7,8,9 (Data bit)
:5~9bitA7|E ML It
* P (Parity bit)
AEA| 24/ B2 Parity bit2 22

Sp1, Sp2 (Stop bit)

1 1bit, 2 2bit= 27 7tSOHH 2 U=2l) S ZHTLE S A ArsHo 2 4y
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CONTROLA

USART Register

« UDRn 7 | e | 5 | a | 3 [ 2 | 1] o |
- USART I/O Data Register n TXB6 | TXB5 | TXB4 | TXB3 | TXB2 | TXB1 | TXBO

- UDRO, UDR1 52| [f| 0| E{ 2 & (HTH %2h

- UDRn Register -

| 7 | e | s [ 4] 32 |1 ] 0
- USART Control and Status Resigster n A~C -“““
e EETOENEIEE PR .. . o e e s v o
- USARTO, 1 Z+ZH A~CTIHX| QL2 ﬂ---

B

- UDSRnA~C Register -

* UBRRnH/L
| 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 |

- USART Baud Rate Register I N R R (T [T [T [
saRT B 80| = 2t A v e[ s [ a2l |0

- UBRRNnH/L Register -
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. CONTROLA
Low Pass Filter

X, = axp_; + (1 —a)x, (1)
A (OIM 2™ - e s &
Xp_1 = AXpx_y + (1 — @)Xp_q (2)
Al (1)0f CH Y,
X, = axp_; + (1 —a)xy
= afaxy_; + (1 — a)Xp_1} + (1 — a)xy (3)

— asz_z + (1 — a)fk—l + (1 — a)fk

=78 HIOIE (-1, %) 0l &HE! A =S B[ SHE,

a(l—a) <1l—-a
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PWM Definition CONTROLA

e Pulse Width Modulation
o« "HAZZ MEOIAX S A0 M2 HtA| 7| = HE B4
 LEDEH7| 2, 2H 2MHE N[O S0 AR

duty cycle(%)

amplitude

period (T)

!

AANS

| -

e ZXlZ (amplitude) : TTL 4|2 (5V)2 4™ 0| E|0{Ae o2 QX
«  F7| (period) : FL{=0f Y= (1/f)0|H, D - El Zf AR
T E|H| (duty cycle) : TKX| F=7|0f| M M= 7} Q= F7HC| Hl2S LIEHH
- A2 71 glo™, FE|H[E=0
- HATL Q0| gt “17Ql AE = 100
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PWM Register CONTROLA

TCNTn
- Timer/Counter n Register
- lebit 2| X[ A 4= ME

OCRnAC | 7 | e[ s |43 ]|2|a]

- Timer/Counter n Output Compare Register

- 253 H| W K| AE{(TCNT1/39} H & X H| 1) UM"A”COM"AUWGM"U
1| 6 |

- F P KA gt YR Al A-EE 20| &3
s | 4|3 |2 | 1|0 |

- Timer/Counter n Input Captur Register
16

-2 E AN X AH

- Q13 W A| TCNTXO| 7+ 248 N &

* TCCRnA~C :
- Timer/Counter n Control Register A~C VIR e
- Mo 2 K| AH

-Efo|oi o] S} urA M7
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PWM Behavior CONTROLA

=3
+ Q50 HEE 8 USAxta)of A Tl el EF Fafo| 50| oY S 0= MOL TCNTE §7I2E

T (s
© 57 ZHTOP)0| QJ6 PWM AlS Z8 QI OCT} HL(1) = LO(0)2 2 BHYOf 8 57| ] PWM Al S 7} 52

© PWMUZ FIOb= TONTS| 2| 2 52| FLaf4=2f TCNTS| 7+2 E =5 0| 8of 7+

fClkI/O
N-(1+TOP)

fOCnxpwm —

focnxpwm : 1% PWME E QI OCO| & k| = PWMO| L=
feury o+ AFONM RHE= 252 0t

TOP: 7t2E{ 7t AN 2 =S5h= (0L
16bit EFO|T{/7I2HE ALEE &% 12716-1

. =1 AL = | —
N: 25 & L== &FH|
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PWM Operation Mode

TCNThnE= HHE XM O 2 7} ElSHH SHAF 0x0000~TOPS| 72 7}
TCNTnQ| ZtO0| TOP 1 Y X|E|H 1 IZ|-% AO|20|M 022 22|07
TCCRxB 2| K| AE 2| WGMx3~0 H|E £ 5,6,7,14,152 A ™

— EH ZF

EHTOP 4}

TOP 4t OxO0FF OxO1FF OxO03FF ICR1 OCR1A

WGMn2 | WGRKm WGMno Timer/Counter Mode of Update of TOVN Flag
WGMna | (CTCn) | (PWMn1) | (PWKnO) Cperation'™ Tap OCRNX at Set on

N R I N R L B - S

8 0 PWH, Phase and Frequency
----- 1:'::'”.&‘::' m EGTTorIﬂ BﬂTde
-“ S P eomeney OCAnA | BOTTOM BOTTOM

Correct Ty R o

n—n-- PAWM, Phase Correct o [Tor [woron |
1| PWM,Phase Correct
—--n—m

IFI:.- served)
n———nm
o+ |+ [ 1+ | 1 |Fawpwm  JocAm[ToP  |TOP |
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PWM Operation Mode CONTROLA

«  OCRnx 2| K| AE{ 2| Z+0j| 2} High EE= Low £ 20| WA ZO| ZN £|0f PWMO| It =
- NS 2ZFH|Z2 1,8, 64,256,10242| ZfS 7%

fClkI/O
N-(1+TOP)

focnxpwm =

OCRnx / TOP Update
and TOVn Interrupt Flag
..._..|Set and OCnA Interrupt
Flag Set or ICFn
Interrupt Flag Set
(Interrupt on TOP)

(COMnx1:0 = 2)

(COMnx1:0 = 3)
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Brushless DC Motor

CONTROLA

oBEARING SUPPORT ASSEMBLY
o LAMINATED STEEL ROTOR CORE SECTIONS

o BAR WOUND WIRE

MAGNETS @
PASE INSTALLATION
STEEL PLATE 0

ROTOR HUB ®

© BB4|7} O MIYTE QI £
. E3jtEon B8O 2%
c BRI Q4 - Aok B ME S

2 K| & Rotor Position FeedbackS A2 510 MAIH O 2 HETH
o 2ot AtE B S A5 2 A T A ot ot A S



03 PD Control

PD Controller for the Quadcopter

e(t) = xq(t) — x(t)

t de(t)
u(t) = Kpe(t) + K,J e(t)dt + Kp 7
0
MSAIZE | QHFE A2 BB 2K}
Kp o 7t 0| M| &H 2} PAEN
K Of A Zh 2 = =i AOHE=
Kp AP PAE P g O] M| H 2}

u(t) : control input

x4(t) : desired state

x(t) : present state

e(t) : the difference between x;(t) and x(t)
Kp, K;, Kp : proportional, integral, derivative

CONTROLA
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Modeling and Control Block Diagram CONTROLA

present
state

Desired

Angle

Roll angle command

present
state

Desired
Angle

ESC

\ 4
\ 4

Pitch angle command

present

state

Desired

\ 4
+

Angle

Yaw angle command
20
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CATIA Modeling CONTROLZ




05 Final Test




06 Future Plans n
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Quadcopter attitude control implementation

Quadcopter position control implementation






