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Abstract

Abstract

The history of four rotor helicopter is almost as long as humanity's aircraft history.
But because of the shortage of complexity and the maneuver ability, it develops very
slow. Recent years, along with new material, MEMS, MIMU and the flight control
theory’s process, unmanned four rotor helicopter obtained more and more attention.

The main content of this paper is to design the controller of unmanned four rotor
helicopter. The control system is divided in six independent modules according to the
function: navigation system, controller, software system and debugging. The navigation
system is an important component of the unmanned four rotor helicopter. According to
the actual system, this paper designed a simplified inertial navigation system, and has
carried on the reality system test. The attitude control is the core question of flight
control, unmanned four rotor helicopter structure specificity decides the specificity of
the controller: unmanned four rotor helicopter has four propellers, may output four
upward thrust forces, but have six control aims. The control system department needs
simultaneously control four rotor’s thrust forces to achieve the flight plan. This paper
has built system's model and the PID controller control the attitude. From the results of
actual system and simulation we have got an acceptable control effect, it verified the

validity of the control system design.

Key word: unmanned four rotor helicopter  controller  navigation
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angle = a x (angle + gyro x At) + (1 — o) X accel (3-1)
KI3.2587R T Mo = 0.98I, EAMER MR .
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3.2.2 RAT# SR
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FI=4EBbR R, DHINSHLIRRO  HiABIR RO,



24 FT Cortex-M3 B2 VU5 RAT #8501 T

K 3.3 =R n S E

K3.3(a) Fon VIR TS AR S5 L Hdodi Aty Bz 1K A (0g
Y, SRR EE (1gy). WE3.3% (b)) (d) i, xEFlyHif 17K i i
(0g¥7), 2 S/KFEEE (1g). 0 NKFLEIEE xSRI A, e AKF
LS INE LTy, NEIIRE S A . AEXH Ay R Ri0g 4t Mz
i ER1ght, THEASRIRI A 1 EEEIN0.

A3 I AR = Ay oA A5 Y =AM BUR A -

0 = tan~! A (3-2)
/Ay2+AZZ

@ = tan™! (%) (3-3)
AxP+A,
¢ = tan™? (“Ax " > (3-4)

Az
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F A LS, WfT 4 fe S A Ml 1E R 4.
PIDF il 2% i LL ) 5t (PO BBt (D i #t (D) k. HiiAe (O
HEtu ) KRR N
u(t)=kp[e(t)+1/TIfe(t)dt+TD*de(t)/dt]
ARG BT PR3 ) A2 0t
RIS AL B BN G(S)=U(S)/E(S)=Kp[1+1/(T1*s)+TD*s]
Heokp Bl 250G TOAR I EESG TDAR R 5L

3.3.2 ¥IEHEE

XU AT RIS, IBsh BB =3 TR, AR, xR z
B x BHRAL y BRA, WE =Miss)r kAT PID A, RV AlA SR RAT
i H .

ETHF s 4 A LRI SR QRE) SRR, 24 4 DRI
ZREET TR B RN, TS ERT RS ATEETRE AT Ltk B
Z il EAHR R .

P, = accel, — G (3-6)
I,=1,+P, (3-7)

Hor G RoRE I
PWM, = P, X P,_Scale+1I, X I,_Scale (3-8)

KT A B s 2 L 1. 2 B (R R [, Bl 3. 4 DR (K ),
BRI OREFIEF 1. 3 XN SRS T3 2. 4 WL s, fERPL L 2
SHHL 3. 4 BT Z AR LS R AR .

P,=6 (3-9)
L,=1+P, (3-10)
PWM, = P, X P,_Scale+1, X I,_Scale (3-11)

Ml L 1, 3 Fdl REEAAL, L 2 MY (B (T R I, FELAL 4
TR (M) 15 FI A o
Py =¢ (3-12)
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I, =1,+P, (3-13)
PWM, = P, x P,_Scale+1,, X I, _Scale (3-14)
¥zl L 1. 3 ¥l fRaF AEE, ApL 2 SR () BRI, AL 4
U (V) 15 2

=0 (3-15)
I,=1,+P, (3-16)
PWM = P, X P,_Scale+1, X I,_Scale (3-17)
+
gyro_X + 1 -
]aE%%% PID |—> PWM,
accel_X +
gyro_Y J g
} aww || w0 |— pwm, (", O\
accel Y / \
+
gyro_Z PID —> PWM, 7
3
Accel_Z—> PID —— PWM, —] +

3.4 PID &l e &l

XU AL HIR IX =AY PWM B 5
PWM, = PWM, + PWM, + PWM,
PWM, = PWM, — PWM, + PWM,,
PWM; = PWM, + PWM, — PWM,,

PWM, = PWM, — PWM; — PWM,,
3.4 /g

REE A TGRSR RRBE N T LS T 5
o B2, WIEERKCBURAFIRERIRTEE, 106, (s AR g 5 R I8 242l
HARHIORIE . R i 8 R GRS ABE T R G RIVERELF IR, St AT iR S bs 2
L .
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¥ RGW . EH: JTAG (i E 4%, b2 5 T # LED MR F 34T, &
%, LED IE®NER. N4 UART & HINARE T, f8TH 9600 BRrs, Hdmiok ik
H. B, mANRFTAEIER.

7EI Stellaris 25 ARM R F2H, F AT REHI I 1 JTAG 2 R R AL
f i, R RE B IS E . SECS T JTAG #: SRR RN A
L, W5 JTAG # SR GPIO Bt 5 H . e hAAE e i (B
) 2%, (HEH WHRFISZ S JTAG IO E MK GPIO &Ik 5/, M
FECEHE ITAG WA RA L 5O & X1 100 EHIT Fury 2¥15H,
W ITAG IR R, WA LLE Luminary Flash 5% jLink @4, s 4
R 48 E K Sandstorm FRFIM LM3S811 ki, W] e Ff -t ok
2o BTl @UAERR P ITn E— B it .
void jtagWait ()
{

SysCtlPeripheralEnable (SYSCTL PERIPH GPIOB);

GPIOPinTypeGPIOInput (GPIO PORTB BASE,GPIO PIN 1
GPIO PIN 5);

GPIOPinTypeGPIOOutput (GPIO PORTB BASE,GPIO PIN 3);

if (GPIOPinRead (GPIO PORTB BASE,GPIO PIN 1) == 0)

{

while (1)
GPIOPinWrite (GPTO PORTB BASE,GPIO PIN 3,0);
}

SysCtlPeripheralDisable (SYSCTL PERIPH GPIOB) ;

43 MU it

i 12C 5 BERRASCR NI FE vH 3k 471815 ol 2844 1D /] LR AIAS R ) oo,
BANIELE 1B . DI EE 1T ADXL345 FIFEIEA I #sF ID K2 A7 asthidl, w3k 4.2
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i/ PD 421 & G LB 2 Km 35 R 1 28 Kd. 2203858, IR 10
EHIZH Kp=8, Kd=4: RHEMIZHZSH Kp=7, Kd=4; FirMAEHIZSH Kp=2,
Kd=l. [FIIf, BF ANRIWr 233G & 20~20kHz, AT LATE B, Uil
= 21 20kHz LA LI BE 847 2ok LI 75

HI T R GUAF AL LR R Z2 N B SR A PD 5], BT L2 AT ARk 37
I, RGUMEEIRZE. W TR, VMR AR, WUTIREARE
SR RATIRESWIE 4.3 s, VAT AR E 32 2 IR 3R R R A M B vk b A e
B, OREREBR. AN EER UTSRE A S, TSR AR RS I A RE
5 K, AT BRI SR AR B PR . TSR ARG RA AR E 4%
ke, BTRAELUR BT S AR, ARt b e B i H R 5.

K 4.3 D05 eiras WITH

4.6 /NG
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FHhE RES5RE

DO il & AT 5 PR O HURF O 25 A R G IO BRAPE S 5, B FEFHE AR
FIJ7 A EAT TR TS, IRIRS] MR 1ok J AT, [ P D4R
TSI FUAEAL TP B B, RER 2 OB 7T AR AR e S5 2 W HEAT I, A tkie
AR I AR FR 2T .

MRYE A S EH 2, ASCE BN 1 LR TAF:
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