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I . The quadcopter and interactions between states

Angular velocities, torques and forces created by the four rotors.
w; is Rotor’s angular velocities

fis Thrust

*f, = k*w? atkis lift constant.

T is Torque

Yaw



I . The quadcopter and interactions between states

Dynamics flowchart

velocities are known, the Thrust and Torque

This is Quadcopter dynamics flowchart.
W When the values of the rotor’s angular

can solved.




- Mathematical model of quadcopter

Inertial frame Body frame
X ¢ VUx.B p
€=[}’] 0=|6 Vg = |Yy.B Q:[CI]
A » V2B r
Position Euler angle Linear velocities Angular velocities

Rotation matrix R. (roll->pitch->yaw)

CoCo CpSoSp —SpCs CpSoCe + SpSy
R = S(pCQ S¢SQS¢ + C(pC¢ S(pSQC¢ — C(pS(p
=5 CoS T




. Mathematical model of quadcopter

Transformation matrix

1 0 =S5
Wy=|0 Cp CoSo
0 =S4 CoCy

Inertial frame to body frame

oo 10 =S
= WHQJ [CI] — |0 C¢ CQS¢
r _O —S¢ C¢Cg_

Inertial frame to body frame
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Body frame to Inertial frame

6 =Ww;'q,

o] 1 SeTs
al=10 G
ol 10 Ss/C

Body frame to Inertial frame

CyTo T

Cp/Co)
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- Mathematical model of quadcopter W<T

T 6
Thrust and Torque by rotor

k : lift constant
b : drag constant

=k« w? .
fi l L : distance between the rotor
Thrust in the direction of the
rotor axis.

4 4 0 T Lk(—wZ + wf)
ey =1 T To b(wZ — w2 + w2 —w?)
Thrust in the direction of the Torque in the direction of

body z-axis. the corresponding body frame angles
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- Mathematical model of quadcopter f\f
NeWtOﬂ—EL”eI’ equatiOﬂ z::?r{gr)titsﬁgfnent ofthTeZorU ’

Linear accelerations mVB + 0 x (mVg) = RTG + Tz  Angular accelerations D+0XxXUD)+T =1

. /
mé = G + RTg - ¥ p Lxp p 0 Tqb/ xx
N=1I —1q| x | Lyyq| = I |q| x [0|w; + |Te /1y,
i Izzr r 1 Tcp/lzz
1 [(y = Ldar/La)
yy ~ lzz xx I
y I Tqb/ XX
;i 0] p[ceiete T iev : = (1 —Loopr/Lyy [~ 1 Q//J;x wr + |Ta/1
| = =g 0] + = [$066s — Cus 0| = |Use = 0/l | = I | =/l e 10/ 1
Z 1 CQC¢ 7] _(Ixx_lyy)p Q/Izz_ o/ 1zz
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Aerodynamical effects
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- Mathematical model of quadcopter 5\5 J

CcpSQ C¢ + S(qu5 To enforce more realistical behaviour of the quadcopter, drag force generated by the air
resistance is included. For example, dependence of thrust on angle of attack, blade
: S(qub C¢ — C(qu_v, flapping and airflow distruptions.
m CoC Thus, these effects are excluded from the model and the presented simple model is used.
6~¢ A; is drag force coefficients for velocities in the corresponding directions of the inertial

frame.

" 0 CpSoCy + 55591 {[A4x 0 O][x
; 1 CoCy 0 0 A,




Position{m)

AnglLe(rad)

- Mathematical model of quadcopter

Velocities(m/s)

£ 0

5
£ 3
= £

w
= 2
S S
= o
> @
= <
P =
) 5
3 s
< <]
<

10



PID controller

e(t) = xq(t) —x(t)

t de(t)
u(t) = Kpe(t) + K,J e(t)dt + Kp T
0

. Stabilisation of quadcopter

x4 - destination position
x . present position

Kp : proportional gain
K; : integral gain

Kp : derivative gain

PD controller for the quadcopter

m
CyCo

T'=(9+Kzp (Z.d —2z) + K, p(2q — 7))

T = (Kpp(ba — B) + K p(@a — $))lx
79 = (Kop(8a — ) + Ko.p (8 — O))1yy

Ty = (Kpp(@a — @) + Kpp(@g — 0,
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PD controller for the quadcopter

. Stabilisation of quadcopter

4
T =k Zi=1Wi2 = k(wi + w2 + ws + w?)

o
g = [TQ

Ty

a

]=

The angular velocities of rotors can be calculated from Equations

lk(—w3 + w2)
lk(—wi + w3)
b(wi —wj + w3 —wy)

u="Tf
f=inv(Tu
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AnglLe(rad)

. Stabilisation of quadcopter

Position(m)
Velocities(m/s)
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VL. Trajectory control

Integrated PD controller

X 0 CpSoCop +5pSp] ([Ax 0 O][x
. 1 CoCy 0 0 4,
0 . [0 Ay 0 0],
TB=l0 =R" m<§+ 0>+ 0 4, 0]¢
T g 0 0 4
L0 CoC, CoS, —Sg
— 1|0 = SHCCqub — S<pC¢ SQS¢S¢ + C<pC¢ CQS¢
TUTL [S9CuCh +SpSp  S9SpCh— CpSy  CoCy

Uy
U,
Us+g
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VL. Trajectory control

Integrated PD controller
U,cosBcosp + U,cosBOsing — (U3 + g)sinf = 0

U, (sinfcos@sing — sinpcosgp) + U, (singsingsing + cos@cose)
+ (U3 + g)cosBOsing = 0

\/Ul (sinfcos@cosg + singsing) + U, (sinfsingcosgp — cos@psing)

|
+ (U3 + g)cosOcosp = ET

U;sing — U,cos@ ) 0 — arctan <U1Coscp + U,sing

Se ¢ = arcsin —
VU? + U3 + (U3 — 9)? Us =g

)
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VL. Trajectory control

Integrated PD controller

T = m(U; (sinfcos@cosp + singsing)
+U, (sinfsin@cos¢p — cosgsing)
+ (U3 + g)cosBcos)

Ul = dx
U2 = dy
Us = d,

Tp = (Kc,b,D ((Pc — (P) + qu,P (bc — D)) Lxx
T = (Ko p(8. — 0) + Ko p (6 — O,y

7o = (Kpp(@q — ) + Ko p(Pa — 9y

dy = Kyp (x.d —x) + Ky p(xg — x)
dy = Ky,D(yd —y)+ Ky p(ya — J’)

d, = K;p(zqa — 2) + K, p(24 — Z)
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VL. Trajectory control

How find gain value
The figure, Kp value is 10 and 15

Kp value is 10 ) \ Kp value is 15

Velocities

AngLe(rad)
AnguLar Velocities
oter A elocitie
Angle(rad)
AnguLar Velocities
oter A elocitie




Angle(rad)

VL. Trajectory control

Velocities

Kp value is 2

AnguLar Velocities

roter A elocities

Position

Angle(rad)

How find gain value

The figure, K value is 2 and 3

Velocities

Kp value is 3




VL. Trajectory control

Position(m)

AnglLe(rad)
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Kp = 10 KD 2
Theta Command = [0 0 1]

Position Command 1 =[5 10 10]
Position Command 2 =[-8 13 7]

Position Command 3=[3 5 2]

rotor ﬁ\/elocities(rad:"s)
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VL. Trajectory control

£M HAIFO) BW) E2TH) \ mYco‘.k Theta Command = [0 (0] 1]

Hoi- 208D

Position Command 1 =[5 10 10]
Position Command 2 =[-8 13 7]

Position Command 3=[3 5 2]

£ 0 Destination 3

20



Future Plan

Didn't use the
PID's integration

Correct data of

Sensor

The final test

For advanced
attitude control
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