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Block Parameters: Motor_Dynamics_1
State Space

State—space model:
dx/dt = Ax + Bu
y = Cx + Du

Parameters
Az

-1/ModelParam motorT

1/ModelParam_motorT

D:
0

Initial conditions:

Motor Dynamics 1 ...

Absolute tolerance:

auto

State Name: (e.g., 'position’)

7] 0K Cancel

Help
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No. 1 motor

Motor Dynamic
Saturation Throttle --> Motor Speed w=1/(Ts+1)'wb

—//- = Ax+ Bu
e = " ymCxe D

Signal_Saturation_1  Throttle to rads Gain _1 Motor_Dynamics_1

-//- 2 1= Ax+ Bu
= Ll T ymCx e Du

Signal_Saturation_2  Throttle to rads Gain _2 Motor_Dynamics_2

inPWMs

—.f = = Ax+ Bu
» L T y=Cxv Du

Signal_Saturation_3  Throttle to rads Gain _3 Motor_Dynamics_3

__f = | iw A o
» - T y=Cxs Du

Signal_Saturation_4  Throttle to rads Gain 4 Motor_Dynamics_4

EHThrottle to rads Gain CHITJRI3EFE%E) W FEIL

MotorRads



| Step 2: IEHIREIRIR
YRR =RV SR SR
4
f= ZTi =cT (w%+w§+w§+wi)
i=1
Fb = [0; 0; -sum(Ct*(w.72))]; % thrust

Tz:cM(w%—i—w%—w%—wi)

M_rctcm = [-sin(pi/4)*R*Ct, sin(pi/4)*R*Ct, sin(pi/4)*R*Ct,
-sin(pi/4)*R*Ct;

sin(pi/4)*R*Ct, -sin(pi/4)*R*Ct, sin(pi/4)*R*Ct, -sin(pi/4)*R*Ct;
Cm, Cm, -Cm, -Cm];

Mb = M_rctcm™*(w."2); % torque

TSRS HRE

Fd = -Cd*Vb.*abs(Vb)*0.5; % aerodynamic force

Md = -Cdm.X*wb.*abs(wb); % aerodynamic moment

Peig 1%

Gy =41 Jrpwy,(—1)* 'y
Gap =41 Jrpwe,(—1) w;
Guy =0.

Ga = zeros(3,1);
Ga(1) = Jrp*wb(2)*( w(1) + w(2) - w(3) - w(4));
Ga(2) = Jrp*wb(1)*(-w(1) - w(2) + w(3) + w(4));
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ModelParam_uavR

ModelParam_rotorCm

ModelParam_rotorCt

Vb

ModelParam_uavCd

p.q.r

ModelParam_uavCCm

Fb

Mb

> T >
Matrix
Multiply
(2 ) P
’
Fp
—»R _|—P +
[
——{ Cm Fd
——p| Ct
VI
fen
—»{ Cd
+
.
—— P Cdm
Ga
— Jrp

ModelParam_motordm

Jrp
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Propeller Model
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PREPARE MAVIGATE CODE COMPILE SIMULATE
Q:_I - Propeller Model
(] 1 E function [Fb, Fd, Mb, Md, Ga] = fecn(w, R, Cm, Ct, Vb, Cd,wb, Cdm, JIrp)
— 2 - #Function description:
3 % Obtain the force and torque acting on the body. The airframe of the
4 % guadrotor is as follows:
5 £34 1t
& E AN
7 E S
8 X2t 4l
9 %1t stands for counterclockwise and dstands for clockwise.
19 % Input:
11 % w: motor speed, unit: rad/s
12 % R: body radius(m)
13 % Cm: torque coefficient
14 % Ct: thrust coefficient
15 % Vb: aircraft speed in the body coordinate system
16 % Cd: damping coefficient
17 % whb: angular velocity in the body coordinate system
18 % Cdm: damping moment coefficient wvector
19 % Jrp: moment of inertia of motor rotor + propeller
28 ®Output:
21 % Fb: thrust under the body coordinate system
22 % Fd: aerodynamic force under the body coordinate system
23 % Mb: torque under the body coordinate system
24 % Md: aerodynamic moment
25 H % Ga: gyro moment
26 M_rctem = [-sin(pi/4)*R*Ct, sin{pi/4)*R*Ct, sin(pi/4)*R*Ct, -sin{pi/4)*R*Ct;
27 sin({pi/4)*R*Ct, -sin(pi/4)*R*Ct, sin(pi/f4)*R*Ct, -sin{pi/4)*R*Ct;
28 Cm, Cm, -Cm, -Cm];
29 Mb = M_rctem®*({w."~2); ¥ torque
3a
31 Fb = [@; @; -sum{Ct*({w."2))]; % thrust
32 Fd = -Cd*Vb.*abs(Vb)*8.5; % aerodynamic force
33 Md = -Cdm.*wb.*abs{wb); % aerodynamic moment
34 % gyro moment
35 Ga = zeros(3,1);
36 Ga(l) = Irp*wb(2)*( w{l) + w(2) - w(3) - w(4));
37 Ga(2) = Irp*wb(1)*(-w{l) - w(2) + w(3) + w(4));
38 - end
39
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position dynamic model

Modellnit_VelB @

Matrix
f —b@ » Multiply »(2)

3 Xos » ve
Mass vb
a=fim
( 3 )DCM

Cross A
C  Product
C=AxB B

wxVb

attitude dynamic model

Matrix
. ’—’ Multipl 1
(1) e [:] ply s

M3 p.a,r
Maodelinit_RateB
»| A Cross

Product ¢

C =AxB
™ par B
Jw wx(Jw) Inv
-C- I P J
J
Jrw

leye(3)— %
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_b,,T o= —LqT.
B “1¢H{% b

qdot = 0.5*[0, -pqr(1), -pqr(2), -pqr(3); par(1), 0, par(3), -par(2); pqr(2),

-pqr(3), 0, par(1); par(3), par(2), -pqr(1), 0]*q;

VIR ESRAL AR AT

qy = % (qOI3 + [Qv]x)

()
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cos§cos§cos§—|—sin§singsin§
b singcosgcos——cos—singsin—
qe_ o 0 7% : 9% 0 .. %
cosgsmicosg—i—smgcosismz

0 . . . b
COS 5 COS 5 Sin 5 — sin 5 sin 5 cos 3

g0 = cos(EulerAngle(1)/2)*cos(EulerAngle(2)/2)*cos(EulerAngle(3)/2) +
sin(EulerAngle(1)/2)*sin((EulerAngle(2)/2))*sin((EulerAngle(3)/2));

gl = sin(EulerAngle(1)/2)*cos(EulerAngle(2)/2)*cos(EulerAngle(3)/2) -
cos(EulerAngle(1)/2)*sin((EulerAngle(2)/2))*sin((EulerAngle(3)/2));

g2 = cos(EulerAngle(1)/2)*sin(EulerAngle(2)/2)*cos(EulerAngle(3)/2) +
sin(EulerAngle(1)/2)*cos((EulerAngle(2)/2))*sin((EulerAngle(3)/2));

g3 = cos(EulerAngle(1)/2)*cos(EulerAngle(2)/2)*sin(EulerAngle(3)/2) -
sin(EulerAngle(1)/2)*sin((EulerAngle(2)/2))*cos((EulerAngle(3)/2));
q=[q0q1 g2 q3];

eI — (LA AR F e EE8RT)

MOTE RS RN AR (RERINER)

o +a -6 -4  2(ae — 909) 2(q193 + 9092)
Clad) = | 2(qee+ ) @ —ai+a6—a 2(92935 — Q1)
2(q193 — 9092) 2(q293 + Qq1) @G — ¢ — @+ G

2(qoq1+49243)
¢ = arctan —132‘1((1%1;%)

6 = arcsin(2(qoq2 — q193))
lv = arctan (e ae))

1-2(g3+43)

phi = atan2(2*(q(1)*q(2) + q(3)*q(4)), (1 - 2*(q(2)*q(2) + q(3)*q(3))));



theta = asin(2*(q(1)*q(3) - q(2)*q(4)));
psi = atan2(2*(q(1)*q(4) + q(2)*q(3)), (1 - 2*(q(3)*q(3) + q(4)*q(4))));
y = [phi theta psi];
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Modellnit_PosE
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normalization
par -ﬂ gdot ¥ Reshape >
- P
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Quaternions model q <R fen DM
> > vf; Quaternion to rotation matrix
Madellnit_AngEuler» Euler, q
fen

Euler angle to quaternion

-—q‘-v

fen Euler
Quaternion to Euler
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FTFF code\dynamics.six X1, MEIEN=ZHERER, SBEREEKIELRIlySIim3D


code/dynamics.slx

AngEular

MotorPWMs

UNREAL

ENGINE

double

| Step 2: iB1TSimulinkzh 7 FIEBYIRG) = 4EIEEY
FTAMATLABR S, TEMATLABHFTFFInit.mXE, =mEHiEiT.
FTH[code\dynamics.six](file:///D:\RflySimAPIs\FS_CurRes\ (ZieE T A KT ITHIA
SGHA) FEZB\ER_SISEFRITSEE\LK3_UieEisahiER VR LIS
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Propeller Nodel

%1t stands for counterclockwise and dstands for clockwise.

®Input:

% w: motor speed, unit: rad/s

% R: body radius(m)

% Cm: torque coefficient

% Ct: thrust coefficient

% Wb: aircraft speed in the body coordinate system

% Cd: damping coefficient

% wb: angular wvelocity in the body coordinate system

% Cdm: damping moment coefficient wvector

¥ Jrp: moment of inertia of motor rotor + propeller

¥Output:

% Fb: thrust under the body coordinate system

% Fd: aerodymamic force under the body coordinate system

% Mb: torque under the body coordinate system

% Md: aerodynamic moment

% Ga: gyro moment

M_rctem = [-sin{pi/4)*R*Ct, sin(pi/4)*R=Ct, sin(pi/f4)*R*Ct,
sin{pi/4)*R*Ct, -sin(pi/4)*R*Ct, sin(pi/f4)*R*Ct,
Cm, Cm, -Cm, -Cm];

Mb = M_rctcm®(w."2}; ¥ torque
Fb = [@; @; -sum{Ct¥(w."23)]; % thrust

IFd = -Cd*Vb.*abs({vb)*8.5; % aerodynamic force |
Md = -Cdm.*wb.*abs{wb); % aerodynamic moment

% gyro moment

Ga = zeros(3,1);

Ga(1l) = Jrp*wb({2)*{ w(1) + w(2) - wi(3) - w(4));
Ga(2) = Jrp*wb(1)*{-w(1) - w(2) + wi(3) + w(4));
end

-sin{pi/f4)*R*Ck;
-sin{pi/f4)*R*Ck;

Quadcopler Dynamics
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Diagnostic Viewer ]
gs7AM:Buld  ~ | @1 A1 @3 |
* Build Summary

Top model targets built:

E

Model Action Rebuild Reason

&

demo  Failed Code generation information file does not exist.

@ of 1 models built (@ models already up to date)
Build duration: @h ©m 18.11s

E A

Brace indexing is not supported for variables of this type.

;S E S

Component: Simulink | Category: Block diagram error

x

Y

Code Mappings — Component Interface
Ready Wiew 1 error

Al: BB RTHEIMATLABRRZSAIVisual Studio
CHERIFIMERESIVSRRINREB R, AEEMATLABMGSITEOPRAIES “mex
-setup”, —MERIREBINIRGIHZE EZFHHNRmIERS, dTITESR “MEX

ECEMEA ‘Microsoft Visual C++

2017 DUHITHRIZ NFHRBAREER. FHIMEEEESE” [RflySImTEERER

27 mex -setup

MEX BB SME| Microsoft Visual C++ 2017 (C)' JELiHT c iEEHE.
$5: MATLAB C 70 Fortran 4FL C.0PL, M0 =%

B 27°32-1 TULETES WATLAE 8. ¥ B
EFBULA AN pL.
FEULEATHEERIESH AN

hitp: //wew. mathworks. com/help/matlab/matlab external fupgrading-mex—files—to—use—64-bity

BR{ZT R c RiEE, WADTEFRDRE—Sad.

Microsoft Visual C++ 2013 (C) mex -setup:D:\MATLAB\RZ017Tb\bin\winf4\mexopts\msve2013. xml C
Microsoft Visual C++ 2015 (C) mex -setup:D: \MATLAB\RZ01Tb\bin\wintd\mexcptsi\msvc20li. xml C
Microsoft Wisual C++ 2017 (C} mex =setup:C:\Usershdream\AppData‘\Roaming'MathWorks\MATLABR]

BRFTAMES. WAL TR PRE—Hed:
mex =setup C++
mex -setup FORTRAN
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El Toclbox one-key installation script: RflySimA.. — X

{1} Softwane package installation directory
|C:'I.PX4PSF‘ |

{2} P4 firmware compiling command: fimware versions <= PX4-1.8 use format
prdfmu-v3_default, == PX4-1.9 use format ped_fmu-v3_default

px4_fmu-wic_default |

(3) PX4 firmware version (1: PX4-1.7.3, ... ,6: PX4-1.12.3, 7. PX4-1.13.2, 8:
PX4-1.14.4, 9: PX4-1.150)

s |

(4} Px4 firmware compiling toolchain (1: WinWSL[suitable for all versions], 2
Msys2[suitable for <= PX4-1.8], 3: Cygwin[for >=PX4-1.8])

i |
) Whether to reinstall PSP toolbox (yes to reinstall and no o remain current
jn=tallation)

YES I |

(6) Whether to reinstall the dependent software packages (CopterSim,
QGroundControl, CopterSim, etc. About 5 minites)

o |

{7} Whether to reinstall the selected compiling toolchain (yves to reinstall and
no to remain unchanged, about 5 minites)

o |

(8} Whether to reinstall the selected PX4 fimware source code (yes to
rainstall and no to remain unchanged, about 5 minites )

o |

(9} Whether to pre-compile the selected firmware with the selected command (yes
to compile and no to remain unchanged, about 5 minites)

o |

{10} Whether to block the actuator outputs in the PX4 fimrware code (“yes” to
use Simulink controller, "no® to use PX4 offical controller)

o |

OK Cancel
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