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dx/dt = dx + Bu
v =Cx + I

Parameters

|[D 000;-0.0946 0.0364 0.0364 0;0 0 0 0;0 0 0O 00 0. 26!

C:
[loooo00do000100000:000000100]
n:

[D00mo000:0000]

Initial conditions:

|o

fb=olute tolerancs:

|aut0

0K | Cancel | Help |
5-6 State Space RME
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c) Wi “LOR Controller” #ilR, & 5-7 FLii; At “k1” fbss
S 5-8 , HEAISECEILIZEST Simulink_State_9.m 15 #I;
r*i FH_LQR State 9P SimfLQR controller B s |i=). [t

File Edit View Display Diagram Simulation Analysis Code »

E-8@a e B4 P -6
LAE controller

FH_LQR_State_9_P_Sim b [ba|LOR controller -

BUES| e
£(

oy

ot

6

?l

?l
it

=

Rearhs 100 ~dad

5-7

-
Function Block Parameters: k1 =~ u

Subsystem (mask) -

Parameters

k11

m

=
{ | L—

E l 0K I[ Cancel ][ Help ]| Apply |

5-8
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d) @& 5-5 Fm, =d “ y” %4, EBEITHEREF, =i “Scope” iR,
EERHESER; wE 5-9 Fir;

u Scope  — ——

m@.wg@%%t@uﬁ -

0.01

0.006

0.004

& 5-9 HEER
B “Constant” f&EIR, {&4HAZE(E, & 5-10 Fi7~, BE(TH

HERF, EEHESR;
r Source Block Parameters: Constant @1

Const ant

Output the constant specified by the "Constant walue’ parameter. If
"Constant walue’ iz a vector and " Interpret wector parameters as 1-10 i=
on, treat the constant walue az a 1-D array. Otherwise, output a matrix
with the same dimensions as the constant walue.

Main | Signal Attributes

Constant walue:

[0.01:0.01:0.01:]

Interpret wector parameters az 1-D
Sampling mode: |Sample baszed

Sample time:

inf

.‘) [ (04 ]l Cancel II Help ‘ Lpply

& 5-10 HAEE{EI&K

0. 47
19



Wl ERHE GRYID A IRAF
GOOGOL TECHNOLOGY (SZ)LTD

f) MRMAELERABHE, TEEFTHSH, TUBIIET
Simulink_State_9.m 8%, & 5-11 FiRo

[i= Editor - G\zhouzechang\PUEE\four_20150325_12b\FHowver\Simulink_State 9.m - - - L"‘:" = éj
PUBLISH - 5
EEJ = E (] Find Fies Inert (2 - e |> (rf;') L@ [2] Run Section
New Open Save [zl Comarep ol Compment 0L 00 20 ielcaio = Breakpoints Run  Runand Runand |5 Advance
- - =1 Indent =R 4 Find = - - Time  Advance
FILE EDIT NAVIGATE | BREAKFOINTS RUN
0= Jr=2#Ma*lr*lr -
20 — Jy=2%Max1f*1f+2«Maxlrp*lrp+Mp*lp*lp
21
22 f
23 1=
24 |
25 %% Jp =0.9958: %the moment of inertia of the system about the pitch axis,l]nit:|
26 %% Jr =0.5531: %the moment of inertia of the system about the roll a_t:i.s,l]n:i.t:l(i: [l
27 %% Jy =1.5396: %the moment of imertia of the system about the travel axis: l]ni| i
28 =
29 — Kec =15: %the force constant of the motor/propeller combinatfion
3n: — AZ[ 0 1 0 ¢ 0 0O 0 O O:
31 g 9 0o 0 0 B 0 0 0
32 1. ¢ 0 @ 0 0 0 O .0:
33 B 9 o 2 1 B 0 08 0
34 N R I R
35 a8 o 1 9 B 0 0 0
36 I R I N i
37 B 9 o 2 0 B 0 08 0
3R e @l R B B SR 1 ool

5-11

Run
-

Hp

g) 82 Simul ink_State_9.m BHEM Q& (21 5-12) , Ba®
5E R 5-12;

G11=100; g22=5;§33=0. 01 ; §44=100;§55=5; QE6=0. 01; gTT=100;§55=5;§93=0. 001 ;
g=[R11 0000000 0;

QOREz 00000
RE3 0000
oDe4d 000
0DoORss 00
000Qges 0
oooaoarr
oooo0o0Rss 0,
000000 ARIal;

a
a
a
a
a
a

o o o o o O

o o o o O o O
o o o o o o O

5-12
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h) && MATLAB HpSE O, AIIERIEZRkHERIEME K (2aE 5-13 FR) o

Command WWind ow

Using Toolbox Path Cache. Type “help toolbox_path cache” for more info.

To get started, select "MATLAE Help” from the Help menu.

>
K=

—-5.9059 -1Z. 2109 -0.0375  -0.0000 0.0000 -0, 0000 0. 0000 0. 0000 0. o000
3. 4253 4. BYES 0.033% -T.1250 -5.415%9  -0.0707 0. 0000 0. 0000 0. o000
3. 4253 4. B9ES 0. 0335 T.1250 5.4159 0.0707 -0.0000 -0.0000 -0.0000

-0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 1000344 108375 0. 0316

5-13

) BIRE u=Kx, IBE—ITHSHERE, WARIE 5-7 #) “kK17 185R; 858
“ITRSHEURE, MAMARIE 5-7 B9 k27 EER; BE=1T
MEHERE, WARIE 5-7 /) “k37 RIR; LENTHSHEERE,
MAEIE 5-7 B9 “k4” RRIR;

0. 47
21



[l R RH GRIID AR A
GOOGOL TECHNOLOGY (SZ)LTD

2) EHEHIREFER

RIBEUHER AT R BT B2 B ik 5 47 RO 2 Sl X TU e 3B S AR 4 Sk it
1TSERHER; SERHEHAR M RYIRIEDS IR -

(1) $THURER YTHRSBMRIEIX, FEFHFasneirxetE, URET
FEaiRil, RIEUnER YTHESREZL L8,

(2) W FH_LOR State 9 P.slx 18R, 34 HHE 5-14;

Y
hC

File Edit View Display Diagram Simulation Analysis Code Tools Help

[inf [External =]
GTS_FH_LQR_State_9_P |

® [FlGTS_FH_LQR State 9 P»

& Initializa Googol 6 state 4RotorHover LQR Control Demo Position mode of Yaw axis
GTS400-PV
=%
675400 PV intalization
|

[
=
H

[ A
-
g

2

i ?

I Real time controll
Back

5-14

FH_LQR_State 9 P.slIx ##HRFZFEH “LORController” F1 “Realtime Control” FAERS;

0. 47
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(3) W& “LOR Controller” #&EiR, #HRME 5-15;

P, FH_LQR_State_9_P/LQR controller

I = N |

File Edit View Display Diagram Simulation Analysis »

Bl -~ & @~ Q8”0 m @ -
LAE controller
[Pa| FH_LQR State_9_P » [Pa|LQR controller -

—
Out1

BEUHES e

Cut2

m

ode5

(4) W “k1i” 18R, BHFEE 5-16;

0. 47

| Block Farameters: kli

|—Sub system I[mask]

—Parameters

11

klz

[12. 2109
k13

|o. oa78
Ll

Cancel I Help

Apply

5-16
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“k1i” RIS EAE 5-13 HERAELFRMKRIRER K £—1TERE S8, e “k2i”
BRRSEAE 5-13 HEABERNEIRIERE K =17 BURGHEH; “k3i” SRS AE 5-
13 ITESE KRR IRIERK EITRRENSH; “k4i” RIS HAE 5-13 tERSEHRNR
TRFEME K SEUITHR BRISE;
(5) WHE 5-14 BHY “Real time Control” FEIR, s#HINE 5-17 AM@E;

,
1 FH_LQR State_9_P/Real time controll 0 e 50 e S

File Edit WView Display Diagram Simulation Analysis Code Tools Help
] | = . .

- & <« € =5 = T inf » (D ~| @@ v

Feal time comtroll |

@® |[Pa|FH_LQR_State_9_P P [Pa|Real time controll »

3 Co— e
= VFIent o ate Limiter
WRight Rate Limiter1

VL=t pote Cimiterz

g

100% ode5

5-17
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“RealtimeControl” fRRBEB/IHMER “D/AChannel”, “A/DChannel” FMEER, “D/A
Channel” Jo¥EHifigi, “A/D Channel” RZRISESKHE;

(6) W “D/A Channel” t&iR, A 5-18;

File Edit View Display Diagram Simulation Analysis Code Tools Help

[inf [External =1

D/4 Channel ]

[a| GTS_FH_LQR_State_9_P P [a|Real time controll » [*2|D/A Channel

D > SetDac
L. T
I>—’ Sign Gain o | Saetwa ion Gaind
VFront Manusl Switch GTS SetDAC
Gain7

Corslnt1 ‘f—l—v-—>>—-+ —r;@um ‘E{T—‘:‘ »lval Seu:w:

GTS SetDACT

VRight Manu | Switch1

F|>_. L - GTS SetDACZ

Commnta :/O_J_. + ;@ J-'ﬁ/’\ »lvol  Setoac
i . =
VBacdk Saino Manual Switch3

BUES| e

GTS SetDAC2

5-18
“D/A Channel” 1RIRINGEN B
—

a) HRar « EEE? HRHRER| “Constant” 1HIRET, TB(EESZ
“Constant” {RIREMMNSE, EIEITHIBENLERE, "TLABEIZINGE

RNESRARERETIELES;
——

b) ZHWay “ "M T ARPGEER] “Gain” HRERET, BIEHIERITEIE
B, “Gain” WREMETIR, WFESKRUENMNXR;

c) e 7 fEER 2 AT SEAREBAAIH EE TG ;
(7) W& “A/D Channel” f&iR, #HARME 5-19;
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(8) EZIFE

(9) zfg, EZ|FE 5-14,

0. 47

-

i li isplay Diagra 1 Ar Tooks Helg
A/D Channel |

L LR _Stare_9_P * [*a/Real time controll * PalA/D Channel

®

4]

GetPos 1 1
= o Pechencodse
GTS GatPes.
GatPos -Pl?/“ > 2
e T "l encoder
GTS GetPos
GetPos
i Do Yo encoder
515 GetPos?

5-19

5-14, BREENER VTHESRAKIM A EMESSERERS; WAERE

T R, MIEFHITHRIFE; HE MATLAB Y “Command Window” B3 JMHE 5-20;

4\ MATLAB R2012b

= ) [ |

HOME

@ H Jﬁ {Er ) @ @ @ISearch Documentation

B -

i New Variable Analyze Code oE Preferences
':‘1}' = [ Find Files & E = lj b \ma @ o
— [+ Open Variable ~ fi7 Run and Time (7 Set Path .
Mew MNew Open ||| Compare Import  Save Simulink  Layout FERLines
Seript v« Data  Wor {27 Clear v [/ ClearCommands ~  Lbrary v -3 Parallel v -
FILE VARIAELE CODE SIMULINK ENVIRONMENT
<= E &= L »r G » zhouzechang » TIEEE » four_20150325_12b » FHover ¢ - 0o
Current Folder @ Workspace @
Name Date ##¥ Compiling rtGetNall. ¢ Name
=/ File Folder i e D: /PROGRA™1/MATLAB/R2012b/toolbox/ rtw/target s/ rtwin/ openwat /binnt /wee3B8 -wed=2 HH A
E’:JI_QI" - ### Compiling rt_nonfinite.c %AC
d r: D: /PROGRA™1/MATLAB/R2012b/toolbox/ rtw/target s/ rtwin/ openwat /binnt /wee3B8 -wed=2 = gc
me Sourcsj ##% Compiling D:/PROGRA™1/MATLAB/RE2012b/toolbox/rtw/targets/rtwin/sre/ riwin_mai Hc
£ MATLAE Script D: /PROGRA™1/MATLAB/R2012b/toolbox/ rtw/target s/ rtwin/ openwat /binnt /wee3B8 -wed=2 HH ce
%) Simulin... 2015/4/... ###% Compiling D:/PROGRA™1/MATLAB/R2012b/rtw/c/sre/rt_sim.c H D -
) simulin... 2015/4/... D: /PROGRA™1/MATLAB/R2012b/toolbox/ rtw/target s/ rtwin/ openwat /binnt /weec386 -wed=21 < g C
= MEXW32 30{% ###% Compiling D:/PROGRA™1/MATLAB/R2012b/rtw/c/sre/ext_mode/common/ext_svr.c Command Hist.. @
ﬁ Chang... 2015/3/... | D: /PROGRA™1/MATLAB/R2012b/toolbox/ rtw/target s/ rtwin/ openwat /binnt /wee3B8 -wed=2 whelprar
ﬂ ClrEnc... 2014/6/...|= ###% Compiling D:/PROGRA™1/MATLAB/E2012b/toolbox/rtw/targets/rtwin/src/updown_rt ~FourRotorH
ﬂ ge:BD”' igif? D: /PROGRA™1/MATLAB/R2012b/toolbox/ rtw/target s/ rtwin/ openwat /binnt /wee3B8 -wed=2 ~help dlgr
ﬁ G:tp:;m 2014;6?. ### Created Real-Time Windows Target module FH LQR_State 0 P. raw32 ~help lar
Q InitGTS... 201 475 f”' D:/PROGRA™1/MATLAB/R2012b/t colbox/ rtw/target s/ rtwin/ openwat /binnt /wlink @D:/PROC ~FourRotorH
ﬁ Initializ... 2014/6/... Warning! W1027: file FH LQR_State_0_P_data. obj(G:\zhouzechang' [UKEE " four 201503 ~help lar
#] SetAcc... 2014/6/... Warning! W10 file FH LOR State_8_P_data. obj(G:\zhouzechang' PUREE "\ four 201503 FourRotorH
ﬁ SetMtr.., 2014/6/... Warning! W10 file FH LOR State_0_P_data. obj(G:)\zhouzechang' PUREE \four 201503 “help lar2
ﬂ Swing.... 2014/6/... Warning! W1027: file FH LQR_State_0_P_data. obj(G:\zhouzechang' [UKEE " four 201503 B
E RXWS2 it . - . i . . i ~FourRotorH
- Warning! W1027: file FH LQR_State_0_P_data. obj(G:\zhouzechang' [UKEE " four 201503 . .
LI FHLQ... 2015/4... Warning! W1027: file FH_LOR State_O_P_data. obj(G:\zhouzechang' PUREE\four 201503 — -Simulink §
= 5"“:":: :""“2'015 R Warning! W1027: file FE LR State 0 _P_data. obj(G:\zhouzechang|PUREH \four 20150 - Simalink_§
(] PHLQ.. /34 ### Successful completion of build procedure for model: FH LOR State 9 P ~help lar 1
[*a] FH_LQ... 2015/3/... _ = =
e e Jx > | e ~help lar =
FH_LQR_State_9_P.slx (Simul 4 | I | + ER | 3
OVR

5-20

o~
|

®
R Y9 B, BRE
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(10) MBIHFFIBRAHE, AUERITERIGIER K, EXGhIEEISH, kAEH
SRR, HEHEAL; BRATLRBIR FERMEMASER. X FE Simulink BT
FHEHEIHE X E/MIESE MATLAB BXHL#5EN.
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ERE B LE NSEELTE

& THIREBEFAN SR Z ERER.

5 TSR 55
Bk R A & RE tH R T
BIRGIRBIERL | Britisk, BEIEE
BN =B LH ERRFRIZFAZEON LE
=HR=E KEEIEHFERES
S WA R AR HUOZEHE 2 7544 )
BATEAE N E S| FTRE B RE R L | A S REMIRAR, AEH
L IERK ST P IR A
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