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1. System model

BGCkgI"OUHd: A bicycle which has only a round wheel , the
balance control in the walking process of the robot, the perpendicular
degree control in rocket shoot, the attitude control in satellite flying,
the stable control on the sea of the drilling well platform, the safety

land control of an airplane.
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Single rigid pintle, two freedom
degrees dynamics problem
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1) turning equation on which the pole moves around the center

of the pole. . _
JO=F|Isinfd—-F]lcosd

2) The horizontal move of the pole

center of gravity:
2

d :
F=m—(Xx+1sinéd
' OIt2( )
3) The perpendicular move of the

pole center of gravity:
2

d
F,—mg = mF(I cosd)

F F,
_(tiL 4) The horizontal move of the car:

SR . d*x

F—FX=m0F



Accurate model:

”X._ (J +mI>)F +Im(J +ml?)sing- 6% —m??gsinHcos o
- (J +ml?)(m+m,)—m??cos® &

j_mlcosg-F + m?lsin@cosé - 6> — (m, + m)mlgsin g
m°l*cos® @ — (J + ml*)(m +m,)

Approximate model:

(X‘— (J +ml*)F —m?1*go
J(m+my) +myml* X=aF +béd

g — (m, + m)mIig& —mIF == J=cE+do
J(m+m,) +mml?
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set X, =X, X, =X, X; =6,X, =60
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The system paramwters:
M=1kg, m=0.1kg, I=1m,g=9.8m/s?

O 1 O O O
O 0 -1 O 1
A — B —
O O O 1 O
0 0 11 O 1

Set y=0 C=[0 0 1 O]




2. System anlysis

(1) Controllability anlysis
Rank(M) = Rank(B AB A°B A3B) =4

M=ctrb(A,B)

M =

0 1 0 1
1 0 1 0
0 -1 0 -11
-1 0 -11 O
Rank(M)=4

Every state variable of the process can be controlled to
reach a 0 in finite time [t, t{] by some unconstrained
control input vector u(t).



(2) Observaability anlysis

n=0bsv(A,C)

n=
0 0 1 O
0 0 0 1
0 0 11 O
0 0 0 11

Rank(n)=2

(3) Stability analysis
|sl —Al=s°(s*-11) =0
s=0,0,+/11, —/11 ———not stable.



2. System Synthesis

State feed back using all the states.

K :[kl kz k3 k4]
Then
X =(A-Bk)+ Bu

|sl —(A—BKk)|

=s*+(k, —k,)s’ + (k, —k, —11)s* —10k,s —10k,
If the requested closed-loop ploes are
-1,-2,-1+ |
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The requested closed-loop characteristic equs
(s+1D(s+2)(s+1+ J)(s+1-])
=5" +5s5° +10s° +10s + 4

K, =—0.4
K, =—1

K, =—-21.4
K, =—6
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X X O D
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>>A=[0100;00-10;0001;00 11 0];

>>B=[010-1]":

>>C=[0010];
>> D=0:
>> STEP(A,B,C,D)

Amplitude

-0.05

-0 F

-015

02

-0.25

-03

-0.35

-0.4

Step Response




>> k=place(A,B,[-1,-2,-1+],-1-]])
k =
-0.4000 -1.0000 -21.4000 -6.0000
>> Al=A-B*K
Al =
0 1.0000 0 0
0.4000 1.0000 20.4000 6.0000
0 0 0 1.0000
-0.4000 -1.0000 -10.4000 -6.0000

>>STEP(A1,B,C,D)
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R2.1 HEHNUBLLESHER

20 — 2 H LRI R
PAEE (mm) 310
s (Kg) 0.083
Tt ey IR (Kg) 0.68
¥ahEhoar Bt (Kg) 2.369
S £
1. CCS%3:

2. MATLAB 2008%3, Wii#4é: (1)MATLAB Distributed
Computing Serve 3.3; (2)MATLAB 7.6; (3)Simulink 7.1,
(4)Embedded IDE Link CC 3.2; (5)Fixed-Poit 5.6; (6)Real-Time
workshop 7.1; (7)Signal Processing Blockset 6.7; (8) Signal
Processing Toolbox 6.9; (9)Simulink Fixed Poit 5.6; (10) Target
Support Package TC2 3.0

3. Frame Netz3: .
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7. EFH 1COMI,“Open Serial Port” &£l {fge, mi)a, %5
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