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Realization of point stabilization intelligence control for
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Abstract: For the practical two-wheel RoboCup robot, we analyze the mathematical model of its double closed-loop

controlled DC motor system. The existing saturations in velocity and acceleration are considered. Based on the human

simulated intelligence control(HSIC) with Sensory-Motor Intelligence Schema, we propose a multisection proportion-

controller for the point stabilization of the two-wheel robot; the parameters of the controller are obtained by using the

genetic algorithm(GA). The simulation results of the three controllers we designed proportion-controller, proportion-

cosine-controller and the HSIC-controller are compared. The HSIC controller is applied to the practical RoboCup robot;

the validity of the HSIC-controller is confirmed in the simulation and the real experimentation.

Key words: point stabilization; human simulated intelligence control; parameter tuning; full-autonomous soccer robot

1 (Introduction)
,

. [1]:

Pr : (x, y),

vc = fc(e, w, K, t), e, w, K ,

, lim(Pr − Pc) =
0, τ(t) t → ∞ , vr → vc.

,

,

,

.

,

[2, 3]. [4,5∼8]

,

,

,

, [9]

, ,

,

, . [10]

.

,

.

(P)
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: (60804018, 60274022, 60574076); (CSTC.2008BB2314, CSTC.2008BB

6184); ; .
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(P-COS) [11]. P

:{
vR = kd × ed + (kθ × eθ),

vL = kd × ed − (kθ × eθ).
(1)

P

, Lyapunov

, kd, kθ P ,

,

,

, .

(P-COS)

, :{
vR = kd × ed cos eθ + (kθ × eθ),

vL = kd × ed cos eθ − (kθ × eθ).
(2)

,

.

RoboCup ,

,

; ,

RoboCup ,

.

2 (The model of con-

trolled object)
[12]

,

. [13]

. 1,

(GL, GR)
GM . GL GR

, U = [uR, uL]T .

,

( ,

),

:

v = l · πD · n. (3)

: v , n , l

, πD .

V =

[
vR

vL

]
=

[
GR 0
0 GL

][
uR

uL

]
. (4)

GM .

(

) .

. : V = [vR, vL]T

: P = [x, y, θ]T

Ṗ =

⎡
⎢⎣ ẋ

ẏ

θ̇

⎤
⎥⎦ =

⎡
⎢⎣cos θ 0

sin θ 0
0 1

⎤
⎥⎦

[
v

w

]
, (5)

[
v

w

]
=

[
1/2 1/2
1/L − 1/L

][
vR

vL

]
. (6)

: v, w , ; L ;

vR ; vL . (4)(5)(6)

TWMR :⎡
⎢⎣ ẋ

ẏ

θ̇

⎤
⎥⎦ =

⎡
⎢⎣cos θ/2 cos θ/2

sin θ/2 sin θ/2
1/L −1/L

⎤
⎥⎦

[
GR 0
0 GL

][
uR

uL

]
,

Ṗ = GM

[
GR 0
0 GL

]
U. (7)

1

Fig. 1 System model

GL GR ,

, :

1) .

S1 : +β

, ẋ2 = +β u � u∗. :{
ẋ2 = β,

x1 = (β − Ku + αKT2x2)/T1;
(8)

S2 : |ẋ2| < β.

:

Ẋ =AX+Bu=

[
ẋ1

ẋ2

]
=

[
0 −αT2

T1 −αKT2

][
x1

x2

]
+

[
1
K

]
u; (9)

S3 : −β
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, ẋ2 = −β u � u∗. :{
ẋ2 = −β,

x1 = (−β − Ku + αKT2x2)/T1.
(10)

2) :

y = CX = v = [0 T2]

[
x1

x2

]
. (11)

u, v

( y), X , x1 x2,

( [12,13]),

x2

.

.

, [13]

.

3) .

, ,

u, v(

y), X , x1 x2,

( [12,13]),

x2 ,

.

.

, [13] ,

.

3 (Sen-

sory-motor intelligence schema human sim-

ulated intelligence control)

[11].

: SKG = 〈SP, SM, SA〉,
: SP , SM , SA

.

1)

, ,

.

, SP = 〈R, Q, K,⊗, Φ〉.
: R ∈ Σn , Q ∈ Σm ;

K ∈ Σr×m , ⊗ , Φ ∈ Σr

.

.

: R = {r1, r2, · · · , rn}.
ri i .

e, ė, ew,

v, a .

Q ∈ Σm :

Q = [q1, q2, · · · , qm]T.

,

— .

Φ ∈ Σr, : Φ = {φ1, · · · , φi, · · · , φr}.
Φ ∈ Σr Q ∈ Σm

:

Φ = K ⊗ Q, φi = Ki ⊗ Q =
m⋂

j=1

kijqi ∈ Σr.

, K ∈ Σr×m kij

−1,0,1 , .

⊗ ,

.

2)

.

, : SM = 〈R, P, L, Ψ, U〉.
: R ∈ Σd ; P ∈ Σn

; L ∈ Σp×n

; Ψ ∈ Σp ; U

.

P ∈ Σn,

: P = [p1, p2, · · · , pn]T,

pi = f(R), i =
1, 2, · · · , n.

. Ψ ∈ Σp Ψ =
{ψ1, · · · , ψi, · · · , ψp}. Ψ ∈ Σp

U R ,

:

Ψ : U =L · P ; ψi =Li · P ={ui =
n∑

j=1

lijpj} ∈ Σp.

: L ∈ Σp×n ,

lij −1, 0, 1, .

3)

.

Ω

.

Ω : Φ
H−→ Ψ, Ω = {ω1, ω2, · · · , ωr},

ωi = {if
hj(x)⋃

j

φij then ψi} ∈ Σr,

x ∈ q, hi(x) = Cy
q , 1 � y � q.

: x Φi, (i = 1, 2, · · · , q) ,
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hi(x) Φ hi(q)
, y .

hi(q) y , hi(x)
Φ q , y .

Φ Ψ 1 1, 1 .

,

.

.

RoboCup .

4 (Controller de-

sign and parameter tuning)

4.1 (The design of controller)

:

,

,

.

1) Sp = (R, Q, K,⊗, Φ).
: R ∈ Σn, 3

n = 3. R = [r1 r2 r3] = [x y θ].
: [ed eθ]T, ed

, eθ

, (12) . ,

(12) (x, y, θ) , (xtar, ytar)
. {

ed =
√

(ytar − y)2 + (xtar − x)2,
eθ = a tan 2(ytar − y, xtar − x) − θ.

(12)

Q ∈ Σm S

:

Q = {q1|ed � d1, q2|ed < d1, q3||eθ| � θ1,

q4||eθ|<θ1, q5||eθ|�θ2, q6||eθ|<θ2}. (13)

K ⊗ :

K =

⎡
⎢⎢⎢⎣

1 0 1 0 0 0
1 0 0 1 1 0
1 0 0 0 0 1
0 1 0 0 0 0

⎤
⎥⎥⎥⎦ , (14)

φi = Ki ⊗ Q =
m⋂

j=1

kijqi ∈ Σr, (15)

Φ = K ⊗ Q =

{φ1|ed �d1 ∩ |eϑ|�θ1, φ2|ed �d1 ∩ θ1 > |eϑ|�θ2,

φ3|ed �d1 ∩ |eϑ| < θ2, φ4|ed < d1}. (16)

2 .

2

Fig. 2 The characteristic mode

2) SM = (R, P, L, Ψ, U).
: R = [r1 r2 r3] = [x y θ].

: [
vR

vL

]
=

[
1 L/2
1 −L/2

][
v

w

]
,

:

a1 = p1|
[

vR

vL

]
=

[
1 L/2
1 −L/2

][
v

w

]
=

[
1 L/2
1 −L/2

][
v1

k1eθ

]
,

a2 = p2|
[

vR

vL

]
=

[
1 L/2
1 −L/2

][
v

w

]
=

[
1 L/2
1 −L/2

][
v2

k2eθ

]
,

a3 = p3|
[

vR

vL

]
=

[
1 L/2
1 −L/2

][
v

w

]
=

[
1 L/2
1 −L/2

][
v3

k3eθ

]
,

a4 = p4|
[

vR

vL

]
=

[
1 L/2
1 −L/2

][
v

w

]
=

[
1 L/2
1 −L/2

][
k4ed

k5eθ

]
,

P = {a1, a2, a3, a4}T. (17)

:

L =

⎡
⎢⎢⎢⎣

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

⎤
⎥⎥⎥⎦ . (18)
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:

⊗ : L ⊗ PT =
4⋂

i,j=1

pi · li,j. (19)

:

b1 = ψ1|
[

vR

vL

]
=

[
v1 k1L/2
v1 −k1L/2

][
1
eθ

]
,

b2 = ψ2|
[

vR

vL

]
=

[
v2 k2L/2
v2 −k2L/2

][
1
eθ

]
,

b3 = ψ3|
[

vR

vL

]
=

[
v3 k3L/2
v3 −k3L/2

][
1
eθ

]
,

b4 = ψ4|
[

vR

vL

]
=

[
k4 k5L/2
k4 −k5L/2

][
ed

eθ

]
,

, :

Ψ = L ⊗ PT = {b1, b2, b3, b4}. (20)

3) .

, (16)

φj (20) ψj

SA = {Ω : Φ → Ψ}, Ω = {ω1, ω2, · · · , ωr},
wj : IF φj THEN ψj.

4) : SKG = 〈SP, SM, SA〉.
4.2 (The stability of controller)

1) .

2 (17), φ4 ,

.

φ1, φ2 φ3

v, kθ w. :{
v = v0,

w = kθα.
(21)

(12) :

e(t) = [ed, eθ]T = [d, α]T. (22)

d � 0, α ∈ (−π, +π].
[11]:⎧⎨

⎩
ḋ = −v cos α,

α̇ =
1
d
v sin α − w.

(23)

kθ > 0 ,⎧⎨
⎩

ḋ = −v0 cos α,

α̇ =
1
d
v0 sin α − kθα.

(24)

f(α) =
1
d
v0 sin α−kθα = k sin α−kθα,

f ′(α) =
v0

d
cos α − kθ = kθ(

v0/d

kθ

cos α − 1).

:

kθ >
v0

d
> 0, (25)

f ′(α) < 0, , (24)α = 0 , α̇ = 0;

α > 0 , α̇ < 0; α < 0 , α̇ > 0;

α = 0; ḋ = −v0 cos α, α

(−π/2, π/2), cos α > 0, ḋ < 0, d 0.

(−π/2, π/2) α ,

kθ v0. φ1, φ2 φ3

.

2) .

φ1, φ2 φ3 , kθ

, ,

. (−π/2, π/2), d

. φ4 ,

d 0.

, 2 .

4.3 (Parameter tuning)
, (v1, v2,

v3, k1, k2, k3, k4, k5, θ1, θ2, d1) .

, φ3

, v3 = 1600;

d1 = 1500;

θ1 = 90◦. (v1, v2, k1, k2, k3, k4, k5, θ2)8

.

, .

. 100

δ, .

5 (Experiment)
5.1 (Parameter tuning for con-

troller)
[12]

, ,

. 0.05 s,

5 s( 100 ) (5000, 5000)( :

mm) , 100

.

, 20, 500 .

3. 5 s

674.7 mm . :

v3 = 1600.0, k3 = 4.100, v2 = 1336.3, k2 = 1.400,
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v1 = 276.10, k1 = 1.600, k4 = 0.2000, k5 = 2.800,

θ1 = 90, θ2 = 25.8, d1 = 1500.

(25).

3

Fig. 3 The adaptivity convergence curve

5.2 (Simulation comparison)
1 P P-COS

. ,

8 .

, ” ” ,

.

1 3

Table 1 The response indexes comparison of three

types of control systems

/(mm, mm)
P P-COS HSIC

(4000, 4000) 100 100 90

(4000, 0) 76 79 68

(4000, −4000) — 108 100

(0, −4000) 154 90 100

(−4000, −4000) — 162 102

(−4000, 0) — 164 97

(−4000, 4000) — — 106

(0, 4000) 102 98 79

P 8 4

, ;

P-COS 8 1

. P 4 , P-COS

3 P .

HSIC 8

. P 4 , HSIC

P ; P-

COS 7 , HSIC

6 P .

5.3 (Experiment of real robot)
P P-COS

;

( :

) . 4

, ,

5 6 .

4

Fig. 4 The robot for experiment

5 (a) X--Y

, ,

mm; (b) ,

, 50 ms, ,
◦; (c) , ,

50 ms, , mm/s, ul

, vl ; (d)

, , 50 ms,

, mm/s, ur

, vr , vl

.

5 HSIC (4000, 4000)

Fig. 5 The real control effect of HSIC controller to go to

point (4000, 4000)
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6 HSIC 6 (4000,

4000), (4000, 0), (0, −4000), (−4000, 0), (−4000,

4000), (9000, 2500) .

mm.

6 HSIC

Fig. 6 The real control effect of HSIC controller

6 (Conclusion)
,

.

,

,

P P-COS ,

.

,

.

,

.
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