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Abstract

The mobile soccer robot is a kind of an autonomous mobile robot and
provides a variety of research fields, such as path planning, navigation, sensor
fusion, image processing multi—agent system, etc. Most of these studies are
concentrated on development control an planning the strategy for mobile robot.

In this thesis, a method of the path planning and a new model for mobile
soccer robot, a type of linear system, is presented. A controller, consisted of
two loops the one of which is inner state feedback loop designed for stability
and plant be well conditioned, and the outer loop is well known PI controller
designed for tracking the reference input, is suggested. Because of the plant,
soccer robot, is parameter dependent, it is required that the controller must be
insensitive with respect to the parameter variation. To achieve this object, the
pole-sensitivity as a pole-variation with respect to the parameter variation is
defined, and design algorithms for ' state-feedback controller, consisted of two
matrices one of which is for general pole—placement and other is for parameter
insensitive, is suggested. It is shown that the PI controller is another state
feedback and the cost function for reference tracking is equivalent to the LQ
cost. By wusing these properties, a tuning procedure for PI controller is
suggested. It is shown in this thesis that the treatment of mobile soccer robot
via LPD system is very well work. And modelling controller design algorithm
presented in this thesis can be appliable any type of the two wheeled mobile

robot.
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Fig. 1. General two-wheeled mobile robots
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Fig. 9. Definition of polar line
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u() =—[Fo+ F1(¢())]1x(2) (33)
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Fd)e Azslol e wsel £584 gAY Axgle] sehie £
& ZASES @ wx A Hue ool tgor 4u HA=Ngad R
et gol Fah

rank7}F m<! 9= € B

i

0

rir
A

et o] BajHt)

B=[ U, Uz][ g] (34)

4714 Uy, U, ¥ (unitary) §Z oW, 7+ rank’F m¢l #FE = nonsingularo]
oA, VpE A4 dste dFEZ S35 5 afAHE @delgtal kAt
o9 A2 dete A HFZ FHo] YAEEE sk AH HHS o5 8

do] EA3 Ao YaEH z7lo] Wt
Us(AyVp— VpAp) =0 (35)

Wl 2 (33)3 o] AT, e Hudl o5 A g e 2k
Fy=Z""U{(Ag=— VpAp V) (36)

2349 A= QRIS 5ol e ol&std 7 & vk oA

A FZ AFA7E Al LF fE o] Wste] heto] WIzhe WEE shx w¥odw A
=

HEl el Aol Tastth AVIA, pank(B)<nflEE n/le] afAol gk
neEHE BE 7 S5 g
21 (34)3} 2] (35) . 2 H-F
T, d;
UAB, Ay— 2= |4 Ui(A—=24"D) (37)

0 UI(A—2"D)
oltt. AZIA yank(Z) = m®1™, rank([B, A,— A1) = n°1% rank(U; (A, —
MD)=mdE & F Ak aYER
UI(Ay—2%Dv;=0 (38)

otk 4 (39 mAel 49 Sy 88 vk % B rankst m ujelE m
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Ao AY B9 nhUEE FE £ dom, 1 nfuE 2 aiAE 9 4L

FAEE e FAE AsAM va 22 SR tel Ao g

A EE debvE W] weto] = e ] HEo] A(39)3 ol

Sij: == ] = . (39)

ATNN gy v A2 A Aa" Fel #2395 g wEolth He 5o

oa s, AA SeilE As i pad 30 WS ojnah 2340 A

Al el Aol e abe) HEjg) el FAZEE e 2o
GALA—BF (D)

_o " 90, :
ao; Up;

FHAZE 0 B FH4sks] d8 v wAAT sty wEsholof ko
I,—(U2(Z 'uhH=0 (41-1)

o171A, Vpe V,°l ortho-normal “d-o]tt.

21(41-1)¢] rank7} m<nolil, & J & n AU TP Hol7] wFo] dnkH oz
21(41)2 WA gtk oA FH HEE HAZE e Wil dEiA 7lest

o HU0E thet gol Bl #tk



11 12
uz( A Al-to w[ e F?])u,

i U,

(42)
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AN

42531 §%9) nfuEe] 449 A A 34 gEE Ak 8 F Ak
-

o) AL A43)e R e 4 9ok
Si=u( AV — U,ZF) vt + wt(A¥ — U ZF%) vt + 2 A% 0+ 2A%: (43)

o714, A(43)e FA AEE HAZ 3= Bx AH HYY o5 PHS Al

W cloltjols AFHTh ow mx Ay Huel o5 Ade T 2l

Fi(p) = [ Z7'U'AY Z7'u7 'A% (44)
24l o8l Adee Bz wH9lols ddd oA S e 2459 2

o] F Azl #r},
Si;i= u%A%lvﬁ + u%A?lv% (45)

<

2 (45)l A LPD Al &g} S350 ek dAE &
ool Hashs s HEeL dH 5

AN A agel M= gty FEHo] arE BHE H
A7 e ofsjAM Thestts A & 7 U

0(

lo

4) Ajej71el AA

g3 A2 e & PIL A7 & ol&dezd A dst= dz e 3

o}, AUkl PI Aloj7]= o3 o
o(B) = Kpe(d) + K, [e( Dt (46)

ANA o) = x,() — (DT A AU6)E T3} 2ol & & Yok,
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W) =[ K, KP][ Zd((’ﬂ—[ K, KP][ o(1) (47)
d

AANS H HHde] EuE FHola, FAFE FHA S 2 (48)3 T

t)=[Ay—BFy— Bl K; Kpl1x() + Bl K; Kplx,()+ d( (48)
o 7] A

d(t)= (A, — BF)($(1)x(t) + other noise terms. (49)
olth. PI Alo]7]: Z<1d AEe ZHEs MA7} wolof drh & F%F AWE
a7 daA et 2o AAges el

min 7= [Le” () Qe(d) + v (DRu(D)]at (50)

A3t o5 mem gEEsel golg ol gstel Aestu, 250 A(G)E

tepd 4 9,

min /= [[x7Qur+ x5Qux,— 22" Qx Jat (51)
o 7] A,

Q=C'QC+ [ K, Kl "Rl K, K/ (52)

ot 4Gl od 7&H AATFE ANAA LQ AAT FEam Ao W

= 2(63)e] #HAE ol &= T F Yt

min | C’KC| ; — min J (53)
o714, K= 2G4 27t WA ] afolt

KA+ ATK— (KB+ Q)Q(BTK+QD)+ Q,=0 (54)

2(63)e] Aol A 7HAFGE PI o5 Wuteluet 7tsdd Qo poll o &gt

PL o5 242 9% 37b4 SueZe $4 AF9d Qb pe Adsta 1%

oL

A7l Tt Pl o]5S AMElsta ARE(algebraic riccati equation)$} H] 8-S A4k
. TR AAkE n]go] AAX Y ofyetd AEE Pl o5& A€sta 1t
AL F3sch
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Table 1. Parameter value in simulation

it Bl
Robot size 7.5(H)x7.5(W)x7.5(L) cm
Wheel diameter 4.5 com
Max speed of motor 8000 rom
Gear ratio 1:8
m, 0.0612 Kgm/sec?
m, 0.0051 Kg m/ sec?
I, 0.0800 Kg+ m - sec?
I, 0.0176 Kg-m- sec?
I, 0.0500 Kg-m- sec’
b 3.75 cm
d 1 cm
c 0.3214
Table. 19] #HEL FAEREY2AY] S5 259 MIROSOTS oz 3
Aot}
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Z1gretuks A8 AlEdoldel AHgE st El= Table. 27 #rh 2He]
S 2356194 cm/secolv, A@AA ZEo] S-S Fola AofE EolsH
a7 flelA Ao w9 1/65s S5 ABdAS stk AlEd ol Al A

s = e WAL HdiZE 15emeolw, A gl vl#ste] v S S5

Table 2. Parameter value in kinematics simulation

wk 9
Robot size 7.5(H)x7.5(W)x7.5(L) cm
Wheel diameter 4.5 cm
Max speed of motor 2000 rpm
Gear ratio 1:8
Timestep 0.0157 sec
Max velocity 39.2699 cm/sec
Max angular velocity 2.7778 rad/sec

2) 28 A=

Fig. 13. Planned path for 2 points
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Fig. 14. Desired velocity of 2 points path

28 AE AlEeoldold 2R Hx FHE= (10, 80)olar, of AN Lk
742 13kt aga =AY #HE= (135 20001, ojufe] HAd
ot BRAA AAHHE AEFY = 31Tl 258 AEAA FIHE o5

92 AGEE ] vAE Elar i AlES] = Table. 33 2t

N
rlo
w
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f
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Table 3. 2 points path simulation path form and moving distance

- o] %= A elo] "ulbA | =% o]%=
R N S
Sl 46.95 15 46.95 94
21zl 113.14 - 160.09 184
< 19.46 15 179.55 39

ol MAHE Ao F4L (20.60, 90.60)3 (1225, 3299011, F & Ape] Azl
TS AR w AMEEE JHde #FEE (3108, 101.33)3 (112.01, 22.26)°]t}.
Fig. 155 2 %o g0z F= ztoza ZHEL (oA 1277142 A4 o

%}\U
S A8h7] wiol Fig. 149 g =] A% 5 e e gror Wed

LA

Aotk 9AZE oW Woli 17el MY SER o] F5hu, AU TS ol T 1)
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Fig. 15. Control input level for robot
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Fig. 16. Planned path for 3 points

Fig. 162 33 A=zl ud 4= 44 2 259 F3 Algdeldeltt. Fig. 17

< Figl6old AA4E ARE FF wfo] AAHs & nF e Hrolth
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Fig. 17. Desired velocity of 3 points path

3H AR AlEH oA ZHR HE HEE (150, 10.0)0]aL, o] A HelA #

wak Z+e -30%olty g3 F3rel Afdokste AE e (1399, 95.59)01, F

= FEE (11738, 67.09) 0]t} F=F FxolA AL 0=t o] H=Zo o
A AAREE MEF 4437101 37 AR AlEdoldoA I o] 5 A
2 oA vkAE 83 7hE A E = Table. 43 2t

Table 4. 3 points path simulation path form and moving distance

o g | VA9 BT AL TSy
& 40.63 15 40.63 32
2 74.38 - 115.02 121
! 38.01 15 153.04 77
2 78.88 - 231.92 128
sl 17.02 15 248.94 35

ol AAHE Yo FAHEL (2560, 20.60), (28.06, 100.78), (109.88, 80.08)°] ™,
T Abel ARFE AT u AMEEE JAe FAEE (3968, 25.78), (36.67,
113.06), (101.27, 67.79)°]t}. Fig. 182 ZHo] deHuE= gtoz Qo] oa)A 7
AtE Ezgkelth 9 ARA F4 &7t 17ddo] Ha AN ARoAE 219

o)},
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Fig. 19. Planned path for 5 points
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Fig. 20. Desired velocity of 5 points path

58 A= Algdlol ol =R HAx HxE= (110, 20.0)0]aL, o] A xdolA
g 7}& 450t} ad]al F7re] Afsoksts FE = (35.0, 100.0) ,62.0, 60.0),
(95.0, 25.0)°1H, HF 3= (1200, 100.0)01t. HF ZH3Eol A AaF2ELS 455 0]
th 538 A=A AEEE AEY FE 611t 53 AR AlEdoldoA

b oleAE B ALY wAE a3 AE i Table. 59 2t

Table 5. 5 points path simulation path form and moving distance

_ o]l &7 AMALlo] HbA | =4 o]E
e g | T RO T T A e
B 35.69 5 35.69 )
47 69.06 : 104.75 114
4 37.56 12,2066 14231 79
A4 4151 : 183.82 69
4 o015 12,1989 192.98 20
47 1036 : 23334 67
4 3709 5 27084 76
471 1588 : 316.73 76
3 18.65 5 36538 3

ojuf AAEE= Ho FAEL (2160, 30.60), (47.20, 100.28), (75.15, 61.06),
(107.03, 36.15), (127.5, 87.00)°1™, F ¢ Ato] A FItE AL wf AHEH= H
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Fig. 21. Control input level for robot
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Fig. 22. Planned path for 7 points

_37_



Deegired vebooity of hao e

il
| — - —
. | i 1
B | 1 |
1
- : :E
— | 1i
E:-: i i
H '
B b i
& | o | 11
L::.'l ' iy
T i i
%.1 i il
£ i
- |
ra | — 'i
i — 1
e i [ H—Hﬂ
. 1} ¥
[ 7] Eo] B O wa 5]

Times sieq (nd

Fig. 23. Desired velocity of 7 points path

78 AR AEH AN 2R HAx HxEE (563, 26.8)01a, o] AHAA A
W 7he 45keolnt, rElal FRkel Afslebshe FEe (229, 54.7), (379, 98.5),
(85.5, 80.5), (125.7, 79.2), (1280, 22.1)°l", ¥ HAxE+= (700, 71.0)°lth HF =
Fol A AWEzte 30xolth F AEZFE 68870tk 7 AR A& ol Ao A
T ol AY B Agde] wAE i 3 AE FE Table. 67

olm] WA= 9 FTAEL (4860, 34.49), (26,61, 65.66), (47.86, 90.59), (91.13,
88.82), (125.87, 64.91), (113.62, 26.39), (775, 58.00)°1™, F 4 A}o] HHWF+E
AR o AlgEE Zde #HEE (5210, 44.79), (1755, 72.85), (54.99, 101.13),
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Fig. 24. Control input for robot
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Fig. 24+ 2% ¢J=€oz F7] faA e S8 didzto= ¥Est Aol
=
Table 6. 7 points path simulation path form and moving distance
. olsAY | ALY B | T4 ols AL =
| o s
TR A (Cm) (Cm) (Cm) wET
« 22.07 10.87 22.07 48
2z 30.83 - 52.91 52
< 22.16 11.57 75.07 47
2 % 32.73 - 107.81 55
A 19.01 12.72 126.82 40
Z | 36.82 - 163.65 60
o 6.10 10.05 169.75 14
z3p] 34.44 - 204.20 56
< 26.76 14.28 230.96 55
2 % 40.41 - 271.38 66
A 29.99 15 301.37 60
Z | 48.00 - 349.38 78
o 28.48 15 377.86 57
3. st Hgd ANBeolH Az
1) Eejst Aol Ao AL gE seng
Table. 19] Webn|HE o] §ote] thgul ol FF2yol Ho 1 4L 7
st A
0 0,01 1 O 0 —0.01 0 0
A= 0 0 0.011 A, = 0 0 —0.01 0
1o 0o 0 of 210 0 0.0828%  0.0828¢
0 0 0 0 0 0 —0.0828 ¢ —0.0828 ¢
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Fig. 26. Control input for sine input
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Fig. 27. Desired and actual velocity two wheels
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Fig. 28. Path following for sine input
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Fig. 29. Sawtooth input for mobile robot
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Fig. 30. Control input for sawtooth input
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Fig. 31. Desired and actual velocity two wheels
Fig. 32+= (-29.25,0)l 4 &&sto] o= olgsh= A=l ug 5 Aledel
A Adelty 2R e vt AAld RS FFEH st AAld B
o k&0 g RHo] o]Fsld ot T HREAANE HAAE A= Y dAEA
o},

Wl Frobeod Trilgechy Sevukides

= W 8 @ @ & 8 W 5 X =N
P ]

Fig. 32. Path following for sawtooth input
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Fig. 38. Mobile soccer robot

Fig. 39. Playground of robot soccer
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