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Fig. 1.3: Typical block diagram of a position-based visual servoing
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Fig. 2.5: Simulation results for the model based control method
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Fig. 3.7: Membership functions for the controller based on human driving techniques
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Table 3.1: Fuzzy rules for ng in the controller based on human driving techniques

’RuleNo.‘ o ‘ B ‘ ¢ H (b‘

0 N | N | - N
1 N |ZO| N || ZO
2 N |ZO | ZO | N
3 N [ZO| P N
4 N | P |N P
5 N | P |ZO | ZO
6 N| P | P N
7 Z0| N | N | ZO
8 Z0| N |ZO | N
9 Z0| N | P N
10 Z0|Z0 | N P
11 Z0 | Z0O | Z0 | ZO
12 Z20 | Z0 | P N
13 20| P | N P
14 20| P |ZO| P
15 20| P | P | ZO
16 P | N | N P
17 P | N |ZO | ZO
18 P|N|P N
19 P |ZO | N P
20 P |ZO |ZO | P
21 P |ZO| P | ZO
22 P | P - P
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Table 3.2: Fuzzy rules for s in the controller based on human driving techniques
RuleNo.‘a‘ﬁ‘cb‘se‘é‘

23 N | N| - [Z20|ZO
24 N | N| - | N P
25 N |ZO| N |ZO | ZO
26 N |ZO| N | N p
27 N [ZO0|ZO |ZO | N
28 N |ZO |ZO | N | ZO
29 N |ZO| P |ZO | N
30 N |ZO| P | N | ZO
31 N | P | - 120|ZO
32 N| P | - | N p
33 20| - | - |ZO || 2O
34 0| - | -— | N P
35 P| N| - 1|Z20|ZO
36 P | N| - |N P
37 P |ZO| N |ZO | N
38 P |ZO| N | N | ZO
39 P |ZO|ZO |ZO | N
40 P |ZO|ZO | N | ZO
41 P |Z20| P |ZO | ZO
42 P |ZO| P | N P
43 P | P | - [Z20)|ZO
44 P| P | - |N P
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y = ssinf (3.7)
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(0.0[m], 1.0 [m], 7/4[rad) 000000 sp =5 000000000000000
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Table 3.3: Robot parameters

Item Value
Steering angle (¢) —0.873 ~ 0.873 [rad]
Steering angular velocity (¢) —1.75 ~ 1.75 [rad/s]
Distance between front and rear wheel axes (L) 0.5 [m]
Acceleration (3) —6.0 ~ 3.0 [m/s?]

0

0D00000000000000 3.8@)0003.8e)00000 3.82)00 3.8(b)
000000000000 00000000000000000000 yOOO
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------- S, = 1.0 [m/s]
—-—--5,=3.0 [m/S]
S =5.0 [m/S]
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(a) Movement trajectory of the robot without any
speed controller
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—-—--5,=30 [m/S]
S =5.0 [m/S]

10
Time [s]

(b) Time response of the y-position of the robot with-
out any speed controller

Fig. 3.8: Simulation results for the controller based on human driving techniques
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controller
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(d) Time response of the y-position of the robot with
a speed controller

Fig. 3.8: Simulation results for the controller based on human driving techniques
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(e) Time history of the robot speed with a speed con-
troller

Fig. 3.8: Simulation results for the controller based on human driving techniques
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Fig. 3.9: Membership functions for the controller considering A« and Af3
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Table 3.4: Fuzzy rules for ¢ in the controller considering Ao and AS

No. | | B |Aa|AB] ¢
1 IN|[ N[ - - |N
2 [N |zo| - [ =~
3 [ NP | -] - zo
4 |zo| N[ - | - | N
5 |[zolzo| N | N[N
6 |zO|zo| N |zo| N
7 |zo|zo| N | P |[z0
8§ |z0|7z0|zO0| N | N
9 |zo|zo|zo|zo | zo
10 |zolzo|zo| P | p
11 |zo|zo| P | N |zO
12 zolzo| P |zo| P
3|zolzo| P | P | P
4lzol P | - | - P
5 p | N|-|-]zo
6| P |zo| - | - |p
7lp [P - -]p

. h¢7N X (—0436) + h(b,ZO x 0+ h¢7p x 0.436
hgN + hgzo + hep

¢ (3.9)
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Fig. 3.10: Simulation result for the controller considering A« and A(
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Fig. 3.11: Experimental robot

Table 3.5: Specifications of the experimental robot

Item Property
CPU 1.33 [GHZ]

Memory 2 [MB]

oS Xubuntu 11.04

Image size 320 x 240 [pixel]

Sampling rate 10 [fps]
Max. advanced speed 0.5 [m/s]

Range of steering angle 4 0.436 [rad]

0000000000000 000000 (x,y, #) =(0.0 [m], —0.4 [m], /4 [rad])
booobgobgosm/ss]oong

oboobonD 31300 31400000 3. 1300000000000000¢0
goboobbooobboobboobboobobooboooboOono.5i(s]
goboobobooooboobobooooboobobooobooobo 3140000000
gboboboobouoboboobobobooboubooboobgy=00
ooboooboooobobodyboobOo —006mlObO000O0D0OOO0OODOO
gogno
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Fig. 3.12: Image processing

Fig. 3.13: Appearance of the robot (0.5 [s] interval)
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Fig. 3.14: Experimental result for the real robot
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Fig. 4.2: Block diagram of image-based tracking control for an arbitrary trajectory
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goooboboobbooooboo §Z-DDD&i(i=0,...,80)DDDDDDDDD
ggbobouoogoboo §,&DDDDDDDDDDDDDDDD

§={Z0,PS,PB}, ¢ ={NB,NS,Z0,PS,PB} (4.3)

gbdbOsOoNDOOODOOODbOobOobOoobOs>0000000000000
Oo00oo00oO0o0 hg(¢=0,...,80)00000D00DLO0OD0ODODODbODbDODO
gboobgoboobobboboobod

hro = pan(a) - pzn(B) - paan(Aa) - pazn(AB)
hre = pan(a) - pzn(B) - paan(Aa) - pag70(AB)

Z

hrrg = pap(@) - psp(B) - pasr(Aa) - pazz0(AB)
hrso = pap(@) - psp(B) - pasp(Aa)- pazp(AB) 4.4)

e}

49



A
N 1120 P N 1120 P
o 4
-a, 0 a, —ag 0 ag
N 1120 P N 11ZO P
Aa AB
—rg 0 ay, —app 0 ap
A
1120 pPS  PB NB 1120 PS PB
0 ag ag  [m/s] —ag g 0 ax a P [rad]

Fig. 4.3: Membership functions for arbitrary trajectory tracking
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Fig. 4.4: Chromosomeencoding membership function parameters and consequent con-
stants
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Fig. 4.6: Simulation result of using the designed fuzzy controllers with additional mo-
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Fig. 4.12: Experimental results when using the fuzzy controllers D, E and F, where the
robot motion was picked up every 1.0 [s] interval
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Table 5.1: Fuzzy rules for the steering angle ¢

Antecedent | Consequent

No. = =

a | p ¢
R; N N
R, | N | ZO N
Rj3 P 70
Ry N N
R; | ZO0 | ZO 70
Rg P P
R; N Z0
Rg | P 70 P
Ry P P

Table 5.2: Fuzzy rules for the translational velocity s

Antecedent | Consequent
No. — =
A 0] 5

Ry | ZO - 70
Ry | PS - PS
Ry N PS
Ri3 | PB | ZO PB
Ry P PS
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(a) Target trajectory for the ex- (b) Appearance of trajectory
periment to evaluate the fuzzy tracking of the real robot was
controller picked up every 0.5 s interval

Fig. 5.7: Actual experimental results for testing the fuzzy controller
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Fig. 5.9: Robot movement and image processing in the case when the initial position
was assigned to B

Fig. 5.10: Experimental result in the case when the initial position was assigned to A
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Fig. 5.11: Experimental result in the case when the initial position was assigned to C
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