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Table 2.1: Parameter of mobile robot

Yw World coordinate
> Robot coordinate
10} Rotate angle of 3, based on >,
wg, | Position of robot on world coordinate [Vz.,, “y,,, ¢]”
R Radius of wheel
w tread
0, Rotate angle of right wheel
0, Rotate angle of left wheel
0 [0,,0,])"
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Table 2.2: Robot parameter

Mass of mobile robot
Mass of wheel
My + 2Mmy,
rotary inertia of z axis on X,
rotary inertia of z axis in wheel on 3,

rotary inertia of rotate axis in wheel

CSS&EfE

Jy + my W2+ 2J,, rotary inertia direction of mobile robot rotation

0000000000 (213) 00000000

1 1 . 1 . .
K= §M(%§ + g2) + §J¢>2 + 5Jw(ef +67) (2.13)
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Fig.2-2: Mobile robot
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Table 2.3: Specifications of wheel

Type AC servomotor
Manufacturer WACOGIKEN Ceo.
Type YB-6989
Declared power 120W
Rated torque 19.1 N- m
Second maximum torque 76.4 N- m
Rated revolution 60 rpm
Maximum revolution 80 rpm
Rated Current 10 A
Rated Power 184V
Second maximum current 40 A
Torque number 2.1 N- m/A
Resolution of encoder (pulse / rotation) 1024

Table 2.4: Specifications of motor driver

Type AC servomotor driver
Manufacturer WACOGIKEN Ceo.
Type ABH2-208
Rated phase current 26.0 A
Second maximum current 56.6 A
Main power DC24 V
Command power -100 410 V
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Table 2.5: Parameter of experimental robot

R Radius of wheel 0.26 m
w tread 0.68 m
M Mass of mobile robot 25.5 kg
J | rotary inertia direction of mobile robot rotation | 2.0 kgm?
Juw rotary inertia of rotate axis in wheel 0.64m

gooboooOoooooboooopCcObOOO0O0OODOOOODOODODOOOOOOOOO
0000000000000 0ODOO0000O000DOOO000 BOXOODODOOOOOTable.2.6

gbbooboobooobooboon

Table 2.6: Computer and controller board

PC CPU | Intel PentiumlIII 1.8GHz
Counter board Type PCI-6205C
Manufacturer Interface Corporation
Number of input [ch] 8
Bit number of memory [bit] 24
D/A board oo PCI-3329
Manufacturer Interface Corporation
Number of input [ch] 8
Resolution [bit] 12
Output range (bipolar) [V] +5
Output range (unipolar) [V] 005
DIO board Type PCI-2702C
Manufacturer Interface Corporation
Input power [V] DC 5
Input current [mA] 0.9
Response time [u s] 0.1
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Fig.2-3: Experimental signal flow diagram
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Fig.4-2: Example of allowance zone change by coordinate translate
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Table 4.2: Accuracy of 2 prediction approach

Grey prediction 7.78%

3 time polynomial approximation | 9.63%
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Fig.4-3: Grey theory and polynomial approximation
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Table 4.3: Parameter of general equation

Control equation ‘ ) ‘ r ‘ S ‘
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v equations of motion v | v _%
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Fig.4-4: Stagard grid
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Fig.4-10: Fluid model
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Fig.4-19: Simulation3: Experiment environment
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Table 4.4: Position estimate of goal
Pass time | Present position (grid position) | Estimate position after 0.1 second (grid position)
0.1 2.520,0.520(12,3) 2.538,0.540(12,3)
0.2 2.540,0.540(12,3) 2.558,0.560(12,3)
0.3 2.560,0.560(12,3) 2.578,0.581(12,3)
0.4 2.580,0.580(12,3) 2.598,0.600(12,3)
0.5 2.600,0.600(12,3) 2.618,0.621(13,4)
0.6 2.620,0.620(13,4) 2.638,0.641(13,4)
0.7 2.640,0.640(13,4) 2.658,0.661(13,4)
0.8 2.660,0.660(13,4) 2.678,0.681(13,4)
0.9 2.680,0.680(13,4) 2.698,0.701(13,4)
1.0 2.700,0.700(13,4) 2.718,0.721(13,4)
1.1 2.720,0.720(13,4) 2.738,0.741(13 4)
1.2 2.740,0.740(13,4) 2.758,0.761(13,4)
1.3 2.760,0.760(13,4) 2.778,0.780(13,4)
1.4 2.780,0.780(13,4) 2.798,0.800(13,4)
1.5 2.800,0.800(13,4) 2.818,0.820(14,5)
1.6 2.820,0.820(14,5) 2.838,0.840(14,5)
1.7 2.840,0.840(14,5) 2.858,0.860(14,5)
1.8 2.860,0.860(14,5) 2.878,0.880(14,5)
1.9 2.880,0.880(14,5) 2.898,0.900(14,5)
2.0 2.900,0.900(14,5) 2.918,0.920(14,5)
2.1 2.920,0.920(14,5) 2.938,0.940(14,5)
2.2 2.940,0.940(14,5) 2.958,0.960(14,5)
2.3 2.960,0.960(14,5) 2.978,0.980(14,5)
2.4 2.980,0.980(14,5) 2.998,1.000(14,5)
2.5 3.000,1.000(14,5) 3.018,1.020(15,6)
2.6 3.020,1.020(15,6) 3.038,1.040(15,6)
2.7 3.040,1.040(15,6) 3.058,1.060(15,6)
2.8 3.060,1.060(15,6) 3.078,1.080(15,6)
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Table 4.5: Position estimate of goal

Pass time | Present position (grid position) | Estimate position after 0.1 second (grid position)
2.9 3.080,1.080(15,6) 3.098,1.100(15,6)
3.0 3.100,1.100(15,6) 3.118,1.120(15,6)
3.1 3.120,1.120(15,6) 3.138,1.140(15,6)
3.2 3.140,1.140(15,6) 3.158,1.160(15,6)
3.3 3.160,1.160(15,6) 3.178,1.180(15,6)
3.4 3.180,1.180(15,6) 3.198,1.200(15,6)
3.5 3.200,1.200(15,6) 3.218,1.220(16,7)
3.6 3.220,1.220(16,7) 3.238,1.240(16,7)
3.7 3.240,1.240(16,7) 3.258,1.260(16,7)
3.8 3.260,1.260(16,7) 3.278,1.280(16,7)
3.9 3.280,1.280(16,7) 3.298,1.300(16,7)
4.0 3.300,1.300(16,7) 3.318,1.320(16,7)
4.1 3.320,1.320(16,7) 3.338,1.340(16,7)
4.2 3.340,1.340(16,7) 3.358,1.360(16,7)
4.3 3.360,1.360(16,7) 3.378,1.380(16,7)
4.4 3.380,1.380(16,7) 3.398,1.400(16,7)
4.5 3.400,1.400(16,7) 3.418,1.420(17,8)
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Fig.4-20: Simulation3: 1st time planned trajectory
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Fig.4-21: Simulation3: 2nd time planned trajectory (at 0.5s)
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Fig.4-22: Simulation3: 3rd time planned trajectory (at 1.5s)
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Fig.4-23: Simulation3: 4th time planned trajectory (at 2.5s)
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Fig.4-24: Simulation3: 5th time planned trajectory (at 3.5s)

82—



040 0O0OO0OOOOOOOOOOOOOOOO

Goal

—
Eobot

Fig.4-25: Simulation3: 6th time planned trajectory (at 4.5s)
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Fig.4-26: Simulation3: Position response
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Fig.4-27: Simulation3: Acceleration response
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Fig.4-28: An advanced controller based on intelligent trajectory planning
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Fig.4-29: Position response
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Fig.4-30: Acceleration response
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Fig.4-31: Trajectory planning algorithm (Segmentalized control volume)
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Fig.4-32: Position response (Segmentalized control volume)
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Fig.4-33: Acceleration response (Segmentalized control volume)
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Fig.4-34: Spectrum (Segmentalized control volume)
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Fig.4-35: Cubic spline interpolation
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Fig.4-36: Trajectory planning algorithm (Spline interpolation with center point)
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Fig.4-37: Position response (Spline interpolation with center point)
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Fig.4-38: Acceleration response (Spline interpolation with center point)
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Fig.4-39: Spectrum (Spline interpolation with center point)
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Fig.4-42: Position response (Spline interpolation with contact point)
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Fig.4-43: Acceleration response (Spline interpolation with contact point)
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Fig.4-49: Position response No.2 (Spline interpolation with contact point)
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Fig.4-50: Acceleration response No.2 (Spline interpolation with contact point)
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Fig.4-51: Spectrum No.2 (Spline interpolation with contact point)
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