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Autonomous Moving Control of Robot for Equipment Inspection
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Abstract:

It is very important to move the mobile robot with a high degree of accuracy. JFE Steel has developed robot using
indoor GPS, that can follow target routes with high degree of accuracy. For linear, rotational and omnidirectional
movement, we designed four-wheel drive and four-wheel steering system to control each wheel with an independent
drive motor and a steering motor. For follow-up control of a target route, it was guided and controlled to bring the
robot position and the target route relationship within the stable area of the decision result in the Routh-Hurwitz
stability determination method. As a result, amount of misalignment from the target route was reduced and stable

autonomous traveling became possible.
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Table 1 Comparison of the positioning method

L Indoor Outdoor
Positioning method - -
Avail. | Accuracy |Avail. | Accuracy
Alone X O |10~20m
GPS Differential-GPS | % O |1~5m
RTK (Real Time -
Kinematic)-GPS * O |10~20mm
Wi-Fi A 110~200m (O | 10~200 m
RSSI (Received
Wireless | Signal Strength | A& |120~30m |O  |20~30m
LAN | Indicator)
TDOA (Time
VAN ~ ~
Delay Of Arrival) 20~30m O 20~30m
Infrared RFID (Radio
ravs Frequency O |2~3m O |2~3m
Y IDentifier)
Visible .
light Image recognition [O |1 m O |Im
UWB (Ultra Wide Band) |O  [100~200mm | & | 100~200 mm
Ultrasonic wave O |50~80mm|A  |50~80 mm
Indoor GPS O  |£1 mm A [£2mm

Light projecting unit rotate about 40 Hz.
Two infrared lasers are released with angle
horizontal direction * 30 deg, vertical =30 deg.
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Fig. 1 Angle of infrared laser radiation of indoor GPS
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Elevation is calculated by passing time
difference of two infrared lasers

(a) Elevation angle by two laser passing time

Azimuth is calculated by time difference of
base strobe light and midpoint of the two infrared laser
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Base strobe light

(b) Azimuth angle by strobe light and laser passing time
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Fig. 2 Calculation method of elevation and azimuth angle by
infrared laser passing time
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Fig.3 System configuration of indoor GPS
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Fig. 4 System configuration of autonomous mobile robot
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Fig.5 Information process in the control system
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Fig. 6 Autonomous mobile robot
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Fig. 7 Wheel arrangement of the robot

Target route X
(Zigzag)

Moving area
of the robot

8 EfTERR/N\Z—

Fig. 8 Experiment of operation pattern
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@Angle change amount A6,
is calculated
AB, iy =sin"! (M4,-1/V)
(2 Target angle 0, is calculated
4= B,uim1 + NG iy
(3When the robot crosses the
target route, reversing the sign
of the angle change amount A6
(DThe iterative calculationd~@®)

0,+;-1 : Current angle (rad)

0,+;: Target angle (rad) i=1,2,3,
I Aerl 7, : Perpendicular distance between
"\' .>_; the robot center and Target route
\ \7r+r 1 '§ (mm)
o} v, : Robot speed (mm/s)
Grobal X
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Fig. 9 Conventional robot control; logic 1
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Fig. 10 Improved robot control; logic 2
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Table 2 Initial condition of numerical simulation

Initial angle 0 1 deg
. . X 5 mm
Initial position
Y 0 mm
Control cycle cC 10 Hz
Maximum speed Vmax 200 mm/s
Acceleration a 40 mm/s’
Distance L 2 000 mm
’\; 300
£ 200
2
5 100
i
=
0 500 1 000 1 500 2 000
Distance in the traveling direction (mm)
(a) Velocity pattern of numerical simulation
Conventional logic 1 Improved logic 2
2 000

—_ — —_ —_ —_
(=3 393 & (=) o)
(=3 f=3 (=3 (=3 [=3
(=} (=} [=} [=} (=}

Distance in the traveling direction (mm)
P [ [}
(=3 (=3 f=3
(=] (=) f=]

553
f=3
(=}

(K=
553
(=}

-10 0 10 20 =20 —10 0 10 20
Deviation from target route (mm)

(b) Result of traveling route by simulation
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Fig. 11 Numerical simulation result of robot traveling
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Photo 1 External appearance of actual robot
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(a) Experimental motion of 90 degrees turning
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(b) Experimental result of autonomous moving
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Fig. 12 Experimental motion and result of traveling route
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