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Fig. 1.1 Autonomous mobile robot developed by Panasonic used only in the limited
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The system: A Self-Driving Prius

Google’s Self Driving Cars
The Technology, Capabilities, & Challenges

By Andrew Chatham

Fig. 1.2 Autonomous mobile vehicle developed by Google Inc.
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Fig. 1.3 Autonomous mobile vehicle developed by Nissan Co.,Ltd.
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Fig. 1.4 ROPITS, the small-sized autonomous mobile vehicle developed by Hitachi, Ltd.
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Fig. 1.7 Small-sized autonomous mobile drone, developed by Amazon, will be used for

transportation.

Fig. 1.8 MieC LM developed by our laboratory
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Fig. 1.9 LRF UTM-40LX produced by HOKUYO AUTOMATIC
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Fig. 2.3 This figure shows the model of measurement. Az, Ay are the slip of L-shaped

edge.

Fig. 2.4 This figure shows the model of measurement. Az, Ap are the slip of LRF.
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ED 2 L;:The distance measured at real x

<» [;iThe distance measured at estimated x
€3> g, The difference between [; and {;
Pi  The angle of ith lazer

o, The angle formed by lazer and L-shaped

edge
Ax  The gap of location

¥+ Ay
=x+

Fig. 2.5 This figure shows when position z slips Az, how a distance which one of lazer

measures changes .

--» [ ;“The distance measured at real @
<% [;The distance measured at estimated @
&> epThe difference between I,; and Zﬂ
@; Theangle of ithlazer
6; The angle formed by lazer and L-shaped
edge
Agp The gap of angle

Fig. 2.6 This figure shows when angle ¢ slips Ay, how a distance which one of lazer

measures changes.
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Fig. 2.8 The landscape of the experiment focus on L-shaped edge
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Fig. 2.9 Standard diviations are calculated by using the results of the experiment. Then

they are ploted in three dimensions.
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N

distance[m]

angle[°]

Fig. 2.10 This figure shows 6 plane of Fig. 2.9.
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o = 8807555 x 1073 4 1.5600331; x 1072 — 6.1883780; x 10~* + 7.68386317 x 10°

—7.5556091;0; x 1075 + 2.86290767 x 1075 + 2.20601013 x 107% — 1.969974126; x 10~°

+1.2123461;67 x 1076 — 3.89865567 x 107 (2.34)
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Fig. 2.11 This figure shows the approximate curved surface based on the standard

diviation obtained from the experiment.
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z=6.0m|000000000000000O000O0O0O0O0O Ar0091.5% 0000 (Fig.
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Fig. 2.18 Ellipse obtained at 7.0[m]| before Fig. 2.19 Ellipse obtained at 8.0[m] before
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2.20)0
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(Fig. 2.21)0

0.0005

T T T T T T
"correct_result_9.b¢"  + "correct_result_10.6¢"  +

0.0004

0.0003 -

0.0002

0.0001 +

ab

delta_phi[deg]
delta_phi[deg]
o
=]
g8
®
T

-0.0001 [

-0.0002 [~

-0.0003

-0.0004 [~

~0.0005 L L L L L L L L iy
-0.005 -0.004 -0.003 -0.002 -0.001 0 0.001 0.002 0.003 0.004 0.005 -0.18 -0.16 -0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 1] 0.02

delta_x[m] delta_x[m]

Fig. 2.20 Ellipse obtained at 9.0[m]| before Fig. 2.21 Ellipse obtained at 10.0[m] before

thining out the data thining out the data
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1 = (6.4793Az% x 10% — 2.2046AzAp x 10° + 5.9841A¢% x 107) /9 (2.35)
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Fig. 3.2 left:Original bynary image, rigth:Data bynary image
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Fig. 3.10 Picture and binary image of outdoor environment
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Fig. 3.11 Picture and binary image of bycicle
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Fig. 3.13 The order and position of experiment
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Fig. 3.14 The landscape of experiment near the stairs
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Fig. 3.15 The template of indoor passage
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Fig. 4.1 FExperiment data of indoor environment

Fig. 4.2 Experiment data of outdoor environment
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