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ASTUDY OF WAYPOINT NAVIGATION FOR OUTDOOR MOBILE ROBOTS
BY FUSING AERIAL PHOTOGRAPHS AND ELECTRONIC MAPS
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Waypoint navigation for autonomous mobile robots allows navigation safely and smoothly to the destination
point by following predetermined waypoints that serve as route points. To assign waypoints, environmental
maps are needed to accurately determine the current location and the moving direction of the mobile robot. In
this paper, we propose a new waypoint navigation method using both aerial photographs and electronic maps.
By fusing aerial photographs and electronic map data, waypoint navigation environmental maps can be
generated without prior acquisition of environmental data by traveling. The effectiveness of the proposed
system was demonstrated by using an actual autonomous mobile robot and generated environmental maps of

outdoor environments to confirm the validity of the proposed waypoint navigation.
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Fig.1 System Overview
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Fig.2 Mobile robot and sensor configuration
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Fig.3 Flow of the proposed system
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Table.1 Distinguishing between travelable and non-travelable
areas
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Fig.4 Conversion from electronic map to environmental map
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Fig.6 Adding crosswalk to electronic map
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Fig.7 Extraction of vegetation areas from aerial photograph
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Fig.8 Binarization preprocessing of aerial photograph

c) MBI &R
%%mﬂ-ﬁﬁgﬁﬂgéﬁbt:o@*1 i 1z %t
T, MR AHET D 2 LT, 0 BNEITRATRERIR &2 R
‘é”*%@] m ARy b OROREEMX Z AT 5. Fig.9 (28T
AR U T2 BR BRI 2 7R T

Fig.9 Combining binary images generated from aerial
photograph and electronic map
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Fig.10 Obtain route point coordinates on an environmental
map
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Table.2 Coordinates of waypoints

[ wi [ wy | ws | wy |goal

x 3160 1920 5.90 -2.69 -2.99
069 2980 5821 3640 930

Table.3 Coordinates of the changed waypoints

| w1 wa [ ws [ wa | ws | we | wy | ws | wo | wig | Wi ]

x 631 1263 1896 2528 31.60 2911 2663 2416 2168 19.20 16.40
014 028 041 0.55 069 651 1233 1816 2398 29.80 3552
Ilﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂm
x 1360 108 8.00 5.90 -0.85 -2.69 -277 -284 -292 -299
y 41.23 46.96 5267 5821 5275 4457 36.40 2962 2285 1607 9.30
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Fig.16 Waypoint coordinate transformation on the

environmental map
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Fig.17 Waypoint navigation in progress
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