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Abstract

A cost effective, unmanned aerial vehicle (herein after UAV) is getting to be widely used in various field.
Especially in the civil engineering and agricultural fields, using a UAV is becoming a standard. The author has
conducted surveys using an UAV since 2014. Aiming at observing drift ice observation along sea of Okhotsk,
this research introduces fundamental method related to UAV technologies. Auto pilot software makes it
possible for UAV to fly along a pre-calculated course as if automated cleaning machine flying. Series of
pictures can be used as stereo-photogrammetry method. Very precise high-resolution digital elevation models
(DEMSs) are obtained easily and at low cost. Overlapping, geotagged images were obtained over grass land
along sea of Okhotsk. Again, this research presents basic knowledge and techniques necessary for introducing
UAV, its operation, aerial photography techniques and the possibilities of using an UAV to observe drift ice.
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1. INTRODUCTION 3. MISSION PLANNER, HUB, LITCHI

UAV can get aerial data in remote, inaccessible The open source software the Mission Planner
regions. Series of two dimensional pictures can be(http’//plane.arudupilot.com/) makes it possible to
transformed to three dimensional pictures so calledconduct flight waypoint manipulation.
Structure from Motion (SfM). SfM technology and |
multi copters technology build a 3-D model from
pictures and applied for disaster areas from low altitude.
(Inoue et al., 2014) Observation for a large outlet
draining the Greenland ice sheet was conducted. (Ryan
etal., 2015).

2. MATERIALS

DJI company has been produced a high
performance multi copter since this company founded
and its share is said to be up to 60 % or more. The
author used DJI manufactured multi copter, Phantom?2
and Phantom 3. Attaching an infrared camera on
Phantom2 makes it possible to get Normalized
Difference Vegetation Index (NDVI) images.

Fig. 2 Programming waypoint on Mission Planner

On the Mission Planner, choosing the area and put
flags to cover selected area. Flags are associated with
coordinates and altitude above ground (not see level)
and then a flight plan is obtained.

Table 1. Flight plan generated by Mission Planner
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Flight plan generated by Mission Planner should be4. STEREO-PHOTOGRAMMETRY
transformed to csv style with the information latitude, Auto pilot software makes it possible for UAV to fly
longitude, altitude (m) using Microsoft Excel software. along a pre-calculated course. Series of pictures can be
used as stereo-photogrammetry method. Very precise

Table 2. Csv format flight plan high-resolution digital elevation models (DEMs) are
- ’; | .Bd . Z ) obtained easily and at low cost. The author conducted

e gy e auto pilot system at the grassland along sea of Okhotsk.

3 4404304 1440911 100

4 | 4404304 1440904 100

5 | 4404035 1440885 100

6 | 4404103 14408386 100

7 4404304 1440888 100

8 4404304 1440917 100

9 | 4403944 1440896 100

10 | 4403835 1440802 100

11 | 4404304 1440924 100

12 | 4404304 144083 100

13 | 4403525 1440908 100

Transformed csv style flight plan is uploaded to
Mission Hub — Litchi (https:/flylitchi.com/hub).
Litchi's Mission Hub allows user to edit and share
waypoint missions online and later execute them using
the Litchi Android or iOS App.

Fig. 5 Picture of Observatory using GoPro Camera
attached to phantom 2
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The author let phantom3 manually fly to the start
point and then let it fly automatically using Litchi tablet
software attached to controller. It is impossible for
manned aerial vehicle to fly near the surface. In this
research, pictures are taken every two seconds over
grass land above 50 meter from ground level.

_ Manned aircraft must fly 300 meters high above
----- <t ground level to avoid down burst. However, A UAV can
fly 1 meter above ground level. It is impossible for
manned aerial vehicle to fly such a low altitude. Using

_ Flight plan on Mission Hub is transformed to auto 5 YAy has a great advantage to get very precise surface
pilot software (Litchi) on iOS tablet machine makes it gata and generate 3 dimensional images.

possible for user to let the UAV fly thorough the
pre-programmed course.

Fig. 3 Mission Hub-Litchi
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Fig. 4 Auto Pilot software LITCHI M [N N S NN NN N N
Fig. 6 Series of pictures 50 meter above ground level
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ESRI recently released Drone2Map for ArcGIS. This makes it possible to obtain more clear images and
This software makes UAV into an enterprise GIS figures out the shape of structure such as building shown
productivity tool. Using this software, the author hasin Figure 9. Using three dimensional images, shape of
tried to create orthomosaics, 3D meshes usindauildings can be generated, that means that height of each
drone-captured still imagery. - plant can be calculated.
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Fig. 7 Orthomosaics from drone-captured imagery
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Fig. 8 High-resolution digital elevation models
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Fig. 10 Three dimensional images
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In this paper, the fundamental methodologies to let ~We thank to Dr. Issei Watanabe, Research Institute for
UAV fly automatically and stereo-photogrammetry Humanity and Nature, providing series of information
method are introduced. There must be potential andelated to UAV automatic flight and Firefly6, Parrot Disco.
promising future applying proposed methodology to Ve also thank to Dr. Satoshi Inoue, National Agriculture
observe drifting ice along the sea of Okhotsk. The_a”d Fogd Research Organization providing agriculture
author let phantom2 to fly over drifting ice along the nformation and Ms. Yuko Nakamura, ESRI Japan
sea of Okhotsk (Drifting ice, 2015) as preliminary company to use Drone2 map software. This research is
study during winter 2015 ’ supported by Grant-in-Aid for Scientific Research from

Ministry of Education, Culture, Sports, Science and
To let UAV to fly under low temperature, battery ) .
. ! . R z— -B
must be pre-warmed up in advance. Once opera’uonTeChnOIOgy 2016 to 2018, entitledt =~ &fF>7 %

started, heat comes up from battery itself. To conduct"\U’\%ZEEEE@%:&)mma\‘/xﬁ:A@%%EJ

operation above drifting ice, not quad copter but also
ircr h material n fly over much longer _ ) . .
aircraft shaped aterial ca y ove uch longe Inoue, H, S. Uchiyama and H. Suzuki (2014): Multicopter Aerial

distance and collect more information. Photography for Natural Disaster ResealED Research
The author conducted a drone work shop at Renort.

Graduate school of Hokkaido University Oct th€ 3 Ryan, J., C. and 7 others (2015): "UAV photogrammetry and

2016. Graduate student from Philippine, Nigeria, structure from motion to assess calving dynamics at Store

Tanzania, Indonesia, Russia, Malaysia, Bangladesh, Glacier, a large outlet draining the Greenland ice sheet".

Nepal participated. End of workshop presentationLitChi'App software (2016): available at httpsufies.apple.com
itled “H v UAV t ! h field?” lip/appl/litchi-for-dji-phantom-inspire/id1059218666?mt=8.

entitie ow we can app y_ O research neld: .Drone2 map, Esri Company (2016), available at http://www.esri.

Three teams gave presentations there (See presentationcom/products/drone2map.

movie files, 2016). A graduate student coming from Matsumura, K., K. Okuno (2015): Drifting Ice, available at

Tanzania is interested in using air-craft shaped drone to https://www.youtube.com/watch?v=paB119vybNY.

observe Serengeti and Ngorongoro national park. Thé workshop at Hokkaido University, October (2016):

size of each park is more than 14,000 square km. The Nttps://www.youtube.com/watch?v=0yGo_Pkh5w8

- . https://www.youtube.com/watch?v=yMN4Uufikng
author proposed Tanzanian the method to let aircraft https+/mww.youtube. com/watch?v=bKfyQYdvy w.

shaped drone_ to fly one way and cha_nge the ba_ttery _anﬁrefly6 Pro (2016): https://www.birdseyeview.aero/products
return to starting point. The author is interested in using /firefly6.

aircraft shaped drone “Firefly6” and “Parrot”. Each Parrot Disco (2016): https://www.parrot.com/fr/drones/parrot-
aircraft shaped drone can gain 80km per hour and disco-fpv#-parrot-disco-fpv.

battery lasts more than 45 min. Applying series of
proposed methodology and aircraft shaped drone for
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