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» Associate Professor at
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The University of Tokyo
(co: Dept. Socio-Cultural Environmental
Studies, Graduate School of Frontier Sicences)

* lectureships at Keio SFC, Rikkyo U, Kyoritsu WU,
Ochanomizu WU, Kawamura WU

about myself
Yuichi S. Hayakawa &)1 a=t "m"

« field: Geomorphology, Geospatial Information
Science, Geoarchaeology

» Topics
— distribution and processes of WATERFALLS

— High-Definition Topography & 3D — measurement
and analysis of landforms and land surface objects

— palaeoenvironment around archaeological sites in
West/Central Asia

field science & geospatial analysis

Missions, Aims:

» Creating, Developing, and Spreading Spatial Information
» Developing Spatial Databases for Research Purposes

* Promoting Joint Industry-Government-University Research

http://www.csis.u-tokyo.ac.jp/

higher-resolution
of land surface information

getting higher resolution
2D imagery

satellites

aerial photos

3D topography/land-surface items

airphoto laser

and now...




ultra-high resolution

resolution: 0.001-0.01 m

ultra-high resolution

resolution:

unmanned aircraft system
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UAV - unmanned aerial vehicle

multicopier /. drone
RPAS = remotely piloted aircraft
system.

unmanned aircraft
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UAV - unmanned aerial vehicle

multicopter /. drone
RPAS — remotely: piloted aircraft
system.

What is UAS/UAV?

- unmanned aerial vehicle

- various size and types military
RQ-1 Predator
W 148 m

hobby
(PAMARAL " Eiving Ball _‘_f
Aerial photo i H1lcm <9
Phantom 3
W 59 cm #

What is UAS/UAV?

Popular UAV

Aerial
photo
shooting

Size: 1 ca.20-100 cm
Weight: ca. 500-2000 g
Price: ca. 500-10,000 USD

Rapid spread for
industry, research,
and personal hobby

(FLYING BALL) Relatively cheap, light, easy
(DJI)
mechanisms of UAVs mechanisms of UAV
Reasons for the stability
#1: multi-rotor
4 rotors
(in case of 4 rotors) —paired right and left
s easy rotations dismiss the
\ operation Single rotor anti-torque
Si'CI ble —inverse rotation of
. body (anti-torque)
flight ’ \ 4 S
safety

compass.

(http://plaza.rakuten.co.jp/mmbirdiand/)
(http://minizbar.blog100.fc2.com/)




mechanisms of UAV

Reasons for the stability
#2: built-in GNSS receiver

Global Navigation Satellite System Positioning of the
(GNSS) UAV body

(https://commons.wikimedia.o
rg/wiki/File:ConstellationGPS.
gif)

(http://www.wirelessdictionary.com/wireless_dictionary_GPS_definition.htn

mechanisms of UAV

Reasons for the stability

#2: built-in GNSS receiver Stay (hover) at the same position if
without any operation
Aircraft recognizes its position > - Automatically correct its position
even in the wind
Programmed not to enter the
predefined prohibited areas (airport,
etc.)

Record the takeoff point > - Automatically come back “home”
when any problem occurs (low
battery, radio disconnection, etc.)

Transmitter
off

\ h
GPsmm \ / Grsmm
\ /

\

\ |/
"“7‘; Turm Off Transmitter = Go Howe
e S (http://crazybrain.jp/SHOP/DJI-Drone-Fs50-NAZA-Va-
RTEhtml)

mechanisms of UAV

Reasons for the stability
#3: built-in barometer

Low pressure in higher alfitudes .
Air pressures are

used to identify the
aircraft’s relative height
< o °

1 3 v

> &' Altitude can be

(http://www.tdk.co.jp/techmag/inductive/200912/) maintained during flight

mechanisms of UAV

Reasons for the stability
#4: built-in e-compass

Terrestrial magnetism

Aircraft identifies its .
orientation

v

Keep its right
orientation

(http://www.tokyocompass.co.jp/mame.htm)

mechanisms of UAV

Reasons for the stability
#5: built-in accelerometer and gyro

Aircraft identfifies its
inclination and
direction of
movement

( v

Keep the right course

(htps://commons.wikimedia.org/wiki/File:Gyroscope_wheel-text.png)

pros and cons of UAVs

advantages disadvantages
« unmanned « limited area
;De;nrsztne area can be surveyed without a ° |OW O”_”_Ude

° OUTOmOﬂC ~150 m above ground
simple, long-term, repeated operations ° S|OW€r speed

+ high mobilit 0ok .
freedogm of operating \occTiZ/n ° TOO h|gh I’eSO|UTIOH

+ size flexibilit eomendae .
flexible design for various pooses ° d|ff|CUHy |n ShOrIng

* high resolution the space with

close-range sensing .
. manned aircrafts
develo p me nf needs good knowledge and moral of

high potential in industry and market operators
limited rules after disaster occurrences
no way to contact to manned aircrafts

for the appropriate use of UAVs

governmental
activations of various
UAV applications

dangerous if
wrongly used

for the appropriate use of UAVs

Alfred Bernhard Nobel
“There is nothing that is not being exploited in

the world. Advances in science and
technology’s back-to-back and always
dangerous. It's the first time can contribute to the

future of mankind and to overcome it.”

Soichiro Honda

“The right thought of human beings is prior to
science and technology. The evaluation of
humans having science and technology is
undertaken by how they use them and how they

contribute to the society.”
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Operation of UAS

UAV specifications

Product name DJI PHANTOM" 2
Aircraft class Quadcopter
Dimensions 350 x 350 x 190 mm
Weight 1000 g

Max flight speed 15 m/s

Max ascent/descent speed 6 m/s

Communication distance 1000 m

Max flight time 25 mins.

Payload 400 g (empirical value)

S
~

Camera specifications

Product name
Pixels

Image sensor
Dimensions
Weight

Interval shooting

Maximum number of

Duration of battery

NIKON COOLPIX A®
16.2 million

23.6 x 15.6 mm

111.0 x 64.3 x 40.3 mm
299 g

More than 1 second
More than 6,000 photos (SDXC64GB)
Approx. 70 min.

GNSS unit specification

= (: ' Product name NIKON GP-1A
. ‘ Tracking channels 18 (SBAS compliant)
s
" Update rate Once per second
Geodesics WGS84
Accuracy Horizontal 10 m RMS
Dimensions 45.5 x 25.5 x 50 mm
Weight 24g
Flight height, speed, and resolutio
exposure ISO shutter aperture
RITHE - FE SHMIEMB (KF). HaEM28 - 0
w55 71, AT, 63 % T, 0 [P beight () | 10 | 20 | 50 | 100 | 150 speed
ICRIT27E Left-Right size (m) 29 | 259 | 64 129.4 | 194.1 —
Shot intervals (bold letters) for various flight heights [~ = =T T L T bidisores iee pecd Lockt piiore
and flight speeds assuming 28 mm lens (equivalent to — ] | e
35 mm film 512#). 65 % overlap. head-forward camera |L-R shot interval (m) | 4.5 9.1 226 | 453 67.9 - gq au gu
orientation. -
F-B <hot interval (m) | 3 6 15 30 45 Barkien Lede Noide Less Motion Blur Allin focus
(by Inoue etal., 2014) 2| 18 3 78 | 18 | 125 S ;o;‘ Velue: (Hore w'h;::'dd)
s
o2 s w0 [ : 1 P mem AT
b\ 200 con
- 408 | 15| 38| 725 | na X o : 17500 Second. E Fi1
P 400 (safe range) T 1/250 Second B 8
s| o6 | 12| 30| 60 | 90 0 e 1/125 Second (safe range)
Flight Speed s S 800 r 1/60 Second g F5.6 (Safe range)
6| 05 1.0 25 5.0 7.5 p 1/30 Second u F4
(v/s) u e s 1/15 Second F2.8
704 | 09 | 21 | 43 | 64 r 5 1600 P U8 sieand 2 Fa
e < 1/2 Second F14
8| 04 | 08| 19 | 38 | 56 d 55 g 1Second F1
9 03 0.7 1.7 33 5.0 2 ul in focus
Y = TRl EL:ghter More Noise (grain) More motion blur f,'_:j: f;ep,,f o Field)
Ground resolution ‘ 05 | 13 | 26 | 39 5 " Eu u‘ pq
(cm/px)
& H Copyright 2005 Eric Sorensen
Updating UAV survey system Phantom2 & Phantom3
CoolpixA (Professional)
Up to now Flight time 15 min. ~~/ 23 min.
GPS mode GPS ~~/cps/GLONASS
Phantom2 . o o
. . . 'ommunication distance 1000 m — 2000 m
& Coolpix A with GPS unit =
FPV x(additional parts) // O
Auto pilot x(additional parts) -/ O
Real time battery L.
e x(additional parts) / O
Latest Sensor size 23.6X15.6 mm\/ 6.2x4.7 mm (1/2.3")
(Coolpix A)
Phant0m3 Pixel number 16.2 M (Coolpix A)\/ 124 M
Interval shot 1S~ (Coolpix A) \/ 58-
i i ? q
Effective for aerial survey? Gimbal “ = 3-axis
Price 130,000 JPY 175,000 JPY
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a fechnology to measure size, shape
and location of objects based on
stereo-pair camera images

PHOTOGRAMMETRY

What is photogrammetry?

A technology to measure the size, shape,
and location of an object based on
photographic images

+ Aerial photogrammetry

— Ground surface images using platforms in the
air (or satellites)

+ Ground-based photogrammetry

— 3D objects on ground from handheld or other
platforms

Nature of photographic images

- Large at close range, small af far
- Radial inclination from the central point
- The higher, the more inclinated

Photo shooting for photogrammetry

Distortion within a image Reconstruct the surface
Chulr:)gceq;'i:'rreru ’ based on the object ’ morphology from the
shape and location distortion

Example: Terrestrial object

Right

W image A

(Tsuru and Murai, 2011)

friangulation

Angle of two corners and distance between them
P definition of the triangle

Target point

Triangulation for aerial photogrammetry
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Stereo photography — 1950s

Nevenoer 8 2006
Stereo Photography - Retro and Stll Cool

cards in mtie stores and Giscoeed
3 (a8 in the ate 1800's. | Sgured out
3 when | fomnd 2 Kodak stores camera

http://artwelner.i00oowords.kodak.com/default.asp?item=220108




3D digital camera FuJIFIiLM FinePix REAL 3D

SARF4LIYAVIVRO=ILYRT L
135y IRIWUFPYRFL
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ENCR<RER = HNCR<RER

Jul 2009

registrations
+ camera calibration

« internal registration
« externalregistration (georefererjcing)
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(Hasegawa et al., 2002)

data types by photogrammetry

3D point cloud
Orthorectified image
DEM (Digital Elevation Model)

+ 3D mesh model / bird-eye view
(texture mapping)

Structure-from-Motion (SfM)

Multi-View Stereo (MVS) photogrammetry

SfM: reconstruction of camera positions by automatic
detection of tie-points on a stationary tfarget

SfM-MVS photogrammetry

SfM: structure from motion

» Developed in computer vision
(Ullman, 1979; Szeliski, 2010)

» Reconstruction 3D structure from 2D images
» Sparce point cloud from image matching

MVS: multi-view stereo photogrammetry

* Photogrammetry from already aligned 2D
images

» Dense point cloud (PMVS/CMVS)

Structure-from-Motion (SfM)
Multi-View Stereo (MVS) photogrammetry

MVS: further photogrammetric process to generate
dense point cloud

P

Appropriate photo shooting for SfM-MVS$

Facade (Incorrect) Fa

1111111 (Correct)

Isolated Objeet (Incorreet) Isolated Objeet (Correct)

% QZ%:

(Agisoft, 2014)

revolutiondby UAS
INBUER AN MMZEHEIC £ 5 Fdn
- much higher, wider & faster -




UAS-based SfM-MVS poraphi data

Characteristics of SfM-MVS$
* Various platforms |
—UAV (UAS), balloon, kite e
- pole, handheld
—undersea etc...
* Low cost: <1,000 USD
* Multiscale: mm - km :
« High resolution: >1M points/faces
« Textured images :
— Orthorectified image

Software

+ SfM and MVS (free)
— Bundler
* basic StM reconstruction
— PMVS2 and CMVS
« Patch-based Multi-view Stereo
« Clustering Views for Multi-view Stereo
« dense point cloud reconstruction
— other derivatives (Bundler + PMVS/CMVS)
* VisualSFM
« Bundler Photogrammetry Package
« Python Photogrammetry Toolbox
« commercial
— Agisoft PhotoScan
— PIX4D
» web-based services
— Microsoft Photosynth
— Autodesk 123D Catch

GNSS for SfM-MVS photogrammetry

* Aircraft positions
— Built-in receiver on aircr: :
— Camera positions can 1 -
AND GNSS positions
* GCP positions
— Optional points can b

— Distribution of GCPs aff
accuracy

IBRERREREERE’

jecee

GNSS for SEM-MVS photogrammetry

 Aircraft positions
— Built-in receiver for
many aircrafts
« low in accuracy (1-10 m)
« ready to use

— Optional antenna
 potentially high
in accuracy (~10 cm)

« either realtime or
post-processed

GNSS for StM-MVS photogrammetry

* GCP positions
—separately measured

— Wide (unbiased) distribution for the appropriate
model calibration

(Agisoft, 2014) i .

B/E(m) - 01- 02 +03-02
0-01 +04-03

(Obnawa efal. o

+05-04

Lower accuracy apart from GCPs
- ~1L— TS data 35

0.50 ~Lems UAV-SfM data

0
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]
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) 10 30

20
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(Obnawa et al. 2014)




GCP and data quality

Seit-caltraed comeramodel  Fxnd Gamera mooet
3
8 |

Vertical cifference from DEM processed with 29 costrol points (m!

200 ° 003

Rerark DM (derved wsing 3 CCPas contrel pows). lathe Art
" setrol peirts. Check powss ire shown 2 o

(James et al. 2017)

case
studies

LS
UAS
others

tsunami
boulders

southern |$Iands%“

4

N

~Japan

~

Sifrorm UA V. and TLSsO

infroduction o

» tsunami boulders — key features to reconstruct
past tsunamis (e.g., Imamura et al., 2008, JGR;
Goto, 2012, JSSJ)

» accurate volume measurements in the field
have been a challenging issue (e.g., Spiske et
al., 2008, EPSL; Watt et al., 2010, USGS-OFR,
Gienko and Terry, 2014, ESPL)

* high-definition fopographic measurements are
applied to obtain the volume of tsunami
boulders in southwestern Japan

(Goto et al. 2013 Geology)

How to measure
the shape of boulders?

(Goto et al. 2013 Geology)
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terrestrial Iosér
scanning (TLS)

wide area

[ point clouds ]

| ™
|: cleaning / exiraction :| ““““““
[

poisson surface reconstruction

[ 3D mesh ]

|: volume measurement ]

methods: TLS - terrestrial laser scanning®
Trimble TXS

a short-range scanner

— max. distance: 120 m

—max. frequency: 900,000 pts/s
—range accuracy: 2 mm @25 m
—weight: 5kg

Post processing by RealWorks &
CloudCompare
— cloud-based ICP registration

methods: UAS — unmanned aerial system ¢

DIl hantom 3 Professional/Advanced

post processing

* SfM-MVS photogrammetry
by PhotoScan )

» positioning accuracy: GCP by 3,
PPK-GNSS (Trimble GeoXH), fix
solution

case studies in southwestern Japan®
* Miyakojima Island (Cape Higashi-Henna)

» Shimoji Island

* Ishigaki Island

* Kuroshima Island

Miiyakoligagy, Miyakoiin
Minnashima ls%\/{;%‘ﬁ‘é‘é‘)“XSL NDS

jomotejima -

5 als.
Youag\ilz\i““a 150! i

Tshigakijit
a8 ,
ishigaki
akanouganjin® ™ e 2
Halenm\a)\“""‘ Ji=

AEYAMA ISLANDS

50 km (GSI Maps)

tidal waves vs tsunami waves

(a) SROA% EETOEWZHAR (b) A
(<300 m)

BETOEWIZHRA
(<300

M3 REBLCEROWEIC L) BINEROFHOHBOE  (#F (2012 LIER)

one of ihe Iargesi tsunaml boulders in

TLS and volume B

internal registration

field
measurement

= filtering / extraction

V=1658.6 m®

SfM by UAS and ground-based camera”

UAS: DJI Phantom 3; ground-based camera: RICOH GR I
- entire 3D model generated




3D puzzle

TLS measurement of the boulder #03

* registration error: 6.66 mm

+ 3D point cloud
https://skfb.ly/QJC?

point cloud

T

&
. \\

3D mesh model around boulder #03 (TLS)
* https://skfb.ly/QMKC

B SAVE VIEW

e hitps://skfb.ly/QJRX
« upside down hitps://skib v/ )58

comparison: TLS and UAS

TLS 72.58 m3 UAS 73.15 m3

<1% of differencel




volumes for the other boulders
« #01:24.78 m3

#02: 5.60 m3

#03: 73.15m3

#04: >15.33 m3

#05: 40.44 m3

#06 (possible): >44.45 m3

(bounding box) vs TLS volumes™

1,800
1,600
1,400
1,200
1,000
800
600
400

200

volume by TLS measurement (m3)

0
0 500 1,000 1,500 2000 2500 3,000

volume by measurement (m3)

concluding remarks ®

+ successful volume measurements using 3D
point clouds derived from either TLS or UAS-
StM
— ca. x0.6 of manual measurements

—TLS is good for accessible individual boulder,
while UAS is also good enough for inaccessible
remote boulders

+ time consuming: manual filtering
+ possibility: shape analysis
— identification of source location

volume of
rocky coast
erosion

fiﬂ"of[m@ln‘

study site: Suzumejima Island %
P
~ S 0{ (Obanawa et al., 2014)

oy et
N \ \ 72y Suzumejima

®ore plafformy SCove e

formed acty, :
Peing SleTos0n

natural processes of rocky coast erosion
at Suzumejima Island

» arare place: natural processes of coastal erosion
— out of the coastal protection
— oceanic waves directly attacks the bedrock cliff

« rapidly shrinking for decades

» constant erosion

« shore platform formation

» reported erosion rates around this
site: 1. m/y

* (1960-1966 by 1:1,000 topo maps;
Horikawa and Sunamura 1967)




methods: TLS - terrestrial laser scanners

TLS #1: TOPCON GLS-1500

a medium-range scanner

— max. distance: 500 m

— max. frequency: 30,000 pts/s
—range accuracy: 4 mm @150 m
—weight: 16 kg (body) + batteries

TLS #2: Trimble TXS

a short-range scanner

—max. distance: 120 m

—max. frequency: 900,000 pts/s

—range accuracy: 2 mm @25 m- weight: 5 kg

methods: UAS — unmanned aerial system

DIl Phantom 2 + NIKON COOLPIX A

/ Phantom 3 Professional/Advanced
il el it amn

—

Single-point Digital camera
positioning GNSS unit

post processing

» SfM-MVS photogrammetry
by PhotoScan

» 500-1,000 photos for each time

» positioning accuracy 1: camera-mounted GNSS, >1 m

+ positioning accuracy 2: GCP by PPK-GNSS (fix solution)
(Trimble GeoXH), 13.4-14.9 mm (14.4 mm RMS)

205 photo
© H. Obanawa

3D model
© H. Obanawa

fusion of UAS & TLS

« further aligned by ICP
—UAS dense cloud - TLS cloud
— CloudCompare / Trimble RealWorks

— cloud-based registration (ICP), errors: 25.1-39.7
mm

fusion of UAS & TLS o

an example of data processing  ”

160223 160618

C2C distance
(detectable distance:
3~10 cm or more)

invert normals for
the “after” dataset

3D mesh polygons
poisson surface
reconstruction

an example of data processing

mesh with holes solid mesh (w/o holes)

remove noise mesh




3D volume calculation

97

an example of data processing  *

calculating volume

temporal changes in erosion volume
200

20
00
80
60
40
20
0 |

(per 4 months)

erosion volume (m?3)

w
1)

03

140624-14
141031-150211
150211-150617
150617-15
51015-160223
160223160618
160618-161029

1

period

volume and rates of erosional changes
* by UAS data only
« the volume varies, 10.6 — 178.5 m3 per 4 months

99

temporal changes in erosion volume
038
0.25

Q{S I‘\ ||I ||I

QOS III —

I

tes (m/y)
o
w

o
N

erosion ra
o

015

140624-141031
141031-150211
150211-150617
151015-160223
160223-160618
160618-161029

150617-1

period
volume and rates of erosional changes
» approx. area of bedrock planes: 1,436 m?
» equivalent annual erosion rates: 0.03 = 0.35 m/y

101

FEM preliminary results

v

FEM preliminanygresults

deopka ememt

0000 ) 008 vow oo 030
At LA 1

103

educational/outreach applications?

online 3D viewer 3D print

Suzume-jima Island 3D (Jun 2015) i q

n

hitps://skfb.ly/QUwS
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3D print examples

educational/outreach applications

cardboard 3D builder

archaeological
applications

UAS-based SfM-MVS photogrammeitry

» acquisition of aerial photos by UAS
— 100-300 photos per each flight
(typically 15-20 min)
— coverage area can be adjusted
by the flight height and distance

* SIM-MVS processing
- software: PhotoScan by Agisoft
—tie point (sparse cloud)
—dense cloud
— triangular mesh
—image fexture
— export orthophoto and DEM

spatial data management

» GIS data processing e
— import as spatial data layers - bw £
— orthorectified images :
— DEM (digital elevation model) to
hillshade, slope, etc.
— extraction of topographic profiles
— export as TIFF or PDF images

+ On-site geomorphological mapping ;
— import data
— fracing topographic features using
iPad (GoodNotes app)
- realtime matching of the map-derived
features with field observation

Uchu-Kurbu and surroundings (Issyk-Kul)

coverage area

coast of Issyk-Kul




Uchu Kurbu cmd surroundlngs (Issyk Kul)

al clossmcc

tion (Iandform

Uchu-Kurbu and surrounding
cross profiles of the valley

1900

s (Issyk-Kul)

transverse profile

1850
1800
1750

1700

approximate elevation (m)

1650

1600
500 1000 1500 2000

-100h

-1 longitudinal profile

RITIAN
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150 ™

-160 BN

-170 e,

-180 ey
0 0 1000 1500 2000 2800 000

vltra-rapid

measurement
for archaeology

{background: ® Google)
ca-—1-km

3 < '
hillshade + 1-m contours
+

pole camera system if w/o UAS

necessary time on site:
only minutes

orthorectified image

resolution = 1 mm, grid interval =1 m f




topographic contourlines = '

51| m (red), 10 cm (black) and 1 cm (gray)__ - svews «.

.28 \_‘l‘

. :f_‘i P
AN
i} : ’;\::\%}4“

hillshade image . .

resolution=1cm

test for two tombs

* 102 photos
* processing time: ca. 45 min

« w/o GCPs

— but the coordinates of camera positions taken
by Garmin Oregon 300 gives rough estimate of
globallocation.of.the,data

mesh (TIN)

‘rextur_ed model

pole-camera for a wider area:

Sparse point cloud generated by SfM from the photographs
taken in and around the site. Camera positions of the
photographs are shown as blue rectangles.

hal II/1 sites

colored by elevation

i < 500-m >
® o o
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I Tsi000150" B 2003 m. ——
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visualization

sggporis for archaeological landscape
reconstru S SR
e

® sannai maruyama
el

tost fight at the Sannai-Marsyama Site, Aomori, Japan https://vimeo.com/138025938

aerial panorama of Sannai Maruyama
Site, Aomori, northern Japan

topographic map of Sannai Maruyama Site

474300 474400 474600




].;mlc,onto,ur_.linegg\;

before filtering
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after filtering hillshade before filtering

(AL mEY 800

o

DR

() Sketchfab ~ EXPLORE ~ COMMUNITY  BLOG (st a)

& sannai-maruyama site

3D virtual tour

south mound / Mg+ - SSe—"

a mound formed by long-term

w
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https://sketchfab.com/models/85f309f1204e4115ae4a3d4dbe885069

exhibition at The Musesum of Kyoto

e !
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high-
precision
GNSS for

UAS




Tateyama volcano

@ Tateyama Murodo Jigokudani
e b

10-07,08 Phantom 3

Reach RTK on Phantom 3

oo

© emlid

2018.01.24 @GIC of AIT

Shutter sync via hot-shoe
(not for this case, though)

Reach RTK DF13 connector Ricoh GR + adapter AS-15 +
sync code SC-11&
DF-13 connector

by Shoichiro Uchiyama

e Sketchfab EXPLORE store =8 COMMUNITY BLOG Q Ssearch

¢ tateyama jigokudani "phantom-rtk"

. yuichi hayakawa (Z3) 1 0

orthorectified photo + contours




hilshade (4 cm)
v\_ Y :?4’ -5

hillshade (4 cm) + contour 1T m

Leap second

+ GPS Time: unchanged since Jan 6, 1980

* UT1: the principal form of Universal Time

« UTC: Universal Time Coordinated;
slow, inconstant drift over decades

occasional intercalary of leap seconds

.
Earth Clock Time: - Atomic Time
o Right now, the official U.S. time i«
- 23:59:60
g
8 .
ey L
5 [ - Saturday, December 31, 2046
: B= T e
502
04 b= Scroenshct of the UTC clock from www.bme.gov
s during the leap second on December 31, 2015,
08 hittp:/www.oc.nps.edu/oc2902w/gps/timsys himl
-0 - L .
1996 197 1098 199 200

Yew

Accumulation of leap seconds

GPS Time - UTC =

18 seconds
as of late 2017

assignment of camera positions (1 Hz)
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Test case: SfIM - GCP RMS <1 cm
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by the way,
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is higher-
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is higher-
resolution
always good?

example of Google Earth
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high r ution, but...
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one step back, then you will see it.

higher-resolution
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higher-definition
or clarification

clarification?
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what comes after having these data?

technological development enabled rapid,
accurate acquisition of high-definition
topographic data on site

now we have (hopefully) more time for:
— geomorphological mapping and surveys
— archaeological surveys

# with support of detailed maps

— visualization and sharing ideas of palaeo-
landscapes

# 3D viewpoints with realistic feelings




other issues

* selection of appropriate resolution/scale of
data, as well as appropriate methods,
depending on
— purposes (area of interest)

—restrictions (legal)

» more efficiently, more easily...
— for further applications in many field sites
— establishment of “profocols”
« including manual distribution and hosting seminars...
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HIGH-DEFINITION TOPOGRAPHY
AND GEOPHYSICAL DATA ANALYSIS =
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session delails: hig,
joint session with AGU and EGU

High dfi-sion
o Become videly oroiabls
dyname. Hors ey sasmion,

Geospatial Peint Cloud Data Analysis
for Natural Hazard A nts

submit your absroc of
2018, bty

of tree-imensional peint cloud dota hos widely been developed in
chuding the earth surface processss and dynamics, which cro
nmr':l hosor)’ curmen. Rokt dood deo_of
a'.fﬁ".,u °~ﬁ "5.4 7‘“"‘3

(ot o Sl nfoemetionScince, Tho sty o okys)
of arime Soeces, Kbe Usversy)

o
Belarssms e

Abstract submission deadline: | January 19 (Fri), 2018 |

Absiradt submission deadline: February 19 (Mon), 2018 (17:00 JST)
1 sarlybird submission decdiine with discount rates: February § (Mon), 2018 11:59)5T ]

submit your absiract o bip://wvewipgy.org/mesting 2018/




