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Abstract: The Yeosu Sado dinosaur tracksite is well known for many dinosaur tracks and research on the gregarious
behavior of dinosaurs. In addition, various geological and geographical heritage sites are distributed on Sado Island.
However, educational field trips for students are very limited due to accessibility according to its geological location, time
constraints due to tides, and continuous weathering and damage. Therefore, this study aims to generate 3D models and
images of dinosaur tracks using the photogrammetric method, which has recently been used in various fields, and then
discuss the possibility of using them as paleontological research and educational contents. As a result of checking the
obtained 3D images and models, it was possible to confirm the existence of footprints that were not previously discovered
or could not represent details by naked eyes or photos. Even previously discovered tracks could possibly present details
using 3D images that could not be expressed by photos or interpretive drawings. In addition, the 3D model of dinosaur
tracks can be preserved as semi-permanent data, enabling various forms of utilization and preservation. Here we apply 3D
printing and mobile augmented reality content using photogrammetric 3D models for a virtual field trip, and these models
acquired by photogrammetry can be used in various educational content fields that require 3D models.
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Fig. 1. Locality and geological map of the study area. (a) Aerial photograph of Yeosu Sado Island. (b) Aerial photograph of
dinosaur tracksite in Sado Island. (c) Photograph of ornithopod, theropod, sauropod track bearing surfaces. (d) Geological map of

the study area (modified from Song and Kim, 2015).
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Fig. 2. Photographs of Yeosu Sado dinosaur tracksite. (a) Ornithopod tracksite after removing the seawater and sediments during
low tide. (b) Ornithopod tracksite submerged during high tide. Same area as (a). (c) Theropod tracksite during the low tide. (d)
Sauropod tracksite during the low tide. (e-f) Theropod tracks. (g) Sauropod tracks. (h-i) Ornithopod tracks. (j) Ornithopod tracks
covered with seawater and sediments during low tide. Same site as (a).
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digital camera or drone I )

Create 3D rﬂ—; Post-processing I
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2D visualisation

- Orthophotograph
- Shaded relief

- Contour lines

- Elevation map

v

3D visualisation

- Augmented Reality (AR)
- Virtual Reality (VR)

- Virtual Field Trip

- 3D Printing

- Data Archiving

Fig. 3. The basic workflow for photogrammetric 3D modeling utilization (modified from Falkingham et al., 2018; Romilio,

2020; Lallensack et al., 2020).
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Fig. 4. Processes for building the dinosaur tracks photogrammetric 3D models using Agisoft Metashape Professional. (a) Align
photos. (b) Build dense cloud. (¢) Build mesh. (d) Build texture.
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Fig. 5. 3D images of ornithopod tracksite (Fig. 2a). (a) Orthophoto combined with oblique light shading. (b) Hight map (Rain-
bow Desaturated). (c) Hight map (Cool to Warm) combined with contour lines (n=30). (d-e) Orthophoto with oblique light shad-
ing (d) and shaded relief combined with oblique light shading (e) of detailed ornithopod tracks. Based on the red dotted line, the
right area is exposed, and the left surface (whitish surface) is always submerged by seawater. (f-g) Rainbow Desaturated height
maps (f) and Cool to Warm height maps combined with contour lines (n=30) of the single ornithopod and theropod track.
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Fig. 6. 3D images of theropod tracksite (Fig. 2c). (a) Orthophoto combined with oblique light shading. (b) Hight map (Rain-
bow Desaturated). (c) Hight map (Cool to Warm) combined with contour lines (n=30). (d-f) Rainbow Desaturated height maps
(f) and Cool to Warm height maps combined with contour lines (n=30) of the theropod trackway. Three digits and claw marks

of footprint R2 (white dotted line circle) are identified.
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Fig. 7. 3D images of sauropod tracksite (Fig. 2d). (a) Orthophoto combined with oblique light shading. (b) Hight map (Rain-
bow Desaturated). (c) Hight map (Cool to Warm) combined with contour lines (n=30). (d-f) 3D images of the sauropod track-
way. (d) Orthophoto combined with oblique light shading. (e) Hight map (Rainbow Desaturated). (f) Hight map (Cool to Warm)
combined with contour lines (n=30). (g) Interpretive drawing of the sauropod trackway. Abbreviations: LP, left pes; LM, left

manus; RP, right pes; RM, right manus.
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Fig. 8. 3D printing of theropod track. (a) 3D Model editing via Autodesk MeshMixer. (b-c) 3D printing processes. (d) The

result of theropod track 3D printing.
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Fig. 9. (a) Mobile Augmented Reality (AR) content test. (b) Yeosu Sado theropod trackway mobile AR application screen

showing 3D model with image and text.

Tomography) 270, 39 27 (Surface scanning), A}
A& Fo| AtH(Ziegler et al., 2020). AHHIZTHH
OE F el vl AriEeR AaEe] Hol
o] SIANE, Au|eE AZEe7} d
et Aok A, B AlZe] Al7ho]
03 AA ARHETR= F(Westoby et al., 2012),
sh Wk ope} =T gt 2w 230
o] golslth= M 5o T B B IAES
HoloA] o]Z o]g3la AUrHOtero et al., 2020). 8
AES AKEYNEH 3D ZIY7R 9] S AH
AQE & & 5 don, ¢ 3D 2d HIS A
A3l RS Qe o] niAETHH FEUA}
idto] ofd FE W, AS, YEU|E 5o o
&k IAE s e, dd, W 3

f
4

2
=
by

ox % g rlo
N
g‘L
ke

=
)

%

¥ o det
Wee 7 sl 44 sl Wl 2E Aw
2 )88 & 9l Aol

1 =
ofRlgl] mel AR WART TEE 7] Y
£ ugD mE S0l A Jlokt sl B
o gleh. W oleld 2%, 22, §259)
EAel WA S5 Y 3D BES AR
A4 wARe Seld 4 e GHom 38U

Holg,

7ok Z=At(virtual field trip)

ofRlFARE TS0l ARACE AFALHS &
A A4S AN I F e 2 713Y
Wk oz} o e X sl B &
HHo2 5 & F 9= Wio|tkElkins and
Elkins, 2007; Mead et al., 2019). 3F<]%F o4k &4
TE W2l Ak Behrendt and Franklin, 2014), &
gAY H4d(Cooke et al, 1997; Gilley et al,
2015), oFelZAWl Zrksle SAEC] 2 (Dolphin
et al, 2019) 59 o Aoz 3] ALY of
] &o] WX AY Erbese o] EAjgith
53, Iujulo|H At dE-19 2 e Ay g
SS9 of9] Trol A Wt opzt Mg
A= Aok F71 Al wet B o] g
oA oFIRALE FASHAY FHAadhs AHE HolF
ATHBarton, 2020). wEbA o]o] gk tijte Rz 7H¢
oke| ZAk(virtual field trip)’} FE-< Wi ok HAF
g 719 WS 3 Aol QlEMle] wHe MY
ORIFAE AA| oflEAN] S S5E F e
tjete] 2 4 g 7FsAS =FT Uth(Mead et
al., 2019). o]2f3t 7MIHHE o] &3t ofezAR= 8}
AEo] A glo] AR = Uthes o] AL ¥
gk ooplet, T84 5S TFssl s, dEd
< FTINATH IFE71E S FNA F F
I tH(Pantelidis, 1993; Sung and Lee, 2017). Y¥H
07 TPJoR|EARE theket P29 mjAHE o] 85t
om ol AW, F4 5o HXAE ARE MRS
sgee] olux], Hltle, 3D Y 5& ¥t}

oft rlo

Rl oxe
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(Mead et al, 2019). YHHO=R oA & Aol A
WEL 7 ole o tEe ikl 3D BE &
ey CTZ Fd3P|ole UF & w7t Bt wet
A ARIEERHolY LIDAR (Light Detection And
Ranging)s &3 78 &+ Sk ARSFHS
LiDAR®I| H]3t] =7t DojA= wilo] ARk
a7ke] A gle] AE7Et e 58 TeEE
A2 7Fsab] Wiel] vs ZAA ol Aol o] &
Eid _9_0];‘5],\;].

T Al I S HR 3?"1 =, 3l
Ao, AT T oF 80/l A B AERAE
o] #X¥slal e A Y X]’é]ﬂ%@—i 48
7H7F =& Aotk Kwon, 2014). ok o
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2012) EA gh=re] Wetr] 3% st (Korean Cretaceous
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