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ABSTRACT

The use of three-dimensional (3-D), photo-textured representations of to-
pography from laser scanning and photogrammetry is becoming increasingly
common across the geosciences. This rapid adoption is driven by recent inno-
vations in acquisition hardware, software automation, and sensor platforms,
including ur d aerial vehicles. In addition, fusion of surface geometry
with imaging sensors, such as multispectral, hyperspectral, thermal, and
ground-based radar, and geophysical methods creates complex and visual
data sets that provide a fundamental spatial framework to address open geo-
science research questions.

Despite the current ease of acquiring and processing 3-D photo-textured
models, the accessibility of tools for analyzing and presenting data remains
problematic, characterized by steep learning curves and custom solutions for
individual geoscience applications. Interpretation and measurement is es-
sential for quantitative analysis of 3-D data sets, and qualitative methods are
valuable for presentation purposes, for planning, and in education. This con-
tribution presents LIME, a lightweight and high-performance 3-D software for
interpreting and co-visualizing 3-D models and related image data. The soft-
ware allows measurement and interpretation via digitizing in the 3-D scene. In
addition, it features novel data integration and visualization of 3-D topography
with image sources such as logs and interpretation panels, supplementary
wavelength imagery, geophysical data sets, and georeferenced maps and im-
ages. High-quality visual output can be generated for dissemination to aid
researchers with communication of their results. The motivation and an over-
view of the software are described, illustrated by example usage scenarios
from outcrop geology, multi-sensor data fusion, and geophysical-geospatial
data integration.

M INTRODUCTION

The use of digital spatial data is becoming commonplace in many areas
of the geosciences (for example in geology, geomorphology, cryospheric

science, volcanology, natural hazards, hydrology, energy, infrastructure, and
mining). Laser scanning (lidar), global navigation satellite systems (GNSS),
digital photogrammetry (also referred to as structure from motion [SfM]), and
imaging remote sensing have all evolved heavily over the last two decades,
and are distinguished by unprecedented resolution, precision, and ease of
use. Computing hardware has developed to facilitate field-based acquisition
(Weng et al., 2012; Kehl et al., 2017), and more analysis tools are available
in geographical information systems (GIS). The evolving state of the art can
be followed through the scientific literature, from early adoption to the status
quo. This is exemplified by rapid adoption across the many arms of the geo-
science subdisciplines (see, e.g., McCaffrey et al. [2005], Pringle et al. [2006],
Buckley et al. [2008a], Kd&éb [2008], Pavlis et al. [2010], Jaboyedoff et al. [2012],
Hodgetts [2013], Bemis et al. [2014], Eitel et al. [2016], Eltner et al. [2016], Kehl et
al. [2017], and Squelch [2017] as a small subset of papers providing snapshots
of developments through time).

The reinvention of photogrammetry—a technique that has advanced in
line with photographic innovations —has recently intensified the adoption of
three-dimensional (3-D) spatial data by geoscientists. This has been driven
by the ubiquity of digital cameras and major increases in automation arising
from scientific outputs from the computer vision discipline (e.g., interest op-
erators, feature point matching, and dense point cloud extraction; Granshaw
and Fraser, 2015}, which have been implemented in easy-to-use software
packages. In addition, new dynamic sensor platforms such as unmanned ae-
rial vehicles (UAVs) and mobile mapping systems allow 3-D acquisition in a
wide range of configurations, and extended-spectral-range imaging sensors
(multispectral and hyperspectral, thermal, radar; Eitel et al., 2016) provide
new possibilities for complementing purely geometric approaches (Buckley
et al., 2013). Finally, societal policy shifts have moved toward making geo-
spatial data freely available to the public through public- or private-sector
initiatives (Krishnan et al., 2011; U.S. Geological Survey, 2017; Norwegian
Mapping Authority, 2017).

These developments have facilitated workflows for obtaining 3-D dig-
ital representations of surface topography across the range of scales (i.e.,
hand sample to regional elevation models). Consequently, geoscientists are
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Step 1: Import the model

LIME v1.1

File View Options Measure Stereo Wind

9 New Ctrl+N
B> Open Project Ctrl+0
Save Project Ctrl+S
B Savehs. F12

Close Project

Import Project Ctrl+|
— |
3D Import 3D Model Ctrl+M )
m T+S

Load From Web URL

Recent Projects >
Recent Models >
Exit Ctrl+X

Import the .obj we
built in Metahape as Let’s navigate for a moment. Zoom in and out. Left click and

a 3D model. This is drag to rotate. Double-click to move center point.
the textured mesh.



Step 2: Create a Plane

CIUME V1A

File View Options Measure Stereo Window |

T EREHEBE D Y Createline Ctrsl
I =@ Project ‘ Create Plane  Ctrl+T

We can gather bedding data by clicking 3 points
on a plane surface or in the plane direction.

W RTINS

)
‘ Plane From 3 Points 4 / A
Use (Shift-Left Click) to pick three points for plane calculation: , '
’ .
X ¥ z \ \
® 496451.54235 4251884.91907 57.34827 ‘ . ' P
® 49645048157 4251885.67824 57.68811 i
® 496450.58636 4251885.39109 .

Height:  0.284 [ Plane size matches triangle

Angle: E =

Result:

Jinvert Name: l Planel

Dip: 53.94°
Dip direction: 204.66°
Strike: 114.66°

1. BN ImE A.  LEE
‘Pi«jm,— From 3 Points
Use (Shift-Left Click) to pick three points for plane calculation:
X Y 4
® 496448.96766 4251886.35574 57.95742
® 496447.48484 4251886.89814 58.06001 —
® 496445.97809 4251886.69416 57.70817
Width: 3.019  Height 0437 [ Plane size matches triangle
Angle: E = [Jinvert Name: I Planel
Result:
Dip: 31.91°

Dip direction: 194.10°
Strike: 104.10°

Hold shift and click to create plane. Let
go of shift to move the model. Click
create to move to next plane creation.



Step 2.5: Plane Properties

After we make the
planes, review them
in Planes
workspace. Right
click to display
attributes, edit, etc.

= Q Project
(2] Image Groups
(2 Lines
=43 Planes
‘ Planel
& Plane2
(1 Panels
+- 1 Models

‘ Plane Info

Normal Position Angle

- [0 2
v [0 2
- o 2

Result

Dip: 53.94°
Dip direction: 204.66°
Strike: 114.66°

oK

‘ Planel

& Plane2

& Plane3
(] Panels
-] Models

Display Settings for Plane2

General

Properties Colour Backface Advanced
Strike

Property colour scheme

ror: [ I

Calculate Range

Min: [57.708 | Max [s8186 |

Add Layer... [ ok ][ cance |

Here we will practice different ways to visualize the planes.
You can add animations to the display with “Add Layer”.



Step 3: Create a Line

CIUME v

File View Options Measure Stereo Window Hel

PR E D Y Cresteline  Ctsl  le
’ 5@ Project 4 CreatePlane  Ctrl+T

ot
h #

Y pe

- Q Project
(1 Image Groups
=4y Lines
U Linel

Lighting

{3 Planes Modify Line
{_] Panels

-3 Model Toggle Object [CJEnable Lighting [] Close line

Move to New Folder Material Settings

Remove Object Front Face

Export... Diffuse:

Transparency: 0 .

Line Settings

V /i

Line width:

Create or Edit Polyline )
Stipple pattern:

Name: [ Line2 )
Stipple factor:

X Y z P
@ 496454.423341 4251883.662151 53.725560
® 496452.976431 4251884388283 53.931974
@ 496451.645342 4251885.114321 54.593835
® 496450.128017 4251885.476450 54.747379
® 496448.200228 4251886.983171  55.595489 ¥

Cancel

[JClose polyline Length: 0.000  Z diff:

Right click on line in workspace to change display settings or
Concel modify the line.

Y

Hold Shift and click out the desired polyline. Let go of
shift to move model. Click create to move to next
polyline. To create a polygon select close polyline



Step 3.5: Export a Line (ArcMap

CJLIME v1.1

File View Options Measure Stereo Window

FEREHE DE DbDedutview ~ IS

= Q Project
[ Image Groups
=43 Lines
Y
“
VR . :
e Display Settings
8 Planes Modify Line
1 Panels
+-] Models Toggle Object
Move to New Folder
Remove Object
Export...
Lines 9/20/2019 1:28 PM File folder
its
is
()
v < >

Folder: | Lines

Select Folder Cancel

Exporting lines in bulk defaults to .asc file.
Simply create or choose a lines folder.
Exporting lines individually gives a .obj

option.
I Linel v
Irap ASCII Classic lines (*.asc) v

Irap ASCII Classic lines (*.asc)
Obj (*.ob

|Line1 - Notepad

File Edit Format View Help
496464.6475

X

4251880.1020

Y

54.8367496463.9289

VA

Import these files into 2D or 3D applications



Step 4: Create a panel

Project lines and planes onto a 1 Line

panel or import and image
onto a panel

e @p_/D Choose the features you want

Plane Points
X Y 7 4
® 496454.31677 4251898.79796 47.05883
® 496428.14031 4251895.26474 41.68509
® 496446.93884 4251890.81983 68.12635
=l General
Panel name Panell

Image filename

=] Panel Quad
Width 26,9549 m
Height 23.3632m
Aspect Ratio Lock []
Centre 496439.486958 4251893.305136 55.305500
Normal -0.186277 0.938653 0.290227
Right Axis -0.971120 -0.131079 -0.199360
Up Axis -0.149087 -0.318981 0.935962

ender to Texture

Lines

Planes
Models i

Pixel Size

Max range 158

# Corners

“»

Modify Panel Draggers
«—

CJUME via

File View Options Measure Stereo W
FEEHE DS DefaultvView

- @ Project
(] Image Groups
—-1-¥ Lines
4 Linel
34 Line2

4 Lined
=423 Planes
‘ Planel
& Plane2
S
+-(0 Mod Create Panel

projected and adjust pixel size for
better visibility. Moving the panel
is a tricky so use Draggers.

Project your lines and planes from
Faraglione

Sedimentary log placed relative to outcrop model (courtesy of Dr Christian Haug Eide, University of Bergen).




Step 5: Stereo option

File View Options Measure Stereo Window Help
FEREHE DS Dpefa | SetStereo CtrleAtes

= 9 Project Stereo Settings I
" lmnane Granne “r—




