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Rationale

Fieldwork Is a
cornerstone of
geological
education
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dziisgues oflistance time, cost, accesand OH&Smean that
new methods are needed taugment(but not replacq field-
based education.
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3D Information

Interpretation of 3D
features from
conventional photos
Is a difficult cognitive
task for many
students even if
multiple photographs
are available from
different viewpoints.

Need to be able to
depict the geometry

of an outcrop not just
0KS AYlF3ISa>
Use photogrammetric
methods



Reprojection |
orthophoto

Image Capture Feature Selection Bundle Adjustment Geometry Infill
digital camera SIFT Algorithm Interior and exterior dense point cloud

Texture appig Mesh Generation
photo-realistic model 3D model



Photograph the
outcrop from many
positions.

Locations and camera
characteristics do not
need to be known

Image Acquisition

a{dF yYRINR
uncalibrateddigital
camera




Photography Guidelines

Any camera will work (DSLR, point and
click, mobile phone, GOPR&iX).

Need to know how to use your camera!!

Automatic settings are OK if lighting is
uniform but can be an issue if lighting is
irregular.

Best to shoot in manual mode to ensure
constant balance and exposure.




RAW vs JPEG

If your camera allows, best to
shoot in RAW

RAW files will be larger and
require conversion to JPEG for
some processing steps but it is
possible to do much more AP aimic range JPE
g AN UK | w! 2 FAf image- minus 2 stops

JPEGiles :lossy compression
- 8 bits (256 shades) per
colour per pixel

RAW files : noHossy
compression 14 bits (16384
shades) per colour per pixel

Post processing exposure and
balance control

high dynamic range RA
image- minus 2 stops

processed JPEG imags
Imagequantisation

processed RAW image
subtle gradations




Image Balance

In automatic modes, most cameras se
white balance for each frame and
Imagery may have different tonal
gualities in different directions with
different lighting.

White balance can be corrected by
post-processing RAW files but not
easily in JPEG.

Set the balance for JPEG shooting!




EXxposure

_ o - dark regionsfcan‘be:
In uniform lighting conditions e in processing

automatic exposure is OK but if
there are major contrasts then
manual exposure is better.

Explore the outcrop to find the
brightest area and set manual
exposure for this region.

Best to aim for %2 stop
underexposed. Overexposed
(saturated) areas cannot be
recovered by processing.

Dark regions of the outcrop may

Initially appear to be very
underexposed but this can usuall¥
be recovered in processing "
(particularly with RAW images)




Depth of Field

Always shoot to maximise depth of
field (closed aperture / large f stop)
to allow identification of features at
a range of distances from the
camera.

Depth of field is particularly
Important for closerange and
macro photography.

''yviSaa loaz2fdziSt
shoot slower than 1/60 sec to avoid
motion blur.

In low light it is OK to increase
sensitivity (highenso) in order to
try to obtain suitable depth of field.
Modern sensors are good (not
grainy) below +s0 640.
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Field of View

3D reconstruction relies on imaging
the same points from multiple
locations.

It is generally best to come in close
and use a wide angleense(~24mm
on full frame DSLR). This maximise
the view angles to peripheral
points.

For macro photography 100mm is
OK but more frames, from a range
of viewpoints, are required to
Image complex objects.

Fisheye lenses will work but the
geometric reconstruction is
generally of lower quality.



How Many Images?

3D reconstruction relies on imaging
the same points from multiple
locations¢ best to move the camera
for each frame.

All features that need to be imaged
In 3D should appear in at least three
Images.

For geometrically simple objects 6
to 8 images may be sufficient for
good reconstructions.

For complex objects many images
may be needed to resolve the
Irregular geometry.

No simple ruleg if in doubt, collect
extra images!




Image Geometry

Best to image from multiple
directions and to move slightly for
each image.

Geometric reconstruction relies on
GaidNHzOGdzNBE FNRY
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the same location) can be used.

In some cases fan shooting can
lead to poor geometric models or
to failure of the geometric
reconstruction algorithm.



Large Outcrops

+AadzZ ftAaldA2ya 27
(pavements) can be achieved by
systematic high angle oblique
photography (10m x 10m).

Set the camera to wide angle and &
WaK220Q F2NBI NRa §

Best to image in both directions but
may be limited by illumination issues
(shadows).

MG_7934.ipg

MG_7933.1pg
MG_7932.1pg



3Dgeorectificationrequires at
least a 2D scale for which 3D
coordinates can be provided.

Hinged scale bars are suitablg

for georectificationof objects
up to 5-10m.

For larger visualisations contr
point markers can be deploye
(DGPS, tape and compass)

Image Scales

Like conventional photography, all 3D
visualisations should include scales.

Hammersensecaps, coin®gtc can be used
but these do not easily allow full
georectificationof the 3D object.




Image Sequence

Use extra frames to mark the beginning and end of a visualisation pho
sequence to assist data processing
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Start with a
GPS photo

IMG_2947 IMG_2949 IMG_2950

(provides time
and a cross
check with

coordsin your

notes)

REF.

IMG_2953

IMG_2970 IMG_2971 IMG_2972 IMG_2973 IMG_2974

IMG_2978 IMG_2979

Finish with a S| e el =
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Image Processing

In most cases, image .
Processing steps Should D@| ™ o oo teomsosmases s tiosssesseosns

applied consistently with
the same parameterstoall |, —
Images in a visualisation
seqguence. =

This is most readily o
achieved using applicationq ri
such ad.ightroomand
ACDSed¢hat allow batch
processing of multiple = J
Images.

These software packages also allow rparmanent (eversablg
changes, particularly to RAW images.

Changes in lighting during a photo sequence can be corrected but this
usually has to be done on an imad®/-image basis.



The issue of Scale

When photographing geological
features we often want to see
bothd 1 KS F2NBai
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Conventional photographs, even [

with modern DSLR cameras, do not ¢

allow resolution of features at T
multiple scales



Deep Zoomdigapixe) Imagery

Robotic camera heads and long focal
length lenses allows capture of
amazing detail over large areas.

Multiple images can be seamlessly
combined to producegigapixelimagery

Good results require high density
sensors and good optics.

Multi-resolution data storage and
wavelet compression allow display of
multi-gigapixelimages.




ExampleGigapanimage




Orthoimagery

For close subjects, focus issues and dep

of field have a major negative impact on

the quality of gigapixelimagery acquired
with robotic camera heads.

At close range, deep zoom images are

best created using digital
photoarammetrv

Systematically photograph the
outcrop making sure that each
small section is in focus.

Photogrammetry takes the model
geometry into account and allows
detailed orthoimagesfrom any
viewpoint




Orthoimagery
Example
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3D Photogrammetric Model
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