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ABSTRACT

Coastal environments globally are recognised for their highly dynamic and unstable nature. The twin processes
erosion and accretion are constantly changing the face of the coastal environments. The Golspie beach situate
Sutherland, Highlands of Sd¢and is not spared from these processes which have been attributed to natural anc
anthropogenic factors. To minimise the effects of the rampaging erosions, beach sand feeding has been propose
protect a section of the beach. To evaluate the succdss pfdposed project a high resolution digital terrain model
(DTM) of the current position of beach in 2014 was necessary. This was achieved with the use of terrestrial las
scanning technique to acquire highly dense point cloud with a 5cm point spacasplotion over a 1km length of
beach. As part of the aims of this study the changes in the beach between 2013 to 2014 was assessed u
photogrammetric allygenerated DTM from 2013 aerial photographs and DTMs of 2014 from terrestrial laser
scanning techiques. These DTMs were used to assess the height and volumetric changes at the study area. T
results from the change analysis revealed areas with significant loss and gains in height. Some sections wk
observed to have experienced height loss of apmaely 0.25m to 1.5m especially around the frontage of the
south end of the golf course and a section at the frontage of the Kart track. However the trend of height chan
recorded revealed more of gains than losses. From the volumetric analysis petioenadas with losses in
sediments were highlighted. A total change of approximately 30,129.4m3 in sediment volume of the entire stud
area was recorded out of which the loss and gain represents 30% and 70% respectively. Overall a net gain
approximatelyl1,929.6m3 was recorded from the sediment budget of the entire beach with a southward movemel
of these sediments. The general outcome from the study revealed the success of using both techniques in be
studies, as all the aims and objectives of thdysitas achieved.

Keywords: Coastal change, Terrestrial Laser Scanning, Digital Photogrammetry, DTMs

I. INTRODUCTION

This isthe case with the Golspie coast situated at the
Coastal environments changes continuously as a reSutherland, Highland in Scotland, which lies on the
of natural and anthropogenic factors and the tempoifirth Sea coast Figure 1. There have been documented
changes can range from hours to decades. Thewglences of changes on its coast. One of such was
changes occurs both on a short and {mmgn basis reported in Hansom et al. (2013), which shows that
depending on the morphology and material corestitsi area has been experiencing coastal erosion Figure 2.
of the coast in the area. Factors such as steents and These changes have been attributed to natural factors
engineering activities can lead to shimmm changes such as, storm waves, seael rise and also due to
(Chatenoux & Peduzzi., 2006; Burak et al. 2004) whilwiman interferences with the beach natural replenishing
long-term changes can be induced by -kz@| rise Processes.
(Thom & Cowell., 2005).
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Someattemps havebeen made to minimise the effect of
erosion on the beach but this has really not yielded much
of the desired resdtFigure 3. Instead it creates more
problems to areas that awdthout protectios (Hansom

et al, 2013).
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Figue 3. An example of some of the protection
schemes such as gabion baskets at the 7th tee. Photo
captured 19th June, 20b% author.
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Figure 1. Study location Map showing the area of studyseveral techniques exifidr assessing of changes in the
(OrdinaceSurvey,EDINA Digimap Service beach environmentsSome of these techniques include
(http://edina.ac.uk/Digimap) 19/08/14). direct measurement of changes from electronic distance
measurement (EDM), global navigation satellite system
The Golspie beach isharacterized by bedrock andGNSS), terrestrial laser swaing (TLS), arial
boulder outcrops at the north end and backed Bjotography, synthetic aperture radar (SAR), light
emerged marine sands and gravels which have bégtection andanging (LIDAR) and satellitenageries.
deposited over a period of relatively higher sea level,
some 6,500 years ago (Hansom et al., 20A8empts The Local Council authority aBolspietown proposed,
have been made, allieiinsuccessfullto minimize the nhourishment of the beach by sand feeding to protect a
effect of erosion on the beactMost of these schemessection of the beactin other to monitor and assetse
dated back to 1979 when a demolished railway bridge€fiectiveness of the project, terrestrial laser scanning

Golspie was used to protect the coastal dugjew the Was required to capture highdense point cloud data
golf course showing the present state of the beach before the project.

This approach has been used effectively for beach
assessment at several otheralimns and has yielded
satisfactory resultdut this wasthe first time it is been
used at the Golspie beach.

Photogrammetric technique was also used in this study
to generate a digital terrain model (DTM) of 2013 which
wasused alongside the TLS DTM &014to assess the
present changes tite beach.

[I. METHODS AND MATERIAL

Figure 2. Photo of the south end of the golf course 1.1 Data Used
eroding (Hansom et al., 2013)
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The study is based on two major sources of data which
are from aerial photographs flown th9%ebruary 2013
and terrestrial laser scanning executed on thie Jhe
2014.

1.1.1 Aerial Photography Data

The aerial photographs were flown at a very low altitude
and hence its spatial resolution was very high.

Figure 2. Leica ScanStation C10 a tiredé-flight
scanner in operation

Table 1. LeicaScan Statior€10 specifications

Golspie Links 07

Range 300m at 90% albedo (¢
surface reflectance
Scan Rate 50,000 points/sec
Position 6mm
Accuracy
Distance 4mm
. Golspie; Links 08 Golspie Lirtks 09 ACCu racy
Figure 1. Aerial photographs of Golspie beach used for Angular 312" secr ¢
study flown 19th Feb. 2013. Accuracy
Scan 0-50m: 4.5mm
1.1.2 Terrestrial Laser ScanningData Resolution
) ) ) _ Field of view | 360 (maximum)
The scanning data was acquired directly from the field at Horizontal
the study location over an approximately 1km of length 270 (maximum) Vertical
with the use of timaf-flight scanner Leica ScanStation

C10(figure 5 on the 1% of June 2014. Thastrumen
specification is shown imablel below.

Figure 3. Acquired point cloud dataf the beactwith
TLS equipment
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1.2  Software Packages Used 1.3 Digital Photogrammetry

The software packages used for this study were seledddtogrammetry is the science and technology of
based on their suitability for the various task to kextracting useful spatial and geometrically reliable
executed. Agisoft Photoscan software ©r the information from photographs (Lillesaret al., 2008).
photogrammetry datgrocessing,Leica Cyclone 8.1 Digital photogrammetry involves the use of digital raster
was chosen for the editing of the point wdo data photographic image rather than the traditional hardcopy
acquired from the field an&8SRI ArcGIS 10.2.2was images (Lillesand et al., 2008).

used for the spatial analysis and measurement of the

changes. 1.3.1 Acquisition of Ground Control Points (GCPs)
GCPs are points whose positions are known dmoaen
reference coordinate system and that can be readily
identified on the photographs (Grussenmeyer and Al
Khalil, 2002). GCPs determine the accuracy and quality
Digital Terr;f;:::nf” of the extracted spatial information from the images
Phetagrammetry T (Lillesand et al., 2008).
P.cquigi%i‘nn of Pnint. ':_I‘_:""d G : ;
e fequisition round contols were acquired from the study location
¥ e using Leica RTK GNSS with a quoted horizontal and
Irteri ordExteri or Direct Referencing vertical accuracy of 1cm and 2cm respively. A total
Oriertation of 13 GCPs weracquired for the exterior orientation
v *, process and also for check points.
Rermowing of
Optirnisation/s Outliers
Harmalisation ¥ Acquiring GCPs in kach terrains has always proven
¥ RSCII Point File be a difficult task, owing to the laakf image textures
Image Matching i which is common to beach terrains (Mills et al003,
, Hansom et al., 2011).
l OEM Generation
el Psp,:::;:n?;d 1.3.2 Interior /Exterior Orientation
Qrthopfioto Interior orientation (10) describes the internal
l geometry of a camera which includa$ncipal distance,
Change Analysis principal point, and lenslistortion parameters (Borlin &
[GI5] Grussenmeyer, 2013)This process is necessary to
P— p—— determine the transformation parameters of the camera
fralysiz g > Change in order to tansform the pixel coordinates to photo
; fnahei= coordinates.
SESLEZ:“ The exterior orientation (EO) determines the position
and orientation of the camera on the ground at the time
v of exposure (Boérlin & Grussenmeyer, 2013). This

Result wisualisation both in 20 & 30, charts and tables

process is very important as it greatly imgEs the
accuracy of the reconstructed surface.

Figure 7. Flowchart of methodology for the study
showing combined photogrammetric and terrestrial lasgie workflow in the IPWs used for this study required

scanning techniques for coastal change analysis.

within 1015 GCPs equitably distributed within the
photographs.
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With the use of place makers the GCPs were addedakgorithm ba@ed on pawwvise depth map computation
the images to enabledhexteriororientation (Figure ¥ (http://www.agisoft.ru/forum/index.php?topic=8%.0
in the Photosan DPWs.

1.3.5 Accuracy Assessment

The accuracy of the exterior orientation process needs to
be assessed to be sure the results are within acceptable
limits and as such fit for theurpose of the study.

The accuracy of the optimisation procedure can be
assessed by the root mean square error (RMSE) of every
interpolated point in the model (Lim et al., 2005). But
this cannot be possible as the points could be over
millions hence theccuracy of independent check points
that are not used during the orientationgeiss are best
suitable for such assessment as mentioned in Gooch and
Chandler (2001).

This approach was adopted to assess the rmse of the
image processing results. The indegemt check points
that was not used for the orientation process was used to
assess the accuracy of the outputs.

Figure 4. External orientation process showing the 1 3 5 Generation of DEM/Orthophoto
distribution pattern of GCPs

Generation of digital elevation models (DEMs) and

1.3.3 Optimisation/Normalisation orthophotos are usually the finalrggess in the
photogrammetric workflow. DEMs are continuous

This process was implemented on the four photogragihéfaces of evenly spaced heighted poifismed by

used for the project anB487 tiepoints were generatedSurface matching algoritren

to transform every other point on the images, given it a

defined 3D coordinate system. The GCPs used for the

process were acquired in OSGB36 National Grid

coordinate system. This enabled every pixel to be

normalised to theasme coordinate system.

1.3.4 Image Matching

Digital photogrammetry relies on image matching
algorithms to match stereo images for a three
dimensional reconstruction of terrains (Qin et al.,3}00
Photoscan uses the greedy and bundle adjustment
algorithms for mplementing theserocedures. Dense
point clouds from the optimised four images were built
using these algorithms. The successful matching of these
images together enabled the reconstruction of a 3D
surface using the 3D Delaunay polygonal mesh
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Figure 10. Orthomap with contour generated from aerial
photographs flown 19th February, 2013
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Figure 9. Photogrammetric generated DEM from aeria,_lL 4

photograph flown 19th February, 2013 Terrestrial Laser Scanning (TLS)

TLS emitslaser beams to an object or target and the
Photoscanuses the 3D Delaunay polygonal surface . .
. : . time it takes for the reflected light beams to return to the
techniques to create triangulated mesh with the point . .
, . . - .~ scanner sensor are measured to determine the distance.
clouds. During this process points within define . .
: he horizontal and vertical angles are also measured
thresholds are used for the correlation to produce, a . .
) from the objects to the scanner with thetee of the
surface. However, the final generated DEMs

. . . Sctanner as the origin (Soudarissanane and Lindenbergh,
contain aras of unsuccessful correlation whlclz0 12)
& .

subsequentlydistort the surface, creating areas

occlusion (Lim et al., 2005). Terrestrial laser scanners are of two typesegorised

based on their mode of operation. These are thedfme
flight and Phase base scanners.

1.4.1 Point Cloud Data Acquisition

The acaisition of point cloud requires a careful
consideration of theiser requirements for the datas

this would influence the kind of scannert@employed

the point spacing or resolution, the range to the target as
well as the scanning geometry with emphasis on the
incidence angle which influence the quality of the
scanned data (Soudarissanane et al., 2009).

A total number of24 scanswere performed at an
approximate spacing of 35m between setugs.
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resolution or point spacingof 5am and 25m point Manual technique was used to remove the outliers from

distance from the scanner to the targets was chosen. Tiiesdata in this study since the outliers were relatively

number was sufficient for a full coverage of the studsasyto identify and gives the operator control of which

area. data should be removed. Leica Cyclone 8.1 software was
used for the cleaning of the data.

The cleaned point cloud data was exported as an Ascii
text file to ArcGIS software for further analysis. A total

of 815393 point cloud was exporteArcGIS 10.2.2
software package was used to generate the digital terrain
model from the point clouds using the inverse distance
weighted (IDW) interpolator.

Figure 11 Leica ScanStation C10 acquigipoint cloud
at the study site

1.4.2 Registration/Gegeferencing

Registration aligns several scans that have been capti
at a site by linking them together on a commc
coordinate system. A transformation of the scanner lo
coordinate system to a user defincoordinate system is
performed on the scanned data using differe
algorithms. Both indirect and direct methods exist fi
registering different scans together.

Legend
——— 2014 Height (mAOD)
2014 Height (mAOD)

-2

| ER
The direct scan registration method was used for t %:;:’ju
study to transform the local scannepdinates to a 3D [ ]-025-025
real world coordinate system. The start point of tf — ey
scanner pofibn and the target position wedetermined , %;:
by RTK GNSS. This two known points gave orientatio ;
to the scanner, using the traversing method. Hence St

scanner local coordinate was transformed to the inpuisigyre 12 DTM from TLS point cloud data (2014)

coordinates which was in OSGB36 coordinate system _ _
using RTK GNSS 1.5 Change Analysis/Modelling

g For the change analysis theo DTM derived from the
&gy methods described above were used to measure the
coastal change over the period under review.

The direct refenecing method usedemoved the nee
for a post registration of the scans performed on the fi

1.4.3 Removal of Outliers(Noise) ) o )
The Spatial Analyst and Geostatistical Analyst tools in

Terrestrial laser scanners capture every object within'?t%CGIS were used to perfornné change analysis\

line-of-sight. This makes it difficult to control the daténaSk was c.reated. fo confine the processing extent to
captured. Th unwanted data or outliers need to b%nly areas with valid data between both surfaces created

removed from the rest of the data before it can be usg:dgure 3.8). Two key analys and modellingwere

Outliers deviatdrom the rest of the data.
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performed namely: heightand volumetric change According to the works of Zhang et al. (2005) the cut in
analyss/modelling. the volume computation signifies areas with sextita
between the horizontal zero plane and the positive
surface directly above the
areas with sediments directly below the horizontal zero
plane and negative surface of the grid surfaces used. The
formula used to computesehcut and fill volumeis
presented below in equation 1&2spectively.

Vol ume cal cul ations in ArccC

o  Fii

Wherehyis the volumes of the cutiis the cell size,
and ;is the surface heighdf theithcell while N, is the
number of cells with positive heights.

Legend

Beach Partitions
Dune Face

The volume of the fill Q) areas are calculated thus:

Upper Beach

I Lower Beach . "ET

O A 2)

Moters l

Where N, is the number of the cells with negative
Figure 13 Partition of the beach into various constituer{gights.

parts (dune face, upper beach and lower Beach
1.5.1 Height Change lll.  RESULT AND DISCUSSION

: . . The integration of both methods gave rise to the
Height change analysis involves the comparison of .

. following 2D and 3D models of the study area. The
before and after surface together so as to obtain a

possible change in the elevatiasithin the extent of the Svtlalnr?]?kvgcejre very distinct from the models and they are

datasets. In this case corresponding cell values betw$ﬁ2 height change and volumetric models executed

both datasets are subtracted to determine the differenc%. .
.. . within GIS environment are presented below.
and this is later output as a difference surface

representing areas where there has been a gain or loss in
height. 3.1Height Change Models

1.5.2 Volumetric Analysis

Volumetric analysis quantifies the gains and losses in
sediments between different time periods or raster
surfaces. This task is performed by ArcGIS using the
Cut/Fill function from two input surfaces. It measures

the sediment change beten a before and after surface.

This is implemented by subtracting a before surface
from as after surface which is the vice versa in height
change.
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with substantial height loss of akio0.5m to 1.5m as
represented with bold colours of red, orange while the
areas with lesser loss are represented with lighter sheds
of orange colours. Areas with greater gains in height or
accretion are represented with bold greens with the
lighter coloursof green signifying milder gains.

2013 - 2014
Height Change (m)

Section A Surface Change Profile (2013 - 2014)

0 20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 480 430 500

w' m t'ﬂ) Alongshore Distance (m)

|_ 2013 0TM = 2014 DTM |

Figure 17. Alongshore surfacprofile changen height
between 20132014 surfaces from the southern end of the
golf course to the section of caravan frontage.

3.2Volumetric Change Model

Volume Change
(2013 - 2014)
N
A
: > —
Figure 16. 2D and 3D models of height change at Golspie S . g o L.
Beach showing the rate of height change within 202814 3
time periods
A critical examination of the result from the height S

change models shows a wide spread of change in heighyre 18 Volumetric change model showing areas of

at different sections of the beach. The southern end Oﬁet loss and gain in sediment volume on the Golspie
the golf course witnessed most of the changes in height beach
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The areas colotroded in green are places with gain in IV. CONCLUSION
sediments with areas in red signalling loss in sediment.

The southern end of the golf course and sections of {gg study has further validated the capabiliies of
caravan park just adjacent to the golf course shows {Bfestrial  laser scanning and photogrammetry
greatest level of change, witthe greatest loss intechniques for coastal mapping and landuse management.
sediment recorded. The chart below shows g, these techniques the objectives of the study was
percentage change in sediment volume. actualised. The study revealed an-gming trend of
beach change which was well marked by the results
Figure 8 Graph showing the sediment change within #iém this research. Although both DTMs had varied
individual units of the beach represented in percentagsatial resolutions, but +gampling both to have sifar
(%). (20132014) grid cell size of 25 x 25cm makes them comparable and
suitable for the analysis of change.

Sediment change in Beach Units
(%)

The findings from the result of the analysis showedthat
the Golspie beach is highly unstable with interplay of
erosional and accretional forces at work. Thetts@nd

of the golf course experienced the greatest amount of
changes in sediment volumes with a total loss and gain
of approximately 6,517.3 m3 and 9,143.7m3
respectively. Generally, the study revealed more of gains
in sediments than losses in the studyeaar The
percentages of gain and loss are approximately 70% and
30% respectively. This is expected due to the increased
intervention to protect the beach after the 2012 extreme
storm that resulted in severe erosions on the beach. More
materials were added tthe beach during this period
hence the increased gain in sediments. The study was

Figure 5. Graph showing the sediment change withingccessful using both DTMs from the two techniques.
the individual units of the beach represérite

percentage (%). (2013014)

Volume Change (%)

Results such as this as obtained in this study, becomes
an indispensable tool in the hands of coastal managers in

From the volumetric model the sediment budget was qiding effective and efficient landuse management of
computed as shown in Table 2 below the coastal areas.

Table 2 Sediment budget of the various units within the V. ACKNOWLEDGMENT
beach sections (20£32014)

Thanks to Dr. James Hansom, Anne DuniDp, Jane

ggz‘tclg Dune face Upper Beach | Lower Beach Drummond and The School of Geographical and Earth
n Loss | Gain [ Loss | Gain | Loss(m’ | Gain(m” | Sciences, University of Gigow for making this project
(m) [(m) [ (m) | (m) |) ) ibl
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8 7
B 2490 | 3424, | 1,394.3 | 1,916. | 828.3 3,845.6
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