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Quantifying Fluvial Topography using UAS Imagery and-8B8tddtogrammetry
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1. Background & Context
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The guantitative measurementand monitoring of fluvial topography at high
spatial and temporal resolutionsis in increasingdemand for a range of river
scienceand managementapplications,including geomorphicchangedetection,
hydraulic modelling, habitat assessments,river restorations and sediment
budgeting-.

Traditionally, fluvial topography is quantified using cross g ¥
sectionswhere point measurementsare taken at regular & &
intervals Thistypicallyinvolvesthe useof & dzNJJ Sevets NSEXES
mapping or surveygrade GPSdevices(Figurel) or total BN i
station surveys Such approachesare time consuming B s — ©
labourintensiveand providelimited spatialcoveragé-. E2A0

Existingremote sensingapproaches(e.g. terrestrial laser

scanning, optical depth mappin@) are yet to provide a

single technique for surveyingfluvial topographyin both =-* _ _
exposedand submergedareas with high spatialresolution, | 9-re - Surveying fuvia

_ topography using a dGPS
reachscalecoveragehighaccuracyandreasonablecost
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2. AiIms of this Research
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In this paper, we explorethe potential of usinghigh resolutionimageryacquired
from a smallunmannedaerial system(UAS)and processedusing Structurefrom-
Motion (SfM)photogrammetryfor quantifyingfluvial topography Our focusis on
the Yhesoscal® which we define as river reachesfrom U S yidQ® dzy’ R Nab R
metres in length, surveyedwith centimetre level spatial resolution This work
forms part of a wider PhDstudy assessin@ UASSfM approachfor quantifyinga
varietyof physicakiver habitat parameters

Researcluestions

1) How accurate,precise& replicable
are the topographic datasets
generatedusingUASSIM?

2) Doesthe accuracy/precisionvary

petweendifferent river systems?

3) Doesthe accuracy/precisionvary

petween exposed & submerged

urce: www.draganfly.com

5 | areas?
Figure 2. The Draganflyer X&n unmanned 4) Doesthe application of a simple
aerial system refraction correction procedure
Improvethe results?
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1) San Pedro RiveYaldivia, Chile | [osomamee] . Al [5umearingoon | L
_arge, bedrock channel with - 8
patches of gravel, cobbles &
poulders.

2) River ArrowWarwickshire, UK | | viereon chie s | comsaeseck, @
Small, lowland, meandering |- \. : I "
poolriffle system with cobble |- B -
bed. | A | T

3) Coledale BeckCumbria, UI§
Small upland, podiiffle | et | S A e B
system.

Figure 3. Study site locations
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4. Data Collection
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Image Acquisition

Imagery was collected at all sites using a
consumergrade 101 MP digital camera FEESSS
attached to a small, lightweight, rotary-winged S
UASKnownasthe DraganflyeiX6 (Figure2). S

The Draganflyerwas flown at 25-30m above ¥
ground level to give c. 1cm resolution imagery ” e
as determined by prior calibrationtests Images ¥ &
were collected with a high level of overlap (c.
80%) to allow subsequentSfMprocessing

Ground Control

Artificial ground control points (GCPswere made and distributed acrossthe site
prior to imageacquisition(Figures). GCPsvere surveyedin usinga total station or
dGP&ndwere important for subsequengeoreferencingf the imagery

Validation Data

dGPSas a meansof validatingthe topographicdata obtained from the UASSIM =it (ccp)
approach Data were collected in both exposedand submergedareas Where
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possible water depth wasrecordedto the nearestcentimetre

Image acquired using
the Draganflyer X6

Figure 5.
A traditional topographicsurveywas conductedat eachsite usinga total stationor ~ An artificial

ground control
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5. Data Processing
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Structurefrom-Motion Photogrammetry

Imagery was processed using SfM software
packagePhotoScarProv.0.9.1.1714 (AgisoftLLP),

RefractionCorrection

In submerged areas, outputs are affected by
refraction which causesan overestimationof the

Figure 6. Example Orthophoto and DEM (River Arrow) true bed elevation(Figure7)*.

which works by matching conjugate points from

multiple, overlapping images and estimating
camerapositionsto reconstructa 3D point cloud
of the scene geometry. GCPswere used to

optimise the image alignment and georeference
the dataset Outputsincludedan orthophoto and

adigitalelevationmodel (DEM)¢ Figure6.

Figure 7. Refraction at

the airwater interface
(after Westaway et al., 2001)

We tested a simple refraction correction procedureto removethis effect. Water depths (h,) were
estimatedby mappingthe ¢ | (1 SdgEf@mM the orthophoto, extractingDEMelevationsalongthis
edge, interpolating a water surface elevation acrossthe channeland subtractingthe underlying
DEM Water depths were multiplied by the refractive index of clearwater (1.34)2 & the difference

betweenoriginal(h,) & correctedwater depth (nh) wasthen subtractedfrom the originalDEM
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6. Results
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AccuracyPrecision& Repeatability

(1) San Pedro
- Linear GCP alignment causes DEM tilting and
therefore poorer accuracy & precision values (Fig 8).

(@)

(2) River Arrow
- DEM In exposed areas more accurate & precise
than in submerged areas.
- Error scales with water depth in submerged areas.
- Refraction correction (RC) improves DEM accuracy
by 35cm, but doesot completely eliminate
refraction effects (Figure 9).

(3) Coledale Beck
- Dense vegetation degrades DEM accuracy Iin
exposed areas (Table 1, Figure 10).
- High accuracy in submerged areas before; e
to greater proportion of waters shallower

than 0.2m. Figure 8. a) Spatial
distribution of DEM

Table 1. DEM accuracy & precision statistics for all sites. error at the San Pedro

Site Locat San Pedro e A Coledale Rl_ver, _b) DEM error
e ~ocation River VEr ATOW Beck with distance from

May May | June | Aug July (b) GCPs

Date of surve
urvey 2012 2013 | 2013 | 2013 2013

Exposed -0.164 0.005 0.044 0.111
ACCURACY

Submerged

Mean error (NC)
(m) Submerged

(RC)

0.026 0.089 | 0.053 | 0.063

-0.084 0.056 0.024 -0.025

Exposed 0.332 0.019 | 0.032 | 0.069 0.203
PRECISION

Submerged
Standard (NC)

deviation (M) | submerged
(RC)

0.278 0.076 | 0.065 | 0.084 0.074

0.300 0.080 | 0.068 | 0.084 0.078

Figure 10. Spatial distribution of DEM error at Coledale Bec

Figure 9. Effects of refraction correction on
DEM error (River Arrow June 2013)

/. Discussion & Conclusions
AUAY Fa | LILIINRFOK Aa OlFLXkoftS 2F | dz

1At hyperspatiakesolutions (c. 1cm) ovenesoscaléengths of channel.

IWith high accuracy and precisigrapproaching those possible with TLS in exposed are:
iUsing asingle methodor both exposed and submerged areas, provided RC is applied.
Hin arapid andflexibleway, which may also bapst effective

#in submerged areas up to 0.7m deep, where water is clear, there is adequate illuminat
and provided RC is implemented.
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