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Variability in flow state during a flash flood
through process reconstruction using
an Unmanned Aerial Vehicle (UAV)
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Aim
« Improve identification and characterisation of interacting

hydrological and hydro-morphological processes that contribute
to flooding associated with high-intensity rainfall events

Research Questions

 How can we better measure the processes and interactions
occurring during flash floods in typically small ungauged
catchments?

« Can mobile platforms be used to acquire process information during
a flash flood through non-contact approaches?
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» >4000 deaths, losses of $1bn/yr

 FF account for 16% occurrence
but 45% of fatalities

* Highly dynamic flood events

* |nundation extent, velocities
and interactions

* Process understanding,
warning systems, model
validation and calibration

* |nadequate sampling using
conventional monitoring —
under-representation

« Responsive and hindered by
practical difficulties

Spatial Footprint
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2.1 Primary data collection 2.2 Initial Camera Model

Identify GCPs within point cloud 20,000 Random starting positions
and image frame

k]

Imagery s

Bevation (m)
]

GCP (xy) GCP (xy)

Roint Cloud

2.3 Updated Camera Model

Optimisation of distorted
camera model parameters
by minimising the square
projection error of GCPs

25 fpsi

Frame number

> 3.24566
7.4856 . % - 3.245855
Northing (m) 7.48588 324565 Easting (m)

7.4368 1.4364
Nerthing (m) 0

Update camera model (X, Y, Z, view dir) for each frame by minimising the square projection error of GCP locations
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2.4 Transformation accuracy and apparent movement of GCPs
Georectification accuracy (< 1 m)

= )" frame, ‘ca b the

x 10°

7.4862
Convert GCP and surface features positions from px to real
world co-ordinates using the updated camera model 7.48615
X 7.4861
y
¥ ¥ 7.48605
> »
L
7.486
>
- 7.48595
7.4859
Image co-ordinates (px) World co-ordinates (m) 7.48585
7.4858
3.2458 3.2459 3.246 3.2461 x 10°
2.5 Surface Velocity Calculation .15 Apparent GCP movement (< 0.3 m)
s ; Falculate the
x10 %105 7.4862 w A
7.48625 7.48615
7.4862
7.4861
7.48615 )
7.48605
7.4861
7.486
7.48605
7.48595
7.486
7.48595 Ll
7.4859 - ‘ ZA4G5HD
7.48585 . : 7.4858

3.2457 3.24575 3.2458 3.24585 3.2459 324595 3.246 3.24605 3.2461 10 32458 324585 3.2459 324595 3246 324605 32451 324615 3.2462 3.2458 3.2459 3246 3.2461
x

x 10°

. <10
Mask out areas of poor transformation,

Calculate the velocity of the surface features
and/or apparent GCP movement
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¢ % le & * No.of GCP varies
s 2 1, § between 6 and 15 — highly
o . .
S - S S P dynamic scene
0O 04 08 12 16 2 ’%‘1?]:1{32(58] 32 36 4 44 48 5.2 R Median REN stable at ~0.6
over time
® « Ry, of individual GCPs
150 varies from 0.2 — 1.0.

40 é‘; * Bi-linear interpolation
© across domain and
velocity reading stored if <
20 0.7m.

1 2 3 4 5 6 9 10 11 12 13 14 15 16

7 8
GCP number
Perks et al. (2016) HESS, 20, 4005-4015.
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Perks et al. (2016) HESS, 20, 4005-4015.
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Ugy = Movement of
GCPs between 10 frames

Median Ug, varies over
time from 0.05-0.3 m

Median Ug, of individual
GCPs varies from <0.1 —
0.2.

Bi-linear interpolation
across domain and
velocity reading stored if <
0.3m.
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Application of spatially varied but

0.2 temporally constant Fr number
enables peak Q to be estimated as
43 m3 s1 *TBC with full analysis of
uncertainty*
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UAVs have increased our ability to monitor and quantify higher
magnitude, lower frequency environmental phenomena at previously
unattainable spatial and temporal resolutions.

Potential for adoption of low-cost, commercially available UAVs to
extract key hydraulic data, such as surface velocities, during flash
floods.

Assessment of interactions between flow and physical structures.

Main uncertainties are associated with camera calibration (distortion)
and accounting for movement.

Making observations of peak flood discharge in real-time remains a
significant practical challenge.
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