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Introduction : some history

Photogrammetry is defined by the
American Society of Photogrammetry
(in Wolf, 1983; p1) as:

'...the art, science and technology of
obtaining reliable information about
physical objects and the environment
through processes of recording,
measuring and interpreting
photographic images and patterns of
electro-magnetic radiant energy and
other phenomena...’

Source: H. Rentsch

Glacier Mass Balance
Finsterwalder: 1899 onwards
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Introduction : some history

A long history but with two major recent
developments

1. Unmanned Airborne Vehicles that can
be controlled to collect data that fulfil
the requirements of
photogrammetric analysis

2. The development of a new approach
to photogrammetry within machine
vision, Structure from Motion, which
has substantially improved data
handling
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Structure/approach

1. Process hydrology:

- Illustration: Quantifying the evolution of glacier surface
hydrology, Haut glacier d’Arolla, VS

- Opportunity: change detection

2. River restoration:
— Illustration: Following stream restoration projects, Aire, GE
— Problem and solution: stream bathymetry

3. Minimum flow analyses:

— Illustration: Rapid and automated stream habitat modelling,
Dranse de Bagnes, VS

— Opportunity: grain size mapping
4. Sediment flows or “"Sed-Flows":

— Illustration: Extending minimum flows to account for sediment
impacts in high mountain streams, Borgne d’Arolla, VS

—  Problem and solution: camera calibration
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DJI Phantom 1. Process hyd I‘OlOgy

Haut glacier d’Arolla, VS
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DJI Phantom 1. Process hyd rO|Ogy

Imagery:
Spatial resolution: 0,009'm
Zone 600'm (length) 900/m (width)

Surface model (dlgltal elevation model)
180} Spétlal resolution; 0{045 m

Zone 700'm (Iengfh% 700 m (width)
LY 2 flights (2 altitudes)) ¢. 25 min flying

\Repeated Weekly during melt season
% /Analysis, Pix4D, ToﬁoTooIBox
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3 1. Process hydrology

DJI Phantom

Surface change, 10t — 22nd August 2016
Plus, drainage network
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DJI Phantom Process hyd rology ,
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= 1. Process hydrology:
the opportunity

-0.4

Key point: user-controlled resolution,

altitude precision (z,), and change
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2. Following River Restoration

———————

River Aire, West of Geneva City

© Canton Geneéve
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2. Following River Re
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2. Following River Restoration
The stream bathymetry problem

. granse dehBa%;lSeS Westaway, Lane, Hicks, 2001.
embrancher Photogrammetric Engineering and
: Remote Sensing, 67, 1271-81

Camera - C (X¢,Y,Z0)

;JZ

Zw Water surface

A

Submerged bed

Actual point - B (Xg,Yn,Zu)

Figure 5. The relationship between camera location, water
surface elevation, apparent water depth, and actual water
depth.
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2. Following River Restoration
The stream bathymetry problem

481

. Dranse de Bagnes

Sembrancher VS 350
480.5
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480 S
DJI Phantom
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2. Following River Restoration
The stream bathymetry problem

DJI Phantom

PhD student, UNIL
Gilles Antoniazza
Glacier d'Otemma, Haut Val de Bagnes VS Eatatil -t

Lane et al., 2010. Earth Surface Processes
and Landforms, 35, 971-85
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3. Setting minimum flows

Opportunity :
better application of mathematical models of fluvial processes

Setting
minimum
flows
Digital
— Elevation Y Y
Model Bathymetric Stream
UAV correction Discharge
(DJI Phantom) 1
(25 minutes) PixdD I ‘
| g (STM - Bed »| Hydraulic parameters (BASEMENT)
Ground photogrammetry) Morphology
Control Velocity Depth
Points (8) Distribution Distribution
A
Habitat s Habitat
Preferences Availability
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3. Setting minimum flows

Depth (m) with velocity vectors superimposed ] Eco I og ical kn OWI ed g e

Ephemeroptera, velocity (ms-1)
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3. Setting minimum flows

Ephemeroptera Plecoptera Tricoptera
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3. Setting minimum flows

Additional opportunity: grain size mapping from UAV imagery

Digital
— Elevation ¥
Model Bathymetric Stream
UAV correction Discharge
(DJI Phantom) 1
(25 minutes) PixdD I ‘
| g (STM B Bed »| Hydraulic parameters
Ground photogrammetry) Morphology
Control Velocity Depth
Points (8) | Stream . Distribution Distribution
Orthoimagery Granulometry
Grain size
counts (10) v
Grain size Habitat s Habitat
estimation Preferences Availability
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3. Setting minimum flows
Grain size mapping from UAV imagery

o~

DJI Phantom

Project with Florian Textor, Peter Molnar, ETHZ

Calibration (lag) low BG d65
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Mesures of 2D surface
roughness from the
orthoimagery
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From setting minimum flows
to setting sed-flows

Digital
Elevation Y
Model Bathymetric Stream
UAV correction Discharge — | Change Detection
(DJI Phantom) —
25 minut
(25 minutes) PixdD l—l
[ > hot (SfM ) Bed » Hydraulic parameters
Ground photogrammetry) Morphology
Cpntrol Velocity Depth
Points (8) Stream R Distribution Distribution
Orthoimagery Granulometry
Grain size v
counts (10) , .
|—> Grain size Habitat R Habitat < Habitat
estimation Preferences Availability preference
: Habitat gain
: due to
! cleaning
. Habitat loss
Habitat loss
due to burial due to
ue toburia erosion

»

Deposition Erosion

M/VM‘L, Fernerkundung: Anwendungen fir Hydrologie und

UNIL | Université de Lausanne Limnologie




From E-flows to Sed-flows

[1-02--LoD
[]-LoD - LoD
[CJLoD-0.2
mo2-03
mo3-04
Mmo4-05
Mo5-06
Mmos-07
Mmo7-08
Mmos-09
=09
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From E-flows to Sed-flows
The problem of camera calibration

Y Lane et al., 1993,
The nature of drone-based 5 PiPG, 17, 306-28
imagery nisce
a. Technical

characteristics of

drone-based imagery

B Commonly vaUIred 1mageSpac(:-(—o,-0:(;) -----------
Object Space - (X, Y, Z,)

using non-metric ¢ 2
cameras

b. Structure from Motion L B
photogrammetry (e.g. Te i
Pix4D) is the solution 4

c. But the effectiveness '
£ SFM | ticall ‘e —dmy (X=X )+m,(Y=Y)+my(Z=Z)|  gocq length, principal point
0 IS Critically [y (X =X,)+my, (Y =Y,)+my(Z-Z,)] offsets, lens distortion
controlled by the X — %,

geometry Of aVaiIabIe y= _C[mZI(X_X")+m22(Y_Yo)+m23(Z_Zo)] Xe = Xp + 1+ K1T2 + K1T4 + ..
imager [, (X=X, # (V=Y ¥y (2= 2,)]
g y y_.Vp

=y, +
Ve yp 1+ K1T2 + K1T4 + .-

CAMERA LENS

\
S PRINCIPAL AXIS

OBJECT SPACE

A
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From E-flows to Sed-flows
The problem of camera calibration

The nature of drone-based
imagery
a. Technical
characteristics of
drone-based imagery
- commonly acquired
using non-metric
cameras
b. Structure from Motion
photogrammetry (e.g.
Pix4D) is the solution

c. But the effectiveness
of SfM is critically
controlled by the
geometry of available
imagery

Robertson et Cipolla (2009)
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From E-flows to Sed-flows
The problem of camera calibration

Plnned Target Array

The nature of drone-based s |y - T .
imagery 3 o R 5 _ o,
a. TeChniCaI Camera Statlons ‘ .
characteristics of 5 Ly e
drone-based imagery ol
- commonly acquired 5 ‘ ,
using non-metric o ’
cameras R
b. Structure from Motion o T
photogrammetry (e.g. < \
Pix4D) is the solution X Tetre Froo Stnding 2
c. But the effectiveness o
of SfM is criticaIIy Figure 1. network geometry, detailing target array, all
controlled by the camera stations and survey simulation targets.
geometry of available Robson, S; (1992) Film deformation in non-metric cameras
imagery under weak geometric conditions - an uncorrected disaster?

In, Proceedings, International Society for Photogrammetry
and Remote Sensing 29th Congress, 561-567
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From E-flows to Sed-flows
The problem of camera calibration

The nature of drone-based
imagery
a. Technical
characteristics of
drone-based imagery The ‘doming’ problem
- commonly acquired

using non-metric 7: 7: 7:

cameras

b. Structure from Motion ) posive
photogrammetry (e.g. L cvimas o, XA i
Pix4D) is the solution 0505 ps

. ,,' surface N []-05--04 et

c. But the effectiveness 0403
of SfM is critically 06201
controlled by the e an B2
geometry of available —y
imagery =03 06

mo6-07
=07
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From E-flows to Sed-flows
The problem of camera calibration

The nature of drone-based
imagery
a. Technical
characteristics of
drone-based imagery
- commonly acquired
using non-metric
cameras
b. Structure from Motion
photogrammetry (e.g.
Pix4D) is the solution

c. But the effectiveness
of SfM is critically
controlled by the
geometry of available
imagery
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From E-flows to Sed-flows
The problem of camera calibration

The nature of drone-based _ _
imagery Think photogrammetrically

1. oblique imagery

a. Technical 2. multi-distance imagery
characterlstlc_s of Flightines 3. ground control
drone-based imagery Flightines  Ea5t10 _ o
— commonly acquired Westto West 4. higher density imagery

. . East
using non-metric * :
| ' e.g.
cameras i 7Y a. fixed 10° rotation

b. Structure from Motion 7< ; b. 2 altitudes

photogrammetry (e.g. ! !

Pix4D) is the solution

c. But the effectiveness
of SfM is critically
controlled by the
geometry of available
imagery
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Key messages

1. The advantages of UAVs (drones)

a. UAVs provide cheap and near-vertical imagery

b. Frequency of survey is controlled by the user

c. Spatial resolution is controlled by the user (and a simple function
of the camera and drone flying height)

d. We have the scientific understanding to extract stream bed
morphology, granulometry, wetted area, erosion/deposition; and
to use these data in simulation models (e.g. for minimum flow
assessment)

2. Challenges

a. Water needs special treatment

b. Itis easy to acquire data at too high a resolution

c. Acquiring imagery is more straightforward that extracting reliable

quantitative data - this requires specialist training
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Thank you for listening
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