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Development

University of Queensland research by Nick Hutley and Simon Albert

LSPIV Approach
Large-Scale Particle Image Velocimetry

Cross correlation of sequential image vector fields

STIV Approach
Space time image velocimetry

Quantifies change in luminance variation through time across
one-dimensional search lines
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Development

New Optical Flow Approach
The motion of variation in luminance at different
scales

Opt-c.al flow computation at lowest resolution
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{} ARTICLES & PREPRINTS ~ SUBMISSION POLICIES ~ PEERREVIEW ~ EDITORIAL BOARD ABOUT -~

Article

Articles / Volume 27, issue 10 / HESS, 27, 2051-2073, 2023 @ Search

https://doi.org/10.5194/hess-27-2051-2023
© Author(s) 2023. This work is distributed under

Article Peer review Metrics Related articles
the Creative Commons Attribution 4.0 License.

Research article | @® 31 May 2023

Adaptively monitoring streamflow using a stereo computer vision
system

Nicholas Reece Hutley &4, Ryan Beecroft, Daniel Wagenaar, Josh Soutar, Blake Edwards, Nathaniel Deering, Alistair Grinham,
and Simon Albert
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Method

QC4 development background
: é) CVSG method overview

QC4 hardware review

Application example — Prado Dam, Southern
California

Distance the ot Application example — Page River, Australia

Hydrosphere preview
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Computer Vision
Methodology

Cross-section and water level estimation

« Stereophotogrammetry
+ Rectification
* Point Cloud
« Adaptive learning of cross section profiles
« Water level estimation

1. Optical flow computation at lowest resolution

Distance the object moved between frames

Surface velocimetry estimation

* Motions computed with Farneback algorithm
» High accuracy
* Dense flow fields
* Lower sensitivity to noise

* Four level pyramid processing

: xylem



Net Optical Flow Displacements

9

y (px)

N

Vldeo
frames
pX) 'J

Accumulating optical flow displacement rates between frame pairs

For each pixel
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For each pixel
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Average x component pixel displacement rates Average y component pixel displacement rates
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Water surface coordinate projection

Apply trigonometry to find ; ) -
Ycam =24m which pixel row the light (" Camera POV (un-flipped horizontally & vertlcallﬁ
=10 m from this Y coordinate of | [HHHH e
Zcam the surface lands on...
...and what the horizontal
\Ocal length m/px scale is for this location
Focal pon%
. “terate through each 10 cm interval along Y direction
of the water plane surface (Z,,) of the real world |
Y=121m H=a
Z,=1m l
Create interpolation functions mapping the planar
coordinates and pixels to surface distance scaling
2% S S Foreachpixelintheimage R

For each pixel in the image 22t [
apply functions to calculate: i

Arrays of water surface X coordinates & Y 'coordlnates
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Raw planar surface velocity rectification
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Site Selection Requirements

* Higher stream wise velocity [0.1-8 m/s (0.32-26 ft/s)] within the
measurement section is required to accurately resolve surface
velocity. This is contrary to site selection requirements for traditional
flow monitoring sites,

* Increased water surface roughness within the measurement is
required to accurately resolve surface velocity. This is contrary to site
selection requirements for traditional flow monitoring sites.

« Avoid measurement sections with smooth water surface,

» Excessive reflections on the water surface can impact the ability to
resolve surface velocities accurately, especially if smooth water
surface is present,

« Clear view of the measurement section over expected stage
range, with no vegetation impeding the measurement section or
analysis area,

« Avoid measurement sections located close to artificial light
sources such as streetlights, flood lights, etc. If artificial light is too
close or in line with FOV of camera the images can be too bright or
overexposed during low light conditions.
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Cross-section surve
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Survey Cross Section
Water Elevation

Water Edge

Camera location elevation
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Hardware

QC4 development background
CVSG method overview

9 QC4 hardware review

Application example — Prado Dam, Southern
California

Application example — Page River, Australia

Hydrosphere preview

14 Footnotes, references, citations here if needed xy le m



SonTek-QC4

Hardware Components

Landscape
« 2mm Lens
» Wider FOV

Portrait

* 4mm Lens

* Longer Range

* Measure closer to camera

External Light Trigger
» Night measurement




SonTek-QC4

Hardware Components

Camera

» Two Stereo camera

» Onboard computer

* 1TB Memory

* Infrared Light/external light trigger

Power

» Solar 30-50W

* 4 x 85 Wh batteries

« Average power consumption 1.5 W
» Selectable power modes

Connectivity

* Wi-Fi, 4G, & Satellite
 Local connection via App
 GPS

External Sensors

» 4-20mA, RS485 Water Level Sensor
* API Functionality
» External light power/trigger

Day settings
 FPS: 30

* Resolution: 1080
 Duration: 10 seconds
* Frequency: 15 mins

Night Setting

 FPS: 15

» Resolution: 1080

» Duration: 5 seconds

xylem



Application

Prado Dam, Southern California

QC4 development background
CVSG method overview

QC4 hardware review

@ Application example — Prado Dam, Southern
California

Application example — Page River, Australia

Hydrosphere preview
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Channel Cross-section
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CVSG Installation
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Results
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Application

Pages River, Australia

QC4 development background
CVSG method overview

QC4 hardware review

Application example — Prado Dam, Southern
California

9 Application Example — Pages River, Australia

Hydrosphere preview
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Pages River at Blandford




Installation

- Surefoot Base Plate « Hilti Jackhammer 4m Swivel Pole
* 1.8m anchor poles Secured with padlock
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Hardware

"\
- U4 ' P —
i}
Drypower Gel  '>S53cS
TION

« QC4 Camera « 50W Solar Panel 12V 50 Ah Battery
* IR Light * Lead-Acid Battery Box SmartSolar MPPT 75/10

31
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Cross Section Survey

* RTK Survey « Survey Camera Elevation Survey Cross Section
« Setup Rover and Base Station Water Elevation
Water Edge
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Cross Section Plot

Pages River at Blandford
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HydroSphere — Water Level

: AU_WNSW_Pages_Blandford
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HydroSphere — Daytime Analysis
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HydroSphere — Daytime Analysis
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HydroSphere — Night-time Analysis
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HydroSphere — Night-time Analysis
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Stage-Discharge Rating

Xylem Water Solutions

Site XNWNOO1 Pages River at Blandford

VarFrom 100 Stream Water Level in Metres

VarTo 140 Stream Discharge in Cubic metres/second
Table 0.00 Interpolation = Lin WaterNSW 01/01/2025 to 17/06/2025
Table 1.00 Interpolation =Lin QC4 17/06/2025 to 01/07/2025
Table 2.00 Interpolation =Lin QC4 01/07/2025 to Present

HYRATAB V195 Output 02/10/2025
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Flow Hydrograph - Adaptive Rating Curve

Xylem Water Solutions
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Flow Hydrograph — Learning Rating Curve
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Hydrosphere

QC4 development background

CVSG method overview

QC4 hardware review
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Application example — Prado Dam, Southern
California
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Application example — Prado Dam, Southern
California
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Resources

w

Mastering the
Environment

Optical Flow Proves
Crucial in High Water
Flow at Prado Dam

Optical Flow Proves Crucial in High Water
Flow at Prado Dam

Isaac Jones, SonTek Sr. Application Engineer, Daniel Wagenaar, Xylem
Sr. Hydrologist | Oct 10, 2024

Optical Flow Proves Crucial in High Water Flow at Prado Dam

The monitoring of accurate and reliable flow data can be particularly challenging in certain site and hydraulic conditions when using traditional
measurement methods. Many natural and man-made waterways, such as rivers, streams, and canals, often exhibit complex flow patterns and
hydraulic characteristics that can make it difficult to obtain precise, representative flow data using standard techniques. Take, for example, the
U.S. Geological Survey (USGS) gage located just below Prado Dam in Southern California, as shown in Figure 1.
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Mission Water #11: SonTek-QC4 Article

44

The SonTek-QC4

The existing monitoring program was recording concentrations of nitrate, but discharge data
from the QC4s enabled the caiculation of nitrate load—a much more inclusive estimate of the
number of idlograms of nitrate carried downstream

The Lower Burdekin and Lower Herbert regions were 8 perfect test case for the new QC4.

Developed by s small group of University of Queensiand scientists and SonTek, the QC4

mbines two L with pe and tel Y equip The sy
processes data from the images to calculate surface velocity and discharge The QC4 can also
develop stage-rating curves, which hydrologists use to sccurately estimate the volume of flow in
& water body from water level data

The unique sbillity of the SonTek-QC4 CVSG system to account for distortion from camera height
and angle eiminstes the need for compiicated surveys and ground control points, which kept
the fieid teams efficient._and out of the water. Previous technology required users to install and
survey fixed points in view of the camera 10 establish the geometry of the site. Not the QC4.

Without requiring any ground control points in the camers shot, the QC4 offers a clear advantage
in convenience. Accessing the opposite bank of & waterway is not always steaightforward, or even
id sally in North Qu siand, with the p of sain crocodiles.

Steying out of the water is safer for equipment, 190, sdds Simon Albert, 8 founder of Fluvio

with Nick Mutley and Allstair Grinham. Whille st the University of Queensiand, Hutley and Albert
developed and prototyped both the software and hardware behind the CVSG system at the heart
of the QC4

“When you've got thousands of doliars” worth of gear underwater, they can get wiped out in
floods” Abert says. “Right when you need them, there's 3 big tree trunk coming &t them at four
meters [13 feet] per second. So the non-contact element was the Holy Grail. One of the big
pushes to move 1o the camers approsch is that you can put them high and dry.”

The 2023 cyclones provided valusble lessons sbout how high 10 mount the technology
sbove extreme fiood levels.

45
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