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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
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Computer Vision
Methodology
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Cross-section and water level estimation

• Stereophotogrammetry

• Rectification

• Point Cloud

• Adaptive learning of cross section profiles

• Water level estimation

Surface velocimetry estimation

• Motions computed with Farneback algorithm

• High accuracy

• Dense flow fields

• Lower sensitivity to noise

• Four level pyramid processing



Net Optical Flow Displacements
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Video 

frames

Accumulating optical flow displacement rates between frame pairs

Average x component pixel displacement rates Average y component pixel displacement rates

For each pixel For each pixel

x (px)

y
 (

p
x
)



Water surface coordinate projection
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Camera POV (un-flipped horizontally & vertically)

Focal length

Focal point

Y = 12.1 m

Zwl = 1 m

Zcam = 10 m

Ycam = 2.4 m

Y = 12.1 m
Iterate through each 10 cm interval along Y direction 

of the water plane surface (Zwl) of the real world

Apply trigonometry to find 

which pixel row the light 

from this Y coordinate of 

the surface lands on…

…and what the horizontal 

m/px scale is for this location

Create interpolation functions mapping the planar 

coordinates and pixels to surface distance scaling

X
Arrays of water surface X coordinates & Y coordinates

For each pixel in the image

apply functions to calculate: Y



Raw planar surface velocity rectification
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11

Camera POV (un-flipped horizontally & vertically)



Site Selection Requirements
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• 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. 



Cross-section survey
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• Survey Cross Section

• Water Elevation

• Water Edge

• Camera location elevation
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SonTek-QC4
Hardware Components
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Landscape

• 2mm Lens

• Wider FOV

Portrait

• 4mm Lens

• Longer Range

• Measure closer to camera

External Light Trigger

• Night measurement



SonTek-QC4
Hardware Components
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Day settings

• FPS: 30

• Resolution: 1080

• Duration: 10 seconds

• Frequency: 15 mins

Night Setting

• FPS: 15

• Resolution: 1080

• Duration: 5 seconds

• Frequency: 15 mins

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
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Channel Cross-section



CVSG Installation
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Results
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Pages River, Australia
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Pages River at Blandford
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• Surefoot Base Plate

• 1.8m anchor poles

• Hilti Jackhammer • 4m Swivel Pole

• Secured with padlock

Installation
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• QC4 Camera

• IR Light

• 50W Solar Panel

• Lead-Acid Battery Box

• 12V 50 Ah Battery

• SmartSolar MPPT 75/10

Hardware
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• RTK Survey

• Setup Rover and Base Station

• Survey Camera Elevation • Survey Cross Section

• Water Elevation

• Water Edge

Cross Section Survey



Cross Section Plot
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HydroSphere – Water Level



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
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Flow Hydrograph - Adaptive Rating Curve
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Flow Hydrograph – Learning Rating Curve
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Resources
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Mission Water #11: SonTek-QC4 Article
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