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Algae blooms in Madison Lakes
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UW SSEC and WisconsinView

UW Communications

Madison.com

UW CommunicationsMadison.com

Rapid estimates of algae are 

needed to improve response time



Monitoring Algae
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Landsat

UW SSEC and WisconsinView

Satellite Remote Sensing

bbe moldaenke

Spatial
Resolution

In Situ Sensors

Limited to point samples

Biofouling requires maintenance

Flourometer

16 days 1-2 days

30 m 1 km

Temporal
Resolution

MODIS

http://www.greatlakesremotesensing.org/
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Research Objective

Develop an image-based system to 

measure algae concentration with 

high spatial resolution and real-time capabilities
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Algae Spectral Properties

Use chlorophyll-a concentration as proxy for algae

Sediment also strongly reflects green light
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Algae Spectral Properties

700 nm

670 nm
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R670

R700

R670

R700

R670

R700

Measure Reflectance

Algae Spectral Properties
Low Algae High Algae

R700
R670

ratio increases with Chl-a Concentration

Estimate Algae
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Real-time Water Imaging System (RT-WIS)

Near-Infrared Camera

Optical Filters 
Isolate 670 and 700 nm light

Filtered Image
Reflectance
Reference Reflectance Image

Reflectance 700 Ap 10
0
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Real-time Water Imaging System (RT-WIS)

Filtered Image
Reflectance
Reference Reflectance Image

Reflectance 700 Ap 10
0
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Relating Reflectance to Chl-a

Reflectance Ratio Map
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Dilute Algae in Bucket Calibration Curve



Relating Reflectance to Chl-a

Dilute Algae in Bucket Calibration Curve

Measure Reflectance Estimate Algae

Reflectance Ratio Map

 

 

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

0

0.5

1

1.5

2

2.5

3

3.5

4

Reflectance Ratio Map

 

 

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

0

0.5

1

1.5

2

2.5

3

3.5

4

0.0

1.0

2.0

3.0

4.0R700/R670 Map

Reflectance Ratio Map

 

 

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

0

0.5

1

1.5

2

2.5

3

3.5

4

Reflectance Ratio Map

 

 

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

0

0.5

1

1.5

2

2.5

3

3.5

4

0.0

1.0

2.0

3.0

4.0R700/R670 Map

R
7

0
0

/R
6

7
0

R700/R670 Image



Relating Reflectance to Chl-a

Reflectance Ratio Map
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Validation Case
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Validation Case 
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Spatial Measurement

Geometric Rectification
Image of known points

5 cm

Orthophoto
Camera Geometry 

Equations
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Spatial Measurement

C
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Conc.
Varies

Fluorometer indicates

homogeneous Chl-a conc.
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Spatial Measurement
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Spatial Reflectance Correction

Reflectance changes 

with angle

Need a spatially variable 

reflectance correction
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Spatial Measurement
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Conc.
Varies

Reflectance varies 
linearly with 

distance

Spatial Reflectance Correction  Homogeneous Chl-a Conc

Spatial Reflectance Correction
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Summary

A Real Time WIS is developed to measure 

algae concentration with high spatial

resolution and real-time capabilities.

Measure Reflectance

Reflectance to Chl-a 

Geometric Rectification

Spatial Correction



Summary

A Real Time WIS is developed to measure 

algae concentration with high spatial

resolution and real-time capabilities.
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Summary

http://www.infosyahara.org/
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Spatial Measurement

Geometric + Spatial Reflectance CalibrationGeometric + Spatial Reflectance Calibration
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Calibration from ACalibration from BCalibration from C

Conc.
Varies

Fluorometer indicates

homogeneous Chl-a conc.
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Spatial Imaging for Chl-a 

C

B

A

Spread < 0.5 µg/L
CB

A 

Chl-a Conc. Transect

Lighting varies 

spatially

Reflectance cal.

varies spatially

Spatially interpolate 

reflectance calibration

14.7 µg/L

14.5 µg/L

14.6 µg/L

2 µg/L
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Spatial Imaging for Chl-a 
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