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Remote sensing surveillance of invasive aquatic plants







Commercial satellites can provide finer spatial resolution but have a 
significantly higher cost (although work that involves/is funded by federal 
agencies can access commercial imagery through the Civil Applications 
Committee)

Classified images of the same area along Saginaw Bay based on imagery of different resolutions



• ~1 meter pixels, 13 km swath 
• Daily revisits



DJI Mavic Pro at Site 70 MTRI staff flying the Phantom 3

Nadir image (looking directly down) of Site 
124



Site 117 Oblique Site 117 Nadir

Phragmites

Lemna



Data Collection

• UAV or satellite 
imagery

• Coincident vegetation 
characteristics 

Data Processing

• UAV: Orthophotos, digital 
surface model

• Satellite: mosaicking, 
georeferencing, radiometric 
correction, normalization

OBIA
Classification

• Image segmentation

• Select training samples

• Define statistics

• Classify & assess accuracy

Overview images at four sites Overview classifications at four sites



Screenshots of imagery processing steps in Agisoft



Orthophoto Image Segmentation

Training Samples Classification

Phragmites

Lemna (Duckweed)







Photo from
http://www.ecy.wa.gov/programs/wq/plants/weeds/milfoil.html

http://www.ecy.wa.gov/programs/wq/plants/weeds/milfoil.html


– Keweenaw Waterway (Pike Bay)

– Les Cheneaux Islands (NW Lake Huron), 2015, 2016, 

2017, 2018



Boat-deployable platforms: the ~1 m diameter Bergen 
Hexacopter (left) and 350 mm DJI Phantom

15-20 minutes flight time, ~300m to 1 km radius, 15-30 ha

DJI Phantom has an integrated RGB 

camera

• Michigan-manufactured Bergen hexacopter with 30 minute flight 
time, 5 kg payload

• DJI Phantom very useful for collecting basemap of site



• Initial question: is IWM spectrally 
distinguishable from other submerged 
plant species?

• Collected out-of-water, boatside, and UAV-
based spectra to compare the spectral 
signatures of IWM and other species at 
different scales

• Used both a traditional ASD backpack 
Fieldspec3 spectrometer and portable 
OceanOptics STS lightweight portable 
radiometer (LPR) developed by MTRI

• Visible + NIR range

Reference photo overlaid with 

the footprint of the spectrometer 

at the water’s surface

LPR system

Collecting boatside

spectra





• Field observations (rake toss) collected by trained surveyors
• ‘Field truth’ for training classification



Field vegetation/water data collection

LI-COR light meterSonde

Rake toss sampling

Twist rake

sampling

Characterize the water (chl, sm, doc), vegetation (species/frequency/biomass) & light levels (a/b, SDT)



Given favorable conditions, the 6 narrow 

Tetracam spectral bands can

enable differentiation between EWM and 

the desirable native milfoil present at 

Les Cheneaux



Multispectral imagery mapping results – EWM is distinguishable 



Source Resolution Cost of 
Imagery

Areal 
extent

Processi
ng time

Flexibility Other 
limitations

Commercial 
satellite 
multispectral 
imagery

~1 m High, Low to zero 
for Federal 
Agencies/partner
s

Daily 
regional 
coverage 
priced per 
sq. km.

Low Collection 
limited by cloud 
cover and 
satellite orbits

Resolution may 
not be high 
enough to 
distinguish 
spectrally 
similar species, 
especially 
underwater

UAV-based 
imagery

~3cm High initial 
hardware/training 
cost, then mostly 
labor

A single 
flight can 
cover ~15-
30 ha

Medium High but cloud 
cover still 
reduces image 
quality, esp. for 
submerged 
targets

Higher SNR 
than satellite; 
UAV must stay 
in pilot’s line of 
sight; excluded 
from no-fly 
areas
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Area units are in ft2
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