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UAV-based surveillance in support of weed management in protected 
areas: the case of Ludwigia Peruviana infestation in urban wetlands of Sydney 

Ludwigia peruviana is a small shrub classified as top priority weed for eradication in 
wetlands around the city of Sydney. Infestations clog wetlands, reducing biodiversity of the 
area and destroying habitats.  Dense stands of Ludwigia can intercept almost all incident 
light, leading to the loss of native plants and animals.  Since the 1980s, the government of 
NSW has developed management plans with the Regional Weeds Advisory Committees and 
local councils for its containment and/or local eradication.   
 

Abstract: UAVs have become accessible, relatively inexpensive and flexible means for near real time data acquisition. Using the Warriewood wetlands as a test site, this 
paper explores effectiveness of using a RGB camera on a UAV for rapid mapping of Ludwigia occurrence.  It analyses the effect of seasonality, spatial and spectral resolution for 
a “quick-and-dirty” mapping of weed occurrence.  Two components are used for evaluating cost-effectiveness: per-class accuracy assessment and cost associated with 
mapping, including image turnaround, time spent on data collection and image processing.   
Initial results indicate that where rapid response is required for mapping current or new incursions, or to provide evidence of success in containment through control works 
undertaken by contractors, UAVs are cost-effective; the images can serve to locate spread of incursions, and assist in rapid assessment of success in subsequent treatment of 
the area. The benefits are economic and environmental, as chemical treatments (ie. herbicide application) could be more targeted.  
 

Environmental issue: 

Strategies include early detection, early intervention to 
control individuals reaching maturity and prevention of 
spread via stormwater runoff.  Containment and 
eradication approaches require access to up-to-date, 
reliable information on the spatial extent and location of 
infestations. Remote sensing through unmanned aerial 
vehicles (UAVs) has the potential to provide such 
information:  for baseline mapping of infestation, and to 
assess success of interventions.   
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Spectral Signatures of main vegetation types at Warriewood Wetlands 

Ludwigia Bulrush (Cumbungi) Dry Bulrush Phragmites
Dry_phragmites Grass 3 (wetland) Eucalyptus Robusta Dry Eucalyptus Robusta
Casuarina Dry Casuarina Melaleuca Ericifolia

CL1 CL2 CL3 CL4 Total 
(Pixels 
in  %) 

CL1 81.2 5.8 0.1 6.8 11.2 
CL2 10.2 71.9 10.8 11.5 19.4 

CL3 0.7 13.3 83.6 37.1 45.1 
CL4 7.8 9.0 5.5 44.5 24.3 
Total 100 100 100 100 100 
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Study site: Warriewood Wetlands, Sydney 

Methodology: 

Largest remaining sandplain 
wetland in northern Sydney 
(26 ha). Vegetation includes 
areas of Swamp Sclerophyll 
Forest, Freshwater Wetlands 
and Swamp Oak Floodplain 
Forest, all listed as endangered 
ecological communities. 
These vegetation communities 
range from large stands of 
Eucalyptus robusta (Swamp 
Mahogany), to scrub 
dominated by Melaleuca 
ericifolia, reedlands dominated 
by Phragmites australis (Native 
Reed), and bulrush (Typha) in 
open water channels. The 
wetlands are important habitat 
for many bird and animal 
species. About 10 weed types 
have been recorded, with 
Ludwigia being the main type. 
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Phragmites,  Ludwigia 
and Bulrush 

Ludwigia infestation (front) 
scrubland (back) 

Senna pendula (yellow 
flowers) on native scrubs 
and forest  

Weed infestations: salvinia (water) 
and Coral trees (back) 

Native reed Typha and Phragmites 
 
Eucalyptus Robusta 

❶State nature of the land cover classification problem (weed biophysical characteristics, 
phenology) -> determine best time for image acquisition. 

❷Define classes of interest 
❸Pre-fieldwork: ancillary data; fieldwork planning; field sampling strategy. 
❹Image acquisition and fieldwork:  field survey of main landcover types, description, 

field photographs. UAV flight: Phantom4Pro; 20MP RGB sensor; ground sampling 
distance: 2.6cm 

❺Collection of field samples of main vegetation types and field spectroscopy (ADS) -> 
spectral signature recordings. 

❻Post-fieldwork: mosaicking and georeferencing, and building spectral library. 
❼Image processing: image resampling (to 50 cm), define ROIs, apply classification 

algorithm -> Maximum Likelihood;  

❽Accuracy assessment and cost analysis. 

Results: 
RGB composite mosaic (192 images) 

Image classification result 
(maximum likelihood) 

Discussion: 
• UAV images can provide an accurate overview of weed infestation and 

success of management interventions.  The images are easy to understand 
by practitioners and non-remote sensing experts. 

• 81% accuracy in classification of Ludwigia Peruviana distribution;  84% 
accuracy reported for native swamp forest (Casuarina, Eucalyptus 
robusta).  Ludwigia’s false negatives:  assigned to reedlands and scrubby 
vegetation.  False positives:  Ludwigia assigned to scrublands (melaleuca); 
spectral confusion with Senna pendula growing on areas of scrublands.   

• Understanding of weeds’ phenology is essential to optimise classification 
accuracy as function of image acquisition time (e.g. maximising spectral 
dissimilarity with co-occurring landcover types). 

• 2.6 cm pixel resolution may not be necessary.  Good results were reported 
at 50 cm pixel size, which decreases image processing time. 

• Image turnaround: near real time less than 24 hours after flight; 1 day for 
image classification.   

• Spectral signature of weeds: Ludwigia shows distinctive key absorption 
features at 450 nm, 670 nm, 970nm and 1420 nm. Distinctive peak 
reflectance was recorded at: 553 nm, 1098 nm. 

Implications for practice:  
• Councils can use UAV imagery as tool for monitoring weed control works;  as a baseline 

for zoning areas of intervention and management; to define weed containment and 
eradication goals and monitor progress towards them. 

• Contractors can use UAV imagery as evidence of work undertaken to eradicate weeds; 
for targeted chemical applications. 

• With a time-cost of 4hrs to fly and produce an image-map of a 26ha area, on which 
occurrence a noxious weed like Ludwigia was correctly detected 8 out of 10 times, the 
method is cost-effective. 

Activity Man/hr Comments 
Flight planning 1  Discussion with client on accuracy need, purpose of the survey; flight 

planning 
Field reconnaissance and 
UAV setting in the field 

0.5 Finding the right site for UAV take off and landing (vegetation height, 
terrain type) 

UAV flight (x 26 ha) 0.5   
Post-flight image 
processing 

2 2 hours for full process of the 192 images on a standard HP Z220 PC with 
Intel i7 and 16GB RAM. 

Total man/hours 4    
UAV cost (Phanthom4) Pro $2500 AUD 

Classification accuracy: 

Time-cost analysis: 
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