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Growing Concerns of Increased Bat Mortalities
 Starting 2000s, the global increase of 

industrial wind-power facilities 
significantly contributed to bat mortality 
causes, but we don’t know why!

 Why bat collision matters?
o Bats are important for ecosystems, 

providing services like pest control 
and pollination.

o Need to conserve bat population 
and endangered species

o Accumulative collision can damage 
the wind turbine blade

 We need to understand the bat 
behavior and interactions with 
turbines to prevent collision!

O'Shea, T.J., Cryan, P.M., Hayman, D.T.S., Plowright, R.K. and Streicker, D.G. (2016), Multiple mortality events in bats. Mammal Review, 
46: 175-190. https://doi.org/10.1111/mam.12064
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Cost-Effective Strategy to Monitor Bat Activities
 Manual review from bat experts

o Thermal video cameras (1,304 hours)

 Need Cost-Effective Monitoring method 
which is:
o Fast
o Consistent
o Long-term
o Easy-to-implement
o Broadly-scalable

Behavior of bats at wind turbines, Paul. M. Cryan et al. Proceedings of the National Academy of Sciences Oct 2014, 111 (42) 15126-15131; 
DOI:10.1073/pnas.1406672111
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Set Up Thermal Cameras at NREL Flatirons

 Each sensors are:
o 70.25 inches off the ground
o 37.5 inches apart
o pointing up at the blade
o Matched timestamps using 

GPS module
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2D Bat Monitoring Methodology: Identifying bats
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Only focus on large moving objects!

 Remove the noise from background, using additional image processing 
techniques – erosion, dilation.



NREL    |    7

How to distinguish bat from others?

 Experimental set up
o GPU setting with Skynet from the Bioenergy Science 

Technology Directorate at NREL
o NVIDIA RTX3090 with Driver Version 470.57.0, CUDA, 

cuDNN, TensorFlow library

 Dataset
o 870,033 images of unified 50x50 size
o 4 classes – bat (159,045), bird (192,045), insect (238,980), 

and non-biological object (279,963)

 ML model training with transfer learning
o Backbone model option:
 - VGG, ResNet, Inception, Xception
o Hyperparameter choices:
 - # of freezing layers, # of classification layers with units, 

weight initialization, optimizer, learning rate, etc.

Bat Bat Bird Insect

Train again
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Achieved over 93% accuracy on average for classification

Example of successful detection of real bats
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We can now track 2D Bat Flight Trajectory!
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How to expand it into 3D flight trajectories?
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3D Bat Monitoring Methodology using stereo cameras
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3D Bat Monitoring Methodology using stereo cameras
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 Camera calibration
o Obtain matrices for intrinsic distortion, extrinsic 

rotation, and translation of the camera, which 
ultimately associates distance to pixel.
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3D Bat Monitoring Methodology using stereo cameras

Adjusts both camera image planes to be parallel
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3D Bat Monitoring Methodology using stereo cameras
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Validation of 3D Bat Flight Trajectories

 Post-processing & Data QC Metrics
- Cross-reference with SCADA high-freq data
- Consider expected bat velocity range (12-25mph)
- Remove false-positives with estimated wingspan and real object size
- Compare rotating blade tip height range (4053cm – 11430cm)
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Bat 3D Flight Path Reconstruction

Identified bats (left) 
 reconstructed track (right)
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Conclusion

 Moved the research community and industry closer to fully automated wildlife behavioral analysis and real time 
reporting to help expedite the research

 Cost effective thermal tracking system that
 1) is computationally inexpensive with the ability to run in real time on laptop
 2) can detect and classify animals moving in the field of view with the ability to 

    distinguish between bats (93.2%) , birds (94.4%), insects (83.5%) and non-biological 
    objects (99.1%)

 3) can provide the 3D flight trajectories
 4) can be easily retrained to enhance performance on other types of applications
 5) is entirely open source, allowing it to be accessed, maintained, understood,   

    adapted, and improved upon by a broad range of end users.    
    (https://github.com/NREL/WEBAT)

 Future works
o Expand the monitoring system to include other type of sensors
o Bat behavioral studies

- Understand the interaction of bats with wind turbines
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