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Motivations

* Support the growth of domestic wind energy and protecting

wildlife
* Simple and affordable system for eagle detection and deterrent

« Autonomous blade strike detection and species recognition for

deterrent validation, certification and site assessment
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Wireless Network Topology

Nacelle-mounted
Instrument Module

* Local data processing
* Long-range transmission
* Nacelle-mounted sensors
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BLE

Blade-mounted Impact
Detection Module
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* Physical impact detection

* IMU for blade position

* On-blade camera for capture
* Low-power BLE link to nacelle

Bluetooth low energy (BLE) for short range communication
provide maximum battery life for on-blade module

Nacelle-mounted module acts as range extender, communicating

with ground-based computer over long-range RF wireless
channel (Symphony Link @ 915 MHz ISM band) Oregon State

UNIVERSITY




Synchronized Sensors

* Three nodes controlled by central computer
* Eagle detection
* Eagle deterrent

» Blade impact detection and specie recognition

Blade Vibration Node

Blade Optical Node

Wireless Micro Camera

/ Eagle Detection

Remote Transmission of
“Event” Data

Central Processing

Eagle / tate
Deterrent oreg?!‘. énsnv




Eagle Detection

* Single 360° FOV camera for eagle detection, standard structure-from-
motion framework for eagle trajectory estimate

 Off the shelf components, affordable, reliable

* Limited number of frames required, low resolution

 Easy 1nstallation, standard interface with computers

* Deep neural network algorithm
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Computer Vision for Eagle Detection in Videos

Visual Sequential Preliminary Results
| Input Features Learning Prediction
. | . s
» CNN | » LSTM " Y, i
| Falcon Eagle Seagull
v 20 videos 30 videos 18 videos
* CNN | * LSTM "y
| ? Each video = 200 frames with 320x240 pix.
: : :
. o 4 »
o , v
. + ' CNN | v LSTM o Yy Cé) video classification accuracy
video deep convolutional Long-Short Term Memory CNN 93.3% 69.2%
frames neural network

network extracts long-range CNN + LSTM 100% 84.6%

applied to each frame
PP features across all frames

extracts local features
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Eagle Deterrent

* Wind dancer: simple, affordable, reliable off the shelf
* Cluster activated by detection system
» Operation 1n sequence or random order

* Fail-safe activation for false positive detection not a problem

for energy production or turbine operations
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Impact Detection: Previous Research

* Funded by US DoE Golden Field Office

* Event-based recording of video data

e Selected number of frames before and after event

 Central data processing on PC in turbine nacelle

Camera
Accelerometers " Microphone | = |
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Recording of simulated impact on
Contact one blade

Microphones

Tests performed with WWG-0600 CART3 turbine at National Wind
9 Technology Center (NWTC) at NREL Oregon State
UNIVERSITY
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Vibrations Node for Blade Impact Detection

« Integrated IMU for position and blade velocity
* On-board signal processing for real-time event detection
« Cross-correlation of sensor signals removes noise and improves SNR

e« Sensor fusion to decrease missed detection rate and false alarm rate

Inertial Measurement Unit (IMU)

« 3-axis accelerometer, 3-axis gyro « Similar to cell phone imager
* Real-time blade position & velocity * Low-power, moderate frame rate
. * Low-power, continuous operation ) | * Wireless upload of static frames

» Vibration monitoring
« Continuous detection Bluetooth Low

Energy (BLE)
Local DSP Processor }——»| Transceiver Chip

* Acoustic and contact microphones —l r D
v

* Cross-correlation of IMU and microphone signals

* Filtering to remove vibration under generator load t
« Sensor fusion increases SNR and detection rate

Oregon State
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