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Coastal Ohio Wind Project

The COWP intended to address problems that impeded deployment of wind
turbines in the coastal and offshore regions of Northern Ohio. The project
evaluated the potential impact of offshore turbines on migratory and resident birds
by developing multidisciplinary research which involved wildlife biology, electrical
and mechanical engineering, regional economic development, and geospatial

science.
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Coastal Ohio Wind Project

The particular tasks of the project were:

*To develop different methods for optimizing avian surveillance and monitoring
strategies needed for offshore turbine sites;

*To understand advantages and disadvantages from different Wind Turbine
Generators (WTG) for addressing local conditions associated with the Great
Lakes region;

*To develop economic scenarios for determining economic feasibility and
potential cost savings for offshore WTG deployment; and

*To develop an environmental Geospatial database that integrates datasets
and products developed by the project.
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Avian Surveillance and Monitoring

This research component develops a monitoring system for nocturnal
flight of birds/bats activity using three different monitoring sensor
devices that are tested in a near-shore environment along Lake Erie.

The devices used in the project include:
*Thermal infrared (IR) cameras

eRadar Surveillance

*Acoustic Recorders
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Thermal IR

The IR camera system has standard
resolution Focal Plane Array (FPA) of
320 (H) x 240(V) pixels.

The detector frame rate is thirty
frames/second.

The IR camera was installed pointing
up vertically; the top of the field of view
was rotated 19.75° from north.

FLIR SR-19 thermal camera
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Thermal IR

To remove barriers slowing offshore
development in the Great Lakes by
examining:

» Avian issues, including methods
for remote sensing to detect
bird/bat strikes over water, in order
to measure/mitigate environmental
damage, and to develop operating
protocols to address environmental
risk reduction

Thermal infrared
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Thermal IR
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Thermal IR Data

A B C D E F G H

ImageMame size(pix) Heat Distance(pix)  Velocity(pix/sec) Straitness Direction Angle

20110413 20-25-32(1)1.jpg 269.3158 154.6316 516.859 816.0931 0.99434 East 104.4144
20110413 20-25-32(1)2.jpg 82.8 121 499.4649 2996.7896 0.99967 West 288.5116
20110413 20-25-32(1)3.jpg 69.5 118 131.3666 989.7496 0.99989 West 253.4731
20110413 20-25-32(1)4.jpg 150.5 117.5 239.6248 1797.1861 1 Morthwes 337.2644
20110413 20-25-32({1)5.jpg 142.4 127.2 326.9619 1961.7715 0.99999 Morthwes 335.7217
20110413 20-25-32({1)6.jpg 99 139.1875 476.5204 446.7379 0.99583 Morth 342.1483
20110413 20-25-32({1)7.jpg 194.4706 133.5882 677.5395 1195.658 0.99872 Northwes 333.7790
20110413 20-25-32(1)8.jpg 160.5556 128.6667 610.7419 2035.8005 0.99879 Northwes 335.2524
20110413 20-25-32{1)9.jpg 112.8889 122.2222 556.5542 1855.1808 0.99993 West 290.83582
20110413 _20-25-32(1)10.jpg 39.5 127.5 26.0417 390.6254 1 Morthwes 337.5472
20110413 _20-25-32{1)11.jpg 70 132.3333 386.5233 1932.6165 0.99989 Northwes 333.1153
20110413 20-25-32(1)12.jpg 73.7826  126.913 691.9969 902.6046 0.99456 Morthwes 337.5786
20110413 20-25-32{1)13.jpg 293.2 146.8 576.9553 1153.9106 0.99969 Southeast 155.8229
20110413 20-25-32(1)14.jpg 84,9211 138.6842 718.2438 567.0345 0.97921 Southeast 134.5571
20110413 20-25-32{1)15.jpg 70.4545 134.2727 621.1533 847.0272 0.99986 Northwes 336.6435
20110413 20-25-32{1)16.jpg 286.5455 135.7273 613.4829 1673.1352 0.99997 West 254.1435
20110413 20-25-32{1)17.jpg 510.5 153.2 313.6743 941.023 0.99911 Southeast 131.7350
20110413 20-25-32{1)18.jpg 187.6522 141.6957 678.2137 8584.6260 0.99891 Southeast 153.5589
20110413 20-25-32{1)159.jpg 621 147 435.3034 724.5517 1 West 283.4014
20110413 20-25-32{1)20.jpg 77 156 8.7545 146.3178 1 East 110.9276
20110413 20-25-32{1)21.jpg 117.6667 133.1905 576.5909 823.7012 0.99623 Northeast 52.2618
20110413 20-25-32{1)22.jpg 88.1081 135.3514 B688.2255 558.0207 0.99895 East 69.3667
20110413 20-25-32(1)23.jpg 61 122.3333 543.1344 2715.6722 0.99972 West 285.9623
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Thermal IR

Some of the IR detection work that has been conducted at

UT/BGSU involved the following areas:

*Data fusion of radar, IR and acoustic data
*Development of faster IR video processing algorithms
sFast computation of IR Video via parallel processing.

eQuantification of uncertainties.

A Parallel Implementation of IR Vid
ona GPU

Department of Electr ¥ & Computer Science
The University of Toledo', Toledo, Ohio
amin jarrah@ rockets. utoledo.edu, mohsin. jamali@utoledo.edu

Abstract—A bird and bat monitering system has been developed
that uses marine radar, IR camera and acoustic recorders for
wind farm applications. IR video recording is used to monitor
birds and bats activity which will be useful for wildlife biologists
in developing mitigation techniques to minimize impact of wind
turbines on birds and bats. In order to process nocturnal
migration data that is recorded from one hour after sun set to
one hour before the sun rise requires high speed computations.
IR video processing is computationally intensive. A parallel
processing approach and use of GPU is proposed to process IR
video data that will meet real time requivements. This paper
examines the parallel implementation of the IR video processing
on GPU. We achieved the real time requirements and the
necessary performance for analyzing IR with size 704x480.

1 INTRODUCTION

Wind energy provides green energy and is growing at a
rapid pace. Wind turbines are often in the path of migratory
birds and bats, Nocturnally migrating birds and bats are af a
higher risk of colliding with twhbines. It has become
necessary to monitor birds and bats activity in the vicinity of
wind turbines. A monitoring system has been developed
which uses marine radar, Infrared thermal camera (IR) and
acoustic recorders for the study of their behavior in the
vicinity of wind turbines. This work aims to assist wildlife
biologists in the observation of birds'/bats’ behaviors

The IR camera provides excellent night visibility and

I
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Implementation of Ant Clustering Algor
IR Imagery in Wind Turbine Applica

Golrokh Mirzaei', Mohammad W. Majid',
Jeremy Ross’
Department of Electrical and Comp Sci
University of Toledo'. Toledo, USA
mohsin jamali@utoledo.edu

Absiract—Interaction of avian with turbines has become an
important public policy issue, so identification and
quantification of avian at turbine sites is crucial.

In this work, first the data is collected in terms of videos
recorded by an IR camera in the vicinity of wind turbine; the
videos are applied for detection and tracking algorithm.
Features then are extracted for each detected target. Ant based
clustering algorithm (ACA) based on Lumer & Faieta with its
three different variations including Standard ACA, Different
Speed ACA and Short Memory ACA is implemented over
extracted features and are compared in terms of different
groups created for detected avian data.

The novelty of this work is quantification of avian
(bird/bat/insect) using IR images in terms of clusters. Also this
work uses Ant Clustering Algorithm which is an effective novel
method for this application. The results of this experiment can
be combined with other type of monitoring systems for befter
understanding of avian behavior. It will alse be helpful for
biologists for development of appropriate  mitigation
techniques

L INTRODUCTION

Due to numerous reports of bird/bat interaction with
turbine blades and their mortality [1][2], it is important to
record the behavior of avian near offfon shore wind sites.
Monitoring the bird/bat activity at wind-energy facilities can
be through different techniques such as acoustic methods
[3][4] and visual techniques (e.g. radar and IR camera) [5][6]
tion of bird/bat in the
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Bird/Bats Motion Tracking with IR Camera for Wind
Farm Applications

Lin Wea', Mohmmmad Wadood Mnjlei'_ Golrokh Marzan
Department of Electrical Enginesring & Computer Science
The University of Toledo!, Toledo, Ohio
olsin, jamali@utoledo.edu

Abstract- An efMicien! monitoring syatem for analvzing the bird
migration data for w farm application wing IR video
processing algorithm has been propased. It is able to process
thermal image wequence data and oulpul accurate results
sultable for interpretation by wildlife bologists. The proposed
m consists of background subtraction and consecotive
frame subiraction, frame selection, 3.0 region labeling and
breakpoint recovery. Tt has been simulated for performance
evaluation. It &5 then used to process spring 2011 bird migration
dlata that has been collected in Ofawa National Wildlife Refuge
in Ohio. Results from this study will be useful for wildlife
Biclagists to make intelligent decision for siting of wind turbines.
1t will also belp pelicy makers to develop an appropriate publie
policy for wind farm development in an aren with extensive
avian activiry.

T INTRODUCTION

Moving object tracking has received considerable artention
because of the wide range of its potential applications.
Amalysis of recorded videos, can help in caphuring the
movement and classify objects. This project aims to assist
wildlife biologists in (e obzervation of birds' Dats” behaviors
in the viciniry of wind nwbines. A multi-sansor approach
using radar, TR video imaging and acoustic recording of bird
and bat calls is being developed. The system will be used to
track the birds"bats’ flying trajectories and analyze their
behaviors. such as divection. velocity, wavel distance and
straighimess in the vicinity of wind nuhines. An algorithm
which can process IR video data recording  birds'/bars’
activities during nocmumal migration has been developed.
work is (o ctories of flying
umbers, direction

1. Ross’ MM Jumal' PV, Gorsevsla®, T Frizado®, VP Bingnsn’
Gepspatial Sciences School of Eanth & Environment
Bowling Green State University’

Bowling Green, USA

s of both and

comszcutive frames subtraction.

The propesed algorithm uses background subtraction
with consecutive frame selection, frame selection, noise
filtering. 3-D region labeling. breakpoint recovery and
migration data analysis [2] [10]. These building blocks are
described in the following sections. This approach wall
provide an  efficient way of tacking all the birds*/bats’
activities for large amount of data collected during migratory
period.

I IR VFIDEQ PROCESSING ALGORITHL

IR video data is first imp d inte MATLAB envi
and then following processing steps are performed. First of
all a background mode] 15 created [3]. It takes ten frames m
the image sequence and calculates the average value for each
pixel. The owtput of this step is an image which is used as the
original background model. The consecurive frames
subtraction process lakes two adjacent frames for subtraction
and detects the changed regions. To decide which region is
[ e, we need a treshold T, for binary conversion. In this
project. threshold T, is selected by Otsu’s methed [4]. Given
that the location of pixels are represented by coordimates(i, f).
fi s the K™ frame, the discriminant eriterion is
Wl = Fiea (04N < AL = feg 0] {1y

Vet f) = feaa (N 2Ty M) = fianlr ) (2)
Where By (i,j) is the first background region. My (£, /) is the

changed region. The first background region pixels are



Radar Survelllance

e

Marine Radar -- Furuno 1525 MK3 - 25 kW radar unit
(range scales 1/8-96 n.mi.) with a 6.5 ft. horizontal
array antenna and a digitizing card XIR3000 by
Russell Technologies Inc
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Marine Radar Data Processing (radR)
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Birds detected

Marine Radar Data

Some of the data that collected with the marine radar and parabolic antenna

included:

Total # of birds detected with
respect to land & water
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Marine Radar Data

Some of the data that collected with the marine radar and parabolic antenna
included:

Total # of birds detected with Total # of birds detected with
respect to land & water respect to range division

Total No.of Birds detected with respect to
Place for parabolic

Total No.of Birds detected with respect to
Range for parabolic
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Marine Radar Data
Some of the data that collected with the marine radar and parabolic antenna
included:

Direction of birds detected Direction of birds detected
on water on land
Direction of Birds on - Water Direction of Birds on - Land
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Remote Avian Monitoring System for Wind
Turbines

M. M. Jamali. Brett Snyder. John Williams. Ryan Kindred.
Gavin St. John, M. W. Majid
Department of Electrical Eng. & Computer Sei.
The University of Toledo. Toledo. Ohio
mjamali@utnet.utoledo.edu

Abstracr— A radar and IR based avian monitoring system
for an offshore wind turbine application has been designed.
The avian monitoring system is capable of capturing radar
and IR data. The data is synchronized and sent to a remote
computer via 3G system. The IR camera needs to be
synchronized with the radar view from a remote location.
The system was constructed and successfully tested for
remote synchronization of radar and IR camera and
transfer of data over the internet. The system is designed to
monitor avian activity around offshore wind turbines.

L INTRODUCTION

Wind encrgy provides green energy and is being
developed in great numbers both as on-shore and offshore
wind farms. Wind energy can affect wildlife especially
nocturnally active birds and bats. Fatalities to birds and bats
have been widely reported near wind turbines. According to
the American Bird Conservancy, each wind turbine in the
United States can kill up to eight birds per year. culminating in
the death of 10.000-40.000 birds each year across America [1].
These turbines extend about 120 meters high in the sky and
impede the flight behaviors of bird/bat and other wildlife

especially during foraging. mating. descending and ascending
PRI YR b s Lo M " P 5 | B P |

J. Ross, J. Frizado. P. V. Gorsevski, V. Bingman
Geospatial Sciences School of Earth & Environment
Bowling Green State University. Bowling Green, Ohio
peterg@bgsu.edu

can be used to quantify spatial and temporal patterns in
migration.

Some, researchers have combined radar with infrared
cameras and bio-acoustics microphones to enhance the
monitoring and classification on nocturnal bird and bat
flights/migration. Infrared (IR) camera can be used to
distingnish among birds. bats and insects. Likewise. acoustic
monitoring technique have designed to recognize different bird
and bat species vocalizations. This approach builds off
existing and expanding birdeall database and uses acoustic
recognition software for bird and bat identification.

A system is being developed which will combine data
from multiple radars. IR camera and bird and bat call
recorders. as well as Doppler weather radar(NEXRAD) data
from nearby stations. Efforts are being directed to concurrently
processing data from mwltiple sources. Various radar. IR.
bird/bat calls recognition algorithms are being investigated and
they will be incorporated into comprehensive monitoring
system. A system has been designed to move the IR camera in
syne with the radar so radar and IR camera will have the same
viewing area. Two proposed part of the system namely the
detectors at the turbine site (offshore or on-shore) and the
laboratory interface are connected with a wireless network. A
block diagram of this system is shown in Fig. 1.

II. SYSTEM ARCHITECTURE

Offshore Avian Monitoring System

IR Camera

X-Band Radar

(Coaxial - BNC)
Y

(XGA-HD15)

Frame Grabber Frame Grabber

hpm} (USB)
.‘—

_ Motor
(usg) | Controller

Embedded System

: (USB) (Wired Leads) l

Motor Driver

Data Transceiver

+

| Motor
|

(Wired Leads) ¢

{Internet]l
Remote Onshore Computer

L— —F( Data Transceiver

v

Data Synchronization
Frocess

Fig. 2: Overall System Design
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Acoustic Recorders
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Findings from Marine Radar, Acoustics, IR

»Bird and bat passage rates per hour comparable during heavy
migrations in both spring and fall

»Passage rates were significantly correlated to wind direction and wind
speed

=Altitude of migration was higher during heavy migrations and higher
over water relative to over land

=Notable portions of migration on some spring nights occurred parallel
the shoreline, often moving perpendicular to southern winds

="High stopover density was more strongly associated with migration
volume the following night rather than the preceding night (with exceptions)
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Wind Turbine Generators (WTG)

This component evaluates the feasibility of different WTG designs
including two- and three-bladed, down-wind, and up-wind turbines for
offshore deployment.

The water tunnel studies tested scale model studies that could be
used to adequately produce accurate models of motions from a wind
turbine platform subject to large waves.

Another key development for this task is focused on evaluation of
passive methods (i.e., application of different materials and paint coats)
for mitigation of ice accretion on the wind turbine blades during icing
conditions.
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Wind Turbine Generators (WTG)

To perform an engineering analysis
comparing the benefits of two and three
bladed WTG’s for offshore use. Two
bladed machines are of significant interest
for reducing installation and maintenance
costs due to their

 Lighter head and tower weights

« Lower center of gravity

e Lower drive train torque stemming from
higher operating speeds

 Reducing the complexity of offshore
construction

 Foundation and issues related to ice
damage in fresh water lakes in order to
assure high reliability, long-term
installations.

MOD-5B Wind Turbine
(Two-bladed, teetered hub, 3.2 MW)
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Wind Turbine Generators (WTG)

Flow visualizations were conducted to qualitatively study the rotor blade-tower
interactions for upwind and downwind turbine rotor configurations with the rotor blade
situated directly upstream or downstream of the tower.

_l1l: ..."_' rl I

L

—
UT 3x3 Low Speed Wind Tunnel and Smoke flow visualizations of the tower-
Wave Tank blade interaction with the blade at

different angles of attack
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WTG’s Engineering Analysis

The University of Toledo’s water channel was used for testing the hydrodynamic
behavior of a floating platform in flowing water. Important consideration included wave
loading on submerged or surface piercing structures.

UT Water channel consists of a 16-ft long channel with an 18-in. by 12-in. cross-section,
motorized head and tail gates for water depth and flow rate adjustments, two pumps, a tile
motor for the channel, and various barriers for inside the channel to create desired flows.
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Acquisition of turbine operation data in near
shore environment

Wind Turbine and Zephir LIDAR System

The system was acquired and installed at Woodlands School in Huron, Ohio,
which is located near Lake Erie. A total of ten measurement heights were chosen
for data collection, which are 200m, 150m, 100m, 80m, 60m, 40m, 38m, 30m,
20m, and 10m.
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Wind Resources Management

Data on wind speed, direction, and shear were collected. The wind speed was
measured by the LIDAR at 10 different heights. As an example, the data for May 6,
2013 are presented below. In the figure, data for only 4 heights, 10m, 38m, 60m,

and 150m.

6th May 2013

Wind Speed (m/s)
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= U (m/s) at 150m

— U (m/s) at 60m
U (m/s) at 38m
U (m/s) at 10m
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Wind Resources Management

To assess the accuracy of the use of wind turbine hub wind measurement as a
means of representing wind speed for characterizing turbine power, the wind
speed recorded by the Woodlands School wind turbine anemometer were
accessed and compared with the LIDAR data. An example is shown below.

. May 5th 2013
8
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Wind Resources Management

Turbulence intensity was also measured at the site It is observed that turbulence
intensity decrease with increasing height substantially. The measurements

over time document a quantitative estimate of this reduction.

September 11th 2013
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Icing and its Mitigation on WTG Systems

Icing Closed-Loop Research Tunnel Development

An icing research tunnel (IRT) was designed and constructed that enabled
consistent and repeatable ice accretion conditions with variable wind speeds,
water droplet sizes, and temperatures between approximately 0°C and -20°C.

The IRT’s cooling system from Parameter Generation and Control (PGC) has the
capacity to maintain -20 £0.2°C using a 7500 BTU rated cooler that is powered by

230 volt, 3 phase 20 amp electric service. Panasonic HX-A100D
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Study of Passive Ice Mitigation Method

* |cing tests were conducted using an airfoil section and a cylindrical
cylinder. Tests were conducted at several wind speeds up to 40 miles
per hour in the tunnel’s test section.

« Lift and drag forces on the test articles were measured as the ice
accumulated on the airfoil. Also, photographs of the icing progression
were taken to study how ice accreted on the test articles treated with
various ice coatings.

« Coatings used in the tests were Boyd Coatings Research Company
CRC6040R3, MicroPhase Coatings Inc. PhaseBreak TP, ESL and Flex
coatings.

Leading
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Findings of Passive Ice

An icing research tunnel was developed and used to evaluate several

commercially available coatings for potential application wind turbines to
mitigate ice formation on these structures. The tests were conducted at

different wind speeds up to 40 miles per hour.

It was observed that ice formed on the wind turbine and tower structures
regardless of the coatings used within minutes. Ice began to form on the
leading edge of the airfoil section and accumulated with time. Liquid
droplets continued to shed from the middle section of the airfoil during the
tests.
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Findings of Passive Ice

When comparing ice accumulation and adhesion characteristics for the four
coatings tested, for ice thickness during accumulation, the airfoil treated with
CRC6040R3 had the least, followed by the ESL, Flex, and TP, respectively.
However, when comparing the coatings by ability to reduce ice adhesion, the
Flex showed the highest reduction, followed by the ESL, TP and CRC 6040R3
coatings.

The ice accumulated on the Flex coated surface shed under gravity when
rotated 90 degrees following the tests while the other coatings required application
of varying degrees of force to remove the ice. Therefore, ice coatings were not
sufficient in preventing ice accumulation. However, Flex coating shows promise.
For rotating blades, there exist centrifugal forces that may help shed the ice.
Additional tests should be conducted on rotating blades in the icing tunnel to
substantiate whether this coating will be an effective passive means of ice
mitigation on wind turbine blades.
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WTG’s Engineering Findings

1.The two blade rotor configuration potentially costs 20%
less than a three blade configuration that produces the same
power at the same site.

1.The foundation design for a wind turbine in Lake Erie will be
driven by ice loads based on the currently available ice data
and ice mechanics models. Hence, for Lake Eire, the cost
savings will be somewhat smaller than the other lakes in the
Great Lakes.

1.Considering the size of cranes and vessels currently
available in the Great Lakes, the cost optimal wind turbine
size will be 3 MW, not larger.
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Geospatial Data

Design and implement a geodatabase structure in support of offshore wind
turbine development by identifying, collecting, and rectifying existing pertinent
data (lake bottom conditions, lake bottom engineering parameters, extent of
iIce, ice flow motion/directions, lake condition sensors, navigation pathways)
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Geospatial Data

We processed several sources of wind data for the area with temporal
resolutions as fine as 10-minute intervals. The figure below shows one of
these sources, the National Centers for Environmental Prediction (NCEP) North
American Regional Reanalysis, for the month which typically has the weakest
winds at our study site (August), and the month which typically has the
strongest winds at our study site (December).

August: _ December:

Mean scalar wind speed near turbine height from 1980 to 2009 in m s™:

<IN T T T T T T T T T T T T T
7

5 6
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Geospatial Data

Identify from:

= LAKES
- Lake Erig
STATES
Ohio
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mar
-7.388011
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-5,178010
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B3]}
Location:  7,634,538.574 4,011,543.553L
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FID 15

Shape Polygon
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MNAME | Lake Erie

4 T

l High : 16.492
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“Low : 0.000344319
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Web-Based Participatory GIS

Renewable and Sustainable Energy Reviews 41 (2015) 162-177

i
L]

oy = A
s %

"~ \--

&, \ '
T,
s El -

R

Renewable and Sustainable Energy Reviews

journal homepage: www.elsevier.com/locate/rser

Contents lists available at ScienceDirect

A web-based participatory GIS (PGIS) for offshore wind farm suitability \!)(...M.,L

within Lake Erie, Ohio

Addisu D. Mekonnen **, Pece V. Gorsevski "

* Department of Geolagy, Bowling Green State University, Bowling Green, OH 43403 USA
b Schoaol of Earth, Environment & Society, Bowling Green State University, Bowling Green, OH 43403, USA

ARTICLE INFO

ABSTRACT

Article history:
Received 21 March 2014
Received in revised form
7 August 2014
Accepted 17 August 2014

Keywords:
PGIS
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This study presents the design and implementation of a web-based Partidpatory Geographic Informa-
tion System (PGIS) framework intended for offshore wind suitability analysis. The PGIS prototype
presented here integrates GIS and decision-making tools that are intended to involve different
stake holders and the public for solving complex planning problems and building consensus. Public
involvement from the early planning stage of projects with a spatial nature is very important for future
legitimacy and acceptance of these projedts. Therefore, developing and executing a system that
facilitates effective public involvement for resolving contentious issues can help in fostering long-
lasting agreements. The prototype here is a distributed and asynchronous PGIS that combines a
discussion forum, a mapping tool and a dedsion tool. The potential strengths and benefits of this PGIS
are demonstrated in a hypothetical case study in Lake Erie, northern Ohio. In the hypothetical case study,
participants evaluate the importance of three decision alternatives using different evaluation criteria for
expressing their individual preferences. The individual preferences are aggregated by Borda Count (BC)
method for generating the group solution, which is used for synthesizing the different evaluation aspects
such as the importance of criteria, ranking of the decision alternatives and planning issues related to
environmental and socio-economic concerns from the partidpants.

© 2014 Elsevier Ltd. All rights reserved.
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