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l. Introduction:
This paper presents the work and results of my sematnthe Cornell Ponds, from June

18" to mid-August. I'd like to first thank June Loslar, Jim Moore, and David Winkler, who
made this summer research opportunity possible pEper will first present an approximate
summary of my day to day activities at the pondsheProcessportion. Each project I've
worked on has its own subheadings for organizatMg.recommendations and conclusions
regarding the feasibility of this nestbox sensagpam will be presented in tfiesultgortion

of the report. The report will also present a siannof newer materials already in use and the
conclusions about the strengths and weakness diipt®in theEquipmentsection. Note,

many other relevant figures and information (inweynt network schematics etc.) can be found
on the website I've compiled, where this documeititbve located.
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[1l. Process:

Beginnings:

The summer began with Jim and Robert’s trip topieds on June ¥8where we all had
a very productive day. | was introduced to thenpthe materials, and the parties involved, and
launched into this summer project. After a quitkaduction to cable assembly and testing, the
TMI 1402A, and the general ponds network, | wasdefmy own with questions and promise.
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Figure 1: A few different pictures of the nestboxes. Notmav the
wood swells around the very small holes for thdetibs. These
holes could be drilled anywhere to hold all typésauipment. Note,
Cat5e will be secured to pole to ground.

Help around the ponds: nestboxes

Included with my summer, | aided the various prtgalready underway. As such, |
helped design, build and hang the new video moesit-bnoxes around the ponds (see Figure 1
for a picture). The nestbox cavity will be of adate size to house all planned electronics (see
Fig 2 and 3). The early securing mechanism caetsist cable ties threaded through the small
(1/4 inch) holes drilled on the back of the boxjeiallow for easy leveling, focusing, removing
and securing the cameras, and should also provi@asy mount for other electronics (RFID,
etc). There were 100 boxes constructed, and st #gof them have been placed at Unit 1. The
exact dimensions of the boxes are on file at thedBo
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Figure 2: A view of the flight test tunnels and the new reglaent buckets.

Help around the ponds: Flight Test video

| also aided in the Flight testing tunnel at the@o | secured new buckets for the system
which are sitting under the porch, and also plarméda computer program to track the birds
across the three videos. | didn’t write the prograowever, because there was minimal data on
which to use it. Further, I've still not decidedvih exactly to synchronize the three videos — the
light switch flick would not allow synchronizatidsecause in the data we’ve thus far collected,
the blink lasts more than one frame. But assumiagould shorten the light flick to one frame,
the plan for the program is below:

1. Split the avi/mpeg into a series of jpegs wiffhabetical/numerical names. There are
JAVA libraries to accomplish this.

2. Sort through and compare overall luminosity fage the luminosity of all the pixels
in frame) between consecutive frames

3. When there is a large change (greater than settéreshold) delete all jpegs before
this frame. This starts each series of framesealigiht switch synchronization.

4. Using a depth first recursive search, againilapkor some low luminosity pixel on

the white background, to find bird with data tygedb.” When a dark pixel is
encountered, recursively call the searching prograail pixels touching the dark pixels,
and count the total size (number of pixels) thia fielob” takes up. If the blob is big
enough, call it the bird, and store its center abm(average of position vector of all
pixels). Scale this position vector into metermgsiser input value (assuming camera’s
never moved through a bunch of takes, you’d jushttiow many pixels make up the
10cm marks | drew on the bottom of the flight testieind the “bird” in each frame of the
image and store its center of mass.

5. Run this same scheme for all three angles, tamd the position vectors of the birds as
a series of ordered pairs.
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Preliminary Research and Orientation:

As my summer began, | first had to learn and rdmmliithe technology we planned to
implement. | had virtually no networking experiermr knowledge as the summer began. | thus
read all about networking, the Ethernet, and Pawer Ethernet, TCP/IP. |read a textbook
designed to prepare technicians for Cisco netwertifications, and truly tried to understand the
underlying technology in the hubs, switches, anderas I'd be working with.

| also made sure to carefully read the user gumieswitches, hubs cameras, and POE
injectors with which I'd be working. Most of theaser guides are available on the project
website. | wanted to make sure | knew the equiprmantde and out.

| researched different types of cameras, redoingnadi the early research when the
DCS-3220 was chosen as our network camera. | ldaineut cameras that would use IEEE
standards for POE (and thus you would only neqaug in one cat5e cable into the camera for
power and data). |also compared reviews, datatshand prices for other motion detecting
cameras, which ultimately lead me to the $99 d@adspot camera. For more information
about the equipment, see the equipment section.

Debugging:

When Robert and Jim came to the Ponds in late Jum&ere plagued by spotty
connection with the cameras and TMI webplugs. Gméd connect one minute, and loose a
connection the next. |too encountered this prolle my first weeks, and would usually fix the
problem by a series of power cycling, and discotioe@nd reconnection of Ethernet cables. |
finally traced the problem not to our cables, mobtr power sending system, but just to the
Linksys switches inside the trailer. For some oeashe switches would build faulty switch
tables, and just assume that the cameras and wgb-pkre not connected to the port in which
they were really connected. A power cycling of the
switch would prevent this. This problem has since
been solved with the installation of a new switch i
the trailer, but when a problem arises, check the
switch or hub first. They're ports easily become
faulty, and often a power cycling of these hubs and
switches brings data nodes online. Figure 3:

The Linksys switch to

Testing our Syste_m and Running cables: which many headaches were traced.
When | arrived at the ponds, the nesting

season was coming to a close, and | was thus faitkdhe challenge of getting some real life
motion detection camera data, and testing our egenyp, before the birds left for the season.

| ran wire first to nest box 119 with Jim on theydd his visit. We finally installed a camera in
that box three days before the birds fledgedterlmstalled a camera in box 137 (operating

from the bugsucker node) and box 160. The camiexstdlled in box 160 was first installed with

a series of repeaters (hubs placed every 100 ntegtreepeated the Ethernet signal- see
equipment section) | used the gray cable Jim haady run from the Bugsucker to the tower,

but since wire 5 on this cable had lost integnitgt(a data wire), due to some careless hanging by
the lawn mowers, | connected this cable directty the hub. | plugged one repeater and one
single-port POE injector at the tower, and placeotlaer repeater 100 meters from the tower.
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This camera worked reliably over 350 meters fromtthiler. |1 will discuss further these wire
considerations in the Results section.

Lightning Problem:

Shortly after | had reliable data coming from tveparate cameras, Mother Nature
intervened. | arrived at the pond after the wedkand the entire system was offline, most cable
couplers and rj-45 ends showed heavy sings of smmaand burning (see figures), one camera
was completely ruined (replaced by d-link), alonthwhe ports in use on various switches and
hubs.

Data Pair

7|

JV v

Figure 4: The burn marks on RJ-45
connectors. The data pairs, and also the *—
pair of the DC POE (brown and brown and
white wires) showed the least wear.

| thus researched, purchased, installed, and tested®OE surge protectors in the trailer
to prevent damage to equipment in the trailer ugoccurrence and to safeguard equipment in
the field connected to an antenna. These surdeqtoos are detailed in the equipment section. |
also investigated a way by which the couplers ahd®Rconnectors can be protected from the
elements, and cataloged the ports that no longet mmeach Hub and switch in the lab. This
information is written on stickers on each indivadltdub and Switch. | lastly was able to replace
free of charge the defective D-link DCS-3220 thaswlamaged during the storm.
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Figure 5: comparison of an undamaged cable coupler(cn&r)damaged one (left). Notice
the black carbon charring on the inside(rt) of¢bapler. Note that this charring was not an
isolated phenomenon — it occurred slightly on all@ers working during the storm.

Internet Troubleshooting:
After the lightning problem, the internet at thengs was also offline. | spent an

afternoon that day fixing the internet (the setsing the Router in the barn were erased, and |
had to obtain the password and username for thed@8lice), and also spent more time at the
ponds repairing the internet for the other researchOn multiple occasions the DHCP settings
on the Linksys Etherfast router in Barn were notedt, not allowing the users to connect to the
internet. Also, the “default gateway” settingsvamious machines would intermittently change
from 192.168.1.1 (the etherfast router) to 192.168(the wireless router). There was no
internet connection if a computer thought the gatewas the wireless router. This problem
stemmed from the wireless access points tryingtasthe DHCP servers for the wired
network, which | repaired on multiple occasiongr Retwork information (and passwords) see
the diagrams on the project website. (These pagepassword protected per Wink’s request.
The username is inconsequential and the passwtind same as that for the TRES windows

account — the gate combination).
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WIFI:

Yagi Antenna (pointed at the trailer’s
omni-directipnal antenna.

120V power outlet inside box

POE injector

WIFI Bridge

Figure 6: A picture of the WIFI node | assembled. It used cableguard boxes
because the components would not fit in one.
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After the system failure, | began investigating auneless capabilities at the pond. The
basic infrastructure plan currently calls for wass$ bridges powered by AC power to connect
remote nodes to the network, and as such my fiogegt was to make these bridges work. Jim
Moore sent a Linksys WET54G, which at first | conlot make work for an extended period of
time with the current ponds WIFI. After much tréaishooting, | finally discovered that there
was an error in the firmware in dealing with WPACeption, the encryption currently used on
the Ponds wireless access. After updating theafara on this wireless bridge, the bridge was
working and operational. | also had to deletesth&ce in the ponds WIFI password, as there was
also a problem | discovered with the access paictepting escape characters in the ASCI
scheme.

| also tested thoroughly our WIFI system with thasWrat WIFI system. While the
technician involved with this project sent a bonalag signal over there WIFI, | tested the
integrity of our link. | discovered that only ohannel 1 in the 802.11 scheme could there
possibly be a problem. | never confirmed thatéheas interference, but opted to stay of
channel 1 to avoid problems.

Figure 7: An altered
version of Jim
Moore’s wireless
network
infrastructure that
shows where WIFI
tests were
conducted. Note, the
ADF2 location
shown on the map
(where the distance
test occurred) is also
the location of the
muskrat telemetry
tower, and can only
be reached via water
access.
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| lastly tested the distance limitations of the \MdFdge and antenna system. | paddled
out to the Island indicated in Figure 7, and withoaver supply | designed that ran on 4 AA
batteries; | tested the bridge and its connectibime distance was absolutely no problem, and
even with foliage in the way, the “link quality” dhe Linksys program was 98%, surely proving
that WIFI bridges equipped with adequate antenhasld have no trouble spanning large
distances.

Programming:

| also took on a few programming tasks this sumndre first of which was a timing
program for the Bugsucker. As of now, the programstalled on the desktop of the data entry
machines, and the wiring harness at the Bugsuaaat only be plugged into a TMI webplug to
bring this program online. | opted to log the tgva# operations in a .txt file in the local
directory, and also to allow changing of the IPradd of the web node. | had already learned
JAVA programming at school, but taught myself th& A Swing GUI (graphical user interface)
libraries, which proved very user friendly and iedibly powerful. | also learned how to write
and edit Microsoft document files (word, excel, @odess) using JAVA through an open source
project called POI. | plan to use this implemeptato store data collected in the user friendly
format of MS office files.

Figure 8 a
screenshot of the
bugsucker timing
program. Note that
when the window is
closed the timer
stops working, the
buttons below the IP
address override the
timing system and
the program sends 7
volts to appropriate
analog out, which
switches the relay on
to turn on the
bugsucker.
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Figure 9: a screenshot of the Logging Program GUI. This @ogwill eventually log

from specific channels on the web node, and stosediata as individual lines in an excel
document to be processed. It will use the samadginmplementation as the Bug Sucker
Utility to log only for specified hours of the dagnd will remain open on a machine in the

trailer.

Another program | wrote is the “Temperature Loggadgram shown and described
above. | further wrote a WIFI program which bondsat our wireless network to test its
integrity. This program concluded that there Wwél no significant outages in a Wireless network
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system. After testing the wireless Bridge conrmetgvery .1 seconds for more than a week,
there were very few (<100) times that the prograas wnable to connect to the bridge, proving
the integrity of a wireless plan.

V. Results:

Infrastructure and POE:
Power Specifications for Daisy Chain Feasibility oPOE

Device Estimated Typical | Operating Voltage | Power (Watts)
Current Draw *

12volt (dlink) camera | .5 amps 12volts 4.8

Hub or switch .35 amps 7.5 volts 2.6

RFID (estimated) .15 amps 12 Volts 1.8

TMI 1402A 9-24 3 (specified by
manufacturer)

Total ~12.2

Number of daisy 1

chained nodes

possible

Total power required ~12.2

Max Power over ~13 - 15**

CAT5e at 48 VDC

* These Numbers were estimated from direct testtogsideration of Manufacturers
specifications, and tests from using the astrocyg®8 12v DC converter. This
converter is rated for 625 ma at 12 volts. As shbwy this test, these numbers are
very conservative estimates, but clearly show ¢inét one node should be powerec
from 24awg wires in the CAT5e.

** This figure was obtained from the IEEE 802.3tdredards. Other estimates are
higher (especially considering the specificatiohRbAWG wire.

| also spent many hours researching network itriragire and learning about planning a
network, and along with Jim Moore, concluded that driginal “daisy chain” network design
would not be feasible. Not only would a “daisy ictidoe clogged by collisions and make data
transfer difficult, but as shown in the above talligisy chaining would be next to impossible
when Power Over Ethernet (POE) is considered. IERE standards for POE state that a
maximum of 15 watts should be consumed on one Cai®eAccording to my rough
calculations (and based on field experiments), onldata node would consume all power
recommended for a single Ethernet cable.

Granted, the 24 AWG wire used in cat5e wiringaied for much more current (at 48
volts) than IEEE recommends, but with consideratibmaximum cable life, the fact that off the
shelf POE products (injectors, hubs, or end deYyigeger support this much current, and the fact
that RJ-45 connectors and couplers are not ratetthifocurrent, and given the high corrosion
rates in current carrying couplers and modular legceeding the IEEE current does not seem
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feasible. Further, if one wire can supply currend maximum obnedata node, than the daisy
chain infrastructure is impossible.

Infrastructure:

I've drawn up a preliminary infrastructure plan wiiwill rely on a combination of wireless

links and Ethernet cable. I've modified the looatbf the Wireless and wired nodes such that
they would be nearer to the already installed 12G\pdwer. The location of the Muskrat WIFI
telemetry has little or nothing to do with our &t and it makes sense to utilize existing
infrastructure to its fullest. | further plannexdiave all nodes such that they can be accessed
without crossing the pond. While this may limiethreadth of the sample slightly, do not forget
that POE can be extended 100m from the node, altpguite a wide radius of data collection
for each node.

Figure 10: A very rough network infrastructure layout propagsa combination of
wireless and wifi infrastructure.
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Motion Detection and Type of Camera:

After much testing of cameras in both nestboxekiamrtificial tests, I've concluded that
motion detection will not collect very useful datad further, that the $99 dollar gadspot
cameras, though having fewer adjustment settirggdgerform motion detection equally as
well as the nearly doubly expensive d-link varigtie

Motion detection has three main flaws.

1. It doesn’t account for changing light leveldhie nestboxes. Since the motion detection
algorithms rely on just the change in overall pixehinosity between two frames, as clouds and
shadows change the light levels in the box, thesthold for motion detected images changes
greatly. Further, at low light levels, digital seiincreases greatly, often enough to trip the
motion trigger.

2. The threshold value can never be consistenter\itine birds are very small and young,
motion detection would possibly be able to traak éintry and exit of the parent swallows, but as
the birds grow older, they themselves are very lolgpaf tripping the motion detection, which
leads to massive accumulation of data. For examplene day under setting adequate for
younger birds, | was collecting upwards of 25,00@ges.

3. The bird’s visits are so irregular that onetvisiuld either not trip the motion detection, a@p tr
it multiple times. Often, one visit with wing flajmg produced dozens of images, even though
the visit itself was highly uneventful.

Thus, the only viability of motion detection woué under the following circumstances:

The cameras should be set so that only one triggearent can occur in a set period of time, say
5 seconds. This would drastically cut down onrthmber of images produced per day.

A human would either have to screen potentiallydrads of thousands of images collected each
day, or the images would be collected merely gateésgcal record using the number of trigger
events to generally track nest activity, or thegesmwould just produce a sort of vault of data, to
be selectively viewed in retrospect to track nesivay in important at academically interesting
times. But then why motion-detect at all? Why just store complete video records?

A few other details:
I've also started to compile a project websitewdmch this report is hosted, along with relevant
documents and source code.

| also put together a new Bug Sucker collectiorileédhat is transparent. I've also installed a
camera stand in the Bugsucker on which a networkeZa can reside. Although | tried to

collect preliminary data to see if | could writ@egram to log the time a bug came in and save a
picture of it, the Bugsucker collected no bugs ontest day, and thus I’'m unable to see the size
of the bugs on the viewing screen. If the vibnasiof the canister are lessened, I'm confident |
could write a program that would resolve bugs fittva background and provide data about

when bugs are in the air.
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Figure 10.1: A sample
of preliminary photos
gathered from the
Bugsucker. Shadowing
will be a major problem,
so lighting needs to be
changed before further
work is done.

V. Equipment

Types of Cable:

After research and experimenting, I've gathered titva very inexpensive CAT5E (~$80/1000ft)
not intended for outdoor use is more than sufficfentemporary wiring, and will easily last one
season, provided no one catches them in hedgeecsippr no animal chews through it (both of
these phenomena occurred this season). I've alsduded that the more expensive
($150/1000FT) gel-filled direct burial cable wiklmore appropriate for long term use and
burial. The direct-burial cable is very easilyied; and very much more durable than the less
expensive variety. After the nicks and dings céie above ground received, the failure of one
pair after minimal time in the field, and the pddsiheadaches in trouble shooting when one is
unsure of cable integrity, burial of cable in shalltrenches seems a very viable way to supply
permanent, reliable, infrastructure that has lptlebability of damage. | propose using this
direct burial cable for any main, long-term arteyiand using cable above ground for temporary
(< 1 season long) usage. As of now, 450 ft ofdibairial cable is already installed underground
from the Bugsucker to the tower. With the renfed érench digger, a few workers could easily
lay thousands of feet of cable in one day.

Corrosion in Couplers:
As to the highly accelerated rate of corrosiorhia ¢ouplers that was observed after the lightning
problem, | have a few possible solutions to couptgrosion

1. We could buy three hundred percent more experaiwveather couplers.
2. We could cover existing couplers in a moldaltéesic and protect contacts with Vaseline.
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Figure 11:

Bulgin cable Couplers
intended for harsh
environments. Picture in
upper right corner, quote from
allied electronics in
Rochester, NY.
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Figure 12: An
example of hand
moldable Coax-Seal
Plastic surrounding
an Ethernet coupler
for protection.

Coax seal is
relatively
inexpensive ($3 for
a large roll).
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New Switch
| installed a new switch in the trailer, picturegldow, which surely aids to the cleanliness of the
lab and ease of understanding the network.

Figure 13: A close up picture of the new switch installethine the desk in the lab. Noice the
Surge protectors on the right. The green wiresteground that lead to a pole outside the
trailer.

Web Nodes and their Power:

One last result of my summer was the wiring of @ meebnode based on Jim’s previous design.
| wired the node in a plastic container, and udigthtty different autodyne dc-dc converters.
These converters allow me to run a TMI web-plugul or switch, and an Ethernet camera at
the same time, while only being marginally moreengve (the old converters could not power
these three devices). I've also assembled an fgheiire to go from this box to the camera
which carries 12v of power that it splits into atapter for the camera along with its Ethernet
signal.
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Web Plug and
‘/thermacouple

Dc converter
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Figure 14: Various views of the sensor node box | put togeti#dove see the power
splitting wire. If the box | wired is mounted dmetpole for the nextbox, than this wire can
shake up to the nestbox to power and provide alaktd@o the camera.

Data Loggers — RFID

overlap

Early in the summer, | aided
and assisted Gernot Huber in
designing, construction, and
fitting of waterproof “backpacks”
on swallows. These backpacks
were to simulate data-logging
chips that will be used to track the
bird’s latitude during migration.
Figure 1 includes a photo. This
process made me wonder about
our planned RFID chips.
Depending on how the backpacks
fair over the winter, these
backpacks may be a great way to
encapsulate the RFID chip and
antenna. With the ever-decreasing
size of the RFID chip, perhaps we
could even put both Gernot’s data logger, an RHIp,cand one antenna in one backpack. The
postage stamp size of the data logging backpaakidgtoe fine size for a passive RFID antenna
(provided we use a higher frequency band), espgeidlen the birds should be within a meter
of the reader.

Figure 15: Example of the backpacks
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Jumper Box:
| also put together a small repeater box, whichrwplagged into ac power, can extend the range
of two POE signals (with our current power speaitiiens) using a small switch or hub.

Conclusion:

This report did not end up as complete or as wattemn as | would have hoped, but | think I've
tested a lot of the feasibility of the projectd Bgain like to thank Jim, Robert, and Wink for
making this summer possible for me. I'd especiklg to thank Jim for his generous gift. |
hope what I've tried to compile can be useful.

Dennis Zollo
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