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Executive Summary 
 
There is a wide variety of remote wildlife cameras available today, a growing proportion of 
which can communicate via cell (primarily) or other wireless (uncommon) protocols so that the 
photographs taken in the field are available for viewing (across the web) at near-real time. We 
reviewed available camera systems and, based on this review, purchased several cameras for 
further testing and with which to develop server-side tools for processing the incoming images. 
Cameras were powered with rechargeable batteries and attached solar chargers. Four 
mechanisms of photograph upload were developed to uptake photographs from the cameras: 
manual one-by-one upload, batch-upload, automated emailed upload from cell-communicating 
cameras, and automated image file transfer for Wi-Fi communicating cameras. 
 
Appropriate commercial camera systems were identified for testing after a review of the 
systems that are currently available. Test cameras were deployed at pilot sites in UT, MT, SD, 
CO, WA, ME, and CA (Caltrans Districts 2, 3 and 4). These are commercial cameras that email 
their pictures to a specified email address through cell-communication technology. A service 
was developed to include bulk upload of pictures indirectly (through field-users) and directly 
from cameras to a hosted-database driven website (http://wildlifeobserver.net). Four main 
procedures were developed to facilitate image upload to the website from remote cameras, 
varying in the amount and type of manual intervention during the upload process. The first was 
a form-based upload which captures all relevant data by completing the form and uploading a 
photograph.  The second was a novel bulk upload tool whereby a user can organize thousands 
of images, upload the zipped images to the web-system, and tag images according to the 
species and activity shown in the image. The third procedure was for images originating from 
cell-communicating cameras, where the image can be automatically ingested by the website, 
with later identification of the animal by a biologist. The fourth procedure was for files 
transferred directly from a camera to a server via a network router across a Wi-Fi network, 
again with later identification of the animal by a biologist.  
 
This report constitutes a portion of the project output. The remainder is available through the 
CamWON web-system (http://wildlifeobserver.net), including publicly-accessible projects 
(some are private, http://wildlifeobserver.net/projects), help materials (written and video, 
http://wildlifeobserver.net/help), materials from the 2 webinars 
(http://wildlifeobserver.net/resources), a selection of images from different projects 
(http://wildlifeobserver.net/gallery) and a partial list of partner organizations 
(http://wildlifeobserver.net/partners).  
  

http://wildlifeobserver.net/
http://wildlifeobserver.net/
http://wildlifeobserver.net/projects
http://wildlifeobserver.net/help
http://wildlifeobserver.net/resources
http://wildlifeobserver.net/gallery
http://wildlifeobserver.net/partners


5 
 

Purpose 
 
The purpose of the project was to develop automated remote camera systems for data 
collection, communication, management, and visualization for Departments of Transportation 
to use to monitor environmental conditions. The purpose of this task is to test-build hardware 
and software systems that together achieve the project purpose. Hardware systems include 
wireless cameras, independent power generation, storage media, and communication systems.  
 
The test-build consisted of several steps: 1) a desktop analysis of capacities of various 
technologies and estimation of how they would fit together; 2) purchasing of promising 
components and 3) development of pilot systems consisting of arrays of cameras, 
communication components, and successful web-interfacing. The test-build included a solar 
power source to maintain power in remote settings and automated transfer of the photos from 
the field to the server. This report describes the findings from testing and analysis steps for the 
project. 
 
Introduction 
 
For years, science has used time elapsed photography to monitor change over time, where the 
camera is positioned in a specific spot. This has typically been done for vegetation, and as 
technology developed, is done with Geographic Information Systems for larger areas. The 
changes monitored were typically looking at degradation of a natural area as human 
development encroached and changed the area, or the return of nature as an area was 
restored, or natural ecological processes such as the ebb and flow of water. These included 
specifics such as the changes in vegetation over time, the expansion or decrease of water 
bodies, or the change in sessile organisms such as mollusks in an aquatic area. With cameras 
placed over an extended period of time lasting from weeks to years, the changes over time can 
be documented in real time, from time measured in seconds to daily changes or long-term 
changes. 

Motion-triggered cameras were first used to photograph wildlife in the 1890s (Hance, 2011), 
but only after the advent of infrared triggers in the 1990s have been used to investigate animal 
occupancy. Contemporary cameras are digital, include daytime motion-triggering, night-time IR 
triggering, a range of controllable settings to improve image collection in different 
environments, and low power-usage. They typically store images locally, with a subset capable 
of sending image files via commercial cell networks, or wifi to available field computers. Several 
models include attachments for external power sources, which allows for attachment of solar 
panels and batteries, significantly extending the time between maintenance visits. The 
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combination of time-lapse and motion-triggering means that camera traps can be used to 
capture multiple environmental characteristics and within arrays can provide fine-scale 
monitoring of conditions adjacent to highways and mitigation structures. 

 

Opportunities for Remote Camera Use 
With the evolution of camera technology, these cameras can now be placed at locations of 
interest, and not only take daily photos, but up to the minute photos that can then be 
transferred back to a location within seconds. This allows immediate, real time monitoring of 
many types of ecological and infrastructure data for departments of transportation (DOT. The 
use of these remote-communicating cameras could assist transportation agencies in several 
ways.  

1. Some wildlife presence at transportation infrastructure can over-ride all maintenance and 
construction activities due to the species’ listing or classification. If the cameras can be placed 
in strategic areas where these animals are resting, nesting, occurring, then when the animals 
have left the area, transportation activities can resume. The communication of these events 
with cameras in turn helps decrease the amount of critical human time necessary for checking 
such situations. This camera system could be placed at structure to observe nesting swallows, 
hibernating and nesting bats, nearby bald eagle nesting and the fledgling of young out of the 
nest, or specific episodic events that affect transportation, such as the migration of amphibians 
across low volume roads, or migrating large herbivore herds across state highways in protected 
areas.  

2. These cameras could in turn be connected to driver warning systems. Ongoing research on 
effective driver warning systems has met with mixed results. Currently Idaho is experimenting 
with a system of infra-red cameras that detect large bodied animals, such as grizzly bear, 
moose, and elk. (http://www.boiseweekly.com/CityDesk/archives/2014/09/15/idaho-officials-
mull-military-radar-system-to-reduce-vehicle-wildlife-collisions) 

If a remote camera system similar to the systems being proposed and tested in this project 
could be mounted in areas of high wildlife movement across the road, these cameras could 
photograph individual animals, and the images could be sent to a computer with image-
recognition software that can detect an animal versus a vehicle. In turn, the computer could 
then send a signal to drivers that wildlife are on the road, all within seconds.  

3. Wildlife mitigation infrastructure could be monitored with these cameras to evaluate when a 
species of interest is near the road, and the results of the animals’ activities would be known 
within seconds to minutes. This may be important for listed species, such as Canada lynx, highly 
migratory species, such as herds of mule deer, animals with pulsed episodes of movement, such 

http://www.boiseweekly.com/CityDesk/archives/2014/09/15/idaho-officials-mull-military-radar-system-to-reduce-vehicle-wildlife-collisions
http://www.boiseweekly.com/CityDesk/archives/2014/09/15/idaho-officials-mull-military-radar-system-to-reduce-vehicle-wildlife-collisions
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as amphibians and reptiles, or animals of high public interest, such as peregrine falcons and 
other raptors using infrastructure. 

4. Remote cameras could be set up in flash flood areas near highways to alert DOT’s, highway 
patrol and other authorities when flood water is about to make a road impassable, or 
dangerous. Flooding along I-15 in Utah, Arizona, and Nevada caused a cascade of destroyed 
roads, injured people, and massive destruction. 
(http://www.csmonitor.com/Environment/Latest-News-Wires/2014/0910/I-15-washout-
Floods-close-busy-highway-stretch-video). If the roads in the path of water, mud slide, and 
other natural disasters can be closed ahead of the potential catastrophe, and motorists 
diverted, motorists could avoid injury and even death 
(http://fox13now.com/2014/09/09/video-flash-flooding-sends-man-van-down-into-ravine/). 
Such a camera system could take photos and trigger a warning system when flood waters or 
mud slides trigger cameras up slope from roads about to become inundated. With climate 
changes, these types of floods and storms are already becoming more common. In fire prone 
areas, these types of cameras could alert personnel when a fire is quickly approaching the roads 
in an area, and thus endanger motorists.  

5. A remote camera system could be used to detect changes in sea level or areas where rivers 
empty into larger bodies of water along coastal roads. The system could be programmed to 
send pictures to a central location several times a day for personnel to review for short term 
urgent conditions that may affect infrastructure, or to review long term more subtle changes 
that eventually would affect bridges, abutments, roads along the coast.  

 

Barriers to Remote Camera Use 
In the kind of work transportation ecologists conduct, camera placement and activation has 
become common place. Unfortunately, the largest barrier to the systematic use of remote 
cameras has been -- what to do with all the photographs? The greatest barrier to camera 
systems is a file management and analysis system that systematically helps users evaluate 
photographs for the stated objective of the camera placement, and to translate the data into a 
form useful to address specified objectives. When the photographs are of a fast moving 
potential catastrophe like a flood, the answer is a quick and simple move to a planned 
response, such as closing a highway. When the data is over long time-periods or over many 
places, the volume of photos to evaluate can become overwhelming to most people.  Creating a 
system of photograph management and analysis and paying for humans or computers to 
analyze the photographs can become the single biggest obstacle to installing a remote camera 
system.  

http://www.csmonitor.com/Environment/Latest-News-Wires/2014/0910/I-15-washout-Floods-close-busy-highway-stretch-video
http://www.csmonitor.com/Environment/Latest-News-Wires/2014/0910/I-15-washout-Floods-close-busy-highway-stretch-video
http://fox13now.com/2014/09/09/video-flash-flooding-sends-man-van-down-into-ravine/
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Any kind of technology needs to be tended to in order for a system to continually work. When a 
system of cameras is introduced to an agency, there needs to be a team of support personnel 
responsible for their care and maintenance. Problems with this approach occur when the key 
personnel move on from their positions, and the other agency personnel do not have the same 
level of commitment to tending to the equipment.  

A third barrier is protecting the cameras from degradation and vandalism. Since remote 
cameras have become more common-place, more people are aware of them and their value. 
Although over 90 percent of the general public do not attempt to vandalize such technology, 
there still is a small segment of the population that destroys or steals this type of property. 
Encasing the cameras in steel boxes is necessary. Placing them high in areas, on steel posts or 
culverts and bridges is also important. Overall, theft protection can become costly.  

 

Wildlife Observations 
There is still no substitute for high quality wildlife observation data in planning for wildlife 
connectivity. These observations can be of live or dead wildlife on or near roads and highways. 
In order to be useful, a wildlife observation record should include the species identity, where it 
was observed, when the observation took place, who made the observation, and how the 
observation was made. Occurrences of wildlife at certain places and times can provide 
information about habitat suitability and use of areas near roads. These measurements are a 
cost-effective way to capture information about the occurrence of multiple species. 
 

Monitoring Wildlife Movement 
A number of detection and monitoring methods exist which can help determine where animals 
cross roads and where they occur on the landscape. These are equally applicable for planning 
purposes and for post-project monitoring of installations to determine use and success. One of 
the best, least-invasive methods is the use of remote, motion-triggered cameras.  
 
Wireless Camera Systems Remote cameras useful for wildlife monitoring are becoming 
increasingly more affordable, have greater capacities, and some have wireless communication 
abilities. Data from these systems are also being used to inform project planning, mitigation 
planning, and restoration of wildlife connectivity. The downside is often that the use is ad hoc 
and limited by manual maintenance of the cameras, which poses staffing and safety concerns. 
Wireless communication between wildlife camera traps and local or remote data stores 
(computers) has been investigated, but these are usually customized applications and difficult 
to generalize to large client bases. Data from the camera systems is often difficult to share and 
valuable public education possibilities are lost, despite often considerable investments of 
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transportation funds. This project tackled these problems in order to reduce the transactional 
costs associated with implementing extensive and long-term wildlife monitoring adjacent to 
highways. Specifically, potential system components were tested and a usable wildlife camera 
procedure developed that communicates through user-mediated, wireless, and/or cell 
technology to a web-service that in turn provides organized and queryable access to the wildlife 
picture data to inform system stewardship and planning. 
 
The proposed technologies support the FHWA-supported EcoLogical approach because they 
collectively reduce the transactional costs associated with employing remote wildlife camera 
arrays in areas where wildlife may interact with highways (the vast majority of the US). It is 
difficult, if not impossible to know where to mitigate impacts to wildlife and where to restore 
lost connectivity if data about wildlife movement are not collected at the highway. EcoLogical 
requires the collection of ecological information to inform transportation decision-making. We 
envision a combined hardware and web-system that provides this information in a more 
predictable and plug-and-play fashion than is currently available to most DOTs. 
 
Remote wildlife cameras take photographs and store a local copy of the image on the camera's 
internal data storage, which is often an SD memory card.  Very little data processing is 
conducted on the device itself, and therefore, the images need to be transported to the data 
server, or an intermediary field processing node, for this to occur.  Depending on the type of 
camera deployed, there are several possible methods (or scenarios) of remotely and non-
manually transporting and retrieving these data. 
 
A)  Wired to a field computer:  The remote camera can be physically wired to an intermediate 
field computer which assembles the data before it transmits the packet to the data server.  This 
field computer can collect the data for all of the wildlife cameras at a particular location, and be 
responsible for handling the data from the small array.  In some cases, the camera might need 
to be wired through a remote router before reaching the field computer. 
 
Once the data arrives at a field computer, they are assembled and packaged for transport to a 
central data server.  A wireless “hotspot” communicating with a commercial network allows 
this remote computer to connect to the Internet, thus receiving an IP address and becoming an 
accessible node on the web.  A computer program can be triggered at regular intervals (such as 
daily, hourly, etc.) to initiate a transfer, both from the camera and to the institutional central 
data server.  There will be another script on the data server which receives packets being 
transferred from the remote sites.  This script would unpack the data and create a record in the 
database for the new entry.  The operator can log in to the application and then annotate the 
photographs which were automatically uploaded. 
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B)  Wireless to a field computer:  A few of the newer wildlife camera models have the ability to 
wirelessly transmit their digital images and video a short distance to a nearby data collector.  
This is a more natural way to deploy a camera over having a physical cable connect the camera 
to the data collector, although a physical cable can often be more reliable and can transmit 
data faster. 
 
C)  Wireless to existing infrastructure:  Another method of transporting the data collected by 
these remote cameras is to use a wireless transport from the camera to an existing 
infrastructure that already has the ability to transmit data.  This would save the expense of 
paying for and maintaining a remote wireless hotspot, and use an existing data connection.  An 
example of this is a traffic-cam or weather station which is already transferring data to a central 
server. 
 
D)  Camera to cell network:  Many of the large telecommunications companies such as Verizon, 
AT&T, and T-Mobile offer small devices which become Wi-Fi “hot spots”, connecting computers 
and other instruments to the Internet enabling the transfer to data.  A mobile hotspot connects 
to the Internet via a cellular network, and then creates a Wi-Fi hotspot that can connect any 
Wi-Fi-enabled device within about 50 feet.  These devices can use both 3G and 4G networks. In 
addition, there are several commercially-available wildlife and security cameras that can 
communicate directly to cell networks and send photographs directly through 2G, 3G, and 4G 
networks to an email address or phone number.  
 
Approach Used 
 

Wireless Camera Technologies 
There are only a few and relatively new wildlife cameras on the market that can communicate 
via wireless or cell technology. Several examples are included below and in Appendix A.  Some 
of these options offer proprietary web-services to view and download photographs, but besides 
being more expensive, it is often more difficult to interface with these systems to extract and 
use the data required for decision making. 
 
1) Buckeye Cam (Athens, OH; http://www.buckeyecam.com/) has developed a currently unique 
camera system (“Orion”) where cameras can operate individually or as a group and 
communicate through existing cell networks with any computer. Cameras can act as repeaters, 
so can accept the signal from other cameras and transmit them, functionally creating a daisy 
chain of cameras in a network. Another model from this company uses wireless transmission to 
connect directly to a computer, or to the internet. The cameras have many desirable attributes 

http://www.pcworld.com/businesscenter/article/204632/portable_hotspots_are_the_future_of_mobile_broadband.html
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for a wildlife camera (e.g., fast reaction time, 0.2 sec) and the company claims that cameras can 
communicate up to 2 miles line of sight. They also have an external 12-volt battery pack, 
making solar-powered recharging possible for extended maintenance-free life. Two downsides 
of this system are cost, each camera is approximately $800, and the requirements for using 
proprietary software and websites for photograph delivery and visualization. 
 
We used this model to develop the wifi approach and found the following: 1) Cameras could be 
set up either in a daisy-chain leading from the base station, or a net around the base station; 2) 
The effective communication limit between the first camera in a chain and the base station was 
200 m; 3) Transmission occurred independently of the camera being triggered and capturing an 
image; 4) Transmission time was ~15 seconds for a high-resolution image and up to 2 minutes 
for 30 second videos; 5) In a daisy chain setup, image transfer between cameras could result in 
a “traffic jam” if there were many images in the queue from the furthest camera through the 
chain to the base station; and 6) Images could be transferred to the web-server through 
commercial cell networks via a cellular hotspot. 
 
2) Bushnell (http://www.bushnell.com) has many trail cameras and recently added wireless 
capacity to its existing Trophy Cam HD model. The camera communicates through the existing 
AT&T 3G network, sending thumbnail pictures to smart-phones (phone # or email address) or 
computers (email address). The camera stores the original, full-size picture on its SD card for 
later recovery and download. Motion-activated trigger speed is 0.6 second, which is fast 
enough for most events. The camera can be powered internally (batteries) or externally 
(battery + solar panel).  
 
We used this type of camera in several locations and found: 1) The camera is the most 
affordable of the reliable cell-communicating cameras ($270); 2) Like most Bushnell cameras, 
the power use is very low, allowing long periods of deployment; 3) Image quality is high and 
trigger speed seems adequate for capturing wildlife movement; and 4) Images are sent via 
Bushnell’s server, which limits the flexibility for transmitting and forwarding images. 
 
3) Reconyx (http://www.reconyx.com) is one of the premier remote camera manufacturers and 
makes a 2G/3G cell-communicating version of its top-end “Hyperfire” model. The camera 
emails a thumbnail picture (Figure 1) and stores the full-sized picture on the SD card. The 
camera can be internal-battery or externally-powered, has a 0.2 sec trigger speed, and a long-
range flash (60’). External solar power can be used to charge batteries inside the camera. 
 

http://www.bushnell.com/
http://www.reconyx.com/
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We used this camera in one location and had the 
following findings: 1) The camera was as reliable as 
other cell-communicating cameras we used (Bushnell 
and HCO Outdoors); 2) The camera model we used 
(PC900C) was by far the most expensive ($1200); 3) 
Quality of both transmitted and locally-stored images 
was high; 4) External powering was possible using a 
small solar panel directly plugged into the camera; 
and 5) The IR flash gradually lost brightness within 6 
months of use under relatively mild California 
conditions, which was similar to others’ experience 
with this model. 
 
4) Uway/HCO Outdoors (http://www.hcooutdoors.com/) makes several moderately-priced, 2G  
(e.g., UM562 models) and 3G (e.g., MB500 and Spartan GoCam) cell-communicating cameras. 
They use either internal AA batteries, or external battery/solar power. The solar power will not 
recharge internal batteries, but reduce power demand when illuminated. Thumbnail pictures 
are emailed (Figure 2) to the designated recipient and full-sized pictures are retained on the SD 
card. The trigger speed is fairly slow for a wildlife camera (1 sec) and the IR sensor and flash 
distances are moderate (50’). 
 

 
 
 
 

Figure 2   Thumbnail pictures of (A) adult male mule deer (UWAY MB500) and (B) mountain lion 
(UWAY UM562), in field. 

Figure 1   Thumbnail picture of person 
from Reconyx Hyperfire, in field. 

 
B  

http://www.hcooutdoors.com/
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We deployed these types of camera across several states and made the following findings: 1) 
The camera models were toward the low end of the price range ($350-450); 2) Cameras were 
generally reliable and robust in a wide range of field conditions, including harsh winter 
conditions in the Colorado Rockies (Figure 3); 3) External powering was possible by plugging a 
small solar panel directly into the camera; and 4) Transmission rate for a ~100 kb image file was 
1-2 minutes.  

 
 
Cameras not significantly tested and fielded. 
 
5) Covert Scouting Cameras (http://covertscoutingcameras.com/) has several models of 
wildlife/trail camera. The “Code Black” has 3G connectivity, sending thumbnail pictures to a 
smart phone (phone # or email address) or computer (email address) and storing the original, 
full-size pictures on an SD card. The camera can use internal battery power only and has a 
reasonable trigger speed (0.6 sec). The camera and the manufacturer’s service do not get very 
good reviews on buyers’ forums. 
 
6) PixController (http://www.pixcontroller.com) sells possibly the only combined cell and Wi-Fi 
communicating remote camera, the Raptor Wireless Camera. Developed and sold primarily for 
US border security (according to the company’s owner), this high-end camera can communicate 
via 2G networks (Verizon or AT&T), or up to 1 mile (with extensible antenna) via Wi-Fi to a 
router and associated computer. The trigger speed is fairly slow for a wildlife camera (1 sec), 
but has one of the longest distance daytime (80’) and night time (60’) IR motion detection. The 
camera is externally powered via battery/solar.  
 

 

Figure 3   Image of mule deer using 
CO-9 over-crossing with temperature 
of -3oF. 

http://covertscoutingcameras.com/
http://www.pixcontroller.com/
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Field Sites  
Testing cameras at real remote locations is an important step in determining if the system(s) 
designed can be field-deployed. The systems described were operated in field conditions for a 
year or more. One critical feature of field-testing is developing relationships with potential 
users in each DOT District. Through the last months of the project, we were successful in 
continuing to engage new DOT partners to broaden the scope of field-testing. We alerted DOT 
staff to opportunities that our systems provide, not least of which is monitoring wildlife-vehicle 
collision mitigation sites that may not have had previous monitoring.  

Field sites were chosen to represent the range of likely conditions that DOT staff would face in 
similar future monitoring. This range includes, but is not limited to: 1) wildlife-mortality/safety 
mitigation sites, 2) existing structures not intended for wildlife crossing use, 3) wide bridge-
underpasses, 4) culvert underpasses, 5) very rural areas, and 6) more developed areas near 
urban centers. 
 

California/Caltrans Field Sites 
In Phase 1, we tested 3 commercial cameras systems from Task 1 at one site in Caltrans District 
3 and one site in District 4. Sites were chosen after discussion with District 4 (Robert Young, 
Maintenance Branch Chief) and District 3 (Suzanne Melim, Senior Environmental Scientist) staff. 
The District 3 sites were chosen because one was a wildlife-vehicle collision mitigation site, an 
under-crossing built to pass deer across state route 50, and the other a known-use culvert not 
originally intended for wildlife use. The District 4 sites were chosen because they are the only 
natural-substrate passages across Interstate 680 for many miles in either direction, between 
Pleasanton and Fremont. Other District 3 and 4 sites were chosen to represent multiple 
infrastructure and habitat conditions. In addition, District 2 biologists asked to work with us in 
monitoring several structures that were either mitigation for wildlife movement or were 
incidentally being used by wildlife. 
 

District 3 
Two sites were selected for initial field testing of the camera systems. One was adjacent to 
State highway 50 in Eldorado County at the site of a purpose-built, deer under-crossing. This 
$1.6 million crossing project was completed in 2012 and included a 12 foot diameter box 
culvert with associated fencing (Figure 4). So far, there has been only one attempt at 
monitoring this crossing structure for effectiveness.  
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We placed a test camera on the south side of the facility on two different occasions and both 
were stolen. The landowner immediately to the south (5-10 acre parcel with fence adjoining 
the project site) was supportive of the monitoring effort and offered to collaborate in the 
future to make the cameras more secure.  
 

The second site was a 4-foot diameter, 280-foot long round culvert that goes beneath I-80 and 
is not intended to be a wildlife crossing (Figure 5). However, we have found in previous studies 
that it is the most actively-used structure by small to medium-sized (i.e., up to bobcat-sized) 
wildlife under I-80 in the Sierra Nevada. 

 

Figure 5.   Field site at culvert beneath Interstate 80 in Placer County. The inset picture is 
the view north toward the opening of the crossing structure. 

Figure 4.   Field site at deer crossing structure beneath state highway 50 in Eldorado County. The 
inset picture is the view south from above the crossing structure. 
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Eventually, we added another 25 locations along I-80 and 2 locations on SR 50 (Figure 6). The 
purpose of these sites was to provide a stream of data for the web-system to improve its 
functioning. 

 

District 4  
Two sites were initially selected in District 4, after consultation with Robert Young (Caltrans). 
The sites were 1) a large stream/floodplain multi-span bridge under Interstate 680 (“Andrade”, 
Figure 6) and 2) a roadway 
under-crossing with dirt 
embankments (“Happy Valley”, 
Figure 7). Both sites were 
investigated for evidence of 
animal sign prior to installation 
of cameras. In addition, test 
cameras were placed for 1 
month to confirm that animals 
were moving through the 
structures and that cameras 
were unlikely to be stolen.  
Wildlife were photographed 
moving through the structures 

Figure 7.   Potential and actual field sites at under-crossings beneath Interstate 680 in the East 
San Francisco Bay region. The Happy Valley and Andrade sites had cameras deployed. 

Figure 6.   Field sites in Caltrans District 3 along I-80 (A) and State Route 50 (B). 
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(Figures 1 and 2) using cell-communicating cameras. 
 
As with District 3, we added 3 locations under I-280, 2 under US 101, and 3 under I-580 to 
create a total of 10 locations in District 4. These locations were chosen to both provide a flow of 
image data to test the web-system and because regional transportation and conservation 
organizations have expressed concern about these locations providing wildlife access across 
interstate rights-of-way, despite the fact that they were not built for wildlife use. 
 

District 2 
After hearing about our project from Caltrans staff in District 3, biologists in District 2 contacted 
us and asked to pilot approaches we were developing. They were interested in cell and non-cell 
communicating cameras for mitigation structures and structures that were incidentally used by 
wildlife. Eventually, 10 locations were established and populated with cameras (Figure 8). Two 
of these included successful deployment of cell-communicating cameras.  

 

 

 

Colorado 
Contractor to the project Dr. Patricia Cramer was incidentally working on a project for Colorado 
DOT monitoring effectiveness of under and over-crossings built across state highway 9, 
between Kremmling and Silverthorne. Her suggestion that the monitoring project could benefit 
from working with us was well-received and we partnered with CDOT and CDFW staff by 

Figure 8.   Field sites at 
under-crossings beneath I-
5, SR 299, SR 89, and SR 36 
in Northern California. 
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providing cell-communicating cameras and creating a project on CamWON. Eventually cell-
cameras were used in 4 locations, 2 wildlife over-crossings, 1 under-crossing, and a cattle guard 
where CDOT was concerned about deer getting on to the highway.  

 
Images from these cameras were available by email and on the project website on CamWON. 
Because of this, project managers knew when moose, elk, and bighorn sheep first used the 
structures. Images from project cameras were used immediately in press by CDOT to discuss 
success of the crossing structures. In addition, because images were available immediately, 
minimum counts of wildlife use of each structure could be rapidly made and shared. In 
comparison, a parallel comprehensive count of wildlife use took up to 6 months longer than our 
counts.  
 

Utah, Montana, South Dakota 
Several locations were identified in UT and MT by contractor Dr. Patricia Cramer because of her 
previous work with state DOTs and particular highways/crossing structures. The types of 
locations varied from habitat adjacent to crossing structures to the structures themselves. 
Partners at DOTs were interested in the intersection between traditional monitoring and the 
approaches we proposed. Cell-communicating and non-communicating cameras were 
deployed, depending on cell service at the structures. In the case of one location (Paunsaugunt: 
http://wildlifeobserver.net/projects/us-89-kanab-paunsaugunt-project) not only were large 
group movements of mule deer captured, but cameras were also triggered by flash flooding in 
this desert gully. This latter type of event was not the focus of the camera deployment, but it 
made clear that other types of environmental events besides wildlife movement could be 
captured and immediately shared using this approach. 
 

Figure 9.   Field sites at over and 
under-crossings across CO 9 in 
the Arapaho National Forest. 
west of Denver 

http://wildlifeobserver.net/projects/us-89-kanab-paunsaugunt-project
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After discussion with Dr. Cramer, DOT staff in South Dakota decided to try both the cell camera 
approach and the web-system for managing data. Cameras were deployed where SD 18 crossed 
over a canyon through which elk and deer were thought to be safely moving. This was an area 
where collisions with both species were common, so the DOT wanted to know if the existing 
structure was providing wildlife movement.  

 
 
 

Maine and Washington 
Academic and NGO partners of MaineDOT and WSDOT used cell-based cameras to monitor 
wildlife movement through mitigation structures (WA) and existing structures (ME). In WA, the 
federally-funded mitigation project at SR 92 Granite Falls Alternate Route needed monitoring to 
establish effectiveness in allowing wildlife movement between an isolated wetland and 
surrounding habitat (Figure 11) 

 

Figure 10.   Camera positions 
around location where SD 18 
bridge spans a canyon. 

Figure 11.   Camera 
positions around 
mitigation structure for 
wetland impacts. 
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Maine Audubon has been working with Maine DOT to improve understanding of areas where 
wildlife are being struck on roads and highways and the role of structures, such as bridges over 
waterways, play in safely passing wildlife. They have positioned cameras at several bridges and 
culverts in areas of concern to see which species are and are not using structures (Figure 12). 
They used project cameras (cell and non-cell) and the web-system to improve their data 
collection and management and to demonstrate wildlife use of structures (Figure 13). 

 
 

 

A  B  

 
 

Figure 12.   Camera locations and positions in Maine associated with bridges and culverts 
(http://wildlifeobserver.net/projects/maine-audubon-road-crossing-structure-monitoring). 

Figure 13.   American beaver (A) and red fox (B) passing safely through a bridge and culvert.  

http://wildlifeobserver.net/projects/maine-audubon-road-crossing-structure-monitoring
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Web-based Informatics and Workflow 
 
Informatics is a field of research in its own right and refers to the collection and organization of 
information, often through automated mechanisms, and its transformation into more useful 
forms for decision making and visualizations. Web-based informatics refers to the use of the 
internet and web-servers to aid in informatics involving dispersed collection or sharing of 
information.  From the moment data are captured in web-based informatics, such as 
photographs of wildlife, they are in a “pipeline” of data movement and transformations.  This 
workflow involves: 1) copying or moving these data from the source (e.g. field camera) to a 
destination server, 2) extracting the various data both from the image itself and through user 
interactions, 3) transforming the data from an original file and scaling it for various web-based 
purposes, 4) summarizing the data across the project and at various scales, and lastly 5) 
archiving them for future analysis and use.  There are many stages of transformation between 
collection and analysis, and it is during this process that data can used to generate knowledge 
about conditions and systems.  Sensors capture data but not until the data reaches the users do 
they become useful. 
 

Informatics and System Development 
The server-side informatics system is made up of several components.  In Phase 1, we 
developed a website for managing camera trap projects which included the ability to upload 
wildlife camera photos, but needed development of important modules to handle other use 
cases.  These components included an image processing queue which built observation records 
based only on the image and its metadata and a mechanism to annotate “partial” observations. 
There were also a number of improvements that made it easier for new users to use and 
understand the system. 

User-Interface 
A critical feature of the web-based informatics system is that users can easily navigate and use 
the various tools contained in the system. We tested the interface with potential users and 
asked that they provide feedback on its ease of use, how meaningful the tools were for their 
purposes, and the likelihood that the interface will facilitate better management of remote 
camera-based systems. The goal was that the interface was not itself a barrier to use of the 
overall system, but instead provided services to the user that they needed to manage complex 
instrument systems and data flow.  

Observation Interchange Format 
The Darwin Core data exchange format provides a standardized way to exchange observation 
and occurrence data between disparate systems.  We built upon this concept and adopted a 
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format conducive to data exchange. An interchange format is important so that other tools can 
better utilize these observation data. The interchange format must allow for semi-strict 
semantics.  There should be a strict adherence to certain required fields, including the “who”, 
“what”, “where”, and “how” of the observation, as well as providing a way to accommodate 
unrestricted fields that can be optionally added, such as those that are part of an image’s Exif 
data.  A system only needs to support a subset of these attributes, so the data can be 
transferred easily and without too many requirements. 

Automatic Image Processing Queue Development 
With the content management system handling the access, storage, and viewing of wildlife 
photographs, there was a need for a front-end process which automated the extraction of data 
and metadata to create observation records without all available core attributes, such as the 
animal species.  These observations require additional information before they can be 
considered a “full” observation record. 

Our current design uses a Javascript-based NodeJS application to manage the processing queue.  
This technology is well suited for this purpose because of its asynchronous, non-blocking I/O 
behavior.   The processing queue extracts as much data and metadata as possible and create a 
record in a database where the other data parameters can be later entered.  Because the 
extraction of Exif will be different for each camera vendor, having a flexible database which can 
add whatever data is available is important in capturing the “best” data possible for the 
observation.  

Once the processing queue extracts as much data as it can on its own, the observation record 
must be completed by a person.  We would like to make this operation open to a 
crowdsourcing technique, allowing the participant to enter the animal (for example) and other 
attributes which the processing queue can’t currently collect.  These data are stored in an 
intermediary system before they are uploaded to the main website. 

Security 
From the moment the photograph is taken to time it is accessed from a desktop computer on 
the web, it is critical that the data be secure.  For each step in the chain, it is important to look 
at the possible vulnerabilities at each step, whether is a wireless transmission to a regional 
“hub” computer, the sending and receiving of emails with thumbnail attachments, or the 
permission setup embedded in the content management system, each step must be examined.  

  

Data Collection: From Source to Server 
There are several methods by which environmental data (e.g., images from camera traps) can 
be transferred from the field to a server, and annotating these data is done differently based on 
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this transfer method. 
 
Manual vs. Automated Data Transfer 
For camera traps, wildlife photographs can either be collected from a camera in the field 1) 
manually by a person physically visiting the camera and downloading photographs from the SD 
card, or 2) automatically by the camera sending the photographs to a server where they can be 
processed without human intervention.  Wildlife cameras which transfer photographs across a 
network (via Wi-Fi or cell phone communication) are generally more expensive, but can 
ultimately be cost effective depending on where the camera is located, how often staff would 
otherwise visit the camera to manually retrieve the photographs, and the opportunity cost of 
not getting data immediately.  

 

Figure 14.   Steps in photographic data transfer from field camera traps to the wildlife 
observer network database-server (“WON-DB)” through manual and automated 
pathways. 
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Manual Upload of Photographs 
The manual processing of photographs comes in two forms, single file (manual) and multiple file 
(bulk) uploads.  This is a manual process because it requires the user to process the images 
obtained from SD cards and generate the associated data prior to uploading the images to the 
server.  The records are complete once they are added to the system.  The automated upload 
process creates incomplete observation records that require additional information by a person, 
such as species id, during the “photo-tagging” step (Figure 14). 
 
Manual and automatic upload of photographs is carried out through the Cam-WON website 
(http://widlifeobserver.net). The user creates an account, then sets up a project, which is 
equivalent to a study associated with a single place or region 
(http://wildlifeobserver.net/doc/setup-project). Once a project has been created, complete with 
camera locations and positions, the user can manually add photograph files as single data 
elements (http://wildlifeobserver.net/doc/adding-data), or as sets of files through the bulk 
upload process. Even if a photograph arrives via a cell or direct file transfer method, manual 
modification of the observation record is often required for species identification and animal 
attributes and behavior. These manual-upload processes are described below. 
 
Single Photograph Upload 
Uploading a single photograph is carried out through an online form.  The photographic file is 
selected for upload and the form completed with necessary information, including the 
attributes of the photograph.  These attributes are embedded in the following field groups, 
“Animal Information”, “Location / Position Information”, “Date and Time”, and “Notes and 
Additional fields”. 
 
The “Animal Information” group includes the “Animal” field, where the user chooses the exact 
animal they see in the photograph.  If they are uncertain of the precise species, they can use the 
“Animal Write-in” field to enter this information.  They then choose an animal group, which is a 
hierarchical controlled vocabulary whose root terms include “Amphibians”, “Birds”, “Mammals” 
and “Reptiles”.  This group also provides a field for user level confidence in which they can 
select a term which best matches the confidence they have in the animal identification. 
 
In the “Location and Position” group, the user selects the position from which the photograph 
was taken.  As mentioned before, the upload assumes the user has setup a project record, at 
least one location and one position to which they can assign to the photograph.  This is a 
required field, as knowing where a photograph was taken is a critical piece of information. 
 
The “Date and Time” group has one field to enter the date and time of the observation.  In the 

http://widlifeobserver.net/
http://wildlifeobserver.net/doc/setup-project
http://wildlifeobserver.net/doc/adding-data
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bulk upload and cell/wifi-communicated images, this information is extracted directly from the 
Exif data of the image files. The “Notes and Additional Fields” group includes any additional 
fields that can be added to the observation.  This includes a large text area for field notes, and 
several animal and observation specific information, such as the animal's gender, age class 
(adult or juvenile), activity, event, travel direction, number of animals in photograph, and lastly, 
any human activity witnessed in the photograph. 
 
Once this online form is filled out, the user clicks “Save” to store the record in the database.  
Only a few fields are marked as required with the other fields being optional.  This flexibility is 
necessary when multiple photographs are added using the bulk upload facility, which is 
described next. 
 
Multiple Photograph Bulk Upload with Accompanying Spreadsheet 
Instead of using the online form to upload photographs one at a time, the site also provides a 
feature for uploading multiple photographs where the same information present in the online 
form has been entered into a customized spreadsheet. With the creation of the bulk upload 
method, this method is now only used for users to upload legacy data from desktop or other 
stores. The process requires the user to upload a spreadsheet of observational data that 
describe and (structurally) annotate the contents of each photograph, including what animal is 
present, where the photograph was taken (its position, which in turn associates the photograph 
with a Cam-WON project), the confidence in the identification, and a few other required fields. 
The user can also add non-required fields to the spreadsheet and these values will become part 
of the observation record, such as number of individuals or the gender of the animal. 
 
The bulk photograph upload procedure is setup as a process workflow (Figure 15), and requires 
handling by the user and a data manager (a designated individual who performs several data 
validation tasks). The user uploads the spreadsheet file which contains the data for all the 
photographs which are being added. 
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A template spreadsheet was created which can be used for entering data. It was designed to 
streamline the upload procedure by having in place the correct column headings, and by 
facilitating the entry process to ensure that certain fields are entered correctly. This is done by 
providing a drop down list of values for certain fields, enforcing valid entries. Using this 
template makes the integration with the online database much easier. 
 
Bulk Upload Status 
The spreadsheet-based, bulk upload procedure uses a status field to inform the participants of 
the current state of their upload. Clicking on the record shows the status or current state of the 
procedure. These states include: 

• initiated -- the beginning state when the bulk upload request is submitted 
• in progress -- the request is changed to this state upon receipt by the data manager. The 

request is checked for correctness and the data is validated during this step 
• needs work -- the data manager will set this state when the spreadsheet needs 

additional changes and requires user modification 
• final phase -- once all of the information is assembled and the process is almost 

complete, the process will be at this stage 
• completed -- the bulk upload process is successfully completed. 

 
The photographs are uploaded as a single compressed file of images.  These are uncompressed 
by the administrator when they run the bulk upload procedure using the spreadsheet of 
observation data. In the future, there will be greater automation of the data validation steps 

Figure 15.   Steps in the workflow process for spreadsheet-based, bulk uploading of photographs 
to the server.  The names above refer to the “status” of the bulk upload procedure. 
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and streamlining of the workflow so the upload results are more immediate. For now, a person 
is needed to ensure that the data being uploaded is correct and that the procedure won't 
interfere with the existing operation of the website.  
 
Field Definitions 
The bulk upload spreadsheet includes column headers which represent fields of the observation 
record. Therefore, each row in the spreadsheet represents an observation or a new wildlife 
camera photograph which contains one or more animals. Additional information about the 
spreadsheet and field definitions are defined in Appendix B. 
 

Bulk Upload of Zipped Images 
We also developed a bulk upload process that was more user-driven where the user sorts 
images from cameras to remove false positives, then compresses directories of images and 
uploads them to the web-system. The upload takes places on the camera position part of a 
project on CamWON. This is a way to upload multiple images at once, and associate those 
photos with a single position, or geography.  The "Bulk Upload" mechanism is a feature of Cam-
WON which provides this service.  Within the web-system, the user initiates a bulk upload by 
clicking on the bulk upload button, available from the position page. This allows the user to 
upload a zip file containing images from this camera position.  All images in the zip file will then 
be attributed with the geography, user identity and the date/time the zip file was uploaded. 
The bulk upload process creates a new Cam-WON record for each image uploaded based on 
Exif data associate with the image file (e.g., date and time). The system places the un-
compressed images with associated records into a “tagging area”, which allows the user to 
apply information to the images in bulk (i.e., applying tags to multiple images at once, including 
species name).  This tagging process is standard for both multiple or single image/observation 
record added to the system. The advantage of the bulk upload is that the system can process 
many images at once, making it easier for the user to manage many photos for a position, and 
tag them based on their respective attributes (including tagging multiple photos as the same 
species, or animal activity). It also reduces the error that can come from manual creation of 
records in spreadsheets or relational databases. 
 
Automatic Processing and Observation Record Generation 
The automatic processing of photographs extracts as much information as is available and 
creates partial observation records.  Manual intervention is still needed to edit these records to 
add other important information which cannot be extracted from the image itself.  This includes 
animal species identification, gender, age class, movement direction, and other details which a 
fully automated informatics process cannot determine.  The diagram below (Figure 16) shows 
the ways that files can be made available for automatic processing, and the sequence of steps 
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to extract as much information as possible from the photograph. 
 

 

Direct File Transfer 
There are similarities between transfer of photographs by email and through direct file transfer 
from the field camera to the home-server. The photograph files are processed similarly once 
they reach their destination and are ready to be ingested into the system, but there are also 
important differences.  While an email method will require an email client to access the content 
of the email, direct file transfer will have access to the file directly. 

Certain wildlife cameras have the ability to connect to a Wi-Fi hotspot, such as the Buckeye 
Wireless Cameras (see Appendix A for more details).  These cameras receive an IP address and 
can transfer images across the network to either a local server which is collecting images from a 
number of cameras in the nearby vicinity, or a remote server at an agency headquarters (for 
example). Remote cameras in the field can connect to either a base station (relay) or directly to 
a Wi-Fi hotspot. With direct file transfer, the photographs taken by the field camera are 
available immediately, unlike the email transfer method where only a smaller sized (thumbnail) 
image is transferred.  Once the image is transferred to the home server, its contents and 
metadata can be read to generate a partial observation record in the database, which can be 

Figure 16.   Steps in the workflow process for bulk uploading of photographs to the server. 
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completed by a biologist who can enter the species identity and other animal characteristics. 
 

Email Upload of Photographs 
Remote cameras in the field can email thumbnail versions of the images it takes to an email 
address using a cell phone provider's 2G, 3G or 4G cell communication networks (e.g., Figures 1-
3).  A server-based email client (e.g., “Mutt”, versions available for Linux and Windows) checks 
the email account via the Internet Message Access Protocol (IMAP) and copies any attachments 
it finds (i.e., a thumbnail image) to a folder on the server where it can be queued for processing.  
It also creates a file (JavaScript Object Notation, JSON or other data exchange format) which 
also contains the email since the email's subject line and sender contain important information 
about the camera and its location. 
 
The generated metadata file contains the following information: 

Field Description 

Email Subject The subject can contain information about the image being sent, 
including the name of the image (which should not be treated 
as a unique value since multiple cameras will create the same 
filenames), the date and time the photograph was taken, the 
camera model, and more.  Because the subject line varies 
among camera manufacturers, a flexible method is needed to 
extract and store this information. 

Email “From” Address The email address of the sender, which for this type of service 
can be the phone number of the embedded SIM card (e.g., for 
the Reconyx and UWAY cameras), or name of the camera input 
by the user during the camera setup.  A relationship is created 
between the phone number/camera name and the project's 
camera position, which can be made with an online tool. This 
means that photographs originating from a particular camera 
can be associated with the camera position on the web-system.  

Attachment thumbnail The attached thumbnail image has an associated filename, but 
that is not unique.  Therefore, the file is renamed to better 
match the project-location-position of the image. Once it is 
“processed” and an observation record created, it is moved to 
its internal storage location. 
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Field Description 

Email Date and Time This information can be compared with the Exif (Exchangeable 
image file format ) data to help validate the data.  If the Exif data 
is more than a few hours different from the email date and time, 
there could be an issue with the camera's internal date, or with 
the email sending near the time of the photograph being taken. 

 
An example of an email message sent by the UWAY camera has the following values in these 
fields: 
 
Email Subject: UM562-09/10 10:27 
Email From Address: 5306013537@mms.att.net 
Attachment Thumbnail (640x480 pixels): 
 
 
Besides receiving the email record in a format it can better utilized for processing, the 
thumbnail image has Exif data which is harvested to generate a partial observation record.  The 
following section describes what Exif data is, and how this information is utilized. It should be 
noted that each wildlife camera vendor supports a different set of Exif fields, so not all fields 
may contain data. 
 
Extracting Exif Data from Photographs 
Exif stands for Exchangeable image file format.  It is an informal standard from the Japanese 
Electronic Industries Development Association (JEIDA) which enable images (JPEG and TIFF) to 
carry additional metadata, such as the make and model of the camera, the date and time (from 
the camera's internal clock), the filename, and potentially many more attributes.  Most digital 
cameras support Exif to a certain degree, but because it is not a formal standard, different 
manufacturers will capture different Exif attributes.   
 
There are differences among remote cameras in their support of the Exif specification.  Because 
of these differences, Exif cannot be relied upon to provide reliable data for all fields, but there 
are a few fields which are most commonly used and which can be used to help build the 
observation record: 
 

Field Description 

FileName This will contain the original filename of the 
image, which will likely be changed during the 

mailto:5306013537@mms.att.net
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processing step.  This will likely need to be 
updated. 

Filesize The images file size, which can be validated 
with a directly filesystem call.  Could be part of 
a validation step. 

FileType (and MIMEType) Type of file, for example JPEG or TIFF (or 
image/jpeg or image/tif) 

ImageWidth and ImageHeight 
ExifImageWidth and ExifImageHeight 

Field which holds the pixel dimensions of the 
image.  Different cameras may support 
different tags here, but most should use one 
or the other. 

FileModifyDate, FileAccessDate Capturing the date and time the file was 
created on the camera.  If the camera's time is 
accurate, this is the best value for the original 
image date and time. 

  

System Review 
In order to improve functioning, project contractors Dr. Patricia Cramer and Kathryn Harrold 
tested and provide frequent feedback on the web-informatics system (see their reports in 
Appendix C and D, respectively). Dr. Cramer conducts studies of wildlife crossings for states in 
the US Rockies (e.g., MT, WY, UT, CO) and has one of the largest collections of photographs of 
wildlife using crossing structures of anyone in the world. Harrold is a more junior wildlife 
biologist and represented staff with less experience (5 years or less) using systems like ours. 
They addressed 2 basic questions in their critiques: 1) what are the likely barriers to the website 
and informatics system being used by DOTs and 2) how easy was it to use the combination of 
cameras and web-services? 
 
 
Findings 
 
The technology is available commercially to develop and use remote, wirelessly-communicating 
cameras/instruments for wildlife and other environmental monitoring associated with 
highways. Commercial cameras reviewed here (Appendix A) primarily use existing cell phone 
networks and plans to transmit data from cameras or camera groups to company-operated, or 
user-owned servers via phone numbers or email addresses. The cell-communication capacity 
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adds about $100-$350 up-front to the price of commercial cameras (depending upon model 
and manufacturer), compared to similar models without this capacity. Communication plans 
through providers such as AT&T cost about $10/camera-month. This means that the most 
expensive monitoring project would cost approximately $1,500/year in the first year and about 
$120/year by the second year (based on Reconyx camera and individual AT&T plan). 
 
We packaged and deployed complete instrument systems (i.e., power, camera, communication) 
for each main communication method type: 1) Cell-communicating camera, with thumbnail 
photograph going to a central email address; 2) Direct-file transfer through Wi-Fi to client 
server and then to institutional server; and 3) Direct-file transfer through Wi-Fi to cell-
communicating station to central email address. Option (1) allows the greatest flexibility in 
camera placement and may be the best solution for few cameras widely-dispersed along a 
highway. Option (2) allows the most cameras in a local network and the cheapest file transfer 
cost, but will be constrained by the location of a client server within Wi-Fi/radio distance of the 
camera network. Option (3) provides the flexibility of (1) and (2), but may have greater costs 
associated with data transmission through cell networks. 
 
There were only two commercially-available camera with Wi-Fi capacity available in 2014, when 
the project began. Based upon a recommendation from the manager of the Stanford University 
Jasper Ridge Preserve, we chose the Buckeye camera system to work with in more depth. There 
are several alternative communication pathways that could solve both small networks of 
cameras near each other (for example, at a highway crossing structure) and long-distance (>1 
mile) communication with a router that could be used to transmit data (e.g., photographs) to a 
home-server. We found that the base system from Buckeye was capable of transmitting images 
and videos reliably up to 200 m, which could be a constraint when creating a “daisy-chain” of 
cameras across study areas. We built a customized base station in order to reduce cost (~$600-
1,200) relative to the commercial version (Figure 17). This transmission limitation can be 
extended by using larger antennae on the cameras and the base station. Cameras and base 
station could be reliably powered by solar panels and associated batteries. 
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Powering most remote cameras is very straightforward using combinations of solar panels and 
internal or external batteries. Because camera communication with external networks requires 
a higher than usual power consumption, addition of solar panels extends the field-life of the 
cameras significantly. For the cameras that were used here (Reconyx, UWAY, and Bushnell) the 
external power supply cannot charge the internal batteries, so once the internal batteries are 
depleted, the camera may not function reliably. However, for every camera reviewed, if an 
external 6-12V battery is used, which is in turn charged using a solar panel, then it is likely that 
the system could last for at least one year without maintenance. In practice, Bushnell and 
Spartan cell-communicating cameras transmitted twice the number of pictures with solar panel 
connected as without. Combined with remote communication and secure position, these 
camera/power systems remove the need for staff to visit sites for very long time-periods. 
 
This approach requires that the user spends several hours setting up the camera in the field and 
establishing communication, but after that the camera only required annual maintenance. If 
cameras were normally maintained monthly, then within a year, the camera would have paid 
for itself in saved staff/driving time. Another benefit of the transmission of photographs/data 
soon after an event such as animal passage is that data are not lost if a camera/instrument is 
stolen or destroyed. For certain rare species, it might be critical to know when they have passed 

Figure 17.  The Buckeye x-80 wifi-communicating camera was integrated with a large solar panel, 
very small field computer, and communication through cell system (when no wifi antennas 
available). The total cost of ~$1,800 was about $600-1,200 less than commercial equivalent. 
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a structure as soon as possible. In the case of new wildlife crossing mitigation structures in 
Colorado (SH 9), CDOT and partners thought it important to know when the first moose, elk, 
bighorn sheep, and black bear used the structures. Finally, there is a certain appeal to being 
able to almost-immediately visualize wildlife movement through highway structures. The 
benefit to a DOT from this type of instant gratification is similar to the public relations benefits 
from web-cameras positioned near bird nests. A DOT can point to photographs on a web-
service as evidence that it is stewarding natural systems by both monitoring wildlife and passing 
them safely across highway rights-of-way. 
 
According to our independent reviewers, Cramer and Harrold, the system needed more 
explanation in order to be more useful to DOTs (Appendix C and D, respectively). They provided 
specific changes and additions that would make it easier for DOTs and their contractors to use 
the site to manage camera networks and photographs. They found this to be true of many of 
the steps, from creating camera positions to uploading photographs. Their feedback was critical 
for developing the final web-system and for planning next steps in improving system ease of 
use, functioning, and services. 
 

User-Training 
We carried out user training in 4 main ways: 1) development of a series of “how-to” videos on 
YouTube to demonstrate how to set up camera systems in the field and how to use the 
informatics site (http://wildlifeobserver.net/help); 2) written material describing how to use 
the various hardware and software systems produced during the project 
(http://wildlifeobserver.net/help); 3) 2 webinars for state DOTs and others (>240 participants 
from 26 states) to demonstrate the systems (http://wildlifeobserver.net/resources); and 4) .  
Although not training per se, we also presented the project at Transportation Research Board, 
ICOET and IENE conferences. 

 

 

 

http://wildlifeobserver.net/help
http://wildlifeobserver.net/help
http://wildlifeobserver.net/resources
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Appendix A 
Review of commercially-available cameras and components available to communicate via 
wireless/cell networks to servers. 

1) Buckeye Cam 
 

Camera 
System 
Model 

BuckeyeCam, ORION PC Base System 

Camera 
System 
Description 

This is an advanced, night-and-day Trail Camera. And it can also transmit its 
pictures/videos to the BuckEye Cam Orion PC Base (sold separately) or to another 
Orion Camera, as part of a larger wireless system. This Orion Camera has still 
pictures and video function plus a fully independent "LiveCam" function that can 
upload pictures/videos directly to a website. Difference between X series and 
Orion series is that X series has higher resolution pictures and longer battery life 
(12 V vs 6 V, Orion). Orion and X series cameras communicate with each other in 
daisy chain, but need the cellbase to send the pictures via a cell data plan, 
meaning you need to buy the cellbase, but you only need one data plan for 
multiple communicating cameras. This is contrast to the Reconyx, which 
communicates from the camera. 

Cell Capable Yes, from cell-base 

Wireless 
Capable 

camera to camera 

Wireless 
distance 

Claim is up to 2 miles 

Price $849  

Power Batteries or Solar 
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Features BuckEye Cam Orion Camera gives you video and still pictures capability... it can be 
a stand alone trail camera or part of a long-range wireless camera system. This is 
an advanced, night-and-day Trail Camera. It can transmit its pictures/videos to the 
BuckEye Cam Orion PC Base (sold separately) or to another Orion Camera, as part 
of a larger wireless system. This Orion Camera has still pictures and video function 
plus a fully independent "LiveCam" function that can upload pictures/videos 
directly to a website to use the camera as a security feature or a promotional 
device for your ranch (PC Base System required). Can be used as a stand-alone 
camera (saves pictures at the camera). Also can be used in wireless mode 
(transmitting photos/videos to a PC Base unit or another Orion camera). True 
Color pictures/videos during the day, infrared pictures/videos at night (no visible 
flash). When used with a PC Base System you can transmit pictures directly to 
your computer from up to 2 miles away... Even further with the available high gain 
antenna. Cameras have a built in “repeater” feature to extend range even further 
when using multiple cameras. Unit runs on an included 6V 12aH rechargeable 
battery... 6V battery charger also included. Camera uses very little power so you 
should expect extended battery life between charges. Built in waterproof external 
charging port lets you add solar panels and/or Battery Bank (sold separately). In 
stand alone mode, the Camera will take up to 30,000 pictures per charge. 
Adjustable Resolution (change• Adjustable Resolution (change the resolution as 
needed). 0.3 Meg (640 x 480), 0.8 Meg (1024 x 768), 1.3 Meg (1360 x 1016), 3.1 
Meg (2048 x 1536). 2 Video Modes (true color videos during the day and infrared 
videos at night): 640x480 & 320x240. Adjustable Delay function... delay between 
pictures can be set at 1 second up to a couple of hours. Adjustable Sensitivity. 
Time Lapse photography and video modes. Picture Stamp has 4 text fields to enter 
information like camera location, etc. Waterproof enclosure with camo pattern. 
Operates down to -32ºF and up to 120ºF. Includes mounting bracket and 
hardware 

Unit 
Specifications 

Infrared at Night & True Color During the Day Shooting Modes. Reaction speed of 
0.2 seconds. Delay options from 1 second to 2 hours. Control your deer cameras 
directly from your computer. Dual Lens Technology (Infrared and Color). Operate 
up to 30 Wireless Buckeye Cameras from a single base. New LiveCam Feature 
Loads images to a web page. Completely Silent. Operates at temperatures as low 
as -30 Degrees. Date, time, location, temperature and moon phase all 
electronically stamped on images. 

URL http://www.hunting-cams.com/ 

 

2) Bushnell Cameras 
 

Camera System Model Bushnell HD Wireless 

http://www.hunting-cams.com/
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Camera System 
Description 

Traditional compact Bushnell Trophy Cam with built in cell-
communicating capacity. User buys cell-packages through Bushnell 
for picture delivery, at <1/2 the price of doing it independently. 

Cell Capable Yes 

Wireless Capable No 

Wireless distance NA 

Price $599.99  

Power Battery, or external power 

Features Unlimited thumbnails for the first 30 days. Wireless connectivity 
straight out of the box - sim card and data included. Affordable pre-
paid data plans available from Bushnell. Premium command and 
control, manage your camera settings via your computer or smart 
phone. Free iOS and Android app - Send images to a smart phone, 
email, web or facebook. Fast - 0.6 second trigger speed. Runs up to 3 
months on one set of batteries. 8 MP high-quality full color 
resolution. HD Video - 1280x720 pixels. 32 No-Glow Black LEDs with 
60' range, invisible to game and other hunters. Day/night 
autosensor. External power compatible. PIR sensor is motion 
activated out to 60'. Adjustable PIR (Lo/Med/High) or Auto PIR. 
Programmable trigger interval: 1 sec. to 60 min. Multi-image mode: 
1-3 images per trigger. Video length: 1 second to 60 seconds, 
programmable. Field Scan 2X with two available time slots so you 
can monitor dusk and dawn movement. Temperature range -5° F to 
140° F. PIR sensor is motion activated out to 60'. Runs up to 3 
months on one set of batteries. Adjustable web belt and 1/4-20 
socket. SD card slot. Weatherproof. 

Unit Specifications Resolution Setting: 8MP; PIR Sensor: Low/Med/High/Auto; Night 
Vision Flash: 32 LED, 60'; LCD Display: 2.4" Color LCD; Data Stamp: 
Yes; GPS Geotag: Yes; Power Supply: AA (4-12); Solar Compatible: 
Yes; Battery Life: Up to 3 months; Video Resolution: 1280x720p; 
Video Length: Up to 60 seconds; SD Card Capacity: 32 GB; Field Scan 
2X: Yes; Audio Record: Yes 

URL http://www.bushnell.com/all-products/trail-cameras/trophy-
cam/trophy-cam-hd-wireless 

 

3) Covert Cameras 
 

Camera System Model Code Black 3G 
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Camera System Description The Code Black MMS camera uses an activated SIM card from a 
GSM network to text photos to your cell phone or email 
address. New for 2014 is the 3G technology which will get 
better signal and make for improved picture delivery as well as 
better battery life. The 60 invisible flash LED’s are undetectable 
and have a flash range of 60+ feet. 

Cell Capable Yes 

Wireless Capable No 

Wireless distance NA 

Price $309.00  

Power Power Supply 4×AA, 8×AA or 12AA; Stand-by Current < 0.25 mA 
(<6mAh/Day); Power Consumption 600 videos (interval=5min, 
video, Length=10s）;>800 MMS(use 12*AA batteries);  

Features Picture Resolution: 12MP, 8MP (Interpolated) Real 5MP, 3MP; 
Lens F/NO=3.0 FOV (Field of View)=52° IR-Flash 6m, 12m; 
Display Screen 2.0” LCD; Memory Card Up to 32GB; Video 
Resolution VGA,HD: 1080P, 720P, WVGA（HD version ONLY); 
PIR Sensor Multi Zone; PIR Sensitivity Adjustable 
(High/Normal/Low); Trigger Time 1.2s; (HD version: 1.0s); 
Weight 0.35 kg(without battery); Operation/Storage Tem. -20 - 
+60°C / -30 -+70°C; Trigger Interval 0s – 60 min.; Time lapse: 5-
55 second (in 5 second increments)；1-59 minutes (in 1 minute 
increments)；1-8 hours (in 1 hour increments)；Photo Burst 
1–3; Video Length 1–60s; Low Battery Alert LED Indicator; SMS 
alert; Sound Recording Available for HD cameras ONLY; 
Mounting Rope/Belt/Python lock; Dimensions 140 x87 x55 mm; 
Operation Humidity 5% - 90%; Security authentication FCC, CE, 
RoHS 

Unit Specifications 12MP Color CMOS = 3-5-8-12 MP photo resolutions; MMS 3G 
Wireless Ability; 2 inch Color Viewer; Time Lapse Mode; SMS 
Commands; 32GB SD Card Capacity; 3 Adjustable Sensitivity 
Levels; Operates on 12 AA’s; Time/Date/Temp/ & Moon Phase 
Stamps 

Comm Protocol You will have to purchase a texting package from any GSM 
(WCDMA) provider to set up your wireless feature to send to a 
phone # as a text. When sending to an email you will need a 
SIM card with DATA. If your SIM card only has DATA it will NOT 
send via MMS as a text message. If your SIM card only has TEXT 
it will NOT send via email. You will have to purchase a texting 
package from any GSM (WCDMA) provider to set up your 
wireless feature to send to a phone # as a text. When sending 
to an email you will need a SIM card with DATA. If your SIM 
card only has DATA it will NOT send via MMS as a text message. 
If your SIM card only has TEXT it will NOT send via email. get a 
standard size SIM card from any 3G GSM (WCDMA) networks 
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that provide a SIM card. *Sprint and Verizon are NOT GSM 
(WCDMA) providers. 

URL http://covertscoutingcameras.com/ 

Notes This product gets particularly bad reviews from users in 
Amazon forum 

 

4) PixController 
 

Camera System 
Model 

Raptor Wireless Cameras (part RAP 004) 

Camera System 
Description 

The Raptor Cellular camera is a self-contained, battery operated 
surveillance camera system. The camera is trigged by an integrated 
PIR motion sensor, or external wireless sensor, depending on the 
model purchased. Once triggered, the Raptor will capture a photo and 
email it to your PC and/or cell phone within 30-seconds of the trigger 
event.  This camera unit will capture a photo upon motion-activation 
and transmit the photo through a Wi-Fi Access Point, "Hot Spot". No 
dedicated PC base station is needed! The camera is trigged by an 
integrated PIR motion sensor, or external wireless sensor, depending 
on the model purchased. Once triggered the Raptor will capture a 
photos and email it to your PC and/or cell phone within 30-seconds of 
the trigger event. 

Cell Capable compatible with CDMA or GSM/GPRS cellular providers. PixController, 
Inc. offers managed cellular data plans for Verizon Wireless and AT&T 
Wireless 

Wireless 
Capable 

compatible with any 802.11b/g wireless LAN networks. Transmits 
JPEG and txt file containing metadata. transfer to FTP server, or SMTP 
to SMTP. FTP client server works to trnsfer files. 

Wireless 
distance 

Typical range with the included OMNI antenna is about 300 feet. 
Ranges in excessive of 1 mile or more can be achieved using a high 
gain direction antenna on the Raptor system and a high gain OMNI 
mast antenna on the Wi-Fi access point. 

Price $1,000-$1,500 (sensor in or out of unit) 

Power 12V SLA rechargeable battery & charger. The battery can last in the 
field up to 3 months of unattended use, or over a year with the Solar 
Panel option. 

Features Day, night, 24 hr. operation, motion or time-lapse activation, delays 
between photos, option to send a daily status text email giving unit 
battery life, email addresses, cellular SMTP and APN servers, and 
scheduler to disable to system during different times of the day. VGA 
Color Day/Night IR Camera (640 X 480). PIR Motion Detection to 80 
Feet.  PIR & Day/Night Sensitivity Adjusting POTS. On-board USB 
Host Port - Allows USB Flash Drive Devices for storage and program 
updates. PIR Trigger Time ~1 second. Wireless Sensor Option for 
Covert Setup. Set delays between photos. Night IR Range: Standard 
IR 60', No-Glow 940nm IR 30'. Time-Lapse Mode. 
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Unit 
Specifications 

Size: 9-1/4"L x 7-3/4"W x 4-1/2"D . Weight: 8 Pounds. Waterproof Case. Cast 
Steel Eye Bolts - Use MasterLock Python cable (sold separately) for unit locking. 
LCD Setup Screen.  

Comm Protocol CDMA 850/1900 MHz or GSM/GPRS Quad Band 850/900/1800/1900 MHz 
Cellular Radio. SMA Cellular Antenna Connector. Cellular Transmission time 
~30 second per photo. Email Protocol: SMTP/POP3. FTP (File Transfer 
Protocol). Emails include photo, time/date, battery level.  

URL http://www.pixcontroller.com/Raptor/PixControllerRaptor-Cellular2G.htm; 
http://www.pixcontroller.com/Raptor/PixControllerRaptor-WiFi-GPS.htm  

 

5) Reconyx Cameras 
 

Camera System 
Model 

PC900 Hyperfire 

Camera System 
Decription 

No-Glow™ High Output Covert Infrared Technology eliminates the tell-tale red 
glow common to other Infrared Cameras. HyperFire™ cameras utilize Secure 
Digital (SD® or SDHC®) Memory Cards to capture full 1080P High Definition 
images at speeds as fast as 2 frames per second. You will notice increased image 
quality day and night with our exclusive Ultra HD IR™ camera lens, providing 
images that are sharper and clearer than ever before. 

Cell Capable Yes 

Wireless 
Capable 

No 

Wireless 
distance 

 

Price $1200 + $299 for solar setup 

Power Battery + solar. External power supply for RECONYX cameras with External 
Power Connection such as Cellular Enabled HyperFire Security Cameras. 12volt 
Power Pack (8"x8") is continually charged by a 10 watt Solar Panel (14"x20"). All 
wiring and mounting hardware is included. Camera and Security Enclosure are 
not included. 

Features Includes all features of the PC900 Camera. 3G GSM Quad Band Cellular Modem 
transmits images via text messaging to your cell phone or e-mail. Send images 
to up to 4 cell phones and 2 e-mail addresses. SIM Card Installed by Reconyx. 

http://www.pixcontroller.com/Raptor/PixControllerRaptor-Cellular2G.htm
http://www.pixcontroller.com/Raptor/PixControllerRaptor-Cellular2G.htm
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Unit 
Specifications 

Product Warranty: 2 years. Dimensions: 5.5"H x 4.5"W x 3"D. Operating 
Temperature: -40° to +140° Fahrenheit. Illumination: No-Glow™ High Output 
Covert IR. Flash Range: Up to 60 feet. Mapping & Image Management Software: 
MapView™ Professional with Configuration Software. Image Resolution: 3.1 
Mega-pixel or 1080P High Definition. Image Detail: Color by Day, Monochrome 
Infrared by Night. Trigger Speed: 0.2 second.  RapidFire™ Near-Video Speed:Up 
to 2 frames per second. Memory Card Type: up to 32 GB Secure Digital (SD® or 
SDHC®). Image Data: Time, Date, Temperature & Moon Phase. Battery Life: 
Approx. 2000 Images. Battery Requirements: NiMH Rechargeable or 1.5volt 
Lithium only. Battery Quantity / Size: 12 AA. Theft Deterrence: CodeLoc™ Pass-
Code Protection. 

URL http://www.reconyx.com/shop/PC900_HyperFire_Professional_High_Output_C
overt_IR/d/227/56  

 

6) UWAY Cameras 
 

Camera System 
Model 

MB 500 

Camera System 
Description 

UWAYMB500 Cellular camera provides the ability to see in real time pictures of 
wildlife and human activities. Following image capture, the picture is 
compressed and sent over the cellular network to your cell phone or email in 
real time in 640 x 480 resolution. Each high quality 8MP image is saved to 
the SD card for future retrieval. The UWAY MB500 has a 2.0" built in viewer 
screen and can record HD video with sound recording when not being used on 
the cellular network. 

Cell Capable Yes 

Wireless 
Capable 

No 

Wireless 
distance 

 

Price $400  

Power 12 AA batteries. 6V or 9V DC power can be used with or without batteries. Solar 
can be used, will not charge batteries inside camera. 

http://www.reconyx.com/shop/PC900_HyperFire_Professional_High_Output_Covert_IR/d/227/56
http://www.reconyx.com/shop/PC900_HyperFire_Professional_High_Output_Covert_IR/d/227/56
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Features Have pictures sent in real time to your cell phone or email via GSM network, 
Supports MMS / SMS / Email via GSM network. MMS / EMAIL 
instant transmission resolution 640 x 480. View pictures and video in field on 
2.0" built in screen. Adjust settings on camera remotely via text messaging. 8 
Mega Pixel, high quality picture and video. Sound recording High Definition 
video. Time-Lapse in cellular mode. Compact size (4.0 X 5.9 X 2.2 inches). Ultra 
low stand-by power consumption. 32 GB SD card capacity. Quick trigger time = 1 
sec. PIR Sensor detection distance - up to 50 feet. Lockable with mounting strap 
and security box. INCLUDES: Camera, antenna, nylon mounting strap, 
USB computer cable, and instructions 

Unit 
Specifications 

Maximum Resolution: 2560 x 1920. Lens: F=3.1mm. FOV (Field of View) = 50°. 
Auto IR-Cut-Remove Night): No Noise. IR-Flash range: up to 50+ Ft. Built in 2.0" 
color LCD Display screen. Sound Recording High Definition Video. Image 
Stamp: Date/Time/Temperature/Moon phase. Internal Memory: N/A. External 
Memory: SD-card up to 32 GB. Video  Resolution: 1280 x 720 HD. PIR Lens: Multi 
Zone. IR Bulbs: 60 Invisible Black Flash IR Emitters. Operation Time: Day / Night 
(24 hours). Trigger Time: 1 sec. Delay: 5 sec – 60 min Programmable. Photo 
Burst: 1~3  Programmable. Video Length: 5 - 60 sec Programmable. Power 
Supply: 12 x AA (recommended) 6 x AA (emergency), 6V or 9V DC power. 
Low Battery Alert: LED Indicator. Ports: USB Jack, SD Card Slot, SIM card slot, 6V 
DC Jack. Mounting: Strap, Cable Lock Up To 3/8 Inches. Dimensions: Height: 
4.0", Width: 5.9", Depth: 2.2". Weight: Approximate 1 lb With Batteries. 
Operation Temperature: -30 to 60°C. Storage Temperature: -30 to 70°C. 
Operation Humidity: 5% - 95%. Certification: FCC,CE 

URL http://www.uwayoutdoors.com/uway-products/mb500-blackout-flash-
wireless-camera.html  

7) Radio (wireless) communication components 
 

Device Amped Wireless High Power Wireless-N Pro Smart Repeater and Range 
Extender (SR600EX) 

http://www.uwayoutdoors.com/uway-products/mb500-blackout-flash-wireless-camera.html
http://www.uwayoutdoors.com/uway-products/mb500-blackout-flash-wireless-camera.html
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Description The Amped Wireless High Power Wireless-N Pro Smart Repeater expands 
the range of wireless networks by repeating the signal from a home or 
office wireless access point or router. With a high-power 600mW power 
amplifier and a high-gain bi-directional antenna, the SR600EX is capable of 
repeating networks up to 1.5 miles away. The Pro Smart Repeater features 
a weatherproof indoor/outdoor enclosure with desktop, wall, and pole 
mounting options. The Pro Smart Repeater features 2 network ports for 
connecting additional PCs, network switches, and other devices. The 
SR600EX is for covering large areas and buildings, indoor or outdoor, with 
strong, fast, extended Wi-Fi coverage. Note: To achieve wireless range of up 
to 1.5 miles, it is necessary to use Amped Wireless Pro Series products 
together with line of sight: Pro Smart Repeater, Pro Access Point and/or Pro 
USB Adapter. Indoor performance will be limited by the wireless 
environment and will not reach up to 1.5 miles. 

Price $136.99  

Power 
 

URL http://www.amazon.com/dp/B005K8ATU8  
 
 

Device CradlePoint COR IBR600 – With 4G LTE 

Description CradlePoint COR Series is built for a M2M network. It’s an affordable, 
highly-featured compact router designed for critical business and 
enterprise applications that require 24x7 connectivity. With its compact 
size, sleek metal case, mounting bracket, and external mobile broadband 
and Wi-Fi antennas, COR is ideal for use in high-availability applications 
like ATMs, kiosks, surveillance, vehicles, etc. Get instant network 
connectivity with a CradlePoint COR; just activate the built-in modem 
and go. Ideal for deployment as a primary connection solution where 
wired Internet is not available. It also supports traditional wired data 
networks like DSL or Cable for maximum network flexibility.  

Price $500-$600 up front, with data plan 

Power 12VDC using AC plug adaptor. Up to 1200 mA power draw when 
transmitting. 

URL http://cradlepoint.com/products/machine-to-machine-routers/cor-ibr600-3G-
4G-router  
 
 
 
 
 

http://www.amazon.com/dp/B005K8ATU8
http://cradlepoint.com/products/machine-to-machine-routers/cor-ibr600-3G-4G-router
http://cradlepoint.com/products/machine-to-machine-routers/cor-ibr600-3G-4G-router
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Device Long Range Wireless 802.11B/G Bridge/Client/AP - 

Description Manufactured by RadioLabs, the GS1000 is a high performance, long 
range 802.11 B/G bridge/client/access point. 5 mile WDS- enabled line of 
sight bridging and up to 10 mile connection. Complete Radio/Antenna 
and POE bundle 

Price $240  

Power from computer through ethernet, or through indedendent DC (7-12 V); 
550 mA during transmission 

URL http://www.radiolabs.com/products/wireless/long-range-wireless-client.php  

Device Spark Core 

Description The Spark Core is a tiny Wi-Fi board that can be used to allow Arduino 
and Raspberry Pi devices to communicate with each other as well as 
other devices. This means that the Raspberry Pi or Arduino board can be 
used to push or receive data and commands through the inernet. The 
device can work locally, with no web connection, or can operate 
through the Spark Cloud, allowing he user to communicate from a 
browser with the board (Arduino or Pi) 

Price $45  

Power USB from board or other source 

URL https://www.spark.io/dev-kits 

 

Device Wi-Fi USB Dongle 
Description A high performance, cost effective WLAN USB dongle which  connects 

development platforms to a Wi-Fi local area network. WIPI is an 802.11n 
(backward compatible with IEEE 802.11g and IEEE 802.11b) compliant USB 
WLAN adaptor supporting data rates of up to 150 Mbps and WPA/WPA2-PSK 
Security. It uses Cisco CleanAir channel detection technology to minimize 
interference from non-802.11 modulated sources. WIPI also supports wireless 
roaming, ensuring a more consistent wireless connection to a wireless access 
point. Frequency range: 2.4 ~ 2.4835GHz. Natively supported by the Raspbian 
“Wheezy” Linux operating system distribution onwards. Reviewers on 
community websites caution about range limitations and the need to load 
drivers if use anything other than Wheezy on RPi. 

Price ~$15 
Power from computer through USB port 

http://www.radiolabs.com/products/wireless/long-range-wireless-client.php
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URL http://www.element14.com/community/docs/DOC-48541 

 

Device Slice of Radio 

Description The Slice of Radio is a secure, two way RF transceiver for the Raspberry Pi. The 
module comes completely pre-built (requires no soldering) and utilizes the 
Raspberry Pi's GPIO ports (UART @ 9600bps) for communication, so needs no 
driver or software installation. Being low profile, the Slice of Radio will fit inside 
many Pi cases including ModMyPi Raspberry Pi cases and the PiBow. The on 
board "chip" antenna gives good performance for a very small package and can 
be extended in range by simply soldering on an 8.2cm wire whip. For even greater 
range it is possible to add a u.fl connector to provide an external connection to an 
antenna using an SMA to u.fl pigtail lead.   Simple Plug and Play Radio Module for 
the Raspberry Pi - Uses the Pi GPIO ports and Requires No Software 
Long Range (200m LOS with On-Board Antenna and Up To 1000m with an 
External Antenna) 
Based on the SRF Radio Module 
Talk to Virtually Any Radios (Communicates with XRF, SRF, URF, ERF etc.) 
TTL UART (/dev/ttyAMA0 on the Raspberry Pi) 
Supports Over The Air Micro Programming (OTAMP) 
Supports 128bit AES encryption 

Price ~$15 
Power 

 

URL http://shop.ciseco.co.uk/slice-of-radio-wireless-rf-transciever-for-the-
raspberry-pi/  http://rpi900.com/hardware/introduction.html  

 

Device RPi900 
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Description This radio-communication device mounts directly to the Raspberry Pi and 
uses a DNT900 radio module to communicate with other RPi900 devices. 
It is an open-source design with a separate power supply, analog and 
digital I/O connectors, and on-board clock. RPi900 can be used in several 
configurations. As a base station, it offers an easy way to talk with one or 
many remote stations. A driver takes care of the radio’s communication 
protocol: each remote radio presents its own virtual TTY device. It is even 
possible to provide a network connection to a remote Raspberry Pi using 
PPP. As a remote, RPi900 enables numerous automation and telemetry 
applications. The low power requirements of the DNT900 and Raspberry 
Pi make them great for solar-powered applications; RPi900 can remotely 
power down the Raspberry Pi for further power savings. RPi900 can also 
connect with other devices (such as an Arduino or other embedded 
system) using a standard serial port, enabling extremely light-weight 
remote stations. The DNT900 is a 900 MHz, frequency-hopping spread-
spectrum radio transceiver with maximum transmitting power of 1 W and 
a range of up to 40 miles. Data transmission rates of up to 500 kb/s are 
possible, depending on range. Point-to-point links between two radio are 
easy, as are more complex networks of multiple remotes. The radio also 
includes analog and digital I/O for sensor applications. It operates in the 
ISM band and is FCC certified for unlicensed operation. A compatible 
DNT2400 module available for 2.4 GHz ISM band. 

Price $45 for RPi900, $70 for radio module 
Power from external battery/solar panel. Can be used to power the Pi and radio 

URL http://rpi900.com/ 
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Appendix B 
The following table list of fields must be the column headers for the data intended for upload 
using the multiple photograph bulk upload method. One can download a template which has 
these fields pre-populated (http://wildlifeobserver.net/node/3656).  
 

Field Name Definition 

Position_ID Enter the position_id found on the website. 
This field should be populated with the ID associated with the camera 
position on the portal. Each piece of content on the portal has a unique ID, 
called the Node ID, or NID for short. 

Relative_Path The directory structure on the user’s hard drive in which photographs are 
stored is an important consideration in the long term maintenance of 
wildlife camera projects. We recommend a structure where all 
photographs from the same position are kept under the same directory, 
possibly in several subdirectories, one for each data download. This 
directory structure should be copied along with the photographs when 
they are uploaded as part of the bulk upload, and the path to access the 
photographs (from the project's root location) is called its relative path. 
The program which uploads the photographs needs this path in order to 
automatically locate the right photograph and add the proper attributes 
from this spreadsheet. The data manager will help with this field once you 
the spreadsheet and photographs are uploaded. The field can be left 
blank. 
The current procedure for bulk photograph upload requires that all 
photographs are stored on the server before the upload process is started. 
The photographs can be collected through a relative path to the website, 
or by an address located elsewhere (yet accessible) on the Internet. 

Filename The filename of the photograph is entered which contains the animal 
observations. For example, IMG_001.jpg. Note that the bulk upload 
program is case sensitive, so IMG_001.JPG is different from IMG_001.jpg 
(the photograph's extension is required, and needs to be entered 
precisely). 

http://wildlifeobserver.net/node/3656
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Field Name Definition 

Date_Time The date and time the photograph was taken is entered. The format of this 
field is important, and it should be in the form YYYY-MM-DD HH:mm:SS 
where YYYY is a four digit year, MM is a numeric month field, DD is the day 
of the month, HH is the hour, mm represents the minutes, and SS are the 
seconds. One can use military time where the HH field goes from 0-23 or 
add an AM/PM at the end of the DATE_TIME forcing the HH field to go 
from 1-12. 
Example: 2012-12-31 23:59:00 or 2012-12-31 11:59:00 PM 
In the future, we'll have a tool which will help extract this information 
automatically from the Exif data of the photograph. 

Animal_Common The common name of the animal in the photograph is selected. It *must* 
match a name EXACTLY as it appears on the “animals” tab. If an exact 
name cannot be provided (i.e. the genus is known, but not species), then 
the next column is used for narrative “write-in” of identity. 

Animal_Write-In This field doesn't have any restrictions like the previous one. If the exact 
animal name is unknown, a “best-guess” for identity is entered. For 
example, there are many types of rodents, and unless the user is an expert 
in this field, it might not be clear what the exact species is, especially if the 
animal in the photograph is small. Therefore, one can enter "mouse", 
"rat", or "rodent" in this field. 

Confidence A user level of confidence is chosen from the dropdown list: 100% 
confident, somewhat confident or best guess. 
This field is also based on a set of vocabulary terms which define the 
confidence one has in their observation.  

Gender The animal’s gender, if known, is chosen from the dropdown options. 
This attribute must be populated from a controlled vocabulary 
representing the sex or gender of the species photographed. The domain 
of terms include: “male”, “female”, and “male and female”. The last option 
should obviously only be used for photographs with multiple individuals 
visible. 
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Field Name Definition 

Age_Class The age-class of the animal is entered, if known.  
This is a vocabulary representing animal age. There are three possible 
choices, “adult”, “juvenile” and “adult with juvenile”. Although these 
vocabulary terms are not pluralized, they can still be used for multiple 
individuals. Note that the terms are case sensitive, and Cam-WON has 
standardized most vocabulary list to be lower case. 

Count The total number of individuals in the photograph is entered. 

Travel_Direction The direction that the animal is moving is entered. For this, the direction 
the camera is pointing must be known, which is an attribute of the 
camera's position. 
This information is determined relative to the direction of the camera lens 
or the wildlife trail or crossing structure. The possible values are: north, 
south, east, west, northeast, southeast, northwest, and southwest. Note 
all values are lower case. 

Event_Type When an animal approaches a crossing structure, they will either use it or 
move away from it. "Cross" or "repel" are chosen based on the animal's 
movement behavior. Note: It is often difficult to determine the animal's 
movement based on a single photograph. "Repel" is chosen only if there 
are multiple photographs of the animal and the user is confident about 
this response. 

Activity Activity of the animal in the photograph. An activity type can be chosen 
from the list provided. 

Notes Any additional comments or notes about this observation. 
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Appendix C 
Project report and system review by Dr. Patricia Cramer 
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Appendix D 
Project report and system feedback from Kathryn Harrold, independent contractor on the project. 
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