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ABSTRACT

We present the system-level design of a data transfer link for a remote ecological field station. We include
the desired attributes of this link, a number of candidate solutions, and the details of the system that was
selected for implementation. We also discuss some simple measurements that help determine the effect
of emerging foliage on the quality of the link. Overall, the link is more than capable of meeting the data
transfer needs of the ecological research application.

INTRODUCTION

The National Ecological Observatory Network (NEON) is a massive continent-scale research effort that
will address the Grand Challenges identified by the National Research Council. NEON, which is in its
early stages of organization, will gather long-term data in order to further our understanding of the impacts
of climate change, land-use change, and invasive species. More information on NEON can be found at [1].

One important engineering challenge associated with NEON is the need for improved capabilities for
collecting measurements at remote field stations and transporting these data back to the lab for analysis.
In this paper, we present a system-level design of such a system that is made up of commercially available
services and hardware. We include a brief survey of candidate solutions before discussing the the system
that was selected for implementation. The system has the desired attributes of high data rates, low power
consumption, and low cost. We also discuss some simple measurements that were taken at the installation
site. These measurements help determine the effect of emerging foliage on the quality of the link. Overall,
the link is shown to be more than capable of meeting the data transfer needs of the ecological research
application.
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DESIRED SYSTEM ATTRIBUTES

• Uplink data rate. The currently-envisioned configuration of instruments at the remote station will
generate 75 MB (megabytes) of data per day. To support the uplink of this data (i.e. the link con-
necting the remote station to the Internet), a minimum data rate of 7 kbps (thousand bits per second)
is required. However, much higher data rates are desired in order to support future expansion.

• Downlink data rate. The link needs are highly asymmetric, with much higher data rates desired on
the uplink than on the downlink. The downlink (i.e. the link connecting the Internet to the remote
station) will be used mainly for command, control, and real-time monitoring of the instruments.

• Low power consumption. For maximum flexibility in selecting the location of the remote station,
it is desired that the data transfer system have low power requirements, on the order of 50 W. The
remote station will make use of AC power whenever possible. Alternate power sources include solar
panels and thermoelectric (propane-powered) generators.

• Low cost. $8,000 is budgeted for the data transfer needs of each remote station. This is meant to
cover initial costs as well as recurring costs for three years of operation.

CANDIDATE SOLUTIONS

The following is a brief summary of the technology survey conducted in [2].

A. Motorola Wireless Canopy
The Motorola wireless canopy solution can provide a 4 Mbps link over a 35 mile distance. A key assump-
tion with this solution is that a direct line-of-sight path exists between the endpoints of the link. Tests by
Motorola in environments with lots of trees have shown that the range is greatly reduced from 35 miles to
2 miles. In light of this assumption/requirement, a 12 meter tower is preferred for this solution.

The Motorola canopy system has an initial cost of $2700 for the radio equipment. There are zero
service charges or recurring costs, other than routine maintenance . The 12 meter tower is taller than that
required by other solutions, and would require additional cost that is not taken into account here. The
power requirements of this system are small enough to permit alternate power sources.

B. Satellite Internet Access
There are two commercially available satellite internet access options that have been surveyed: Hughes-
Net [3] and Starband [4]. These two options can provide downlink data rates as high as 2 Mbps and uplink
data rates as high as 500 kbps. These rates are more than adequate for the present application. (However,
it is an unfortunate circumstance that the asymmetry between the data rates is exactly opposite from what
we need in our application!) A key assumption with this solution is that there is a clear and unobstructed
view of the south/south-west skies. With this condition satisfied, this solution can be deployed anywhere
in the contiguous United States.

The satellite internet systems have an initial cost on the order of $600 and recurring monthly service
charges on the order of $100–$200. The service providers require a 1 or 2 year service agreement. The
power requirements of these systems are small enough to permit alternate power sources.
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Figure 1: Aerial view of the KU NESA site, showing the arrangement of the carbon flux tower, the HQ building, the
wireless link, and the interfering vegetation.

C. Inmarsat/GlobalStar Satellite Access
The Inmarsat/GlobalStar satellite access solutions [5, 6] are similar to the satellite internet solution except
that the target application for these service providers is voice instead of data. This has negative implica-
tions for this present application in terms of low data rates and high cost. Inmarsat offers a symmetric
64 kbps link whereas GlobalStar offers only a 9.6 kbps symmetric link, which barely meets the minimum
requirements for the present application. These solutions assume that there is a clear and unobstructed
view of the overhead skies from horizon to horizon. This solution can be deployed irrespective of loca-
tion.

These systems have an initial cost on the order of a few thousand dollars and have a recurring cost of
$32/MB (Inmarsat) or $3.33/MB (GlobalStar). These costs are quite prohibitive and thus these solutions
are not recommended for this application.

In [2] there were other non-competitive solutions outlined. These include the General Dynamics Irid-
ium Reachback system [7] and a similar multi-channel Iridium system developed at the University of
Kansas [8]. These solutions are adapted from voice-based networks and have cost structures that are as
prohibitive as the Inmarsat and Globalstar solutions.
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Figure 2: Conceptual diagram of the off-the-shelf hardware used to assemble the wireless link that connects the
NESA HQ building and the carbon flux tower.

SYSTEM IMPLEMENTATION

Based on the recommendations in [2], which were summarized above, we went forward with the Hughes-
Net satellite internet access as the data transport solution for this application. To date, we have fielded a
prototype of this system in one location with plans for at least one more system in a location that has yet
to be determined.

The prototype system is located at the KU Nelson Environmental Study Area (NESA) [9], which is
located about 7 miles north-east of the KU main campus at 39.03829◦ N latitude and 95.20576◦ W longi-
tude. The NESA site contains a number of buildings and a 30-acre study area that consists of numerous
ponds and open spaces. Because the NESA buildings had no prior broadband Internet connection, and
because such a connection would be useful for day-to-day NESA operations, the more-expensive higher-
bandwidth HughesNet service package was selected. This provides a download data rate of 2 Mbps and
an uplink data rate of 500 kpbs at a monthly cost of $200. Were it not for the secondary use of this system,
the less-expensive lower-bandwidth service—with a download data rate of 1.5 Mbps and an uplink data
rate of 200 kpbs at a monthly cost of $100—would have been more than adequate for the targeted research
application. These advertised data rates have been confirmed with the prototype system via own informal
tests and via third-party speed tests such as, e.g. [10]. Although latency is not an issue for the research
application, we have measured the average latency of 800 ms for a round-trip “ping” operation.
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The actual remote station—which is a small “carbon flux” tower outfitted with numerous instruments—
is located 1.03 km north of the main NESA headquarters (HQ) building. An aerial view of the NESA site
is shown in Figure 1. We used commercial off-the-shelf (COTS) wireless networking hardware to link the
flux tower with the NESA HQ building. These COTS components, and the arrangement in which they
are configured, are shown in the conceptual block diagram in Figure 2. Actual photos of some of the
installed equipment and antennas are shown in Figures 3–5. The communications equipment at the remote
station use excess available power generated by the solar panels that were already needed by the scientific
instruments.

WIRELESS LINK PERFORMANCE

One concern with the wireless link between the NESA HQ building and the remote station is the lack of
line-of-sight between the endpoints. This is unavoidable due to the fact that there is a slight hill between
the building and the flux tower, and flux tower is located in a shallow ravine. This situation is further
exacerbated by two sets of trees along the link (see Figure 1).

We have made an effort to monitor the quality of this link using a signal-to-noise ratio (SNR) value
reported by the wireless router (shown in Figure 2) for the wireless link to the tower. While this SNR
value is uncalibrated and its dimensions are not clearly documented, it does give a relative and easy-to-
obtain measurement of the link quality and is strongly correlated with user perceptions of the link quality.
Figure 6 shows this modem-reported SNR measurement vs. time; the measurments were recorded once
daily over the 43-day interval 04/20/2008–06/01/2008. What is particularly interesting is that this time
interval includes the period of time where the foliage emerges on the trees. Superimposed on these data
points is a line which is the least-squares linear fit to the measurements. This line intercepts the ordinate
at a value of 13.87 and has a slope of -0.035/day, which indicates a slight downward trend in the SNR that
we conjecture is due to the emerging of the foliage. As of 06/01/2008, however, the link has sufficient
quality to support the data collection needs of the research project.

CONCLUSION

We have presented the system-level design of a data transfer link for a remote ecological field station. We
have listed the desired attributes of this link, a number of candidate solutions, and have given the details
of the system that was selected for implementation. We have also discussed some simple link-quality
measurements we have collected and their interpretation with respect to the vegetation that obstructs the
link. Overall, the link has been able to meet the data transfer needs of the ecological research application.
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Figure 3: Photograph of the installed 0.98 m HughesNet satellite dish and the Hyperlink HG2415U-PRO omnidi-
rectional antenna. These are mounted on the roof of the NESA HQ building.
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Figure 4: Photograph of the carbon flux tower. Mounted on the tower are the Air802 ANYA2412 Yagi enclosed
directional antenna, various scientific instruments, and an enclosure containing the WiBox WBX2100E serial to
wireless bridge and the CR3000 micrologger.
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Figure 5: Closeup photograph of the tower enclosure containing the WiBox WBX2100E serial to wireless bridge
and the CR3000 micrologger.
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Figure 6: Plot of the modem-reported SNR measurement for the wireless link vs. time. The measurments were
recorded once daily over the 43-day interval 04/20/2008–06/01/2008. This time period captures the emergence of
foliage on the trees obstructing the wireless link. Superimposed on the data points is a least-squares linear fit which
has an intercept of 13.87 and a slope of -0.035/day. This indicates a slight downward trend in the SNR that we
conjecture is due to the emerging of the foliage.
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