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EVALUATING GPS COLLAR ERROR: A CRITICAL EVALU-
ATION OF TELEVILT POSREC-SCIENCE™ COLLARS AND
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Wildlife telemetry collars incorporating Global Positioning System (GPS)
units are thought to provide accurate locations when the GPS receiver obtains an
adequate sky view. We deployed 32 POSREC-Science™ 600 series 12-channel
GPS collars (Televilt/TVP Positioning AB, Lindesberg, Sweden) on mule deer,
Odocoileus hemionus, and bighorn sheep, Ovis canadensis, in three California

I'Current address: California Department of Fish and Game, P.O. Box 3222, Big Bear City,
CA 92314, email: villjeff@isu.edu

W

155



156 CALIFORNIA FISH AND GAME

mountain ranges from 2002 to 2005. Evaluation of data from those deployments
showed numerous implausible movements, which lead us to question the accu-
racy of POSREC GPS collars. Because of the questionable data encountered,
we tested the precision of Televilt POSREC-Science™ 600 collars under several
conditions: 1) an area of optimal sky visibility; 2) ad hoc test locations where
collars remained attached to deceased mule deer prior to recovery of the collar;
and 3) ad hoc test locations inside a 1-floor, wood-framed building, or outside the
homes of two biologists, for a total of 663 GPS positions. Unprecedented errors
in excess of 2 km occurred in 2% of fixes, whereas 12% of fixes were >1 km and
53% > 100 m from the true location. Comparisons among six additional GPS
collar models from three manufacturers showed POSREC collars to be unique
in their lack of precision. Because viewing point data alone may belie the pres-
ence of flawed GPS fixes, we urge researchers using GPS collars, particularly
Televilt POSREC collars, to evaluate patterns of movement to ensure that data
are not affected by sampling artifacts. We developed a method for screening
GPS collar data and provide an ArcView extension useful for removing erroneous
fixes. We suggest researchers contemplating purchases of GPS collars obtain
test data from the individual collars they will deploy, to ensure that real-world
precision meets study objectives.

INTRODUCTION

Studies of GPS accuracy have evaluated effects of canopy and terrain (Rempel et
al. 1995, Dussault et al. 1999, D'Eon et al. 2002, Di Orio et al. 2003, Cain et al. 2005,
DeCesare etal. 2005) as well as collar orientation (Moen et al. 1996, D'Eon and Delparte
2005). These studies elucidated external influences on location accuracy, and have
important implications for the interpretation of data from GPS collars (D'Eon 2003,
Frair et al. 2004). These comparisons of accuracy in commercially available GPS
collars, however, have been limited to collars made by Advanced Telemetry Systems
(ATS; Isanti, Minnesota), Lotek Wireless (Newmarket, Ontario), and Telonics, Inc.
(Mesa, Arizona). Frair et al. (2004) and Gau et al. (2004) provided data on respective
fix rates and reliability of Televilt GPS-Simplex™ collars, but did not assess accuracy
or precision. This work documents the unprecedented magnitude of location errors
inherent in widely deployed Televilt POSREC-Science™ GPS collars.

Evaluation of GPS collar error was not a planned objective of our studies, but
when extraordinarily improbable position data were detected after deploying collars
on study animals, we sought data from collars at fixed locations to verify the pres-
ence of errors. To this end, we combined controlled testing with opportunistic data
from fixed locations identified retrospectively from a database of GPS collar fixes,
yielding data from several GPS collar models under a range of satellite visibility
conditions and illuminating the prevalence of heretofore unprecedented errors. We
also provide a method that is broadly applicable to screening GPS collar data for
patterns characteristic of flawed locations.
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METHODS

Our methodology emanated in response to conspicuous problems with data ob-
tained from deployment of POSREC GPS collars and our need to quantify apparent
location errors. Data were compiled from a variety of sources including planned
tests, pre-deployment testing, opportunistic data collected from collars deployed in
the field that became stationary after collar loss or animal mortality, and from collars
tested during past research. Our methods were not intended to generate data suitable
for side-by-side comparisons of accuracy among GPS collar models, but instead to
present a representative range of location error from GPS collars, including those
of three models from Televilt currently absent in the literature, for comparison with
POSREC collars.

Field Deployment of POSREC Collars

We deployed POSREC 600-series store-on-board collars on mule deer (Kraus-
man et al. 2004) beginning in March 2002 in Round Valley, California (37°25°N,
118°37°W), at the base of the Sierra Nevada, as part of long-term study of predator-
prey interactions (Pierce et al. 2000, Pierce et al. 2004). Additional collars were
similarly deployed on mule deer in the San Ysidro mountains, California (33°13°N,
116°30°W). Eleven collars were re-deployed during 2002-2005 when collars were
recovered after animal mortality or after recapture and subsequent refurbishment
of collars. Seven collars were re-deployed on bighorn sheep inhabiting the White
Mountains (37°25°N, 118°14’W) and Sierra Nevada (36°32°N, 118°11°W) in 2004.
Resultant field data included locations from a total of 50 animal deployments of 32
POSREC 600-series store-on-board GPS collars. All collars were programmed by
the manufacturer to attempt GPS fixes at intervals of 1-6 hours. We shipped collars
to the former distributor, Telemetry Solutions (Walnut Creek, California) or, after
5 May 2005, directly to Televilt for download, and data were returned as e-mail at-
tachments. We imported data into ArcView 3.3 (Environmental Systems Research
Institute, Redlands, California) and used the Animal Movement extension (Hooge
and Eichenlaub 1997) to connect sequential GPS positions. Data were projected
into UTM coordinates and retained the WGS 1984 datum. We overlaid movement
paths on a shaded relief map generated from a digital elevation model (DEM) with
30 m resolution. Visual examination of locations was employed to identify suspect
movements exhibiting an acutely angled out-and-back pattern (Fig. 1).

Fixed-Location Testing of GPS Collar Precision

Data from fixed locations were assembled from a combination of planned test
sites, ad hoc tests where drop-off mechanisms released collars from study animals or
where animals died, and ad hoc locations of collars activated before deployment or
after recovery. We used the mean of 3-D fixes from collars as the reference location
(Dussault et al. 2001) and calculated error distance from this centroid. Inthe absence
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in Bishop (hereafter “indoor" location), for a total of 663 positions collected under
GPS receiving conditions ranging from optimal to marginal. Additional fixed-collar
position data were collected from Lotek 4400s (n=2; 2 and 12 days), Televilt Simplex
(n=3; 6-119 days), and Televilt Tellus (n=3; 5-14 days) collars in 2003-2006 under
similar conditions (Table 1). In an effort to replicate conditions at the indoor location
where most fixed-location POSREC GPS collar data were collected, we activated
four ATS model GPS2000 GPS collars at the same interior location for 16 days. We
further employed a Garmin III Plus handheld GPS receiver to collect fixes over a
24-day period (median frequency of fixes=48.5 min) to explore the possibility that
this indoor location could cause a marked increase in GPS location error.

Error Screening

We explored metrics to identify suspect out-and-back movements among GPS
collar data from animal deployments to separate pseudo-movements resulting from
likely artifacts in the data from actual animal movements. We wrote scripts in
ArcView to calculate angular deviation (Zar 1999), mean length and mean rate of
sequential movement vectors (V,V ), and the standard deviation of mean length
and mean rate, relative to prior and subsequent movement vectors. We also used a
DEM to derive slope and aspect for each GPS location. Movement vectors >500
m in length followed by vectors with azimuths of near 180 degree opposition were
subjectively identified as “bad” when we judged the GPS fix improbable because
of intervening topography, distance from other fixes, or unusually high speed of the
implied movement. Movement vectors that appeared valid were subjectively identi-
fied as “good”. We used SPSS 11.0 for Mac OS X (SPSS Inc., Chicago, Illinois) to
generate a logistic regression model of the probability a GPS position was flawed,
based upon the characteristics we judged were likely to indicate an erroneous location
(Hosmer and Lemeshow 2000). Logistic regression is applied as a tool to differentiate
characteristics of uncontrolled data gathered from animal deployments, where the true
locations and movements are unknowable. Forward stepwise selection was employed
on variables derived from ArcView, with P=0.15 for entry and P=0.20 for removal.
We developed an ArcView 3.x extension incorporating the metrics calculated above
to generate a logistic probability for each position in an animal movement path.

RESULTS
Field Deployment of POSREC Collars

POSREC collar deployed on mule deer and bighorn sheep yielded a total of 89,283
positions, and produced star-shaped patterns when sequential fixes were connected
(Fig. 1). Sequential vectors showed thousands of improbable out-and-back move-
ments of up to 16 km (one-way), sometimes traversing 3,500 m mountains in winter,
and returning to nearly the starting location <6 hours later. Elimination of 2-D fixes
(n=24,097 or 27.0%) reduced the magnitude and frequency of suspect movements,





