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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 
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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

homes of two biologists, for a total of 663 GPS positions.  Unprecedented errors 

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-

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 

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 et al. 2005) as well as collar orientation (Moen et al. 1996, D'Eon and Delparte 

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 

or precision.  This work documents the unprecedented magnitude of location errors 

Evaluation of GPS collar error was not a planned objective of our studies, but 

when extraordinarily improbable position data were detected after deploying collars 

ence of errors.  To this end, we combined controlled testing with opportunistic data 

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 
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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 

tested during past research.  Our methods were not intended to generate data suitable 

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

man et al. 2004) beginning in March 2002 in Round Valley, California (37°25’N, 

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, 

recovered after animal mortality or after recapture and subsequent refurbishment 

Mountains (37°25’N, 118°14’W) and Sierra Nevada (36°32’N, 118°11’W) in 2004.  

to the former distributor, Telemetry Solutions (Walnut Creek, California) or, after 

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 

Fixed-Location Testing of GPS Collar Precision

sites, ad hoc

where animals died, and ad hoc locations of collars activated before deployment or 

(Dussault et al. 2001) and calculated error distance from this centroid.  In the absence 
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of an independent measure of the true location, this is a measure of precision rather 

than accuracy per se

locations collected with a Rockwell PLGR (Rockwell Collins, Cedar Rapids, Iowa.), 

test location.  Additional collar data were requested from Telemetry Solutions, at the 

time the distributor of Televilt products in the Americas.

We conducted tests of ATS 2000 model year (n=8) and Lotek GPS 2000 (n=7) 

collars in the vicinity of Seward, Alaska (60°06’N, 149°27’W) from 6 May 2000, (4 

days after selective availability was disabled; Lawler 2000) through 11 August 2000, 

Alnus crispa or Picea sitchensis), as were 

two dropped collars.  Locations were distributed over a range of slopes and aspects.  

collars were disturbed by black bears, Ursus americanus

resulting in horizontal or downward orientation of the GPS antenna.  We pooled the 

953 (ATS) and 939 (Lotek GPS 2000) GPS positions by manufacturer.  These data 

sagebrush, Artemesia tridentata, habitat in Bishop, California (37°22’N, 118°24’W) 

for 14 days.  We augmented planned collar testing with retrospective analyses of in

stances where immobile GPS collars provided additional and unplanned data useful 

deer (n=2 collars) for 12 and 22 days prior to recovery.  Data also were obtained from 

POSREC collars outside the homes of two biologists (n=2; 4 and 92 days), and from 

Figure 1.  All point locations (left) and movement path (right) generated from POSREC GPS col-
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in Bishop (hereafter “indoor" location), for a total of 663 positions collected under 

position data were collected from Lotek 4400s (n=2; 2 and 12 days), Televilt Simplex 

similar conditions (Table 1).  In an effort to replicate conditions at the indoor location 

four ATS model GPS2000 GPS collars at the same interior location for 16 days.  We 

this indoor location could cause a marked increase in GPS location error.

Error Screening

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
n
,V

n+1
), 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 

implied movement.  Movement vectors that appeared valid were subjectively identi

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 
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but did not eliminate them (Fig. 1).  These novel patterns were present in data from 

all POSREC collars (n=32) regardless of taxon or study area, though implausible 

and uncharacteristic of paths generated using other GPS collars (Fig. 2).  POSREC 

collar data did not provide dilution of position (DOP) information that could have 

Figure 3.  POSREC GPS collar movement path, mule deer RVD210, 10 Apr 2002–21 Sep 2002, 
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2

using parameters from previous positions2

analyses.

Fixed-Location Testing of GPS Collar Precision

receiver.

magnitude larger than for every other collar tested (Table 1).  These unique errors 

2



EVALUATING GPS COLLAR ERROR 163

>1,600 m (Fig. 5).  Further, tests with the handheld Garmin III receiver and with 4 

ATS G2000 collars, at the indoor location where three POSREC collars collected 351 

at the same location (Table 1).

Error Screening

data from POSREC collars deployed on mule deer and used 806 and 776, respective, 

a model including three predictors, in order of entry; AngDev, the angular devia

tion of sequential movement vectors (V
n,
V

n+1
), LengthN_NP1, the mean length of 

sequential movement vectors (V
n,
V

n+1
), and RateN_NP1, the mean rate of sequential 

movements (V
n,
V

n+1
).  Examination of variable RateN_NP1 showed that some collars 
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P
bad

 =logit

Figure 6.  POSREC GPS collar movement path, mule deer RVD210, 10 Apr 2002–21 Sep 2002, 

-

frequency of anomalous movements (Fig. 6).

DISCUSSION

Field deployment of POSREC collars generated movement patterns unlike those 

from any other GPS collar we have examined (e.g., Fig. 2) and showed numerous 

movements that were obviously improbable although inapparent when viewed solely as 

a swarm of points (Fig. 1).  Location errors obtained from POSREC collars exceeded 

those of any GPS collar in our testing or reported in the literature.  Evaluation of the 
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precision of ATS, Lotek, and Televilt Simplex and Tellus collars produced location 

errors consistent with those reported for various conditions of terrain, canopy, and 

collar orientation using ATS, Lotek, and Telonics collars (D'Eon 2003, Di Orio et al. 

2003, Cain et al. 2005, D'Eon and Delparte 2005). 

In our effort to quantify the errors we suspected after recovering POSREC col

lars used in 50 animal deployments, we sought and received 191 positions from 

communication).  The maximum location error from this POSREC collar was 118.4 

unit, but in sharp contrast to location errors we obtained from eight POSREC col

but Cain et al. (2005) reported no difference in location accuracy within this range 

and referred us to Televilt.  We sent Televilt a summary of our data and requested the 

source of the unprecedented errors in every collar tested and an explanation for the 

explanation, we received the response, “To make it short:  It is the performance of 

AB, personal communication).  We were further informed that the problem was with, 

with serial numbers >425 used the newer GPS receiver.  Televilt did not acknowledge 

that the observed performance was unacceptable and consequently refused to discuss 

replacement of the 32 defective collars.  If the statement about the serial numbers 

GPS receiver have been sold, and can be expected to also show extraordinarily large 

and were also informed that over 1,000 POSREC collars were sold in the Americas 

In the absence of a solution from the manufacturer, researchers are faced with a 

habitat selection or migration, thereby necessitating some type of data screening.  

tions where canopy cover, topography, or collar orientation preclude acquisition of 
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We created the "BadFix" extension for ArcView 3.x, which evaluates the length 

and angular deviation of movement vectors and applies a logistic regression model.  

When we used the BadFix extension to screen movements of a Lotek GPS4400s 

collar deployed on a male puma, Felis concolor

GPS error was involved.  Instead, the return of the puma to feed at a kill site ap

When movements of a male bighorn sheep wearing a Televilt Telus GPS collar were 

for further evaluation by the researcher.  We believe that the screening method we 

present should be considered for its effectiveness at identifying potentially erroneous 

Management Implications

We reiterate the recommendations of D'Eon et al. (2002) that researchers screen 

raw GPS data for anomalous positions that are clearly impossible, regardless of what 

model GPS collar is employed.  Although an individual position may seem plausible, 

we add the suggestion that a tool such as Animal Movement (Hooge and Eichenlaub 

recommend employing an automated screening tool such as the BadFix extension 

for larger data sets or when errors are common.  We employed BadFix not only for 

triage of POSREC data, but for screening movement data from collars that now collect 

>10,000 locations.  Researchers employing remote data download via direct radio 

experienced using VHF and UHF systems.  The BadFix extension for ArcView 3.x is 

available for download from the World Wide Web at (http://arcscripts.esri.com/details.

We echo the recommendations of (Moen et al. 1997, Rempel and Rodgers 1997) 

that researchers understand factors affecting the type and precision of GPS locations, 

and further suggest that sample data be obtained from the model of collar being con

sidered.  Although our request for sample data was met with the provision of data 

from a prototype collar that was not the same as the product we purchased, requests of 

other manufacturers may be handled in a forthright manner.  We further recommend 

that GPS collar users test and evaluate results of their collars before deployment.  

This recommendation is only practicable for collars that allow data retrieval by the 
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user, unlike the POSREC model. 
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