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Abstract 
FERIC’s study consisted of a two-part comparison of four GPS systems under forestry conditions. The first part addressed 
the ergonomics and reliability of the physical components of the systems, as well as the software provided. The second 
part evaluated the positioning quality, with the goal of observing the relative performance of the GPS receivers under 
typical conditions and usage modes for forestry operations. 

 

Disclaimer and Notice 
This report is published solely to disseminate information to FERIC's members. It is not intended as an endorsement or 
approval by FERIC of any product or service to the exclusion of others that may be suitable. Although all attempts have 
been made to provide the best knowledge possible, FERIC makes no warranty or representation with respect to the 
accuracy or completeness of the information contained in this report. 

The results presented were obtained under controlled conditions and in no way represent a guarantee of the performance of 
the tested systems. The results remain the exclusive property of FERIC and cannot be used without prior permission. 

All the information and technical characteristics in this evaluation are based on the configuration of the systems as 
provided by the manufacturer at the time of the trials. Other options or configurations are available for each of the systems 
evaluated. 
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Summary 
To monitor technological developments in the field of 
GPS receivers, FERIC performed a comparitive trial 
with four new systems in the winter and summer of 
1997. This trial served as a follow-up to a previous trial 
of seven GPS systems under forestry conditions in 1995 
(Courteau and Darche 1997). The four new systems  
that were evaluated were Trimble’s GeoExplorer II, 
Corvallis Microtechnology’ March II-E, Ashtech’s 
Reliance, and Trimble’s Pro XR. 

Two types of evaluations were performed: a qualitative 
evaluation of the software, the ergonomics, and the 
equipment reliability, as well as an evaluation of the 
positioning quality. 

Results 
Evaluation of the software, ergonomics, and equip-
ment reliability: The software was evaluated qualitati-
vely in terms of its manuals, ease of installation, general 
presentation, menu consistency, intuitiveness of the 
menu choices, and overall functionality. The evaluation 
was based on the expected reaction of a user with basic 
knowledge of computers. The ergonomics and relia-
bility of the equipment were evaluated based on several 
criteria, including the total weight, the assembly, the 
user interface, the type of backpack or harness, the 
robustness, and so on. 

Compared with the systems in the previous study, the 
four new systems that FERIC studied showed good 
improvements in the quality of the processing software, 
the ergonomics of the receivers, and the ease of use of 
the equipment in the forest. 

Evaluation of positioning quality: In general, the two-
dimensional (“planimetric”) differences between the 
coordinates of the static points calculated by the 
systems and the actual coordinates were less than 5 m. 
The three-dimensional results were of the same order of 

magnitude for the point surveyed in the open but were 
two to nine times larger than the two-dimensional errors 
for the more difficult points. 

The error in relative area indicates the accuracy of the 
areas surveyed as calculated by the GPS system, 
independent of the geographic accuracy. Based on this 
parameter, the smallest errors were obtained with the 
Pro XR and the Reliance (3.2 and 4.2%, respectively), 
whereas the GeoExplorer II had the largest error 
(27.2%). 

The error in actual area accounts for both the shape and 
the position of a surveyed area. In terms of this 
parameter, the Pro XR and the Reliance provided the 
best results (with errors of 7.1 and 11.6%, respectively). 

Conclusions 
• The Pro XR provided the best results in kinematic 

mode, whereas the Reliance provided consistently 
good results both in static mode and kinematic mode. 

• There was no obvious difference between the winter 
and summer trials in terms of the errors with respect 
to the static points. 

• Accurate determination of elevation remains a weak 
point of GPS surveys. 

• The results for relative areas were good, except for 
those of the GeoExplorer II. 

• The errors for actual areas were two to three times 
larger than those for relative areas. 

• The Pathfinder Office software included the most 
GIS utilities. 

• Software, ergonomics, and ease of use had improved 
compared with the systems evaluated by Courteau 
and Darche (1997). 
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Introduction 
The use of GPS (“Global Positioning System”) tech-
nology is becoming increasingly widespread in many 
domains (e.g., aviation, transportation, navigation, and 
agriculture). GPS use is also becoming increasingly 
popular in forestry, whether for the location of sample 
plots, delimitation of cut-block boundaries, or other 
purposes. To help potential users make more informed 
decisions concerning the rental or purchase of GPS 
equipment, FERIC performed a follow-up to the report 
by Courteau and Darche (1997), with the goal of 
repeating the evaluation under summer and winter 
conditions with four systems that had been introduced 
since the previous trials. 

Background 
The technical data sheets for GPS receivers provide 
information on the receiver’s accuracy in static mode 
under ideal conditions, but provide little data on the 
accuracy in kinematic mode (for surveying lines and 
polygons) under forestry conditions. As a result, the 
goal of FERIC’s series of trials was to evaluate the 
accuracy of the receivers in static and kinematic modes 
under forestry conditions. 

This report is divided into two parts: an evaluation of 
the software, the ergonomics, and the reliability of the 
systems, as well as an evaluation of the positioning 
quality. 

GPS Systems Evaluated 
The four GPS systems, which were evaluated exactly as 
provided by the manufacturers, were chosen based on 
their usefulness in the context of surveys to provide data 
for a geographic information system (GIS) and on their 
popularity with users in forestry operations. Each 
receiver could: 

• be used under forest cover, 

• record data attributes and turning points, 

• perform both static and kinematic surveys, and 

• generate computer files compatible with popular GIS 
software. 

The cost of the GPS systems ranged from $18 500 to 
$32 000 (including the base station), depending on the 
type of system and the specific configuration. Table 1 
summarizes the systems that FERIC evaluated and 
Table 2 provides details on their technical charac-
teristics. In each case except that of the Ashtech 
Reliance, the base station (a receiver located at a known 
geodetic point) consisted of a specialized receiver 
linked with a computer via an RS-232 connection. 

 

 

 

 

 

Table 1. The GPS systems evaluated by FERIC 
 Software 

 Processing Data capture Base station 
Manufacturer 

GeoExplorer II Pathfinder Office v1.12 Internal microprogram 
(v2.11) 

PFCBS Trimble 

March II-E PC-GPS 3.2 + Batch Processora CMT-Field 2.5 WinBase Corvallis 

Reliance Reliance Processor for Windows v2 Reliance Processor Reliance Processor Ashtech 

Pro XR Pathfinder Office v1.12 Asset Surveyor v3.12 PFCBS Trimble 
a Version 3.3 of PC-GPS includes PC-GPS 3.2 as well as Batch Processor, a batch processing module. 
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Table 2. Technical characteristics of the systems 
 GeoExplorer II March II-E Reliance Pro XR 
 Base 

Manufacturer (GPS components) Trimble Leica 9400 Ashtech Trimble 
Channels 12 12 12 12 
Software PFCBS Winbase Reliance processor PFCBS 
Ground plane yes yes (choke ring) yes (integrated, 

7 in.) 
yes 

Cable length (m) 30 15 15 30 
Connectors N TNC TNC N 
Phase yes yes yes yes 
Generation of RTCM 104 yes yes yes yes 
Adjustable acquisition rate yes no yes yes 
Programmable generation of files yes yes yes yes 

 Mobile 
Type GeoExplorer II March II-E Reliance submeter 

base + rover 
Pro XR 

Manufacturer (GPS components) Trimble Motorola Ashtech Trimble 
Channels 4 parallel 

l2 serial 
8 parallel 12 parallel 12 parallel 

Battery life 8 h (external 
battery) 

4-5 h (4 AA 
alkaline @ 20°C) 

14 h (external 
battery), 5 h 

(interchangeable 
batteries, 

rechargeable) 

16 h (external 
battery) 

10 h 

Software Pathfinder Office CMT-Field v2.5 Reliance Processor 
(Windows) 

Pathfinder Office 

 Data-capture computer  
Model n.a.a n.a.a FS/2 FS/2 
Manufacturer n.a.a n.a.a Husky Husky 
Temperature range (°C) –10 to +50 –40 to +54 –30 to +60 –30 to +60 
Memory capacity (kB) 250 2000 4500 (receiver) 3000 (FS/2) 
Points 9000 9360 Stored  

in the receiver  
(35 h, 7 satellites  

@ 5 seconds) 

Stored  
in the  

receiver  
(110 000) 

Weight (g) 200 936 725 750 
Keyboard (keys) 8 14 56 56 
Audible notification no yes yes yes 
Cable 5 m (antenna) 

1.2 m (battery) 
Set of cables  
with standard  

BNC connectors 

2.3 m (antenna) 
3 m spiral  

(mobile receiver) 

3 m (antenna) 
1 m (hand unit) 

Connectors Custom (by the 
manufacturer) 

MCX Custom (by the 
manufacturer) 

N (antenna) and 
LEMO (hand unit) 

Phase acquisition yes Optional yes yes 
Adjustable data-acquisition rate yes yesb yes yes 
Total weight to carryc (g) 1585 2126 4785 5190 

 Cost ($) as of July 1998, software included 
Base station ($) 15 568d 14 295 10 425 15 568 
Mobile unit ($) 5 468d   4 390e 16 325 16 420 
Total ($) 21 036d  18 685e 26 750 31 988 

a The data-capture computer is integrated with the mobile unit. 
b Rate limited to 1 observation per second in static mode. 
c Backpack, batteries, receivers, antennas, cables, etc. 
d The cost of the external antenna ($313) and of the external power supply ($539) are not included in the indicated price. 
e The costs of the Batch Processor software ($750) and of the external antenna ($200) are not included in the total cost. 
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Trimble Navigation’s 
GeoExplorer II  
The GeoExplorer II (Figure 1) is comparable to the 
GeoExplorer II that was evaluated by Courteau and 
Darche (1997), with the exception of an optional 
external antenna and a new GPS circuit that generates 
less interference. The antenna can be attached to a mast 
or (magnetically) to a vehicle. During FERIC’s trials, 
the external antenna was attached to a hard hat. Data 
capture was performed by the GeoExplorer II’s built-in 
“microprogram”. The Community Base Station (CBS) 
unit used the PFCBS software. Data processing and the 
data dictionaries were handled by the Pathfinder Office 
software included with the system. The Pathfinder 
Office data-processing software was an “improved” 
Windows version of the PFINDER software evaluated 
by Courteau and Darche (1997). 

 
Figure 1. Trimble’s GeoExplorer II receiver. 

 

Corvallis Microtechnology’s 
March II-E  
The most recent product from Corvallis Microtechno-
logy, the March II-E (Figure 2), is a GPS unit that uses 
an eight-channel receiver and an internal or external 
antenna that can be installed on or in a hard hat or on a 
vehicle (via its magnetic mount). The data-processing 
software FERIC evaluated was PC-GPS 3.2 (with the 
Batch Processor module). The Leica GPS-Base-L4 9400 
base station used the WinBase software. The March II-E 
can be used as a base station that has a recording 
duration of 7 to 8 h (using the internal memory of the 
March II-E), or "unlimited" recording time if used toge-
ther with a computer (i.e., the duration is limited by the 
computer’s memory capacity). Note: The March II-E 
was evaluated only during the summer trials. 

 

 
Figure 2. Corvallis Microtechnology’s  

March II-E receiver. 
 

Ashtech’s Reliance 
A newcomer to FERIC’s trials, the Reliance (Figure 3) 
that FERIC evaluated comprises a “Super C/A” GPS 
receiver with 12 parallel channels, a Husky FS/2 
handheld computer, and an antenna with a ground plane 
to reduce multipaths. The package includes a backpack, 
two rechargeable batteries, two battery chargers, a 
multipurpose data cable, and the Reliance v2 processing 
software. Ashtech has manufactured GPS receivers 
since 1988, and their geodetic products have been used 
for GIS surveys since the early 1990s. Since 1996, they 
have sold a line of products specifically designed for 
GIS surveys. The Reliance also included the Reliance 
Processor v1 software, but FERIC evaluated Reliance 
Processor v2, which is now distributed with Ashtech’s 
new systems. FERIC’s trial used the same model of 
receiver for the base station and field unit. 

 
Figure 3. Ashtech’s Reliance receiver. 
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Trimble Navigation’s Pro XR 
The new version of Trimble’s Pro XL, the Pro XR 
(Figure 4), includes an integrated MSK-type antenna 
that lets it receive real-time corrections such as those 
transmitted by the Canadian Coast Guard; this func-
tionality was not used during FERIC’s trials. A version 
of the Pro XR without the MSK components is also 
available. The system comprised a 12-channel receiver 
and a TDC 2 (Husky FS/2) handheld computer, and 
included the same Pathfinder Office software described 
earlier for the GeoExplorer II unit. The a CBS 
(Community Base Station) base station used the PFCBS 
software. 

 
Figure 4. Trimble’s Pro XR receiver. 

 

Methods 
FERIC performed both qualitative and quantitative eva-
luations of the systems under the criteria and operating 
conditions described by Courteau and Darche (1997). 

Only the control network had been slightly modified 
since the previous trials (by removing a static point). In 
addition, the control network was surveyed by a 
surveying contractor from Montreal. The new areas and 
new names of the static points appear in Tables 3 and 4. 

Software Evaluation 
The software was evaluated in terms of its ease of 
installation, general presentation, consistency in menus, 
intuitiveness of the menu choices, and clarity of the 
manuals. This evaluation was based on the expected 
reactions of a user with basic computer knowledge. 

Evaluation of Positioning Quality 

Surveys in Static Mode 

The errors for the static points were determined by 
observing the same point three times, with 60, 120, and 
180 observations at 5-second intervals, except for the 
March II-E, for which the observation interval was 
limited to one point per second in static mode. Thus, the 
results for the March II-E in static mode aren’t 
completely comparable to the results from the other 
receivers because the total observation time was 
different (i.e., it varied from 1 to 3 minutes for the 
March II-E, versus 5 to 15 minutes for the other 
receivers) and the satellite conditions (geometry, 
satellites observed, error propagation, etc.) might have 
changed during this period and thereby affected the 
results. 

 

Table 3. The static control points 
 WGS-84 coordinates Site description 
Identification   

Easy 45° 25' 45.8635" N – 73° 56' 30.0965" W Open 
Difficult 45° 25' 50.2376" N – 73° 56' 57.9031" W Partially open, mixed cover 
Very difficult 45° 25' 48.5374" N – 73° 56' 55.0411" W Under cover, 0.3 m from a tree trunk  

 

Table 4. The control polygons 
 Area (ha) Site description 
Polygon   

Dense softwoods 0.643  Dense softwood cover; Norway spruce and larch 
Very dense softwoods 1.056  Very dense softwood cover; cedar, white spruce, and red pine 
Mixedwood 4.333  Mixedwood cover, sparse to very dense; red maple, Norway spruce,  

and white pine in an abandoned plantation 
Hardwood 1.784  Hardwood cover; mature maple stand 
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Surveys in Kinematic Mode 

The observation interval in kinematic mode was 
5 seconds, even for the March II-E. The accuracy of the 
polygons was determined based on two parameters 
(Figure 5): the relative area and the actual area. 
“Relative area” represents the area calculated by the 
GPS receivers, and does not account for the geographic 
position of the polygon. “Actual area” represents the 
area of intersection between the control polygon and the 
polygon constructed using the survey data. This mea-
surement accounts for the area, shape, and geographic 
position of the polygon constructed from the survey 
data. It’s important to note that other calculation me-
thods could result in different percentage errors, and 
could thus provide different results. For more informa-
tion on these calculation methods, see Courteau and 
Darche (1997). The values for the equivalent error in the 
perimeter presented by Courteau and Darche were not 
calculated during the current (1997) trials because, after 
analysis, FERIC deemed this error to be less meaningful 
than the errors in the relative and actual areas. 

The areas of the control polygon, of the survey 
polygons (measured by the various systems), and of the 
intersections of these polygons were calculated using 
AutoCAD v13 software. 

Results 

Evaluation of Software, 
Ergonomics and Reliability 
The ergonomics and reliability of the systems and the 
quality of the provided software were evaluated based 
on various criteria (Table 5). Each criterion was 
evaluated by the author and other FERIC staff and was 
assigned a grade of poor, acceptable, good, or very 
good. 

 

Control area = area of the control polygon 

Relative area = area of the polygon surveyed via GPS 

       relative area – control area Percentage error in relative area =         × 100%       control area   
Actual area (coverage) = area of intersection between the control polygon and the surveyed polygon 

      control area + relative area - (2 × intersection) Percentage error in actual area =                         × 100%         control area 
 

Figure 5. Parameters and formulas used to evaluate accuracy. 
 

 
Table 5. Qualitative evaluation of the systems studied 
 GeoExplorer II March II-E Reliance Pro XR 
1. Data processing     
  Installation of the software very good good good very good 
  Use of the software good good acceptable good 
  Reference manuals very good good acceptable very good 
  Utilitiesa very good good acceptable very good 
  File transfer very good very good very good very good 
2. Ergonomics of the receiver     
  Receiver/peripheral equipment good good very good very good 
  Assembly of the equipment very good very good good very good 
  Backpacks and harness good good good good 
  Physical interface good very good very good very good 
  Software interface good good acceptable good 
3. Reliability     
  Connectors acceptable good very good very good 
  Ruggedness acceptable good very good very good 
a See Table 6 for more details on the utilities. 
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Data Processing 

Installation of the software: All the software that 
FERIC evaluated had been designed for use with 
Windows 95, and used between 15 MB (Reliance) and 
21 MB (Pathfinder Office) of disk space. No changes 
were required to the system files except with Pathfinder 
Office, which modified the “autoexec.bat” file. 

Use of the software: The use of all the software was 
satisfactory. Data processing with PC-GPS and 
Pathfinder Office was very easy, with functions for 
automatic integration of the base station files with those 
of the mobile receiver. The ability to perform batch 
processing was also available with both packages, 
though it was not provided with the base version of  
PC-GPS. Data processing with Reliance Processor was 
more tedious, but was nonetheless intuitive. The 
software required users to pass through several menus 
before processing could begin, and batch processing 
was unavailable. The nomenclature of the many base 
station files and of the files from the handheld mobile 
computer further complicated the process. Reliance 
Processor was apparently not designed for computer 
neophytes. 

Reference manuals: The reference manual for 
Pathfinder Office was very complete and easy to use. 
The Reliance came with several informative manuals, 
but it would have been more convenient to have all the 
information gathered together in a single document. 
Pathfinder Office’s online help was very complete, 
whereas that of PC-GPS was good and that of Reliance 
Processor was incomplete. No reference manual was 
available in French. 

Utilities: Creation of the data dictionaries was easy with 
Reliance Processor and Pathfinder Office. PC-GPS was 
also user-friendly, but less intuitive than the other 
software. In general, all three packages permitted the 
rapid creation of structured, easy-to-use data dic-
tionaries. Pathfinder Office provided the most utilities, 
followed by PC-GPS. Reliance Processor came with 
few utilities. 

In terms of GIS utilities (coordinate systems, reference 
systems, sophistication of the data dictionary, GIS 
export formats), Trimble’s Pathfinder Office 
(GeoExplorer II, Pro XR) offered the most flexibility, 
with (among others) 38 coordinate systems, 257 
reference systems, and 12 GIS export formats (Table 6). 
All the software that was evaluated could map the 
survey information in the form of points, lines, and 
polygons. 

File transfer: The transfer of files was fast and trouble-
free with all three packages. 

Ergonomics of the Receivers 

Receivers/peripheral equipment: The systems eva-
luated were acceptably light, small, and unencumbering. 

Assembly of the equipment: The assembly of the 
equipment was also easy, and the number of wires was 
minimal. The antennas were not cumbersome, though 
the Reliance antenna had the largest diameter. 

 

 
 
 
 
 
Table 6. Coordinate systems, reference systems, functionality of the data dictionaries, and GIS 

formatsa 
 

Software 
No. of 

coordinate 
systems 

No. of 
reference 
systems 

No. of data 
dictionary 

levels 

No. of GIS 
export formats 

GeoExplorer II Pathfinder Office v1.12 38 257 3 12 

March II-E PC-GPS v3.2 3 50 3 6 

Reliance Reliance Processor for Windows v.2 18 113 4 7 

Pro XR Pathfinder Office v1.12 38 257 3 12 
a Custom formats can usually be defined using utilities provided with the software. 
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Backpacks and harnesses: Only the Reliance was 
carried in a backpack, which was small, strong, and 
comfortable, and provided a good weight distribution. 
The March II-E used a comfortable harness (Figure 6), 
but its suitability for winter use with heavy clothing was 
not tested. The Pro XR was carried on a waist belt,  
with the receiver on the user’s back (Figure 7). The 
GeoExplorer II required a harness only for the external 
batteries. 

Physical interface: The visibility of the display by day, 
at night, and in full sunlight was good for all four 
receivers, and operation of the receivers was trouble-
free. The entry of alphanumeric data was easy with the 
Reliance and the Pro XR. The March II-E also permitted 
the entry of alphanumeric data relatively simply, but the 
process was slower because users had to select letters 
from a list of letters displayed on the screen. With the 
GeoExplorer II, each letter had to be selected separately 
with the keyboard’s arrow keys, which made the task of 
manual data entry long and unpleasant. The March II-E 
permitted the creation of a data dictionary directly in the 
field, and also offered the ability to georeference an 
image such as a scanned photograph or map to assist 
navigation. 

 
Figure 6. The March II-E’s harness  

and the Reliance’s backpack. 
 

Software interface: The software interface for most of 
the GPS software was intuitive and simple to use in 
terms of the use of menus, the logic of the menus, and 
the number of keystrokes required to complete an 
operation. However, the Reliance user interface was less 
user-friendly and required more time to learn than the 
other interfaces. 

Reliability 

The long-term reliability of the equipment could not be 
established from these trials, but certain observations 
may indicate potential problems. 

Connectors: The cable of the GeoExplorer II’s external 
antenna is linked to the system with an exposed 
microconnector that renders it vulnerable to snagging on 
vegetation and easy to accidentally disconnect. In 
general, the cables were of good quality and the 
connectors were solid, but unfortunately they were 
difficult to connect with gloved hands. 

Ruggedness: The antennas and cases were rugged, 
particularly for the Reliance and the Pro XR. 

 

 

 
Figure 7. The Pro XR is carried on a waist belt. 
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Evaluation of Positioning Quality 
The positioning trials helped determine the potential of 
each GPS system in terms of its level of accuracy and 
operational reliability. 

Control points in static mode 

In the tests of positioning with the static control points 
(Figure 8), FERIC analyzed the two-dimensional 
(latitude, longitude) and three-dimensional (latitude, 
longitude, altitude) differences between the coordinates 
calculated by the GPS units and the actual coordinates. 
These differences and the root mean square (r.m.s.) 
errors calculated for the summer 1997 data, as well as 
the r.m.s. values for the winter 1997 data, are presented 
in Table 7. 

All the receivers performed well for two-dimensional 
measurements; the r.m.s. values obtained in the summer 
were, with few exceptions, less than 3 m, which is the 
level of accuracy to be expected with this type of 
receiver. The winter results were generally less accurate 
than those in the summer. 

In terms of the three-dimensional errors, the results for 
the “easy” point were satisfactory, with r.m.s. values of 
less than 5.30 m. For the other points, the errors were 
two to nine times greater than the two-dimensional 
errors. The Reliance appeared to be the least variable in 
this sense. 

 
Figure 8. Surveying the “easy” control point  

in static mode. 
 

Control polygons 

Table 8 presents the results of the kinematic surveys of 
the control polygons (dense, very dense, mixedwood, 
hardwood) in the summer of 1997. The winter 1997 

results are not presented because they were similar to 
the results in the summer trials. As expected, the 
multipath effect was particularly evident in kinematic 
mode (Figure 9). The GeoExplorer II was most sensitive 
to multipaths; the Reliance and Pro XR were least 
sensitive. Figure 10 illustrates, for each of the systems 
tested, the results for the “hardwood” polygon. 

The error in relative area (Table 8) reflects the 
accuracy of the area calculated by the GPS system 
without accounting for its geographic accuracy. The 
best results were provided by the Pro XR, with a 
weighted average of 3.2%, and the worst results were 
provided by the GeoExplorer II, with a weighted 
average of 27.2%. 

The error in actual area (Table 8) accounts for the area, 
shape, and geographic accuracy of the measurement. 
The Pro XR provided the best results, with a weighted 
average of 7.1%, followed by the Reliance and the 
March II-E, with 11.6% and 16.8%, respectively. The 
GeoExplorer II had an average error of 52.0%. In each 
case, the error in actual area was two to three times 
larger than the relative error. 

 
Figure 9. A kinematic survey  

under hardwood cover. 
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Table 7. Accuracy of the static pointsa 

 Number 
of positions GeoExplorer II March II-Eb Reliance Pro XR 

Two-dimensional error (ϕ, λϕ, λϕ, λϕ, λ) (m)      

     “Easy” point 60  0.76  0.30  1.51  0.30  
 120  0.96  1.55  1.70  0.36  
 180  2.39  1.50  0.77  0.86  
            r.m.s. (summer 1997) —  1.55  1.26  1.39  0.56  
            r.m.s. (winter 1997) —  2.09  u.a.c 1.95  0.61  
 
 
     “Difficult” point 

 
 

60  

 
 

4.73  

 
 

3.18  

 
 

u.a.d 

 
 

2.45  
 120  5.57  1.90  1.38  1.36  
 180  2.38  2.26  2.06  0.39  
            r.m.s. (summer 1997) —  4.44  2.50  1.75  1.63  
            r.m.s. (winter 1997) —  4.24  u.a.c 5.13  2.13  
 
 
     “Very difficult” point  

 
 

60  

 
 

2.47  

 
 

8.65  

 
 

2.96  

 
 

4.70  
 120  1.08  2.26  1.65  14.20  
 180  3.66  3.55  0.89  0.55  
            r.m.s. (summer 1997) —  2.62  5.55  2.02  8.64  
            r.m.s. (winter 1997) —  3.34  u.a.c 6.79  3.80  

Three-dimensional error (ϕ, λϕ, λϕ, λϕ, λ, h) (m)      

     “Easy” point  60  2.76  3.66  1.62  2.11  
 120  2.03  2.14  3.07  0.58  
 180  3.32  4.08  4.90  1.62  
            r.m.s. (summer 1997) —  2.76  3.40  3.47  1.57  
            r.m.s. (winter 1997) —  5.30  u.a.c 2.18  3.21  
 
 
     “Difficult” point  

 
 

60  

 
 

15.59  

 
 

6.00  

 
 

u.a.d 

 
 

12.88  
 120  26.03  34.50  4.31  19.59  
 180  9.20  7.68  6.12  6.88  
            r.m.s. (summer 1997) —  18.30  20.70  5.29  14.11  
            r.m.s. (winter 1997) —  24.51  u.a.c 6.62  8.98  
 
 
     “Very difficult” point  

 
 

60  

 
 

17.59  

 
 

13.44  

 
 

12.01  

 
 

16.37  
 120  1.82  2.47  8.10  33.95  
 180  11.83  7.50  1.17  0.63  
            r.m.s. (summer 1997) —  12.28  9.00  8.39  21.77  
            r.m.s. (winter 1997) —  12.80  u.a.c 9.91  16.51  
a r.m.s. = root mean square error; u.a. = unavailable; ϕϕϕϕ = latitude; λλλλ  = longitude; h = altitude. 
b In static mode, the observation interval for the March II-E was one point per second, compared with one point per 5 seconds for the 

other receivers. Thus, these results are not strictly comparable to those of the other receivers. 
c The March II-E was not part of the winter 1997 tests. 
d It was impossible to process the Reliance data for the “difficult” point with 60 measurements because the data file had been corrupted. 
 



 

 

 
Table 8. Accuracy of the surveyed polygons in the summer of 1997 
 
    

ERROR IN RELATIVE AREA  (area only) 
 

  GeoExplorer II  March II-E  Reliance  Pro XR 
  

Area 
surveyed 

(ha) 
 

 Area 
(ha) 

Error 
(%)  Area 

(ha) 
Error 
(%)  Area 

(ha) 
Error 
(%)  Area 

(ha) 
Error 
(%) 

Polygon              
     Dense softwood 0.643  0.853  32.7   0.741  15.2   0.686  6.7   0.655  1.9  
     Very dense softwood 1.056  1.030  2.5   1.237  17.1   1.074  1.7   1.073  1.6  
     Mixedwood 4.335  6.217  43.4   4.554  5.1   4.225  2.5   4.444  2.5  
     Hardwood 1.785  1.792  0.4   1.894  6.1   1.630  8.7   1.893  6.1  
              
      Average  —  19.7   —  10.9   —  4.9   —  3.0  
      Weighted average  —  27.2   —  7.8   —  4.2   —  3.2  
 
 

   

    
ERROR IN ACTUAL AREA (combines area, position, and shape) 

 
   GeoExplorer II  March II-E  Reliance  Pro XR 
   Coverage 

(%) 
Error 
(%)  Coverage 

(%) 
Error 
(%)  Coverage 

(%) 
Error 
(%)  Coverage 

(%) 
Error 
(%) 

Polygon              
     Dense softwood   86.5  59.6   86.8  41.6   96.0  14.6   95.0  11.8  
     Very dense softwood   67.2  63.1   94.7  27.8   94.7  12.2   97.4  6.6  
     Mixedwood   91.0  61.4   96.6  11.8   93.6  10.2   98.0  6.6  
     Hardwood   90.3  19.8   96.4  13.3   88.8  13.8   99.7  6.8  
              
      Average  —  51.0   —  23.6   —  12.7   —  8.0  
      Weighted average  —  52.0   —  16.8   —  11.6   —  7.1  
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Figure 10. The “hardwood” control polygon and the polygons surveyed with the GPS systems. 
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Discussion 
A comparison of the positioning errors in static and 
kinematic modes (the points and the polygons, 
respectively) revealed that the systems could generally 
provide good accuracy in static mode, but provided 
significantly poorer accuracy during kinematic surveys. 
This degradation in accuracy is a function of the 
receiver’s sensitivity to multipaths, of the sensitivity of 
the antennas, and of the time to reacquire the signals of 
satellites blocked by trees and other obstacles. All the 
receivers had unique characteristics in this sense and 
used different strategies for pursuing and capturing 
satellites. 

The weighted average error in relative area was 
acceptable (less than 8%) with the Pro XR, the 
Reliance, and the March II-E. However, it should be 
noted that this error accounts for only the area of the 
survey polygons, and not their the geographic position. 
To illustrate this difference, it should be noted that the 
uncorrected survey data for the polygons sometimes 
produce an area equivalent to that of the control 
polygon, but in some cases, the uncorrected polygons 
have a different shape from the control polygon and are 
displaced to some extent. 

The error in actual area is a more rigorous criterion, 
since it accounts for both positional mismatches (areas 
that fall inside or outside the polygon) and errors in the 
geographic position of the survey polygons. A low error 
indicates both good precision and good accuracy. The 
receivers that had the smallest errors (the Pro XR and 
the Reliance) also generally provided good accuracy in 
static positioning. 

Conclusions 
None of the manufacturers whose products were 
evaluated in this study publish accuracy levels for 
kinematic positioning under forestry conditions. During 
GPS surveys, goodaccuracy in static mode does not 
guarantee the quality of survey in kinematic mode under 
forestry conditions (as commonly used, for example, to 
determine the area of cutovers); this is because the 
receivers are subjected to different operating conditions 
in kinematic mode. It is thus the responsibility of buyers 
to determine the accuracy in kinematic mode under their 
own unique forestry conditions. 

The results of the analyses of accuracy levels were 
comparable to those obtained by Courteau and Darche 
(1997). In particuliar: 

• The Pro XR provided the best results in kinematic 
mode, whereas the Reliance provided consistently 
good results both in static mode and kinematic mode. 

• The GeoExplorer II provided results in kinematic 
mode clearly inferior to those obtained in the pre-
vious study. 

• All the receivers provided good accuracy in relative 
area, except for the GeoExplorer II. 

• The errors in actual area were two to three times 
higher than those for relative area. In practice, this 
indicates that the survey polygons had different 
shapes than the control polygon. Some degree of 
editing of the results would thus be necessary before 
the results could be integrated with a GIS. 

• In general, the positional errors for the control points 
in static mode were larger in winter than in summer, 
although the difference was not dramatic. The results 
in kinematic mode in winter were quite comparable 
to those obtained in the summer. A comparison of the 
two-dimensional and three-dimensional errors reveals 
that the accurate determination of elevations remains 
a weak point for GPS positioning. 

• Trimble’s Pathfinder Office software (GeoExplorer 
II, Pro XR) offered the most GIS utilities. 

• There had been a noticeable improvement in the 
processing software, the ergonomics of the receivers, 
and the ease of use of the receivers in the forest for 
the four systems compared with the systems in the 
previous study. 
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Letters from the Manufacturers 

 

 

 
A preliminary version of the report was sent to representatives of the 

manufacturers to permit technical verification of the contents. This section of 

the report was made available to allow these reviewers to comment on the 

present study or announce any improvements to their systems or new products 

introduced since the trials took place. These comments or announcements have 

been published without editing (but after translation from the original French 

and approval of the translation). 
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Gemini Positioning Systems 
Ashtech Reliance 

 

The team at Gemini Positioning Systems would like to thank the Forest Engineering Research 
Institute of Canada (FERIC) for having chosen Ashtech’s Reliance receiver for inclusion in its trials 
of global positioning system (GPS) units. 

The data-processing software that the Reliance used during the tests was v2.00. Ashtech has since 
released v3.00 of the software. 

Several improvements have been made to the software: 

• It is now offered in CD-ROM format as a 32-bit application for Windows 95 and NT. No key is 
required to prevent copying of the software. 

• Downloading of field data files occurs automatically between the receiver and the computer. 

• It is now possible to select points based on their accuracy and automatically modify the data-
processing method for points whose result is off by more than 1 m so as to improve the final 
result. 

• The Batch Wizard feature has been added, which allows setup of a project for automatic rover 
receiver downloading, base file finding, processing, filtering, and exporting. 

• The Rinex converter, mission planning, Rinex interpolator, join files, and waypoint converter 
tools programs are new. 

• To facilitate data transfer into a GIS, several ASCII export modes can be modified by users. 
 

Ashtech also offers two models of hand units: 

• The Husky FS/2 operates at temperatures ranging from –30 to +60°C and weights 0.7 kg. The 
battery life is 30 hours. The case is watertight and shock resistant. The cost is $5500. 

• The Workabout, a less expensive model, weighs only 0.3 kg and works at temperatures ranging 
from –25 to +80°C. The battery life is 60 hours. The unit is water- and dust-resistant, and can 
survive falls of at least 1 m. It costs $1800. 

Ashtech is always seeking to improve its products, and is continuing its research; moreover, the 
company listens closely to the needs of its clients so as to provide cutting-edge products and 
services. 

Gemini Positioning Systems, the Canadian distributor for Ashtech products, is a company with 
headquarters in Calgary and offices in Ottawa. They offer GPS systems for the following markets: 
mining, surveying and mapping, navigation, and the “OEM” market. 

For further information, please don’t hesitate to contact us: 

Gemini Positioning Systems 
204–148 Colonnade Rd. 
Nepean, Ont.  K2E 7R4 
Tel.: (613) 723-8865 
Fax: (613) 723-2784 
e-mail: GPS@Netcom.ca 
web: www.GPS1.com 
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GENEQ 
Corvallis Microtechnology’s March II-E 

 

We’d like to thank FERIC for providing this space for our comments. 

The current success of the March II system in forestry comes from the following strengths: very 
simple to use, a large graphical screen, portability (no backpack required), very good accuracy, 
excellent continuous reception under dense cover, water-tight (proof against the worst 
atmospheric conditions), robust (handles the worst mistreatment), and audible notification that 
data has been recorded. 

Thanks to our “Forester’s Kit” (a hard hat with an antenna mounted inside, set of robust cables 
that remain flexible to –25°C, harness), users can always have both hands free while walking in 
the woods, and with no risk of snagging cumbersome accessories on tree branches. In addition, 
the audible notification that data has been recorded lets users work in kinematic mode without 
having to constantly monitor the screen. 

Corvallis Microtechnology now offers a complete range of GPS receivers and software: 

• March II-E: eight-channel receiver, differential accuracy of 1 to 5 m 

• MC-GPS: differential accuracy of 1 to 5 m, alphanumeric keyboard 

• PC5L-GPS: identical to the MC-GPS, with the performance of an 80286 processor and MS-DOS 
5.0 

• Alto-G12: accuracy of 60 to 90 cm, the first and only handheld GPS receiver with accuracy of 
better than 1 m and MS-DOS 5.0 

• HP-GPS-L4 (with backpack): differential accuracy of 30 to 50 cm (with phase, 2 to 9 cm) 

• HP-GPS-N33 (dual-frequency): accuracy of 2 to 5 mm (1 to 3 cm in real-time) 

• Base station: Winbase (12 channels) and MarchBase (eight channels). The new MarchBase is 
identical to the March II-E. It can be used as a fixed station or carried to the field to generate 
RTCM-104 (for real-time correction) 

• PC-GPS 3.3 for Win95/NT: pre- and postprocessing software that permits mission planning, 
batch processing, distance/area computation, superposition on georeferenced images, GIS 
import/export, classification of data using colors/symbols, and support for digital cameras 

• Contour/Volume module (optional): generates topographical maps from GPS points or other 
types of data 

• CogoCad module (optional): surveying software 
 

The new CMT-FIELD 3.6 (available for the MC-GPS, PC5L-GPS, Alto-G12 and HP-GPS-L4) permits, 
in addition to interfacing with a laser-based distance measuring device, completion of entire 
circuits (azimuth, distance, and slope) in the same GPS file without having to record a GPS point 
at each position. 

For additional information, contact GENEQ at 1-800-463-4363. 
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Cansel Survey Equipment 
Trimble Navigation GeoExplorer II and Pro XR 

 

Trimble now offers version 2 of Pathfinder Office, a fully 32-bit version for faster processing and 
simpler file management for users working in Windows 95, Windows NT 4.0, or a more recent 
version of these operating systems. Processing of phase data is included with this version, as well 
as obtaining base files available on the Internet. Pathfinder Office version 2 is available in French 
and English. 

Trimble’s new Pro XRS, a 12-channel GPS receiver with Coast Guard Beacon compatibility and 
integrated differential satellite corrections, permits real-time work even at locations not covered by 
the Coast Guard beacons. The Pro XR and the Pro XRS are both equipped with “Everest” 
technology for better resolution of multipaths. These systems are now available with the new TSC1 
handheld unit, a field device wholly designed by Trimble that offers many advantages to the user. 
The TSC1 is a multitasking computer with Windows-type menus. It is ergonomic and robust, and 
has a screen that is easy to read under all conditions. 

Note to readers: 

Cansel Survey Equipment, in conjunction with the manufacturer (Trimble Navigation) would like 
to clarify several points concerning the accuracy levels obtained with the GeoExplorer II during 
FERIC’s trial. We recommend two techniques for improving the GeoExplorer II’s performance in 
this environment: 

     1. Using the manual 3D mode 

     2. Recording the travel speed 

 

The GPS unit that was used (the GeoExplorer II) was configured so as to collect data in the 
automatic 2D/3D mode. The 2D/3D mode lets the GeoExplorer II receiver capture more positions, 
even under forest cover, but the accuracy of the two-dimensional position is strongly affected by 
the elevation value entered by the user via the keyboard. An incorrect elevation will lead to errors 
in the calculation of two-dimensional positions. We recommend that users always configure the 
GeoExplorer II in the manual 3D mode, which will reduce the number of positions acquired in the 
field, but will increase the accuracy of each position. 

In addition, the GeoExplorer was not configured to record travel speed during the tests. We 
recommend recording this information for use in differential corrections using a speed filter. It’s 
important to record this information during mapping in environments subject to multipaths, as in 
the forest. This option could eliminate most “wild points” during surveys in the woods. 

Using these techniques would have reduced the errors reported in FERIC’s test and produced the 
more accurate results attained by thousands of users around the world each day. 
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