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INTRODUCTION 
Positioning by means of GPS satellites is often problematic under 
forestry conditions because the vegetative cover can block satel-
lite signals. The observation of at least four satellites is required 
to permit three-dimensional positioning; thus, reductions in the 
number of satellites observed due to this interference decrease 
positioning quality or may even render positioning impossible. 

Recently, GPS equipment manufacturers (e.g., Ashtech and  
Novatel) have begun selling receivers that can also receive sig-
nals from GLONASS (“GLObal NAvigation Satellite System”), 
which is the Soviet equivalent of the American GPS technology 
(Bourgon and Santerre 1998). To users, the most obvious differ-
ence between the two systems lies in the absolute positioning 
accuracy. GPS provides an absolute accuracy (without post-
processing) of ±100 m, versus ±20 m with GLONASS, largely 
due to the fact that GLONASS satellite signals are not subject to 
“selective availability” (an intentional degradation of accuracy), 
which reduces the accuracy of absolute GPS positioning. 

Figure 1. The number of GPS and GLONASS satellites  
observable during FERIC’s trial (September 22, 1998). 

The goal of FERIC’s trial was to determine whether combining 
the observations from GLONASS and GPS satellites could im-
prove satellite positioning under forest cover, given that a larger 
number of satellites can be observed (twice as many for complete 
constellations). Figure 1 illustrates the number of GPS and 
GLONASS satellites that could be observed between 10:00 am 
and 3:45 pm on the first day of the trial. Note, however, that 
when both satellite systems are used, a minimum of five satellites 
must be observed to provide a three-dimensional position. 

THE TRIAL 
The hybrid GPS/GLONASS receivers that FERIC used were 
Ashtech’s GG24 model, with the WinPrism processing software. 
Their cost, including a base station, a mobile unit with an elec-
tronic notebook, and the processing software, was around 
$11 000 more than comparable GPS-only equipment. 

FERIC tested static positioning of three points with known coor-
dinates and a kinematic survey of four polygons under various 
types of forest cover at the Morgan Arboretum (Ste-Anne-de-
Bellevue, Que.), as defined in Darche (1998). During the surveys, 
the observation interval was 5 seconds, the maximum PDOP was 
6, and the minimum number of GPS satellites was 5. 

RESULTS 
The two-dimensional planimetric (i.e., latitude and longitude) 
and three-dimensional (latitude, longitude, and altitude) errors 
(i.e., differences from the known values) obtained in static mode 
appear in Table 1. These errors were calculated for observations 
of 5, 10, and 15 minutes; the observations included phase data 
because this option was available on Ashtech’s GG24 receivers. 

Use of the GLONASS data greatly improved the static-mode 
GPS observations under forest cover. The average two-dimen-
sional and three-dimensional errors for the GPS/GLONASS 
combination were always at least 1 m better than the correspon-
ding GPS-only measurements. In addition, the two-dimensional 
and three-dimensional errors obtained after 5 minutes of observa-
tion with the GPS/GLONASS combination were smaller than the 
corresponding errors after 15 minutes of GPS-only observations. 

Of the four polygons surveyed in kinematic mode, only two GPS 
contours (hardwood and mixedwood) and three GPS/GLONASS 
contours (hardwood, mixedwood, and very dense softwood) 
were obtained. The results appear in Table 2 and Figure 2. The 
error in relative area for the mixedwood polygon was greatly 
decreased by using the GPS/GLONASS combination compared 
with GPS alone: the difference between the two errors was 
19.3%. For the hardwood polygon, the error in relative area was 
lower with GPS alone (2.0%) than with the GPS/GLONASS 
combination (4.6%), but the difference between the two (2.6%) 
was small. In terms of the error in actual area, which also  
accounts for the position of the surveyed area, the results were 
better with the GPS/GLONASS combination than with GPS 
alone. The error in actual area decreased by 21.0% for the 
mixedwood polygon and by 14.2% for the hardwood polygon. 
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Table 1. GPS and GPS/GLONASS errors for the known coordinates 
 Two-dimensional error (m)  Three-dimensional error (m) 
 Static point GPS GPS/GLONASS  GPS GPS/GLONASS 
5 minutes Easy 0.45 0.05  0.67 0.10 

 Difficult 5.25 1.79  7.23 2.03 
 Very difficult 4.76 1.44  7.61 1.95 
 Average  3.49 1.09  5.17 1.36 

10 minutes Easy 0.05 0.04  0.28 0.10 
 Difficult 1.53 0.27  1.54 0.28 
 Very difficult 3.88 0.44  4.59 1.31 
 Average  1.82 0.25  2.14 0.56 

15 minutes Easy 0.05 0.04  0.11 0.12 
 Difficult 1.62 0.41  1.63 0.42 
 Very difficult 3.80 0.82  3.71 1.08 
 Average  1.58 0.42  1.82 0.54 

 
Table 2. Errors in relative and actual areas 

Error in relative area  
GPS  GPS/GLONASS 

 

Surveyed 
area (ha) Area (ha) Error (%)  Area (ha) Error (%) 

Polygon: Dense softwood 0.643 — —  — — 
 Very dense softwood 1.056 — —  0.574 45.6 
 Mixedwood 4.335 5.191 19.7  4.354 0.4 
 Hardwood 
 

1.785 1.821 2.0  1.703 4.6 

  Error in actual area 
  GPS  GPS/GLONASS 
  Coverage (%) Error (%)  Coverage (%) Error (%) 
Polygon: Dense softwood  — —  — — 
 Very dense softwood  — —  43.6 67.2 
 Mixedwood  93.9 31.9  94.8 10.9 
 Hardwood  88.0 26.0  91.8 11.8 

 

Figure 2. Polygons surveyed in kinematic mode. 
 

CONCLUSIONS 
Based on the results of this trial, it’s obvious that the use of 
GPS/GLONASS receivers can greatly increase the accuracy of 
satellite positioning in the woods, whether in static or kinematic 

mode. More satellites can be observed, thus more data is avail-
able for positioning. The contours of the areas surveyed were 
thus defined more accurately, and corresponded better to the real 
situation in the field. However, the economic difficulties of the 
former Soviet Union are a cause for concern, as they may lead to 
the eventual demise of the GLONASS system. 
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