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In this study, the Signal Interruption Probability (SIP) applied to GNSS surveys under
tree canopies was analyzed. The main objective was to assess the information that SIP
provides about the reception in forest conditions and compare this data to other factors pointed
by previous studies to find the applicability of the SIP as index. Allied to that some tests were
also performed on different antenna heights, different observation periods and different
GNSSs, under different forest environments, emulating as much as possible the scenario
presented by surveyors and forest workers.

I. GPS Accuracy in Using Antenna Pole under Tree Canopies and Usability of Signal
Interruption Probability (SIP) for Accuracy Estimation

At first, the behavior of GPS signal under tree canopies using different antenna heights,
which is an improvement previously explored in other studies. Allied to that factor, the
observation of the SIP compared to other factors directly related to GPS survey, such as the
canopy opening index and its variations in the seasonal changes were explored within four
different forest environments in Kyoto University Kamigamo Forest Research Station. The
results show that horizontal errors decrease with higher antenna heights, given that the antenna
pole is stable. The lowest height (1.5m) suffers interference of surrounding vegetation and
thickest parts of the tree, even though it was very stable. The highest height (11m) was highly
affected by the instability of the antenna pole utilized, which curved over the antenna weight
as well as its own, being also subject to wind and providing results with high positional errors.
The mid-heights of 5 and 8 m provided the results with less error, which gives the conclusion
that at these heights, if the pole is stable, lower vegetation and the thickest parts of the trees are
eliminated from the reception path, providing favorable results. SIP could provide information
about the signal structure more efficiently than the canopy opening index, because it is not
affected by the seasonal changes, reflecting the interfering elements of the canopy regardless
of the season. The results show clearly that simple techniques can improve the traditional
survey and allow us to assess the reliability of the signal received. It is recommended that the
usage of higher antenna heights be incorporated on surveys and usage of SIP to determine the
quality of data survey.

I1. Behavior of GPS Signal Interruption Probability under Tree Canopies in Different Forest
Conditions

In this part, a deeper analysis of SIP was realized comparing it to other factors associated
with GPS data reliability, such as PDOP, canopy opening index, observation period and
number of available satellites. The period of observation, which would provide the data with
higher positional accuracy, was analyzed based on SIP observations. The research was
conducted using an antenna height of 5 m in four different forest environments Kamigamo
Forest Research Station. The results show that SIP has a higher correlation to horizontal and
tridimensional errors than all other factors, which highly increases its usability and potential as
assessment tool for data quality assurance either on-site or during post-processing. It was also
found that mean positional errors do not necessarily increase with a longer period of time, as
previously stated in other studies. Instead, periods of time between 10 and 15 minutes of
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observation yielded acceptable results according to the signal analysis using SIP. These results
give SIP a stronger background to its application in the future.

I11. Characteristics of Signal Interruption Probability in Multiple Use of GPS and GLONASS
Satellites

Finally, comparison between effects SIP and other factors on GNSS surveys including
both GPS and GLONASS was analyzed to estimate usability of SIP with other GNSS. The
effects of SIP was compared with the number of available satellites, canopy opening index,
observation period and the usage of GPS dual frequency vs. GLONASS singles frequency,
plus the combination of both systems. The data collection was conducted at Kyoto University
Ashiu Forest Research Station, in two different Japanese cedar forests, with different
topographical characteristics and different forest age. The results show that SIP was, as in the
other chapters, a significant index to obtain information about the canopy structure and
reception conditions, reflecting the quality of the data according to the terrain and forest
characteristics of each place. SIP was also successfully utilized with GLONASS utilizing a
slightly modified version of the software utilized on the previous chapters. Combined systems
performed with less positional error in more dense forests but dual-frequency GPS performed
with higher accuracy in relatively open sites. In the analysis, GPS+GLONASS had an overall
better performance than GPS only. By this study, it was clarified that the usability of SIP also
with other GNSS, and the results give SIP background to be applied in GNSS forest surveys.

In this study, SIP in all cases was shown as factor directly related to horizontal and
tridimensional error and has a higher correlation than previously studied factors such as PDOP,
observation period, number of available satellites and canopy opening index. SIP also provides
more reliable information than the canopy opening index because it is not influenced by the
seasonal changes, giving information of the real interfering elements of the canopy regardless
of forest type and time of the year. SIP is also as applicable to other GNSS as it is for GPS,
having being successfully used with GLONASS and giving important data for the system’s
signal reception quality. In conclusion, SIP has the potential to be used in field to evaluate the
quality of the data acquired, can give important information about the canopy structure and the
site’s reception conditions. It is highly recommend SIP use and application in the field and
research as a quality and error management tool.

The characteristics of SIP, which is hardly affected by seasonal changes, can be applied to
the forest inventory such as stand volume estimation. This is agree with the results of some
researches indicating relationship between forest canopy structure and GPS signal condition by
using LIDAR (Light Detection and Ranging) analysis. The combination analysis of SIP and
LIDAR may produce new forest inventory techniques in the future. For example, forest
workers can simultaneously obtain positional data by GPS positioning and stand volume at that
point by analysis of SIP.
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