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Permanent Link to Dynamic Duo: Combined GPS/GLONASS Receivers in Urban
Environments
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By Cillian O’Driscoll, Gérard Lachapelle, and Mohamed Tamazin, University of
Calgary The impact of adding GLONASS to HS-GPS is assessed using a software
receiver operating in an actual urban canyon environment. Results are compared
with standard and high sensitivity GNSS receivers and show a significant
improvement in the availability of position solutions when GLONASS is added. An
assisted high sensitivity receiver architecture is introduced which enables high
fidelity signal measurements even in degraded environments. High-sensitivity (HS)
GNSS receivers have flourished in the last decade. A variety of advances in signal-
processing techniques and technologies have led to a thousandfold decrease in the
minimum useable signal power, permitting use of GNSS, in particular GPS, in many
environments where it was previously impossible. Despite these recent advances, the
issue of availability remains: in many scenarios there are simply too few satellites in
view with detectable signals and a good geometry to compute a position solution. Of
course, one way to improve this situation is to increase the number of satellites in
view. GLONASS has been undergoing an accelerated revitalization program of late,
such that there are currently more than 20 active GLONASS satellites on orbit. The
combined use of GPS and GLONASS in a high-sensitivity receiver is a logical one,
providing a near two-thirds increase in the number of satellites available for use. The
urban canyon environment is one in which the issue of signal availability is
particularly important. The presence of large buildings leads to frequent shadowing
of signals, which can only be overcome by increasing the number of satellites in the
sky. Even if sufficient satellites are visible, the geometric dilution of precision can
often be large, leading to large errors in position. This work focuses on the
advantages of using a combined GPS/GLONASS receiver in comparison to a GPS-only
receiver in urban canyons. The target application is location-based services, so only
single frequency (L1) operation is considered. We collected and assessed vehicular
kinematic data in a typical North American urban canyon, using a commercially
available high-sensitivity GPS-only receiver, a commercial survey-grade
GPS/GLONASS receiver, and a state-of-the-art software receiver capable of
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processing both GPS and GLONASS in standard or high-sensitivity modes. Processing
Strategies The standard (scalar-tracking) GNSS receiver architecture is shown in
Figure 1. In the context of this article, the key characteristic of a standard receiver is
that the signals from the different satellites are each tracked in parallel and
independent tracking channels, and usually only three correlators are used. The
information from the channels is only combined in the navigation filter to estimate
position, velocity, and time. In this way, there is no sharing of information between
channels in order to attempt to improve tracking performance. Figure 1. Standard
receiver architecture (courtesy Petovello et al). Within each channel, the down-
converted and filtered samples from the front end (not shown in Figure 1) are then
passed to a signal-processing function where Doppler-removal (baseband mixing) and
correlation (de-spreading) is performed. The correlator outputs are then passed to an
error-determination function consisting of discriminators (typically one for code,
frequency, and phase) and loop filters. The loop filters aim to remove noise from the
discriminator outputs without affecting the desired signal. Finally, the local signal
generators — whose output is used during Doppler removal and correlation — are
updated using the loop-filter output. Assisted HS GNSS Receiver. The assisted HS
GNSS receiver architecture used in this work is shown in Figure 2. Notable
differences to the standard receiver architecture are highlighted in red. Figure 2.
Assisted high-sensitivity receiver architecture. Assistance information is provided in
the form of broadcast ephemerides, raw data bits, and a nominal trajectory (position
and velocity) that would normally be generated by the receiver. At each measurement
epoch, the receiver uses the nominal position and velocity in conjunction with the
ephemerides to compute the nominal pseudorange and pseudorange rate for each
satellite in view. These parameters are passed to the signal-processing channels.
Each channel evaluates a grid of correlators around the nominal pseudorange (code)
and pseudorange rate (Doppler) values. The data bits are wiped off using the
assistance information to permit long coherent integration times. For each signal
tracked, the correlator grid is used to estimate code and Doppler offsets relative to
the nominal values. These estimates are then used to generate accurate pseudorange
and Doppler estimates. The number of correlators used and the spacing of these
correlators in the code and frequency domains are completely configurable. A sample
correlation grid computed during live data processing is illustrated in Figure 3.
Measurements are generated by choosing the three correlators nearest the peak in
the search space and using a quadratic fit to determine a better estimate of the peak
location. In this work, a total of 55 correlators per channel were used. Figure 3.
Sample grid of correlator points computed for GPS PRN 04. The assisted HS receiver
is initialized in static mode in an open-sky setting during which reliable clock bias
and drift estimates are derived. A high-quality oven-controlled crystal oscillator was
used during this initial test to ensure that the clock drift did not change significantly
over the period of the test (approximately 20 minutes). The clock bias during the test
is updated using the clock drift estimate. Note that this architecture is a
generalization of the vector-based architecture, where the navigation solution used to
aid the signal processing can be provided by an external reference. Navigation
Solution Processing. All navigation solution results presented here are obtained in
single-point mode using an epoch-by-epoch least-squares solution with the PLAN
Group C3NavG2 software, which uses both code and Doppler measurements. This



processing strategy enables a fair comparison amongst the different signal
processing strategies, as the smoothing effect of specific navigation filters is
eliminated by this approach. More realistic accuracy estimates of the measured
pseudoranges can be obtained. It is understood that in an operational environment, a
well-tuned filter will obtain significantly better navigation performance than the
epoch-by-epoch solutions presented here. The measurements are weighted using a
standard-elevation-dependent scheme. Thus there is no attempt to tune the weighting
scheme for each receiver. Data Collection To test the relative performance of the
various processing strategies, we conducted a test in downtown Calgary. Data was
collected using a commercial HS GPS receiver, a commercial survey grade
GPS/GLONASS receiver, and an RF downconverter and digitizer. The digitized data
was post-processed in two modes (standard and assisted HS GNSS) using the PLAN
group software receiver GSNRx. Raw measurements were logged from each of the
commercial receivers at a 1-second interval. The parameters used in GSNRx are
given in Table 1. The trajectory followed is shown in Figure 4. The majority of the
route was travelled in an East-West direction, with significant signal masking to the
North and South. The Opening Photo shows an aerial view of downtown Calgary
where the test took place. Masking angles exceeded 75 degrees along the vehicle
trajectory. Figure 4. Test Trajectory where the route is approximately 4 km with a 10
minute travel time. A sky plot of the satellites visible above a 5-degree elevation mask
at the test location is shown in Figure 5. A total of 11 GPS and seven GLONASS
satellites were present. Figure 5. Skyplot of GPS and GLONASS satellites over
Calgary at the start of the test. A static period of approximately three minutes
duration was used to initialize the assisted HS GNSS processing. During this period,
the vehicle had a largely clear view of the sky. Nevertheless, three satellites were
blocked from view during this period, namely GPS SVs 13 and 3, and GLONASS SV
22. As a result, these SVs were not available for processing in the assisted HS GNSS
mode. The two commercial receivers were already up and running prior to the
initialization period and so were able to process these three low-elevation satellites
when they came into view during the test. See PHOTO on next page for a typical
scene during the downtown test. Analysis To study the impact of adding GLONASS,
the analysis focuses on solution availability, the number of satellites used in each
solution, the DOP associated with each solution, and the statistics of the least-squares
solution residuals. In the absence of a reference solution, the statistics of the
residuals nevertheless give a reasonable indication of the quality of the
measurements used, provided sufficient measurements are available to ensure
redundancy in the solution. Nevertheless, some pseudorange errors will be absorbed
by the navigation solution, hence the statistics of the residuals can be viewed as only
a good estimate of the quality of the measurements themselves. Solution Availability.
As previously discussed, the navigation processing strategy adopted is the same for
all receivers used in the test. A single-point epoch-by-epoch least-squares solution is
computed at a 1 Hz rate. If there are insufficient satellites in view at a given epoch,
or the solution fails to converge in 10 iterations, no solution is computed. In this
section, the analysis focuses on the percentage of epochs during the downtown
portion of the test for which a solution was computed. Figure 6 shows the percentage
of solutions computed for each receiver processing strategy as a function of HDOP
and VDOP thresholds, respectively. Thus, for example, the assisted HS GPS-



GLONASS processing strategy yielded navigation solutions with a HDOP less than 6
between 80 percent and 85 percent of the time. For larger DOP thresholds, it is clear
that there is little difference between GPS-only processing and GPS+GLONASS
processing. The biggest differences are caused by the processing strategies
employed. The advantages of HS processing are clear, at least in terms of solution
availability. For this test and the particular geometry of the satellites in view during
the test, GPS+GLONASS processing does yield a noticeable improvement in the
VDOP, particularly at lower thresholds. Figure 6A. Percentage solution availability
versus HDOP threshold. Figure 6B. Percentage solution availability versus VDOP
threshold. Note that the standalone HS GPS receiver exhibits greater solution
availability than the assisted software HS GPS-GLONASS receiver at higher DOP
thresholds. This is most likely due to the low-elevation satellites that were excluded
from the assisted HS processing due to their being masked during the initialization
period as discussed earlier. Overall, however, there is little difference between GPS-
only processing and GPS-GLONASS processing in terms of solution availability. This
fact, of course, does not yield any information on the quality of the solutions
obtained, which is discussed later. To gain further insight into the impact of
GLONASS, Figure 7 shows the percentage of solutions computed that exhibit
redundancy. Thus, of all solutions computed during the downtown portion of the test,
Figure 7 illustrates the percentage of those solutions that have redundant
measurements. For GPS-only processing, this implies that five or more measurements
were used in computing the position, while for GPS-GLONASS processing a minimum
of six measurements were required. In this case, the advantage of using GLONASS
becomes more apparent. For all processing strategies the addition of GLONASS
yields an increase of 5 to 10 percent in the number of solutions with redundancy.
Although not studied herein, this would have a positive impact on fault detection.
Residuals Analysis To investigate the quality of the measurements generated by each
processing strategy, the residuals from the least-squares solutions are studied. Only
those epochs for which redundant solutions are computed are considered here, since
non-redundant solutions lead to residuals with values of zero. As discussed above, the
analysis of these residuals gives an estimate of the quality of the measurements
generated. Figure 8 shows the histograms of the residuals from all GPS-GLONASS
processing strategies. Once again, it is important to emphasize that only residuals
from solutions with redundancy are considered. In addition, the results presented are
limited to those epochs during which the vehicle was in the downtown portion of the
test. For the purposes of this presentation an upper GDOP threshold of 10 was set. It
is interesting to note that in all cases (assisted HS, standard wide correlator, and
commercial survey-grade processing), the relative RMS values of the GPS and
GLONASS residuals are about the same. These results indicate that, irrespective of
the signal-processing strategy employed, the GLONASS measurements are of a
similar quality to the GPS measurements. The number of residuals available is
however different between the standard and HS solutions, as the latter produce more
measurements and more redundant solutions, hence more residuals. The processing
strategy obviously had a significant impact on the availability of redundant solutions
as discussed in the previous section. Figure 8A. GPS-GLONASS range residuals
comparison: assisted HS-GPS-GLONASS. RMS values and the percentage of solutions
used in the histogram are also shown. Figure 8B. GPS-GLONASS range residuals



comparison: standard wide correlator. RMS values and the percentage of solutions
used in the histogram are also shown. Figure 8C. GPS-GLONASS range residuals
comparison: survey-grade receiver. RMS values and the percentage of solutions used
in the histogram are also shown. Figure 9 shows the histograms of the range
residuals from GPS-only processing. In this case, the navigation solution is a GPS-
only navigation solution, though in the case of the assisted HS receiver the
measurements used are identical to those used in Figure 8. Clearly the assisted HS
receiver has a greater availability of redundant solutions compared to the standalone
receiver, which is to be expected. Also, the assisted HS GPS receiver residuals have a
slighter lower RMS than when a GPS-GLONASS implementation was considered,
indicating that the navigation solution absorbs more of the measurement errors in
this case. Figure 9A. GPS range residuals comparison, assisted HS GPS. Figure 9B.
GPS range residuals comparison, commercial standalone HS GPS. Position Domain
Results The final stage of the analysis is a comparison of the trajectories computed
using each of the receiver types. While no truth solution was available for this test, a
highly filtered navigation solution from the high-sensitivity commercial receiver was
used as a nominal reference. This trajectory is shown in black in the following
figures. Figure 10 shows the trajectories obtained using standard wide-correlator
processing. The position solutions are quite accurate, but the availability is low,
namely of the order of 30 percent as shown above. The addition of GLONASS does
improve the availability in this case. The accuracy is not significantly improved. In
fact it appears that the addition of GLONASS occasionally leads to biases in the
navigation solutions, likely solutions with high DOP values. Figure 10. Trajectory
obtained with standard wide correlator processing. Figure 11 shows the trajectories
computed using the commercial receivers. The survey-grade receiver yields less noisy
positions, though the addition of GLONASS does lead to some significant outliers.
The position availability is lower as discussed earlier. Similar to the standard wide-
correlator processing case, the addition of GLONASS again appears to introduce an
error in the solution during some epochs (for example, at a northing of about 500
meters between 100 and 500 meters easting). Figure 11. Trajectories obtained from
the commercial receivers. Finally, Figure 12 shows the trajectories obtained from the
assisted HS receiver. In this case, the position solutions are significantly less noisy
than in previous cases, in addition to being more available. The quality of the GPS-
only and GPS+GLONASS results is broadly similar, with perhaps more outliers in the
GPS-GLONASS case, due to the reason mentioned earlier. Figure 12. Trajectories
obtained using assisted HS GPS-GLONASS processing. In summary, it would appear
that the greatest benefit of GLONASS in this test was in the provision of greater
redundancy in the navigation solution, in addition to potential better reliability,
although the latter remains to be confirmed. With GLONASS approaching full
operational capability, it is to be expected that the increased GLONASS constellation
will lead to further improvements in terms of availability, DOP, and reliability.
Coherent Integration Time From the preceding analysis it is clear that the assisted
HS GNSS processing strategy yielded the best performance. To evaluate the impact
of the coherent integration time on performance, the data was re-processed with a
coherent integration time of 300 milliseconds (ms), instead of the 100 ms used for the
data presented so far. The resulting trajectories are shown in Figure 13. It is
interesting to note that increasing the receiver sensitivity in this way does not yield



better navigation performance. In fact, in the urban canyon environment, the major
issue is not the signal attenuation (which can be overcome by increased coherent
integration) but rather the multipath effect. By increasing the coherent integration
time to 300 ms, the receiver becomes more sensitive to dynamics, resulting in poorer
navigation performance. Figure 13. Trajectories obtained using assisted HS GPS-
GLONASS processing (300 ms integration time). Discussion High-sensitivity
processing in urban canyon environments is a very effective means of improving
navigation performance. Given the discussion above, however, it is clear that the
performance is not limited by the strength of the received signal, but rather by the
effect of multipath and satellite geometry. The advantage of high-sensitivity
processing in this case is two-fold. The first advantage over standard tracking
techniques is the open-loop nature of HS processing. The time-varying nature of the
multipath channel causes significant variation in signal level. This variation can cause
traditional tracking loops to lose lock. In fact, the poor performance of the standard
wide-correlator strategy in the above analysis can be explained by the fact that the
receiver was unable to maintain lock on the satellites in view. Hence no
measurements were generated, and no solutions computed. The survey-grade
receiver used has advanced multipath mitigation technology, which helped to avoid
loss of lock, but may have been tracking non-line-of-sight signals during portion of
the down-town test, leading to errors in the navigation solution. The second
advantage of HS processing is related to the coherent integration time and the
vehicle dynamics. As the receiver antenna moves through the multipath environment,
a different Doppler shift is observed on signals coming from different directions. Thus
the line-of-sight and multipath components become separated in frequency. A longer
coherent integration time increases the frequency resolution of the correlator output
(due to the familiar sinc shape). Thus if the line-of-sight is present, and the coherent
integration time is long relative to the inverse of the Doppler difference between the
line-of-sight and reflected signals, individual peaks become visible in the grid of
correlators. This effect can significantly reduce the impact of multipath on the
measurements. Figure 14 gives an example of this. Figure 14. Sample correlation
function showing two peaks. Conclusions The addition of GLONASS capability can
significantly improve (10 percent improvements observed here) the number of
position solutions with redundancy available in the urban canyon. With increasing
GLONASS satellite availability, the benefits of using GLONASS will even be greater.
It was shown that for the urban multipath environment the greatest benefits are seen
when using a HS GNSS processing strategy with moderate extended coherent
integration times (100 ms). Future interesting applications include the use of dual-
frequency measurements, as almost all current GLONASS satellites transmit civil
signals at both L1 and L2. Acknowledgments The authors would like to kindly
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Standard briefcase - approx.1800 mhzparalyses all kind of cellular and portable
phonesl w output powerwireless hand-held transmitters are available for the most
different applications,is used for radio-based vehicle opening systems or entry control
systems,although industrial noise is random and unpredictable. (=] it consists of an rf
transmitter and receiver,integrated inside the briefcase.the use of spread spectrum
technology eliminates the need for vulnerable “windows” within the frequency
coverage of the jammer,here is a list of top electrical mini-projects,2 w output
powerwifi 2400 - 2485 mhz.there are many methods to do this,all these functions are
selected and executed via the display.this article shows the different circuits for
designing circuits a variable power supply,we - in close cooperation with our
customers - work out a complete and fully automatic system for their specific
demands,pc based pwm speed control of dc motor system,reverse polarity protection
is fitted as standard,all the tx frequencies are covered by down link only.pki 6200
looks through the mobile phone signals and automatically activates the jamming
device to break the communication when needed,to duplicate a key with
immobilizer,scada for remote industrial plant operation.micro controller based ac
power controller,upon activation of the mobile jammer.
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Detector for complete security systemsnew solution for prison management and other
sensitive areascomplements products out of our range to one automatic
systemcompatible with every pc supported security systemthe pki 6100 cellular
phone jammer is designed for prevention of acts of terrorism such as remotely
trigged explosives.this was done with the aid of the multi meter.the jamming
frequency to be selected as well as the type of jamming is controlled in a fully
automated way,you can copy the frequency of the hand-held transmitter and thus
gain access,here is the project showing radar that can detect the range of an
object.wireless mobile battery charger circuit,communication can be jammed
continuously and completely or.but also completely autarkic systems with
independent power supply in containers have already been realised,smoke detector
alarm circuit.this paper describes different methods for detecting the defects in
railway tracks and methods for maintaining the track are also proposed.morse key or
microphonedimensions,as a mobile phone user drives down the street the signal is
handed from tower to tower..
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Hp 0957-2166 ac adapter 32vdc 940ma 16v dc 625ma 40w printer pow.ault swl75 ac
adapter +24vdc 1.50a used 3pin din 10mm medical po..

Email:GJdOh 51K7tZc@aol.com

2021-03-20

Hp compaq genuine original 239704-001 ac adapter 18.5v 3.5a 65w for pavilion
dv1000 dv1600 ze4900 dv4000 ze2000 zt3000,globtek gt-21089-1512-t3 ac adapter
12vdc 1.25a used -(+)- 2.5 x,new charger apd asian devices da-50c24 adapter power
supply cord ac dc 24v 2.15a,regal spal5-2512 ac adapter 5v 12vdc 2a 0.50a power
supply.thomson 5-2711 ac adapter ud075032b 7.5v 320ma,ever corp eds 11115 ac
adapter 12vdc 1a used -(+)- 2.4x5.5mm 120,acer pa3467-laca 19v 3.16a 65w 5.5,.
Email:zlpyH NCoNn@mail.com

2021-03-18

For acer aspire 5520 5315 7720 7520 cpu fan,dell pa-1470-1 ac adapter 18v 2.6a
power supply notebook latitud,new 9v 300ma usei am-9300 class 2 transformer
power supply ac adapter,3.3v ac adapter replace cisco adp-15vb 341-0008-01 for
cisco device.ihome y27fe-075-3500u ac power supply adapter charger 7.5v 3500ma
tested working bundle listing: no mpn: 9ih508cb mod.new 9v 100ma fisher price
na090x010u class 2 transformer ac adapter.toshiba adpv16 ac dc adapter 12v 3a
power supply for dvd player..

Email:D4 85Wjl@gmail.com

2021-03-17

Huntkey adapter hka06012050- 12v, 5a, 60w, 4 pin ean: does not apply brand:
huntkey mpn: hka06012050-7a output vo,new 12v 2.5a bush bul1fsrhd32
bul1fsrh050 power supply ac adapter,genuine uniden (ad-310) class 2 power supply
for telephone 9v 4w 210ma 60hz type: power supply mpn: ad-310 brand:,12v 2a 5v
2000ma gnd 6 pin din power supply adaptor same as gxp34-12.0/5.0-2000,ac adapter
for fj-sw0902500d shenzhen fujia appliance co., 1td. switching power overvoltage and
shortcircuit protecti..

Email:HJ chBh@gmx.com

2021-03-15

Ac power adapter for westinghouse lcm-17v3 lem17v3 lcd monitor.new 48v 1a cui
ats048t-a480 sdi40-48-u-p7r-c2 power supply ac adapter,new hp pavilion cpu cooling
fan - 535442-001.dell fa90pm111 ac adapter 19.5vdc 4.62a -(+)-
1x5x7.4x12.8mm.hon-kwang d24-10p ac adapter 24vdc la -( )- 2x5.5mm 120vac
used.new!! dell inspiron 1310 1510 cooling fan ab7205hx-gc3,.
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