ZESZYTY NAUKOWE
t A [NTERNATIONALconference POLITECHNIKI SLASKIEJ 2005
NjySPORT SYSTEMS TELEMATICS TST'05 TRANSPORT z. 59, nr kol. 1691

telematics systems, restricted area,
satellite navigation systems

Jacek JANUSZEWSKI

TELEMATICS APPLICATIONS OF SATELLITE NAVIGATION SYSTEMS
IN RESTRICTED AREAS

The possibility of the use of satellite navigation systems in the new advanced telematics
applications in restricted area depends on the user’s latitude, the dimensions and situated area of the
obstacles. Additionally in urban area it depends on the angle between the North and street axis.
Theresults of the author’s calculations of the satellite visibility and the user’s position accuracy for GPS
and Galileo systems for different number of theirs satellites operational are presented in this paper.

ROZWIAZANIA TELEMATYCZNE WYKORZYSTUJACE NAWIGACYJNE
SYSTEMY SATELITARNE W REJONACH OGRANICZONYCH

Mozliwosci stosowania nawigacyjnych systemow satelitarnych w rejonach ograniczonych zaleza
od szerokosci geograficznej uzytkownika oraz rozmiaréw i usytuowania przeszkéd, a w zabudowanie
miejskiej takze od azymutu osi ulicy. W referacie przedstawiono wyniki autorskich obliczen
o widzialnosci satelitéw systeméw GPS i Galileo oraz doktadnosci okreslanej za ich pomoca pozycji
uzytkownika dla roznej liczby satelitow operacyjnych.

1 INTRODUCTION

The selected propositions of the new advanced telematics applications in the different
modes of the land transport with the use satellites navigation systems (GPS, Galileo) and
Satellite Based Augmentation System as EGNOS were presented by the author in [1] & [5].
Today the autonomous GPS receivers combined with a communication system, so-called
telematics systems, are found in a vast variety of a land transport applications.

Satellites navigation systems deliver positioning data and thus the user can pinpoint
within a 15-20 meters or better. However this position can be calculated only from these
satellites, which are visible for the user and at the same time theirs elevation angles in
observer’s receiver are higher than the masking elevation angle Hmm That’s why the
possibility of the use of the new advanced telematics applications in restricted area, in urban
areain particular, depends on the dimensions and situated area of the obstacles.

Additionally the continuous information of user’s position is one of the most important
dements, which determines the safety of the user in the transport. The information about this
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position is obtained principally from satellite navigation systems (SNS). At present (June
2005) unique fully operational and global system is American GPS (Global Positioning
System - Navstar). The new system - Galileo, sponsored by the European Union, is under
construction as the European contribution to the next generation of satellite navigation.
Galileo will be fully operational most likely in 2008. This system of the future will be used in
aviation, sea transport and rail and road transport also.

2. VISIBILITY OF GPS AND GALILEO SATELLITES

In satellite navigation systems the satellite geometry is one of the most important
parameters in the budget error of the user’s position. Therefore the user must know GDOP
(Geometric Dilution Of Precision) coefficient value of the constellation of these satellites
which can be used for fix position [6]. If the number of satellites visible by the user is less
than 4, its “3D” position cannot be obtained (the position is not available - No fix > 0).

As nowadays the number of GPS satellites fully operational (SO) changes [8], the
calculations were made for SO between 27 and 30 for actual constellation (the number of
satellites on one orbit changes between 4 and 7, the separation in right ascension between
orbital planes is not equal 60°. In the case of Galileo system the calculations were made for
SO = 27 (nominal number) and SO = 30 (27 operational + 3 active). The details of the test
methods can be found in the earlier author’s publications, e.g. [2], [3], [4].

The distributions (in per cent) of satellite elevation angles (H) in open area for different
SO for both systems at different user’s latitudes ((p) are presented in the Table 1 The
calculations were made for Hmj,, = 5° and 15° for the latitudes, where the land transport is
possible; i.e. at latitude less than 70°. Elevation H was divided in 9 intervals, each 10° wide:
1¢ for 0°<H<10°, 2ndfor 10°<H<20°,..., 9thfor 80°<H<90°. We recapitulate that:

« the distributions of angle H values in all 7 zones for both systems (independently of

theirs SO numbers) are practically the same,

e for both systems in all 7 zones, about half of satellites are visible below 30°, while
the percentage of satellites visible above 70° is less than 10.

The weighted mean number (Im of satellite visible by the user and the distributions (in
per cent) of satellite azimuths in open area (without any obstacle) for masking angle Hrm= 5°
and 15° for different number of SO for both systems at different user’s latitudes (cp) are
presented in the Table 2. The results are given for 3 zones: 0-10° as low latitude, 30"10° as
middle latitude and 50-60° as latitude of Poland. Azimuth (Az) was divided in 8 intervals: 1¢
for 0°<Az<45°, 2ndfor 45°<Az<90°,.. ., 8thfor 315°<Az<360° We can say that:

» distributions of satellite azimuths are practically the same for both systems

independently of observer’s latitude, masking angle and the number SO,

e the number of satellites in different Az intervals is not equal and it depends on user’s
latitude, i.e. at latitudes 0-10° the number of satellites with azimuth from interval 0-
45° is the highest, while at latitudes 50-60° in the same interval the least,

e at latitudes 50-60° the number of satellites with azimuth from interval 315-045° is
less than from adjacent intervals (045-090° and 270-315°) twice or three times and
more,

e if for both systems the number SO is the same, the number Im for Galileo is greater
than for GPS in each zone and for each Hmin-

In urban area the mean number of satellites (Ins) visible above Hmi, and the obstacles

blocking the user situated in the middle of the street for different angles between the North
and street axis (angle a) for two systems at different observer’s latitudes (cp) are demonstrated
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j) the Tables 3. The calculations were made for two angles Hmj, (5° and 15°) for the
dimensions of the street: width L = 20 m, height of the buildings B = 10 m, for four angles a
/g° 45°, 90° and 135°) for three mentioned zones of latitude. We recapitulate that:
1 Table 1
Distribution (in per cent) of satellite elevation angles (H) in open area for different number of satellites
operational (SO) of Galileo system and GPS system at different observer’s latitudes ()

Elevation of angle H | °]

Sys- S0
1*. tem 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90
GAL 27 18.8 21.2 19.8 14.7 9.5 7.3 5.0 2.7 0.9
30 191 21.1 19.8 14.7 9.5 7.2 4.9 2.8 0.9
0-10 27 194 21.3 20.3 14.3 9.7 6.9 45 2.8 0.8
. GPS 28 19.4 215 20.3 14.2 9.7 6.9 45 2.8 0.7
29 19.4 21.4 20.2 14.0 9.7 6.9 49 2.7 0.8
30 19.4 21.5 20.2 14.2 9.7 6.9 4.6 2.7 0.8
GAL 27 22.4 18.6 15.4 144 12.1 7.8 5.3 3.0 1.0
30 225 18.6 15.4 14.3 121 7.8 5.3 3.0 1.0
10-20 27 22.7 18.8 14.9 15.2 11.8 7.7 5.2 2.8 0.9
GPS 28 22.9 18.9 14.8 15.2 11.8 7.7 51 2.7 0.9
29 22.9 18.8 14.8 15.2 11.8 7.8 5.0 2.8 0.9
30 22.9 18.8 14.9 15.2 11.8 7.8 51 2.7 0.9
GAL 27 21.4 171 145 12.7 124 10.7 6.3 3.7 1.2
30 215 17.0 14.6 12.7 12.3 10.7 6.4 3.6 12
20-30 27 21.6 16.6 14.9 12.9 12.8 10.6 6.5 31 1.0
GPS 28 21.7 16.7 14.9 12.8 12.6 10.7 6.5 31 1.0
29 21.6 16.6 149 12.9 12.8 10.6 6.5 31 1.0
30 21.6 16.7 15.0 12.9 12.6 10.6 6.5 31 1.0
GAL 27 21.0 16.8 139 125 11.0 9.6 91 45 1.6
30 20.8 16.8 14.0 125 11.0 9.7 9.1 4.6 15
30-40 27 20.2 16.8 14.6 12.3 11.0 10.4 8.8 4.5 14
GPS 28 20.2 16.9 14.6 123 10.9 10.4 8.8 4.5 14
29 20.2 16.8 14.6 12.4 11.0 104 8.7 45 14
30 20.0 16.9 14.6 124 11.0 10.5 8.7 45 14
GAL 27 23.0 16.7 143 11.8 9.9 8.5 7.6 6.1 2.1
30 23.0 16.6 14.2 119 9.9 85 7.7 6.1 2.1
40-50 27 22.4 16.6 145 12.0 10.3 8.6 7.4 6.1 2.1
GPS 28 22.3 16.6 14.6 12.0 10.2 8.6 7.4 6.2 2.1
29 22.3 16.6 145 12.1 10.3 8.6 7.4 6.1 21
30 22.2 16.6 14.6 12.0 10.4 8.6 7.4 6.1 2.1
GAL 27 23.0 19.7 145 11.8 9.3 8.2 6.4 4.8 2.3
30 23.0 19.7 14.3 12.0 9.3 8.2 6.4 4.8 2.3
50-60 27 24.3 185 141 12.0 10.0 6.5 6.5 47 2.1
GPS 28 24.3 18.6 141 11.9 101 7.8 6.5 4.6 2.1
29 24.4 185 14.1 12.0 10.0 7.8 6.5 4.6 2.0
30 24.3 185 141 12.0 10.0 7.9 6.5 4.7 2.0
GAL 27 18.2 215 184 131 10.2 8.5 6.5 33 0.3
30 181 21.4 184 13.2 10.2 8.6 6.5 33 0.3
60-70 27 19.2 22.5 175 13.0 10.2 8.6 6.1 2.8 0.1
GPS 28 19.3 22.3 175 13.0 10.2 8.6 6.1 2.8 0.2
29 19.3 22.3 175 13.0 10.2 8.7 6.1 2.8 0.1

30 19.2 22.3 176 13.0 10.3 8.6 6.1 2.8 0.1
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e the number Ins for Galileo system is always greater than for GPS system,

« the number Ins depends on the user’s latitude for each angle Hrrinfor each angle a for
both systems,

e the number Ins decreases and the relation Imlns increases with angle Hnjn in each
zone for each angle a for both systems.

Table 2
Distribution (in per cent) of satellite azimuths for different masking elevation angles (Hmi,,) for different number
of satellites operational (SO) of Galileo system and GPS system at different user’s latitudes (<),
Im- weighted mean number of satellites vis-ble by the user

Satellite azimuth (°1
90- 135-  ISO-  225- 270-  315-
135 180 225 270 315 360
27 10.0 15.0 9.9 10.0 14.9 15.0 9.8 10.2 15.2
30 111 15.3 9.9 10.0 14.8 14.8 9.7 10.2 15.3
5 27 9.8 14.9 10.3 9.9 15.2 15.1 9.8 97 nrr
28 10.2 14.9 10.3 10.0 15.2 15.1 9.8 9.7 150

o
A "1 0-45 45-90

GPS 29 10.5 14.8 10.3 10.0 15.2 151 9.7 9.8 151
30 10.9 14.8 10.3 10.0 15.2 151 9.6 9.8 15.2
GAL 27 7.8 16.1 9.7 9.7 144 14.3 9.7 10.0 16.3

30 8.7 16.4 9.6 9.6 145 141 9.5 9.9 164

15 27 7.6 161 10.4 9.6 14.2 142 9.7 9.6 16.2
28 7.8 16.0 10.3 9.6 14.4 144 9.6 9.5 16.2

GPS 59 g1 159 104 97 143 144 96 96 161
30 84 159 104 96 143 144 95 96 163
cAL 27 88 07 170 113 108 114 109 167 12

30 9.8 10.8 17.2 111 10.8 11.2 10.8 16.9 112

5 27 8.6 9.6 181 10.9 11.3 11.2 10.8 185 9.6
28 8.8 9.7 181 10.9 114 11.2 10.7 185 9.5

GPS 29 9.2 9.7 181 10.9 114 11.2 10.6 18.7 9.4
30 9.5 9.6 181 10.9 11.3 11.2 10.6 18.7 9.6
GAL 27 7.0 10.5 177 11 10.1 111 10.9 17.3 113

30 7.8 10.8 17.8 11.0 10.2 10.8 10.8 174 112

15 27 6.8 9.7 19.0 11.0 10.5 10.5 10.5 190 &8
28 7.0 9.7 19.0 10.9 10.5 10.6 10.5 19.0 9.8

GPS 29 7.3 9.7 19.0 11.0 10.6 10.5 10.4 191 9.7
30 75 9.7 18.9 11.0 10.5 105 10.4 19.1 9.8
GAL 27 9.7 8.6 18.2 12.3 10.5 114 12.6 178 8.6

30 10.8 8.7 18.3 12.2 10.5 11.2 124 18.0 8.7

5 27 9.1 6.8 17.8 138 114 11.2 124 19.4 72
28 9.4 6.8 179 138 114 11.2 124 193 72

GPS 59 97 68 181 137 114 111 126 192 71

30 101 67 182 136 113 112 127 192 71

eaL 271 40 207 136 114 122 U1 203 37

30 80 40 208 136 113 121 138 205 39

- 27 68 24 197 153 124 118 142 216 26
o B 70 24 198 153 124 118 142 216 25

29 7.3 2.4 20.0 153 12.3 118 14.3 21.4 25
30 7.6 2.3 20.0 152 12.2 119 14.4 215 25
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3. NO FIX AND DIMINUTION OF POSITION ACCURACY

The calculations for urban area were made for the user situated in the middle of the
street with the buildings on both sides; the building height B = 10 m, the width L of the street
was 20 m for different angles between the North and street axis (a). No Fix (in per cent) and
the comparison of the distribution (in per cent) of GDOP coefficient values for this urban area

Table 3
Mean number of satellites Ins visible above Hnmand the obstacles by the user situated in the middle ofthe street
twidth L = 20 m, height B = 10 m) for different angles Hni, for different angles between the North and street axis
(a) for different number of satellites operational (SO) of Galileo system and GPS system
at different observer’s latitudes (p, Im- weighted mean number of satellites visible by the user

Angle a [°]
Hrin Sy g 0 45 9% 135
A 1°1 tem
Imsdm Insfim Iris'Im Insfim
o op T ol T 1%1 b % 1
GAL 27 10.02 503 502 470 469 397 397 472 471

30 1112 558 50.2 521 46.9 4.40 39.6 5.23 47.0

5 27 9.84 4.85 49.3 4.59 46.6 3.82 38.8 4.58 46.5
28 1018 501 49.3 474 46.6 3.94 38.8 4.74 46.5

GPS 29 1053 518 492 490 466 408 387 490 465

o0 30 1092 537 49.2 508 465 423 387 510 46.6
GaL 21 784 495 632 439 560 379 484 443 565

30 868 549 632 487 561 420 483 490 564

5 27 757 476 628 427 564 364 481 422 557

s 2B 782 4% 629 441 564 376 480 437 558

29 809 508 628 457 564 388 480 452 558

30 839 527 628 473 564 403 480 470 559

caL 2 883 427 484 505 572 510 577 504 571

30 985 476 483 564 573 568 577 565 574

5 27 858 413 482 490 571 494 576 491 573

s 2B 885 426 482 506 572 508 574 507 513

20 917 441 481 525 571 527 574 525 572

4040 30 952 458 481 544 572 547 575 543 571
caL X T01 416 594 472 674 491 701 472 674

30 782 464 593 527 674 547 700 529 676

5 27 679 399 582 458 675 477 702 459 677

s B 700 412 582 473 675 491 701 474 677

29 726 426 587 490 674 509 700 491  67.6

30 753 443 587 508 674 528 701 500 675

GaL 21 967 404 418 499 516 513 531 501 518

30 1084 453 418 559 516 575 530 563 519

. 27 909 375 413 473 520 497 547 487 536

s 28 936 387 414 488 521 513 548 502 536

20 971 401 413 506 521 532 548 519 535

50.60 30 1006 416 414 525 522 553 549 538 535
caL 2 714 374 524 473 663 493 690 470 658

30 8.02 4.19 52.3 5.30 66.1 5.52 68.8 5.29 65.9

15 27 6.84 3.57 52.3 4.45 65.1 4.79 70.0 4.58 67.1

GPS 28 7.05 3.69 52.3 4.60 65.2 4.94 70.1 4.72 67.0
29 7.30 3.82 52.2 4.77 65.3 5.12 70.1 4.89 66.9
30 7.58 3.96 52.3 496 65.4 5.32 70.2 5.06 66.8
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and open area for the user’s latitude 50-60° are presented in the table 4, for latitude 0-10°
and 30-40° in the table 5. It was considered angle Hnm= 5°. As in land navigation in urban
area user’s receiver is located in the car, it was considered that receiver’s antenna height H”,

=0 m. We recapitulate that:
e the increasing of No Fix and GDOP coefficient values depends on the angle a and

the observer’s latitude zone for both systems,
Table 4
No Fix (in per cent) and the comparison of the distribution (in per cent) of GDOP values for restricted urban area
(RUA) for the user situated in the middle of the street (width L = 20 m, height B = 10 m) and for open area

(OPA), for masking elevation angle Hmm= 5° for different angles between the North and street axis a
at user’s latitude 50-60 for different number of satellites operational (SO) of Galileo system and GPS system;

”+” stands for increasing values, " for decreasing values, and ”0” for no change
a NO GDOP(RUA) - GDOP(OPA) = v |%]
System SO FIX

n I %1 v<3  3<v<4  4<v<5  5<v<6  6<v<8  8<v<20  v>20
GAL 27 231 -63.1 -6.4 +12.0 +9.6 +9.9 +9.2 +57
0 27 47.8 -45.8  -27.6 +4.1 +35 +43 +9.0 +4.7
GPS 28 44.0 -46.3  -26.6 +5.2 +4.0 +57 +8.8 +52
29 39.7 -54.9  -20.7 +78 +4.6 +74 +10.3 +58
GAL 27 15 -60.3 +108 + 164 12.2 +9.6 +7.0 +2.8
45 27 21.9 -43.2 - 182 + 107 +7.6 +9.3 + 8.6 +33
GPS 28 19.9 -43.4 - 167  + 118 +83 +8.0 + 8.6 +35
29 154 -49.5 -6.5 +11.2 +87 + 8.4 + 8.6 +35
GAL 27 2.0 -54.6 +104 + 1438 +9.9 +7.6 +6.2 +37
90 27 16.6 -42.4 - 142 +102 +6.5 + 8.7 + 10.2 +44
GPS 28 152 -416 - 144 +112 +74 +78 +10.1 +43
29 9.9 -46.0 -6.4 + 122 +8.9 +10.9 +83 +22
GAL 27 24 -54.8 +138 +121 +93 +73 +5.9 +4.0
135 27 17.0 -43.2 - 144 + 96 +85 +8.2 +9.2 +55
GPS 28 15.6 -42.7 - 129 +838 +9.2 +6.3 +9.8 +59

29 103 -46.7 -7.2 +11.2 +9.9 +74 +9.2 +48
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Table 5
jsjo Fix (in Per cent) ar'd the comparison of the distribution (in per cent) of GDOP values for restricted urban area
(RUA) for the user situated in the middle of the street (width L = 20 m, height B = 10 m) and for open area
QCPA), f°r masking elevation angle Hnj,,= 5° for different angles between the North and street axis a at user’s
latitude fop) 0-10° and 30-40° for different number of satellites operational (SO) of Galileo system and GPS

system; "+ stands for increasing values, for decreasing values, and ” 0™ for no change
NO GDOP(RUA) - GDOP(OPA) = v %]
&  sysem SO FIX
1*1 11 [%]  v<3  3<v<d 4<v<5 5<y<B  6<v<8 8<v<20 V> 20

GAL 27 0.9 -63.3 +25.2 +71 + 12.8 + 8.8 +6.2 +23

0 27 221 -59.7 +8.0 +77 +6.9 +5.6 +75 +1.9
GPS 28 190 -60.7 +9.1 +96 +6.5 +6.1 +74 +3.0
29 125 -63.1 +138 + 1038 +6.4 +7.0 + 88 +38

0-10 GAL 27 178 -79.6 +115 +77 +140 +93 +126 +67
90 27 43.4 - 68.6 -0.9 +57 +6.3 +34 +7.4 +33

GPS 28 382 -69.0 +15 +90 +58 +36 +67 +42

29 35.6 -63.1 +56 + 10.7 + 6.6 +51 + 7.7 +4.8

GAL 27 132 -857 +208 +98 +181 +78 +106 +54

0 27 385 -555 -7.8 +27 +43 +51 +91 +36

GPS 28 345 -56.2 -6.3 453 +42 +53 490 +42

2040 20 308 -605 -4.7 +79 +55 +58 +101 +51

GAL 27 0.3 -76.0 +319 +80 +176 +6.9 +84 +29

9 27 201 451 -5.0 +63 +56 +49 +84 +48
GPS 28 175 -46.7 -2.5 +76 +54 +56 +88 +43
20 90 511 +10 +112 +78 +91  +91  +39
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Table 6

No Fix (in per cent) and the comparison of the distribution (in per cent) of GDOP values for restricted urban area
(RUA) for the observer situated 35 m from the obstacle (height B = 15 m) on the one hand (E, W, N or S)
and for open area (OPA), for masking elevation angle H,~ = 5° for different angles between the North and

obstacle axis a at observer’s latitude 50-60° for different number of satellites operational (SO) of Galileo system

for decreasing values, and ”0” for no change

and GPS system; “+” stands for increasing values,

Angle
a

S0
11

45

90

135

Side  System

GAL
E

GPS

GAL
w

GPS

GAL
E

GPS

GAL
w

GPS

GAL
N

GPS

GAL
S

GPS

GAL
N

GPS

GAL
S

GPS

SO

27
28
29

27

27
28
29

NO
FIX
[%]

0
21
2.1
1.0

2.8
2.8
0.8

0.8
0.8

15
13

0.9
0.5

0.1

0.7
0.7
0

v<3

- 118
-23.3
-23.3
-24.8
- 131
-24.8
-24.6
-28.2

-7.5

- 20.6
- 201
- 198

-24.0

- 2238
-22.9
-26.1

- 21.0

-23.4
-23.5
-26.2

-9.0

- 211
- 194
- 186

- 175

- 216
-21.5
-22.3

-7.0

-21.4
- 199
- 190

GDOP(RUA) - GDOP(OPA) = v [%|

3<v<4

+ 10.1
- 2.6
- 19
+3.0
+ 104
- 12
- 10
+51
+72
+41
+43
+6.4
+16.9
+09
+ 13
+76
+11.9

+ 14
+2.0
+6.9
+8.9

+59
+4.8
+75

+ 116

+ 1.0
+22
+5.9

+6.8

+5.0
+3.7
+6.0

4<v<5

+ 12

+91
+8.9
+ 8.7
+24

+83
+82
+ 103

+0.1

+75
+6.3
+6.2
+6.4

+82
+87
+82

+81

+8.2
+75
+78
+0.1
+79
+6.7
+6.0

+56

+76
+6.2
+ 6.4
+0.2

+83
+78
+7.6

5<v<6 6<v<8

+05
+51
+4.9
+43

+0.2

+5.6
+6.6
+65

+0.2
+25
+23
+31
+0.7

+4.9
+53
+5.9

+ 1.0

+4.4
+57
+6.1

+25
+26
+26

+0.3
+45

+4.9
+3.9

+38
+41
+32

+3.0
+2.7
+2.7

+0.1
+43
+34
+2.6

+22
+25
+12

+3.0
+2.0
+ 13

+35
+27
+25

+ 18
+22
+ 15

+ 17
+ 15
+2.0

+ 1.2
+ 1.2
+ 12

8<v<20

+4.7
+4.6
+34

+4.2
+3.8
+2.3

+3.2
+34
+2.6

+34
+34
+2.6

+4.0
+4.2
+2.6

+2.6
+2.7
+09

+33
+3.6
+39

+23
+22
+11

v>20

+19
+20
+ 17

+0.8
+0.8
+0.6

+03
+05
+03

+09
+09
+05

+10
+09
+03

+03
+03

+20
+ 19
+11

+0.1
+0.2

for the same number SO (27) No Fix value (independently of angle a and user’s
latitude) is for Galileo less than for GPS considerably, e.g. at latitude 30 - 40° and a
=90° is equal, adequately, 0.3 and 20.1,
as the distribution of satellite azimuths depends on observer’s latitudes, the
increasing of GDOP for a = 90° is at latitude 0-10° the highest, at latitude 50 -

60° the least,

GDOP coefficient values are greater in urban restricted area than in open area for
both systems considerably [3], [5],
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» ifthe number SO of GPS increases No Fix and GDOP coefficient values decrease in

each case.

No Fix (in per cent) and the comparison of the distribution (in per cent) of GDOP
values for the observer situated 35 m from the buildings (height = 15 m) on the one hand
(East, West, North or South) and for open area (OPA), for different angles between the North
and street axis a for Galileo system and GPS system are presented in the table 6. It was
considered Hmm= 5° at user’s latitude 50-60°. We can say that:

o for the same number SO (27) the increasing of GDOP coefficient value is for
Galileo less than for GPS considerably,

» for the same number No Fix value isfor Galileo equal 0 always, for GPS its value
depends on angle a and the buildings side; e.g. ifa = 0° and the side is W No Fix =
2.8, ifa =90° and the side is S No Fix = 0.1 only,

e GDOP coefficient value depends on  the angle a andthe buildings sidefor both
systems,

e ifthe number of GPS satellites (SO) increases No Fix and GDOP coefficient value
decrease in each case.

4. CONCLUSIONS

We can recapitulate that:

e as in open area about the half of GPS and Galileo satellites is visible by the user
below 30°, in urban area the possibility of the use of satellite navigation systems in
the new advanced applications is very often limited (user’s position accuracy
decreases) and sometimes impossible (user’s position cannot be obtained),

e as at the present time GPS satellite constellation [8] differs from baseline
constellation [7], its actual GDOP coefficient is usually greater than few years ago,

e if the number of GPS SO increases (e.g. from 28 to 29) in urban area GDOP
coefficient value decreases and No Fix value can decrease. The scale of this
decreasing depends on this new satellite position (orbit and slot),

e as the distribution of satellite azimuths depends on observer’s latitude, the
possibility of the user’s fix position and its accuracy depend on user’s geographic
location, street orientation and in the case of the one-side buildings, on this
buildings side also.
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