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Current GPS

* Provides limited availability and capabilli
e Japan

— Mountainous terrain

— Urban canyons



Japan -

e Leads the world in the various applicatio
of GPS equipment and services

— Civil use
e 5.7 million GPS-equipped cellular phones

e 2 million GPS-equipped car navigation
units

— Annually sold



Proposed QZSS

. Japanese Quasi-Zenith Satellite System %=
(QZSS)

 Augments GPS
 Highly elliptic orbit (HEO) satellites orbiting
« GEO-synchronous

o Zenith direction (high elevation angle)

— Recelve signal from at least one of the
satellites



Satellite Constellation

e 5 types of satellite constellations
— Considered with QZSS

o 3 favored types
— Discussed
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Fig. 1. Ground tracks of thres QZ55 satellite constellation optons. (a) Opticn 1. (b) Optien 2. () Opton 3.

TABLE 1
Parametars of the Three QZ55 Satellite Constzllation Options

QZ5S Ground MNumber of Eccenmi- Inclina- Semi-major
Option Track Gatellites Ity fiom Axis

1 Asymmetrical 34+ 1 0.009 45.0° 42164 km

& shape
Egg-chape 34+ 1 0360 52.6% 42164 km

Svmmetrical 34+ 1 0000 45.0° 42164 km

& shape




« User located in Tokyo e
« Track '

—at least 1 QZSS satellite with 70 degree mask
elevation

— 2 QZSS satellites with
a 30 degree mask
elevation




Sighal Structure

e QZSS uses

— Same signal structure as GPS and Wide Area
Augmentation System (WAAS)

— Pseudorandom noise (PRN) code

TAFLE I
Possible Signals of GPS and Q5% with Corresponding
Freguencizs, Wavelengths, and Typical Code Measorement
Accuracies

Frequency Waveleagth Twpical Code Meazorement

Signal [WIHZ] (i) Accuracy o, [m]

L1 157542 01903 030
L2 1X27.60 0.2442 030
Ls 1176.45 0.254% 0.1
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 Dilution of precision
— Measure for geometrical strength

* Lower the DOP is, higher the quality of the
position estimate

« GDOP Is applied to evaluate the
performance of positioning with code



Ambiguity Success Rate | #&

e Obtained once all these are known
— Functional mode
— Stochastic mode
— Integer ambiguity estimator

e Used to elevate the capability of carrier-
phase-based positioning

e Higher
— Better the performance




Software Simulations

TAFLE 111

Configuration of all Scenarios Considered in the Simulatons

Sveiem

GRS, GPS+0QZ5E (three opfions)

Functional mods=l

Faseline model

Mazk elevation
Mumber of epochs wizd for =ach zeluton
Nomber of freqoencie:

Single medimm length baselineg (20 km),
reving-receiver geometry-based modsl
307

1

(L1 amd LZ}

Stochaztic model

Code standard d=viation
Phaze standard deviadon
lenospheric model
Tropo:pheric delay

Tp = 0300 m
Ty = 0.003 m
[onosphere-weighted model, ¢, = 0.020 m
g, =0.010 m

Integer Ambignity Eztmation

Bootsmapped Estmator

Spanal simulaton

Dat= and dme
Location

Belay 15, 2003, 12:00
Asian-Pacitic and Amstralian area
[Latitmde: 90° 5-00° ™, Longituds: 60°-210%)

Temporal simulation

Date and dme
Locaton

Mlay 15, 2003, 00:00—May 15, 2003, 24:00

Tokyo (35°30'50" N, 139°47'32" E)

Crutput

Spatial variation
Temporal variation

Muomber of visible satzlliees, GDOP,
and ambignity smccess rate




Spatial Variations

TARLE IV
Satellites, GDOP, and Ambignity Swcess: Rate for Ditfersat Constellations

Spatial Variation: of the MNomber of Visible 5

GPS Only GPS+0QE55 GPS4+0QZ55 2 GPLR+0EESE 3

Systom
Whole Arex MNuomber of Visible Satelliter > 4 F5.51% Q56T 05 40%:
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11
.40
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Spatial Variations

TAELE IV
Sparial Variations of the Nomber of Visible Satellites, GDOF, and Ambignity Success Rate for Different Constellations

GP5+0QZ55 2

System GPS Only GPS+0QZ55 1 GP5+0QZ55 3

92.21%

05.40%

95.67T%

Whols Area Mumber of Visible Sarellites =4 F5.51%

Number of NI 4 4 El 4

visible zatellices WA g 11 11 11
MEAN 640 6.17 b.46
Poszitioning MIN 148 .63 146
available area GDoOP MAX 52.52 75.13 53.25
{GP35 only) MEAN 7.10 10.01 L]
Ambiguity MIN 25.035% 15935 15.03%
SUCCE3E Taie WA Q.51 00 81% L9 F1%

78.05%

F4.02%

MEAM 54.27%
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Fig. 3. Spanal variation: of number of visible sarellit=s for different constzlladions. (a) GPS onlv. (b) GPS and QZ55 option 1.
(c) GPE and QZ55 eption 2. (d) GPS and QZ55 option 3.



Spatial Variations

TAELE IV
Sparial Variations of the Nomber of Visible Satellites, GDOF, and Ambignity Success Rate for Different Constellations

System GPS Only GPS+0QZ55 1 GP5+0QZ55 2 GP5+0QZ55 3

92.21%

Whols Area

Mumber of Visible Sarellites =4 F5.51% 935,679 05 40%

Number of NI 4 4 El 4
visible zatellices WA g 11 11 11

MEAN 640 6.17 b.46

Poszitioning MIN 148 .63 146
available area GDoOP MAX 52.52 75.13 53.25
{GP35 only) MEAN 7.10 10.01 L]
Ambiguity MIN 25.035% 15935 15.03%
SUCCE3E Taie WA Q.51 00 81% L9 F1%

MEAM 54.27%
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Fig. 4. Gpanal variavon: of GDOP for different constellations. (3) GPS only. (b) GPS and QZ55 option 1.
(c) GP5 and QZ55 option 2. (d) GP5S and QZ55 eption 3.



Spatial Variations

TAELE IV
Sparial Variations of the Nomber of Visible Satellites, GDOF, and Ambignity Success Rate for Different Constellations

System GPS Only

GP34+0QZ535 1 GP5+0QZ55 2

GP53+0Z55 3

92.21%

Whols Area

Mumber of Visible Sarellites =4 F5.51% 935,679 05 40%

Number of NI 4 4 El 4

visible zatellices WA g 11 11 11
MEAN 640 6.17 b.46
Poszitioning MIN 148 .63 146
available area GDoOP MAX 52.52 75.13 53.25
{GP35 only) MEAN 7.10 10.01 L]
Ambiguity MIN 25.035% 15935 15.03%
SUCCE3E Taie WA Q.51 00 81% L9 F1%

MEAM

78.05%

5427 F4.02%
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Fig. 5. Spafial variations of ambignity success rate for differsnt constelladons. (a) GPS only. (b) GP3
(d) GP5 and QZ55 option 3.

and QZ55 opdon 1.



Spatial Variations

* Improve the satellite visibility
 Extend the positioning available area

o Offer better GDOP

* Improve the capabillity of carrier phase
positioning
— Japan and neighboring regions

o 1St option

— More favorable availability, accuracy, and
capabillity of carrier-phase-based positioning



Temporal Variations

TABLE V
Temporal Variaoons of the Nomber of Visible Satellite:, GDOP and Ambiguity Soccss: Rate for Differsnt

GPS Only
Whols Time er = 4 a1 404

MNumber of

visible satellites MAM

MEAT

Pozitioning it Il

available tme GDOP hAM

(GPS5 only) NMEAMN i

Ambiguity I 28035, TX.40%
MAX 8. 2T o0 47
MEAT b0, 255 Q3.03%




Temporal Variations

System

Whole Time

MNumber of Visible Sarellites =2

TABLE vV

GPS Only
91.40%

GPS+0Z5

100005

31

GPS+0Z5

L0000

Temporal Variations of the Number of Visible Satellites, GDOP and Ambiguity Swocczs: Rate for Different Constellations in Tokvo

32

[

100.00%

GPS+0Z55 3

Number of

MEAM

MIM

vizible zatellites MAX
MEAN
Positioning I
available dme GDOP MAX
{GPS only) MEAN
Ambigunity MIN
SUCCE3E rate MAX

167275
11.7%
18.93%
98.17%

] 5 5
10 10 10
6.94 T.07 6.31
2.37 2.43 244
1281 38.51 12.65
478 544 4385
T2.40% 40,79 40 235
00 4759 90 435 D955%
93.03% 91.75% 02.05%
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Fig. 6. Temporal variztions of number of vizible satellites for different const=llations. {a) GPS enlv. (b) GPS and QZ55 opticn 1.
. (dy GPS and QZ55 eption 3.



Temporal Variations

TABLE WV
Temporal Variations of the Number of Visible Satellites, GDOP and Ambiguity Swocczs: Rate for Different Constellations in Tokvo

System
MNumber of Visible Sarellites =2

GPS Only
91.40%

GPI+0Z55 1
100005

GP3+0QZ535 2
100.00%:

GPS+0Z55 3
100,005

Whole Time

MIM ] 5 5

Number of 5 :
WA g 10 10 10

vizible zatellites

MEAN 4.93 R 7.07 6.81
Positioning I 198 2.37 2.43 244
available time GDOP WA 167275 12.81 38.51 12.65
{GPS only) MEAN 11.78 478 5.44 485
Ambiguity I 28.03%; 7240 40,705 40 239
SUCCE3E rate MAX 98.27% Q0. 475 00 435 09555
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Temporal varations of GDOP tor different constellations. {2) GPS only. (b) GPS and QZ55 opticn 1.
(d) GPS and QZ55 option 3.



Temporal Variations

TABLE WV
Temporal Variations of the Number of Visible Satellites, GDOP and Ambiguity Swocczs: Rate for Different Constellations in Tokvo

System GPS Only
MNumber of YWizible Satellites = 4 91.40%

GPI+0Z55 1
100005

GP3+0QZ535 2
100.00%:

GPS+0Z55 3
100,005

Whole Time

Number of MIN ] 5 5
vizible zatellites MAX g 10 10 10

MEAN 4.93 R 7.07 6.81
Positioning I 198 2.37 2.43 244
available time GDOP WA 167275 12.81 38.51 12.65
{GPS only) MEAN 11.78 478 5.44 485
Ambiguity I 28.03%; 7240 40,705 40 239
SUCCE3E rate MAX 98.27% Q0. 475 00 435 09555

MEAM 93.03% 91.75% 02.05%
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Fig. 8. Temporal variations of ambigoity svcoess rate for differ=at constellations. (a) GPS only. (b) GPS and QZ55 option 1.
(c) GP% and QZ55 eptien 2. (d) GPS and QZ5E5 eption 3.



Temporal Variations

* Improve the satellite visibility
 Extend the positioning available area

o Offer better GDOP

* Improve the capabillity of carrier phase
positioning
— Japan

o 1St option

— More favorable accuracy and capability of
carrier-phase-based positioning



Conclusion

* Improve the satellite visibility =N
 Extend the positioning available area '
o Offer better GDOP
 Enhance the capability of carrier phase
positioning
e 15t QZSS option
— Best for Japan
e 34 QZSS option

— Best for the whole Asian-Pacific and Australia
area




