urope’s new age of satellite navi-
gation has passed a historic mile-
stone — the very first determina-
tion of a ground location using the
four Galileo satellites currently in orbit
together with their ground facilities.

This fundamental step confirms the
Galileo system works as planned.

This first position fix of longitude,
latitude, and altitude took place on the
morning of March 12 at the Naviga-
tion Laboratory at the European Space
Agency’s technical heart, the European
Space Research and Technology Center
(ESTEC), in Noordwijk, the Nether-
lands. The achieved accuracy of better
than 10 meters met expectations, taking
into account the limited infrastructure
deployed so far.

HN

alileo on
S

First Position Fix
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EUROPEAN SPACE AGENCY

In a milestone for Europe’s GNSS
program, the European Space

-_ X Agency reports the first successful

This article describes a moment long
awaited by the designers of the Galileo
system and includes useful information
for any receiver manufacturers intend-
ing to use the system for early testing.

Galileo System Status
The status of the deployed Galileo satel-
lite constellation is included in Table 1.

3D position determination
using only Galileo satellites.

The Galileo in-orbit validation
(IOV) satellites transmit modulated
signals on all three carriers E1, E5, and
E6. In particular, the composite binary
offset carrier (CBOC) signal is broad-
casted on E1, meeting the standard
agreed with the United States for the
interoperability of Galileo and GPS.

The Galileo IOV satellites signal-in-

International End In-Orhit
Satellite Designator ~ SVID  Orhital Slot Launch Date  Commissioning Date  Clock
(GSAT0101/10V PFM 11060A 11 BOS 21.10.2011 25.04.2012 PHM
(GSAT0102/10V FM2 110608 12 Bob 21.10.2011 25.04.2012 PHM
GSAT0103/10V FM3 1255A 19 Co4 12.10.2012 On-going PHM
(GSAT0104/10V FM4 1255B 20 Cos 12.10.2012 On-going PHM

TABLE 1. Deployment Status Note: Two types of clocks on board: PHM = Passive Hydrogen Maser, RAFS =

Rubidium Atomic Frequency Standard
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space data channels transmit navigation messages for all types 2 B ! T

of services: F/NAV corresponding to the Open Service, /NAV 18+ ‘ l %. el |

corresponding to the Safety of Life, and G/NAV corresponding ] o
In the current configuration, the navigation message signal 14+

flags are set as follows:

« Signal Health Status (SHS) Flag set to “Signal component
currently in test,” given that validation testing is still under
way gl

o Data Validity Status (DVS) Flag set to “Nominal” or “Work-
ing Without Guarantee” depending on when navigation
data batches are updated on-board the satellites. PO i
Note that the SHS and DVS flags are used by receivers to

determine whether or not satellite range measurements and

associated navigation data can be included as valid input to the
position/velocity/time (PVT) algorithm: whenever SHS is set to

“Signal component currently in test” or DVS is set to “working

without guarantee,” the signals from the associated satellite will

be excluded from the nominal PVT algorithm.
In the coming months, the messages will be further elabo-

12 1

DOP
S

Galileo HDP - Time UTC 2013-03-12 10:00:00

rated to define the “offset” between Galileo System Time and e : e
Coordinated Universal Time (UTC), enabling Galileo to be : ' T P ;:,_:'
relied on for precision timing applications, as well as the Gali- 0r -..;j’ |
leo to GPS Time Offset, ensuring interoperability with GPS. In = AVels
addition, the ionospheric and broadcast group delay parameters § 0 x “‘\ . Ditso., 1
for single-frequency users will be transmitted at a later stage. g L 1] e 'k
vl = e >
Galileo Constellation Visihility =0T > O S
The position fix achievement and its performance depend on L "_‘IEE'B _dw_“lgo' _‘éa’fmg_ g 5 1506_“
the time of the test and on the location of the receivers. The Longitude (°)
location selected for the position fix is ESA/ESTEC in Noord- B : 00 |
wijk, home of the ESA’s Galileo Project Office. The activation 22 23 24 25 26 27 28 29 3

of the navigation message generation was decided to be March X . _— . -
FIGURE 2 Galileo horizontal dilution of precision global map computed by

12,2013. the ESA/ESTEC Time and Geodetic Validation Facility (TGVF) at 10:00:00
With only four satellites for the time being, the complete UTC, March 12, 2013

Galileo constellation is presently visible at the same time for
a maximum two to three hours daily. The focus of the dem-
onstration campaign has been on the horizontal and vertical
position fixes, with priority on the horizontal domain.

The evolution of the dilution of precision (DOP) is plotted
versus time in Figure 1. As can be observed, the best time inter-
val is between 10:00h and 11:00h UTC with a DOP value below
4. At the beginning of this time window, the global map of the
horizontal DOP is depicted in Figure 2.

The skyplot of the Galileo satellites is presented in Figure 3
showing FM3 (E19) with high elevation, and PEM (E11), FM2
(E12), and FM4 (E20) with an elevation higher than 20 degrees.

Galileo Test User Receivers

A variety of test user receivers (TURs) were developed in order
to assess the performance of the Galileo system from the user
point of view and are key tools in its forthcoming validation.
The receivers have been built in a more complex, configurable
way than a typical navigation receiver in order to represent a
wide range of users.

FIGURE 3 Skyplot ESTEC Noordwijk March 12, 2013 10:00-11:00 UTC
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Class. Frequency 1 Frequency 2
Antenna Type High-End Sat Used CNO[dBHZ] Stalus Validity  CWO[dBHzZ] Status Walidity
Reference Timing External 10 MHz 81 no i
IF Source RFIF Board 82 no i
User Application Fii= Fiead 83 no »
SAR Beacon ID 0 8Y4 no -4 E
Frequency 1 Libe 25 o & I
Frequency 2 ESa V8 no O — T
Station ID Slna =
S 88 no 1
L1/EB CM Wode OPER 5] :vv ‘gn :g : ‘
EE SN Ll i V11 yes 4120  TRACK guaranteed 4650  TRACK guaranteed
CMLocal Time[s]  80625.656 EV12 yes 4510  TRACK guaranteed 4820  TRACK  guaranieed
= Soluti EVY13 no
Solution Mode 30T EV14 no
PVT Frequency 10Hz 8V15 no
Fraguency Mode Dual Fraguancy 8V16 no
V17 no
N. Used Satellite 4 V18 no
N. Visible Satellite 4 EV19 yes 46.00 TRACK  guaranteed 5010 TRACK  guaranlesd
N Tracked Salelite 4 SV20 yes 4750  TRACK oguarantesd 49.90  TRACK guaranteed
GDOP 5145 V21 no
CPYAT — 8Y 22 no
Walldity not guaranteed &V 23 no
Solution Time Tue 120312013 9:58:55635 3“':; id
Latitude [deg) 52°13'6" e
Longitude [deg] 25100 H g;: ::
Helght [m] 52,349 & Lo
North [rmis) 0.005 ﬁ V29 no
Eastim/z] -0.003 svao ; - p— :
Down [mis] 0.002 = vy :: View of the Thales Avionics Galileo
North [mis2) 0.002 5 3o navigation-only test user receiver
East|mis2] 0.021 g 8V33 no
Down [mis2] 07 E¥34 no
FIGURE 4 Thales Avionics TUR man-machine interface dual—frequency receiver. The precision
of the position estimation is shown to be
T Bh®ie ®3-0F0D within expected boundaries (horizontal
oo | standard deviation around 1.5 meters
50 . . .
~il Ll Fostcn | Jalacty and vertical standard deviation around
» Wt b Remraver m iAo 1.7 meters) and proves the quality of the
e i il transmitted Signal in Space (SIS).
20 * Satelite Status
8 e Kk — — System Performance
) o ) o) ) (o s o) () (] o ] Monitoring
|Ee| |E20 | 11 . . .
@ ) o) e e el ) ) () ) ) Independent monitoring from the Gali-
6] | | [F=18 R == . . .
7l o ko kA Ak leo system infrastructure is provided by
E  EIEIEIEIEIEBI EIEIEIS e+ s e the Galileo Performance Center hosting
» 7 e ke = the Time and Geodetic Validation Facil-
» e Gl oo Cimalinme] v ams ity (TGVF) at ESA/ESTEC.
= GNSS tme frame: PDOP: 158 Mode: Standalone: .
Toe 120402013 o 29 gl The TGVF is supported by a network
L] v s 102 14:56.200 HDOP: 212 Info: Hone:
iy o e s Ghiz ChIS G1 G O Ghie ofbeoutcis || wor 300 p— of sensor stations deployed worldwide
. — and able to receive Galileo and GPS sig-
FIGURE5 Septentrio TUR man-machine interface . .
nals and perform an accurate estimation
of the satellite orbit and clock errors.
Consortia led by Thales Avionicsand | urban area of Leiden, The Netherlands, The TUR results provided previously
Septentrio, respectively, have supplied | showing similar performance. in this article correspond to a real-time
test user receivers in both navigation and processing. The TGVF has also com-
PRS (Public Regulated Service) versions. Results puted the position off-line to be used as
The receivers are shown in accompany- | The first PVT determination was | reference, as seen in Figure 8.
ing photos. achieved with all test user receivers. In general, the accuracy is as expect-
In order to cover the first position-fix | Figures 4 and 5 show screenshots of the | ed, considering the effect of the local
test, a set-up with several Galileo TURs | PVT solutions produced by the Thales | Galileo constellation geometry (or
was arranged at the ESA Radionaviga- | Avionics and Septentrio TURs, respec- | DOP) and the expected signal-in-space
tion Laboratory. In parallel to the set- | tively. ranging error (SISRE) with the limited
up deployed in the ESTEC Navigation Figure 6 and Figure 7 show the hori- | ground infrastructure. Accuracy is simi-
Laboratory, a TUR was mounted in a | zontal and vertical accuracy for the | lar to the previous results shown for the
TURSs.

van and a mobile test performed in the

position computed by Galileo E1-E5a
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FIGURE 6 Horizontal accuracy (ENU) - Galileo dual-frequency E1-E5a

Future Plans

In the next month ESA will conduct IOV testing. This is an
intermediate step in the Galileo system deployment aiming to
confirm that the overall performance can be met before com-
pleting the full deployment of the constellation and the ground
segment. The results shown on March 12 meet expectations,
taking into account the limited infrastructure deployed at this
stage, and demonstrate that the Galileo system works.

The validation will continue throughout this year, aiming
to complete full performance characterization by the end of
2013. With the validation testing activities under way, users
might still experience breaks in the content of the navigation
messages being broadcast.

With only four satellites for the time being, the present
Galileo constellation is visible at the same time for a maximum
two to three hours daily. This frequency will increase as more
satellites join them, along with extra ground stations coming
online, for Galileo’s early services to start at the end of 2014.
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Galileo On Its Own continued from page 53
Commission and ESA have signed a del-
egation agreement by which ESA acts as
design and procurement agent on behalf
of the European Commission.
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