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® More navigation systems will provide services for users. The

multi-GNSS era Is coming.

® To ensure the GNSS service quality, realize the interoperation of
OS signals, it is desirable to carry out GNSS monitoring and

assessment.

® In June 2011, at Vienna ICG conference, the international

GNSS Monitoring and Assessment services was proposed.
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® At 2011 ICG-6 In Tokoyo,
the decision was adopted to
carry out the GNSS open
services monitoring and
assessment.

on
GNSS
and
was

® The subgroup
Internationa
Monitoring
Assessment(IGMA)
formed at ICG-6.
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Eurcpesn Union atended the Mesting. Representatives of e following

and = alse anended: Civil
Globel Positioning System Service Interface Commirtee, Committes on Space
Research, Ewropesn Space Agency, Europesn Position Determination System,
Internationel Federation of Surveyors, luternationsl Associstion of Geodesy
(IACG) amd IAG Reference Freme Sub-Commission for Europs, Intemational
Bursau of Weights and Messures, Itemnetions] Earth Rotetion end Referance
Systems Servica and GNSS Service. ives of the
Office for Ower Space Affairs of the Secretariar snd the Internarionsl
Telecommumicarion Union also nended. Australia was invited 1o arend &5 an
observer. The representatives of the Interagency Operations Advisory Group
and the Fédération Aéronsurique Intemationale al:o attended and were
recognized by ICG as a new observer end &s an associate member respectively.
The representatives of Indonesia, Republic of Kores, Theiland axd Vist Nam
also participated.

3. ICG recalled thet the Gemeral Assembly, in its resclution 65
welcomed the progress made by ICG towards schieving companbility and
iteropersbility ameng global and regionsl space-based positioning, navigation
snd timing systems and in the promotion of the use of global navigation
satellite systems and their integration it national infrastructure, particularly
in developing countries, and noted with sstisfaction that ICG had held its
fifth meeting in Turin, Ttaly, from 18 to 22 October 2010, which had been
jeintly orzanized by Iraly nd the Eurepean Commission

4. ICG noted that the working groups forused on the following fssuss:

and lity, of e of GNSS
services; information dissemingtion end capacity-building; end refersuce
frames, timing and spplications

5 ICG further nowed thet Werking Group A on compsubility snd
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intersessional meeting held in Tune 2011 et the United Nations Office at
Vienna end the two days of presentations and discussions conducted during the
Sixth Meting of ICG Interference detecrion and mirigation, and open service
provision snd performance monitaring by mult-GNSS nerworks wers the
major sress of focus, lesding to three of the workinz growp’s
four recommendsrions. The session on multi-GNSS moniroring and the session
on intercpersbiliry were hald jointly with Working Groups B and D, rasulting
m constructive dizlogue with those working groups end mn agresd plan of
practical steps, mcluding the esmablishment of = subzroup to collsctively
investigete international GISS monitering and assessment.

6. Working Group B on enhancement of the performance of GNSS sarvicas
discussed, smong other things, the dissemination of dissster mformetion It
wes noted that satellite navigation systems might provide essential
contributions, but the service concept still needed further slaborstion. Dus 1o
the importance of that issue & new work item wes introduced in the Working
Group’s workplan. In addition the existing actions in the cument werkplan
were confimed and wers reflacted by the Working Group members in their
presentations, and good progress was zhown in various ereas, including indoor

£, siznal ion, precise positioning maritime
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Several GNSS monitoring activities are under way,

® the long-term successful operation of I1GS.

® The achievements in GNSS signal monitoring by Stanford
University, DLR, IAC, MGA and others.

® Preliminary experience of GSC and future GRC

® For the realization and promotion of IGMA proposal, IGMAS

has obtained great achievements led by China.
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Objective & tasks:

® To promote the sharing of global monitoring resource and provide
better GNSS service for users.

® To study the related standards, the sharing mode of resources.

® To develop basic products as well as monitoring and assessment

Information.

® To provide service for monitoring and assessment, scientific research

and various applications effectively.

B T,
P 4
- - ¢



GNSS
Builders

Monitoring

Analysis Center is
responsible to the depth
processing of the original
observation, the formation
of high-precision
products, and provid

X products to Product
Information Synthesis and Service
Management Center.

!Il l coordinates

bias

products High-
precision
products products

Monitoring the operation
status of the international
GNSS monitoring and
evaluation system, and issuing
the instruction information
according to the running state

To analyse the quality of the
analysis center products,weighted
process the results, form the final
integrated products.

evaluation

and evaluation

monitoring and evaluation

Releasing integrated products,
monitoring and evaluation
i the backup of p

and evaluation

Original observation data ﬁ High-precision products ﬁ Device status

|:> Observation data ﬁ Basic products ﬁ Control instruction
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Monitoring prod
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Milestones

Sep. 2007, idea of IGMAS,;

Aug. 2010, requirements analysis and project approachment;
Dec. 2012, IGMAS project approval,

Jul. 2014, start of trial running and service.

Jul.2016,Most construction has been finished, open routine
service started.




@) 2.4 Development of iIGMAS
(1)Tracking stations

Up to the Sept.2016,18 tracking stations have been built:8 in China,2 in

polar regions,8 abroad stations
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© 2.4 Development of iGMAS
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*@;” 2.4 Development of iGMAS
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© 2.4 Development of iGMAS

(4)Monitoring Analysis Center
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© 2.4 Development of iGMAS

k Product Integration Process Website /




'f 3

&) 2.4 Development of iIGMAS

Monitoring Hall
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@ 2.5 Basic Service
=

(1) Original observations and Basic Products

Orbit

Clock

Inter-frequenc
Biases

lonosphere

Troposphere

lonospheric
scintillation index

Earth rotation
parameters

Geocentric
coordinates of
tracking station

GNSS satellite related product

Atmospheric Environment
related products

I tracking station related products




(2)Monitoring and assessment information

Monitoring and Assessment Parameters

Constellation Status Navigation signal Navigation Information Service Performance
|| Single satellite work status User-Received Signal : : e Positioning, Velocity and
9 L, Level —» Navigation message status P — 1 Timing (PVT) Accuracy
4 - \
—_ »{ Broadcast Orbit Accurac )
== X Y
= Orbital parameters Envelop Characteristic of ( Broadcast Clock Offset ‘ B — L
P Power Spectral Density > Accuracy S — — > PVT Continuity
] e _ - Sigal-In-Space User ™~
— — — » Ranging Error (SIS )
T ] ™ Baseband Signal ; ¢ \\‘\ URE) -
( L Constellation DOP ) Waveform in gl'ime e Slgal-mggﬁg Sigal T e e T Ly PVT Availability
\\\ = Domain
o | Sigal-In-Space Continuity
- Sigal-In-Space
Sigal-In-Space > ,gvailabiﬁty
- Orthogonality
Characteristics o User Ranging Rate
o Error (URRE)
| User Ranging Acceleration
Error (URAE)
»| Sigal-In-Space Correlation — o | Broadcast ionosphere delay
Characteristics = model accuracy
| Coordinated Universal | .
—— (ma Time offset error )
< > — (UTCOE) S
~ . Ranging Stability —— —— > TGD accuracy
IGMA-IGS Trial Project | System Time Performance
) ) GNSS System Time
Relative phase consistency Deviation
P hetween two ranging codes i
Ly Satellite Clock
Performance




' 3

1. Backround
2. IGMAS

3.Monitoring Results

L A
B




g

=}
o
¢ = = = =

[
o
o

o

g & &

(1)Visible Satellite number
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(2) Healthy of Satellite

(blue:healthy, red:unhealthy, 2016, doy1-181)
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@) 3.2 Navigation Signal Quality

(1)Signal power envelope




@ 3.2 Navigation Signal Quality
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(2)Signal Correlation
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@ 3.2 Navigation Signal Quality
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(3)Signal constellation figure
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(4)SCB profile
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& 3.3 Navigation information Accuracy

(1)Accuracy of broadcast orbit

Orbit Error Of Broadcast BDS(RMS) 18 Orbit Error Of Broadcast GPS(RMS)
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(2)Accuracy of broadcast clock

Clock Error Of Broadcast BDS(RMS)
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SISURE(m)

(3)User Range Error of Signal-in Space(SISURE)

Signal-In-Space User Ranging Error BDS(95%)
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(4)User Range Rate Error of Signal-in Space(SISURRE)

User Ranging Rate Error BDS(95%b)

C08 C09 Ci0 Ci11 Ci12 Ci14 Ci15

C03 C04 CO05 CO06 CO7
SatelliteNumber

BDS

User Ranging Rate Error GLONASS(95%)

C01 Co02

URRE(mm/s)

RO01 R02 R03 R04 R05 R06 R0O7 R08 R09 R10 R11 R12 R13 R14 R15 R16 R17 R18 R19 R20 R21 R22 R23 R24
SatelliteNumber

GLONASS

- "f

URRE(mm/s)

URRE(mm/s)

User Ranging Rate Error GPS(95%b)

G01G02G03G05G06G07G08G09G10G11G12G13G14G15G16G17G18G19G20G21G22G23G24G25G26G27G28G29G30G31G32
SatelliteNumber

GPS

User Ranging Rate Error Galileo(95%0)

EO08 EO09 El1 E12 El14 E18 E19 E22 E24 E26 E30
SatelliteNumber

Galileo




¢

N
W

\Q [ ] [ ] [ ] [ ]
2’ 3.3 Navigation information Accuracy

(5)User Range Accelaration Error of Signal-in
Space(SISURAE)

User Ranging Acceleration Error GPS(95%0)
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@ 3.3 Navigation information Accuracy

S

(6) Error of Broadcast lonospheric model

Tonospheric Correction Accuracy of BDS at 11 : 00 on 30th Sep 2016 Ionospheric Correction Accuracy of GPS at 11 : 00 on 30th Sep 2016
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& 3.3 Navigation information Accuracy
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@' 3.3 Navigation information Accuracy
(1)PDOP ( <6)

Availability of integrated BDS at 23 : 00 on 29th Sep 2016 Availability of integrated GPS at 23 : 00 on 29th Sep 2016
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GLO 2.20 2.38 2.64 2.40 2.25 2.35 2.37 2.34 2.23 2.35

T ——

.




(2)Positioning Accuracy

Postion Error (m)

Postion Error (m)

Horizontal
BDS I Vertical

1 Internal External

bifl chul gual kunl lhal shal wuhl xial breh clgy cnyr zhon

Station
Horizontal
T vVertical
GPS
Internal External

bifl chml pual kunl lhal shal wuhl xial brech clgy cnyr zhon
Station

GPS

Postion Error(m)

L BDS GPS GLONASS
bjfl 4.21 5.81 5.49 11.46 8.21 14.76
chul 4.82 8.14 5.96 12.5 6.35 11.4
gual 6.43 9.78 8.46 18.77 12.85 19.21
kunl 6.19 12.97 7.42 11.31 3.8 16.23
lhal 4.51 13.59 5.3 11.06 7.85 19.33
shal 4.33 8.25 4.58 10.52 6.65 14.5
wuhl 4.81 8.32 5.24 10.9 9.67 21.75
xial 14.14 28.89 74.2 55.9 90.15 52.76
brch 23.06 36.01 5.83 9.03 13.44 22.7
Horizontal
40 — [ Vertical
| GLONASS
354
| Internal External

bifl chul gual kunl

GLONASS

Station

lhal shal wuhl xial breh clgy cnyr zhon




(3)Velocity Accuracy

0.5 BDS

Internal External

0. 4

0. 3

Yelocity Error(un/s)

0.1
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Postion Error(m)
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bifl chul gual kunl lhal shal wuhl xial breh clgy enyr zhon
Station
FEE BDS GPS GLONASS
bjfl 0.19 0.1 0.14
chul 0.27 0.01 0.68
gual 0.42 0.02 0.78
kunil 0.17 0.06 0.13
Ilhal 0.22 0.11 0.17
shal 0.15 0.06 0.15
wuhl 0.19 0.1 0.15
xial 0.04 0.04 0.04
breh 1.82 0.07 0.21
clgy 0.03 0.08 0.09
cnyr 0.27 0.07 0.1
zhon 1.46 0.09 0.09
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&’ 3.4 Service Performance

(4)Time Service Accuracy
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The GNSS monitoring and assessment results are

distributed through the website and mobile terminals

* \Website
Mobile Terminal (APP)
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)’ 3.5 APP

N
—

The APP of Mobile Terminal can publish the results of IGMAS
Monitoring and Assessment, include four types: Constellation Status.

Signal Quality « Signal Accuracy « Service Performance.

« Display in English and Chinese

« Facilitate users anytime and anywhere.

O a By == am Cme ll 22:23 0.00Kis © T .l Ban - mapm Com W 22:22
Q & Location of Sub-satellite Point &
01 EERFER System
GNSS Constellation Status

02 PEETRE

Location of Sub-satellite Point

03 DEEEND

Satellite Ground Track

04 DRIMIRL ===, &3

GNSS Orbit Parameters

05 HEHEB

Ephemeris of Satellite

06 TDEIFRES

Satellite Operational Status

07 TDEHBIPDOPHE

Instant PDOP
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1. Backround
2. IGMAS

3.Monitoring Results




Summary

It has been an international consensous to develop a GNSS monitoring and

assessment system with resource sharing and open service.

IGMAS is promoted smoothly and started service in July 2014.1t has
provided various observations, basic products, monitoring and

assessment information.

IGMAS was designed with an open architecture. Tracking stations and

analysis centers worldwide are welcomed to take part in the system.

Products from other systems or projects are also welcomed to be

compared with these from iGMAS.
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http://124.205.50.178/

