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Background and Introduction to RTQC
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Project Background

e Use of high accuracy GNSS has increased markedly in the
last decade

» Range of applications has grown beyond surveying &
engineering

» Facilitated by CORS Networks and Network RTK
e Critical decisions based on GNSS have increased as aresult

* Challenges for CORS provider, manufacturers, researchers
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Project Background

* Ensuring GNSS derived positions are

— High quality

— Dependable

— Fit-for-purpose
* Current Quality indicators are not always reliable
» Generally a measure of precision is conveyed

— Often overestimated

— Precision is not accuracy
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Examples
GPS POS m 37°41'36.92643"5 |/ 144°55'58.51321"E
———120WH8 | Codls 004000 <|Wide Area Fixed |+
Normal [=]ror  0.016] ¢ 0.018)
GPS QC1 11 T

GPS QC2 1 i VCV
INITIALIZATION  |Lost |' G 1506 |75 107131.0
On the fly [+ Real Time [+ 6
<no texty |Plate azimutl <null> <null>
<null>
INITIALIZATION  |Gained IV ( 1506 107414.0
On the fly 7
<null>
POINT DESIGN PM3082 VRl
PT GRID D K
NOTE 111712008 Time 17:24:53

109075.0
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Point Derivations
[+ They
"Resultant coordinates for point : S2403
Easting Northing Elevation Height
387708.200m . 5857413.468m . 343.3%6m 351.66Tm
D Used tocalc. Status  AEast  AMNorth Distance (Horiz) A Elevation A Height

# B8 (Buxton-S2A03) Check  023m  0.207Tm 0.317m -402m 1402m
4 BT (Buron-S2403)" Check  -0.005m  -0.019m 0.018m 0.133m  ™0.133m
# B9 (Burion-S2A03).° ENeh Enabled 0.000m  0.000m 0.000m 0.000m 0.000m
|1 T252 (S2402-52A01-52A03)" Enabled 0020m  0.004m 0.020m -0.009m -0.009m
@ T752 (S2A03-52A04-52A03) " Backsight 0.000m 0.000m 0.000m -0.010m -0.010m
12 T1035 (S2A03-52404-52A03) " Backsight 0.006m  -0.002m 0.007Tm -0.003m -0.003m
1 71276 (S2403-52404-52403)" Backsight 0.001m  -0.002m 0.002m -0.005m -0.005m
@ 71254 (S2A03-52A05-52403) Backsight 0.001m  -0.002m 0.003m -0.003m -0.003m
2 T1275 (S2AD3-52A05-52403) Backsight 0.002m 0.001m 0.002m -0.003m -0.003m

Baseline B6

RMS 0.003m

H. Precision 0.056m

V. Precision 0.236m
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Point Derivations
o They L
"Resultant coordinates for point : S2403
Easting Northing Elevation Height
387708.200m . 5B57413.488m . 343.35%6m 351.66Tm
D Used tocalc. Status  AEast  AMNorth Distance (Horiz) A Elevation A Height

4 B8 (Burton-S2A03) Check  023m  0.207Tm 0317Tm -402m -1402m
4 B7 (Budon-52403)7 Check  -0.005m  -0.019m 0.015m 0.133m  “90.133m
+ B9 (Burion-52403)" EMeh Enabled 0.000m  0.000m 0,000m 0.000m 0.000m
|1 7252 (S2402-52401-52403)." Enabled 0020m  0.004m 0.020m -0.009m -0.009m
1} T752 (S2A03-52404-52403) Backsight 0.000m  0.000m 0000m  -0010m  -D.010m
12 T1035 (S2A03-52404-52A03) " Backsight 0.006m  -0.002m 0.007Tm -0.003m -0.003m
1 71276 (S2403-52404-52403) " Backsight 0.001m  -0.002m 0.002m -0.005m -0.005m
1 71254 (S2A03-52A05-52403) " Backsight 0.001m  -0.002m 0.003m -0.003m -0.003m
2 71275 (S2AD3-52A05-52403) Backsight 0.002m 0.001m 0.002m -0.003m -0.003m

Baseline B7

RMS 0.002m

H. Precision 0.021m

V. Precision 0.047m
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Point Derivations
s inrod.
Resultant coordinates for point : 52403 £, e e R S e T
Easting Northing Elevation Height
387708.200m . 5857413 488m 343.3%m & 351.667Tm .
D Usedtocalc. Status  AEast  AMNorth Distance (Horiz) AElevation A Height
4 B8 (Buton-S2403) Check  023Bm  0207m 0.317m -402m 1402m
# BT (Budon-52403)." Check  -0.005m  -0.019m 0.015m 0.133m  “90.133m
# B9 (Burion-S2A03).° ENeh Enabled 0.000m  0.000m 0.000m 0.000m 0.000m
|1 T252 (S2402-52A01-52A03)" Enabled 0020m  0.004m 0.020m -0.009m -0.009m
4 T752 (S2A03-52A04-52A03) " Backsight 0.000m  0.000m 0.000m -0.010m -0.010m
12 T1035 (S2A03-52404-52A03) " Backsight 0.006m  -0.002m 0.007Tm -0.003m -0.003m
1 71276 (S2403-52404-52403) Backsight 0.001m  -0.002m 0.002m -0.005m -0.005m
£ T1254 (S2A03-52A05-52403) Backsight 0.001m  -0.002m 0.003m -0.003m -0.003m
1 T1275 (S2A03-S2A05-52403) Backsight 0.002m  0.00Tm 0.002m -0.003m -0.003m
Baseline B9
RMS 0.002m
H. Precision 0.003m
V. Precision 0.006m
9

_CI'COS?)

Introduction to RTQC

e CRC for Spatial Information Project 1.2, 1.12
— Quality Control Issues for Real Time Positioning
e Provide quality indicators (in real time) that are
— Reliable
— Reflect that Mobile Users rely on their own and CORS data
¢ RTQC (Real-Time Quality Control)
— Independently assesses quality of positioning in real-time
— Uses raw measurement data (free from manufacturer algorithms)

— Integrates CORS Network and Mobile User quality data

10
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RTQC System Design

RT-QC Hub
ya

CORS Data

pa

User Data

CORS Netwot k

Maobile user
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Testing (RTQC Mobile & Quality Indicators)
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RTQC Mobile

Integuated '[ amra

Quality
Indicator

RTCMy3 Format

Netwark RTK
Comections

Observation Data
RTCMy3 Format
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RTQC Mobile (Data Formats)

» Designed to use open standards
— RTCM 3.x via NTRIP
¢ Some receivers unable to transmit RTCM in “rover” mode
— Proprietary formats to overcome this problem
e Quality Information provided to Mobile Users via RTCM
— RTCM Message 4082
— Licensed to CRC-SI

— Open (ask us about it)

14
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RTQC Mobile (Data Formats)

* Proprietary formats in red are currently supported by RTQC

Trimble RT17/RT27, CMR/CMR+/CMRx x
Leica LB2, 4G x
Novatel RANGE x
Topcon TPS v
Javad JPS v
Ashtech MBEN/PBEN, DBEN, ATOM x
Sokkia RANGE x

15
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RTQC Mobile (Testing — March ‘10)
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RTQC Mobile (Testing — Sydney Train Survey)

« RTQC system was given its first test on a kinematic
railway survey in Sydney

e 2receivers were configured to stream data to RTQC and
receive quality information during a 25km railway survey

CI'COS/I;y
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RTQC Quality Assessment

RTQC provides several stages of quality assessment
Sydney Train Survey examined two of these:

1. Individual Quality Indicators

2. Integrated Quality Indicators

19
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RTQC Individual Quality Indicators

Individual quality indicators (q) are formed for each
satellite-receiver combination.

g is derived from raw measurements and is indicative of
the level of noise present in the observations.

20
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Meters

Individual Quality Indicator (An Example)

0.02

Individual Quality Indicator (q)
Elevation Angle

Second of the Week

- 90

8O

+ 70

60

L so
L 40
L 30

20

Degrees
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RTQC Testing — Results (Individual Indicators)

e Confirmed basic properties of individual indicators

— Indicative of the level of noise in the observation data

22
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RTQC Indicator (m)
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RTQC Testing — Results (Individual Indicators)

0.05 |
0.04
0.03
0.02 | | |
0.01

0

CORS-SWE

Rover 5425

254000 255000 256000 257000 258000 259000 260000
Second of Week (s)

CORS ROVER

Stationary Moving

Mean Std Dev Mean Std Dev Mean Std Dev
(mm) (mm) (mm) (mim) (mm) (mm)
SV§ 0.0 04 0.0 0.6 -0.1 20

SV25 0.0 0.5 0.2 1.1 0.1 2.7
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RTQC Testing — Results (Individual Indicators)

e Confirmed basic properties of individual indicators
— Indicative of the level of noise in the observation data
e Analysis of outliers In individual indicators
— Ground truth data (rail line) only decimeter level
— Unable to compare quality indicators to coordinate deviations.
e Examined individual indicators prior to loss of initialisation

— 50% more outliers in the lead up to loss of initialisation (compared to
normal epochs)

— Not as discriminating as we thought it would be

- Why?

24
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RTQC Quality Assessment

1. Individual Quality Indicators

2. Integrated Quality Indicators

 RTQC provides several stages of quality assessment

» Sydney Train Survey examined two of these:

25
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Integrated Quallty Indlcator

26
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Integrated Quality Indicator

* Individual indicators (q) are aggregated to form a single
receiver-based indicator (w)

* wis formed using the following equation:
w=13@-2)
| ey o-q‘

« wis formed for each CORS and Mobile receiver

27
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Integrated Quality Indicator

e CORS and Mobile Indicators are combined to form an
Integrated Indicator (w,,)

1
Wow = 20, BV,
corx Za,— Z [t §
w, =0.75w__ +0.25w_,

1
a,=7

28
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RTQC Testing — Results (Integrated Indicators)

* Analysis of outliers In integrated indicators
— Ground truth data (rail line) only decimeter level
— Unable to compare quality indicators to coordinate deviations.

e Examined L1 residuals from LGO PPK Solution

Problematic, only small patches of fixed L1 solutions

10 outliers detected via integrated indicator

8 (80%) corresponded to significant L1 residuals

Promising, but inconclusive (not enough test results)

29
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RTQC Testing — Results (Integrated Indicator)

026 . . "
Phase residuals L1, Single differences

o o
5 =
® =
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03/04/2009 Date and time
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RTQC Testing Results — Summary

¢« RTQC Quality Indicators — Successful
— Hampered by lack of accurate ground truth data

— Confirmed basic properties of RTQC Quality Indicators

Encouraging results for both individual and integrated indicators

Improved testing and additional analysis required
¢ RTQC Mobile — Very Successful

— No major communications issues or other problems
* Network RTK (UNSW)
« RTQC (Melb Uni)

e 2-Way Mobile Internet (Telstra NextG)

31
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Quality Indicators and Stochastic Modelling
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The Stochastic Model

« GNSS processing is based around least squares (LSQ)

(ATV,TA)TATY, Im,

e LSQrequires (as a minimum)

Observations
Stochastic Model
Functional model

Unknown Parameters

¢ Stochastic Model

describes the noise present in the observations

represented by a Variance Covariance (VCV) Matrix

33

CI'COS/I;)

Why is the Stochastic Model important?

» A correctly defined stochastic model

correctly “weights” the GNSS observations in the LSQ algorithm
aids the ambiguity resolution process
can Improve coordinate estimates

can improves the reliability of coordinate precision estimates

34
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Stochastic Modelling

— Elevation Dependent Model

— SNR (or C/NO) Models (various)

— spatial correlations
— temporal correlations

— inter-frequency correlations

e Stochastic Models used in practice include:

e Only provide variance terms in the VCV Matrix
e Ignore covariances (correlations) between observations

e Three types of physical correlations exist

(between satellites)
(between epochs)

(between frequencies)

35
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Variance-Covariance Matrix

4

t
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Quality Indicators & Stochastic Modelling

RTQC Individual Quality Indicators

— Calculated directly from observation data (simple process)

— Indicative of noise in the observations
¢ Compute variances directly from quality indicators
e Compute covariances directly from quality indicators

¢ Examine covariances for evidence of correlation

37

CFCOS};)

Stochastic Modelling — Spatial Correlations
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Future Work

e Quality Indicators
— Improve testing and analysis

e Stochastic Modeling
— Investigation of temporal and inter-frequency correlations
— Rigorous testing of the model

* Recent advance (last week)

testing of the stochastic model

— Yong Heo (UNSW)

crcesi) AP =

— Incorporation of Reverse RTK into RTQC to facilitate the rigorous

39
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RTQC — It will keep you
out of trouble!
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