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Background
GNSS Services and Applications

A Single-frequency decimetre
positioning services

Meter SPS, PPS
Sub-meter SBAS: WAAS, EGNOS
|Decimeter

Centimeter SF/DF-RTK, DF-PPP
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Background
GNSS services and applications

A Klobuchar: navigation message

A GIM: Global, geometry-free, phase-smoothed code
A RIM: Regional, higher density network

A SIM: Station-based, surrounding stations

Meter SPS, PPS Klobuchar, GIM

Sub-meter SBAS: WAAS, EGNOS GIM, RIM

Decimeter SPP, SF-PPP AugtidireRisgional lonosphere Correctio
Centimeter SF/DF-RTK, DF-PPP Network RTK, lonosphere-free
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lonospheric Correction

AusRIC generation
A SIM: slant TEC values liey 0 p
along signal pathsfor . 3
each station single layer \. 3 ‘L?ZEZ"'SET&)
\l/ SHF Stationl Station2
RIM Earth

A Fundamental difference: extraction of the slant TEC values
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lonospheric Correction
AusRIC generation

A Raw data Pi=p—c-t:+c-t'+T+1;—bj +b; +ep,

Li=p—c-t®+c-t"+T+ ADyinaup — i —Ai " ki + ey,

I: frequency fi ' : geometry distance

C: speed of light _ :wave length

o ho : satellite and receiver clock errors ¥n : phase windup
T, |: troposphere and ionosphere delays

~

w hw : instrumental code delays
K : carrier phase ambiguity, instrumental phase delays
e : multipath, noise, antenna phase centre offset
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lonospheric Correction
AusRIC generation

A Station-based: raw data streams are processed individually

2
P;—(p—c-t°+tropm, ZTD, — b;) = c-t" + tropm ZTD,, + %15 +b; +ep,

L

2
Li — (p—c-t°+ ADyingup + tropmyZTDy) = ¢ - t" + tropm,,ZTD,, — %Ii — ik +ey
[
UD-UC-PPP: 0, ®,®"YO" are held fixed (left side)
Unknowns: 0,0 YQ®,Q 01 ¢ n® (right side)

A Main difference: geometry-based
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lonospheric Correction
AusRIC generation

A Site solution exchange (SITEX) format

-------------------------------------- DATAR STRUCTURE DESCRIPTION=-===—ssceccecccccccccccccseeee e === CONMENT
YE MO DA HO MI SE #SV SV1 SVZ SV3 5V4... # COMMENT
RCWV CLE [m] ZTDw [m] RCV UCD [m] # COMMENT
SV dP1 [m] dP2 [m] dL1 [m] dLZ [m] AMB1 [m] AMBZ [m] ELE [deg] AZI [deg] V4 # CONMENT
#

TROPM ICNOM VTEC [tecu] sigma VTEC COHMENT

-------------------------------------- DATA STRUCTURE DESCRIPTION-=-==========—=—eeseeeees e eee====f CONMENT
2012 10 27 01 Do 0.0000 10 01 O% 11 13 16 20 23 30 31 32

=4 .2359 0.0253 -2 .5249

G01 0.5304 0.548:2 =0.2561 =0.2540 -1.5284 =B.3658 27.628 331.309 Z£.152 1.883
GO4 -0.4933 -0.6327 -D.2167 -0.2038 -17.7294 -32.9702 ©.635 215.454 6.517 2.941
11 0.9e04 -0.2e72 =0.2340 =D.22086 1.0307 =7.2858 10.551 338.440 5.381 2.484
13 -0.4075 0.1274 -D.2582 -0.2622 -14.1237 -36.3359 25.184 £62.120 Z.344 2.013
Gle 0.0747 -1.1262 -D.2764 -0.2947 -34.47086 -65.8233 26.18¢ 43.041 2.261 1.913
Gz0 0.0638 -0.6273 =0.2508 =0.2574 -5.0998 =19.9141 Y8.469 Z44.680 1.021 1.858
GZ3 -0.4419 -0.1189 -D.263E -0.2554 -9.6531 -29.1080 55.773 E34.213 1.209 1.843
30 -0.1472 -0.2658 -0.2491 -0.2580 -26.2747 -53.6112 39.236 79.546 1.580 1.865
G3l -0.6801 0.7708 -0.2520 -0.2581 -15.106% -35.9308 3£.871 135.553 1.540 1.888
Gig 0.5300 -1.5256 -0.4226 -0.4z26 -12.5153 -25.3408 66.22% So6.442 1.095 1.921

VTEC
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lonospheric Correction
How User Deal with It?

A Regional lonosphere Map (RIM) - a grid map on ionosphere layer

Eo
Latitude e - oEi1

User IPP: E, (4, @)

i El,O
Eoo® I ~
' Longitude _
A Grid size: 2.5x5 to 1x1 degrees

A Time resolution: 1 hour to 5 minutes
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lonospheric Correction
How User Deal with It?

L=t = e,
I, -~

: ‘Base 1

A Station-based lonosphere Map (SIM) ~ #.5%€ Base2
.I. \\\’Q /:. “_\
. STEC™ : \.
rele—D,.ef ;_ —_/;,?:\B\(\)ver :
STECuser = Ter fOT (D < thTeShOZd) ‘\ o ,’/ e Base 3 f’

n o —— Base 4 . i

"= Dl \ BaseS

A Advantages ST )

0 Real-time
0 Test and exclude outliers
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Corrections for Other Error Sources

Differential Code Biases (DCB)

Atgps—rer: hardware instrumental bias, the time delay between
observed and referenced pseudorange

* Time of Group Delay (TGD): the difference of the time from generation
to transmission for L1 and L2 signals

Atpy_p1= (v — DTep, Y¥=">3
f2
* |GS precise clock products
t5 — Tep — Ath without precise clock
; s _ GD P1-P1
correction for t {ts —Tep — Atpi_ with precise clock
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Corrections for Other Error Sources

2 L E-W {m)

A PCO, PCV L

5| NS {m}

/.
0 W’WW
5 u-D(m)

AN

bz | EW {m}

. ' 06:00 12:00 18:00 n.n\/\/
A Solid earth tides e

D.Dm

0.5 U-D(m)

0.2 - g {m) D'D/—\_/\_/

D.DW 06:00 12:00 18:00

0.2

A phase wind-up =0 R

D (m)

06:00 12:00 15:00
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Experiment
Evaluation data sets

A January 1t 2014 - 3
A 197 stations within Australia e o el |
A modified RTKLib software | s " PO gy
=30 F .‘; ura.' : L4 : m'::mcblt .
SR R
O Red (200): RIM Sl - '”%ﬂ?ﬁ.@j&m
0 Green (20): CODE-released GIM _,| 'smﬂgfung
O Blue (25): user receivers 11L5 1ZLU 1215 131I.'.I 1?:5 1-I;EI 141-5.’15[(.! 155
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Experiment
Evaluation Strategy

lonosphere delay  GIM, RIM, SIM GIM, RIM, SIM
Troposphere delay Estimated Saastamoinen model
Ephemeris & clock [GS final product IGS final product
PCO/PCV Corrected Corrected

Earth ocean tides  Corrected Corrected

Phase windup Corrected Not corrected
Elevation cutoff 10° 10°

Sample rate 30s 30s

Coordinate Estimated Estimated
Receiver Clock Estimated Estimated
Satellite DCB IGS product IGS product
Ambiguity Continuous /
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Results
Australian Regional lonosphere Map

A Spatial resolution (lat: 0~-55; lon: 105~165)

GIM : 2.5°%5°, 2 hours

- -
e el e

RIM : 1°x1°, 5 minutes
il e

QUT Organization: Data Science, SEF, QUT
Queensland University of Technology E-mail: yanming.feng@qut.edu.au



Results
Australian Regional lonosphere Map

A GIM or RIM vTEC - the “real” vTEC
A True value: SIM
A Descending trend with elevation growing

"I'“:I I I T ! I I I
Gi 1o RMES: 3.526

" R 1o BMZ: 0.224

ATEC walues f TECL
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Results
SIM with surrounding stations

A Different baseline length: 150 km ~ 300 km

W I I I I I

A Spp g 05

Il fmetre

250km == 300km

B 1 50km EEEE 200km
A PPP

0ap

Il fmetre

0 % P-,
ST I TS ST IS EEFPFEEp
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Results
SIM with surrounding stations

—+—Horizontal-SPP
——Horizontal-PPP
——Vertical-SPP
——Vertical-PPP

Distance-dependent
lonospheric correction

O [ [ [ | O I I [ |
150 200 250 300 150 200 250 300 km
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Results
SIM with surrounding stations

g e

pert'fﬂr'.. tIJDM * o

A The station geometrical distribution needs to be quite
symmetrical and compact.

A Radius of 300km -> five surrounding stations

A BNDY: one nearest station instead of interpolation.
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Results
Quality of ground-interpolated SIM

A Biases for all
satellites at
STR2

A RMS value of

03 . ‘“F

RS values f TECU ATEC values f TECL

. . "'#Hfln'."' ;
TEC biases sl m\% e - - P ,m*"‘“ i
#F'I % Hwﬂm ’f’
o1 RMS = 0.2256 TECU 7|
I:IDIII:EIIII EIS:IEIIII 10: DEI 1 SIEII:I 20:00

A The quality of interpolating with surrounding stations is
acceptable for sub-meter or decimetre level applications.
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Results
Accruacy of ground-interpolated SIM

A All-day RMS for the 25 user receivers, 80% of which are under
0.5 TECU.

—
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]
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Results
Comparison of Three lonosphere Corrections

LI L] T 1 L] T T L] T 1 N LI L 1
2 0.7209 B0 .2131 B0 . 3665 0.2772
1 o _' | o5¢ - 1246
ST | ol .1141 |
A spp ik m K P
of N ERICEE L "‘ Jﬂ‘st e -
%ﬁf i G % it i fa“ BT 0s
_'I 5 ,-__', i F .'_ _r b r’E i
a1
2k _ -
c : } } } } ', } : | } : .15 :
2r 0.6963 MO0 .3159 B0 .20814 - .3233 P
: ! o 0s .0882 1
1H _ e -
e, P TR A "‘a,,'_.-'u,."‘".w ol .0g3z ]
A PPP o N 0 Pl
W% T A “ . 05
Ak -
. At
2tk -
[ [ | | [ | 1 1 [ | 1 [ 1
1] 2 4 B ] 10 12 14 16 18 20 22 24 51 £.5 1] 0.5 1 15

A GIM: great fluctuation

_ A No plain convergence time
A SIM/RIM: good consistency
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Results

Comparison of Three lonosphere Corrections
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Results
Comparison of Three lonosphere Corrections

E 0.284 0.269
GIM N 0.360 0.227
U 0.715 0.545
E 0.178 0.125
RIM N 0.222 0.131
U 0.553 0.344
E 0.175 0.106
SIM N 0.216 0.096
U 0.513 0.254
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Conclusions

A We have developed capability for generating regional ionosphere-
corrections to support single-frequency SPP and PPP precise navigation in
Australia (hundreds of stations)

A The RMS accuracy of the ionosphere-correction ranged from 0.2 to 1 TECU
at user ends, depending on the user’s locations

A Station-based lonospheric Map: quality is acceptable for sub-meter or
decimetre level applications; baseline length 300 km

A With AusRIC, decimetre SPP positioning precision has been achieved with
high-end receivers.

A Testings for low-end solutions are on-going at QUT
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