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Introduction

» Increased awareness of Satellite Positioning over
the past few years.

* The last decades has witnessed tremendous
development in high accuracy GNSS Positioning
(Rizos, 2002).

» Countries setting up Active GNSS Stations and
Real-Time Kinematic GNSS Network System.
» Malaysia Real-Time Kinematic Network System;
MyRTKnet
e The Australian Network, Sydnet
e The South African Network, Trignet etc.
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GNSS Network

* Trends in Network GNSS

Single-base RTK

Corrections
Raw ., Rzl
observation
]
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User

Resolution of the carrier phase ambiguity becomes difficult.
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GNSS Network

Multiple Reference Station

Reference Station . E
1 . —=
Control statigpes

raw observation

Reference Station 2 f

An offshoot of the Single Reference Station approach

Uses measured correlated differential errors between the network reference
stations

Predict the correlated errors of the user located within the network
This method proved to be more effective in real-time positioning
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GPS Errors

S A Ephemeris Error
GPS Clock Error “ ¥

Ionosphere Delay

Aultipath
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lonosphere (Aurora)

Mesophere

Troposphere
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= FIG Working Week 2013
- -H 30 May, Abuja, Higeria

The Troposphere

¢ Tropospheric Biases:
» those that influence the height component and

Absolute tropospheric error (error common to both
endpoints) induces a baseline length error:
10cm error causes 0.05ppm near horizon
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Relative troposphere error (at endpoints relative
to other) induces station height error
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Tropospheric Model

* Hydrostatic
e Hopfield (1969)
e Saastamoinen (1973)
* Neil Model (1996)
» Davis et al, (1985)
« MOPS (1998) hydrostatic delay model.
o Ifadis Zenith Wet Delay Model (1986)
» Baby et al Zenith Wet Delay Model (1988),
« Berman Zenith Wet Delay Model (1976) and
 Mendes Zenith Wet Dela Model (1998).
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Tropospheric Delay Model

» Saastamoinen Model: Function of height and zenith angle

0.002277
cosz

trop —
Bl =

{P + (1155 + 0.05) P, - Btan? z} +0R

Saastamoinen (1973) applied the gas
laws to refractivity by considering the
atmosphere as a mixture of dry air
and water vapour. The model
considers the temperature in the
troposphere decreasing with height at
a uniform rate, which varies slightly
with latitude and season. However, in
the polar region, there is a permanent
inversion in the lower troposphere

%o where the actual temperaturey
increases with height
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Tropospheric Delay Model

e Hopfield Model:

e The model is based on the dry refractivity components
as a function of station height , above the earth’s surface.
U
H, -H
piroP _qg=6ptrop(l d s | 4o
dz d,o

e Wet refractivity component as a function of the pressure of water
vapour and temperature H H
trop ( H ) — N\Jtrop W s
,0

H

w
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Tropospheric Delay Model

* Neil Model

e The (dry and wet) Niell model the Saastamoinen zenith
path delay together with the Niell mapping functions

* Neil derived the mapping function for the hydrostatic and
wet components, with the hydrostatic as a function of
latitude, day-of-year (DoY) and height, while the wet
mapping function depend on site location only

1+L 1+L
1+ bd 1+ bhl
— (8)— l+c, 1 H ok H
d oo SEEE
% a 5
Shes y : sing i a, - 1000
sing+—*— sines . hte
sing +c, sine +c,

INTERNATIONAL
EHE ShiRvevoRs an I E I FIG Working Week 2013
P & 10 May. Abuja. Nigenia
Environment for Sustainability

16-05-2013



= ~ NASRDA ,
The Nigerian Permanent GNSS Reference

Network (NIGNET)
» Established by the Office of the Surveyor General

of the Federation (OSGoF).

e The goal of the NIGNET is to implement new
reference frame for Nigeria in line with the
recommendation of the United Nation Economic
Commission of Africa (UNECA) through
Committee on Development, Information Science
and Technology.

e The core of NIGNET is formed by network of
Global Navigation Satellite System, Continuous
Operating Reference Stations (CORS).

Longitude
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Station | Station locations Receiver | Anten | Antenna | App. Lat.(N) App. Long.(E) Ellipsoidal

ID na ht(m) height (m)

ULAG University of Lagos, | Trimble Choke |0.1710 0831'2.375" 03 23'51.444" 44.5752
Lagos Ring

RUST River State Univ. of Sc.| Trimble Choke [0.1710 04 48'6.609" 06°58'42.677" 45.5892
and Tech. Port Harcourt Ring

UNEC University of Nigeria | Trimble Choke |0.1710 0825'29.301" 0730’ 17.968" 254.4055
Enugu campus Ring

BKFP Bimin  Kebbi  Fed. [ Trimble Choke [0.1710 1228'6.876" 04 13'45.271" 250.0118
Polytechnic Ring

CGGT |Centre for Geodesy &| Trimble Choke |0.1710 1007'23.141" 09 07'5.922" 916.4462
Geodynamics, Toro Ring

FUTY Fed. Univ. of Technology,| Trimble Choke [0.1710 0920'59.073" 1229'52.072" 247.4052
Yola Ring
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Data Acquisition

» Twenty-four hours (24hrs) raw GPS data at
30-second data rate in RINEX format from
NigNet website

* Precise satellite ephemeris data for GPS
week 1409 - 1616 were downloaded from
the International GNSS Service (IGS) for
the DoY 01/01/2011 to 30/03/2011.

* Ocean Tide Loading.
* Earth Orientation Parameters
* Ionosphere models

FEDERATION OF s <
SURVEYORS ‘ I I FIG Working Week 2013
¥ - 610 May, Abuja, Nigeria

16-05-2013



NASRDA —————— e —

o )
NASRDA ———— — s—

Data Processing

Processing Parameters

* RINEX data at 30 second sampling rate
 IGS final orbit

e 24 hours sliding window processing

» Ocean tide loading FES2004

o ITRF 2008 reference frame

 Cut-off satellite elevation angle at 109

e Quasi-Ionosphere free ( L) ambiguity free

» Troposphere delay mapping function of /..,
« Station coordinate constrained
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Data Processing Strategy

e Strategy I: In this strategy, the processing is
done without the application of the tropospheric
model.

e Strategy II: Processing with the application of the
Refined Saastamoinen model and standard
atmosphere

e Strategy III: Processing with the application of
the Modified Hopfield model and standard
atmosphere;

e Strategy IV: Processing with the application of the
Neil model and standard atmosphere

EHE FEDERATION OF
SURVEYORS ‘ = FIG Working Week 2013
gma ‘H_ 610 May. Abuja. Nigeria

Baseline Baseline Total RMS error (mm) of IF DD
Length (km) No Model Saastamoinen Modified Neil Model
Model Hopfield

BKFP-CGGT 595.1 11.3 8.1 8.2 8.5
BKFP-FUTY 974.8 10.4 8.9 9.1 9.3
BKFP-RUST 906.2 13.6 9.8 10.0 10.5
RUST-CGGT 636.2 15.8 9.7 9.8 10.2
RUST-FUTY 794.3 16.0 10.0 10.6 10.6
BKFP-ULAG 667.1 11.9 8.5 8.6 8.7
ULAG-CGGT 749.1 16.3 8.6 8.5 8.6
— o i . .
ULAG-RUST 440.4 14. 9.2 9.6 14.0
BKFP-UNEC 762.6 13.2 8.6 8.8 9.1
UNEC-CGGT 446.7 12.3 8.7 8.3 10.6
UNEC-FUTY 940.1 5 9.0 9.1 9.1
UNEC-RUST 188.8 ( 11.9 11.3 11.2 13.0
UNEC-ULAG 455.2 12, 8.8 8.4 9.7
FUTY-CGGT @ 10.9 8.7 9.0 8.5

11



: Analysis of Results

Percentage improvement in the RMS DD IF residuals after applying
tropospheric delay models
BKFP-CGGT 39.51 37.805 32.9
BKFP-FUTY 16.85 14.286 11.8
BKFP-RUST 38.78 36.000 29.5
RUST-CGGT 62.89 61.224 54.9
RUST-FUTY 60.00 50.943 50.9
BKFP-ULAG 40.00 38.372 36.8
ULAG-CGGT 89.53 91.765 89.5
ULAG-FUTY 44.44 38.298 413
ULAG-RUST 61.96 55.208 6.4
BKFP-UNEC 53.49 50.000 45.1
UNEC-CGGT 41.38 48.193 16.0
UNEC-FUTY 50.00 48.352 48.4
UNEC-RUST 5.31 6.250 8.5
UNEC-ULAG 39.77 46.429 26.8
FUTY-CGGT 25.29 21.111 28.2
Average 44.61 42.50 38.01
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Percentage improvement in the RMS DD IF residuals after applying
tropospheric delay models
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Analysis of Results
« Assessment of the Tropospheric Models in
the Position Domain

Mean Standard Deviation M S el e
X Comgonent " Y Component
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Analysis of Results

o Assessment of the Tropospheric Models in
the Position Domain

Mean Standard Deviation
3 ZComponent
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Analysis of Results

e Hourly Zenith Tropospheric Delay
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Analysis of Results

e Hourly Zenith Tropospheric Delav
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Analysis of Results

e Hourly Zenith Tropospheric Delay

Station ULAG Station RUST

156 Morning Afternoon 2% - Vorni
£ itk H , erning Afternoon
3 351 <25
= .
E 35 |
i u
i t 254 HHHHHHHHHHHHHHHH
g 248 - = JLAGSAASTAMOINEN '§ 25 =#=RUSTSAASTAMOINEN

[ g
g““ 8- ULAGHOPFIELD 8 5l ~B-AUSTHOPRIELD
g 4 - ULAGNEL ; 4= RUSTNEL
§ 2L s - laaaasass s T TYVUUUUORIN

" Tt
& 24 ':'%2‘46
2 12345678 910111213141516171819202122 324 s 123456789 101112131415161718192021222324
Mean Local Time (hr) MeanLocal Time {hr}

EHE FEDERATION OF
SURVEYORS s I E l FIG Working Week 2013
Pt 610 May, Abuja. Nigeria
== “Environment for Sustainability

~ NASRD

Analysis of Results

e Mean Zenith Tropospheric Delay (ZTD)
estimated at each station

; Refined Saastamoinen Model Modified Hopfield Model NeiModel
Station

Mean RMS Max Min [Mean RMS Max Min Mean RMS Max Min
(m) (m) m @ jm m m @m [m m (m (m)
BKFP 2323 00041 2337 2303| 2341 00063 2352 2332 2326 00072 2333 2319
CGGT 2172 0.0033 2181 2162| 2187 0.0076 2195 2169| 2182 0.0078 2192 2170
FUTY 2363 00041 2376 2352| 2364 00064 2371 2358 2369 00056 2375 2362
RUST 2485 0.0055 2503 2471| 2535 0.0054 2562 2521| 2566 0.0076 2592 2529
ULAG 2435 0.0057 2573 2405| 2479 0.0058 2511 2422| 2539 0.0067 2570 2474
UNEC 2382 00047 2413 2332| 2407 00053 2429 2385| 2405 00078 2440 2380

Average 236 0.0045 2.391 2.336 2.386 0.0061 2403 2365 2.398 0.0071 2417 2{372
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Analysis of Results

* ZTD on the Nigerian GNSS Network

Longitude
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Analysis of Results
* ZTD effect on the Nigerian GNSS Network

Hopfield Model
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Analysis of Results

¢ ZTD effect on the Nigerian GNSS Network

Neil Model
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Conclusion

* This research has experimentally demonstrated
the influence of different tropospheric models on
the Nigerian Permanent GNSS Network

* The residual tropospheric delay still affects the
position precision

* Increase in baseline length results in higher
tropospheric effect, this is noticed on baseline
ULAG-FUTY with the highest baseline length of
1060.5km.

» Tropospheric delay increases during the morning
hours and decreases at sunset
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Conclusion

* The three models investigated i.e. the
Saastamoinen, Hopfield and Neil models show no
significance difference in their performance

* Better imgrovements in the position domain were
achieved by the application of the Saastamoinen
model compared to Hopfield and Neil models.

* The Saastamoinen model produced a better
mitigation of the tropospheric delay, with an
average percentage improvement of 44.6% while;

» Hopfield and Neil models have 42.50% and
38.01% percentage improvement respectively.
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Conclusion

* The result also indicates that, the
Saastamoinen has the lowest mean average
zenith tropospheric delay (ZTD) of 2.33m with
RMS of 0.0045m. On the overall, the
Saastamoinen model has better performance
in the network in this research.
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