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Possibilities of 

Low Cost GPS Technology 

for Precise Geodetic Applications

Possibilities of Low Cost GPS Technology
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1. Low Cost GPS Technology

2. Evaluation System
3. Baseline Measurements

4. Conclusions and Outlook
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FIG Working Week, Cairo No. 3V. Schwieger, A.Gläser

1 Low Cost GPS Technology

receiver 
class

used signal applications accuracy appr. costs

low cost code or phase-
smoothed 
code, 
1 frequency

car navigaton, 
location based 
services, sailing, 
mass market

1 to 10 m 100 – 500 €

geodata
acquisi-
tion

phase-
smoothed 
code, 1 
frequency

infrastructure 
planning, architecture, 
GIS applications

0,5 to 3 m 5000 –
10000 €

geodetic code and 
phase, in 
general 2 
frequencies

surveying, 
geodynamics

0,001 to  
0,1 m

10 000 –
30 000 €

100 – 500 €
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FIG Working Week, Cairo No. 4V. Schwieger, A.Gläser

Cost reduction by Low Cost GPS

cost comparision for one labor day
developed 

country
developing 

country

148

71

620

543

0

100

200

300

400

500

600

700

co
st
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] geodetic (equipment)

geodetic (labor costs)

low-cost (equipment)

low-cost (labor costs)

Cost reduction in developping countries around 50 % !

labor costs: 66 € / day labor costs: 7 € / day

Possibilities of Low Cost GPS Technology

In
st

itu
te

 f
or

 A
pp

lic
at

io
ns

 o
f 

G
eo

de
sy

 to
 E

ng
in

ee
rin

g

U
ni

ve
rs

ity
 o

f 
S

tu
ttg

ar
t

FIG Working Week, Cairo No. 5V. Schwieger, A.Gläser

2 Evaluation System

2 Garmin eTrex Vista

2 serial interface cable

2 PCs (notebooks)

Hardware:

Software:

GRINGO Software 

of University of Nottingham

SKI-Pro 

of Leica company

Possibilities of Low Cost GPS Technology
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FIG Working Week, Cairo No. 6V. Schwieger, A.Gläser
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FIG Working Week, Cairo No. 7V. Schwieger, A.Gläser

Evaluation Procedure

im p o r t R IN E X  f i le s  ( re fe re n c e - a n d  ro v e r -s ta tio n )

im p o r t ra p id  o rb i ts

a l lo c a te  a n te n n a  a n d  ty p e  in  th e  a n te n n a  h e ig h t

ty p e in  th e  c o o rd in a te s  o f  th e  re fe re n c e  s ta t io n

s e t e v a lu a tio n  p a ra m e te rs

c a lc u la te  th e  b a s e l in e

a n a ly s e th e d o u b le  d i ffe re n c e  re s id u a ls

e l im in a te b a d  s a te l li te s

F in a l c a lc u la t io n  o f  th e  b a s e l in e

Problems:

• 1 frequency

• half cycle slips

• no orbit information

Solutions:

• use only short baselines

• float solution

• use of external orbits
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FIG Working Week, Cairo No. 8V. Schwieger, A.Gläser

final Garmin eTrex Vista antenna offsets 
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eTrex 1

eTrex 2

difference

Antenna calibration 
by antenna change procedure

- baseline lengths: ca. 100 m
- observation time: 2 hours
- sampling rate: 1 second
- elevation mask: 15 degrees

Offsets are significant and coincide for the two receivers 

within the accuracy of the determination !
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Pilars near 

University Stuttgart

Possibilities of Low Cost GPS Technology
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FIG Working Week, Cairo No. 9V. Schwieger, A.Gläser

3 Baseline Measurements
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Quelle: Landeshauptstadt Stuttgart Stadtmessungsamt

11·
·

Baselines up to 8 km length measured with two Garmin eTrex vista !

observation time: 

0.5 hours 

sampling interval:

1 second

different multipath

and diffraction

environments

Possibilities of Low Cost GPS Technology
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FIG Working Week, Cairo No. 10V. Schwieger, A.Gläser

differences from reference coordinates 
for baseline measurements 
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0.0310.026

0.082

0.017
0.029

0.072

0.00

0.02
0.04
0.06

0.08

0.10

0.12
0.14

0.16

0.18
5 4 1 7 10 11 101

di
ff

er
en

ce
 [

m
]

baseline from pojnt 6 to 5 4 1 7 10 11 101

baseline length [km] 0,12 0,26 0,45 0,45 1,1 1,1 7,8

observation trees building

eliminated satellites 13 / 25 19 19 / 20 19 01 / 20 11 26

number of satellites
(after elimination) 

5 7 5 7 4 5 7
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FIG Working Week, Cairo No. 11V. Schwieger, A.Gläser

Disturbed and undisturbed Signals
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High quality !

Low quality !
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FIG Working Week, Cairo No. 12V. Schwieger, A.Gläser
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phase residuals for baseline 6 – 5

(as deliverd by Ski-Pro)

High quality !

Low quality !

PRN 25 was 

eliminated !!



Tutorial 3: Positioning and map matching - Part 3: Positioning by multi sensor systems 3

Universität Stuttgart Institut für Anwendungen der Geodäsie im Bauwesen

Possibilities of Low Cost GPS Technology

In
st

itu
te

 f
or

 A
pp

lic
at

io
ns

 o
f 

G
eo

de
sy

 to
 E

ng
in

ee
rin

g

U
ni

ve
rs

ity
 o

f 
S

tu
ttg

ar
t

FIG Working Week, Cairo No. 13V. Schwieger, A.Gläser

Influence of eliminated satellites

influence of eliminated satellites on offset determination
eTrex 1 on point 4 / elevation mask 15 ° 
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Extreme example 

of antenna calibration

- Garmin eTrex on point 4,

- Leica SR 530 on point 3

• Influence of disturbed signals is large (up to a few dm level)
• Number of eliminated satellites may be high (up to three)
• Decision for a solution is made by the given standarddeviation of SKIPro

Possibilities of Low Cost GPS Technology
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FIG Working Week, Cairo No. 14V. Schwieger, A.Gläser

4 Conclusions

• Accuracy of 8 cm for low multipath environment.

• Multipath (and diffraction) may severly decrease the quality .

• Disturbed satellites influence the solution heavily.

• Number of remaining satellites used for positioning 

is a very important influence on the position quality.

• The baseline length is without influence up to 8 km.

• Almost no influence of the elevation mask.
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FIG Working Week, Cairo No. 15V. Schwieger, A.Gläser

Baselines up to 8 km length may be estimated 

with an accuracy of 8 cm and

an observation time of 0.5 hours,

if low multipath environments exist,

with a complex non-automatic procedure.

Main problem:

- ambiguities can not be fixed, 

no detection of half cycle slips !

Possibilities of Low Cost GPS Technology
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FIG Working Week, Cairo No. 16V. Schwieger, A.Gläser

Outlook

Further developments of

- algorithms to eliminate disturbed signals automatically,

- realtime or quasi-realtime procedures adapted to

typical Garmin measurements,

- software to solve for half cycle slips and ambiguities !

7.20 cm

1.30 cm

0,00
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SKIPro Wa1

Software to fix half cicle slips 
 first results / baseline 5 - 6

An accuracy jump seems to be possible !

Possibilities of Low Cost GPS Technology
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Thank you very much for your attention !


