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Signal di f f ract ion is a common error source in
precise GPS posi t ioning i f  obstruct ions exist  above
the antenna hor izon. I t  occurs whenever the direct
signal is obstructed but nevertheless a di f f racted
signal  is  received and processed. The longer
propagat ion t ime of a di f f racted signal causes
carr ier  phase errors of  up to several  cm. A common
characterist ic of al l  di f fracted signals is their weak
signal  power as compared to a direct  s ignal
received under the same elevat ion angle.

In the case of  Tr imble GPS-receivers,  the signal
strength is given as SNR (signal- to-noise values of the
L 1 and L 2 phase observat ions) in arbitrary, i .e. Tr imble-
specif ic,  units.  In order to be able to process these
secondary observables,  we extended our post-
processing sof tware Wa-Sof t :
... to inc lude Tr imble-SNR values in the RINEX

observat ion f i les according to RINEX version 2.1,
... to include weight ing funct ions which are based

on SNR values.
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A - direct  s ignal  p lus
ref lect ions f rom the
ground before the
obstruct ion and by the
obstruct ion

B  - predominant ly  d i rect
s ignal

C  - predominant ly  d i f f racted
signal ,  no direct  s ignal

D  - direct  s ignal  p lus
ref lect ions f rom the
ground af ter  the
obstruct ion

Elevation-dependence of Trimble-
SNR-values:

Trimble 4000 SSE /  4000 SSi /  4700 /  4800 -
receivers: SNR given in arbi trary units (receiver-
dependent )

template(el)  = a0+ a1*el + a2*el2  for 0° < el < 60°
  a0+a 1*60+a2*602  for el > 60 °

i terat ive calculat ion with el iminat ion of
SNR-values < template -  5 uni ts,

indiv idual  templates for  each receiver-antenna
pair:  di f ferences up to 10 units

Examples of diffraction effects
on phase observations and signal strength
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low s ignal  s t rength mainly
due to di f f ract ion ef fects

low signal  st rength mainly
due to di f f ract ion ef fects

z depends on loca l  env i ronment  o f  rece iv ing antenna,
z repeats wi th ident ical  satel l i te constel lat ion and unchanged

env i ronment ,
z no mit igat ion by relat ive posi t ioning,
z the ef fect  on coordinate est imat ion is  reduced wi th increase of

observat ion t ime (stat ic  observat ions) ,
z in  k inemat ic  mode rap id changes of  the loca l  env i ronment  and

thus rapid changes of  d i f f ract ion ef fects:  mit igat ion by f i l ter ing.

Multipath Effects

Common
Features

Differen-
ces

z no l ine-of-s ight s ignal ,  only
di f f racted s ignal  received,

z independent  of  s ignal  f requen-
cy:  geometry- f ree l inear com-
binat ion not  af fected,

z maximum errors:  in  the order
of  dec imeters,

z signal  s t rength reduced.

z superposi t ion of  d i rect  and
ref lected ( indirect)  s ignals,

z f requency-dependent :
detect ion in geometry- f ree
l inear  combinat ion,

z maximum errors :  4 .8  cm L1,
6.1 cm L2,  21.4 cm iono-
spher ic- f ree combinat ion,

z f luctuat ing s ignal  st rength

Diffraction Effects
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Comparison: Diffraction Effects, Multipath Effects
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weighting functions
(best f i t t ing funct ions shown in  red):

e levat ion-dependent
weight ing:
w(e)=sin2(e)
for  e > 10 deg

SNR-dependen t
weight ing:
w(SNR)= e S N R  /  A,
with A(L1) = 10,

A(L2) = 6,
A(L0) = 9

template
template + 5 uni ts

template -  5 uni ts

actual SNR-value

∆

∆

template-value + 5

SNR sigma- ∆

∆ = tem(el)  + 5 -  SNR
S N R sigma- ∆ =  SNR -  ∆

sigma- ∆ weighting: SNR-dependent weighting using SNR sigma-∆:
(af ter Brunner et  al .  1999, s l ight ly modif ied)

Analysis of Trimble phase data / Weighting
functions



Results and Conclusions:

Phase errors due to signal diffraction can reach
several cm. Most diffraction events are detectable in
the signal-to-noise (SNR) values, if the elevation-
dependence of SNR values are taken into account.

A slightly modified sigma- ∆ weighting algorithm
(after Brunner et. al 1999) improves kinematic and
rapid static positioning results by 20 to 40 %.

Kinematic posit ioning can be further improved by
elimination of those observations whose SNR
values indicate large diffraction effects. Rapid static
results gain by elimination of those 5 % of
observations which cause the largest double-
difference residuals.

Presented at the XXII. General Assembly of the IUGG, Birmingham 1999
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phase errors
of  up to 9 cm

Kinematic Processing of a Static Baseline

baseline length 3 km, one station affected by signal diffraction
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Rapid Static Posit ioning

network of 55 stations, 5 km x 6 km , two independent
determinations, session lengths 10 minutes with
minimum of 5 SVs, two permanent stations,
rural area: signal obstructions by trees, buildings etc.

Algorithm  all 55 stations  11 stations with
diffraction effects

horizontal vertical horizontal vertical
equal weights 1.6 2.2 2.4 1.9

elevation-dependent
weighting

1.3 1.9 2.1 2.1

SNR-dependent
weighting

1.2 1.8 1.9 2.0

sigma-∆ weighting 1.0 1.6 1.4 1.7

sigma-∆ weighting +
cleaning

0.9 1.5 1.3 1.6

RMS of coordinate differences [cm] between two independent
network determinations.

20 . . .  40 %
improve-
men t

c lean ing -  e l iminat ion of  those
5 % of  observat ions which
cause the largest  double-
d i f ference res iduals
(appl icable to stat ic
observat ions only) .


