GPS Antenna Height
~and its Influence on
'seudorange Multipath

T

Some Facts about Multipath

Multipath error is a dominant error source connected with
GPS positioning.

Positioning the antenna away from nearby objects can
minimize the multipath effect.

Multipath arising from below the antenna can be reduced
by using ground planes.




Some Facts about Multipath

Multipath distorts the C/A-code and P-code modulations,
as well as the carrier phase observations.

Pseudorange multipath behaves similarly to that of carrier

phases, except that the variation is larger by several
orders of magnitude.

Some Facts about Multipath

The impact of multipath signals on the pseudorange and

carrier phase observation 1s dependant upon a variety of
factors:

P the distance of the reflecting object from the antenna.
» the antenna attenuation characteristics.

P the capacity of the receiver to mitigate multipath.




Research Motivation

Permanent GNSS sites are usually located on open field.
Therefore, the ground is the only source of multipath.

We would like to examine the effects of the antenna height on
pseudorange multipath in a variety of GPS antenna types.

The Multipath Computation

MP,, = P1-4.0915®, +3.0915®, +

[4.0915(A,N, + MP,, )~3.0915(A,N, + MP, ) |
MP,, = P2-5.0915®, +4.0915®, +

[ 5.0915(4, N, +MP, )~ 4.0915(A,N, + MP, ) |

MP, ,MP, - Pseudorange multipath (+ receiver noise)
P1, P2 - Pseudorange data

D ,0, - Carrier phase data

N,,N, - Integer ambiguity

A, - Carrier phase wavelength

MP, ,MP, - Carrier phase multipath




The Multipath Computation

MP,, = P1-4.0915®, +3.0915®, +

:4.0915(}»1N1 +®% )—3.0915(A,N, +b”3{2):

MP,, =P2-5.0915®0, +4.0915®, +

[5.091500 N, + MRy )~ 4.0915(, N, + MR, )]

The impact of the multipath on the carrier phase is
insignificant in comparison to the multipath
pseudorange, and can therefore be ignored.

The Multipath Computation

MP, =P1-4.0915® +3.09150, +

[4.0915(,N, + PRy ) =3.0915(A,N, + MRy ) |

MP,, = P2-5.0915®, +4.0915®, +

[5.0915(,N, + MRy ) ~4.0915(h,N, + MR )]

Constant biases, if there is no cycle slip.

! 1

The results are the pseudorange multipath, which can be
seen as a series of residuals with metric unit values.




Comparison of Pseudorange Multipath

0.z

8 /\'\ Day313
& E 0 .f""’l-'\. 7 A"
g U\fg??lg y?'b%" 28\«6%! 2S‘W SDDDD BTD.\U‘H\U 32005”
When the g * Lo the
. 0.2
receiver %E ] U@,a; (\ o ’E:\:gmvm - M
unchang‘ _025 DD \(%}EIDD 0o 28002 mm’mﬁ 50000 31 F2000
repeated| 2 —
£z 0 0N Y A VN Y A AN
g 25 DDWZrSDDEUW?DDD \:"\J‘ESDUD %DD 300‘56 31000 W ‘;;DD““D"J
02 Teconds of Ty

Day 3la

f3 o M M PN A il
g 25000 253.&3/\"{\1 Z?DDW 2800 29000 50000 V3IDDD \\Jg\ﬂ‘ﬂ‘ﬂu

Teconuds of day
0z
Day 317
?gokv AV oo Pt [ B
g 2500 HSEE\E{U 2?\500 2SDDM 23000 30000™" 31000 V32000
02 T

Comparison of Pseudorange Multipath
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permanent GPS station showed that the repeatability of the
pseudorange multipath is at the level of 75%-80% due to changes in
uncorrelated noises between days.




Experiment Description

» The same antennas was set in three successive days (GPS  day
301 to day 303 in 2007) at the same time over the same point, and
each day the antenna phase center was positioned at different
heights —
about 1.60m, 0.9m and 0.2m.
» The selected station was located on a flat open field.
» Three types of GPS antennas were examined:
* Ashtech DM Choke Ring
* Ashtech Geodetic L1/L2
* AeroAntenna Geodetic L1/L.2
» Three Ashtech Z-Surveyor receivers were used in all the
experiments.
» The observations (C1, P1, P2, L1 and L2) were measured
during the same time every day.

The Examined Antennas

e ASH DM Choke Ring - a high cost antenna, designed to
mitigate multipath efficiently, standard in permanent
GPS sites.

® ASH Geodetic L1/L.2 — microstrip patch antenna, with a
medium size ground plane, typically used for geodetic
surveying.

e AER Geodetic L1/L.2 — geodetic antenna with a small sized

ground plane, typically used for RTK surveying.
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The Field Test

AeroAntenna
Geodetic L1/1.2

GPS day 301(2007), three GPS antenna types set up on a flat open
field at a height of approx 1.6m.

The Data Analysis Process

» The analysis was carried out on RINEX files using TEQC
software.

» Three types of pseudorange multipath were calculated:
MPci, MPriand MPr, for each of the satellites in view.

» Day 303 was used as basis for common time scale.

» The common time was 152 minutes.

» 8 satellites were used.




The satellites elevation angels:
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The Data Analysis Process

Since the pseudorange multipath is a series of residuals, the total
effect of pseudorange multipath can present by using the

quadratic form:
¢ = Z (MP 1>1)2

As ¢ becomes smaller the effect of the pseudorange multipath on
the code observations is reduced, and vice versa.

Therefore, testing the quadratic form of the same satellite in the
same time on different days enables a numerical comparison of
the pseudorange multipath effects.




The Results

Pseudorange C/A code multipath on PRN28 in common time scale
— Ashtech DM Choke Ring.
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The antenna heights: 1.56m (at day 301), 0.97m (302) and
(303).

The Results

» Multipath effects are highest at lower elevations and lowest at

higher elevation.
» Pseudorange multipath residuals grow smaller as the GPS

antenna height decreases.
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The Results

Pseudorange C/A code multipath on PRN26 in common time scale
— Ashtech DM Choke Ring.
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High satellite elevation does not have much of an effect on the
multipath, even at different antenna height set ups.

The Results

» The quadratic form of the multipath residuals on the C/A code
for eight GPS satellites in common time scale, in square meter

units.
GPS day
FPRN 301 |302 |303 ||301 | 302 |303 [|301 | 302 | 303 | common
height | 1.6m | 0.9m | 02m || 1.ém | 09m | 02m || 1.6m | 0.9m | 0.2m time
Ant. &sh. DM Choke ring Ash Geodetic L1/L2 Aer. Geodetic L1/L2 [mitnates]
4 364 | 299 | 110 ) 374 | 30 | oo || 1636 | 245 | Lal 79
8 w1z | 241 | 177 || 644 | 635 | 172 ||1310 | 589 | 2.13 2
9 o g60 | 414 | 192 || 820 | 667 | 116 ||1472 ] 939 | 2 123
12 |3 405 | 260 | 147 Mo | 753 | 161 J17ze | 654 | 154 -
15 g Ll | 123 | 136 ) 304 [ 313 | 1ss )l 242 | 219 | 088 149
17 122 | 158 | 125 277 [ 225 | 141 || 495 | 252 | 145 152
26 170 | 145 | 126 || 340 | 344 | 17s [ 532 ] 294 | L6 152
28 7.58 | 718 | 194 || 173 | 1167 | 230 || 1862 | 9.47 | 1.83 139




The Results

antenna set ups for PRN28.

» There is a dramatic reduction of ¢ between higher and lower

GPS day
FPRN 301 |302 |303 ||301 | 302 |303 [|301 | 302 | 303 | common
height | 1.6m | 0.9m | 02m || 1.ém | 09m | 02m || 1.6m | 0.9m | 0.2m time
Amnt. &sh DM Choke ring || Ash. Geodetic LI/L2 || &gt Geodetic LIFLZ | [minutes)
4 364 | 299 | 110 ) 374 | 30 | oo || 1636 | 245 | Lal 79
8 w1z | 241 | 177 || 644 | 635 | 172 ||1310 | 589 | 2.13 2
9 o g60 | 414 | 192 || 820 | 667 | 116 ||1472 ] 939 | 2 123
12 |3 405 | 260 | 147 Mo | 753 | 161 J17ze | 654 | 154 -
15 g Ll | 123 | 136 ) 304 [ 313 | 1ss )l 242 | 219 | 088 149
17 122 | 158 | 125 277 [ 225 | 141 || 495 | 252 | 145 152
2 s | 126 || 340 | 344 | 178 [ 532 | 294 | L6 152
28 758 | 718 | 1ea |Dira | ns7 | 2a0 |l1gs2 | sar | 13 139

The Results

antenna set ups for PRN26.

» There is a minor reduction of ¢ between higher and lower

GPS day
FPRN 301 |302 |303 ||301 | 302 |303 [|301 | 302 | 303 | common
height | 1.6m | 0.9m | 02m || 1.ém | 09m | 02m || 1.6m | 0.9m | 0.2m time
Ant. &sh. DM Choke ring Ash Geodetic L1/L2 Aer. Geodetic L1/L2 [mitnates]
4 364 | 299 | 110 ) 374 | 30 | oo || 1636 | 245 | Lal 79
8 w1z | 241 | 177 || 644 | 635 | 172 ||1310 | 589 | 2.13 2
9 o g60 | 414 | 192 || 820 | 667 | 116 ||1472 ] 939 | 2 123
12 |3 405 | 260 | 147 Mo | 753 | 161 J17ze | 654 | 154 -
15 g Ll | 123 | 136 ) 304 [ 313 | 1ss )l 242 | 219 | 088 149
tea——tse{ 125 || 277 | 2325 | 141 || 495 | 252 | 1.45 152
L
26 170 | 145 | 126 Pran | 3a4s | 178 || 532 | 294 | 116 152
28 7358 | 718 | 194 || 1u7a | 1167 | 230 ||1862 | 9.47 | 1.83 139




The Results

» The table shows the clear influence of GPS antenna height on
pseudorange multipath residuals without correlation to the antenna
type. The multipath residuals level grows smaller when the antenna
height is lower.

GPS day
FPRN 301 |302 |303 ||301 | 302 |303 [|301 | 302 | 303 | common
height | 1.6m | 0.9m | 02m || 1.ém | 09m | 02m || 1.6m | 0.9m | 0.2m time
Amnt. &sh DM Choke ring || Ash. Geodetic LI/L2 || &gt Geodetic LIFLZ | [minutes)
4 364 | 299 | 110 ) 374 | 30 | oo || 1636 | 245 | Lal 79
8 w1z | 241 | 177 || 644 | 635 | 172 ||1310 | 589 | 2.13 2
9 o g60 | 414 | 192 || 820 | 667 | 116 ||1472 ] 939 | 2 123
12 |3 405 | 260 | 147 Mo | 753 | 161 J17ze | 654 | 154 -
15 g Ll | 123 | 136 ) 304 [ 313 | 1ss )l 242 | 219 | 088 149
17 122 | 158 | 125 277 [ 225 | 141 || 495 | 252 | 145 152
26 170 | 145 | 126 || 340 | 344 | 17s [ 532 ] 294 | L6 152
28 7.58 | 718 | 194 || 173 | 1167 | 230 || 1862 | 9.47 | 1.83 139

The Results

» As expected the choke ring antenna had the best performance. It
mitigated multipath signals reflected from the ground in a better
way, relative to the two other antennas.

GPS day
FPRN ,3:0'1 302 3 ||301 | 302 |303 ||301 | 302 | 303 | cormmon
height/{ 1.6m [ 0.9m [ 0.2 || 16m | 0.9 [02m | 16m [ 09m [02m |  time
A.ut,/ &sh DM Choke ring | Ash. Geodetic LI/L2 || Agr. Geodetic LIFLZ | [minutes)
4 364 | 299 | 110 J\374 | 310 | oo || 1636 | 245 | Lal 79
8 10.1g | 241 | 1.77 A4 | 635 | 17z ||1300 | 589 | 213 2
9 o 860 | 414 | 1.92 20 | 667 | 116 ||1472 | 93 | 244 123
12 |3 405 | 260 | 147 1o | 753 | 161 Jl17z6 | 654 | 154 -
15 g L4 | 123 | 1.3 04 | 31z |18z || 242 | 219 | 03 149
17 122 | 158 | 125 Warr | 225 | 141 || 495 | 252 | 145 152
26 170 | 145 | 1264 340 | 3aa | 178 || 532 | 294 | 116 152
28 758 [ 78 | vodffuira ] ner | 20 [lissz ] oar | 183 139

~N 7




poorest performan
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The Results

» For high and medium antenna heights the RTK antenna had the

GPS day
PR a0l | 302 | 303 |[|301 | 302 |303 30/1’ 302\| 303 | common
height | 1.6m | 0.9m | 02m || 1.ém | 0.9m | 0.2m yém 0.9m N\O.2m time
Amnt. &sh DM Choke ring || Ash. Geodetic LI/L2 /&,&; Geodetic L\.I‘I_E [mitnates]
4 3.64 | 299 | 110 || 374 | 310 | o0 |[1636 | 245 | dat 79
8 wag | 24 | 177 || eaa | 655 | 172 Wazan | sse | 2z 79
9 o 260 | 414 | 192 ) 820 | 667 | 106 || 1472 | 930 | 2l4 123
12 |3 405 | 260 | 17 1o | 753 | 161 ||17z6 | 654 | 1) -
15 g 141 | 123 | 136 || 304 | 318 | 1.8 N 242 | 219 | ofzg 149
17 12z [ 1se | vas (2o | 225 | v |\aos | 252 | das 152
26 170 | 145 | 126 || 340 | 344 | 178 \5.32 2.94 /{.16 152
28 758 | 718 | 194 || 1173 ] 1167 ] 230 |[ k62| 07 V182 139

N S

The Results

» For the low antenna height the RTK antenna performance,
surprisingly, was equal to that of the choke ring and geodetic

antennas.
A GPS day A
PRN 301 | 302 f303 ||301 |302 ]A03\[301 | 302 [303 |‘ommon
height | 1.6m [ 0.9m/[ 020l || Lém | 0.9m [[02m [{ 16m | 0.9m [ 02m | | time
Ant. &sh. DI Chl:uke ting \|| &sh Geodetic L1/L2 ||\ &gt Geodetic L]I.I‘I_E [nitnates)
4 364 | 209 | o |l 374 | 310 ) oo |[heae | 545 | L4 70
8 1wz | 248 | 177 || 644 | 635 17z || 1310 | 589 |[z13 2
9 o 260 | 418 | 102 W g2 | 667 || 116 || 1472 | 930 ||2.44 123
12 |3 405 | 260 | 147 Wiao | 73| 16 Ji7ze | esa | [154 P
15 g L4l | 128 [ 136 || 304 | 318 | 188 [|[242 | 219 | |0.8% 143
17 122 | 158 [ 125 a7 | 2325 | 14 ||)49s | 252 | WLas 152
26 1.70 1.45\ 126 ] 340 | 344 | 178 |53z | 294 \.16 / 152
28 758 | 718\ 1941173 ] 1167 9.7 | a3 | /| 139
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\J

\/




Conclusions

» The clear influence of GPS antenna height on the pseudorange
multipath residuals, with no correlation to the antenna type was
shown.

» For all codes, the multipath residuals level grows smaller as the
antenna height decreased.

» The choke ring antenna had the best performance in mitigating
multipath signals reflected from the ground.

» For high and medium antenna heights, the RTK antenna had the
worse performance among the antennas examined.

» For the lower antenna height the RTK antenna performance
equaled that of the choke ring and geodetic antennas.

Conclusions

» The data obtained in this research proves that the optimal height
for positioning the GPS antenna in order to reduce pseudorange
multipath is at ground level.
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