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Abstract

The Possibility of the Precise Positioning and

Multipath Error Mitigation

Takashi Suzuki
Laboratory of Communication Engineering
Tokyo University of Marine Science and Technology

The multipath is one of an important source of errors in GPS positioning. Differential GPS (DGPS) technique can remove
various errors. However DGPS technique can’t remove the multipath, rather it is the main source of error in DGPS. The
multipath is the phenomena of the GPS signal reflection and/or diffraction from some objects and reaches the receiver antenna
indirectly. It may cause signal interference between the direct and reflected or diffracted signal and cause error in the user position
calculation. Typical multipath error in pseudorange measurements varies from 1m in a benign environment to more than 5m in
highly reflective environment. In case of the mobile positioning, it is difficult to specify multipath because it comes from any
direction and reaches an antenna via more than one path.

For the last decade, correlator techniques which modifying the tracking loop discriminator have been invented to reduce the
multipath error. One of the well-known techniques is the Narrow Correlator Technique and the other one is the Strobe Correlator
Technique. They have proved very efficient against multipath having a long delay with respect to the direct signal. However,
when analyzing field data, these techniques are not effective. The reason is that most of the multipath signals enter the receiver
with a short-delay (less than about 30 m).

The objectives in this paper are to investigate the influence of the multipath in the static positioning and the mobile positioning,
and to improve the positioning accuracy which degraded due to the multipath.

About the multipath in the static positioning, reflective and diffractive waves are focus in this paper. Especially, the phasing of
the signal power (C/No, Carrier to Noise ratio) which happens by reflection, the value of the multipath error by various reflectors,
and the degradation of signal power which happens by diffraction are mainly investigated.

Furthermore, this paper shows two multipath error estimation methods. One is the estimation by using code and carrier
(CC-Difference) and another is the estimation based on signal-to-noise ratio (SNR). About the estimation based on SNR, actually,
multipath error is estimated by using two correlators near the correlation peak in the 127 correlators for the measurements. The
multipath error is estimated and mitigated by using this estimation method on the real-time processing.

It is found that positioning accuracy in the static positioning is improved by using these estimation methods.

In case of the mobile positioning, the multipath signal profile specifies by using the 3D-map data. Furthermore, this paper shows
the multipath detection technique and tries to improve the accuracy on the real-time processing. To detect multipath, this
technique is making use of the one criterion. It is the difference in C/No between the reference and the rover. The reason is that
there is big difference in the value of C/No between the reference at the multipath-free environment and the rover at multipath
environment.

In the field data, it is confirmed that using the criterion to detect multipath is effective. And it is found that the positioning
accuracy in the mobile positioning is improved by using this technique.

In this paper, more experiments in different environment are conducted to inspect the reliability of this proposed technique on
the real-time processing.
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3.3
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(Signal to Noise Ratio SNR)
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4.1
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( 0<Delay < (1-A)xT, )

MultipathError = (Delay x A) /(1.0 + A) (4.2)
(@—-A)xT, < Delay < 1+ A)xT, )

MultipathError = (Delay x A) /(1.0 + A) (4.2)
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MultipathError =T, x A (4.4) H_E‘
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4.10 4.14
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4.2.1.2
417 GPS 417
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GPSTIME(s)
C/No

NS

/\

-10

27
C/No
C/No
127057.5 127058 ) C/No
C/No
A-POINT
A-POINT
C/No Rate of Delta
GPSTIME | PRN Difference Pseudorange
(dBHz2) (m/s"2)
127054 27 6.5 0.452
127055 27 95 0.155
127057 8 8.3 0.599
127057.5 27 8 10.041
127058 27 72 -8.102
127059.5 27 -0.2 5.316
127060 27 -0.1 8.264
127060.5 27 0.2 4.188
5.2 C/No

127053 127054 127055 127056 127057 127058 127059 127060 127061

5.13 A-POINT

GPSTIME(s)
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514 27 A-POINT 3 514
A-POINT

27 40
C/No
A-POINT 2 15m
27 30m OEM4
27

W

5.14 A-POINT 27

A-POINT 2 27 27
A-POINT
27 DGPS
515 27 5.15

5.15 A-POINT
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5.3.2 A-POINT

A-POINT 27 C/No
5.16 A-POINT 5.17 53
27 C/No 5.16
5.17
5.16 (GPSTIME 1270975 )
53 C/No 10
5.17
6
(1270975 )
GPSTIME 127097.5 27 5.16
A-POINT A-POINT
@
@
@
@
? C/No Rate of Delta
@
® GPSTIME | PRN | Difference Pseudorange
@
® (dBHz) (m/s"2)
e 1270975 | 27 12.3 10.156
53 27 C/No
. )
@ E——
] Copyright ©2004 ZENRIN CO,LTD.
5.16
14 14
12 * 12
10 = 10%
13
8 8 g
g s 6 §
g E
(6] =
8
. |
i
-6 : -6
127080 127085 127090 127095 127100 127105 127110 127115 127120
GPSTIME(
517 27 C/No
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C/No Difference(dBHz)

A-POINT

5.16

5.18 519 GPS
30
5.18 5.19
54 5.20
8 C/No
-1296.5
:F -1297 S
] O u
O
-12975
E -1298
5
- -12985 T =
iase llllllllll-lll.l. LTI am UH .
|
-12995
-1300 T
127120 127125 127130 127135 127140
/_\ o("\ -Copyright 2004 co,,I.TD, GPSTIM E(S)
5.18 5.19 ( )
C/No Rate of Delta
GPSTIME | PRN | Difference Pseudorange
25 25
(dBHz) (M/s"2)
r ~~
20 20 & [ 1271305 | 8 13
. [
15 | C/No Difference {15 & | 12132 | 8 133 -3016
— o
¢ ~" —~ o | 1271325 | 8 13 -1338
10 10 8
S 127133 8 139 21552
3
ST A 13 8 127134 | 8 13 -2.784
[0}
N\ 1271345 | 8 117 2584
0 / w10 £
1 o 127135 8 12.9 -478
-5 \ -5 o
e 127136 8 134 -0.313
| Rate of Delta Pseudorange s
-10 -10 1271365 | 8 132 -6.774
15 -15 1271375 | 8 126 0.796
127130 127131 127132 127133 127134 127135 127136 127137 127138 127139 197138 o 19 2916
GPSTIME(s)
1271385 | 8 13 -0.636
520 8 C/No
54 8 C/No
5.20 54 8 C/No
54 127130.5
1 C/No
8
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5.20 5.4 8

GPS

Lat(m)

Py
I
i
J
!
i
f
f
]
I
j
/
J
i
/!
L |
)
3 '
Copyright®2004 ZENRIN CO, LTD

531 A-POINT 5.16 5.18

(
C/No

(C/No )

C/No

C/No

521 5.22
0.5m

-1296

-1296.5
m
- n ¥ 5, =
1297 l.. L

-1297.5

-1298
-1298.5 T =

el LT LT T T T T AANAAANAANAL,
-1299
]

-1299.5 T

-1300

127120 127125 127130 127135 127140
GPSTIME(s)
5.22 (
C/No
) C/No

C/No
C/No

C/No
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54

5.23
5.23 C/No C/No
1 C/No
DOP
HDOP 5
5.23 C/No C/No
C/No
C/No C/No
C/No 2 213 2.3
5.23 C/No
HDOP
< C/No
A 4
C/No
C/No Yes
No
v
Yes
HDOP5 >
No
5.23
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5.5

5.24
( )
5
3
5.25 5.26 5.27
B-POINT
10m 10m

A B C-POINT

54

HDOPS

93.9%

DGPS

C/No

A-POINT B-POINT C-POINT

A C-POINT 70

40

._..
i

\ ,*'
w

\

10m |

5.25 A-POINT

5.26 B POINT
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5.27 C-POINT



54

1dBHz 10dBHz 10
55
HDOP
5.28
5.28 54 2
3 HDOP 5
7dBHz
9dBHz 10dBHz 53
52 53 54 7dBHz
4dBHz 7dBHz
1 250
095 & 225
09 | 1{ 200
085 | 1{ 175
= 08 | 1 150 =
T ors 125
07 | 1 100 -
0.65
06 |
055 |
05 =
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HDOP



HDOP
(dBHz) ( ) (%)
()
520 0.938628 0 3.117498 6.649819
1 298 0.537906 222 9.704253 4227437
2 466 0.841155 54 5.136483 5.258123
3 490 0.884477 30 4249749 5.658845
4 495 0.893502 25 4.070196 5.859206
5 501 0.904332 19 3.799898 5933213
6 506 0.913357 14 3.678845 5.99278
7 508 0.916968 12 3.46087 6.070397
8 512 0.924188 8 3.345946 6.144404
9 515 0.929603 5 3.293919 6.232852
10 515 0.929603 5 3.250735 6.350181
5.5 HDOP
4dBHz 7dBHz 4
5.29 5.30 5.31 A B C-POINT GPS
A B-POINT C-POINT
5.29 A-POINT 4 dBHz
4dBHz m
7dBHz im
5.30 B-POINT dBHz 5m
6 7dBHz
5.31 C-POINT dBHz
7dBHz 6dBHz
DOP
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-1635
-1637
-1639
-1641
-1643

-1645

Lon(m)

-1647
-1649
-1651
-1653
-1655

132100

-1935

-1940

-1945

Lon(m)

-1950

-1955

-1960

o ?
R ORI S ntpe0, & . EE e
oo iBine sk Y
Chami L W o %:“co?fﬂ?ﬁ
»

%

s

-

132110 132120 132130

GPSTIME(S)

132140 132150

529 A-POINT

o

a

132160

mEELGL

+ FRAiE4

FES

e FR{E6

132281 132282 132282 132283 132283 132284 132284 132285 132285

1539

GPSTIME(S)

530 B-POINT

L
- [
e .o ,
- 2™ oo0 6% CFH"Etoccﬁd-cctpg
me
P Do

i,

Sogtee® T

) BEE7

132210 132215 132220 132225 132230 132235 132240 132245 132250

GPSTIME(s)
5.31 C-POINT
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5.29 5.30 5.31 5dBHz

( 19 3% )
5.32 5dBHz 533 534
5.35 A B C-POINT 532 535
5dBHz
532 535 POINT

~ i
Copyright®2004 ZENRIN CO,LTD |

5.33 A-POINT 5.34 B-POINT 5.35 C-POINT

5dBHz 5.3
5.6 5.3
C/No 5.36 1 10dBHz
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5.6 C/No 7.2dBHz
5dBHz 5.3
5.36 15

7dBHz 5dBHz
7dBHz

4dBHz 7dBHz

C/No Difference
GPSTIME | PRN
(dBHz)
1270575 27 8
127058 27 7.2 0.84 60
1270975 | 27 123 0.83 55
082 ¥ 50
1271305 8 13 081 | 145
127132 8 133 08 | 1 40
1271325 8 13 g079 35
y1133 ) a0 078 | 1 30
1271 13 077 | 1 25
127134 8 13 076 |
1271345 8 117 0.75
074 |
127135 8 129
073 |
127136 8 134 0.72
1271365 8 132 o 1 2 3
1271375 8 126 5 36
127138 8 11.9
1271385 8 13
5.6
C/No
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5.6

4dBHz  7dBHz
5dBHz 53 55
2
3
5.37 5 3km
3 5
5.7
5dBHz 5 5

)y | ( 5dBHz) | ( ( 5dBHz) ) ( 5dBHz)

1 626 614 82.15 8058 5.69 5.24

1 520 501 93.86 9043 6.65 5.93

2 701 659 7263 68.17 743 6.66

2 1551 1529 97.95 96.61 7.65 7.27

1571 1501 8738 83.87 7.03 6.78

5.7 5dBHz
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5m

5m
HDOP 5
( )><100
5.8
5.8 80
5.7
HDOP
HDOP5
5dBHz
( )
( )
(HDOP )
13 13 0 0 100
130 128 2 0 98.46
172 147 25 0 85.47
42 38 4 0 90.48
75 64 11 0 85.33
5.8
5.8
HDOP HDOP
HDOP HDOP
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C/No
C/No

5.38 5dBHz
5.8 5.39

5.39

5.40
5.40 2 10m

5dBHz 1

GPSTIME | .

130652
//}L S .
. -

5.40 ( )



541 59 5.40 GPS (130652 130653 )
C/No 59 541 C/No
5dBHz 3dBHz
5dBHz
C/No 29 C/No 1.7dBHz 2.5dBHz
38 227 29
6 | | - 2%
5 -—4E
4
~N 6*
3 3
N - 175
g7
© . - 24%
o - 263
a ‘ | | - 20%
130650 130651 130652 130653 130654 130655
GPSTIME(s)
5.41 C/No
GPSTIME PRN2 PRN4 PRN6 PRN10 PRN17 PRN24 PRN26 PRN29
130652 04 14 15 0.8 0.9 0.9 17
130653 06 2 19 0.9 0.9 21 18 25
dBHz
5.9 C/No
130652 130653 2 29 \ L, '
5.42 — \ |§ |
5.42 \
y ) '\Q.
L] \\’\.
1dBHz 2dBHz : /N
4 y /'\q
5.42
C/No
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5.7

DGPS
D
C/No C/No
C/No
C/No
C/No C/No
4dB 7dB 5dB
80
C/No
DOP
4
DOP
DOP HDOP
4dBHz 7dBHz 4dBHz
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6.1
GPS
DGPS
5
5dB
CC-Difference
C/No
C/No
C/No
C/No
4dB 7dB
C/No

HDOP
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