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SINGLE-GNSS

RELATIVE
POSITIONING

Single Differences:

Riir2(t) = Rg1 () — Rg; (0)

RE1R2 ()
Rle (t) Codes
dgira (0)
RE1r2 (1) (0
. - Phases Rle
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Receiver g4

RE155(t) = REiga(t) — REiRo (¢

Rgips (1)

Rgips(t)

Codes

Phases

Receiver g,
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Double Differences:

SINGLE-GNSS

RELATIVE
POSITIONING

P G162
Dgigps ()
HG1G3

dgirs (£)

dgips(t)



MULTI-GNSS

RELATIVE
POSITIONING

Double Differences:

Loose combining:

Rg1%5 (t) = RE1g2(t) — RRig,(t) Codes
Ri1gs(t) = RRigz(t) — Rgiga(t)
. | DR ()
Receiver p, Receiver p, Phases BELEZ (1)
L
R1R2
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If overlapping frequencies :

Receiver g4

Receiver g,

Tight combining:

RE185(t) = REiga(t) — RE%R2(0)

Double Differences:

MULTI-GNSS

RELATIVE
POSITIONING

RE1E2(t) = REig2(t) — RE1ga () Codes

RE1E5(t) = REigs(t) — REZRo ()

Phases
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b G162
Dgirs (1)
pG1EL

Dg Rz (E)

pG1E2
drigs (L)



Double Differences: MULTI-GNSS
Tight combining:

RELATIVE
POSITIONING

Maximizes the redundancy
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Double Differences: MULTI-GNSS

Tight combining:

+

RELATIVE

POSITIONING

Maximizes edundancy Introduces additional unknowns:

Differential receiver hardware delays

= Phase and code inter-system biases

= ISBs
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®)

SBS ON
GEODETIC ISBs are receiver-dependent (Odijk & Teunissen, 2013 — Pazeiwski & Wieglosz, 2015)
HECEIAEiE Mixed-receiver pairs

() % ‘||i|‘u.ul.|l_||. l R Mean:
+ = 1.52 m
veptentrio 4 Identical-receiver pairs
0.2 |
O :
s om Mean:
> 0.00 m

02

Septentrio X4 Septentrio X4

(a) Code ISBs (DD ZB) Galileo E1/GPS L1 (DOY 9 2016) 04:00 08:00 12:00 16:00 20:00 24:00
(b) Code ISBs (DD ZB) Galileo E1/GPS L1 (DOY 212 2016) Hours


Presenter
Presentation Notes
Codes E1/L1 X4/X4 (DOY 9 of 2016) et X4/TR9 (DOY 212 of 2016)


)

SBS ON
GEODETIC ISBs are stable over time (0dijk & Teunissen, 2013 - Pazeiwski & Wieglosz, 2015)
RECEIVERS
41 4|
bl .\,' UH ‘ )
¢ UL
§ 2 2
>
1 1t 1
04:00 O8I:OO 12:00 16I:OO 04:'00 08:IOO 12:0C 16:00 zd:oo | 04;00 08.:00 1§;oc 16;00 20:00
Hours Hours Hours
Mean: B CIAVE Mean: BSGVAVAE Mean: BSG/AVE
2.82 m 1cm 2.86m 2Ccm 2.84 m 1cm
2014 (a) 2015 (b) 2016 (c)

Code ISBs (DD ZB) Galileo E5b/BeiDou B2 on Trimble NetR9-Septentrio X4 :

(a) DOY 310 2014 (b) DOY 198 2015 (c) DOY 212 2016
9
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Presenter
Presentation Notes
B2/E5b : 2014 DOY 310 ULG0/X400 – 2015 DOY 198 ULG0/X400  - 2016 DOY 212 ULG0/X400 
Std/sqrt(# of epochs) :
1 cm



)

SBS ON
GEODETIC ISBs might be affected by
RECEIVERS
Ly Receiver multipath filter
7 . for codes
0
g -1 After After
8 (%0}
qu 5l Firmware updates %
§ ) for phases =
-3t
Phase I1SBs (DD M | Before Before
ZB) Galil B i
El/GISSILeloon 4 w WW “W “ 3! ‘
Trimble NetR9-
Septentrio X4 . . . l .

(DOYs 245-247 of
2015)

04:0C 08:0C 12:0C 16:00 20:00
Hours Hours
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04:0C 08:0C 12:0C 16:00 20:00

Codes ISBs (DD ZB)
Galileo E5A/GPS L~
on Trimble NetR9-
Septentrio X4
(DOYs 165-167 of
2016)

10


Presenter
Presentation Notes
Galileo E1-GPS L1  firmware updates on DOYs 245-247 of 2015 / Galileo E5a-GPS L5 multipath filter DOY 165/167 2016


Double Differences: MULTI-GNSS

Tight combining:

RELATIVE

POSITIONING

Maximizes the redundancy Introduces additional unknowns:

Differential hardware delays

Constant value for geodetic receivers :

) . o = Phase and code inter-system biases
(Odijk & Teunissen, 2013 — Pazeiwski & Wieglosz, 20§5)

Once estimated, — ISBs
can be removed from equations
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HECEERE Geodetic receivers Low-Cost receivers

FEATURES
SSS (Thousands USDs ) SS (Hundreds USDs)

Trimble image

u-blox image

Septentrio image

" Multi-GNSS " Multi-GNSS
= Multi-Frequency = Single-Frequency

Galileo E1 + GPS L1
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https://www.u-blox.com/sites/default/files/products/documents/EVK-M8T_UserGuide_(UBX-14041540).pdf
https://www.u-blox.com/sites/default/files/products/documents/EVK-M8T_UserGuide_(UBX-14041540).pdf
https://www.u-blox.com/sites/default/files/products/documents/EVK-M8T_UserGuide_(UBX-14041540).pdf

CODE . . | .
Geodetic receivers Low-Cost receivers

PRECISIONS
SSS (Thousands USDs ) SS (Hundreds USDs)

.......................................................................................................................................................................................................................................................

mGPSL1

30

m Galileo E1

§ 20 Codes precisions (DD SB 5.6m)

K - Geometry-fixed

g - Geodetic antenna

S 10 - 30s. data

© - Min elevation: 10°
- Multipath filters OFF

0 Based on 4 days in 2018 (160-161-162-163

Septentrio X4 Trimble R9 u-blox for Trimble, 262-263-264-25 for Septentrio
and 129-131-134-135 for u-blox)
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PHASE

PRECISIONS

Millimetres

Geodetic receivers Low-Cost receivers

SSS (Thousands USDs ) SS (Hundreds USDs)

...............................................................................................................................................................................................................

mGPS L1
W Galileo E1

Phase precisions (DD SB 5.6m)

Geometry-fixed
Ambiguity-fixed
Geodetic antenna
30s. data

Min elevation: 10°
Multipath filters OFF

Septentrio X4 Trimble R9 u-blox Based on 4 days in 2018 (160-161-162-163
for Trimble, 262-263-264-25 for Septentrio
and 129-131-134-135 for u-blox)

Cécile Deprez — Presenting at ION GNSS+ 2018 in Miami, Florida - cecile.deprez@uliege.be



4 days in 2018 (129-131-134-135)

Firmware update on Trimble receivers
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59 157

DOYs in 2018
0

271
Present DOY

Multipath filters turned OFF on RS and X4

. : ) 4 days in 2018 (166-167-168-
Multipath filters activated on R9 and X4 176)

4 days in 2018 (29-30-39-45)
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CODES Mixed-receivers codes ISBs evolution

ISBS
: Multipath filter OFF
2.35 :
2.17 1
2 1.91 1 183 :
i Trimble R9 - u-blox
+ 1.50 = code ISBs R9-X4 | W Septentrio X4 - u-blox
51 ! !
>

E3

0.76
0.66 + 0.30 = code ISBs intra-u-blox
0.41 I 0.39 I 0.33
l . | 0.23
|
i i I
E1l E2 ;

Code ISBs (DD SB 5.6m) - Geometry-fixed - Geodetic antenna - 30s. data - Min elevation: 10°
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= Absence of fractional phase I1SBs for all receivers!

—> No impact on RTK!

= Code ISBs present during E1, E2 & E3:
— DGPS affected!

= Mixed-receivers ISBs non negligible

* |ntra u-blox code ISBs different from 0!
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ON SHORT |
L ISBs ignored 1l »
DISTANCES e !
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le 4 .
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- 305, data £ R e T S R
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- Min elevation: 10° Ju e h ____'*_t :-_f_'_g-fr_'.}i_ _'!‘_'_____v_g__-__:_ x
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- Max PDOP: 6 05 . o i G e
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a . r I
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2 T T T T
ON LARGER |
*  |5Bs Ignored |
—-—-—  Morth mean
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