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IGS phase bias products

e Phase biases are critical to retrieving integer PPP ambiguities.

e IGS Analysis Centers (ACs) have begun to release phase bias products.

AC Orbits/clocks Phase biases Quaternions
COD GREC, GE GREC,
ESA GREC,; GEC,; n/a
GFZ GREC,; GEC,; n/a
GRG GRE GE GRE
TUG GRE GRE GRE
WHU GREC,; GEC,; GREC,;

GEC,5: computed by Pan Li at GFZ using the UPD method by fixing ESA and GFZ orbits/clocks.

Combine phase bias products to achieve more stable PPP-AR (Banville et al. 2020)
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Combination method

e Observable-specific biases are converted into wide- & narrow-lane forms.

e Clocks and phase biases are combined as integer clocks.
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Impact of satellite attitude discrepancy

Quaternions diminish inter-AC clock discrepancies in eclipsing seasons

bad

|GS quaternion products to calibrate satellite attitudes (Loyer etal. 2021).
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Impact of multi-GNSS inter-system biases (ISBs)

e AC-specific MGEX clocks might have time-variable ISBs.
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GPS/Galileo clock/bias consistency

e Inter-AC clock/bias consistency after outlier rejection (day 300-330,2020)
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GPS/Galileo combined phase biases

Ambiguity finxing rate (%)

e GPS/Galileo PPP ambiguity fixing rates (day 300-330,2020)
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RMS based on original AC clock (mm)

GPS/Galileo combined phase biases

e Daily position repeatibilities (mm) after PPP-AR (day 300-330,2020)

East North Up

LU B B | ™ LU B BN BRI, T T T T T A
ECOD /’/: ° ,/' 18F . ,‘,’.’.:
i e 13k ..// i . °‘/".:
[ . s ,% ° ’ [ o 4

[ tee i 1 [ oZs .’.‘E./ 6L ..’v.:.'r ]
. {of - 25X 11 z
[ ' $8e 1 I e ’ i T ]
i ’ 1 [ a8 ar o ]
¥ : 11 - 1t ]
L 7 64% >CMB] [, 90% > CMB] 2f ,~* 59% > CMBj
AN T T AR R T BT e A S S
0 1 2 3 420 1 2 3 4 2 6 8
UL BRI BN Sy [ T T T3] T T T T T T v
E ESA ,// 1 I //’ 18F /."/w_
i L st N RS
[ Py T B e 16 ‘,ﬁ?: .
S/ 12 11 = z
Wi [ | K A
W 11 1fF & :
[ 73% >CMBY | 80% > CMB] 2 _‘/’. 60% > CMBj
P/ P B ST A S B ST 4 R R R B
0 1 2 3 400 1 2 3 4 2 6 8
[T T T "',_4>""|""|""|"",_ ZEEEN B L A 'I"‘
:GRG - ,//' I //" 8 .:,,__
| .' ,9 ] . R ] :6,.'/.. 1
5 ‘..’ —_3— :..,l ] [ ::".
i i : . 16 oY .
SN ¥ 1.1 T 171 =570 ]
SRY.Y O 12F Liww 11 ’f/ ;
& #F
i ', _1:— .,' _ ':?' 1
[ " 78% >CMB] [ .7 73% > CMB] 2f ,~7 75% > CMBj
P L) ..|...._0’....|....| L] 4TI B BRI BT B

o1 2

T I B
RMS based on combined clock (mm)

6

8

COD
ESA
GFZ

GRG

TUG

WHU

CMB

E
[.5
1.5
[.5
1.6
[.5
|.4
| .4

N
|.8
1.6
|.5
1.6
|.8
|.5
| .4

0" 60" 120° 180° —120° -60°
K
.
L]
°s
.
.
. .
]
R
.
60° 120° 180" -120" -60°

Mean (mm
Ac

U
4.9
4.8
4.9
5.0
4.8
4.7
4.8

Sldk o



Day since 2020-300

BDS-2/3 clock/bias consistency
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Inter-AC clock/bias consistency after outlier rejection (day 300-330,2020)
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BDS-2/3 combined phase biases

e BDS-2/3 PPP ambiguity fixing rates (day 300-330,2020)
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RMS based on original AC clock (mm)

BDS-2/3 combined phase biases
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e Daily position repeatibilities (mm) after PPP-AR (day 300-330,2020)
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Conclusions

e Inter-AC satellite clock/bias consistency is around 6 ps for

GPS/Galileo, and 10 ps for BDS-2/3.

e Combined satellite clock/bias products gurantee the highest
ambiguity fixing rates and positioning precisions among all AC-

specific products.

e Phase bias combination improves robustness of satellite

products.
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