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演示者
演示文稿备注
即使参考网具有大量的测站，该过程也非常容易实现。而且，具有不同物理特性的误差，如对流层和电离层延迟，可以基于自身的特性在服务端分开表达，这样可能会提高性能。这种方法除了能显著提高解算效率，同时也可以通过NTRIP实现逐测站播发改正数。用户可以依据测站的近似坐标来选择较近的参考站。通过这种方式可以显著减小当前大多数NRTK方法中繁重的通讯负担。


Multi-GNSS data processing

- -
( Initial Satellite Orbit )

Optional
v v 4 ‘ <g
. - B Multi-GNSS POD
Multi-GNSS OBS I J Uncalibrated
(Batch-processing, Every 3h) ncalibrat
(MGEX+BETN+IGS) ) P & Y Phasc Dclays |~

(Antonne & Rossiver ) | 4 , Abigy [ The structure of the

Orbit Prediction Using Orbit
= ) N Integrator
Site Coordinates
e.g.5INEX

(6h Predicted Orbits) Inter-requency Biss [ multi-GNSS real-time
| j PPP service system at
. L§£’j Multi-GNSS Real-Time PCE +———Optional G F7.

(Sequential Processing.Every 5s)

— l — Optional

Real-Time Orbit Corrections
Real-Time Clock Corrections

I# Optional -
’ Li et al (2015), Accuracy

W e / and reliability of multi-

L e o GNSS real-time precise

Multi-GNSS PPP
{Sequential Processing)

positioning: GPS,
g civer | GLONASS, BeiDou, and
v Galileo. J. Geod., 2015,

PPP Solution 1: PPP Solution 2: PPP Solution n: [ .
|| Coord,clk,ZTD,iono, Coord,clk, ZTD,iono, | | ==eeee Coord,clk,ZTD iono, | | 89(6) R 607‘635.
ISB&IFB,amb ISB&IFB,.amb ISB&IFB,.amb E
GFL 4HELMHOLTZ
Aﬁ
Helmholtz Centre | GEMEINSCHAFT
PoTspDam e

UPD Estimation
(Sequential processing from PPP
float amb)

L




[Y kg3-dmz. efz—potadam. de: 4080/ streams. html
E &R [ZE [arE [ G Google

C

e
He

Puisua

|GF22_UPD_RTCM” no commectlon actlve |
124620(|2016-05-01T12:45:22 (5d .
GEFZAD 1|94d4d. 551 MB bytes/min|09:11:3%) gzels NTEIP PDM/1.0 159.17.56. 157
GFZAL 0105, 954 MB(|13928 bytes/min gg%gégggnglz:qs:zg (54 gzels NTRIP BNC/Z2.12 159.17.56. 126
GEFZAZ 01105, 954 MB(|13928 bytes/min gg%géggg$1T12:48:28 (5d gsels NTREIP BNC/2.12 159.17.56. 126
GFZad ” no commection active
GFZB0 1/|875. 172 MB(|98027 bytes/min 53%21?3550T09:05:32 (6d gsels NTEIP PDM/1.0 159.17.56. 153
GFZB1 0196, 051 MB||21983 bytes/min fg%g;??;§0T09:05:42 (6d gseis NTRIP BNS/1.3 159,17, 56, 153
GFZB2 0| 196, 051 MB||21983 bytes/min fg%g;??é§0T09:05:42 (6d gseis WNTRIP BNS/1.3 159,17, 56, 153
sFZB4 ” no connection active
105720(|2016-05-01T12;: 44 :57 (5d .
GFZC0 1/|808. 336 MB bytes/min|09:11:57) gsels WNTRIP FDM/1.0 159,17, 56, 126
GFZCL 1| 89. 603 MB||11641 bytes/min 38%85?2;?1T12:48:0T (5d gseis NTRIP BNC/Z.12 139,17, b6, 126
| GFZC1INF || no comnection active |
| GFZC1EPS || no comnection active |
GFZC2 0| 89. 603 MB||11641 bytes/min 38%85?2;?1T12:48:0T (5d gseis NTRIP BNC/Z.12 139,17, b6, 126
| GFZCZINF || no comnection active |
| GFZCZEPS || no connection active |
| FZC4 ” no connection active |
| GFZC5 ” no comnmection active |
| GFZCE ” no comnmection active |
| GFZC5P3 ” no commection active |
138120(|2016-05-03T11:32:03 (3d .
GEFZD0 H 1H640.?05 HBH bytes/min[l0:24:51) gsels HNTRIP PON/1. 0 HlBg.l?.64.31




Along |

Along |

¥10

43¢}

11O

00

|- Radial == Crgss

|- Radial == Cross

010

Radial:
Cross

= l|Along: 1
1gD:

600

800

———] /00

Radial: 18
Cross: 4/
Along

900

< N o [ce} (o} < ™~ o
—

[wo] SINY 1940

10
8
6
4
2
0

i\longl

Along |

0e4d

9¢4d

‘1.9

¥Z3

ma Hial == Cross
Cross
Along:|B.0

1D

|- Radial ™= Cross

¢cd

613

¢l

L3

Radial: 1.2
Cross: 2.5 |
AlONg: 3.7

[wo] SINY 1940
[Wwo] S HAI0 o\

Helmho
PoT



=0.11ns

Mean

0.20

chu n_km xoo_o

e
gcd
écd
Led
ocH
614
8Ly
L
gLy
Ly
elLd
oLd
604
804
L0d
o0d
S0d
0
eo0d
coy
Lod

[ARD)
LeO
0oeo
62O
8¢9
XA
9¢O
2O
reo
€20
Lo
0co
6LO
8lLO
21O
919
SO
1439
€L
(AR
LLO
oLo
609
809
20O
909
S0O
€00
0o
L0O

W
O
o}
o

0.40
0.00

0LO

600

£0D

900

G0O

¥0O

00

L0O

ogd

9¢3

¥ed

c¢c3

613

A=

(=



North (m)

GFZ ﬂHELMHOLTZ

| GEMEINSCHAFT

Helmhaoltz Centre
PoTrTsbpam



Table 1. Status of new launched new-generation BDS satellites (July. 2016)

Satellite Launch time REN Launch site Carrier Rocket Orbit Status

BDSI1-S 2015/03/30 (€31 Xichang LC-2 Chang Zheng 3C/YZ-1 IGSO. 55° inclination Operational
BDS M1-S 2015/07/25 (€34 ZXichang LC-2 Chang Zheng 3C/YZ-1 MEO. ~21.500km  Operational
BDS M2-S 2015/07/25 (€33 Xichang LC-2 Chang Zheng 3C/YZ-1 MEO. ~21.500km  Operational

BDS12-S 2015/09/29 (32 XichangLC-3  Chang Zheng 3B IGSO. 55° inclination Operational
BDS M3-S 2016/02/01  ? Xichang LC-2 Chang Zheng 3C/YZ-1 MEO. ~21.500km ?
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Helmholtz Cen Fig. 1 The ground tracks of the new-generation BDS satellites on 25~26 June 2016
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即使参考网具有大量的测站，该过程也非常容易实现。而且，具有不同物理特性的误差，如对流层和电离层延迟，可以基于自身的特性在服务端分开表达，这样可能会提高性能。这种方法除了能显著提高解算效率，同时也可以通过NTRIP实现逐测站播发改正数。用户可以依据测站的近似坐标来选择较近的参考站。通过这种方式可以显著减小当前大多数NRTK方法中繁重的通讯负担。


Table 3 Signals tracked by the civil receivers for new-generation BDS satellites C32, C33, and C34

Band Frequency (MHZ) Modulation
B1I 1561.098 BPSK(2)
B3I 1268.52 QPSK(10)
BIC 1575.42 TMBOC(6.1)
Bla 1176 45 AltBOC(15,10)
B2b 1207.14 AlfBOC(15.10)

Table 4 Characteristics of the experiment conducted for this contribution

Receiver type UNDT
Antenna type Trimble TRM59900.0 choke ring
Location Wuhan University, Wuhan
GPS:- 11,12, L5
| GAL: E1 ESa, E5b
Enabled signals BDS: B1. B2, B3 (C01-C15, C31)
BII, B3L BIC, B2a, B2b (C32-C34)
Cutoff angle 10°
Sampling interval 10s
Date fime GPST: July 6 2016~ July 14 2016

GFZ

Helmhaoltz Centre
PoTrTsbpam

ﬁ HELMHOLTZ

| GEMEINSCHAFT


演示者
演示文稿备注
即使参考网具有大量的测站，该过程也非常容易实现。而且，具有不同物理特性的误差，如对流层和电离层延迟，可以基于自身的特性在服务端分开表达，这样可能会提高性能。这种方法除了能显著提高解算效率，同时也可以通过NTRIP实现逐测站播发改正数。用户可以依据测站的近似坐标来选择较近的参考站。通过这种方式可以显著减小当前大多数NRTK方法中繁重的通讯负担。


GF 4

 —

Helmhaltz Cent
PoTrTsbal

2 STD{E1}=0.352 m El o0
E 15 ﬂm::ﬂa}-.nl'l1m Elj ESa BD
= STD{ESH)=0.057 m . Esp
o 1 L Etevation |70
= L
£ 05 G-
= [ =
E i 50 2
o
£ -0.5 140 E
a -1 3glW
=
2-15 20
—g_ 1 L L L 10
03:00 06:00 0a:00 12:00 15:00
GPS Time (hour)
2 = G0
E 15 T Gos{ s Nen
c . Elevation
2 1 ¥ 05
205 0T
= =
E 0 a0 o
o
ﬁ 05 140 E
a -1 30w
=
=3
2-15 20
0600 09:00 12:00 TR
— -~ Bl
E B2|
= B3l
(=]
=1
2
=]
8 -
% el
= : m%
3 E T
=
-15
~10 20 30 40 50 60 70 80 90

Elevation (deg)

s RIEE
E 1 E12 Eﬁa_
S =
o
w
£
=]
E
8
=
o
0
=
=3
= .
1.f1u 20 40 50 &0 70 BD o]
Elevation (deg)

1.5 L1
— i I
E | =
=
o
W™ o
k=
5
ﬁ )

S
s |
40 20 40 90 oo " % #
Elevation (deg)
_ 2 ,. STRB1I=0.604m ~ Bl 0
: )
% 15 iji \\sm.:ﬂal:-u.zazm gd_ :i: =0
5 ’ _ﬁ ; -EIwaﬂDn?D-@
£ 4 e
0
: 50 S
8 40 2
g el
E 20
-2 09:00 15:00

GPS 'Ilﬁzlgu(huur}
Fig. 8 MP time series (left) and MP against elevation (right) for E12 (top) EL/E5a/E5b and G06 (mid) L1/L5 and
BDS-2 C14 (bottom) B1/B2/B3 signals

AHOLTZ

AEINSCHAFT


演示者
演示文稿备注
即使参考网具有大量的测站，该过程也非常容易实现。而且，具有不同物理特性的误差，如对流层和电离层延迟，可以基于自身的特性在服务端分开表达，这样可能会提高性能。这种方法除了能显著提高解算效率，同时也可以通过NTRIP实现逐测站播发改正数。用户可以依据测站的近似坐标来选择较近的参考站。通过这种方式可以显著减小当前大多数NRTK方法中繁重的通讯负担。


GFZ

Helmhaoltz Centre
PoTrTsbpam

_ 2 ~ STOEICFOZET m e
E 15 VAR S e = e [
5 1 STO(E140.192 M . - Bl 70 =
5 ‘ ETOEHO e m T . B3 =
£ 05 _ i - Smaton/0 8
E 0 PO e o 0 &
g it — 30l
= ’. 7
2-15 ; 20
66:00 06:00 12:00 18:00 74:00
GPS Time (hour)
= 2 STOEIC-0282m ciz | Bc ugﬂ
= 1 —m et ‘\ T o 0
o 1 ‘Q"I'I'L:F'd Ii=0i 347 m A :' - . Bl _I"G' —
= STOYEI=0.153 m/ \ , . % - BH &
£ — - : — - - Eevanonf00 2
0 i i c
E 4 A0 o
p3
ﬁ L
2 oW
3
F. 20
ﬂg:bﬁi
2 a0
— ATIBICI=0.373 m _[-ec
E 1 5 W 12em A‘- E—J“— E2a SI:I
= ATOB2b)=0.103 m / \ B2t
o 1|—IoeBi =0 31E m o ?_ . TO—
£ IDEI=017Em s I3 . T
£ 05 o 60T
o ' c
E 0 S0e
£ 0.5 40 >
e - 304
ERY: 20
“206:00 12:00 18:00
GPS Time (hour)

Multipath combination {m) Multipath combination (m)

Multipath combination (m)

&

IR
in 4

1.5

=

e
i

m o

Fig. 7 MP tume series (left) and MP against elevation (right) for C32 (top), C33 (nud), and C34 (bottom)

B1 B T BITTER2IT cioaniale

13 ; - BiC
s C33| g2
1 T B2b
050
O+
05
-
15
10 20 1] 40 50 60 70 aon a0
Elevation (deq)
13 m BIC
il l C34|| e2a
PR &
1 0 20 30 40 &0 60 70 a0 |:|0 LTZ
Elevation (deg) !INSCHAFT



演示者
演示文稿备注
即使参考网具有大量的测站，该过程也非常容易实现。而且，具有不同物理特性的误差，如对流层和电离层延迟，可以基于自身的特性在服务端分开表达，这样可能会提高性能。这种方法除了能显著提高解算效率，同时也可以通过NTRIP实现逐测站播发改正数。用户可以依据测站的近似坐标来选择较近的参考站。通过这种方式可以显著减小当前大多数NRTK方法中繁重的通讯负担。


GFZ

Helmhaoltz Centre
PoTrTsbpam

= (= 1

E4 - 100
® ”’
22 & 80 o
k]
g : B ) =1
= 4] E
g x
=2 Y /‘ o
£Z
< g-00 06:00 12:00 18:00 24.00
GPS time (hour)

E4 100
= C34
& AN . 180
2?2 / N - f Fy
= T o =
o Syt g LI =

AEE N =
% o 1'“ t}“{' 40 -'E
=] Y Eﬁ i
= : i
Ry ./ \ ) i
E 2 - \ 120

e
£Z
“G8:00 1000 1100 1200 1300 1400 1500 16:00
GPS time (hour)

E4 80
g
E = S{]-a
E 8
= 0 4{]_5_.
£ 2
g5 _ o
= -4 20
£Z
- G4-00 12-00 18-00 3700

15:00
GPS time (hour)

—

”g 4 100
“a—t’ C33
g 2 10
o ™ g
= . L 960 =
5 N =
= 0 M =
g % a0 B
= —— ]
= - Jo0
g
“gf-00 0100 0200 03.00 0400 0500 0600 O7-
GPS time (hour)

= 4 100
&

GO1
2 _
= < E
- =
g0 50 §
a \ z
= i
i P>
= i

{ﬁiﬂﬂ 04-00 05:00 06:00 o700 0a8:00 1.2
GPS time (hour)
4 7
C01

[=]

path and Moisa (cm)
[

3 .
n o
Elevation (deg)

1

8

P hase Multi

\\ ok

<—

s

S
g

06:00

12-:00
GPS time {hour)

18:00

24

Fig. 12 Triple-frequency carrier phase multipath and noises for C32 (top left), C33 (top right) and C34 (mid left),
GO1 (mud right), E09 (bottom left), CO1 (bottom right)

DIF(@]:QQ :QQ)ZIF(t;?lrQDz)_IF({Ql_t;%)

N A

- A@y

5

3 a3 Pt

7=-7""" T

A=

J-ng

in —

A HELMHOLTZ
| GEMEINSCHAFT


演示者
演示文稿备注
即使参考网具有大量的测站，该过程也非常容易实现。而且，具有不同物理特性的误差，如对流层和电离层延迟，可以基于自身的特性在服务端分开表达，这样可能会提高性能。这种方法除了能显著提高解算效率，同时也可以通过NTRIP实现逐测站播发改正数。用户可以依据测站的近似坐标来选择较近的参考站。通过这种方式可以显著减小当前大多数NRTK方法中繁重的通讯负担。


D-E T T T T

=
If'n T
N

oy
W EEN
1

N

—

Relative Fr
=
f
R

4 4 7 4

%
'—%_6 03 00 03 06 06 -03 00 03 06 -06 -03 00 03 06
WL Residuals (cycle) WL Residuals (cycle) WL Residuals (cycle)
Residual distributions of the WL ambiguity bias (cycle) for BDS-2 satellite and BDS-3

satellites.

=
-—
T
T
T

GFZ ﬁHELMHOLTZ

| GEMEINSCHAFT

Helmholtz Centre
PoTrTsbpam


演示者
演示文稿备注
即使参考网具有大量的测站，该过程也非常容易实现。而且，具有不同物理特性的误差，如对流层和电离层延迟，可以基于自身的特性在服务端分开表达，这样可能会提高性能。这种方法除了能显著提高解算效率，同时也可以通过NTRIP实现逐测站播发改正数。用户可以依据测站的近似坐标来选择较近的参考站。通过这种方式可以显著减小当前大多数NRTK方法中繁重的通讯负担。


€ New satellites , new signals, multi-frequency;
@ Accuracy, various biases, ambiguity-fixing;
@ Efficiency, especially for four-system processing;

@ Stability, especially for BDS;
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