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GOP RT services

NTRI P Ser ver

( EUREF- | P)

EUREF- | P/ VESOGE CZEPCS:
EUREF- | P/ VESOG CZEPCS:
VESCOGE CZEPCS:
VESOGE CZEPCS:
VESCOGE CZEPCS:

VESCE TEST
VESCE TEST

GOPEOD
TUBQO
PLZEO
LYSHO
VSBQD
GOPE1L
OPQD

- already part of EUREF-I1P

NTRI P Cast er

RTCWV2
RTC\WV2
RTC\WV2
RTCWV2
RTC\WVR
RTC\WV2
RTCWV2

1, 3, 16, 18, 19, 22, 31 GPS+GE.O
1, 3,18, 19 GPS

3,18, 19, 22, 31 GPS+GELO
3,18, 19, 22, 31 GPS+EL0
3,18, 19, 22, 31 GPS+GELO
1, 3, 16, 18, 19 GPS

3,18, 19, 22, 31 GPS+ELO0

(for VESOG - GNSS pernmanent station network)

- actually distributes RTK data fromthe VESOG GNSS stati ons
- Caster is running on dedi cated hosted server and we can

provide particular casting also for

EUREF- 1P in future.
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GOP RT usage

NTRIP Cients (EUREF-IP)
- developing the tool for data stream nonitoring

- conpleting BNC (BKG Ntrip Cient) to store data batches to
feed EUREF Local Data Centre wth hourly RINEX files

RTI GS Archiver (I GS RTWS)
- storing about 18 RTIGS global stations in hourly RINEX files
RT-client usage
Support Data Center and near-real tinme processing at GOP

- GPS net eor ol ogy

- Utra-rapid orbits

Delay of hourly data in GOP DC [Cze/Slo]

LR KR b 7 2257 O




GOP RT support — ultra-rapid orbit determination

Last improvements:

switched to official Bernese V5.0 (source modified)
revised network configuration and processing startup
parallel analysis using clusters (4 CPUs @ 2 PCs)
handling unhealthy satellites,manoeuvres in analysis
satellite not excluded from processing(only in product)
ambiguity fixing (in 6 hour sessions)

estimated ionosphere model supporting ambig. resol.
real-time data supported from RT-IGS

datum definition: fidutial sites iteratively checked

new IGS standards (since Nov 2006)

O O 0O 0O 0O 0O 0 0 0 0
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GOP orbit determination - basic processing features

pre-processing :

m 6h-data batch
final product :

m by NEQ stacking
product update :

m 6 hours

m  hourly rate possible
a priori orbits:

m |GS ultra-rapid
predictions

m Broadcast orbits

iteratively improved orbits:

m 1day
final orbits :

m  3days
# sites: 56
# clusters : 5

6h
days
N2 M-1 | | 1|
| | | I | T | | | T T | j I
MNEDO
b { nl  solution
1a ) ” 1 En+1}| salution
k b =3 I (nt  =alution
|b} L » g (4N solution
I L MNED
o ny  solution
Ic} L '. » En+1}| solution
N-2 N-1 N N+1 _
| | | | ! | | I | | Time scale [days]

NEQ

— | "short"arcs (basic NEQs)

-----» .. 6h pre-processing batch

| reference "medium" arcs

— i
[ I
Il L Z | Z I
L

| "long" arcs

¢ T . AN 4
. (stochastic accelerations

e —— e » .. 48h NEQ-combination

& arc-splitiing)

fitted arcs

predicted arcs

“eopd Product:
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Processing optimizations

processing approach (procedure, sessions)

Bernese programs and strategies (input, setup)
network clustering optimization (size of sub-networks)
source code efficiency (repeating tasks, 1/O operations)

1 session | run-time | disk usage comments
24 h (1) 54 min 40 MB clusters optimized
12 h (1) 36 min 30 MB clusters optimized
6 h (0) 33 min 24 MB no optimized
6 h (1) 30 min 24 MB cluster optimized
6h@) | 24 mn | 24MB ggjjéeg;i”rgi Souree
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GOP new and old product: GPS orbits

Orbit position accuracy [GOP fitted x IGS final]

-0 | ' ' Mew GOP fitted: WRMS
MNew GOP fitted: RMS

Old GOP fitted: RMS

60 |
50
40 |

cm

30

0 — r L z L - i y L : L - M i L 2 " .
2008 2006 2006 20086 2006 2006 2006 2006 2006
Apri15 Apri29 May/13 May/27 Jun/10 Jun/24 Jul/og Jul/22 Aug/0s
Orbit position accuracy [GOP predicted 12h x 1GS final]
20 | ' ' Mew GOP predicted: WRMS
MNew GOP predicted: RMS
50 | Old GOP predicted: RMS
50 |
s 40
30 | l
20 | _ I|I| u' 1 ﬁll . I|||| i
10 halad AW A LAl A A T AAE
0 — r L z L - i y L : L - M i L 2 " .
2008 2006 2006 20086 2006 2006 2006 2006 2006
Apri15 Apri29 May/13 May/27 Jun/10 Jun/24 Jul/og Jul/22 Aug/0s
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GOP new and old products: X,Y-Pole, LOD
s ) )
EOP: X-Pole GOP[old & new] x IGS EOP: Y-Pole GOP[old & new] x IGS
2 Old GOP: predicted 2 Old GOP: predicted
Old GOP:  fitted —— Old GOP:  fitted ——
L1 L1
o o
E E
3 3
New GOP: prediclted —— New GOP: prediclted ——
5 New GOP: fitted —— 5 New GOP: fitted ——
@ @
o o
E E
-2 -2
_3 i A " " " i _3 i A " " " i
2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006
Apr/01 May/01 Jun/01 Jul/o1 Aug/01 Sep/01 Oct/01 Apr/01 May/01 Jun/01 Jul/o1 Aug/01 Sep/01 Oct/01
EOP: Length of Day GOP[old & new] x IGS AC Ulira Rapid LOD Differences with IGS Rapid
0.4 L L 1 1 1
Old GOP: predicted
0.4 Old GOP: fitted —— o
[V R AP T e L e L |—cou
|
-0.4 ‘WWWWWWM'W - —EMU
2
—~-0.8 - - —ESU
oy
o
0
E-121 : : g
b 15 MAAAAAMPARAAAAN M - cou
‘E . ..W‘v“*
" New GOP: predicted —— = op - . | L | JpU
0.4 New GOP: fitted —— o
o
- 2.4 | | | | i |
I J J ‘. { o
] 28 e e i VN '|| 'll e '| — usu
l 1
32 fon | - —I1GU
0.4 36 : : : : : :
. e e . — — 1340 1350 1360 1370 1380 1300 1400
2006 2006 2006 2006 2006 2006 2006 i
Apri01 May/01 Jun/o1 Jul/01 Aug/01 Sep/01 Octio1 Time [GPS weeks] GE it 7.1 2008 0427 G




|GS combination (from IGS ACC monitoring)

Weighted RMS [cm]

EUR]

Uitra Rapid Orblts (AC snlutmns cnmpared tn IGS Ultra)
5“-........I...I..I..I...I. s e e il {Smnnthw] N Ml T Pl TR RTR T REEE N
40 -
D: LA L L AR A L L A
11001 0120130140151 601 701801902002 2202 3R AR SR 6127 1RSI B0 B 1132 (B3 1BAMB (B 605 7B TE mzu

Time [GPS weeks]

GFZ Polsdam, 3.03 2007 1520 (GMT)




GOP product summary table

fitted Clocks | X-pole | Y-pole Xp rate Yp rate LOD
predicted [ns] [mas] [mas] | [mas/day] | [mas/day] [ns]
GOU old 0.3 0.9 0.1 0.4 0.07
2006 0.5 0.9 0.1 0.4 0.09
GOU_new 0.1 0.1 04 0.2 0.03
2006 0.3 0.3 0.4 0.4 0.07
IGU 0.2 0.1 0.1 0.3 0.3 0.03
5 0.3 0.3 0.5 0.5 0.06
Next Priority: 1) support of GLONASS ultra-rapids
2) support of precise clocks
+ higher update rate possible
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Motivation

Real - Ti ne

The aim: Preci se Point Positioning

R REAL-TI ME

NEAR REAL- Tl VE
( PREDI CTED)

or bi

( PREDI CTED)

REAL- Tl VE

ts

orbits & cl ocks

orbits & cl ocks

possible models

rt product real-time products

Two streams with different distribution scheme ?

Not necessarily, but useful.
W have devel oped a new stream providi ng preci se conti nuous

orbits in efficient format for

real -tinme distribution:, COP-S*




Towards real-time continuous orbit product

Status:
B |GSultra-rapid product in batches(4x/day), discrete
epochs (15mn), GPS only
Reguests:

M unique(!), efficient and continual representation of
preci se G\SS orbits to support consistent real -tinme
cl ock estimations

M distribution via real-tinme stream
M clients should apply any sanpling rates in RT, NRT

Proposition: Continuous Orbit Polynomials Stream (COP-S)

M distribution of the polynom al coefficients representing
the individual satellite orbit positions (in ECEF)

M polynomals validity interval: 1 hour (HR: 00- HR: 60)
M reference epoch: mddle of the interval (HR 30)

® nethod: fitting the polynom als connected to the
previous set, mnimzing the orbit predictions and
getting RMS as the discontinuity neassure

continuity upto the first derivative (velocity, ddTi ne)
COP-S format specified




diff [cm]

diff [cm]

diff [ms]

|GS ultra-rapids (RT) / IGS finals

Orbit positions (by polynomials, ECEF) [IGS_900s,IGU_900s w.rt. 1G5_30s]

PRN G21 [Y]

10.0

IGE_H00s - W55 305 —
MEU B00s - IGS 30 @

- l......

3.0
o W

RV S S

2.0

aobe et eeeee  |GS finals midnight discontinuties
0 o,

Orbit positions (by polynomials, ECEF) [IGS_900s,IGU_900s w.rt. 1G5_30s]

15.0
GS_900s - 1G5 .
PRN G21 (2] oL 9005 -GS 305 @
10.0 -'
L
5.0 '.
™ L ]
' ‘
0.0 P i e -wﬁm%
I.. -
50 -In. ..
(] L]
., o*
=10.0 '. I-
-15.0
Orbit clocks (by polynomials, ECEF) [IGS_900s,IGU_900s w.rl. IGS_30s]
0.4
GS_900s - IG5 .
PRN G21 [T] LI 8005 - 105 305 @
L *ha -
- - "_
0.2 .NM.-“‘"'& 1
R L TP
0.1
0.0 M
0.1
0800 12:00 8100 20:00 D000 04:00
26,12 2612 26,12 26,12 2tz FrA ¥

dar Dousa (Z00T-02-28) by plol_FtGetAl_PosDe

dar Dousa (Z00T-02-28) by plol_FtGetAl_PosDe

Jam Dousa (2007 -02-28) by plot_FitGetAl_ PosDé

1GU-00: @ 03h UTC
used: 04-10h
1GU-06: @ 09h UTC
used: 10-16h
IGU-12: @ 15h UTC
used: 16-22h
IGU-18: @ 21h UTC
used: 22-04h

Real predictions: 4-10h

Comparisons:

1GS
finals & ultra-rapids
INn 15min SP3 std files
X
IGS finals in 30sec SP3
modelled in inertial
system
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Fit / Get polynomial coefficients

Orbit positions fitting (by polynomials, ECEF) [IGU_900s w.r.t. IGS_30s] E
; ; = ; = = ; . ; = ; : !
*d Original IGU_900s - IGS_30s @ &
307 PRN G20 [X] FitPalyStd IGU_900s - IGS_305 —e— | [
T 20| FitPolyBind IGU”900s - IGS_30s » =
S 15 GelPolyStd 1GU_900s - 1GS_30s —= ;
2 ool g Position
o ' 8 .
€ 10| g - fine
& 20 g
5 S0} 1
4.0 | 2
-5.0 &
06:00 08:00 10:00 12:00 14:00 16:00 =
26.12 26.12 26.12 26.12 26.12 26.12
ool Original IGU_900s - IGS_30s @ &
0| PRNG291X s = 15 posit
= itFolyBin g - 5 !
£ = GelPolyStd IGU 9005 - IGS 308 —=— | 2 osition
S 50 & - worst
§ 10.0 E
& 5.0 :
g o g
S 50 1
-10.0 2
15.0 | itti i
S T : o | Drm_t clocks hﬂmg {h},_r pnly_nnmléls} [!GU_E_!CIGS _w.r.t. -|GS_.3D5] |
. | U, Sl s 1o 2 @
= 30 ST FitPolyBind IGUZEIIJU::IGEZSU: .
£ o PolyStd IGU_900s - IGS 305 —
. ® 50
clocks: .
g .
@ .70
2 80
T 50
-10.0
-11.0

: 03:00 04:00 05:00 06:00 07:00 08:00 09:00
EUREF-TWG, Lisbon 5-6, 2007 2712 9712 2712 27.12 2712 2712 9712
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Discontinuities: position/velocity

Orbit position continuity (btw polynomials) [IGU_900s w.r.t. 1GS_30s]

Jan Dousa (2007-03-01) by plet_Fitaet_dPos

'”' GFnnggm lgu_gnns- Eg_sns ——

. etPolyStd IGU_900s - IGS_30s =

= 20 PRN G27 [X] FitPolyBind IGU_900s - IGS_30s  »
S 20
o 10|

2

£ 1.0
© 20|
3.0

06:00 12:00 18:00 00:00 08:00 12:00 18:00 00:00

26.12 26.12 26.12 27.12 27.12 27.12 27.12 28.12

Orbit velocity continuity (btw polynomials) [IGU _800s w.rt. 1GS_30s]

0.2 | — ' — .GFﬂi;gW%td l'gu_ﬁnns'-lgg_sﬁs —
- . etPalyStd 1GU_900s - IGS_30s =
E = PRN G27 [X] FitPolyBind IGU_900s - IGS_30s =

0.1 }

E , -
3]
0.0 - s—a—t—u-a» - " » & b » -
&
E 0.1 | =
D 01 | y
0.2
06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00
26.12 26.12 26.12 27.12 27.12 27.12 27.12 28.12
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differences [mm)]

differences [cm]

Polynomial degree

Position: 10 deg (12 degqg)
Clocks: 4 deg (6 deg)

30.0

Eﬂﬂ | | . 10

differences [ns]

30.00
25.00
20.00
15.00
10.00
5.00
0.00
-5.00
-10.00
-15.00
-20.00
-25.00

Orbit clocks Ilttmg {by pulynomrals ECEF

inal Ay
Ga?gglym —_
GelPoly(2) ——
GelPoly(3) =——
GeiPoly(4) ——
GetPoly(5)
GetPoly(5)

'PRN GO09 [T]

04:00 08:00 12:00 16:00
2612 2602 2612 26.12

10.0 (I I '|_.
[ Ll ! 11N

0.0

-10.0

=20.0

30,0 I ARARRRRRT] TR CR Tl LR L 1R R LI NRINT I (NARRRLN 1N LI
04 DI:I

0400 08:00 12:00 iE:EIEI 20: |I|l:]I IIICI:DEI
26.12 26,12 26.12 26.12 26.12 2712

Orbit pusltmns flmng [b}..r puiynﬂmlafs EEEF] [IGL.I 900s w.r.t. IGE SDs]
" PRN G09 [K] s

&0.0
40.0
20.0
0.0
-20.0
-40.0
-£0.0

i e e L N

04:00 0a:00 12:00 16:00 20:00 0000 0a:00
26.12 26.12 26,12 26,12 26.12 27.12 2rag

2712

08:00
2712

08:00 12:00
2712 2712

12:00
2r.12

16:00
2712

2712

20:00 00:00
2612 27az

GE1F4:II:.'|:6:I
GMP-nI;.-l:?!I

GelPolys)
etFal ng
EtF'n::I

| GetPal [11p
5

o | -

1E:[II] 20 DEI

.L I

qinal

0400
2riz

Grblt pusﬂmns flttmg {b:..r pﬂi}rnumaals EEEF] [IGb 900s w.r.l. 1GS_30s]

1

2712

GetPaly(g) ——
GetPaly(7) ——
GalPoly(8) ——
GHPﬂI'r.'tE:I m—

GetPoly(10)
GetPoly(11)

20:0
2712

0000
28.12

{IGU 900s w.r.t IGS_30s]

E]

12:00 16:00 20:00 00:00
griz 2712 2riz 282

’

Jan Dousa (2007-03-03) by plot_Ge_Pos_IGU
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1} 3

'3 1GS_15min
5| x

| 1GS_30sec
z| [mm] !
y

g
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; X

2| 1GS_30sec
f  [cm]
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Grbil clocks fltttng{by puiynomrals ECEF] [IGU 900s w.r.t. IGS 305]
200

= = R
Fitted interval , = ™" , //g?\z:
P i
Position: 3 hours (10deg) | ¢ .,
__ = :
Position: 4 hours (12 deg) | ° = N
Clocks: 1 hour (4 deqQ) m  mwm BN 187 DWW wn  Bw  1Bw DN 0w
2612 26,12 26,12 2612 2612 2riz g7z 2712 2712 2712 2712 28,12
Orbit positions flttlng I:b}.r puiynﬂmlan, EGEF] [I-L':‘-L.I 900s w.r.t. 1GS_30s] =
= ¥ | .\,‘ !
40.0 ~ P=N G09 K] 1; FilPaly(10] oy b
= -ﬂf FitPoly(10) 3.0h =—— |
E Pﬂ# 1“&_ FiPolyt10) 4.0h — | =
O, 200 !m F iPaly(10) 5.0h iL
7 m FilPaly{10) 6.0h g 10 d
Lol =
S 00 M?ﬂ Eﬁ"ﬁ&‘% B €g
@ g
S 200 qﬁ\ 2
-_E =
-40.0 wﬁm __l %
Grbit pnsllmns flmng tb}.r puiynﬂmlan EGEF] [IGL.I 900s w.r.t. IGE 305] =
O
" PRN GO09 [X -;- g iy & &
g Ui, R
G s0n i" s+ - FﬂPEl;Em% 6.0h i
2 7 %m, S 12 deg
S 00 En’a'#f-"_,ffl"’" P ﬂmhh_%‘ =
o N g
S 200 -t'&z;i 2
S P | B
-40.0 ! P b o L
\%‘a =l
EU;DD EE'-:EIG DD;{ID DEEDD {H-:UID UE;{IU DE;UD iI]-:ﬂ'D o 1E_Elﬂl §
26.12 2612 27.12 27.12 27.12 27.12 2712 27.12 2712 5 19

Jan Dousa (2007-03-02) by plot_Fitlnt_Pes_IGL



Polynomials reproductibility from 1Hz positions

differences [cm]

differences [cm]

==
Orbit positions fitting (by polynomials, ECEF) [IGU_900s w.r.t. I1GS_30s] 2
i)
Original 4 |
SRR G09 [X] GetPoly —e— SI
3
-20.0 -
-25.0 E
-30.0 =
=
-35.0 5
%
-40.0 3
8
-45.0 s
08:30 08:00 0930 10000 10:30 11200 11:30 12:00 12:30 7

27.12 27.12 27.12 27.12 27.12 27.12 27.12 27.12 27.12
o |
Orbit positions fitting (by polynomials, ECEF) [IGU_900s w.r.t. 1GS_30s] 2
¥
PRN & % User 1Hz data -0.5 - Polynom reproduction —e E.
o 09 [X] User 1Hz data +0.5 - Polynom reproduction —s F
[ ]
3
(=%
-0.020 ‘ =
-0.040 g
0.060 g
0.080 %
gl — B e e e E_
07:30 0800 0830 0900  09:30  10:00  10:30 114:00 11:30 1200 1230 1300
2742 2rM2 272 272 27d2 27a2 2Ta2 2742 272 2Ta2 2tz 2742
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Evaluation: Fitting Polynomials (X, Z)

Orbit positions (by polynomials, ECEF) [IGU_800s w.rl. 1GS_30s]
B 3 ! ' 1 ' ' fitPalynom (Vi T, 8(3:A1)
fitFolynomhdT, 10[3:8)) —e==
fitPolymom|BEdT, 1138 —e—
4.0 I-lPD‘-'.-'m:m'lIh"u:IT.'IEIJ:BJ | &
original |G L] =
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20 | { %
E 5
2 00| 1=
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20 | { §
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-4.0 | E
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&0 | i : ! |
18:00 20:00 22:00 00:00 0200 0400 D500
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Orbit positions (by polynomials, ECEF) [IGU_800s w.r.l. 1GS_30s]
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E Jar Doussn  (2007-02-26) by plol_FitPoly (X

—
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Evaluation: Getting Polynomials (X, T)

Orbit positions (by polynomials, ECEF) [IGU_800s w.rl. 1G5_30s]
6.0
geiPolynomiMidT, 8)
PRMN ®31 ] ng‘uI;mm-{MldT.Q:- .
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Our implementation STREAM ORBITS
. CLIENT(s SERVER(s
Mai n features: ) - thveads X
O StreanOrbits sw (SO n-threads
O C++ QOOP design
— L —
0 GPSTk used L !
(SGLab, Univ.of Texas) CONNECT grgd ’;’g; CONNECT
O SO NTRIP servers and TO CASTER A e TO CASTER
clients started at — gt | A
| ndi vi dual threads GET DATA fgs“’”;*’-fﬂpfd —»| SEND DATA
00 Method: Fit or Cet ey B
Pol ynom al s ™ | POLYNOMIALS
¥
. ., | FIT/GETNEW
0 Hourly reading SP3 ! POLYNOMALS '
products and gl obal LLORE i ]
navi gati on nessage FLLSERVERS | |
_ FILLFILE
[0 Real-tinme or post- 7
processi ng node EVAL
. . . POLYNOMIALS
0 Monitoring wll be T
enabl ed via both i
server and client ®




000 100 200 300 400 500 600 700 3800
I I i i I i i i | time {hours)

hourly estim. polynomials

o streammed polynomials

Two bl ocks of the pol ynom al coefficient set
M previous/present OR present/future
M each prefixed by ‘#Ti me-Mark’ coment

B Each block of the polynom als contains
subframes for all satellites

Satellites’ subfranes consist of:

m initial comment |ine
PRN i d, Accuracy Code, Healthy Code
Beg, End tine of the polynomals validity
Reference tine for the polynom als
bl ocks of polynom al coeff. (each conponent)
conponent id: ‘X, ‘'Y, ‘2, 'T
nunber of coefficients for the conponent
deg of freedomfromfitting pol ynom als
RVE fromfiting polynom als
coefficients

2 =

SR Tu s

Tk

O0O0000




Distribution scheme, redundancy
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Further requirements

d COP Stream shoul d be robust stable
v' data source redundancy - ok
v' caster duplicity enabl ed
» server duplicity (not inplenented yet)

O COP Stream content should be nonitored and

backwar d eval uat ed

v with respect to | GS rapids (24-48h backwar d)

- orbit positions

- orbit position continuities betw. polynom als
archive i n database

web- i nt ergace

vV Vv X X

d CLK Stream to support RT/ NRT- PPP
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EPN products

Real-time clock generators exist as well as data streams
- ‘COP+CLK’ or ‘SP3’ like stream could be provided

The client package could be provided to all/most of the EPN
operational centers (site operators), who can individually
support the RT (or NRT) EUREF future products:

station behavior monitoring
GPS meteorology for NWP
earthquake hazard monitoring

O0O00

The (near) real-time PPP client software should be prepared.

EUREF-TWG, Lisbon 5-6, 2007
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COP+CLK or SP3 1Hz stream ? other ?

COP stream lsat (3pos) = 33 val ues/ hour

+ no header

+ satell. accuracy and healthy codes, fitting RMS

+/- continuous data valid over interval (one hour)

+ transport efficiency when using tenporary connections
aprox. 30s to get a full data set valid for at |east 1 hour

- slower initialization

M + orbit positions continuity provided

® + no gaps when storing SP3 files for NRT batch anal ysis

CLK stream 1sat (cl k) = 3600 val ues/ hour
M + e.g. 1Hz clock corrections
M - possible clock gaps when saving for NRT

SP3 1Hz stream lsat (3pos+cl k) = 10800+3600 val ues/ hour
M + standardized format (but for batch)
M +/- epoch-wise oriented data for the interpol ations
+ fast initialization
M - discrete data, but 1Hz fine for the reproduction [mm
B - header
M - possible pos+cl k gaps when saving for NRT
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