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Background(GNSS Usage) GNSS LAB
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Error Sources

Precise orbit /clock

lonosphere

Troposphere

Convergence
Measurement
Ambiguity

Accuracy

B
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Double difference

Double difference

Double difference

Instant
(BL<10km)

Carrier phase
Fix

lcm

DGNSS (SLAS)

Not separated

Instant

Code phase

X

Im

GNSS LAB
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PPP(MADOCA) PPP-RTK

O O
lono-free AN
Estimated Estimated
~30 min. 1 min.

Carrier phase Carrier phase
Float Fix
bcm 2~3Ccm
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PPP VS RTK

RTK

-~

-Base station is needed (With Internet)
Pseudorange, Carrier phase,
Precise position at Base station

-Instantaneous cm-level position(<10km)
kHigh density CORS network or VRS

~

Base Station = User
RTCM

_/

GNSS

~

PPP

\ /
\ /
\ 4
\ /

-~

Correction data

-Single Station
-Convergence time(~30 minutes)
-Correction data

Orbit and Clock correction, Code phase bias---

Q) geographical limitations /
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AIIA R EDLESE GNSS LAB
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erorsowees | RTK | DGNSS (SLAS) | PRP(MADOGR) | pPPRTK

Precise orbit /clock Double difference

lonosphere Double difference Not separated lono-free JAN
Troposphere Double difference Estimated Estimated
Convergence (BILn<st1%r;<tm) Instant ~30 min. 1 min.
Measurement Carrier phase Code phase Carrier phase Carrier phase

Ambiguity Fix X Float Fix

Accuracy lcm 1m bcm 2~3cm

PPP-RTKIIHEENMET Y EX 24 T 14 28 < 2 & TPPPO R A (PUREFRE/FRE) ZthE L =R Fik



ABBILPIC & BRIADEE (202446108 9H) GNSS LAB

Tumsat
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Mol =2 Jeaegnnine | SIEERQFIXEAEN L TWLWAS
CLAS i ¥

(PPP-RTK) E k

FixZ : 93.5% FixZ : 66.8%

X https://swec.nict.go.jp/report/topics/202410091600.htm|



ABBIL7IC & BRMADEE(202441089H) GNSS LAB
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Correction data(via Satellite)

GNSS signal .~

Reference station
- (World-Wide)
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Multi-GNSS
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PPP-Correction data
Generation

Satellite(GNSS)
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GNSS LAB

—

Internet
(NTRIP)

]—Zi User

Via Internet : High bit rate, Availability of Internet = Availability of Correction data

Via Satellite : Wide area, Low bit rate and LOS(Line of Sight)
MADOCA-PPP, Galileo HAS, BDS PPP-B2b,Trimble RTX

umsa



MADOCA-PPP GNSS LAB

I msat

MADOCA : Multi-GNSS Advanced Orbit and Clock Augmentation

GPS BeiDou
GLONASS Ga"'e° ( Qzss QZSS
/ ,Q HEHQEEH

Nav}&atlon S|gna

/"
MGM-net IGS /MGEX /// \\\ L6E
stations stations ol N
IGS/MGEX '
NTRIP Caster MADOCA N
SERVER Y
Data OBT & CLK (FTP)
MGM-net NTRIP Caster interface || ESTIMATOR User
(provided by BKG)

RTCM, BINEX, JPS ... OBS, SP3 ..

¥Kawate, K., Igarashi, Y., Yamada, H., Akiyama, K., Okeya, M., Takiguchi, H., ... & Kogure, S. (2023). MADOCA: Japanese precise orbit and clock determination tool for GNSS. Advances in Space Research, 71(10), 3927-3950.

-Provide precise orbit&clock error and code/phase bias using via QZSS (L6E signal).
-GPS/QZSS/Galileo/GLONASS are augmented .



MADOCA-PPP(Compact SSR) GNSS LAB

umsat

L6E Navigation Message
f Header Part(49bits) REED-SOLOMON CODE(256bits) —

Data Part(1695bits)

-2000bits(2kbps)
Header Part(49bits)+Data part(1695bits)+ REED-SOLOMON CODE(256bits)=2000bits
-Using code shift keying (CSK) modulation

-Reed-Solomon error correction
-All QZSS satellites transmit L6 Message(J02,J03,J04,J07)

Message content & Interval

Subtype Message content Vessage Name Nominal y l_'jopm”_]a('“ |
all erio S
Subtype 1 SSR Mask Message Update Interval [s] g ¢ o November 2023)
Subtype 2 Orbit Correction Message SSR Mask Message 30 60
Subtype 3 Clock Correction Message Orbit Correction Message 30 60
Clock Correction Message 5 10
Subtype 4 Satellite Code Bias Message . : &
. . Satellite Code Bias Message 30 60
Subtype 5 | Satellite Phase Bias Message Satellite Phase Bias Message 30 60

Subtype 7 GNSS URA Message GNSS URA Message 30 60




MADOCA-PPP(Compact SSR) GNSS LAB

I Header Part(49bits) REED-SOLOMON CODE(256bits) —
L6 Message Data Part(1695bits)
Subframe(SF) lcycle SF = 30 seconds
se1 [P st | s Rl e | sre |RfR|SE
8475 bits 2 3 bits 8475 bitsl 6 ? bits 8475 bitsl é % bite
Sub Type (ST) Sub Typel Sub Type? I 0
- ——————________
| T T T T e ——
Message GPS Epoch
CSSR Number Time Message Body
(12 bits) (12 bits)
Message
Message Sub Type ID j l I0D SSR &No. of GNSS
(4 bits) & Multiple Message Indicator

& SSR Update Interval
(13 bits)




ST1
ST2
ST3
ST4
STH
ST7

SSR Mask : ¥ S N7-BIE O AfEiatt 5k (307
(STIA T a— FTETWLWAHWEE.
SSR MaskT#g

SSR M

Orbit Correction Message
Clock Correction Message

ask

Code Bias Message

Orbit Correction

Phase Bias Message
URA Message

SUBFRAME1

1[E])

5 seconds

| SUBFRAME 5 {
j———— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST
| (Ms8) | 10sec | Header sT4 Reed-solomon
|+ SUBFRAME 1 i
Osec | Header sT1 T2 Reed-solomon
l | ] I SUBFRAME 5 {
11 Head: st Reed-sol
: SUBFRAME 1 : sec eader continued) eed-solomon
1sec | Header | o1 | Reed-solomon |
(continued) I SUBFRAME 5 {
5T4
| SUBFRAME 1 { 12 sec | Header I (continued) 573 I Reed-solomon |
2sec Header l (o %(T: ed| | Reed-solomon ]
continus
t SUBFRAME 5 |
573
} SUBFRAME 1 { 13 sec | Header | inued Reserved I Reed-solomon |
GH (continued)
3sec | Header . sT3 Reed-solomon
{continued) . |
} SUBFRAME 5 >
L !
k S‘J:FRAME 1 > 14 sec I Header I Reserved I Reed-solomon |
4sec | Header I [cm:n“d IReservedl Reed-solomon ]
| SUBFRAME 6 >
[ 2 »
T 1 15 sec | Headerl QZNMA | Reserved I Reed-salomon |
Ssec | Header | QZNMA | Reserved | Reed-solomon |
. | |« SUBFRAME 7 |
| SUBFRAME 3 ral
16 sec | Header | QZNMA | Reserved | Reed-soloman |
Gsec | Header QZNMA Reserved Reed-solomon
¢ |
1« SUBFRAME 4 ) |« SUBFRAME 8 {
7sec | Header | 17 513 | Reed-solomen | 17 sec I Header l 573 I Reed-solomon |
| SUBFRAME 4 | I SUBFRAME 8 |
8sec | Header 513 Reserved Reed-solomon 18sec | Header T3 Reserved Reed-solomon
{continued)
} SUBFRAME 4 »| t SUBFRAME 8 »|
9sec | Header Reserved | Reed-soloman | 19 sec I Header I Reserved I Reed-solomon |

Figure 4.2.2-1 MADOCA-PPP Sub Type Transmission Pattern (Nominal)

Figure 4.2.2-

1 MADOCA-PPP Sub Type Transmission Pattern (Nominal) (continued)

1 second
0~4s MADQCA-PPP MADQOCA-PPP MADQOCA-PPP MADOCA-PPP MADOCA-PPP
5~8s QZNMA QZNMA MADQCA-PPP MADOCA-PPP MADQCA-PPP
10~14s MADOCA-PPP MADOCA-PPP MADOCA-PPP MADOCA-PPP MADOCA-PPP
15~19s QZNMA QZNMA MADQOCA-PPP MADOCA-PPP MADOCA-PPP
20~24s| MADQCA-PPP MADQCA-PPP MADQCA-PPP MADOCA-PPP MADQCA-PPP
25~29s| QZNMA QZNMA MADOCA-PPP MADOCA-PPP MADOCA-PPP

RDSTLE TOREA Y 2 —
E S N7-E2 D Orbit Correction Message (30#

20 sec

21 sec

22 sec

23 sec

24 sec

25 sec

26 sec

27 sec

28 sec

29 sec

Figure 4.1.1-2 Service assignment for the L6E message

Jix7F 30— FAAE])
(2 1[E])

|« SUBFRAME 9 |

‘ Header | STS | Reed-solomon |
I SUBFRAME 9 |

‘ Header | STS (continued) | Reed-solomon |
I SUBFRAME 9 {

‘ Header | ST5 (continued) | Reed-solomon |
I SUBFRAME 9 {

‘ Header | ST5 (continued) | ST3 I Reed-solomon |
I SUBFRAME 9 »

‘ Header | ST3 (continued) Reserved| Reed-solomon |
|« SUBFRAME 10 »|

‘ Headerl QZNMA | Reserved l Reed-solomon |
s SUBFRAME 11 »|

‘ Headerl QZNMA | Reserved l Reed-solomon |
|« SUBFRAME 12 |

‘ Header | sT3 | Reed-solomon |
I SUBFRAME 12 J

‘ Header | ST3 (continued) Reserved | Reed-solomon |
I SUBFRAME 12 >

‘ Header | Reserved | Reed-solomon |

Figure 4.2.2-1 MADOCA-PPP Sub Type Transmission Pattern (Nominal) (continued)




ST1
ST2
ST3
ST4
STH
ST7

SSR Mask

Orbit Correction Message
Clock Correction Message
Code Bias Message

Phase Bias Message
URA Message

SUBFRAME1

5 seconds
1 second
0~4s MADQCA-PPP MADQOCA-PPP MADQOCA-PPP MADOCA-PPP MADOCA-PPP
5~8s QZNMA QZNMA MADQCA-PPP MADOCA-PPP MADQCA-PPP
10~14s MADOCA-PPP MADOCA-PPP MADOCA-PPP MADOCA-PPP MADOCA-PPP
15~19s QZNMA QZNMA MADQOCA-PPP MADOCA-PPP MADOCA-PPP
20~24s| MADQCA-PPP MADQCA-PPP MADQCA-PPP MADOCA-PPP MADQCA-PPP
25~29s| QZNMA QZNMA MADOCA-PPP MADOCA-PPP MADOCA-PPP

Figure 4.1.1-2 Service assignment for the L6E message

Clock Correction : SSR Mask THeE & 7= £ D Clock Correction Message (57 (Z1[H])
SUBFRAMEL,4,5,8,9,12 C#H5R

| SUBFRAME 5 | |« SUBFRAME 9 |
|#—————— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MS8) TRANSMITTED FIRST
(M) 10sec | Header sT4 Reed-solomon 20sec | Header STS Reed-solomon
|+ SUBERAME 1 |
o Headk 5T1 sT2 Reed-sol
s [ | | [ | : o : : s ,
B .
! SUBERAME 1 1 11 sec | Header I continued I Reed-solomon | 21 sec ‘ Header | ST5 (continued) | Reed-solomon |
— (continued)
1sec Header | 512 | Reed-solomon —
(continued) SUBFRAME 5 I SUBFRAME 9 {
T4 .
| SUBFRAME 1 { 12 sec | Header (continued) 573 Reed-solomon | 22 sec ‘ Header | ST5 (continued) | Reed-solomon |
2sec Header l (con %(T: ed| | Reed-solomon ]
Sl SUBFRAME 5 I SUBFRAME 9 {
BE]
} SUBFRAME 1 { 13 sec | Header (continued) Reserved Reed-solomon | 23 sec ‘ Header | ST5 (continued) | ST3 I Reed-solomon |
3 sec Header | Crun;l.irrinpd) | 573 | Reed-solomon
I SUBFRAME 5 »| I SUBFRAME 9 »|
I '
L :TU%B"RAMt 1 = 14 sec I Header I Reserved I Reed-solomon | 24 sec l Header | ST3 (continued) ‘Reservedl Reed-solomon |
4 sec Header Reserved| Reed-solomon
(continued|
- - | SUBFRAME 6 > |« SUBFRAME 10 »|
hd 2
1 t 15 sec | Header I QZNMA | Reserved I Reed-solomen | 95sec | Header | QZNMA | Reserved l Reed-solomon |
5sec Header | QZNMA | Reserved Reed-solomon
e SUBFRAME 3 | | SUBFRAME 7 » [ SUBFRAME 11 »l
s >
16 sec | Header | QZNMA | Reserved | Reed-solomon | -
Geec | meager — ] Resarved | Reed-solomon ] 26sec | Header QZNMA Reserved Reed-solomon
> SUBFRAME 4 = SUBFRAME 8 |« SUBFRAME 12 |
7sec | Header 17 sT3 Reed-solomon 17 sec I Header 573 Reed-solomon | 27 sec ‘ Header | sT3 | Reed-solomon |
I SUBFRAME 4 | SUBFRAME 8 b SUBFRAME 12 {
BE]
8sec | Header I (continued) Reserved | Reed-solomon ] 1gsec | Header ST3 Reserved Reed-solomon | 28 sec ‘ Header | ST3 (continued) Reserved | Reed-solomon |
I SUBFRAME 4 » I SUBFRAME 8 > SUBFRAME 12 >
]
9 sec Header Reserved | Reed-solomon l 19 sec Header Reserved Reed-solomon
29sec | Header Reserved Reed-solomon

Figure 4.2.2-1 MADOCA-PPP Sub Type Transmission Pattern (Nominal)

Figure 4.2.2-1 MADOCA-PPP Sub Type Transmission Pattern (Nominal) (continued)

Figure 4.2.2-1 MADOCA-PPP Sub Type Transmission Pattern (Nominal) (continued)




ST1
ST2
ST3
ST4
STH
ST7

SSR Mask

Orbit Correction Message
Clock Correction Message
Code Bias Message

Phase Bias Message
URA Message

30MH21#1%

7272 L1~2MTHEET AR TIEE IS WD, B

MADOCA-PPP|ZSSR Mask(SUBFRAMED) Z#&®TTFa3—F L TH AU TE %
RiClsech T aA— K TELBZE.

—_

7 O—

28 +5#=33%

KLAWE W ITFAa L (MADOCA-PPPDIES)

—_

7 O—

VAT

MmSNs

5 seconds

1 second
0~4s MADQCA-PPP MADQOCA-PPP MADQOCA-PPP MADOCA-PPP MADOCA-PPP
5~8s QZNMA QZNMA MADQCA-PPP MADOCA-PPP MADQCA-PPP
10~14s MADOCA-PPP MADOCA-PPP MADOCA-PPP MADOCA-PPP MADOCA-PPP
15~19s QZNMA QZNMA MADQOCA-PPP MADOCA-PPP MADOCA-PPP
20~24s| MADQCA-PPP MADQCA-PPP MADQCA-PPP MADOCA-PPP MADQCA-PPP
25~29s| QZNMA QZNMA MADOCA-PPP MADOCA-PPP MADOCA-PPP

Figure 4.1.1-2 Service assignment for the L6E message

BRI A

s
= ¥ s s
|#—————— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MS8) TRANSMITTED FIRST
(el 10sec | Header st Reed-solomon 20sec | Header 5T Reed-solomon
|+ SUBERAME 1 |
o Headk 5T1 sT2 Reed-sol
s [ | I [ | : o : : s ,
B .
! SUBERAME 1 1 11 sec | Header I continued I Reed-solomon | 21 sec ‘ Header | ST5 (continued) | Reed-solomon |
1sec Header | 512 | Reed-solomon | L 1
(continued) E SUBFRAME 5 { 3 SUBFRAME 9 1
T4 .
| SUBFRAME 1 { 12 sec | Header I (continued) 573 I Reed-solomon | 22 sec ‘ Header | ST5 (continued) | Reed-solomon |
2sec Header l (con %(T: ed| | Reed-solomon ]
S I SUBFRAME 5 { I SUBFRAME 9 {
BE]
} SUBFRAME 1 { 13 sec | Header | (continued) Reserved I Reed-solomon | 23 sec ‘ Header | ST5 (continued) | ST3 I Reed-solomon |
3 sec Header ;TZ 573 Reed-solomon
{continued) " -
k SUBFRAME 5 al SUBFRAME 9 »
I '
} Ss;.r;ar—x.mwm 1 » 14 sec I Header I Reserved I Reed-solomon | 24 sec ‘ Header ST3 (continued) Reserved| Reed-sclomon |
4 sec Header Reserved| Reed-solomon
(continued)
| SUBFRAME 6 > |« SUBFRAME 10 »|
| SUBFRAME 2 »|
15sec | Header aznma Reserved Reed-solomon 25sec | Header | aznvA | Reserved l Reed-solomon |
5sec Header | QZNMA | Reserved | Reed-solomon |
I« »l
SUBFRAME 7 >
|« SUBFRAME 3 | T 1 < SUBFRAME 11 »
16 sec | Header | QZNMA | Reserved | Reed-solomon | -
6 sec | Header I — l Resarved | Reed-solomon ] 26sec | Header QZNMA Reserved Reed-solomon
[ 1
| SUBFRAME 4 { = SUBFRAME 8 1 I« SUBFRAME 12 |
7sec | Header 17 sT3 | Reed-solomon | 17 sec I Header l 573 I Reed-solomon | 27 sec ‘ Header | sT3 | Reed-solomon |
I 1
! SUBFRAME 4 | ! SUBFRAME 8 1 I SUBFRAME 12 {
BE]
8sec | Header I (continued) Reserved | Reed-solomon ] 18 sec | Header | ST3 Reserved | Reed-solomon | 28sec | Header | ST3(continued) Reserved Reed-solomon
SUBFRAME 4 > I SUBFRAME 8 > >
1 ! I SUBFRAME 12 >
9 sec Header Reserved Reed-solomon | 19 sec Header Reserved Reed-solomon
29sec | Header Reserved Reed-solomon

Figure 4.2.2-1 MADOCA-PPP Sub Type Transmission Pattern (Nominal)

Figure 4.2.2-1 MADOCA-PPP Sub Type Transmission Pattern (Nominal) (continued)

Figure 4.2.2-1 MADOCA-PPP Sub Type Transmission Pattern (Nominal) (continued)
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Pocket-SDR GNSS LAB

umsat

- The RF front-end device have 2-CH Maxim MAX2771 GNSS RF front-end.
CH1 : GNSS L1 band (1525-1610 MHz)
CH2 : GNSS L2/L5/L6 band (1160-1290 MHz)
TCXO @ 24.000 MHz
Sampling frequency : < 24 MHz(4[E]1£12MHz)

¥ https://github.com/tomojitakasu/PocketSDR

-Software attached with Pocket-SDR is written in Python 3,
Analysis |F Data, Acquisition, Tracking, Navigation Data Decoding.

%, PocketSDR - GNSS SIGNAL TRACKING - a x

SIG = L6E, PRN = 204, FILE = ..//sample/L6_20211226_082212_12MHz_IQ.bin, T = 13.00s
EZ-USB FX2LP MAX2771 x 2 GPS L]_C/A,L]_C,ch,LB Zzz I * sign(IP) E= 0.021 P= 0.121 L= 0.026 | IP- QP cltg}xz]i
; ' L1C/A,L1C/B,L1S,L1C,L2C, i | ,
QZSS 010 e ™
L5,L5S,L6D,L6E oo — ]
GALIELO E1B/C, E5a, E5b, E6B,E6C S R R
BDS B1l. B1C, B2I, B2a, B2b. B3| e e e

02

GLONASS L1C/A, L2C/A, L30C I TN S BN NSO S
NavIC L5-SPS - 1

-0.1

S BAS |— 1 C/A1 |—5 0 SYNC=-BF- #NAV= 12 #ERR= 0 #LOL= 0 NER= 0SEQ= 0 (s)

-0.3
1

2.0 12.2 124 12.6 128 13.0

8.78: 1ACFFC1DCC2183AER22. e
NAV 9.78: 1ACFFCIDCC2183AE122390981D7084800000C08200994040002287FF8218BFFCCOBDFFBESBFFFIACLIFDFTS. ..
DATA 10.78: 1ACFFCIDCC2183AE12 .

11.78: 1ACFFC1DCC2183AE222390981D7104860000C02009988400D2007FF8270BFFCADEDFFEEBBFFFI1B11FDFAF. ..

¥ T.Takasu, An Open Source GNSS SDR: Development and Application, IPNTJ Next GNSS Technology WG, Feb 21, 2022



SDREZF— (P> FHAE) GNSS LAB
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BB RIFEOIX 7T F & LT ANN-MB-0000& TOP508
V7 7L RELTHERY T FDGPS-703-GGG

AR R 7T FIE10000HRE CEBARBECHER D109 D1LLT)

- XERFAROSH3EEDFEMERNFRINHEEZEEICTRIREIN: [FHLWwT7 2 —XICA->7-HE L
Bz MRIED3AMER] (B T27 T FHFAEELIF—I2ENT,
T T FRR = ROEL B FREMEZATOHB IO L & ITHE

- ILF X RBRIET TORIAIMERE G AT

il i

L1/L2/B1/B2/E1/E5b/G1/G2 27.5 diameter X 58.0

ANN-MB-0000 L1/L2/B1/B2/E1/E5b/G1/G2 82.0 x 60.0 x 22.5 173 28

GPS-703-GGG L1/L2/L5/B1/B2/E1/E5/E5a/E5b/G1/G2/G3 185 diameter X 69 530 29




SDRtSF—(7>FFHAIE) GNSS LAB
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ghit - EiEAmIE(LHCP) Z Y ¥, AIEMARK(RHCP)DAZETE 3151Z

- BERR T T FIET T FNE = REICET AIBRITAEINTWEA, BEOX MU T

F I3 X

s T TFNRE =V ROHIET T OMREEGFICTILTF IR &5 5  CEELRIEE
—SHBEHBNOYL I F— 25K |

Nomalized Anterna Gain Radiation Pattemn

A SN
BEEMRR RHCP
ahEMRE
. ”‘;{&{///{ ;;,;“/ \
EhEM (R ‘

Novatel 703-GGG https://www.nichian.net/shop/pages/library-01-basic.aspx
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- B DBIERE R IFAT D@ Y
ANN-MB-000012B8 L Tid. BIERAEL L WO THET
(Lt 13 & A2.0dB & 22BR)

L) #EELdb)
_ -24.36 -26.35 1.99 _ -24.28 -25.64 1.36

-22.72 -25.2 2.48 -18.10 -19.43 1.33
-24.1 -25.74 1.64 -32.17 -33.45 1.28




Result of C/NO and decode rate
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Result of availability

Jo3 Broadcated message Decoded message Availability[%]
SSR Mask 38 29 76.32
Orbit Correction 38 28 73.68
Clock Correction 224 130 58.04
Code Bias 37 24 64.86
Phase Bias 37 18 48.65
URA 38 25 65.79

Jo4 Broadcated message Decoded message Availability[%]
SSR Mask 38 36 94.74
Orhit Correction 38 36 94.74
Clock Correction 224 199 88.84
Code Bias 37 34 91.89
Phase Bias 37 30 81.08
URA 38 35 92.11

Jo7 Broadcated message Decoded message Availability[%]
SSR Mask 38 25 65.79
Orhit Correction 38 21 55.26
Clock Correction 224 93 41.52
Code Bias 37 16 43.24
Phase Bias 37 13 35.14
URA 38 19 50.00

GNSS LAB

umsat

Broadcasted Message : The number of correction messages broadcasted from the satellite during an experiment.
Decoded message : The number of correction messages that can be decoded using a Pocket SDR.



Result of availability

Jo3 Broadcated message Decoded message Availability[%]
SSR Mask 38 29 76.32
Orbit Correction 38 28 73.68
Clock Correction 224 130 58.04
Code Bias 37 24 64.86
Phase Bias 37 18 48.65
URA 38 25 65.79

Jo4 Broadcated message Decoded message Availability[%]
SSR Mask 38 36 94.74
Orhit Correction 38 36 94.74
Clock Correction 224 199 88.84
Code Bias 37 34 91.89
Phase Bias 37 30 81.08
URA 38 35 92.11

Jo7 Broadcated message Decoded message Availability[%]
SSR Mask 38 25 65.79
Orhit Correction 38 21 55.26
Clock Correction 224 93 41.52
Code Bias 37 16 43.24
Phase Bias 37 13 35.14
URA 38 19 50.00
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Broadcasted Message : The number of correction messages broadcasted from the satellite during an experiment.
Decoded message : The number of correction messages that can be decoded using a Pocket SDR.

Availability = Decoded message / Broadcasted Message



Result of availability

GNSS LAB
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Jo3 Broadcated message Decoded message Availability[%] Jo3 Broadcated message Decoded message Availability[%]
SSR Mask 38 29 76.32 SSR Mask 38 29 76.32
Orbit Correction 38 28 73.68 Orbit Correction+VALID 38 33 86.84
Clock Correction 224 130 58.04 Clock Correction+VALID 224 141 62.95
Code Bias 37 24 64.86 Code Bias+VALID 37 29 78.38
Phase Bias 37 18 48.65 Phase Bias+VALID 37 27 72.97
URA 38 25 65.79 URA+VALID 38 31 81.58

Joa Broadcated message Decoded message Availability[%] Jo4 Broadcated message Decoded message Availability[%]
SSR Mask 38 36 94.74 SSR Mask 38 36 94.74
Orhit Correction 38 36 94.74 Orbit Correction+VALID 38 38 100.00
Clock Correction 224 199 88.84 Clock Correction+VALID 224 208 92.86
Code Bias 37 34 91.89 Code Bias+VALID 37 35 94.59
Phase Bias 37 30 81.08 Phase Bias+VALID 37 34 91.89
URA 38 35 92.11 URA+VALID 38 37 97.37

Jo7 Broadcated message Decoded message Availability[%] Joz Broadcated message Decoded message Availability[%)]
SSR Mask 38 25 65.79 SSR Mask 38 25 65.79
Orhit Correction 38 21 55.26 Orbit Correction+VALID 38 26 68.42
Clock Correction 224 93 41.52 Clock Correction+VALID 224 104 46.43
Code Bias 37 16 43.24 Code Bias+VALID 37 22 59.46
Phase Bias 37 13 35.14 Phase Bias+VALID 37 21 56.76
URA 38 19 50.00 URA+VALID 38 26 68.42

Broadcasted Message : The number of correction messages broadcasted from the satellite during an experiment.
Decoded message : The number of correction messages that can be decoded using a Pocket SDR.
+VALID : The number of messages decoded + considering the valid period defined for each message.
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- CSSRIZST1MSSR Mask®Fa— KA w2E (308 121[@)
STIAFA—FTCERVWESIIRDSTIEF TOTF—L %R TR LICHS

- Pocket-SDR%ZFHW T, #HEBENMFICH T BL6MTEAX v — % 5
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- LUTFICRT 8 DIREDPPPICE LW THIERDEE LB IFNIE A o4

- MADOCAD & 5 [T BEREECHEREEZ@HIEL TWAY—EXRHH B,
BODICDIFHESEDELTZERBEHL TULWAIDITTIELEVWO T, HEER EDHITHE L W

- IREEMADOCAIIL1/L2DGPS,QZSS,GALILEO,GLONASS % #iidd L TWLZ 5 A%,
BDSZEML 7=35E. 3AIK(LS) ZEML -5E0MERLIZE > LSZDH ? (LEOD)

Error sources in PPP

* Ephemeris error (Satellite Position/Clock)
* CodeBias,TGD(P1-C1,P2-C2bias)
Use DCB file or code bias from SSR, but need to check definition of code bias.
* Phase Wind up effect
Modeled, but need to check satellite yaw model (Need to much correction data generation side and User)
+ Satellite PCO/PCV
ANTEX file (Latest atx?)
* lonosphere delay

* Troposphere delay
* FCB (PPP-AR)

» Site Displacement & Earth Tides
« DOP

2 Ex A5 AT, PPPOBEIiIfERE (UNREFR,BIGIEE) DPRR %
Ialb—3 v TRDHS
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Tropo Model Noise
. Receiver (Saastamoinen or Mops)
ATX files Clock /
PCO/PCV Position '
R Geometric ! !
Orbit/Clock *Q » SatPos/Clock —| distance+ ‘O D Q D »  RINEXOBS
SP3/ CSSR + Ephemeris Clocks
SISRE
lono Model .
(Klobuchar model) Phase bias

BEMEB/ETEE: T 7 XY X/SP3/TLEA 4R

SISRE : SEFNICERTE L7-ER ML EGERIZR~<—)

STERAE N OFETRRE | FRIICEKTE

B EMEE © Saastamoinen model |[CERIICEKTE LT ERDHEEZINA 5

TEELEEEE © Klobuchar model & V) 52 7%F

Phase bias(Ambiguity) : 7 > & L TEHRTE L7-{E% A S

&R (Noise) : RTKLIBO K% &2 (TR A 2 3mm, B EERE30cm Z B AN & 9% SQR(100)*(SQR(0.001) + SQR(0.001) ssin(el)



GNSS LAB

umsat

SISRE : Signal-in-Space Ranging Error
FEMBREDHRERD LHEMBEREZEKL THEY., SISRELDOP(HEHEX) H’PPPOYKEFHE/BEX2EGT 5

UTORIISISREDEHEFE
SISRE = +/(aR — Clk)2+ (A2+ C2)/B R : Radial, A : Along, C : Cross, Clk : Clock

| Gps_| GLONASS | GaLLeo | BDS(MEO) | QZSS/BDS(GEO/IGSO)

a 0.98 0.98 0.98 0.98 0.99
B 49 45 61 54 127

I7xXYRPIMBE. RERETemIUT, YU 7L 4 LEMADOCA) TIOcmiEEE SN TW3S

v2alb—=YavIlEVWTIISISRE=5cmiFFEF0,BRERESCMDIER D & AT
SISRED <71 F1I5cm10cm15¢cm,20cm
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Date : 2023/12/24 00:30:00~
Interval : 30sec
25T & ICHIEAME L. EtH12[E] RIS R D F39 % 5E4f

Convergence time : Horizontal Diff < 10 cm & 59RI E10ecmBlA %] Y FHIF TW-15E
Position : 35.666,139.7922 (TUMSAT)

Satellite : GPS/GALILEO/GLONASS/BDS
SISE : 5ecm(Final),10cm(MADOCA),15cm,20cm
Positioning Mode : Kinematic (L1-L2 lono-free)
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LITHLL/L2/LbniX Rz EZ T LA=X
o1 = A 1 (p — ion$¥t + tropo + f11(dtg, — dT) + mp + N, + noise

svl __

oot = A3 (p —ionist + tropo + fi,(dtg, — dT) + mp + Ny, + noise

svl __ svl

et = 273 (p — ionfEt + tropo + f15(dtg, — dT) + mp + N5 + noise

B3EKR(LS)ZEBML-EE. I BDITEHEEZEABICH TS /41 XUUT)
/41#&&6&%?—&%mv%:t?ﬂﬁﬁﬁ@ﬁﬁﬁ%%énfv%
GPSDIFEE. XoHXD LS5k 3

f 2 f 2 f 2 f 2
5 = 24 %) 5 = 24 %)
IF L1L2 \/(le fLZ ) (f fLZ ) L1 IF_L1L5 \/(le fLS ) (f fLS ) L1
- 2978 6L1 - 2588 6L1

3K %#GPS/QZSS/GALIELO/BDSH%%(E L =15 4.
SISRE=5cmT2REDIHZE : 21min
SISRE=5cmT3REDIHE : 18min
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EEFER SN TLBLEOBFE (Starlink) & V) BIGIES B XE S NG5S, RO2ETPPPOYREFHERHI’EAFTE S

- (FATHEBT R DIEIN(GNSS+LEOIZ i B3 7=-8)
- LEOBE 3 EREHLE W=, BET{LRIAKEL
—IREFMICEET 5

LEOEI &£ ¥ (Starlink) BEE#ZS LR (5 min)
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3B %#GPS/QZSS/GALIELO/BDS/GLONASSA:{E L =158
SISRE=5cmTGNSSDIHFA : 21min

SISRE=5cmTGNSS+LEO®DIZE : 14min

—BES50kmDIFE. AIRAERMIRAKTCOHREEIFEDOYYELYBHELWE EHEREEA
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WL/NL AR with lono-free LC

FLOAT Solution and LC Ambiguity” FLOAT WL Ambiguity
T T \T T T \T n n
x=(r ., T.N{c) Yy =(Pe. Qi) .Q S 1 1
' ' N =2 (MW) == (@y; ~ Py )
Pic=CPy +CyP, =p+mT+&p Mo Mial
By =Cyy +CyDp, =p+mT+ N +6g lz“ﬂcbu B cbuJ_[i+ P, N
Sx=@T,NT,Q, g\ M A Mo
lonosphere-free — WL/NL AR by IR** geometry-free,
NWL _ [NWL} (WL AR) lonosphere-free
- < Nic —ColoN
Ny, =|:NL1}= —LE 2 WL | (NLAR) Note:
AL * DD applied for basel
pplied for baseline
. l processing to eliminate
N : lono-free LC ambiguity (m) [~ FlXEDTSO|l]{ti0n T clock ar;dDiniti?I Zis;s oon
. PO terms. a ied for -
Ny : Wide lane ambiguity (cyc) x=(r,,T) ,y=(®¢) AR with Fcéjcp(;rrections
m : Mapping function Qe =CP +Cy®; =p+mT+ Ny +gg ** Alternatively, ILS or 1B can
T :ZTDor ZWD (m) o T AT be applied to NL AR
—X=(5,T)".0Qx considering the M@-matrix

2 2 of FLOAT LC ambiguities
hy” A"

- Cy=
PR IR Ve
Mha 1 Npc =C2yNp+ G Npy = (2 +Cohg )Npy = Cohg Ny,
Cih +Cohy = = =ANL
Mthy Limg+1/2, = Npy = Coy N

G

Nwr =N —Np»

12

3% %#GPS/QZSS/GALIELO/BDSH%(E L =184,
SISRE=5cmT2RIEDIHE : 21min
SISRE=5cmTT2RiEDIHS : 19.3min
SISRE=5cmT3RENIHE : 18min

SISRE=5cm  T3RE+HEFE/ A DIZS : 15.2min
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CYTalL—2—%EALT. BEBBOBENR(SISRE,FE, 388, LEO) Z & I=PPP%

- SISRER UMETE HUIWURIEME & ZiRLEBY H*H 5
—1FRDBDSILEMR U'SISREDEE L 7355, PPPICKELEELHDELEERD

 BRRDERTSZ LT/ A XD ELGZIHAUT —2HERATE 3 7-HICREBEDOERET 2
- LBERIEEARZL2THOHELIZEEL TLBRTIEEL

* LEOIZERBHZALRA KR E LD TINRIFFIDEMET 55, wZEKRDES HHERICHVLTWLS
B LG EHERVHERERET HDE,
FIDHGCERERFICGNSS ELEODEAEZRIF & L THK->TW3 A, BUIIBRIFTHFBHE
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WL/NL AR with lono-free LC

Simulation

FLOAT Solution and LC Ambiguity *
T T T T T T n n
=@ N[Ny = (Pl 00)T.Q -1 1
x=( LC) Y ( LC LC) y NWL :;Z(MW):;Z(QWL_PNL) A 4
i1

{PLC—CIPL1+C2PL2—p+mT+8p it OBS(LI/L2L5)

@ =C®p; +Co®@p, =p+mT+Nic+6g lzn:(q’l-l —d)]'z}—[iJ“P#N
i

FLOAT WL Ambiguity *

L1/L2/L5

Sx=@T,NT,Q, Moo M Mook
\ 4
lonosphere-free — WL/NL AR by IR*" geometry-free, | f
NWL _ [NWL} (WL AR) lonosphere-free O n O - re e
- < Nic —ColoN
Ny, =|:NL1}= —LE 2 WL | (NLAR) Note:
Ane * DD appli i
pplied for baseline
i processing to eliminate
clock and initial bias

Ny : lono-free LC ambiguity (m) [~ FIXED Solution *

) L. _ 0T T . _ T \T terms. SD applied for PPP-
Ny : Wide lane ambiguity (cyc) x=(r,,T) ,y=(®¢) AR with FCB corrections
m : Mapping function Dy =C@p; +Cy® 5 =p+mT+ Ny +5g ** Alternatively, ILS or 1B can A 4
T :ZTDor ZWD (m) = T T be applied to NL AR Pos
—>X 7(1.1’ ’T) ’Q’_‘ considering the M€-matrix IC/QIC

»  EXL/WL

2 2 of FLOAT LC ambiguities
hy” A"

- Cy=
P Y
My 1 Npc =C2yNp+ G Npy = (2 +Cohg )Npy = Cohg Ny,

ANL
=NLNL —ColaNwr

G

Nwr =N —Np»

Cphy +Cotey =

MRy Lg+lik,

12

3EE%#GPS/QZSS/GALIELO/BDS/GLONASSHX({E L =154,
SISRE=5cmT2RiEDIZE : 21min

SISRE=5cm T2[E;EAR(Rounding) M54 : 19.3min
SISRE=5cmT3RENIHE : 18min

SISRE=5cm T3AK+HEEHESDIHS : 15.2min
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