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1 9  
Data Bits Range Resolution 

(Reserved) 8   

t0,GEO 13 0 to 86384 16 

URA 4 0 to 15 1 

 30 42949673 m 0.08 m 

 30 42949673 m 0.08 m 

 25 6710886.4 m 0.4 m 

 17 40.96 m/s 0.625 mm/s 

 17 40.96 m/s 0.625 mm/s 

 18 524.288 m/s 4 mm/s 

 10 6.4 mm/s2 1.25 m/s2 

 10 6.4 mm/s2 1.25 m/s2 

 10 32 mm/s2 6.25 m/s2 

aGf0 12 0.9537 s 2-31 s 

aGf1 8 0.11642 ns/s 2-40 s/s 

 
2 17  

Data Bits Range Resolution 

For 3 

GEOs 

(Reserved) 2   

PRN 8 0 to 210 1 
Health & 

status 8   

 30 42598.4 km 2.6 km 

 30 42598.4 km 2.6 km 

 25 6656 km 26 km 

 17 40 m/s 10 m/s 

 17 40 m/s 10 m/s 

 18 480 m/s 60 m/s 

talmanac 11 0 86336 s 64 s 

 
SBAS

 
MOPS SBAS

MT 17
MT 9

200 km

SBAS

SBAS MT 
9 MT 9  

3 URA User Range Accuracy RMS  
URA Accuracy [m] URA Accuracy [m] 

0 2 8 64 

1 2.8 9 128 

2 4 10 256 

3 5.7 11 512 

4 8 12 1024 

5 11.3 13 2048 

6 16 14 4096 

7 32 15 “Do Not Use” 

 
4 Health and Status MT 17  

Bit Contents Range 

0 Ranging 
0: ON 

1: OFF 
1 Precision corrections 

2 Satellite status and basic corrections 

3 (Spare)  

4 to 7 Service provider identifier 0 to 15 

 
5 UDREI  

UDREI  [m2] UDREI  [m2] 

0 0.0520 8 2.5465 

1 0.0924 9 3.3260 

2 0.1444 10 5.1968 

3 0.2830 11 20.7870 

4 0.4678 12 230.9661 

5 0.8315 13 2078.695 

6 1.2992 14 “Not Monitored” 

7 1.8709 15 “Do Not Use” 

 

 
 

3 MSAS  
MSAS MTSAT
Multi-functional Transport Satellite

MTSAT-based Satellite 
Augmentation System

QZS-3
Michibiki-based Satellite Augmentation System

MTSAT MSAS
MSAS V1 QZS-3 MSAS MSAS V2

 
3.1 MSAS MSAS V1 MRS  

2007 9 27
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MCS Master Control Station 2
GMS Ground Monitor Station

6 2 MCS
MRS Monitor and Ranging Station 2

2 MTSAT-1R MTSAT-
2 [3]-[5] 1

2 MRS

 
SBAS

MCS
SBAS

  
2 MCS 1

KASC
Kobe Aeronautical Satellite Center PRN129

MTSAT-1R HASC
Hitachi-Ota ASC PRN137 MTSAT-2

SBAS
PRN

MCS

MSAS
 
MSAS MRS

2.2 
MHz

URA=6 16 m
PRN129

PRN137
 

3.2 MSAS MSAS V1 MRS  
2005 MTSAT-1R

10
2015 9 28 12
10 [7] 2 MRS

3 30
 

1 MSAS
KASC HASC

MTSAT-2 PRN

PRN129 PRN137  

MT 17 ON MT 9
URA=14 4096 m

PRN129 PRN137

UDREI=14

 
3.3 MSAS MSAS V2  

2020 4 MSAS
[6]-[9]

MTSAT-2 QZS-3 L1Sb
PRN137

GMS 13 MCS

2  
QZS-3

QZS-3
SBAS

SBAS

 
GMS
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MT 17 ON MT 9
URA=14

-285.9 m PRN137

UDREI=14  
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1 MSAS  
 

 
2 MSAS  

 
4  

MSAS

6
1  

4.1 MT 9 MSAS V2  
MSAS V2 MT 9

i

 

QZS-3 L1 C/A  

6  
 MSAS V1 

w/MRS 
MSAS V1 
w/o MRS MSAS V2 

 2014 1  
16 18  

2018 1  
10 12  

2021 1  
17 19  

KP  2- 2- 2 
PRN 137 137 137 

SBAS  MTSAT-2 MTSAT-2 QZS-3 
MT 17 

Ranging ON ON ON 

MT 9 
URA 

6 
(16 m) 

14 
(4096 m) 

14 
(4096 m) 

MT 9 
 Valid Valid Valid 

MT 9 
 Valid Valid -285.9 m 

 
Valid 

(UDREI<14) 
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(UDREI=14) 
Invalid 

(UDREI=14) 

 NovAtel MiLLenium-STD 
 

 
NovAtel 

Model 600-
L1/L2 

Septentrio PolaNt-x MF 

 
LNAV MT 9

ii MSAS V2
MT 9

MT 
9 MT 9

120
L1 C/A LNAV

URA 6 16 m  
MSAS V2 SBAS

0

 
4.2  

C/N0

3

KP
2017

C/N0

C/N0

SBAS  
4  
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7  

 
 

 [m] 
 [m/s] 

MSAS V1 
MRS  

2.35 0.302 

MSAS V1 
MRS  

2.54 0.208 

MSAS V2 
) 

2.94 0.291 

MSAS V2 

MT 9  
2.45 0.0272 

 

MSAS V2 i 4 5
MT 9

6
MT 9
MT 9

MSAS V2

MT 17
MT 9

 
7
2021

MT 9
MSAS V2

SBAS
MT 9

 
 

5  

MSAS
MSAS

 
2014 2018 2021

i
MTSAT MSAS V1

4 m RMS MRS

ii MSAS V2

3 m
iii MSAS V2

SBAS MT 9

iv MSAS V2
SBAS

MSAS V2
3 QZS-3

SBAS

MT 9
 

 
 

[1] International Standards and Recommended 
Practices, Annex 10 to the Convention on Civil 
Aviation: Aeronautical Telecommunications, 
Vol. I: Radio Navigation Aids, 6th Ed., July 
2006. 

[2] Minimum Operational Performance Standards 
for Global Posi-tioning System/Wide Area 
Augmentation System Airborne Equipment, 
RTCA, DO-229, Rev. F, June 2020. 

[3] 
MSAS GPS/GNSS

 pp. 35-39 Nov. 2007. 
[4] MSAS

GPS/GNSS
pp. 41-45 Nov. 2007. 

[5] MSAS
GPS/GNSS pp. 21-

26 Nov. 2011. 
[6] SBAS

GPS/GNSS pp. 154-
162 Oct. 2020. 

[7] QZSS SBAS
GPS/GNSS  pp. 58-63

Oct. 2016. 
[8] MSAS

No.  94 pp. 13-19 Winter 
2017. 

[9] 
SBAS No. 
95 pp. 22-28 Spring 2018. 
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