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ABSTRACT

Global Navigation Satellite Systems (GNSS) provide worldwide positioning services, while Regional Navigation Satellite
Systems (RNSS) offer services for specific areas. Korea has been developing its own RNSS called the Korean Positioning System
(KPS), which includes a Wide Area Differential-RNSS (WAD-RNSS) concept that transmits both navigation and correction
signals simultaneously. In satellite navigation, Signal-In-Space (SIS) User Range Error (URE) represents errors in navigation
signals, while User Range Accuracy (URA) provides a conservative estimate of the standard deviation of the SIS URE. The
navigation signals are transmitted in either Legacy Navigation (LNAV) or Civil Navigation (CNAV) formats, with CNAV
offering advantages including improved flexibility, shorter update intervals, and separate error component representation.
Therefore, CNAV achieves smaller UREs and provides a more sophisticated URA in a format different from LNAV. This paper
proposes a CNAV URA calculation model for the Korean WAD-RNSS including mathematical expressions for both Elevation-
Dependent (ED) and Non-Elevation-Dependent (NED) URA parameters specifically designed for WAD-RNSS satellite orbital
characteristics. Simulation results show that the proposed CNAV URA conservatively bounds the Worst User Location (WUL)
URE within the service area. Furthermore, our analysis shows that the proposed CNAV URA can be reduced compared to the
LNAV URA without compromising conservatism. The proposed method can contribute to the development of modernized
navigation messages for WAD-RNSS.
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Fig. 1. BDS satellites and orbits by development stage (Lu 2018).

Table 1. History of the BDS (Lu 2018).

Year Events
- Development start of the regional satellite navigation system (BDS-1) for test
« Deployment design of 3 geostationary orbit (GEO) satellites
- Operation of BDS-1 (I0C declaration in 2000, FOC declaration in 2003)
2000~2010 e« Launch of total 4 GEO satellites (including 1 backup) from 2000 to 2007
« Military services (positioning, timing and messaging) are provided within Chinese Territory from 2003

1994

- Development start of the regional satellite navigation system (BDS-2)

« Deployment design of 5 GEO satellites, 5 inclined geosynchronous orbit (IGSO) satellites, and 5 medium earth orbit (MEQO) satellites
- Operation of BDS-2 (I0C declaration in 2010, FOC declaration in 2012)
2007~2012 e« Launch of 5 GEO, 5 IGSO, and 5 MEO satellites

« Services are provided in the Asia-Pacific region
- Development start of the global satellite navigation system (BDS-3)

« Deployment design of 24 MEQ, 3 GEO, and 3 IGSO satellites (later changed to 27 MEO, 3 GEO, and 5 IGSO satellites)
2015~2020 - Launch of 27 MEO, 3 GEO, and 5 IGSO satellites (including 3 MEO and 2 IGSO satellites for verification)

2018 - Construction completion of the main BDS-3 system and IOC declaration

- Deployment completion of 35 BDS-3 satellites
- Declaration of system construction completion
- Launch of 2 additional BDS-3 satellites
2024 - Developing an integrated augmentation system of BDS with low earth orbit (LEO) satellites and conducting high-precision positioning
correction experiments for GNSS and LEO

2004

2009

2020
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3} 307)2] BDS-3 9|4, B 457)2] $]do] A= Atel|A] B2k}
11 9JT} (Han et al. 2023).

20198 7|& 2 2 BDSQ] XAMA|AHEI(ground segment) O 2
Master Control Station (MCS) 17§4~, Monitor Station (MS) 29
7l 4, Time Synchronization and Upload Station (TS/US) 27} 4
£ 893353 ¢t} (Yang et al. 2017, China Satellite Navigation
Office 2018a).
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Table 2. BDS ground system (Yang et al. 2017).
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Component

Function

- Status monitoring and control of the BDS satellites and navigation message generation

Master control station

« Satellite precise orbit tracking, status monitoring, and anomaly detection

« Navigation message generation and transmit to uplink antennas

- BDS satellite observation

« Satellite tracking and collection of navigation signals and data

Monitor station

« Provide the collected data with the master control station

« (Type-A) Monitoring satellite orbit and ionospheric delay
« (Type-B) Augmentation service and integrity service

Time synchronization/ pload antenna - BDS system timing management and satellite control, upload navigation message
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Fig. 2. BDS ground system deployment (Lu 2018).
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Fig. 3. Decision-making structure of the Chinese government for BDS development (Jee 2017).

Table 3. Chinese government ministries and roles related with BDS development (Ahn et al. 2021).

Ministry

Role

Ministry of Industry - Ministry under the state council similar to South Korea’s ministry of science and ICT, management of broadcasting, wireless

and Information communication, and internet industry

China National Space - Responsible for civil space activities, policies, regulations, and management by the authority from the defense science and technology

Technology (MIIT) - Overall government agency for BDS
Administration industry bureau
(CNSA) - Government’s operational agency on BDS
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2 BDS9| A+, Al AN, -8 E 2§ B5oln, BDSO A4
= Ao HEo] &-8of 2FHg wrE 11 ¢Jt} The China National
Administration of GNSS and Applications (CNAGA)+= BDS A]
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BDS&= AMGARA 77EA1 8] AHIAE AlFsthedl, d A+
£ tjalo 2 PNT A{H|A (@ A{H]A, RNSS, Radio Navigation
Satellite System Service), A Z|¢ TG&E EA1AH]A (Global
Short-Message Communication Service, GSMC), M LR A{H]
A (International Search-And-Rescue (SAR) Service)2] 37}%]
£ AFsh, obxlot-eE Y A& iAo R 1379 B A
H| A (BeiDou Satellite-Based Augmentation Service, BDSBAS),
A Ay 718 27F AH]A (BeiDou Ground-Based Augmentation
Service, BDGBAS), A& =¢£] AH]|A (PPP Service), |} ©H&
EAl AH]A (Regional Short-Message Communication Service,
RSMCS) 9] 47}2) & A3k} (GPS World 2021, GPS World
2022a).
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Table4 BDS-3 service areas, signals, and satellite types (China Satellite Navigation Office 2019a, 2021, Lu 2024).

Service Area Signal Satellite
Downlink B11, B3I 3GEO+3IGSO+24MEO
RNSS Global
oba Downlink BIC, B2a, B2b 31GSO+24MEO
SBAS China and surrounding area* Downlink BDSBAS-B1C, BDSBAS-B2a 3GEO
Uplink Lband
Regional China and surrounding area* P 1n. an 3GEO
SMC Downlink Sband
Global Global Uplink L band 14MEO
oba oba Downlink GSMC-B2b 31GSO+24MEO
Uplink UHF band 6MEO
SAR Global
oba Downlink SAR-B2b 31GS0+24MEO
PPP China and surrounding area*  Downlink PPP-B2b 3GEO
GBAS China and surrounding area* 2G, 3G, 4G, 5G Mobile communication or internet

*Longitude 75°E to 135°E, Latitude 10°N to 55°N

Fig. 4. BDS coverage by service type (China Satellite Navigation Office
2019a, 2021, Lu 2024).

Table 4of BDS AMH|AH Jo, A5, 44S Fesiion,
Figs. 49} 50 BDS9] AH|AH AlF 9J2I3} BDS RNSS 7d-S
29It} (China Satellite Navigation Office 2019a, China Satellite
Navigation Office 2021, Lu 2024). RNSS& &utelofA] F7H=
BIL, BIC, B2a, B2b, B3I A1 5 & E3F PNT AJH|AQ] UuHE7H) A
H|A (Open Basic Navigation Service)Q} A Hof| oJ3] %2l% A}
Lx2}o] Shaf] 0] 755k BIA, B3Q, B3A 4155 £5F PNT A{H|
AQ1 AR AH|A (Authorized Basic Navigation Service)S A
F5hc}. Table 59 BDS RNSS A% #2428 A2|519 11, Table 6
o] BDS RNSS 415 & A #]s}9it} (China Satellite Navigation
Office 2017a, 2017b, 2018b, 2019b, 2020a, 2021, International
Telecommunication Union 2024). Table 70 BDS RNSS 415 9]
29 Asle 1AL Aes)9) 1, Tables 83} 9of] BDS RNSS 415
o %5 24 HBE FA43 A B FAL gsidict
(China Satellite Navigation Office 2021). Tables 102} 119]] BDS
RNSS 415.9] PDOP o]& 7VsA] 43 5] AJH|A o] 7Hs
A 7#23E #2519ttt (China Satellite Navigation Office 2021).

Fig. 60l A 27 @ F4IAHIAQ] GSMC 7Hd-& BTt
(Yang et al. 2019). A 2G5 thF o2 THEo] HIAZ] FAE AJH|
25 flote] Lt o] AP AE ol8siH, siFd e 5 H
& 94 4715 Estel S thea} B2b thel & o] g3ttt 3 A
H]|A¢1 GSMCS: 147] 9] MEOS} Inter-Satellite Link (ISL) 3.

Fig. 5. Concept of BDS RNSS (China Satellite Navigation Office 2019a, 2021,
Lu 2024).

Table 5. BDS RNSS performance standard (China Satellite Navigation Office
2017a,2017b, 2018b, 2019b, 20203, 2021, International Telecommunication
Union 2024).

Item Standard
Positioning accuracy <10m
Accuracy Timing accuracy <20ns
Velocity accuracy <0.2m/s
Availability >0.99

2 o] gslo] BE WAIX] FAIL ATECE 2021 9Ge] FAHE
SMCSE AXQl AIFE & 4 9t} (Inside GNSS 2021). Tables
12¢} 130 BDS GSMC] A% FZ 3} BDS GSMCE] AH]A A]
S £ A5}t (Yang et al. 2019, China Satellite Navigation
Office 2019a, 2021, Chen 2021).

Fig. 7] SAR Service2] 7J@-2 E$i+=d], COSPAS SARSAT2]
x| et A& A5 E fAlskaL 8ok AlH|A0ltt (Yang
et al. 2019). BDS SAR AH|AE = F& 24 67]2 Eslo] 2t
2} 912 E A143] motsla Txs17] 915 AR AG AHAR,
3F¥ A= UHF )& o] &5lal sl A+ B2b the & o]
Sic} o] Z-& COSPAS SARSAT HFof Return Link¢} ISL 7]%
2 2715 Aot Fig. 8] BDS SAR Return Link A{H]A20] 7id
< H9lon] Fig. 9o Return LinkES Z3F5F BDS SAR A{H] A 9]
a2 Bt} (Yang et al. 2019). Table 140]] BDS SAR AJH]A A%

http://www.ipnt.or.kr
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Table6 DS RNSS signal standard (China Satellite Navigation Office 2017a, 2017b, 2018b, 2019b, 202043, 2021, International Telecommunication Union 2024).

Band Signal Frequency (MHz) Data rate (bit/s) Chip rate (Nchip/s) Modulation method Satellite
MEO/IGS0:50
B1l 1561.098 GSO:500 2.046 BPSK-R(2) MEOQO, IGSO, GEO
QMBOC(6,1,4/33) (B1CP)
Bl B1C 1575.42 50 1.023 BOC(1,1) (BICD) MEO, IGSO
MEO/IGS0:50
B1A 1575.42 GSO:125 2.046 BOC(14,2) MEQ, IGSO, GEO
aP- no data
B2 B2a 1176.45 aD- MEO/ IGS0:100 10.23 BPSK-R(10) MEQO, IGSO, GEO
GS0:250
B2b 1207.14 500 10.23 BPSK-R(10) MEQO, IGSO, GEO
MEO/IGS0:50
. B3I 1268.52 GSO:500 10.23 BPSK-R(10) MEOQO, IGSO, GEO
B3Q 1268.52 500 10.23 BPSK-R(10) MEQO, IGSO, GEO
B3A 1268.52 50 10.23 QPSK-R(10) MEO, IGSO, GEO

Table 7. BDS RNSS signal positioning accuracy standard (China Satellite
Navigation Office 2021).

Positioning accuracy standard (95%)

Service mode

Item Range (m)
Single or dual Horizontal average over entire area <9
frequency Vertical average over entire area <10
Single or dual Horizontal error at lowest performance point <15
frequency Vertical error at lowest performance point <22

Table 8. BDS RNSS signal velocity measurement accuracy standard (China
Satellite Navigation Office 2021).

Velocity accuracy standard (95%)
Item Range
Average of all regions <0.2m/s

Service mode

Single or dual frequency

Table 9. Timing accuracy of BDS RNSS signal standard (China Satellite
Navigation Office 2021).

Timing accuracy standard (95%)
Item Range
Average of all regions <20ns

Service mode

Single or dual frequency

Table 10. BDS RNSS PDOP availability standard (China Satellite Navigation
Office 2021).

PDOP’ availability standard (95%)

Service mode

Criterion Range (%)
. Average of all regions >98
Single or dual frequency Minimum performance point >88

*PDOP: Position Dilution of Precision

Table 11. BDS RNSS positioning service availability standard (China Satellite
Navigation Office 2021).

Positioning service
Service mode availability standard (95%)
Item Range (%)
. Average of all regions >99
Single or dual frequency Minimum performance point >90

A& A estlen, Table 159] SAR AH|A9] AT 5 |5}
itk (Yang et al. 2019, China Satellite Navigation Office 2019a,
2021).

Fig. 100] BDS©] BDSBAS®] £& 7ju< ®aith (Li et al.
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Table 12. GSMCS performance standard (Yang et al. 2019, China Satellite
Navigation Office 2019a, 2021, Chen 2021).

Item Performance standard
Success rate >0.95
Response time 1 minute
Capacity uplin.k 300,000 time / hour
downlink 200,000 time / hour

Maximum message length 560 bits (40 Chinese characters)

Fig. 6. Concept of GSMCS (Yang et al. 2019).

2020). =AFEF714 (ICAO0)9] 2F-& w2t GEO 914 37]
£ ol gsle] & B Hrol RA4d (W) FRE AFs
= xju]Ao]th WAAS, EGNOS, GAGAN, MSASe} Z+8 7| Z£9]
SBASA§] GPSe|| tiet BHAHE A5 #4F olyz} BDS
i3t B4 JH T A|F3c}. Fig. 119 BDSBASS] AH] A A2 o
o1& "It} (China Satellite Navigation Office 2019a). BDSBAS
‘d%& AL Table 160 B3] CAT-1/d%5 45 9H53ic). Table
170l BDSBAS A% B7} oAl W Aste §7-8 317, Table 18
o]l BDSBAS 0F4 A & A1 2|4 F-2-& 299t} (Lu 2024). BDSBAS
£ ¢5}o] GPS Y€ BDS 415 & 7FA|= (monitoring station)of| 4]
AI5EAL, SR B (master station)of|A] X3t HAYHRE
GEO ¢/ E3) BICS} B2a Al 52 A|-3stch BDS-2 A5 (Bl
B3R L Al ZFcha el A QlAnk FAH FRE Fo6HA
o131 9Jt} Table 19¢f BDSBAS A& & A &]s}9it} (Yang et al.
2019, China Satellite Navigation Office 2020b).



Table 13. GSMCS service signal (Yang et al. 2019, China Satellite Navigation
Office 20193, 2021, Chen 2021).

Frequency Signal Data Modulation L .
(MHz) name rate method Authorization Satellite
1610.0~1626.5 Uplink - - - 14 MEO
1207.14 B2b - - - 14 MEO

Fig.7. Concept of SAR service (Yang et al. 2019).

Fig. 8. Concept of BDS SAR return link service (Yang et al. 2019).

Fig.9. . Example of SAR service including return link (Yang et al. 2019).

A% 716 B
AAZE cm 2 %HE’J mm 45 &l =
=1, Table 200} BDGBAS?] A% H4& A5}t (China
Satellite Navigation Office 2021)

Fig. 120] A 2] AH]A21 PPPE] 7S Bl 3719
GEO $141 ol g3lo] B2b thd o2 1 A Z9lof Bagt 9]

PAVSIEIES
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Table 14. SAR service performance standard (Yang et al. 2019, China

Satellite Navigation Office 2019a, 2021).

Parameter Performance standard
Detection probability >99%
Positioning accuracy <5km
Availability >99%

Return link delay <2min
Return link success rate >95%
Bit error rate <5x10°

Table 15. SAR service signal (Yang et al. 2019, China Satellite Navigation
Office 20193, 2021).

Frequency Signal Data Modulation Author-

Item (MHz) name rate type ization Satellite
406 Uplink - f
SAR 154421 Downlink - ; 6 MEO
Return 3IGSO+
link 1207.14 B2b - - - 2AMED

Fig. 10. BDSBAS operational concept (Li et al. 2020).

Fig. 11. BDSBAS coverage (China Satellite Navigation Office 2019a).

A, AA 03} 50 FUT B YuE AT, 5~ 54
cm 479] W] G AMu|27E FP5EA, 308 FEL] A
l-O] I @ 5}c}. Table 210]] BDS PPP AJH|A Q] A& A5
1, Table 220 BDS PPP A{H|A A5 2 Aa]s}glon] Table 23

of] BDS PPP AJH|A 9] A5 HA& A )51t (Yang et al. 2019,
China Satellite Navigation Office 2019a, 2020c, 2021). Table 24
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Table 16. CAT-l performance standard (China Satellite Navigation Office

Table 17. BDSBAS augmentation target and accuracy standard (Lu 2024).

2019a).

Item Augmentation Frequenc Accurac
Item Performance standard objects 1 ¥ Y
Accuracy Horizontal: 16 m, Vertical: 4 m Single Horizontal 20 m
Integrity 1-2 x 107 per hour (approach) frequency GPSLIC/A BDS GEO BIC Vertical 20 m
Continuity 1-8 x 10°® per hour (within 15 s) Dual BDS B1C/B2a BDS GEO B2a Horizontal 16 m
Availability  0.99 frequency  GPSL1C/A/L5 Vertical 4 m
Table 18. BDSBAS integrity and reliability standard (Lu 2024).
Item Time-to alert Integrity risk Alert limit Continuity  Availability
Single frequency 10s Hor{zontal 40m >99%
B Vertical 50 m N
2x10°/150s ———————— 1-8x107/15s
Dual f 6 Horizontal 40 m >99.9%
ual frequency S Vertical 10 m =TI
Table 19. BDSBAS signal (Yang et al. 2019, China Satellite Navigation Office 2020b).
Item Fraellllfscy Signalname  Datarate  Modulation type  Authorization  Satellite
- 1575.42 SBAS- B1C 250|500 BPSK (1) Open GEO
- 1176.45 SBAS- B2a 250 QPSK (10) Open GEO

Table 20. BDGBAS service performance standard (China Satellite Navigation Office 2021).

Service type Service accuracy Performance accuracy

Performance standard

Single frequency pseudorange augmentation service Horizontal position accuracy (95%) sl2m
& 4 yp geaug Real-ti Vertical position accuracy (95%) <25m
eal-time
meter-level Horizontal position accuracy (95%) <0.8m
Single carrier phase augmentation service Vertical position accuracy (95%) <1.6m
Convergence time <15 min
. Horizontal position accuracy (95%) <0.3m
. . . Real-time . o
Dual frequency carrier phase augmentation service - Vertical position accuracy (95%) <0.6m
decimeter-level . .
Convergence time <30 min
. . . . Real-time Horizontal position accuracy (RMS) <4cm
Dual or multi frequency carrier phase augmentation service R . s
centimeter-level Vertical position accuracy (RMS) <8cm
. Horizontal position accuracy (RMS) 4 mm
. . . . Post-processing . .
Relative baseline measurement by post-processing service L Vertical position accuracy (RMS) 8 mm
millimeter-level .
Convergence time <45s

Table 21. BDS PPP service standard (Yang et al. 2019, China Satellite

Navigation Office 2019a, 2020c, 2021).

ol&

Item

Standard

Kinematic

Positioning accuracy Static

Decimeter level
Centimeter level

Bit rate

500 bps

Convergence time

20 to 30 minutes

31T} Fig. 130 BDS RSMCS9] ¢4 e

2ol o Table

250] A's 7#2L A5t} (Yang et al. 2019, China Satellite
Navigation Office 2021).

3.2BDS ¥s

Fig. 12. Concept of BDS PPP service (Yang et al. 2019, China Satellite
Navigation Office 2019a, 2020c, 2021).

Fig. 140l|A] B
olEellA 4% 5 m A=l 2
Foke] 1 %

ol BDS PPP-ARY} PPP-RTK AJH| A 9] o4} A5 114-& A 2|8]

3t} (Gao et al. 2024).
RSMCS+= ©-2] HAIA]
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Table 22. PPP service signal (Yang et al. 2019, China Satellite Navigation
Office 2019a, 2020c, 2021).

Frequency Bandwidth Signal Data Modulation Authori- Satel-
(MHz) (MHz) name rate type zation lite
1207.14 20.46  PPP-B2b 500 QPSK(10) Open GEO

Table 23. PPP service performance standard (Yang et al. 2019, China
Satellite Navigation Office 2019a, 2020c, 2021).

System - Performance
. . Criterion

configuration standard

Horizontal position accuracy (95%) <0.3m

BDS Vertical position accuracy (95%) <0.6m
Convergence time <30 min

Horizontal position accuracy (95%) <0.2m

BDS+GPS  Vertical position accuracy (95%) <0.4m
Convergence time <20 min

Table 24. Expected performance standard of PPP-AR/PPP-RTK service (Gao
etal. 2024).

. Expected
Service S
configuration Criterion performance
standard
Horizontal position accuracy (95%) <10 cm
PPP-AR Vertical position accuracy (95%) <20cm
Convergence time 10 min
Horizontal position accuracy (95%) <10 cm
PPP-RTK  Vertical position accuracy (95%) <20cm
Convergence time <3 min

Table 25. RSMCS performance standard (Yang et al. 2019, China Satellite
Navigation Office 2021).

Item Performance standard
Success rate >95%
Service delay time Better than 2 seconds on average
Service frequency Aver_a &8¢ ! time/SO s
Maximum 1 time/s

Maximum message length < 14,000 bits
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Fig. 13. RSMCS operational concept (Yang et al. 2019, China Satellite
Navigation Office 2021).

Fig. 14. Site-specific BDS-2 position error (Shen 2019).

Fig. 15. Site-specific BDS-2 position error over 2090 days (Shen 2019).

A& 77+ 39k (Ma 2018, Shen 2019).

GPS7} Receiver autonomous integrity monitoringg ©]-&5}
A oot BDS-3HTh 943 55 Holw, NGA A=< ©]
45 o8 &45ltka ] itk (Renfro et al. 2020). Table
27¢] BDSE] AH|AY A5 H7F At Asiaitt (Lu 2024).
Fig. 189]] 2025 29 7|& 71X 94 25 KT, Fig. 199f 2025
9 2¢] 7]% L1 BDSS] PDOPE B 9ITh (Lu 2024).

3.3 &% BDS & ek

2 AU oA Al AEE 27

2022b, GPS World 2023). 203542 532 PNT A|AHE Y} 13

o] A28 A ke FR15T gl AF9HS BE
&
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Table 26. BDS-3 signal availability and navigation performance (Ma 2018, Shen 2019).

B11/B3I B1C/B2a Remark (objective)
Position Horizontal: 3.6 m Horizontal: 2.4 m 10m
L ositio Vertical: 6.6 m (95%) Vertical: 4.3 m 10m
Navigation performance -
Velocity 0.05m/s 0.06 m/s 0.2m/s
Timing 9.8 ns (95%) 19.1 ns (95%) 20 ns
Availability >99 % >87% 95 %
Table 27. BDS service performance evaluation result (As of June 2024) (Lu 2024).
Service types Item Performance standard Performance
GSMC Time delay <60s 16s
Success rate 295% 99%
RSMC Time delay <2s 1s
Position . Vertical < 0.3 m Vertical 0.17 m
BDS osttion aceuracy Horizontal <0.6 m  Horizontal 0.23 m
Convergence time <30 min 18min better than requirement
PPP . -
Position accurac Vertical < 0.2 m Vertical 0.11 m
BDS+GPS y Horizontal <0.4m  Horizontal 0.21 m
Convergence time <20 min 11min better than requirement
Single f Horizontal < 16 m Horizontal 1.29 m
ngle frequency L Vertical <20 m Vertical 1.99 m
SBAS — Position accuracy - -
Dual frequenc Horizontal < 16 m Horizontal 0.77 m
u quency Vertical <4 m Vertical 1.41 m
Fig. 16. Availability of BDS-3 B11/ B3l signals (Ma 2018, Shen 2019). Fig. 17. Availability of BDS B1C/ B2a signals (Ma 2018, Shen 2019).
Fig. 18. Number of L1 BDS visible satellites (Lu 2024). Fig. 19. PDOP distribution of L1 BDS (Lu 2024).
o AUE P4 7142 A3 =Ustel FHe| sl WAL Wt olnk (Gao et al. 2024). ISL 7]¥F FZH PPP AJH| A, PPP-ARY
31 9lck. BDSO] QPYAHQ 99 WS 13 MG S PPPRIKS 53 5 AR B3, LEOS TE3H PPP M) 20|
ST Lo, 5G 41, ALEA, Helole] 140 §UE T Tl ISL AN 22 PP AulAskE A% W A HHEE Y
&3lsto] 2521 =7} PNT AAE 2035712 +55kaLAt § A FIAL, A AT AMEAFEOA L HE 1A Mu|AE Zﬂ#
t} (GPS World 2022b, GPS World 2023). &+ 2~ 9lth PPP-ARES 94 7]ul PPP AjH|A0] 27] 43 A]
20040] AIQHEF BDS 31 W A A0 vle W 3744 @o] Hsshu, GEO PPP-B2b AlEE HEsto] W2 Y 9]

https://doi.org/10.11003/JPNT.2025.14.4.431



%) A4 A
o] z)o}7]
2 Aulasid Aodde)
LEO %7} PPP-RTKZ Z7H4Q]

Inae Jung et al, Status and Analysis of BDS 441

Fig. 20. Future development directions of BDS (GPS World 2022b, GPS World 2023).

Table 28. Research status of Chinese universities to field of BDS.

Field

No. of universities
publishing papers

Number of
publications

Top 3 publishing university (number of publications)

GNSS applications

35

93

Wuhan University (18)

Shandong University (6)

Tianjin University of Technology (5)
Chinese Academy of Science, Beijing (5)
HohaiWuhan University (18)

GNSS and their augmentations

11

24

Beihang University (6)

Wuhan University (4)

Chinese Academy of Science, Beijing (3)
Shandong University (3)

Satellite orbit determination and
precise positioning

21

57

Wuhan University (21)
Chinese Academy of Science, Shanghai (6)
Chinese Academy of Science, Beijing (4)

Time frequencies and precise
timing

22

56

Wuhan University (14)

Chinese Academy of Science, Shanhai (5)
Nanjng Normal University (4)

Beihang University (4)

Tongji University (4)

Chinese Academy of Science, Wuhan (4)
Chinese Academy of Science, Xi'an (4)

System intelligent operation and
autonomous navigation

32

65

Wuhan University (17)

Nanjing University of Aeronautics and Astronautics (5)
China University of Geosciences (3)

Southeast University (3)

Shanghai Jiao Tong University (3)

Harbin Engineering University (3)

GNSS signal technologies

46

156

Wuhan University (45)

Hohai University (10)

Chinese Academy of Science, Wuhan (9)
Shanghai Jiao Tong University (9)

GNSS user terminals

Tsinghua University (2)

China University of Mining and Technology (1)

Naval University of Engineering

Beijing University of Posts and Telecommunications (1)
Civil Aviation University of China (1)

National University of Defense Technology (1)

Chinese Academy of Sciences, Wuhan (1)

Nanjing University of Aeronautics and Astronautics (1)

PNT architecture and new
technologies

15

24

Beihang University of Posts and Telecommunications (5)
National University of Defense Technology (4)

Chinese Academy of Sciences, Wuhan (2)

Information Engineering University (2)
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o] S= HetollA AT ==& A6kt 2= 9148
BolollA] E3o] 714 2 sh&tl3]¢l China Satellite Navigation
Conference % 2024 0] 7§2|H CSNC 20240]] HHH =75
ARSI & 4841 9] =28 AESIIE A =& F A
1A A7} 23 s 2491 368W 0] =53} CSNC 20240] 2Fm sl
=8 = BDSof| st Aol AR} 2 sk 2401 116H-ES

BESISIEE BDS Tl A7 Aok 9

BDS ¥ =F 9] Holx= GNSS Applications, GNSS and
Their Augmentations, Satellite Orbit Determination and Precise
Positioning, Time Frequencies and Precise Timing, System
Intelligent Operation and Autonomous Navigation, GNSS Signal
Technologies, GNSS User Terminals, PNT Architecture and
New Technologies © 2 CSNCO|A 535} 8714 & u}zkch
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