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ABSTRACT

Various structures of navigation messages in Global Navigation Satellite System (GNSS) signals can be categorized into
fixed, packetized, and mixed types, each with different broadcast intervals and sequences. In the fixed format, the broadcast
intervals and sequences of navigation messages of Global Positioning System (GPS) L1 C/A and BDS BII are strictly defined
in the Interface Control Document (ICD). Navigation messages of GPS L2C, L5, Quasi-Zenith Satellite System (QZSS) L2C, L5,
and BeiDou Navigation Satellite System (BDS) B1C are in a packetized format, and their broadcast sequence is not explicitly
specified in the ICD; only the maximum broadcast intervals are described. In the mixed format, signals such as GPS L1C,
QZSS L1 C/A, L1C, and BDS B2a exhibit both fixed and packetized patterns. Sequences of certain parts of the message are
not defined. Therefore, in this study, experimental-based investigations were additionally conducted alongside an ICD
investigation to analyze the current broadcast intervals and sequences of GNSS navigation messages.
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Table 1. GPS L1 C/A message content defined in ICD.
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Subframe Page Data Broadcast interval [s]
1 - SV clock, SV health 30
2 - Ephemeris data - part 1 30
3 - Ephemeris data - part 2 30

1,6,11,16,21 Reserved
2,3,4,5,7,8,9,10 Almanac data for SV 25-32
12,19, 20, 22, 23,24 Reserved
13 NMCT
4 14,15 Reserved for system use 750
17 Special messages
18 Ionospheric and UTC data
25 A-S flags, SV configurations 1-32, SV health SV 25-32
1-24 Almanac data SV 1-24
5 . 750
25 SV health 1-24, Almanac reference time, Almanac reference week number

Table2. GPS L2C, L5 message content defined in ICD.

Type Message data Maximum broadcastinterval L2C[s] =~ Maximum broadcast interval L5 [s]

10 Ephemeris data - part 1 48 24

11 Ephemeris data - part 2 48 24

12 Reduced almanac 1200 600

13 Clock differential correction 1800 900

14 Ephemeris differential correction 1800 900

15 Text As needed As needed
30-37 SV clock 48 24

30 IONO & Group delay 288 144

31 Reduced almanac 1200 600

32 EOP 1800 900

33 UTC 288 144

34 Differential correction 1800 900

35 GGTO 288 144

37 Midi almanac 7200 3600

120 min (maximum)

Message 1 - Message N
12sec | __--- - TSR
Message | Alert | Message
Preamble | PRN Tpe 1B | flog | TOW count CRC
8 bits 6 bits. 6 bits 1 bits 17 bits 238 bits 24 bits

I |
I 1
300 bits / 12 sec

Fig. 2. GPS L2C message structure.
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Fig. 3. GPS L5 message structure.

Fig.4. GPS L1C message structure.
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Table 3. GPS L1C message content defined in ICD. ‘ Frame 1 ‘ - ‘ Frame N ‘
Broadcast PR TR
Subframe  Page Data interval [s] T T e -
! - Tor1 18 ‘ Sub-frame 1 | ‘ Sub-frame j ‘ Sub-frame 5 ‘
2 - Clock, Ephemeris, ITOW 18 —
1 UTC&IONO e
2 GGTO&EOP o= S o
Word 1 | Word 2
3 Re.dyced almanac (_F‘L'M) (H"‘gw) ‘ Word k ‘ | Word 10 ‘
3 4 Midi almanac . e s
5  Differential correction T - . .
6  Text kil T
7 SV configuration ‘ 24 data bits | 6 parity bits ‘
8  Integrity support message
Fig.5. QZSS L1 C/A message structure.
Table4. QZSS L1 C/A message content defined in ICD.
Subframe DatalD SVID Data Maximum broadcast interval [s]
1 - - SV clock, Group delay 30
2 - - Ephemeris data - part 2 30
3 - - Ephemeris data - part 1 30
0 Test mode - -
1-10 QZS almanac 600 -
51 QZS almanac epoch, health 60 -
4,5 3 55  Special messages - Not specified
56  Ionospheric (Wide), UTC 60 -
60 QZNMA - -
61 Ionospheric (Japan), UTC 720 -
Table 5. QZSS L2C, L5 message content defined in ICD.
Type Message data Maximum broadcastinterval L2C[s] =~ Maximum broadcast interval L5 [s] Remarks
0 Test mode - - -
10 Ephemeris data - part 1 48 24 -
11 Ephemeris data - part 2 48 24 -
12 QZS reduced almanac 1200 600 -
15 Text message - - Not specified
30-37, 61 SV clock 48 24 -
30 Ionospheric (Wide) 288 144 -
31 QZS reduced almanac 1200 600 -
32 Earth orientation 1800 900 -
33 UTC 288 144 -
35 GGTO 288 144 -
37 QZS Midi almanac 7200 3600 -
60 QZNMA - (only L5) -
61 Ionospheric (Japan), ISC 288 720 -
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Table6. QZSS L1C message content defined in ICD.

Subframe  Page Data Maximum broadcast interval [s] Remarks

1 - Time of interval 18 -
2 - SV clock, Ephemeris, ISC 18 -
0 Test mode - -

1 UTC, Ionospheric (Wide) 144 -

2 GGTO, Earth orientation 144 -

3 3 QZS reduced almanac 600 -
4 QZS Midi almanac 3600 -

6 Text message - Not specified
60 QZNMA - -
61  UTC, Ionospheric (Japan) 720 -

Table 7. BDS B1l message content defined in ICD.

Subframe Page Data Broad interval [s]
Autonomous satellite health flag (SatH1), Age of data clock, URAI,
1 - Week number (WN), Age of data ephemeris, Group delay differential, 30
Ionospheric delay model, Clock correction
2 - Ephemeris data - part 1 30
3 - Ephemeris data - part 2 30
4 1-24  Almanac data for SVID 1-24 7200
1-6 Almanac data for SV ID 25-30
7 Satellite health information SVID 1-19
8 Week number of almanac,
Satellite health information SV ID 20-30
9 GPS, Galileo, GLONASS time
5 7200

10 UTC
Almanac data for SV ID 31-43, 44-56, 57-63

11-23*

AmEpID = 11: Reserved
g+ Satellite health information SV ID 31-63

*AmEpID = 11: Reserved
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Fig. 6. BDS B1l message structure.
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Fig.7. BDS B1C message structure.

Table 8. BDS B1C message content defined in ICD.

Sub Page Data Broad
frame interval [s]
1 - PRN 1-63, Seconds of hour 18
2 - Ephemeris data part 1,2 Clock correction 18
1 Ionospheric delay correction, BDT-UTC
2 Signalin space accuracy, Reduced almanac
3 3 EOP,BGTO

4 Signal in space accuracy, Midi almanac
Others Reserved

o Table 7o A 2|5}3ict AEZH Y 1~ 37 = 7|22 &
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Fig. 8. BDS B2a message structure.

Table9. BDS B2a message content defined in ICD.

Type Message data
10 Ephemeris data - part 1
11 Ephemeris data - part 2
30-34  Clock correction
30 Ionospheric delay correction
31 Reduced almanac
32 EOP
33 BGTO, Reduced almanac
34 Signal in space accuracy, BDT-UTC time
40 Signal in space accuracy, Midi almanac

Table 10. Sejong Univ. antenna position.

Position
Latitude Longitude Height ECEF (x) ECEF (y) ECEF(2)
37.55° 127.07°  95.42m -3052171m 4039504 m 3866233 m

Fig. 9. Trimble GNSS v2 choke ring antenna.
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Fig. 10. Downlink experiment environment.

Table 11. Number of satellite navigation messages used in statics.

QZSSL1 QZSS BDS
ca  12c OS5 e

GPSL2C GPSL5 BDS B2a
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146,112 189,358 54,574 68,624 125,781 92,504 581,967
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11(ephemeris data - part2), 30(SV clock, IONO, group delay),
32(SV clock, EOP), 33(SV clock, UTC)H-& Hl&5 FUSH A]
Zholl PRNE R oh 2 HA] 2] Bl & Bl 7495 ERIsIIT
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Fig. 11. GPS L2C navigation message broadcast sequence.

Fig. 12. GPS L5 navigation message broadcast sequence.

Fig. 112 GPS L2C 413, Fig. 12'= GPS L5 215 9] Hr4 2]
SIS Aot} F A159] HE AlEAE o] 4
o] ephemeris I HE 7}A] = tf|A] 7] E}] 10, 11 o] 14
clock AE = 19 HiA1Z] €19 30T} 5540 HAIA] BFY
32, 33| A AlERks el & [10, 11, 30, 33], [10, 11, 30, 32] &
2] 7492 1=t

ZRlE PRN F [10, 11, 30, 33] g+ 7}A] Bl AEALE 201

£ casele 2 A 2l5}, [10, 11, 30, 33], [10, 11, 30, 32] & 7}#] &}
% AlEATF B 2RI ti & case2& A Y5itt. Table 12
GPS L2C 415, Table 13 GPS L5 A15.9] Wh4=7] EAE A1)
Sk Ao, L2C 4159 caselollA] HA|Z] EFY 328 0] HFEE] %]
om, 32H S A gk BE HAA] ERYo] 48 VR W
Qltt. Case2of| A= oA 7] EFQ] 328 & 4829} 962 F7]=2 3t
QAT HAA] EFQ] 33L& 9629} 14422 3RIEI o 1}
Mz AR EFQ]L BE 48% 0] 272 i Qict L5 X159
caseloflA] HIA|Z] E}Q] 32@ o] WS 2] ¢rom, 32 & A|elgh
BE HAR] ElQle] 24z 712 9FEE Qi) Case2of A& HIA]
A B 32912 24z} 48% 7|2 ERIF I, WIA|X] BFY 33
HE 48x0F 222 RIS o, mA] HiA]R] BFY S BF
24z.0] 7|2 4= 9]t
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Table 12. GPS L2C navigation message broadcast interval.

Message type (MT)
B road:la“ MI10 MI11 MI 30 MT32 MT33
interval [s] casel case2 casel case2 casel case2 casel case2 casel case2
Max 48 48 48 48 48 48 - 96 48 144
Min 48 48 48 48 48 48 - 48 48 96
Mean 48 48 48 48 48 48 - 90 48 103
Table 13. GPS L5 navigation message broadcast interval.
Message type (MT)
Broadcast
. MT 10 MT11 MT 30 MT 32 MT33
interval [s]
casel case2 casel case2 casel case2 casel case2 casel case2
Max 24 24 24 24 24 24 - 48 24 72
Min 24 24 24 24 24 24 - 24 24 48
Mean 24 24 24 24 24 24 - 45 24 51
Table 14. QZSS L1 C/A navigation message broadcast interval.
Broadcast SVID type (SV)
interval[s]  SVo0 SV2 SV3 SV4 SV7  SV51 SV55 SV56  SV60  SV6I
Max 300 600 600 600 600 60 600 60 120 240
Min 60 600 600 600 600 60 600 60 60 240
Mean 120 600 600 600 600 60 600 60 80 240

30 sec (L1 C/A)

Fig. 13. QZSS L1 C/A navigation message broadcast sequence.
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_IZi mlo

] [51 4] [51, 71, [51 55] [56, 601, [5
OIHC’*D]— Table 4= A1 3.__%
22715 A5k Aot} SVID 2
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El‘; Z& SIS ICDo]| Her4-3717F Ag=of 1A ¢
© SV ID 0L 6029} 3002, 55812 600, 60812 602} 120
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3.2.3 QZSS CNAV (L2C, L5)

QZSS L2C¢} L5 A5 AR o] AA| HlE AlEAE 291
Sk A3} m|A|x] E}] 10(ephemeris data - partl), 11(ephemeris
data - part2), 12(reduced almanac), 15(text), 30(SV clock, IONO,
group delay), 31(SV clock, reduced almanac), 32(SV clock,
EOP), 33(SV clock, UTC), 35(SV clock, GGTO), 37(SV clock,
Midi almanac), 61(IONO Japan, group delay)HS ZE52 o2 1}

%5133 HAIZ] EFY 60(QZNMA)H -2 L5 41 S0l At &Rlo]

3.2.2 QZSS LNAV (L1 C/A) QOJ o \:q Eo]; ]7].01] PRN‘:"—__:!E_ 7E}_E ]A]Z] E]-OL% Ho]'%a"\f
A& 201519t Fig. 14+= QZSS L2C 415 9] vk A|HAE &

QZSS L1 C/A 415 FHHHAIZ] ] AA| ¥ A|FAE SR1%H A5l Ao, HhE AlfAE ol 42 2491 ephemeris
Axt B ZH|Q] 4 50]4] SV ID 0(test mode), 2(QZS almanac), ABE 71212 HA|Z] Y 10, 11Ho] A= e, clock AKX

3(QZS almanac), 4(QZS almanac), 7(QZS almanac), 51(QZS
almanac epoch & health), 55(special messages), 56(Ionospheric
wide, UTC), 60(QZNMA), 61(Ionospheric Japan, UTC)HH-S v}
S, ST AJ7ke]l PRNEIE 28 Aueg) 2 SV DS 4

L A% BF) 30, 31, 32, 33, 35, 37 o 2 RE] =Moo g AT
wk SIEl 2 [10, 11, 30, 611, [10, 11, 31, 121, [10, 11, 32, 15], [10, 11, 32,
37], [10, 11, 33, 3512 & 5714 9] HL-2 ERI= %It} Table 159
QZSS L2C 4159 HPAZﬂ SAE Asioict L2C A15.9] v

sl= AL #lolsldt). Fig, 138 QZSS L1 C/AS] A5 0] Hb4 4] XA E1QL 10, 11, 33, 35818 ICDo|A] Aald Zujurs37]o] o}
HAE 245K Ao}, 7|E - o2 uzyy] HRE 54 & gt 5 s A Elsiict 2eu, wiAlA] g1y 12, 30, 31, 32,
o2 urEEgl o ghof W42 @491 ephemeris, clock 1 37, 611 & FdirsFr Bt o g R0 E 7R AS #
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Table 15. QZSS L2C navigation message broadcast interval.

Broadcast Message type (MT)

interval[s] MT10 MT11 MTI12 MTI15 MT30 MT31 MT32 MT33 MT35 MT37 MT61
Max 48 48 288 1440 144 288 144 288 288 288 144
Min 48 48 288 1440 144 288 144 288 288 144 144
Mean 48 48 288 1440 144 288 144 288 288 160 144

Table 16. QZSS L5 navigation message broadcast interval.

Broadcast Message type (MT)

interval[s] MT10 MT11 MTI2 MT15 MT30 MT31 MT32 MT33 MT35 MI37 MT60 MT6l
Max 24 24 144 720 72 144 72 144 144 144 144 720
Min 24 24 144 720 72 144 72 144 144 72 72 720

Mean 24 24 144 720 72 144 72 144 144 80 80 720

{ MT 30 |[O) MT 61 [
or

{ MT31 D) MT 12 [
or

[Mr a0 ][ o wrs2 |2 mT s |
or

al
H

| MT 32 0| MT 37 |

or

{ MT33 [0 MT 35 [

48 sec (L2C) : 24 sec (L5)

Fig. 14. QZSS L2C navigation message broadcast sequence. Fig. 15. QZSS L5 navigation message broadcast sequence.

Fig. 16. BDS B1C navigation message broadcast sequence.
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oI5}t wA|R] EFQ) 3799 7¢- 144%9) 2889 F7]|& v Midi almanac), 60(reserved)f& HF435]m, 55 A|7ko] PRN
=3 QI ICDe| Z|thkE327]7F HAIH o Q1A -2 HA| HE oE o)A BHE wEcle A-9E ERIskiTh Fig. 162
AERe] 15918 144022 BRISISAT, BDS BIC A15.9] 4 A8 S E4ske Aoloi, ahgo] B4
Fig. 15% QZSS L5 A1 5.9] HF A|HAE T A5)5E Ao|m =5 Q A9l ephemeris, clock AHE 77X = ABZde] 1 2HLE 11
% AlEAE L2Ce] Alo]AofA] (10, 11, 30, 60] AlEA 517} T =0l Ale FElE W= o, ez 3| i
Z7}5]o] & 67172 0] Ao 2 2lolEQlT}. Table 16:& QZSS L5 Al SH= #o]%] BRI O] Hp A F’; AL (1,2,3,4) BE (1,2, 3, 4, 60)
s HEE7] SAE g Aot Ls 415.9] HiAA] B4 10, 2 2747 7ol tiste] RhESIEA BHshe AS SRSk
11, 33, 35, 612 ICDof|A ] z|chulE-7]of what w45} SRRIE PRN 5 [1, 2, 3, 4]9] W4 A HAE HHEE wfj & casel
L A slolslalnt et WAR] BF 12, 30, 31, 32, 37H-L ] o= Aolsla, [1, 2, 3, 4, 6010 W4 A|HAZ vIEE @
S| Bot o e 718 7= A ERISHITE vl case2 = 7 o|5}3ict. Table 172 BDS BIC 415.9] ¥H4-5715 4
AR ERY 3719 7, 7229} 1442.0] F7|2 W5 3L lRITH 2lste] ZAISHATE uﬂow EFY] 608 & Reservedol] siga}m
ICDof| Zehik4-5717F A= o] QLA o2 HAIAEFY 1582 ol dlo|el7} 2= o] Qe ICDAA FAHEA] ¢F3tet. 5
7202, 60912 7220} 1442.0] 7] 2 ERI519]T] F Ho]| X7} L= 2] 9k caseld] -, Hlo|A] B1Y 1, 2, 3, 4
e 2% 7|2 HHE 2 E QI #o]x] B9 6010] T
3.2.4 BDS CNAV (B1C) case22] 7%, B E Ho]x] E}Q]L 90 F+7] 2 HHE HhEE| T}
BDS BIC A5 SHu|A|7 9] A4 dhd APAE slolst 2 3.2.5 BDS CNAV-2 (B2a)
Tk Bz e] 30 Ho]A] E}] 1(Ionospheric delay correction,
BDT - UTC), 2(SISA, reduced almanac), 3(EOP, BGTO), 4(SISA, BDS B2a A5 AR o] AA| v A HAE 3015 A
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Table 17. BDS B1C navigation message broadcast interval.

Page type
.Broadcast 1 2 3 1 60
interval [s]
casel case2 casel case2 casel case2 casel case2 casel case2
Max 72 90 72 90 72 90 72 90 - 90
Min 72 90 72 90 72 90 72 90 - 90
Mean 72 90 72 90 72 90 72 90 - 90
Table 18. BDS B2a navigation message broadcast interval.
Broadcast Message type (MT)
interval [s] MT 10 MT11 MT 30 MT 31 MT 32 MT 33 MT 34 MT 40
Max 12 12 60 60 60 60 60 12
Min 12 12 60 60 60 60 60 12
Mean 12 12 60 60 60 60 60 12

T 30 W YA S-L 1CDo] Mg 2719 7] 450} o AA)
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Fig. 17. BDS B2a navigation message broadcast sequence. Holl

PHA AR A Rl B

Q491 ephemeris, clock A2 E FQA|5t3L Qlon] 71 2o A
I}, HA]A] B} 10(ephemeris data - partl), 11(ephemeris data HE & 218 =9 A5lo] FFHYAA] HF-S AA S5} Q)
- part2), 30(clock, Ionospheric delay correction), 31(clock =2 BAs=d &85 4 9 o 7gglich
correction, reduced almanac), 32(clock correction, EOP), 33(clock
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ol PR Z -8 tlA]7] ElQlS B4abs AL BRIG3IT) Fig
17-& BDS B2a Al5.9] HFE A|HAE TAI55E Ao, Bl A]H This work was supported by the Agency for Defense
A= gHHo]| W42 @ 291 ephemeris X E 712 = H|A]Z] €} Development by the Korean Government (UD230019TD).

9110, 1] A H 3, clock &K= A =] €} 30, 31, 32, 33,
34H o 2 HE] AlZHke S=20] FEl, 11 9] Midi almanac A X
2 71 ya]x] BF 408 0] 1A= SElZ [10, 11, 30, 40], [10, AUTHOR CONTRIBUTIONS
11, 31, 40], [10, 11, 32, 40], [10, 11, 33, 40], [10, 11, 34, 40]2 % 57}%] 2]

722 slolg|it} Table 182 BDS B2a A1 59 W27 EAE The Manuscript with several authors, a short paragraph
A2 st Ao, HIA]1Z] e} 10, 11, 40818 12%, HA]A] EFY 30, specifying their individual contributions must be pr-
31, 32, 33, 3418 60x2] 7|2 H&E9Jth BDS B2a Al 9] E ovided. The following statements should be used “concep-
A2 Midi almanacg £ Q514 1225} ephemeris, clocky} o] tualization, K.K. and O.K.; methodology, O.K.; investigation,
12z vt} F7])& o 2 vkbsit)= Z ot} K.K. and Y.J.; data curation, K.K.; writing—original draft

preparation, K.K.; writing—review and editing, K.K. and
O.K.; visualization, K.K.; supervision, B.P. and O.K.”.

4. 8= Authorship must be limited to those who have contributed
substantially to the work reported.

H =Hojx= GPSe] CNAV, QZSSe] LNAV, CNAV, BDSE)

CNAV, CNAV-2 3hg] TIAIA o] ofmdt 4 7]0f Al UAS

AUeA] Aoz slsiyin 149 28 IR AR 3 CONFLICTS OF INTEREST

HHAAI S ICDof| FAIH Q1 W F7]9F Al AT} 755 o

Qlol A ghetet 4= ot 2Z Rk Wizl £5H 1R E A The authors declare no conflict of interest.

https://doi.org/10.11003/JPNT.2024.13.3.319



REFERENCES

BeiDou ICD 2017a, BeiDou navigation satellite system
signal in space interface Control Document, Open
Service Signal B1C (Version 1.0), China Satellite
Navigation Office. http://en.beidou.gov.cn/SYSTEMS/
ICD/201806/P020180608519640359959.pdf

BeiDou ICD 2017b, BeiDou navigation satellite system
signal in space interface Control Document, Open
Service Signal B2a (Version 1.0), China Satellite
Navigation Office. http://en.beidou.gov.cn/SYSTEMS/
ICD/201806/P020180608518432765621.pdf

BeiDou ICD 2019, BeiDou navigation satellite system
signal in space interface Control Document, Open
Service Signal B1I (Version 3.0), China Satellite
Navigation Office. http://en.beidou.gov.cn/SYSTEMS/
ICD/201902/P020190227702348791891.pdf

Galileo ICD 2023, European GNSS (GALILEO) Open Service,
OS SIS ICD, Issue 2.1, 2023, European GNSS Service
Centre. https://www.gsc-europa.eu/sites/default/files/
sites/all/files/Galileo_OS_SIS_ICD_v2.1.pdf

GLONASS ICD 2008, Navigational radiosignal in bands L1,
L2 (Edition 5.1) (Moscow: Russian Institute of Space
Device Engineering). https://www.unavco.org/help/
glossary/docs/ICD_GLONASS_5.1_(2008)_en.pdf

IS-GPS-200N 2022, Global Positioning System Directorate
Systems Engineering & Integration Interface Specifica-
tion, 200N, Navstar GPS Space Segment / Navigation
user segment interfaces. USA: Navstar GPS Joint Program
Office. https://www.gps.gov/technical/icwg/IS-GPS-
200N.pdf

IS-GPS-705] 2022, Global Positioning System Directorate
Systems Engineering & Integration Interface Specifica-
tion, 705J, Navstar GPS Space Segment / Navigation
user segment interfaces. USA: Navstar GPS Joint
Program Office. https://www.gps.gov/technical/icwg/
IS-GPS-705].pdf

IS-GPS-800] 2022, Global Positioning System Directorate
Systems Engineering & Integration Interface Specificat-
ion, GPS Space Segment / Navigation user segment
interfaces. USA: Navstar GPS Joint Program Office.
https://www.gps.gov/technical/icwg/IS-GPS-800].pdf

IS-QZSS-PNT-005 2022, Quasi-Zenith Satellite System
Interface Specification Satellite Positioning, Navigation
and Timing Service (IS-QZSS-PNT-005). https://qzss.
go.jp/en/technical/download/pdf/ps-is-qzss/is-qzss-
pnt-005.pdf?t=1713872793121

Noh, J. H,, Jo, G. H,, Lee, ]. Y., & Lee, S. J. 2022, Performance
Analysis of GNSS Navigation Messages in the Structure
Viewpoint, Journal of Positioning, Navigation, and

Kihyun Kim et al. NAV Message Broadcast Sequence 329

Timing, 11, 135-146. https://doi.org/10.11003/
JPNT.2022.11.2.135

Kihyun Kim is a M..S. student at Department
of Aerospace Engineering in Sejong Univer-
sity in Republic of Korea. He received the
B.S. degree from Sejong University. His
research interests include GNSS and nano-
satellite platform.

Yongrae Jo is an integrated Ph.D. student of
Department of Aerospace Engineering and
Department of Convergence Engineering
for Intelligent Drone at Sejong University.
He received the B.S. degree from Aerospace
Engineering at Sejong University, Seoul,
Korea. His research interests include RTK/
Network RTK and GNSS augmentation message scheduling
algorithms.

Byungwoon Park is a professor of Depart-
ment of Aerospace Engineering and Dep-
artment of Convergence Engineering for
Intelligent Drone at Sejong university. He
received the B.S., M.S,, and Ph.D. degree
from Seoul National University. He worked
as a principal researcher at Spatial Infor-
mation Research Institute in Korea Land and Geospatial
Informatic Corporation and a visiting scholar of Aerospace
Engineering Sciences Department at the University of
Colorado (CU), Boulder. His research interests include
GNSS-based safety-critical applications, Compact RTK/
Network RTK, PPP, GNSS augmentation message generation
and scheduling algorithms, and ionospheric irregularity
detection.

0O-Jong Kim is an Assistant Professor in the
Department of Aerospace Engineering,
Sejong University, South Korea. He recei-
ved the B.S., master’s, and Ph.D. degrees
from Seoul National University. He was
with System LSI Business of Samsung
Electronics. His current research interests
include satellite-based navigation system, alternative PNT,
indoor navigation, cycle ambiguity resolution, and space
technologies, such as space GNSS receivers and nano-
satellite platforms.

http://www.ipnt.or.kr



