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Promise. Assured.

Accelerate & Simplify PNT Testing
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New Benchmark for Performance

- 2KHz simulation iteration rate - 2ms latency in HIL A|AE

- 100Khz Update Rate2| Spinning 22 A}
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- Inertial 4lA S AlZ24|0]4

- Spoofing & Jamming Al

- DGPS corrections

ME2 HM2HA 7i'LE 21T Flex Simulation
- Custom Carriers and Codes Definition

- Custom PRN sequence, Chipping rate and Nav Messages
- S-Band FIbs= x| @

GS57000 Signal Generator

GSS7000

MULTI-GNSS CONSTELLATION SIMULATOR SYSTEMS

Low price , High performance GNSSA|Z2{|0|E I L|C}. SMOj| 2} 4 4+2HQ10) A FHZ0f O] 2 7(7HX]
S| A A|AEE AT 5 oH, A 25611 22 X HStH 2E GNSS H|AQF It #4+ ofL|z2t
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PNT Xe

For Fundamental testing, with easy integration form-factor
Spirent? MZ2 Low Cost & High Quality GNSS A|Z22]0|E

Compactst AO|=0f| Spirent & =+ U= M= XS HOHAUSLICH

Single Channel % Multi Channel2 X|&3tH Dual Channel A|E2|0|4S X|IgtLICt

ofo|Ts N ARl ()

WI S E SYST E M T.070-7010-0440 E-mail. sales@wisesystem.co.kr  www.wisesystem.co.kr




\ Microchip Technology Inc.
@ MICROCHIP One Enterprise, Aliso Viejo, CA 92656 USA

Frequency and Time Systems www.microchip.com

Microchip Leading the World in Precise Time Scale Solutions (PTSS)

SyncSystem 4380A Time Scale

e e 50718
(e mmmer U1 Cesium Primary Frequency Standard

PTSS Time Scale Orchestrator MHM-2020 Active Hydrogen Maser

SyncSystem 4380A Time Scale Edition generates an autonomous time scale derived
from combining several highly accurate independent clocks

Time Scale Orchestrator software providing a unified view for management, monitoring, alarming, and reporting functions that
form the time scale system

5071B Cesium Primary Frequency Standard and MHM 2020 Active Hydrogen Maser
Microchip’s atomic clocks which provide accurate and stable frequencies to generate
the ensemble time scale frequency

53100A Phase Noise Analyzer Embedded Atomic Clock Applications

+ Allan deviation (ADEV) typically less than 5E-15 at t=1s, 1E-16 at . Miniature Atomic Clock (MAC) SA.5X
_ . Versus the Competitors:
t=1000s . <1/5 the Size
+ Measure up to 3 devices simultaneously . <1/3 the Power
. 2-3x Performance Improvement
* Close-to-carrier Phase noise and AM noise at offsets from 0.001 Hz . Production ramp NOW
» Single or dual reference oscillator inputs allow cross-correlation
g P . Chip Scale Atomic Clock (CSAC) SA45/SA65
measurements with noise floor approaching -175dBc/Hz . Designed for Ultra low Power Precision
» Less Than 200mW operation
> . Setting New Standards for:
Size, Weight, and Power (SWaP)
e . CSAC Status:

<<

- Early production for undersea exploration
- Engineering prototyping other apps
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PNT-C (Position Navigation Timing, and Communication)
T2 SH(N/RA/28/9Y), BN, oY, SHY
HE Ex|E FH F21HA =X st of6] S5eLICE
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o — ]
ZM DEY7} 52

Tactical MEMS IMU 0007|2k7| gHEA| Small Anti-Jam Device Weapon Data Link A 2R
MEMS Gyroscope UAV/Z|4 a3z Multi-GNSS RCV MUM-T Data Link A7 AYH3|
MEMS Accelerometer ST AR Anti-Jam GNSS RCV Telemetry Tx/Rx BTCS 2 A&

M N (A 212 =2A S5 FUZ 109, KANC 85 (CHHAIAE) LA YT HIALIE 22(2ES)
(CHEZF3H) 031-546-7400 (E-MAIL) sales@minfinity.com
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J SUNGWHA Tech +©.SENS

International Network System
a Movella brand

> High-precision inertial
sensor modules by Xsens

MTi 1
Series

IMU, VRU, AHT, AHRS, GNSS/INS,
RTK GNSS/INS

MTi 100
Series
IMU, VRU, AHT, AHRS

Xsens
MTi-G-710
GNSS/INS

MTi 600
Series OEM

IMU, VRU, AHT, AHRS, GNSS/INS,
RTK GNSS/INS

MTi 600
Series Rugged

IMU, VRU, AHT, AHRS

MTi 600
Series GNSS-enabled Rugged
GNSS/INS, RTK GNSS/INS

Xsens
Vision Navigator

Vision enabled INS

www.sungwhatech.com

info@sungwhatech.com
Tel: 042-828-7857
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... Enabling location and map services
... Providing accuracy and reliability of localization
... Ensuring the safety of travelers

... Enabling the Internet of Things

... ANYTIME, ANYWHERE

ThalesAlenia
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¥ 4 HEXAGON = EA % INSUNG

International co, Ltd.

NowAtel
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Authorized Hexagon | NovAtel Dealer E{ L £ 2@ www.insungsys.kr

Worldwide
Anti-Jamming Solution

GRIT - GNSS Resilience and Integrity Technology
1. Anti-jam Antenna Systems (GAJT series)

'i'l‘ [ — =
| t &S - @ o
GAJT-710ML GAJT-410ML GAJT-AE-N GAJT-310

2. Anti-jam GRIT Firmware Systems (RoDAR)

* Available through a firmware upgrade
on any dual-antenna OEM7 receiver card

* Available for commercial applications

* It is not subject to ITAR or Canada
Controlled Goods regulation.

-j;:.-; 2
—IC—

. 3y C2e , & -

<] Configuration
RoDAR - PwrPak7D

with 2 Antennas INSUNG International
R&D Products - ISRO Series

1. ISRO-P2 2. ISRO-75

T

Internal PIM222A — = |nternal OEM7500

A 64X 104X 24(h) mm A 83X 104X 29(h) mm

3. ISRO-77

* High Precision
Positioning Devices

g * For mass production

@ sune £ A * For easier operation

L S * Compact-sized

* Lightweight



FIBERPRDO

, INS/GNSS
Anti-Jamming Solutions
for your systems

- FIBERPRO Headquarters Tel : +82-42-360—0030 Fax : +82—42—-360—0050
: FIBERPRO CHINA Tel : +1-408-835—7796
F I B E H P H n FIBERPRO USA Tel : +86—27-8663—5497 Fax : +86—27—-8663—5701
www.fiberpro.com sales@fiberpro.com
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Trimble Alloy GNSS ATA[ZHS A| AR A GNSS Y Zuty| 7|t
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SMC-3000 Robotics

SMC-3000

Robotics

1#:ROS::ROS 2 LinuxA gl windows

Clogst ga M SUSHS K| THsE
LTE S4I 58! Triple bands(L1, L2, L5) X|& RTK INS =A17]

SMC-3000 Roboticse L1, L2, L52] 35 FI4- U MHS #4510 ELF &2 RTK Fix 7H2-41} OFEHS BAGHH, £|0f 50HzY &2
82 NaU .

st H‘J%*E(INS) 7158 7|2 AAGH HEO 22 GNSS S9X(H0M = OFEXOl SHHS HAFSHCT,

WO GNSS SYX|Y 3 A 9 20| A Z5H= 012 28 52| Ground VehicleOf| X 5}El S2 M0 LT},

4 1608 °J°I

*ROS, ROS2, Linux, Windows & o 2 of0{, &o * =2 Q| KCIGME = oz HES MUEA -

SAS0M 2ot Set | |o1|-rgg§ 2L AELIC Base2t Rover9| =2 20§ WO 0] SMC-3000 =02 RTKZ
AREeh 2= QU7| 20 B2|&QI 71O = i 7tSEiLICh

o = = T (o)
GNSS SHXI0IM2l 223 DRIIS 4 cmd Ofe
* SMC-3000 Robotics= 223t Dead Reckoning 7|52 LHZSH U0] * MBC RTK MH|AZ 0|85t0{ 3cm &2 ¢I/Ax 24, 10cmEFe 1E QXIS
GNSS SHXIHUME ZI3t 82 MB3H0! INS Heading® 712 RIZIICH GPS/BDS/GLONASS/Galieo/QZSS| ZE| ZM4(L1, L2, L6
R| 5t C}, triple bands) RTK/INS(Built=in IMU) & RTK INS £A17|JL|Ct.

MA =23, ZZF RTK, LTE S& MIS
« 37| 63.5 x 60.56mm, FH 6892 = =AY, ZAZ RTK GPS 417

LTE 5% HEQR LTE 21967} HE Q0 AIAHS ZHA8I510] ABE

(TE £41 341 712 1)
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LabS_at 4

12-bit Quantization, 10-60 MHz Variable Bandwidth
and 3 Configurable RF Channels

Advanced GNSS signal testing
with precise customization.

LabSat 4 combines performance with
simplicity - it has never been this easy to
record, replay and simulate complex
GNSS test scenarios.

* 12-bit 1&Q Quantization

e 10 - 60 MHz Variable Bandwidth

e 3 Configurable RF Channels

® Records CAN, RS232 & Digital Signals

* NEW Synchronize the Record & Replay
of Multiple LabSat 4 Systems

LabSat

T. 02-6737-7617 E. sales@gnss-solution.co.kr
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Trimble BX940 ® MAXPro / ProPoint
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Trimble BD990
« Trimble BD992

Trimble Maxwell 7 Technology

MAXPro / ProPoint ~== | Trimble BD992-INS

992 GNSS heading i
: C : Trimble BX992
992-INS GNSS/INS with static alignment Qg Trimble BX992-ER

Smart GNSS antenna
Advanced MEMS inertial sensors
WiFi/Bluetooth / MAXPro / ProPoint

Trimble AX940
Trimble AX940i

Trimble RT200
Trimble RT300
Trimble GT

POWERING THE FUTURE OF AUTONOMY
Proven GNSS-Aided Inertial technology
40g IMU
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. W . S/N SRITCO0504
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OEM GNSS NO.1

V. () atimoliE]

GNSS Technical Support
Positioning/Navigation/Timing
A7\ BHA| HotRZ 996tHZ 6, HHE|OLRITE}R 121235 /TEL : 02-6081-0088 /sales@samyoungpnt.com
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Labs Navigation Technologies for ' umans

SPACE e | Ll L0 S sl
Altimeter — [ ———> Pre-Filtering ——
INS/GNSS /RA — & T il L e
Integration for i“
Reusable oS
® Launch Vehicles Rocalver > » Integration Kalman Filter D rone
Error Compensation | Integrated
——————————————————————————————— Navigation
- .Y _ Inertial Navigation & AHRS
o g g Algorithm for Drones
——
| ®
1
! FFT-based > AHRS
- L Filtering (for Indoor Drones)

LAND

POR/LTE/Wi-Fi for .-
Emergency Rescue ¢
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https://navin-labs.com
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Empowerlng Korea's Security
Through State-of-the-Art

Technology

Trading, Consulting and Agency Service fp_r _Defense Industry
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Positioning,
Navigation, < #&5
and GNSS tes{“ng' B

R&S°SMBV100B H|E{ A1 LA 7|

R&S°SMW200A HIE{ 215 HAl7|

Global Navigation Satellite System

o GNSS(GPS, GPS P-code, Galileo, GLONASS, BeiDou) / L1, L2, L5 X|&
+ RNSS(QZSS/SBAS, NavIC, IRNSS) / L1, L2, L5 K| &

- Z|C 612 7H 914 KD A Bai|o| M

« RAIM(Receiver Autonomous Integrity Monitoring / £2 A
DLEE) HAE EF XY

« NMEA, KML, Vector, Waypoint 7|5 Trajectory IIF! A4-Ad Abx|

« M2|F, h7| 501 Cet 24 AlE2|0|M
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ROHDE&SCHWARZ
Make ideas real

20|AHI2 XA 2[0KF) | www.rohde-schwarz.com/kr | Tel: 02-3485-1900 | E-mail: sales.korea@rohde-schwarz.com
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Electronic Top Beyond Boundary

_ Booth No.
3| A ZA|3|A} O[]
L 3 X} Esi=s 0 1
S (08506) M2 Al FET 7HICIX[E1 2 131, B503E
M 3t 02-6677-3409
o A 02-6499-3409
EHO|X]| www.etobb.co.kr
E-mail sales@etobb.co kr
[2IAF A7H]
FOISHIlS B2 JNBRIAARIGNSS) TlHtel HHE 2242 Y - HBsHs ME JI2lo® GNSS
AIZ2{|0|E{(GNSS Simulator), EFUAH(TimeServer), SXEA|Z|(Atomic Clock), ALHE2](Indoor Positioning) S
HUAZE - X 7[&2 olRE= ChYst ME ME|AS SE6t UYELICH
S5|, 2L U0 Safran B4 CalHO 2 A MAHOR ZA5E JI4%D Lol HIZOE BB - J - 95 -
SA - A Hgtof 2N 12 SHEY £2 83 MSst USLICE
[HAIZE 27H]
GNSS AjE2|0]E{ EFR A X AJAH| HU =9
GNSS Simulater Time Server Atomic Clock Indoor Positioning
CILT -
HAIE A GSG-8 Gen2 SECURESYNG 2400 mRo-50 LPFRS
Atomlc Clock Rubldlum Osclliator SPG-FTR GNSS Transmitter
-_ e e
) VERSASYNC White Rabblt LEN
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Rubidium Osciflataor Rubidium Clock
ey 7
White Rabbit 216
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& GTS solutions

_ _ Booth No.
3l ALE XE|AERMZFTAIS|IA}
& X} a4 02
F 2 (08517) N2A| ST CIXIZZ10Z 78, 6102 (7HES, 7HAEIZIERR)
H st 02-6230-6100
o A 02-6230-6103
EHO|X]| http://www.gtssolutions.co.kr
E-mail info@gtssolutions.co.kr
[SIAF27H]
X&| X[E[MASEMA(F)E 0] MicrochipAte] 2L 224 ZFAIZM AlZH W S0k 2oo| o 28 U
SXE ML 522t 12 MEIS HiEto2 = U Timing AlAH U Oscillator E2ME M35tz U= FE
HHZM =10| HiFnt MH|A HSS AEEZ|H, & 2ME Chst= 71210] EASLICE
[HAIZE 27H]
Frequency References Time & Frequency Distribution and
® Cesium clocks Timescale Systems
® Active Hydrogen Masers ® 1U & 4U Distribution Systems
® Rubidium ® Commercial TimeScale Systems
® Quantum™ chip scale ® |Integration services and custom
and miniaturized atomic clocks systems
® Quartz: spectral purity
® Ruggedized High reliability
sty @
HAIZ ATH D
53100A Phase Noise Analyzer High Performance NTP Servers and Bus
® Measure up to 3 devices simultaneously Level Timing
° P .
Close-to-carrier Phase noise and AM ® NTP Network Appliances
noise at offsets from 0.001 Hz
. . . ® Modular NTP Solutions
® Single or dual reference oscillator inputs
allow cross-correlation measurements with = ® PCI, PCle, SDKs
noise floor approaching -175dBc/Hz
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DongWon Survey Consultants Co.,Ltd.

AN | (Fsusuzsse Boath No.
ch & X} UArS 04
F A (08788) M2 A| £HOITL EHOIZ 148, 4025
M 3t 02-546-5660
WA 02-6003-1952
EH|0[x| http://dwsc.co.kr
E-mail info@dwsc.co.kr
[SIAF A7H]

eSurveyAh= Z2 Z|CH 2| GNSS M| ZAIR! Unistrong2| AHE|ALZ 52| BHIHE HESIn YO, RS UESURMEIES
eSurveyAt| §t=2 CH2| MO = ATt RTK GNSS EZ0i| T35t augu ct.
eSurvey GNSS= SAIZIQ1 714 i aL MAbd 2| £ Sslf TERQ| GNSSHHIE XMEst 7140z J
Z|Z ZEROl Tl E7H8S E0|1 UELICH

CIS0[BDS | H AARO| X|&EXMo 2 HZE 1 MS FR0| THME|0f Eél S0l M2 RTK S 7} OH 2 RIS X H A
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eSurvey RTK GNSSE= GPS, GLONASS 2! BDS S HE| GNSS2| A& A2 1 X2 M50 FHojLt T ™sH =EA|ZHo|

OH< 20, =242 RMSE 2| EESH 4= mm O|LHE FHQ (0] 7HE A&t Hekst RTK S22 HARILICH
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SAIE | HZTEES HTMSMME|/ HRHTORATH Booth No.
WEX | o 05
E= A (341 33) CHA S 1lSH2 169-84

H 35t 042-870-3504

o A 042-870-3595
EH|0[x| www.kass.re_kr
E-mail smoh@kari.re kr
[SIAF27H]
St MSHHMIE|(Korea Air Navigation Satellite Center)= 22|LIEt 2|2 Q12N S S50 HUIX|HESE
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PO il Y HAIE ATHM Labsats,
B ALY GNSS SOLUTION CO., LTD Booth No.
CH & Xt ust 0 6
F= A (08389) MEA| L2F C|X|HZ 262 43, A= 1306
M 3t 02-6737-7617
A -
EH|0[x| www.gnss-solution.co.kr
E-mail steven@gnss-solution.co.kr
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Record | Replay | Simulation
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GNSS Simulation SW
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VIPS : AILHELI S A AL

VBOX Indoor Positioning System

BlAL
HAE 24

VBOX Omega : BHAJSHHA|AH
GNSS + IMU

VBOX Sigma: NTRIP 22! + RTK

NTRIP 22! LIES RTK 4417
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Booth No.

S|ALY SATA(F
sz | was 07
F 2 (34014) LHHMZHA| FHT HI 22 66-6(HES)
X 3t 042-363-9000
o A 042-363-9001
EH|0[x| WWW.Navcours.com
E-mail dsnc@oneduksan.com
[N E )
SHARIT A= I 20FQ| PNT & T2 /e 2 XY, &3, f=, F 200 E4EME oY - Y EE
SEN HEUAZ 7|a=2 Qe QIELCH M FEEO| MEHER], K1A4E MAIR| SEFEHER|, MUAV
O| HIo|H& 3, thXIM|AIL| S ULAT|E LMTIMS| UCH, Z+E HURTES| MEHHEX| 3 EHAET| RF
MSHE|7| AHES 7HLsta JSLIC
3002 I ATt 200{H2| HIRIAIY 27| HA| ME Moo= ZHIEO0M|AM 7[&2nt a2 oldit=
HEQIAARIO] T, 2022 HIASIAZHAE | 7+ 2! 2024301 = BHASIA 1000]] ME= 24 7|H LT
[HAIE 27H]
1. EGIS-N400, N1000, N2000
-GNSS SEX|Y (Y, Y& S)M= AEX0| T MBS~ U=3D  SHEZMHS
- BHAMIM, GNSS, VMS 7 [EH2] Extended Kalman Fliter 7|& &2
2. eLoran/GNSS £417|
- XAt 3t AJAH : StationO| A SEE|= Loran-C I ASE 08t SMHAIAR! HUSHHME SE 7S
L - EZ S AJAR S0t ISkt MI(HEA)OIM 20m 2| et =S K|
HAIE 24 - E5 51 A|AH: eLoranT} GNSS EXX|Z 0|25t £} 54

oor

QHEfiL} UM

W B 7
TEGPS L2 2 y ‘s . :: ‘

JRAS EGIS-N1000 EGIS-N2000 eLoran/GNSS +=417|
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MICROINFINITY
_ _ Booth No.
3| A @0oto|32QIT|L|E]|
L 3 X} oy, &8= 08
F A EAD(16229) A7 |= A BET ZW 2 109(0/2)S, KANC 85)tHM) (34012) CHHZ A R AT HIF 32 22(REE)
M g 031-546-7408
W oA 031-546-7409
E1flo|x| www.minfinity.com
E-mail sales@minfinity.com
[S|AF 27H]
@oto|=2QIm|LIE|= 2001H0| MEE A%, S, AlZ XS4 EFHS MIct= PNT-C MZ7 (0| el
B0t M =X MEMS 2™ XI0| 22} 7S EAIE JHESI0] 2 U 2|22 MEMS IMUE 27 0|Ato| 235t

ULk e ZoliME 2ZE AEYELS0l thS 7hset sal7|ef Mol HMufdsiet 7|2tR=0f thE3k7| Het
MIAIE 71zl e - &7(2HE TSR %A._EOFOHH Ag HE|HEL|Qt U4 FYFYE TE0| Tkt
HIO|EZ IS JHUSIACL.
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IMU 70| 22| E/LEMZ O124Z0] U= FLH LA Q] ZFT R7 (XA W0z 7[04E ot ¢z
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Weapon Control Data Link Solution
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International Network System

J SUNGWHATeh — WSAMNS

S| AlH MBIE|T ZAIB|A Booth No.
o £ Xt AsS 0 9
F 2 (34186) CHTH AN Fed7 LhSER2 28, EQIQm|AH 7015

d 3 042-828-7857

o A 042-828-7858

EHO|X]| http://www.sungwhatech.com

E-mail info@sungwhatech.com
[2IAF A7H]
T MIA MR EE/S4 7|2 oret
21M17| SH5k= AICHE SOt M7 |/HXYHE/S4I20k= Hotst 1 &sH 42 F2(7| ol 217te| 4ol &5 2R3t
E20p7} =&t
et 3= MI|/HERYEE/SA 20| ZME LEIRE THX|T 2002 FAF O2f & ML AIZH 2 Fhfg/ M
BE7|/ X8 =M QLY A X2l HESEER| 2 XMPHSIAA S o2 20k 2K & MIA| of2] Liztet
S AUS M MEY 4~ s £FRNS MIstn Us T2 LMEA, Sxol| BHESHK| 241 XEXo=
FALZO0FS| 25 U Al 20Fe| MER AE S ol 2UISH0| 2ot USLICH
[HAIE A7H]
XsensQ| ASS} 9l ZIXSIEl MEMS 2 =X ZX| (Inertial Measurement Unit, IMU)2 01 &&t57| 3xH
SEUS ™  JUSLICE o[2{st EESt SHS XM MO, /IX| M0, XMl QHES} (stabilizer), ZF2(F21)
44| SHHTL M| Fx||Q| A4S ZANZE: camera-less character animation, VR training and simulation,
sports and health) 5H= 211} 22 2| MO 28 20| 182 71551 SILICH Xsens| /T AT MEMS 24
MM 7|22 7185 A(Accelerometer), XH0|2A T I (Gyroscope), Z AH0|2 MIA (Gyro Sensor) S ZLetst A
=X MM(IMU, Inertial Measurement Unit)2+ X| 72 X17| ZX| MlA{(Magnetometer or Magnetic Sensor) 2! 2|4

st SHHAAHI(GPS)nte| =3t S8 3 YT2lE Al Y Foio=2, ettt /X[et XME MBsiFe & Al

ition) 2 XtA| MIA (atti L]
SAIE AT (position) 2! XA MIA (attitude sensor)2LIC}.
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A & HAIE ATHM 2 INSUNG
International co., Ltd.
SIALE | QIMOIELIAK FAISIAL ?fah ne-
i &= Xt ZHE /1 1
F= A (16976) A7|= QIA| 7|57 7|E2 58, BS 308~3095 (S, 7|SICTHE])
M 3t 02-579-5031
o A 02-578-6167
E1flo|x| www.insungsys.kr
E-mail insung@insungsys.kr
NovAtel

1. Products: GNSS, INS, 0EM7, GNSS Antenna, GAJT (Anti-Jamming Aenna)
- Channels : 555
- Positioning: Single, SBAS, DGPS, TerraStar-L&C, RTK
- Solutions : SALIGN, GLIDE, RAIM, SPAN
- Interfaces : Serial, USB, CAN, Ethernet, Memory

PwrPak7
(Single/Dual antenna)

¢ -

SPAN-CPT7 GAJT-710 GAJT-410

OEM7500 / PIM222A SMART Antenna

BlAL
HAE 24

2. Solution
- Relative INS for UAV landing on Vessel
- Relative GNSS (Align Relative Positioning)
- Precise Heading & Pitching in one receiver
- High Vibration Application for tough environment
- Technology for Anti-jamming and Anti-spoofing
- PPP (Precise Point Positioning) Correction Service
- Post-Processing Software
- GAJT(Anti-Jamming) + RTK
- High Accuracy IMU
- SPAN solution (GNSS and INS combination)
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e Booth No.

3l ALE @mmE

tH & X} HES 1 2

G (08504) A& ST MEAZ 606, B-2311

M 3t 02-6925-1516

A B,

i A

EHO|X]| www.ppsol.com

E-mail ppsol@ppsol.com
[SIAEATH]
"Precise Positioning Solution”
@OIES CHAZ| GNSS HEEL7|= e A8 M7l 20 29| gy X2 7|s=3E EREt
7P R, 22 WO /X HE MM E St AT E Y MHA LS SHE F|(MO| 2 BFotn UELICH
g2 109 O|Uioll S48 JEME EY ACE U= gl AMEQ 20 Wiy ®nos=2 Mt
M7= TN A 7 IEX1” & =L 7 STl 7| oot X} JHLCt
[N A7H]

<
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SAp O rme2u © rarams QO ~ O rmau O rmeur

HAE 24

AY Ay KHAAN  EAYGNSSAIZ  IZIV 2 ¥LIL  CEUWIBOEES I RTK2UEC TS
N OISFLS Multi- M 1om O|LHSI 18 58 GNSS £AJI+QHE|  HxE 248 a8y 90! Ultra-Flat
GNSS #4DI2A, HEl 2 YIRIHEE S2sts UM lem Ol £0%  ONSSAMZIZM BHE  GNSS$4|2K 48
2F LSO e HE AN BTN AN U ANNE SGls  YUOR IWEPISX  OlSA el g0l
Qe 71Lict. NEFNS FHQUCL 24 sl .

> RTAP2U: HE|OJE| F=o| IXIYEE E=ot=s 4, Y, MTQ LUNY 0I5+t Multi-GNSS
A7 UL c

» RTAP3MS: =AY GNSS 7|2 A 1em 0L =Y 2IX[HEE E2ioh= LUNE ST oh4 47| JU

roh

> Al 7|E=1 2HZ 28 7H5 8 GNSS L7 [+ 2HE|LEZ M 1em 0L Z07HY IXIYEE E2cks STt

I

» RTK2U: =2 EIXH7} 20[6t=2 MAE ZAS THU GNSS A7 |2A DHIY o 7HHGHH SAkSH 4
Q&L|Ct
M .

Il

» RTK2UF: 7|& RTK2UE L} 42 F0}E! Ultra-Flat GNSS 4=A17|2A AE 0|5 H| EfxHol| £0[FHL|Ct.
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L 3 X} dolz 1 3
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M 3t 042-365-7500

o A 042-365-7549
EH|0[x| https://www.satreci.com

E-mail info@satreci.com
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GMBEMZ OIREE ZE &2 NS AEe7I USLICE
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EHO|X]| www.hanwhaaerospace.com
E-mail hyung393292@hanwha.com
[SIAF27H]
SrBtIE2 1952 Z7tet AFRlof 7|04eich=s FY oz MR 0] K| 700{E 7t Z 7+ Hof| Y22 EHEsto
AHSRELICE 0IF HIYECR SIS0 ZAH0|A= I & OfLZ MAIE FUE XY, s, &3, Liot7t
SFENX| L] Mol ZFXQI HSZ 5t QoM K| THsTH S Moot UELICH
E5| YERE 7|2 HAMARE SSAIEIIIX| M oPdol syl HEE HRotil o, XYEHE &
SAPERIJNL At Q2 7[ZHE X 7 |SHS HIEQ R XIMTO|M SETVIK| Z& M 2H40i| (i35 BEret
2I7IMA 2RIgE AEHSUCEL FEF7| = AR |[HA & Chefet EHZ0 2R 7St - ERIZ HIZ oo
404 0| nZ3tofut FXIHIS Miksh 2 L. 51RE EHZ XFZH0f| Seloh=s SN 71eS MEst JUELICE
SARE 304 O|AQ| L3IRE HR6 SHARIR| JHL/ME MZ UHZ 202551 IPNT Conferencel| MAIZECZ
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WISE SYSTEM Co., Ltd

SALE | OIEAAHF Booth No.
tH & X} =3lE 1 6
S (05855) M2 Al STt STHZ 167, Ell2tEH B-1114
M 3t 070-7010-0440
o A 070-4325-2161
E1flo|x| http://wisesystem.co.kr
E-mail sales@wisesystem.co.kr
[SIAF27H]

X3| 0| ZA|ARZ GNSS 71 L 7 of| ZHetet 2| 10| S2ME MIB6tL USLICH GNSS AIZ2|0|E 20k A
EHXMOI 7|&22 41 U= Spirentt = High End GNSS Simulattion A|AEIZ HIEIOZ  None-ICD GNSS
A S IR0 A2 Zl= Flexible SimulatorE 2331 Q/0, KPS A|AE 7HEhol| 22 4= Ql&LICY,

GNSS =417|2 INSHHERIZ2=, MIA| 1| YHEet 2EXQI GUIE #H1 U= Septentrio?t, SBG Systems
22 FFotn ULt

=2 ERI} OS5 21018 ER35t GNSS QHH|LE M2 |21 Antcom, Matterwaves, TaIIysman ZE 7|9t 24Y7|
Z2 GNSS UMMEIE ’S—v- O 2 MASH= GPS SourceAt2| MIZS CHYS! 2IR1H O 2 022 S2| EESH SHIXIIL
=PALA] N

[GNSS EHIAE &2 M]
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[GNSS/Inertial EtHZ!R|]
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Booth No.
3l ALY (F)oo|HI R
tH & X} oxHet 1 7
G (34113) i N RHF 7PHER 26-55
M st 042-360-0030
o A 042-360-0050
E1flo|x| www_fiberpro.com
E-mail sales@fiberpro.com
[SIALA7H]
(F)IOHEZ = MR XIO|ZATZ MU, INS, ERHUGNSS S HL MA 7|2tOPNT(Positioning, Navigation,
Timing) £242 XMZsk= M27|HAULICL SS2F, =, A 20l 2 - DAMZIM MZS S6iH, FE
30FHAS Yot 22Y 714 2|oiiE Zstetr UELICH bﬂl 71& 7|gte] M5 MIES Solf Zd=E SEstn
ACH, S8t & 71& JHU0l= BIRIE 7kst ASLIC
[HAIZ A7H]
FURAI0[Z2AT T HEZFHR|(IMU), HEXI(INS), ZTHUGNSS S FE AIM 7[8HlPNT 2282 MG ELIC
Cietet 288t 27s= nHY ey st s wet g 71e2 %oH SF2F 2 it 200l /XS
HES MBI
CHRESH CRPA (2AKL 44K 8AX]) SIXHIALR|
BAL Y |~ S—— = ~
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Valuable Spatial Information

TIRIBZIRE FABAL
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E-mail dyseo@valuespace.info
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B 2025 NGRC WORKSHOP

« Theme: Merging visions for future applications
« Time & Venue: 12:30~17:00 7th November 2025; Emerald Room, Lotte Hotel Jeju

12:30~12:35

12:35~12:50

12:50~13:05

13:05~13:20

13:20~13:30

13:30~13:45

13:45~14:00

14:00~14:15

14:15~14:25

14:25~14:40

14:40~14:55

14:55~15:10

15:10~15:25

15:25~15:40

15:40~17:00

18:00

Sang Jeong Lee
(Chunagnam National University, Korea)

Moon Beom Heo
(KARI, Korea)

Jun Shen
(UniStrong, China)

Satoshi Kogure
(JAXA, Japan)

Nobuaki Kubo
(Tokyo University of Marine Science and
Technology, Japan)

Guifei Jing
(Beihang University, China)

Kwan-Dong Park
(Inha University, Korea)

Xinggun Zhan
(Shanghai Jiao Tong University, China)

Euiho Kim
(Hongik University, Korea)

Haibo Ge
(Tongji University, China)

Hong-Yeop Song
(Yonsei University, Korea)

Mun-Kyu Lee
(Inha University, Korea)

Opening

KPS Development Update

BDS Update

QZSS Update

Break

An Overview of the QZSS Precise Positioning
Service and Introduction of Various
Experimental Results

Exploration of High-Precision Satellite
Navigation in Intelligent Connected Applications
in China

Review of Public and Commercial PPP-RTK
Services in Korea

Break

Accurate and Reliable Navigation Service for
Safety-critical Applications

Enhancing GNSS Backup Systems for Robust Air
and Maritime Navigation

LEO PNT Progress in Tongji University

Review of Some Forward Error Correction
Technigues in GNSS/RNSS

Recent Advances in Satellite Navigation Message
Authentication

Wrap-up and Discussions on Asian PNT Meeting in conjunction with ICG WG-B meeting

Dinner at a local restaurant
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(Feature-based) VO [1]

£l EZ Y Hpoint line, ete. L} pixel intensity 24 =
(o]

X XM E =8

« Vision 7|8t =2 5&: VO, V-SLAM?

: 223t E X (feature: point, line, etc.), 2|0|(semantic) & Z 5t

7|22 /AE Bzt 212, Dynamic object/Texture-less £, Motion Blur, Scale ambiguity(Mono. case), etc.

(Feature-based) V-SLAM [1]

1) VO: Visual Odometry
2) V-SLAM: Visual Simultaneous Localization And Mapping

Semantic info. 3]

Feature point info. [2]
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Semi-Dense Sparse

Dense

SVO with asingle camera on Euroc dataset

SVO [Forster et al. 2014]
100-200 features x 4x4 patch
~ 2,000 pixels

Direct 7| VO, SLAM (1)

LSD-SLAM ([Engel et al. 2014]
~10,000 pixels

DTAM [Newcombe et al. ‘11]
300,000+ pixels

Indirect 7| %} VO, SLAM 1]

@

*

* (Feature-based) Visual Odometry (VO)

o A5MOl MM FEL = SXUXE 2 8E
« Camera Pose estimation 9|3t G4 =8 X|: 2D-2D, 2D-3D, 3D-3D
o HE: ZEoh M 2| 7hs (T, SEE0| A RI0| tracking E A0l

- CHE:INSQt OREHZEX| 2 A|ZHOf| [ 2K} X, Scale ambiguity (Mono. case),

7| 2/=22 /A B3t BlZ, Dynamic object/Texture-less -4, Motion Blur

Py
®
Op

Pl

I%»

2D-2D SHHE 7% £ 71¥
(Mainly Mono. camera)

3D-3D SEH 7|8 =59 71Y
(Mainly Stereo camera)

o .
RG=? T8, c=?

2D-3D SHEH 7| =21 71Y
(Stereo/Mono. camera)

@
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+ [4/4]

* (Feature-based) Visual SLAM (V-SLAM) i W SN

« Front-end/Back-end2 A A 7=

Front-end: Feature extraction, Feature matching, Camera pose estimation,

Local Mapping, Loop detection
» Back-end: Structure & Motion optimization i
(NOTE: 2% VIO 59| 7|22 Back-end Z %, ex. VINS-mono[13]) (Feature-based) VO (1
+ Loop detection,
-« VOOo| Xt =X 22X & sl Z23}7| ?/5+0] Back-endOil optimization ==& S timination

* Loop closure: Mapdt 24X F& HHE 7|t S 7+ THE

b gl ! ] R T

= /

optimization ==&

o HHE LT AXIE WLEY 20| LAE BUFHCE 3t Tts
- CHE: W ESHR| o™ voot o8z AZho| HE Xt 22X ofH S| =X

i

(Feature-based) V-SLAM [1]
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=

=
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i
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‘GNSS Receiver b S
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° J% Vision = Tl 9_”:” GNSS DOP, Multipath, Cycle Slip [a]

o 7|3/ /AR Bgt 21ZE Motion blur, Dynamic object/Texture-less 24 S

wy
S
1

East position error /m

ar -

INS accumulation errors in GPT outage [s] lllumination/Weather/Season change, Motion blur, Dynamic objects, Repetitive patterns [6, 7, 8]

i H
S5 600 625 650 675 700 725 750
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+ O= MA] D4l 528 =92| J|= - INS/GNSS

+ INS/GNSS 2| A|AH

+ INSE HQ A|AEIO 2 GNSSE &8310] INS 2%IE 24t .25‘:
« Z% 24l 1: Loosely Coupled(LC) = INS + GNSS 2|X| 5] i
- ZAg EHA 2: Tightly Coupled(TC) = INS + GNSS 2IA| SHX| Py
+ INS/GNSS 2% £9| A|lA"” SHAHE EKF 7|4t LC - INS/GNSS
. GNSS7I 7t2 E7ts 8t @2 > INS tH= £ =&
- GNSS ZFX|0f| 27} Hlst= 22 S ds &4 0o or 45 243t .

bl

w
S

o

S

S as
30 pure INS
a0t
E 25 E
5 g 30f .
£20 5 GNSS Pseudo-range,
o N
s £ 20} Receiver Doppler
210 : 10k H
% s £ (A EKF 7|8} TC - INS/GNSS
5
o 0 y | 2 0 . ‘
f=———— GPS outages ——— f=——— GPSoutage ——=
25 L i s n n 10 L i n n s

L 1 i " " i
575 600 625 650 675 700 725 750 575 600 625 650 675 700 725 750
Time /s Time /s

INS accumulation errors in GPT outage(Left: East, Right: North) [5]
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* VIO (Visual-Inertial Odometry) -

« INSE QA A-CZ Y2 #8310] INS LAHE 4 Feedback

- &AL EKF 7|4 VIO (+ Optimization 7|2t VIO ZX}) #1771
| Mono. H Feature H Cg?:e'q
. AT 1: Loosely Coupled (LC) = INS + VO Camera_[7] Tracking [} esfimation
< ZBIELAl 2: Tightly Coupled (TC) = INS + ¥4t S X|(point, line, etc.) EKF 7|2t Lc-vio
- VIO $HAIH
o MO HQ AAE D> A|ZHO] X| o)l 2 A FX £ -
A diot INS ol
o 7 ac
H = o= Feedback
. V-SLAM =& 3 Loop closing % S5 &7 s
y (o] fme
-—-- . Feat inverse i | Multi-Statt
s g EXES e
o S
@ :INSonly Absolute MSCKF
[l : INS/VISION - Position
o Error EKF 7|8t TC-VIO (MSCKF) [9]
° ™~ -
1 8 2 = s - _ | | e Error accumulation
T 8 - - I—

0) (k+n)

'y [2/3]

« Multi-State Constraint Kalman Filter (MSCKF )2 7t&F & 22Xl Kalman ZE 7|Hto|
Visual-Inertial Odometry (VIO)

. 2tzko| Fhofat A

al
<2
x

O| Bt=E|H EKF &KX

-

o

EKF-SLAM: Many features constrain one state MSCKF: One feature constrains many states
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« MSCKF E7%
- EXMO| BXE Foat AHO| RS 42 MH AEjHo| = 57}
. FiOat ALEfH= = NS APEH B0t Of @ SHoF 9l

: 3D Features : Tracked 2D . : Camera . :INS

(Static) Features State State
: Sliding \/iAugment  —— : Cam-IMU D : System
Window ™ State motion State

Sliding Window

’-)#ofStates=15+6N ‘

YT

N\

o= [(0 ) |02 [0 [0 [,

- M-N
Xcav *[Camposeoxu

r
CamPose(fx’,]

Number of MSCKF System State = Number of INS State + Number of Camera States

MSCKF: One feature constrains many states
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[—Re];

=
1 =

+ Ci= MIA D]t 2 JIE - VIG u

1%
Al
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Tracked
Features,

« Vision/INS/GNSS (VIG) 2| A|AHl NS
« INS, Vision, GNSS(or DGNSS) 59| A|AH 83 diAl

o AlZHO| 2 X} F=X 22X oA o) Hol FEK| 28 Ha Mono. Fecttire

Camera Tracking

2L VIO + GNSS(or DGNSS) X8l = 2|4 471 0|2t 7+ 4]

- GNss &g 52 Ej 2X| 2t2 = Landmark ZZX|
- GNSSE &8¢t 8¢ 4H GNSs GNss #im, ax
Receiver Algo.

Multi-States

MSCKF

VIG (MSCKF-VIO + Single GNSS)

- LC
« TC %Al VIO + GNSS(or DGNSS) YIA| SHK| > =AX| 2t 7t241
2171
» GNSS 7|8t decimeter or centimeter =& 27| 2l 7| EXH 2R H INS al
i s = ko o= Feedback
F7tXQI GNSS £EX| &8 52 vtSn ZEX &8 Z 1
- = e Time-propa.
o ChYsh Al MO 23 %t 0102 thY GNSS =417| 7|8t || F&t= 0|EHF $HA Moo, Foaturs . Features
Camera Tracking Compressed
@ : Ground truth = CSCKF
@ :INS only o Absolute (User)GNSS
o Position Receiver TD carrier phase
W Vi INS _GNss .
) g ; . - - -l _Error accumulation | Receiver
4 e 8 B il A A
& 0 Absolute Positioning O VIG (CSCKF-VIO + Differential GNSS) (1ol
X) ktn)
16
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2| A|AHl: MSCKF-VIO + GNSS (GNSS =X X|

- VIG EY
£ 28 (GNSS 2AtAHE| + EE2|/Eh&)

+ GNSS A EHXK|
Xt 2! GNSS &A| 7|&= IO &8 (1)

=
ERCE I
GNSSs
(user)

X
o
417

+ GNSS AtE
BROX8x 82 FF 2

VIO + DGNSS b
(11, 12] > o

2%
VIO + GNSS  —> =~
as

Camera

MSCKF-VIO + DGNSS

Camera

MSCKF-VIO + GNSS

’-)#ofStates=15+6N+M‘

‘ => # of States = 15 + 6N ‘
xns =[ () [(5) [82) ](8)" [(8)'] xns =[ () () [(82)" (8" 1(8s) ]
Xean =[Cam1’ose:x]‘\' CamPose;:,J/ Xsiiz :I:CamPosegj,"v CamPose‘::‘:ll x»lmb:g-m/y=[Ni N”“]’
@ 2025 IPNT Conference | Th& MM 8% &9 7| & 47 17
= A H} &6 X0 | ==
<+« = M D8 E8 =] )= - VIG sy
« VIG 2% 2| A|AHl: CSCKF-VIO + DGNSS
« CSCKF-VIO 220 GNSS ¥A| ZFHA|IE Z&5I0] VIG 9 A|IA”- 74
+ GNSS AFEXt =417| 58 X| 5l GNSS #A| 7|&E= HIO|H &£ o)
o Yost GNSS AIEHE DNE{st S 28Xl SFK| &8 U AIAE MEfRHS £ A} o)
Time-propa. &
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(feature de-correlation)
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+ = MM J|H 58 =9 Jl= - VIGA

VIGA (Visual-Inertial-GNSS-Altimeter) 2 2| A2 H
- CSCKF-VIO 20| GNSS RAl K| U 7|Y D2 SYXE ZATe S 28 59| A2

+ GNSS F=4! 0{2{2 &0l A VisionO| 7+& E7tst FZHO| A 2IX| 2 XH(esp. altitude) 22T

ol
M

« =YX 2 GNss =4 7hs 91X 715HEHH Hi K| o (GNSS #8075 X B4 HBHY)

2I%1
INS Rl
acs

Feedback

g inverse
Mono. Feature _, D_SQOhEsiimaﬁaJ H
Camera Tracking [ 7 [~ Compressed '] H
H er i

....................... 3 CSCKF

(User)GNSS
Receiver

DD pseudo-range,
TD carrier phase

GNSS
Pre-processing|

Barometric Air pressure
Altimeter

(Ref) GNSS
Receiver

VIGA (CSCKF-VIO + Differential GNSS + Altimeter)

19

+ O3 MIA |8 58t

14

'CI,'I jl% - %g 7E:|-' [1/3]

o SAMX| E ZAFE A E20|M g

o ZAMX|(E|S2I2) A A GNSS 24 2 Q! (Cycle slip, Multipath) =&
« =%l GNSS 2% JHEX| 5 HO|EHo| =2 (a3 oHEtn FiH)
- Cycle Slip (Multi-GNSS channels) - Cycle Slip (Multi-GNSS channels)

‘ool ]
w0 20 30 o e 70 8 S 100 150 20 20 300 350
Elevation (deg) Azimuth (deg)

Multipath Error (Multi-GNSS channels) Multipath Error (Multi-GNSS channels)
o _»

£ £

£ ¢

Zu 0

g g

3 ° ] )

£ £

Lo

ENENENCEEOC] 50 100 150 20 20 %0 30
Elevation (deg) Azimuth (deg)

FEEl GNss 2%} (cycle slip, Multiple)

0 20
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[2/3]

- A gH|

« GNSS #=217|: NovAtel Propak6 (2CH, 1Hz)
» Low-cost IMU: Xsens-Mti (Bias Stability: 5 deg/s,0.02 m/s2 , 100 Hz)

« Camera: BumblebeeXB3 (2 H|2| 2 7t 2, 1% FH|2tEH 22,

* Resolution: 640 x 480 (rectified, assuming camera calibration params. known)

« Barometric Altimeter: BOSCH BMP 180 (7|21 =7, 1Hz)

15 Hz)

~
IMU ‘/ j

Camera

ZF AlS{ o] XHZFO ol ~Malst © L SIS
o 2t Aol HIfC 2 cm 52| YT K|l =ET wsom
- 5 Raw Data
) . % o = = an
-+ Ground Truth: RTK (Real-Time Kinematic) 7| &2 &2%t
firrid BeagleBone Black GPS Week
GPS Second
. s=
Barometric Pressure
BMP180
® 21
AlS] A4
- A E-Tl—l'
8 7 = 3 14 L
DGNSS DGNsS DGNSS
INSIGNSS (PR+TDCP) 6 INS/GNSS (PR+TDCP) A2i—— 1 [see INS/GNSS (PR+TDCP)
— = = MSCKF (VIS/INS/GNSS) — = = MSCKF (VIS/INS/GNSS) ~MSCKF (VIS/INS/GNSS)
6 ~ ~CSCKF (VIS/INS/GNSS) ~  ~CSCKF (VIS/INS/GNSS) ~ ~CSCKF (VIS/INS/GNSS)
——— MS-CSCKF (VIS/INSIGNSS/ALT) 5 ——— MS-CSCKF (VIS/INS/GNSS/ALT) 10} ——— MS-CSCKF (VIS/INS/GNSS/ALT)
£ E E 4l
Sy 2! = °
e e [y
I} I} I
2 4l
2
£ 2 Nt Nl TN — 2 ~ — v i 0 sinpl: L
258 2.59 26 261 2.62 2.58 2.59 26 261 2.62 2.58 2.59 26 261 2.62
GPS Time (sec) %104 GPS Time (sec) x10% GPS Time (sec) %104
. RMSE (m) Maximum Error (m) -
Algorithm Availability(%)
E N U E N U
DGNSS 1.268 1.465 3.157 7.38 6.195 12.899 67.03
INS/DGNSS(PR+TDCP) 0.593 0.823 1.225 1.983 2.973 4.246 100
MSCKF(VIS/INS/GNSS) 0.279 0.325 0.541 0.928 1.004 1.421 100
CSCKF(VIS/INS/GNSS) 0.308 0.283 0.605 0.755 0.931 1.532 100
MS-CSCKF(VIS/INS/GNSS/ALT) 0.299 0.251 0.466 0.696 0.639 0.908 100
® 2
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Xl INS/GNSS, Visual-Inertial Odometry, Visual-Inertial-GNSS, Visual-Inertial-GNSS-Altimeter, etc.

&

« X E2E (End-to-End) DNN 7|2t Pose estimation 22| 70| 23| A7 2|10 AUS
2% Benchmark dataset0ll T3l Al 7| hand-craft 2% CHH| & & 452 20E
o HEO|A BO| ZHE8E|=Al7|& 822 Hybrid HA2 2 J|E £ 220N dEEE AIE AT

CHEZX 2 2 Visual-Inertial Odometry or Visual-SLAM 2 Z!0f| A Visual measurement@! feature pointE Hand-craft 2%0| Otl DNNS &-&

2 gtof

IMU bias %2 DNN2 & 3}11 adaptive covariance matrix 443

sf

et
R

GNSS NLOS/LOS ML 7|t 2 ZHEHSL0] NLOS A & 91%| =3 g
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- TIE-GCM (Thermopshere lonosphere Electrodynamics General Circulation Model)

%~ [Hong et al., 2014]
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- 2 TEC map AHH| 2 28 / £ CHE StEXE R MM E
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2t Mt TEC map & 83
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@ 2010-01-01 3UT
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40°N
= o o 60
> 36°N 36°N
2
2 o o
£ 32°N 32°N 50
B 28°N
. o il R 40
124 132°F 124°E 132°F 124°€ 132°F 124 132°F 5
2014-09-12 20T E
®) ok =
servation IRI-2016 DCGAN-PB
40°N ey ‘oN s 20
< 3N T il 35 W
2 & A ., 'i- ﬁ i
E 32N i { 32°N§ i i
L L Y "
28°N . 2°N -
’ .
124°F 132°F 124°E 132°E 124 132°E 124 132°F
Longitude(®) Longitude() Longitude(°) Longitude(®)

[Jeong et al., 2021]
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M|z mEd KN\ | Korea fsronomy and

[ o= O —m L o =
+ prediction model: NN, CNN, LSTM S &83}0] 0| =7t A4

- YL EYEE, NNTIRE, 9N, WPE S

Prediction Residual

CODE
0000UT 0000UT

KL University Staon, |8~ KLU GIATEC L Unversy stationy
DOY#SI, 2015 [~ IRI2016 Model. DOYAISO, 2015, | o Rva0lé Model
0 s LSTLCN Modd| * [ oomebtben
5 o LSTALONY Vel
)
0600UT '
S
10
0 s w0 o5om o 0 f 0o w3
. Time (Hours, UTC)
Time (Hours, UTC) (b) Forecast time : 2ahr
Lucknon, Lacon;

DOV, 015 DovAst 1S

Latitude(*)

GT-Model £

-120-60 0 60 120 -120-60 0 60 120 -120 -60 0 60 120 " " 15 n 5 - -
I | L L e Plget T gl T oottt T ovgtuel
0 10 20 30 40 50 60 -5 0 5
[Sivavaraprasad et al., 2020] [Ruwali et al., 2020] [Jeong et al., 2024]

EEEEE]

= -l 2] Korea Astro d
He|s 2Ed K| o sronomyana.
v 2Z 0ZX| 520|825 HME|S DA Higk?

o ChYot =7t X2 E 283 prediction model 71 &

Y O7gE)el 2 W 2z oF
- DA E FX|F A EE 0] M(WACCM-X) & 4 th7| o=
5

= = = e = O Ebes e e = - L
- BY Y oS 2YS HalS RHo| AL, YA KIEE BEY F2 W TS 05 BHE G4 5y
Quiet time (a) Storm time (b) 3 24-28/07/2004
— Dt jansgres “’)’ 5 Observation NRLMSIS-2.0 BGMA
| AP VD, S s | L 2
W By w
. R — e s ;',‘”,}',t.{*‘fﬂ”\'v” val L ol
— MsIS WMVC:“ 0 v W § 2
e — s o ]
) W . 0 »‘y.‘hN] o | E
S -50f i ) z .
sis Vs | g 1007 TS N R ]
W PR B e S
- - =N
- 177 178 179 180 181 145 146 147 148 1|’0~ 150 151 '132 153 5
DOY (2011) 12 00 12 00 UT!(Z[h 00 12 00 12 00 [HU & Dong' 2025]
[Yang et al., 2025] [Pan et al., é025]
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2025 IPNT Tutorial

GNSS gt5n} 7| gt - 3t

FHCietn 7| A s <tat
A S A
o=

2025. 11. 05, 11:00-12:00
XOH=", M=

- GNSS 7| E2|&/
. GNSS X4
- HhSI 9 7 91X =Y
- Real Time Kinematic (RTK), Network RTK
- B UY =
- ZEA A=
- OXEs 28
- Precise Point Positioning (PPP), PPP-RTK
. Qo
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| 20250 greaAmists) Fojstshsl

“‘
» s =E + Global system
g 4 . GPS(1]2), GLONASS(2/A|0}), Galileo(8 & %), Beidou(E =) &
2 £ 2 - Regional system
% i . IRNSS(QIE), QZSS(Y &)
N . $k=: Korean Positioning System (KPS) 2035 722t 2 08
- o
[gps.gov]

- AEXIS| AZhat 4, +Fo HIefS »X| o MH|A JtS

GLONASS: Globalnaya NAvigatsionnaya Sputnikovaya Sistema .

IRNSS: Indian Regional Navigation Satellite System . X H=E: 20 m (GNSS), 1 m (DGNSS), 1 cm (RTK)
QZSS: Quasi-Zenith Satellite System

DGNSS: Differential GNSS

RTK: Real Time Kinematic

GPS a4

s s t
¢ Space Segmen - SIXPAA| By

¢ S AS HM2

=] & b
& -2
‘,-=- WS | Soic sx7 28 opsol 29)
%

./K}

Control segment

User segment

D

- oM UE B
214 A2t 57
ol na ZA|

[https://www.vectornav.com/]
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- DSSS (Direct Sequence Spread Spectrum for Satellite Navigation)

s(t) = cos(ant + ¢)

PRN code Navigation message

t: time
f: carrier frequency
¢: carrier fraction

Carrier at 1575.42 MHz (L1)

1227.60 MHz (L2) 192’"_(';1)
cos(2rft + ¢) {
S\ % N |
TS |
T S o e |
Carrier at 1.023 Mcps (C/A) T T T =~ - }
10.23 Mcps (P(Y)) O
0 MmN
N 300 m (C/A) — b—
Fowas o el or 1 usec chip 1
——————— ~ )
St S ]
S
D(t)

Navigation data at 50 bps |¢+— 6000 km ——=

or 20 msec/bit

iy

S R

S

/3 2

& A

e 5

g 2
2

FEa>

Pseudorange and carrier phase =3 X|

GNSS Receiver technology

PLL

Carrier at 1575.42 MHz (L1)

1227.60 MHz (L2) 19 cm (L1)

<>

(Phase Lock Loop
Carrier at 1.023 Mcps (C/A) ~ _ — = —= ———
10.23 Mcps (P(Y)) Y

Jr L Uiy

300 m (C/A) —| le—
or 1 msec

DLL
(Delay Lock Loop)

) Carrier phase (851} 2| 4h

dks5mmELLT
18- 47| 2F A2 Zhofl CHsl E 4
RS EX (NA)

Pseudorange (2| At7 2])
- i mPLUE

dm -
- NS YEAH e

2 SOl M=

SAA|ZS A MBHO] $I4-4 M 7|2

Hal 54 (2% 23

3
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X o2 FH(tracking)T|H (lock 4 El) ¥t5a 242 &
lock A|EO MOl M4=2tS O|X| M4 (integer ambiguity) 2 ’d2| (unknown)

- Loss of lockO| '&’43}x | X8 HEIX| 23 > Loss of lock 0] 2|8t 0| x| 43}
cycle slip

ox
OF

HH,

&2
rir
o
[=]

#417] lock-on

&¢: fractional phase
N: integer ambiguity

Cycle slip

- FM7] loss of lock0]l 2|2t O| x|+ H3}
=]

15, LHR 5 T RIS S0 O3t AlB0| &7

—

=

~ =]
Mol EEE

tu

= 2K BEx 2R E I8l cycle slip HE2 52 THE|0{OF &
. QHET}F A L 01X (N) HSHE AX|SHE £} test statistic AHS:

o
- O|5Fots HYX| =g 28 W AIZHAHE

st = bias]-:NLjﬂu—N[z}LLz o :"ézu_"ész
- y—1 * Ty -1
Jo— g4 j j j f ] Jj i i
¢L1—d]+6R]+B—b]+TJ—]L1+NL1A.L1+17¢L1 j ¢l{1_¢l{2 j ) . ;
; ; . o . . . } i e = I}, + bias’ +v
¢l =& + S8R+ B —bI + T/ —yl}; + NL A, + vy, Y=

el = i) _ .
3 5¢{E%=1[1+6bm51+5v’

Small under nominal Nonzero when cycle
ionospheric condition slip occurs

YHSH NS BF MG Jts, 7 2T

[t

. R
CHE: Cycle slip 37| & &4 Fot 72 022
. C}EFIOts 8K =% &8 ie. Three Carrier Ambiguity Resolution (TCAR)

(=]
RS = |

=T o
Dai, Z. et al. (2009) Instantaneous Triple-Frequency GPS Cycle-Slip Detection and Repair, International Journal of Navigation and Observation, Vol. 2009
Song, J. et al. (2010) Real-Time Cycle Slip Detection Algorithm for Universal Dual-Frequency GPS Users in All Cases Including a Half Cycle Slip, International Symposium on GPS/GNSS 2010 8
Song, J. et al. (2014) Predictions of Allowable Sensor Error Limit for Cycle-Slip Detection, Transactions of the Japan Society for Aeronautical and Space Sciences, Vol.57, No.3

- QRN 28 BEUM £ A2 WM E 80| 2| FY(a/)5t0] EHY FhtitEnt S FX 0 HA, AlZH AR
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fl8s 0|8
GPS +M7|&=
7|5t H o 2 3742 YYo= RE Xt
SHR| 2 +41712] A Al 2%t BHE 2

goto] 21922 RE| BT A2 E 5
XH ZHE 2 XpMO| /X FHE 7t

w

Good geometry

Bad geometry 10
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AN MO 2
L P I i A —

2000 km

Ml

LIS M A 2K (b)

: 9| A7 2| (pseudorange or code)
: AL X217 Az

1 AT A A 2%

: 9l A A Kt

(RS XA A

s HE2[S AP 24

Y| HBOESEE K

Al
ey
Al
ol

AlA| 2 XH(B)
/S EE 25(0)

7|
7l

A
=
A
=

GPS 534

AL

o) =dl + SR +B—bI + T/ + 1 +v)
BT S

¢/ =d/+6RI+B - +T =1 + N2+,

Error source 10 error (m)

Ephemeris 0.8
Clock 1.1
lonosphere 7.0
Troposphere 0.2
Multipath 0.2
Receiver noise 0.1
L Total _________ 71 __]
Horizontal error
(VDOP=2.0) 15
Vertical error
(HDOP=2.5) 1%t

Kaplan, E. & Hegarty, C. (2006) Understanding GPS: Principles and Applications
1

- HHE 82Xt H =R AR AHLtot 21

FIx| xtoj

s A=Kt ZH 37|
oF 24A12+

< »|PRN 01
3 RMS =(0.94 (m) Bias =0.12 (m) A= 1.30 (m') TF11.91(hr)P=-3.63 (hnB=0.11
o
E no L R
o Na N N
True position  Cross track (C) 5 -
0 10 20 30 40 50 60 70
5
Predlcted pOSItIOI"I = NR’M:‘&W “(m) Bias =0.54 (m)A=2.13 (m) T =11.97 (hr) P =4.96 (hr) B = 055:" s :s‘\.\
\/ 4 3 0 p N /’"Az\ N, FN o < & X
3 § Ry & ) ¢ N \
% e e o Ne?
5
0 10 20 30 40 50 60 70
3 M RMS = 1.37 (m) Bias = 0.14 (m) A= 1.78 (m) T = 11.83 (hr) P =-3.05 (hr) B = 0.11
s
LS, ST e TR . WL, % P o O o
o V N -4 N/ N
[Ze]
5
o 10 20 30 40 50 60 70
t (hr)
Radial &% H = AZL 2JAPAE|Of S&0| 7t & -
52 (2007) GNSS BARFAAHO| HHYR M Y030 B AT, WA= Herisa
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- S HAX i HIERAE HHO|ESHX| 21 A MB5= B (SLEH IODEHA =24 AHE) D>
AlzZtof| gt Yl = XL 37| 7 wakst
20 T
o radial
O along-track
15 v cross-tfuck o
+# clock bias
o
10
o
5 o
o115 10 Fhld
i & ¥oveg o
0| * vv89<7vvvv
-5 e
k: &
o ¥ L 3 =
-10
<
-15
20 1 2 3 4 5 6
F AR (h) 13
SR (2007) GNSS BARTAAHO| BYFYR AN D2 SO Bt AT, SR, METE R

https://ko.wikipedia.org/wiki/%EC%A0%84%EB%AG%ACHEC%B8%BS
. H2|Z (ionosphere) I \\
- X Th7] &3 <F 60 kmOflAl 1000 km2| H N
- AREN R E2 0718 oz B N
300 km - Fl
//
. M2|Z X|H 2%t (ionospheric delay) ’f’
E
- AU HE|IEE SAUSHHM S Bl 2HE 2l sint <
transit time $3}2 Ole] UAsH= 22| 4 enl \ ki
- TIXEEO Hl|, A= Fob M-S0l S| el / 4953
. O| AP 2|9} BRI Q|4 ZK|0f O K| = FEro| A0 A Ho ,
_40.3TEC _ 403TEC ETEC: Total Electron Content (T1X}2 &) ® e * Yamue
b=—f— =TT m rdszus -
AMARl iy B pi 4TI+ + )
(posudorange) DIl —" REESBISTSES T B
wsnes ¢l =d/ +B—b/+ T — I}, + N2y + ),
(carrier phase) 14
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EjQt Saf A
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- Yl=of ek 2 37| MW

. Klobuchar model2 2 50% &£ 2 H|H 715
stEF M5 X X|H H3} (8=, 2005.07.16)

IFB Corrected Measurements.

[=1]
=

Default an

[Inside GNSS]

CAARCS —
\ \,_!:‘ /.‘. SN U

Db dd &by
.

~

\ U i,
-'u‘\ L]

-0 ° 60
Geog. Longitude (°E]

ISES Solar Cycle Sunspot Number Progression

25 Solar cycle prediction (NOAA)  Memsermsonon

lono Vertical Delay (m)

Sunspot Numb
8

s 10 s E OJ 5

Local Time (h)

=R (2007) GNSS HHEYA|AHO| B YR WY Fna| 50| 2ot A7, BARQ =2, Aerhztn
Inside GNSS, (2021) To what degree does the greater ionospheric activity in equatorial regions degrade GNSS positioning?
https:/iwww.esa.int/ESA_Multimedia/lmages/2022/07/Solar_cycle_25_prediction_NOAA_July_2022

2000 2005 2010 2015 2020 2025 2030

Universal Teme 15

- R/ Z (troposphere)

- X OH7] &5 0 kmOj[Af ©f 10 km0f| 0|2&= S

- 7lEeidol HdstE 7|5

- 1R 3 x| 2%} (tropospheric delay)
- SYHMUBIIOIRSS SUSHM 2EE Q% transit time B2

R

. Dy 42Tt wet 4EO=Z 7

. Dry 822 90% =2 2 & J5 (Black, Saastamoinen, UNB model, etc.)

- Wet d20 DR F=E 2F10%

Tropospheric Error
[Black’s Model (meter, slant)]

1

\

tropospheric error (meter)

S
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\
\,
\
/
7
E
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45 16
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< 7| LR HAR 20N TSt B HS SO0l Qs 2
. 7o 09 £xk2| 2Kt (random error)2 R H
- 21’d9| elevation angle ¥ MZM|7|7t 25 HS 37t

OlAAE| Z-A| S mEHA 2E
0.5

'-_‘ ——RMS, ., L1ET
Y ——RMS, . L5/ESa
0.4+ -“ —RMS AGDV Ifree 1
=== s proposed model for TpGDV Ifree
== us proposed model for o, .\, single frequency
031 E

=0.17+0.5%exp(-elev/15)

RMS: Root-Mean-Square error
AGDV: Antenna Group Delay Variation
Ifree: lonosphere-free

0 10 20 30 40 5 60 70 80 90
elevation [deg] 17
M.-S. Circiu, et al. (2021) Final Results on Airborne Multipath Models for Dualconstellation Dual-frequency Aviation Applications, Proc. ION ITM, 2021, pp.714-727.

- FHXHEX|E (ex. AE)00 25l {ALE I HAUSE
- PRN code?| autocorrelationg HE&A|Z & peak AN 28 S transit time At & 2JAIHE| 2}
- OJAHE|Cl AL =X M (2 100 m +FEO| LALE UM Tts)
. HEET QA LHO| CHE A2 XM= M40[8H2 22X QS

S A1810] WAE| = 2K
=

=
=]
=

1o o rx

Correlation Function with Multipath

14
——Nominal G d=0.25 chi
1.2 H|—Multipath v =04 i
- =-MP In-Phase /S iy 2
3 = MP Out-of-Phase | o/ §=20.125 chip
c 1
o
§ 0.8
-]
w
§ 0.6
3
=
2 04
IS
02 Prompt
0 Early Late
> 0.2
: -1 05 0 0.5 1
Reflected signals Code Offset (Chips)

https://www_scirp.org/journal/paperinformation?paperid=31523
P. D. Groves (2013) How Does Non- Line-of-Sight Reception Differ From Multipath Interference?. Inside GNSS, pp.40-42. 18
McGraw, G. (2024) GNSS Multipath: Characterization, Modeling & Mitigation, African Capacity Building Workshop on Space Weather and lonospheric Research, Italy
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Code Range Ervor {m]

-20F
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\

\ &

algma OLL = 998 m
slgma MEOLL = 1,10 m

100

Tiree [a]

slgmo OLL = 132 m
sigma MEDLL = 1,40 m

\

230 0

van Nee, R.D.J., et al. (1993) The Multipath Estimating Delay Lock Loop - Approaching Theoretical Accuracy Limits, ION GPS 1993, Salt Lake City, UT, September 1993, pp. 921-921.

200 30 400 00 800

19

Pseudorange

Carrier Phase

Accuracy

10m

3im

im

50¢cm

20¢cm

. 7|IEZ-AE2XZE A2 (baseline), MEHE0f UHE H| 1

LONASS

(GALILEO, GPS Il

SBAS
EGNOS, others

DGNSS: Differential GNSS

SBAS: Satellite-Based Augmentation System
RTK: Real-Time Kinematics

PPP: Precise Point Positioning

PPP
{reaktime)
'WARTK
)
_
| T T >
20kn  50km 500km workiwide  Caseline

https://gssc.esa.int/navipedia/images/d/d6/GNSS_Augmentation_Comparison.png
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iingle—baseline RTK Correction

Ephem‘eﬁ'o Ng /( R>1¢\M* \}er

User ===
& &
<20 km

Ref: Reference station > 9|X|E F&3| 1A= X Ho| HA2 BX|E|0f A= =417] 3L QAE|LE

User horizontal
error
(2DRMS) 0.1m
\_/\/\_/
Ref 1 Ref 3 Ref 2
K User location
¢ref1

Ref 2

21

- 71E=, AL8XL gHE I 218 5|

ith satellite o . o .
¢i=di+8RL 4B, —bl— i+ Ti+ Nid+gl
o L= dl 4 8R4 By — b — % +T{ + NiA+ £l

|1E=-MEX AR

Dydt = Pl — ¢, QAN AIH A R
= Ad! + ASR! + AB —/a/_ AIY 4+ AT 4+ ANPA + Act
~ Ad! + ASR! + AB + AN + A&t

- 7|ET-AER & 22 A GAIA 2%t F A

o J|ES-ALEXZE HRITH M2 B AL~ 0, AT ~ 0, ASR' = 0
21E=(r) AHE XL (u)

Y

22
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Jjth satellite

D%

ith satellite

g

i) 914 HHETH 214 ZHK

¢t =di+6RE+ B —b' — I} + T} + Nfa+ v}
¢l =dl +6R + B, — b/ —I] +T) + N2+ v]

- i, j 18T AR
Vg, = ¢l o]
=Vd, + VSR,
2A7| AA LA B A

vi=v

B, — Vb — VI, + VT, + VN, A + Vv,

3¢l

- A ol T 55 M AA 2%t ® A

23

jth satellite

-5*

ith satellite

1E=(r) ALt (u)

- 0|5 A2
ALV = Apl — A/
= AVd + AVSR — AVI + AVT + AVNA + AVv

LALVI= AV

~ AVd + AVNA + AVv
- ALERE IX| FE 3 2loh 0jXIE= (avn) 2

9 7|ED 72| HA $ BEwEA

¥Ea

. ORI E TAGH0] AL XL K| A At
zi =, ALV ¢ — Vd, — AVNA

= Wil & BVE = YLy T 0VD w O ORITA A 4

T: A (line-of-sight) | E{

: AHB X 3D PIA| HE

Ry
R: £73%| covariance matrix

=
=

= R, = (HTR™'H) 'HTR™'z

24
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. 7|EF-AEXtZF 7|1 (baseline) 72| 20 km 0| 5}
- 2XeAa BA| 7ts He

L IIEF0UM ASRIK HHYE HE A2
CEHEHE MEA A AKX A AS TR
L URARS B4 DRt o3 S Te

- OXES 2
AsSOXES 2 e
. WS 0K ATt ZHYEIYEX| AS(validation) B8

= AVd + AVSR — AVI + AVT + AVNA + AVv
~ AVd + AVNA + AVv

ALV

= L=

RAHEE T2
A

r 1

e 2y LN Ba

A 2%t 24

. 71ZRTK % Compact RTK EHHE H| 1

1%t RTK: Compact RTK (1)

= 7|& RTK
=
¢p=d+BEb—I+T+5NA+¢
2 4 e 2
. RTCM
Information MeSoaeaITRe No. of Bytes Recommended update rate
Observations (GPS) 1004 8+15.625*Ns 0.5 -2 Hz (low latency)
Observations (GLONASS) 1012 7.625+16.25*Ns 0.5 -2 Hz (low latency)

= CompactRTK /—> Hsl2 2 A AH
Carrier-Phase Correction: ¢ = ¢ rh—NA

. SR+ 5B-5b—I4T+5Ni+s

CPC rate: 6¢£E%z—j+T+5R+§B—5b.+8'

g RTCM
Information Message Type No. of Bytes | Recommended update rate
Carrier Phase Correction (GPS) 40§1 6+11*Ns According to rate and age of
(proprietary) CPC

@ GPS PRN 12 1o’
c
g 8 24 g
g 8
o 6 23
S £
X
E =
B 4 22 E
a8 =
2
5 2
o 8
2 21 5
i ‘ i ‘ ‘ l 2
0 2000 4000 6000 8000 10000 12000

epoch (1 sec)

d  : range between a receiver and a satellite
SR, b : satellite orbit and clock error
B receiver clock offset

1,7 ionospheric and tropospheric delay
SN, A: integer ambiguity and wavelength

& 1 noise
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Correction p’utage

w
g Conventional x
s RTK correction
. |
@ (includes p, B) / H
5 i
S LA
%
{ Compact
) _% =" RTK correction
: >time
A tk

Corrections

Corrections

A ZEX|H 2 Xtof| Z7Zd Bt RTK: Compact RTK (2)

- Nonlinear /’
- w/o rate information ¢ >> &
/ ;
/ :
/ :
J/ :
' ' time
A I
11 : Extrapolation error |
Compact RTK |
- Linear
- w/ rate information
-
__-—I <Eg
rate |
time
A 1 27

ﬂ@’%
“

Trimble NetRS

MT1004

MT4081 RS s
S 4081
M — Compact
RTK Server MT4081
Trimble 4000ssi| ———— e
MT1004 RS Generator

30-sec Latency Test — Test Configuration

Compensate /\
MT100

[ompact RTK User

e

Msg Modifier
- MT4081 to MT1004
- Latency compensation

Trimble NetR9

Cpnventional RTK User

r

Delayed MT1004 w

Trimble NetR9

- Test environment Latency

(sec)
- Baseline: 145 m

. Experiment time: 10:00-11:00 (KST) 30sec

- Rover setting
- Low latency dynamic

1sec

GPS epoch

= Latency eW

compensated by receiver
manufacturer’s own
compensation scheme.

- Max. age of correction: 120 sec

Courtesy: Prof. Byungwoon Park
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ag*l Eﬁﬁ; AI’I EXIGII Ejlﬁ*iE

e Al HA E ~ - T T T T T
776 E" o ]
0< latency < 2 Age of Correction " 1
Seoul \ ® 2<latency<5 o = ]
74 1 = ® 5<latency< 10 a‘:h 5 f i i | ]
o | ® 10<Ilatency <30 0 w w e w u
xn

9
N

D ® latency > 30
5
P i
| ¢
.
:
*

g 135km

2 c

57 Datalink  “ “

g cutoff (——’"'C) ;
— w8 ( 30s) 1

o
M r(m) Ll = ) a

- .- Chungju
Compact RTK
x| “'AI?_FOII gh.is{o] RTK —.—%lj s
Fibsa 266 268 27 272 274 276 278 : & & = & 1L
Latitude (deg) ; GPSTinels) 0t
ol 3
> 30X 0| 42| AJZHX| A HIHS| Ly 2 Compact RTK T8 A| 30 A|ZHX| A0 = RTK 8 7Hs 2l

> AN DL E SFEM EEFEE A XA Y
7ts’8 gl
Courtesy: Prof. Byungwoon Park
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User
Horizontal
Actual Error
oy ____c\ua error (2DRMS) 0.1m
ntegey T integei;
Ambi N mb|gu|ty S D
"""" Ref 1 Ref 2
User - A i
Ref2 _Location User Location
Ref 2
Networl
PPN => Ne > Need to Resolve Integer Ambiguities between Reference Stations 1s
to Generate Network RTK Correction 30
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&34 r HEBE
4 « VRS:CHS 7|&EF oAt 2|/BtS T 91E &
+ FKP, MAC: CPC + Network RTK 28 &
= Network RTK &
« LY S VRS
. EhERSE S 41 FKP, MAC

A

CPC: Carrier-Phase Correction

MAC

» QM
. J|ES
- MBSk QXE LDUE K|
- BUAHI IO ZHK S
- YN =
- OF 7|2= HHHE MY
- HolH s HEE: 1~3 cm (95%)
- 1% ool 54 TR — 2%

o2

M2 ESA| Nework RTK. Availabl _ VRS: Virtual Reference Station 31
=252 lewort vallable: gnss.seoul.go.kr " .
Tekmon Geomatics. Available: http://www.tekmon.eu/ FKP: Area Correcp'on Paramet?f

MAC: Master-Auxiliary Correction

RSITY

S R
£ 2
g 2
& 5
3 5
N

FEa>

Network RTK2| & 2|

. Network RTK2| €l2| & &}
A o d SePN = P IS (]

s
N i
- AR X 2 X[0f| s Ste X 2= E | _
< HE|O| e HE M e DEEl die ok differential error (3,)
= 5l HO 1 1 1
= 7|9'|-’ == 7{H 2| X rovi Refa rov2 rov3 Refb
- MH|A G STt ds 22

Distance

e M2IE, AARM

Good m— Bad

|I:_|-OEI 7|_I"_=_q- RTK Network RTK 32

174 2025 IPNT Conference Nov 4-8 2025, Jeju, Korea



Tutorials — GNSS &SI} 7[dh HshH
Linear combination to mitigate errors
L1 Carrier Phase
+
L2 Carrier Phase L:}/LZ Me"’s“.’ em'e nt
+ Linear Combination
Cy, C,, G5, C;: constants
L1 Pseudorange | XGC;
L2 Pseudorange XC,
(Dropping index for satellites and stations for simplicity)
Measurement .
Combination C1,C2,C3,C4 Measurement Equations / Pros. and Cons.
i G-l —d+ g LTSRN,
Widelane | ™7 /%77 -7, O =d+ Gl +T+ SR+, +
(WL) G=C=0 lonospheric delfgy increased Wavelength Nolse f:
by factor of 1.3 (86 cm)
R /) :
“clsl"blf;‘ e Zuy SO+ gy Ny + 4y N0
ubbena __~/u __ =/ Range/tropospheric& Multipath exists
(MW) P futfn’ Y futfa | ionospheric delay eliminated Wa\(/g::;\f:)h i
lonosphere- $=0.5- (ﬂWl + ) Ny,
free =d+0+T+S8R+ AN, + &5 Noise 1
(IF) lonospheric delay eliminated Wavelength | 33
{16-Tem}
H 2 0O &2
Network RTK 2F A SEL
R =okx oo Mo
&:LE? PP S o 'I Iq' =T |:|T|
&
, -1 ZIIER SWX FY HAZoR M J
:‘% _—"/
Iz ‘ % ¢
N J==3
T A IERTOIBME OIXHS 2 J —MAC
o= ooy / l’
e =9 322 ! : :
5>y ; Carrier-Phase Correction (CPC) : FEK,IQ% o g M
UHESI BYHE MY oc m
= . ) | A 8% AR E HojE
- VRS
1 M2l E= 2D S0 Cist HEHE BHEY yug g Ee
: 1
P4 T e ' =
: / ALEX} IX[of 3= HEPE Wi
3 y
ALE R SHK| 0| HYHE N J
VRS: Virtual Reference Station
FKP: Area Correction Parameter 34

S0 AFR X SIA] AlAF

MAC: Master-Auxiliary Correction
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= INENC B RSP el o

By AR
Network RTK Edd 2 HAZ el 3
7I\§;| ;‘-r)
Interpolation methods Brief descriptions
4
Distance-Based Linear — AEX}7|=27E AHe|of gHH| |
Interpolation Method (DIM) ' il
J=1 d/
. . . 1 1 1 a"’] 1]
Linear Combination Model A, - av, of% i{l\‘,‘ a-5 (B5)'W
(LCM) sy, ar,, of | lar |
. Ol
8 a W
Va=aAX,+bAY,
Linear Interpolation Model | [ e M | East-North ¥H n
(LIMm) v M| T T [ - East-North-Height H 2 H
Vr._\.’ A‘Yrrl M Ayrr: M
V=a-AX+b-AY +c
Low-order Surface Model V=a-AX +b-AY +¢-AH +d
(LSM) V=aAX +b-AY +c-AH +d-AH’ +e
35
HEEE AEX HE (MAC?|EH
CPC i iR LR i i i i
od, =dy —¢,+B,+N,A=-(-1,+T;, -b' + R ) |- WON,
(compact RTK) C ¢M M ¢M M M ( M M ) M
8¢, =dj,~ 4, +B, + N, A5~(-1, +T;; ~b' +6R’ 18N},
True Correction (§¢},) Common Integer
Network RTK i _ i V'L =l I +T —p i i
HE™ME MAC, = 4,008+, AN A=, Ay I +T = +6R)+|, A, (A6N' ~6B)
MAC) = , A, %‘W +/V', A NA+ AHAMN’/I =t , A, (-I'+T'-b' +5R') 4, A, (ASN' - 5B)
g True Correction (45¢¢) Common
A% HE RYYE: CPC+ Network RTK EHI R wy 2 IEOE (W 7| ES EYYE HE 7HSK)
5y =54, +Zw -MAC!, =154, —;w” <4 0 Op'[HSB,, + ;{a),, 4 A (BB+SN' )Y-ON,, A
5&1; = ‘?¢Aﬁl +an‘ 'IMAC}// = _5¢A'£1 _zw/‘/‘ ‘4, AM5¢I ul 5BM +Z{a),,,. L Ay (53+§N’1)}—5N1ﬁ[/1
True Correction = 0: Common=> OISX=2Al RIH Integer
A2 X} 2%} K
18X 2% HA Common Integer 0|
Ady, = ¢, + 04, =d; HB, — 6B, + 6, +OH (N, —6N,,)A = .
\ AVig=Vid, +' V/(N, =N, )A
A = ¢ +0¢;) =dj, 4B, —6B,, + ) +OH(N; —SNj, )4 36
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k=k+1 L1/L2 2|AtAz], k=k+1
RhE I £FK| A

MW SHA| M4
| AFEXE 27| QU] A4 |
MW ZFX EE | 7o

Widelane 0| X[
2

es
| IFEEX MY
lZ]F

| IFsgx =g |

No

Yes
‘ AL Xt 91X ALk ‘
/E’gﬁlﬂ 4

k: epoch index

37

Song, J. 2016, A Study on Improving Performance of Network RTK through Tropospheric Modeling for Land Vehicle Applications, Ph.D. Thesis, Seoul National University, Seoul, Korea

- Mw %X EH
« EH™XK|: zyw = AN, A + AVM + AVeyyyy

=g x= [g] where, N = [AlV"N,,, - A""1y"N,,]7: wide-lane O/ X| &4
m=[AlVtm ... A"~1lyny]T: multipath
. CHE A2 Xt (m): 1t order Gauss-Markov processZ 2 2 &l
. IF E3™X €
« 8K z;p = AVSd + AVT + AVN A + AV
~ —VI-b + Vmfy - Ty — Vmfs - Ty + AVN 54 + AVD

b
b .
- F™3tx=|j| where, bbb: X, &, IHEE
H T=[Tom Tor]": master 7|2 U Yt 7|F2 7S +HX|
N = [A'V*N,, - A"MVRNL]T L2 OJX| "4
&85 AAKIY: T=mf-T, where, mf: mapping function

38
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OjX|E4 37 20t X SHA| THojR%}

Widelane / L2 O|X| 84 =4 Z4

==}

PRN 5 L2 ambiguity esti PRN 5
-7 60 T T
Batch iy Batch
| . 1 .
-8 —— Estimated WL ambiguity | - 59 ! \\\ Estimated L2 ambiguity
—==+3g e
1
9 1 58 o
1 1
1 1
2 10 F&q 2 57 I
3 = z %
1 |
1,
gL nm’sta’s 1 56 : :m,\éw L1
i
A2 - 55 I
A X ol A
2 Batch OIX[8+ =3 Zatet S 0[X18+ g 2
-13 54
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apankiii aso) o1 gec)

RS 8 A5 89 - IF 35X Hoj2%
PRNE CIR3 8 8/% IF S84 RMS QA
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T L (T
: nrm N I
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OHEs 3 BURsSFE =

-40%

0.

o
=
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RMS 2%} (m)
5

2= =™ 5

39
Song, J. 2016, A Study on Improving Performance of Network RTK through Tropospheric Modeling for Land Vehicle Applications, Ph.D. Thesis, Seoul National University, Seoul, Korea
AFEAL 212 SLHH
33km
- 20156/ 11/27
Al5] Of
de A 17:41:36-18:12:40 (KST)
= AREAL - Trimble BD920
27| = J|EZ AR} true AR A LS
Trimble NetR9
= 7|&E=: b (O] K= fix: 155)
Mask angle - ek =
= FEX2FHEY AATIES:
J|I==2HEYT il ! i
IZ=HEAI - p=) oidl, 24, 554
True W3 ANE 47|
Pimble Nett) e WA 220l 9IAs SA Atz
ALE X} true /AR AEA-A =M 7|F= TBC A2l Zut
AR M S KT Wibro Modem
= ALEXH-SNU (5km), AFEAH-~#(19km)
el J|FSRTK Hl Chol 7|4 RTK 4ol
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e

a5t I

HYYH YyR

AHE X} Antenna

jr
B

%)

D
=
o

Y ygxig 447
. (Trimble BD920)

| Rs232 (RT27 format)

41

CH 7| =3 RTK (SUWN) LS 7|&= RTK (H|QHLtH)

— ALE X} SIxlol AEelo]
= I YEAE 87
A
e s

s

200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
epoch (1 sec) epoch (1sec)

. JHAIM B2 77X HEE Ha

Horizontal position error

0.1
| T JEZ RTK | COFE 7|22
oss % (m) (&8) RTK
E R4 3D 2| 2%
g % . (RMS) 0.0326 [B&ED 0.0276
0| x| g
e toninl| ¥ :
- Single Baseline (19 km)’
Rl 0.05 0.05 041 42

0
East (m)
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Ambiguity Resolution (1)

LAV(I) ~ AVd + AVNA + AVe

square estimation) S22 £ 715 2 dM(search) 22

i-th satellite .@1 j-th satellite
2 iy

&

2R 28 ojA ST 22T

. O|&Xt2 ZH™X| Lhe] O] X|%H 4=(integer ambiguity)= H+= ZHE|0{0f 517| I 20f| |2 XtS5H(least-

43
- - - A
Ambiguity Resolution (2) - 0| X| @4 ZH CHA|
AMB7 W)
HMZZH U 2 E O|XPd SEH 0] CHol THXh H| g Al 4t
TR M| Zeo] ™ E 2E I o| Mol AL HeAH
THo] O|X| ¢ 2R =71 S25| ZAASHH, ZHXL M S0 7HE &2 0|X|E 4 et FHE &2
O Xds THF HlW
Hlx Zatof w2t S 0|X|H+ SHE HY
44
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oo
I
|

Ambiguity Resolution (3)

0| X|’ds= HM B 7t (Search Space)

- DX IRl FHAS SHoE dM3t 4%
[$1X =32k 0]8]

AV — AVd

P ) where, AVd = AVdpguss

AVN = round <

MVIV — kopyq < AVNirye < AVN + ko poq

%V(;b ~ AVd + AVNA + AVe

(44 ORI FS 27

3XHY K|, 2= 2|450] CH$t O|X|"Z £ state vector2
St Kalman filter2 2 5 M= 01X d4¢+ &3

AN N
18 9| A: AR TRV AR AN T G A A A A » A8 e 4 S S DR 8 R EE
: T 4 71t B2, dM 32U DIXE 5 Tl
thoy . OIFAE FHA M8 -1=7
APV'N « M 7Y 0|XFS A4S 567D = 78,125
R L e e o
' T ! D MY U M L QAZHEX
+ka, A £ | il
AV
(et 8 —
e 45
Ambiguity Resolution (4)
Hast 0| X Y4 2H 84
. 7| ER-AERIZ A2
RS
« Dilution of Precision (DOP)
- UHEEE A H2 2+ (DGNSS8l 95 &)
QM BEN U FR
SH AHEXto] CHoH M & 10X O|LHof| 0| X84 2% 7t (‘on the fly’)
OXIE+ 2M SU 283 WY
- LSAST (Least Squares Ambiguity Search Technique)
- LAMBDA (Least squares AMBiguity Decorrelation Adjustment)
46
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HYAIAESE H7|stsE)

. D|XI 49t FHE 7| 0||
WL HES So) 4M B2 223

—

XA -

N;

g4 S (covariance)2| M2 CHE ¢

- LAMBDA (Least squares AMBiguity Decorrelation Adjustment)

M7b AbTEA

87 &8d(correlation)=

4’4 §X|8t= decorrelation =3
N1]
N,

onG,jy: DIXIE 4= covariance matrix (i, j) A&

M) 1 0
N3| T [-round(onenontin) 1

[N{] _ [1 —round(aN(l_zr)a,;(lz,'2,))] [M]
= N

0 1

- O|FAhE HEA| THO A +=F, 2|d HIX[of e OjX g 2H0 = =~ & 28
- SN OHE el MEE = DXEr 2 W
Teunissen, P. J. G. (1995) The least-squares ambiguity decorrelation adjustment: a method for fast GPS integer ambiguity estimation 47
. - - a3k O A
Ambiguity Resolution (6) - TtA} M5 U O|X|d+ A
- Tk} XS & (sum of squared residual)
ALVI
Qeanak = 8Z"R™1éz Zp = ' ui 4
o _ . ATV
where, 6z =27y — HR, — HR, — Nogna k4 ~ AN
Neana k = 5 E'V
—_ le| - . n J
- KT SR DO Che ZEAE HIFES ATl CHBM & W x e
Ncandk' Dlxl oT TE
tm
Qcand k total tin = z Qeana k(0
i=ty
- ZFOIXE 2™

- AlZHof CHet TR =8 o T OHE A2 Aur & HWE A2 A HjW

Jcandzndtotalim » 7 \yhere T is typically set to around 2 or 3

Qcand 1st total tm

48
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oo
IE
|

- KHESIX| 2 WhSa o o
- X IIES HH
. HEE: £ om (HH AR, =4
. FEAIZE: 302 (HH AL

- Multi-constellation A& A| Ttz TtHs

FEAE S AA A LS 2

22 3t Extended Kalman Filter2 B2 X| & F=™sl= 7|H
o

ol
A

ok

FH X 7|E2 YEYA PPP X ALEXt =4 9I%| +=H
ps MMM GLoNAsS NN Galieo

Henzontal aror m]

* W 3 W

180°W 120°W 60°W 0° 60°E 120 180°W % camrgenco e mites]
Figure 3. Trimble CenterPoint RTX worldwide initialization times.
Jan Kouba and Pierre Héroux. (2001) Precise point positioning using igs orbit and clock products. GPS solutions, 5(2):12-28.
Brandl, M. et al. (2014) Advancing Trimble RTX Technology by adding BeiDou and Galileo, ESA ENC Conference 49
Li, X. et al. (2015) Precise positioning with current multi-constellation Global Navigation Satellite Systems: GPS, GLONASS, Galileo and BeiDou, Scientific Reports, 5.

- XNEEX| 22 5K 0|8 > RTKOIAM O|FSAE2E FAISIRE 2Xtg4 17
. QtE|L} phase center offset, phase center variation, phase windup &
- 14 A= X AlA 2%} IGS, CODE, JPL S0M M3 6t= MY AT R AlA HE 0|8
. HM2|Z 2%} lonosphere-Free (IF) 2™ K| =8 &8 5 0|X| W4 B4 8% 271
$r=d—b+B—I5 +T+NA +v;

¢, =d—b+B—ylL + T+ NyA; +v,
= ¢ = 7}/4;1__14)2 =d—b+B+T+ yiNlj/l__lNzlz +upp
- FF 2%} f 7 E 2EAE dry part H|7{ = wet tropospheric zenith delay 8
. Site displacement effect: solid earth tides (*|CH 30 cm), ocean loading (%|CH 5 cm), polar tides (%|CH 2.5 cm)
- Y A Y =40 2fs X T A= 7|EHO| F7|H oz FX0|= oY
- IERSO| M= O0f 2 2YLE HS
. O|X]": M(float) 2 = S HEE sHA

IERS: International Earth Rotation and Reference System Service

Wiibbena, G. et al. (2005) PPP-RTK: Precise Point Positioning Using State-Space Representation in RTK Networks, ION GNSS 2005 50
|1} (2016) Precise Point Positioning (PPP) 7| &£31%}, 3o Het g Satel Ml e 27t Mo|Lt
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. . il = = = 5 =]
- International GPS Service (IGS) ¥ 0{2{ 7| 20| M H X| 7 7| &= FHX|E &850 LA 2™ >
Al |
2XNE E= HAULE HS
CHYsH L A U AA HE F=e WS & IGS final #l =0fl &t RMS AL
Table 3-2 GPS Precise Satellite Orbit and Clock Products ’ h :
(IGS, 2008; Chen, 2004) - Final Orbits (AC solutions compared to IGS Final)
(smpothed)
. Sample
Orbit/clock Accuracy Latency Updates Tbrval " ‘
orbit ~160cm B = |
Broadcast Slock ~70ns real time - daily e |
Ultra-Rapid orbit ~10cm " four times . £ ﬁ
(predicted half) | clock ~5ns realime daily 13min 31,, A
Ultra-Rapid orbit <5cm S—— four times 15 mit ]
(observed half) | clock ~0.2ns daily oo ""ALM,
5 orbit <Scm . 15 min ‘ |
IGS Rapid Clock 0iTis 17 hours daily S min ol | [N J\:"\f\‘;w e h | N -
IGS Final | orbit | <Sem | ~13 days weekly & J } I
clock <0.1ns 5 min o 10
JPL Near Real- | orbit ~2cm S = . oo sa o dems vee ds imo ie iwe s e e
Time (NRT) | clock ~0.7ns 2 I T, mm lz:ggl.;re l:hWeighled ml;.il 1}2/155 :rmle I(is Ra&ild (lcl?clgudeé and AfC Fg.;g mgu solutions dmmﬁ 1994-
T - - = with respect to the inal orbit products. ~ Center for Orbit Determination in Europe,
JELReal:Time; | ‘Grbi 18¢im ~4 sec 1 sec 28 sec i EMR - Natwral Resources Canada; ESA - European Space Agency; GFZ -
(IGDG) clock ~1ns 1 sec GeoForschungsZentrum Potsdam, Germany; GRG - Groupe de Recherche de Géodésie Spatiale (GRGS)/
NRCan Real- orbit ~10cm 5 2 ~20 sec Centre National d'Etudes Spatiales (CNES) ; JPL - Jet Propulsion Laboratory, U.S.A.; MIT- Massachusetts
Time(GPS-C) | clock ~1ns SHBEe fee 2 sec Institute of Technology, U.S.A.; NGS ~ National Geodetic Survey, NOAA, U.S.A.; SIO - Scripps Institute
of Oceanography, U.S.A.). (Courtesy of the IGS ACC, see hitp://acc.igs.org))
Jan Kouba, “A GUIDE TO USING INTERNATIONAL GNSS SERVICE (IGS) PRODUCTS”, 2009 51

ARP: Antenna Reference Point
. Q14 QUEIILE: MY SAI MBS LA SMo| Xfo|of CHE B A RGEERISRIAASS Sentes

. IGSO|| A ANTEX (Antenna Exchange Format) @419 2 K&

- X4 =47] QL
- Phase Center Offset (PCO): 2HH|L} 7| EF(ARP)2t 41= =A1F(APC) AFO| 2] A0
- Phase Center Variation (PCV): 2E|Lt2| azimuth, elevation Of [}E #H3}
- IGSO|M MSEl= ANTEX It 0| &

Antenna
Physical Center

) Antu.m phase center offsets g

,»—/3:(( ds Sun) in satellite fixed reference frame (meters) g ;
X Y z i

ik omasis ey Block ITA: 0279 0000 1.023 § i

@ Center of phase BlockIR :  0.000 0000 0.000 ?‘_,‘:
: -

Fig. 1  Main points of a model GPS antenna.

Jan Kouba and Pierre Héroux. (2001) Precise point positioning using igs orbit and clock products. GPS solutions, 5(2):12-28. 52
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e

a5t I

- Phase Wind-up

- Circularly polarized wave2| HXt7| & £-40] 2|s|

+ GPS signal : Right Hand Circularly Polarized (RHCP)

HEAH
=]

. &/ AT OtH|LEO| A Y orientationOfl 2| phase B3}

. Phase Wind-up &1}

RHCP wave as defined from the point of view of the source
(https://en.wikipedia.org/wiki/Circular_polarization)

-

. X|A&4g Z1t (R, Muellerschoen, JPL/Caltech)

—~TX

5m

sync

= 1=y

Phase Measurement
FLE
S| x
100
g2
§ 80— n—]
S L2 [ ES
§'°° 36 H-360% 3T
£ w0 . b
s 36T 5| 60 31
a 20— ———T —]
0 L bl A Iﬂu
360 3|
20
1,000 1,300 1,600
Time (seconds)

53

Phase wind-up correction: Ad = 2N7 + 6¢

a'  satelite

Receiver

=

: satellite to receiver unit-vector

: AH2 X+9| Effective Dipole Vector

": 2|41 9| Effective Dipole Vector

- AF& X} ZHE A : ex) ENU

- 2| Body ZHE|: phase center correctiondf| A & 2|

(=]

54
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PPP flow chart

Code-phase : i
ionosphere- >
measurements ositio
free
Carrier-phase : it o
ionosphere- Resid
(EEENENENS
free opo
de
Correction arrier-p
products biquity b
Output Position is affected by
|:| GNSS Receiver/Antenna - Measurement quality and availability
. Service Provider of Correction Products - Quality and delivery
I:l Rover PPP Algorithm - Within GNSS Receiver (real time) or Post-Processed
[Novatel] -

55

PPP-RTK

. 7|&3 networkE &2 9 22X

- 7|E PPPOIM ALEE|= 578X O)X|

B3t 88 %Ilﬁfxl %ﬂ% oA =5
=]

Observation = lump sum of all effects,
per station, satellite, frequency, signal !

satellite signal bias
satellite clock error

satellite orbit error

ionosphere

troposphere

revr clock error

signal bias

satellite signal biases — per frequency/signal

s

pérsatellite

satellite clock error

satellite orbit error
per SV ionosphere

lonospnere

1I'ODO§R ere

common and individual
error components for different signals, il
Cvr signal bias

satellites and ground positions

Network RTK E™H ™M H

OSR: Observation Space Representation
Schmitz, M., (2012) RTCM State Space Representation Messages, Status and Plans, PPP-RTK & Standards Symposium, Germany

PPP-RTK EHH R
SSR: State Space Representation

56
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- no integer nature
of ambiguity, hence
dm accuracy

PPP-RTK

PPP - state Space RTK Network
- state space “ !ocal/ regional | - observation space
- global - Integer nature | - Jocal/regional

- cm accuracy

- integer nature of
ambiguity, hence,
cm accuracy

Wiibbena, G. et al. (2005) PPP-RTK: Precise Point Positioning Using
State-Space Representation in RTK Networks, ION GNSS 2005.

= PPPLCiH| PPP-RTK &3
TS HHE 2

= Network RTK EHH| PPP-RTK &7
= 2Kt A 42 Y Hol20f [t 2 8%
A HYYE AAHEY Tts

S0/A|E+ HH Y

S0X| ™= fixE &

[ rer
network size ‘ global

| prr-rIK
localregional/
glol

- satellite clocks
very high (max. 10 s validity for millimeter-accuracy)
- satellite orbits

primary state information

satellite orbits provided provided Jow (3 h correlation length)
satellite clocks provided provided « ionospliere
ionosphere comected provided low (10 min) to high (10 s)
troposphere estimated provided « troposphere
receiver clock estimated estimated low (2 h correlation length)
phase ambiguities & signal
L1/L2/L0 [+ | wrese
integration time | 3018005 | 10505
accuracy
static 3D [ ~sem [ 1.3m
RTK 3D [ 15.20em [ 13em
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+ Measurement equations

. UM ATNE MU XA ME, antenna 23 KL site displacement effect, CH &3 dry part XA

RS =X HEX Al
ZE(F) SEX G3H T WY VR R

<

d

_ Z)Z

Jd — ai J J R 91d 3D QUK [x/, y/, 2/]
5p1]F d’+EB+ TM;_et l Vore ; & AFB RO T 9| A7HX] Al el
=d’ - AFE X 2| X ItE
S¢ppp=d? +B+T 0 + Nepop + v, xy,7 }tﬁlata—ozv:/llzl ECEF ZHE
Nrioat =T
. . m: mapping function
CHRS 22T =m/ T, T,: RS wet part =% X| ¢

. Parameters to estimate

- ALBXE 3D AR (x,y,2), S47] AIARA (B), TR wet part 3 | & (1,), H4E A% 0K BE (Vo)
T
f=[xy z B T, Njioae Nfioac] n: O|BHHE WHTH 5K TH
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Observation equation (subscript: epoch)

ZZ] x_k + ﬁk ﬁk~N(0’ Rk)
3

H
Z_k = kak + ﬁk =S [Hl

1
_ T
xt —x yt—y zt —z 1 00 0 5= [pIIF pie = Pl bl Ofr v ¢I’p]
- 1 - 1 - 1 1 m _10 0 0
d d d Hy =\, T
: B . H - 1 2
x*—-x y2-y z* -z " 0 0 - 0 o=V Ve v Vhie Ve Véw 7 Vil
Hy=|""42 T4z T 1 m
s $ 10 0 = U;”,- I Onxn : :
i : = . 0 1 0 R =cov(v) = 2 : noise covariance
=i = _ys"—y ol & 1 mnt Hy=1|. " .o Onxn 0 In
dr d” ar 00 - 1

System equation

- State components are modeled as Random Walk: x(t) = w(t) Gos
[#g =Fxf_, +Gw] & os
k k=1 k Wk"’N(O; Qk) q’%s
= h : i jance= At q
F =lIs4n where, Qy : process noise covarianct 5 2
z
= 2
G = I(54m) i
Gunning, K. (2021) Safety critical bounds for precise positioning for aviation and autonomy, PhD Thesis, Stanford University ql%l 59

+ Linearized Kalman Filter equation

Initialize

] T T T
¥ 4 1
Time Update ' |
X = Fr—1Xp—1 , ] »
Py = Fr_1Pr_1F_1 + Qg1 |
|
Measurement Update '
=i P = =1 J
Ky = Py Hy"(Hy Py HY + Ry) »
0 10 20 30

0

w
@0

w

N

Horizontal Position [m]
N
©

n

=
0

fk=f;+Kk(Zk_kaE) . ) 40 50 60
Pk = (I — Kka)Pk_ Time [min]

Figure 2.2: Static PPP Solution Example

Gunning, K. (2021) Safety critical bounds for precise positioning for aviation and autonomy, PhD Thesis, Stanford University 60
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MSIHIT =AISIA}

With Xsens (Movella)

‘ SUNGWHA Tech
'f Intemetizne Meraark Systzm

www.sungwhatech.com

Sensor Fusion

Gyroscope@ :;L {

o :
Accelero meter \5 W @1

s sggSensor

GNSS / RTK gy P,

Barometer ¢ ; E
-

o - -

MTi Series™: Motion Tracker — Industrial grade

SUNGWHA Tech

Intematione Metwork Systsm
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IMU VRU AHRS ' RTK-enabled | RTK-enabled
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Inertial 5 Attitude and Real Wisual

= Wertical Refe renoe = o

Measurement B Heading Inertial
Unit = Reference Naigation

System System

L Pich Qi L Piech Fitch
E—— { varesriacing S —.

et cm-level

3D Pasition 3D Pesition 3D Position
3D Welocity 3D Velocity 3D Velocity
| GNSStime | GNSS time GNSS time

Scources:

Gyroscope Rall

Accelerameter

Magnetometer

Barometer

@0 @8 0

RTK Corrections

f

3

Camera (B&\W/) & wheel odometry (caere souw Long term dead-reckoning

SUNGWHA Tech

Intemetione Merwark Systzm

VRU/AHRS Products

The rerw s andand in DM idLe

Avior ] Sirius VRU

Precision inortisl sansing for smsoddod
catize

‘ SUNGWHA Tech
' Intemations Metwork Systam
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GNSS/INS Products .

* GNSS/INS

* GNSS/INS with RTK and Vision Sensor

‘ SUNGWHA Tech
'? Intemeticne Merwark System

INS embedded / external GNSS

* GMSS/INS{Global Mavigation Satellite System/inertial navigation system}

Preliminary specs:

= 0.2°Roll &Fitch

= 87/ Gyroin-run bias stability

= RSZ3Z/RS42Z2/RS485,/USB/AJART/CAN interfaces

= Rugged IPS7 or IP&E8 housing

= Interface protocol: xbus, &SCII (NME&) or Car

= Sync options: Syncln, SyncOut, Clock sync

* Mounting orientation: Mo restriction, full 360° in all axes

= Yelocity: 0.5mis RMS

= SDK (Example code) C++, C#, python, Matlab, Mucleo,
& Public source code

= Drivers Lab¥IEWY, ROS1, ROS2, GO

‘ SUNGWHA Tech
' Intemetione Metwork System
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INS embedded / external RTK GNSS{CDGPS)

* GMSS/INS with RTK{real-time kinematic receiver}

Preliminary specs:

= 0.2"Roll & Pitch
= 8°/N Gyroin-run bias stability
= cm-lewvel position accuracy
= CAN/RSZIZ/ISE interfaces
- Rugged IFSB housing
= Inkterface protocol: xbus, ASCII (NMEL) or CTAMN
* Sync options: Synacn, SyncCut, Clock sync
= Mounting orientation: Mo restriction, full 360° in all axes
= Velocity: 0.5mfs RMS
= SDIK (Example code), C++, C#, python, Matlab, Mucleo,
& Public source code
= Drivers: LabvIEW, ROS1, ROSZ2, GO
= RTCM input port: RS232 (38k4-321k6 bitfs)
—

SUNGWHA Tech
'? Intemetione Metwork Systam

Outdoor/indoor Navigation with RTK GNSS ahd Vision Sensor

Xsens Vision Navigator

Accuracies, real-time operation, speed from Okm/h to 80km/ h:

s Position: 1 cm + 1 ppm (RTK fix)

s Position error in GHNSS ocutages: 2% of travelled distance
0.75%% ind. wheel odometry inpuk

* » QOrientation: <0.4° (Roll/Pitch and Yaw,/heading)

e Welocity: 0.1 m/s

e« QOukbpukt rate up to 200 H=

Features:

s Syncln, SyncOukt ([GHNSS 1 PPS)
e ASCII (MNMEA&) messages

= ROS driver

osition drlFt e — dlstance 2% of distance travelled, under 100% GHNSS denial
SUNGWHA Tech

Intemetione Metwork Systam

206 2025 IPNT Conference Nov 4-8 2025, Jeju, Korea



[ES-3]

Q0| = Al A EIEF







LIO| XN A HY (5F)

WISE SYSTEM Co ., Lid

Spirent PNT GNSS Constellation Simulator

Unparalleled Performance

- Up to 10 SDR cards — each of them supporting up to 64 independ
ent signals.

- Unrivalled 2000 Hz update rate (configurable).

Ospirent

- Ultra-low latency (2 ms) for HIL applications.
- High-bandwidth ethernet interface (up to 10 Gbps).

The right technology for every PNT application

- With a single chassis build with 2RF composite output and an
optional 10RF individual output mode, PNT X can meet more a
pplication requirements than has ever been possible.

- Modern approach to signal generation — assuring unrivalled flex
ibility without sacrificing performance.

- Flexible software-defined hardware architecture for infinite scala
bility.

Tel. 070-7010-044

sales@wisesystem.co

Ospirent

romise. Assured.

All-in-one Solution

b
b4
_|
1
o
)
i

o SEslix|a A=
- H2EZE 7rasislor = U LICE

- PNT O{EZ2[AH0H2e LtAE1 SR =7 =0
of et HIAE HH2| X HAalMdo| EfsE 4

=

sl=o| 8 mSHO] PNT 22N i, el
=7 =

spirent”

Promise. Assured.

T
|

s S| 75t U=, PNT
X= {tasE eIEHo|AE ZH:= All-in-one

PNT ME2|0]4 A2 et

- PNT X= ZHIE ofE27o1d0 HEge Zl&gs

=
LRSS Chekst 7l AmE Z|Ute = Sl

r

-

- NAVWAR ZHZE0IA CRPA Al=HIZ HIX=ESHE
EAl BEoA LEO X3 TXIE HI=ESt= PNT
X= 7t SHE7 =2 7HE Be =8 st

e
ol ERM==2 MlsEL L

Tel. 070-7010-0440 ,

sopnis @
@' WISE SYSTEM Co.. Ltd
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2025 SfHA|ARSHE| YI|statiE

Ospirent

Promise. /

Spirent CRPA Test Solution
&8 Anechoic Chamber

Constellation of
GPSantennas | _
v vv
PO ey,
«
- -~
O Interference _

Multi o/p
GNSS Simulator

‘., A
7 4
-

-

P

-

«

«

GSS9790

CRPAgain . &
~ pattern °
Coaxial RF
. Positioner
PC
Positioner Control = =

Cables
Intertial Aiding (optional)

http://wisesystem.co.kr

A

A

Spirent A‘
A
»
IS
»>
>
»>
>

Jammer
Source

Jammer
Source
email. sales@wisesystem.co.kr

Tel. 070-7010-0440

sroImamE)

& WISE SYSTEM Co,, Ltd

Ospirent

romise. £

Spirent New GNSS Simulator
Introducing PNT Xe

Ospirent

= .

0 Production line and end-of-line testing

@ The same Spirent trusted simulation technology

http://wisesystem.co.kr

email. sales@wisesystem.co.kr

@ A lower price point, the same trusted results

Tel. 070-7010-0440

ooIEmAR T

MY WISE SYSTEM Co., Ltd
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GNss ¢t 224 MATTERWAVES (5 NT@

Antenna Technology

e N
CALIAN. rFlarxon

Confidence. Engineered. a BODStar company

—— D O o P D

- Y =2 U Timing PHEILE - ar— 3 Q
- UAV 2! X288 HH|L}

- Military grade QtEILE
(CRPA, Ruggedized, Corrosion Resistant)

cromnismen : o :
@WISE SYSTEM Co., Lid . email. sales@wisesystem.co.kr , http://wisesystem.co.kr

z
85 SBG svysTEMS

INERTIALIGNSS % /\l it % ——— Inertial Navigation
SBG Systems_ MEMS 2|8t B4 ZHX]| &2 MOo| MA = QI

Aq
Of MIMLE ROl AHEF H|Of, OFEILE 2, Zui2t 2HESE 2 =
ofl ol &= elLct.

1= XM ZE=YAM =, =2 AHE2 IMU, AHRS, INS & L|C}
g O B2l MI W AL, Rut Ol Gip mem =

— Quanta Series

Best-in-Class Inertial Navigation Systems

&

Quanta Micro Quanta Plus

— Ekinox Micro ?ﬁﬁmmﬁnéﬁﬁ;ﬁf&%ﬁﬁf EKINOX GRADE APOGEE GRADE HORIZON GRADE

Economic Highly Versatile FOG Technology
Ideal for Shallow Water Ideal for Challenging Shallow Large vessels with low Dynamics
Applications to Deep Water Applications and Harsh Conditions

http://wisesystem.co.kr

@ WISE SYSTEM :3 a Tel. 070-7010-0440 , email. sales@wisesystem.co.kr
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Anti-Spoofing7|= ¢!, Galileo OSNMA X| & GNSS ==4!7]

Receiver module

Septentrio GNSS ==417| Z&2 %4l GNSS 7|&&2
AH|Z2 O "HE$ X & M-S Ch 37|7F =X|
sl Hse b KX B L

S = =

Receiver OEM Board

Septentrio2] OEM =417|= =t1 7IH2 SE|Z, CIFsH 2of0f| "Hetsta

EI°’ == A= /AXIE MISLICh EF 7I7=II 7<1I0101I O| &= 2l Roll, Pitch, Yaw
x1|:'—s+—|, 59 otE||L} S INERTIAL/GNSS 7|52 X|@shi|Ct

GNSS Receiver
Housing =41 7|&= W82} 27 ADSIE & SA I JASLICE 232
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S0l MEo| LrEol O 27| 7K| Jha MCHRE SHEolM Basti Aew
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== Q= Positioning, GNSS &7 A Attitude & M=% L|CH

Tel. 070-7010-0440 , email. sales@wisesystem.co.kr , http://wisesystem.co.kr

GNSS APOH{EoF EE1= ’f}GpspATnnN

Jamming 2! Spoofing #l= EFX|/BL|IE 2! A|AH
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<

@WISE SYSTEME a Tel. 070-7010-0440 , email. sales@wisesystem.co.kr , http://wisesystem.co.kr
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Yod HEXAGON | i % INSUNG

International co., Ltd.

Authorized Hexagon | NovAtel Dealer
QUEAE LA LS www.insungsys.kr

. U ~ NS X i
Z7|= 82AA| Z|ST 7|52 58, BS 308 ~ 309% (&S, Z|SIcT#a]) / (02) 579-5021 / insung@insungsys.kr|

International co., Ltd.

;ﬁﬂ; INSUNG

INSUNG R&D Products

ISRO Series

ISRO-P2 ISRO-75 ISRO-77

=l

A PIM222A A OEM7600 A OEM7700

SIZE: 64 X 104 X 24(h)(mm) SIZE: 83 X 104 X 29(h)(mm) SIZE: 124 X 84 X 45(h)(mm)
UART(RS232/TTL),USB X| =& UART,USB,ETHERNET K| 2 UART,USB,ETHERNET K| &
GNSS + IMU &=FM JZ HORIZONTAL POSITION HORIZONTAL POSITION
HORIZONTAL POSITION ACCURACY (RMS) ACCURACY(RMS)
ACCURACY(RMS) SINGLE POINT : 1.2M SINGLE POINT : 1.2M
SINGLE POINT : 1.2M RTK : TCM + 1PPM RTK : 1TCM + 1PPM
RTK : 0.1M 2 i 2 Ee o RoDAR X/ 7Hs

RTK{CEPS50)A2 : TCM + TPPM
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NowvAtel International co., Ltd.

GNSS & GPS Receiver Boards

Setting the industry standard in product quality and customer support, our OEM GNSS receiver cards
are easy to integrate and available in multiple hardware and software configurations.

Compact multi-frequency GNSS receiver delivers robust
1 OEM7500 positioning plus Terrastar, SPAN and GRIT functlionality in a
solder-down module.

Compact multi-frequency GNSS receiver delivers roloust

2 GEM7600 positioning plus L-band functiondality in our smallest form factor.

Multi-frequency GNSS receiver delivers robust positioning,
3 OEM7700 simplifies integration and offers maximum connectivity in a
small package.

Dual-antenna input, multi-frequency GNSS receiver offers
4 OEM7720 precise positioning plus SPAN functionality for space
constrained applications.

Multi-frequency GNSS receiver delivers precise positioning
5 OEM719 while retaining backwards compatikility with NovAtel's
popular OEM&15™ and OEMS&1 7™ form factors.

@ Multi-frequency GNSS receiver delivers precise positioning
. 6 OEM729 while retaining backwards compatibility with NovAtel's
B OEMSE28™ form factor.
e

PIM222A provides precise GNSS positioning with automotive-
qualified hardware, designed to enable autonomy at scale.
The lightweight, power-efficient, solder-down module
leverages SPAN technology for on- and off-road applications.

o PIM222A

¥..4 HEXAGON ‘ o %’ INSUNG

NowvAtel International co., Ltd.

Enclosures

NovAtel's OEM GNSS enclosures house our GNSS receiver boards. Available in a range of form
factors, these compact, environmentally protective enclosures provide a variety of connectivity
and configuration capabilities.

MarinePak? Marine GNSS Receiver
The MarinePak? is a multi-constellation GNSS receiver opltimized to
deliver precise positioning for the marine environment.

PwrPak7D™
This compact dual antenna enclosure delivers scalable positioning
performance with internal storage.

PwrPak7®
This compact enclosure has internal storage and INS options combined
with onboard NTRIP v1.0 and v2.0 client and server support.
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NowvAtel International co,, Ltd.

GNSS Inertial Navigation Systems

Combined Systems
SPAN® GNSS+INS Combined Systems

PwrPak7-E1
The PwrPak7-E1 is a compact OEM7™ enclosure that delivers
NovAtel's leading SPAN® GNSS+INS technology.

PwrPak7D-E1™
A compact dual antenna enclosure that delivers
NovAtel's leading SPAN® GNSS+INS technology.

PwrPak7-E2
The PwrPak7-E2 is an advanced OEM receiver that provides an all-
constellation, mulfi-frequency positioning solution.

PwrPak7D-E2

The PwrPak7D-E2 is an advanced OEM7® dual antenna SPAN®
GNSS+INS enclosure that provides improved performance and higher
data rate.

Dual-antenna CPT7 enclosure with GNSS+INS technology

The CPT7 is an ultra-compact, light-weight, dual-antenna enclosure
with SPAN technology that delivers 3D position,

heading, velocity and attitude.

Single-antenna CPT7700 enclosure with GNSS+INS technology
The CPT7700 is an ultra-compact, light-weight, single-antenna

enclosure with SPAN GNSS+INS technology
delivering 3D positioning, velocity and atftitude.

¥..4 HEXAGON ‘ o %’ INSUNG

NowvAtel International co., Ltd.

GPS & GNSS Antennas

GNSS VEXXIS® Series Antennas
High Precision GPS & GNSS Antennas
Compact & Small GNSS Antennas

VEXXIS® GNSS-800 Series Antennas
The VEXXIS GNSS-800 series offers cutting edge technology with
superior tracking performance.

. VEXXIS® GNSS-500 Series Antennas
c The VEXXIS GNSS-500 series antennas include a dual and multi-
frequency antenna that receives GPS, GLONASS, GALILEO
and BeiDou signals with L-Band support.

s _XT- -
TS 3GNSSA-XT-1

-
Multi-constellation, multi-frequency active antenna. \ i y

42GNSSA-XT-1
Multi-constellation, multi-frequency active antenna (
(

in an ARINC 743 form factor.

High Precision GPS & GNSS Antennas
Performance of a choke ring antenna without the size and weight.
Features high phase center stability and low phase center offset.
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International co., Ltd.

Anti-jam Antenna Systems (GAJT)

GRIT - GNSS Resilience and Integrity Technology

GAIJT-710ML anti-jam antenna

CAJT-710ML provides enhanced GNSS tracking, anti-jam
performance and direction-finding capabilities

for situational awareness.

GAIJT-AE-N Anti-jam antenna electronics
GPS Anti-dam Technology (GAJTI®) Antenna electronics
for smaller platforms.

GAIJT-410ML anti-jam antenna

Low size, weight and power (SWaP) GPS Anti-dJam Technology
(GAJTI®) for space-constrained military land applications, networks
and fiming infrastructure.

GAJT-310 anti-jam antenna .
Low size, weight and power (SWaP) GPS Anti-Jam Technology
(GAJT®) for land and air vehicles, marine vessels, dismounted,

positioning networks and timing infrastructure.

Anti-jam GRIT Firmware Systems (RoDAR)
* Available through a firmware upgrade
on any dual-antenna OEM7 receiver card
* Available for commercial applications
* 1t is not subject to ITAR or Canada Controlled Goods regulation.

<] Configuration RoDAR — PwrPak7D With 2 Antennas

ANY WAVES £75 INSUNG

International co,, Ltd.

Space Antenna Makers

TT&C Antennas

Anywaves S-Band TT&C
antennas are used in the
subsystem that provides the
telemetry, tracking &

Q.' command links between the
: satellite and the ground
pact S-Band S-Band Test Cap for S-Band station.
& C Antenna TT&C Antenna TT&C Antennas

Data Downlink Antennas
Anywaves X-Band antennas
are designed for data
downlink and payload
telemetry in space missions.

™ a
X-Band Dual-
Circulary-Polarized
Antenna

X-Band Payload Test Cq for X-Band
Telemetry Antenna Antennas

S |

o lin.
H . [
S Navigation Antennas

Il \ Anywaves GNSS antennas
‘S& 5( 1 are essential for accurate

> o e - positioning and timing in
’ Ceramic 3D Printed SPACe missions.
GNSS All-Bands Test Cap for GNSS GNSS L1/E1 Bands
Antenna All-Bands Antennas Antenna
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Microchip Corporate Headquarters
MICROCHIP Paison o

One Enterprise, Aliso Viejo, CA 92656 USA

Frequency and Time Systems www. Microchip.com

GOVERNMENT

Microchip Focused Markets and Applications

Communicati Defense & Aerospace Industrial
ons Security 16% of Revenue 21% of Revenue

37% of Revenue 26% of Revenue

= ( Honeywell d Rolls-Royce’ @

- iy yce

ZTE o 2.2 o £
AL HUAWEI ETLTEINLS

.CIS.COl Raytheon @ LOCKHEED MARTIN

w //’—@‘A’RBUS @-N\eﬂtmnic

- X|E|O|AEREM=H
o i 08517 MEZA| =8 CIX|Z 2102 78, 610=(ZHAbE, ZHAEIZEERR])
4 solutions

=} (02)6230-6100 / A (02)6230-6103/ Email: sales@gtssolutions.co.kr

Microchip Corporate Headquarters
A3\ MicrRoCHIP P :

One Enterprise, Aliso Viejo, CA 92656 USA

Frequency and Time Systems www. Microchip.com

Microchip World Leader in “Time”

Leading supplier of timing infrastructure
e 93% of UTC world time “contributions”
e 80%+ worldwide market share in sync for commercial communications
* The preferred next generation timing provider to major NEMs
* Over 350+ IEEE 1588 networks deployed worldwide

* 10’s of thousands of NTP Network Time Servers sold

Microchip generates, distributes, and applies precise time

- HEE R e
£» GTS solutions 208517 M2Al 3HT CIX|Z 2102 78, 61025 (7FAHS, FHAE|2HERR))

Tzt (02)6230-6100 / TA: (02)6230-6103/ Email: sales@gtssolutions.co.kr
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Microchip Corporate Headquarters
MICHOCHIP One Enterprise, Aliso Viejo, CA 92656 USA
Frequency and Time Systems www. Microchip.com

SyncServer S600 / S650

BlueSky'™ GNSS Firewall

UTC Time Server with Atomic clock backup oscillator

Satellite based UTC timing TimeProvider 4100

traceability

Trusted

Time

T‘ Infrastructure Time Auditing

Time Measurement

Atomic Clocks

Resiliency

Autonomous Frequency Standards

‘\I

Timestamping clients E

53100A Phase Noise Analyzer

of world time keeping by clock weight is driven by Microchip clocks
of clocks deployed are from Microchip
of the Cesium clocks used for timekeeping are

X E[O| =& F 8 =@

@- GTS solutions 208517 M2A| 28T CIX|H210Z 78, 6105 (7HAHS, THAH|EHEFS)

=} (02)6230-6100 / A (02)6230-6103/ Email: sales@gtssolutions.co.kr

Microchip Corporate Headquarters
@ MICRDCHIP One Enterprise, Aliso Viejo, CA 92656 USA

Frequency and Time Systems www. Microchip.com
Microchip Clock and Timing Syst s
- Primary References
. Synchronization requires a precise source based either on GPS or Cesium
. TimeCesium & TimeSource Reference Clocks provide superior performance and reliability
= BlueSky GNSS Firewall
. Identification of GNSS system threats and protection from spoofing and jamming
. Seamless integration between existing GNSS antenna and GNSS system
- Enterprise Network Time Servers
. This high-performance, advanced security network time server is excellent for mid-to-large-
scale enterprise network operations.
- TimeProvider 4100 Series
- High capacity: 1,000 PTP unicast timeReceiver clocks at 128 PPS
" Reliable fanless passive thermal operation
- Chip Scale Atomic Clock & Miniature Atomic Oscillator
- -40°C to +80°C Operating Temperature - CSAC
- 120mW power consumption - CSAC
- < 5E-11 monthly aging (frequency drift per month) — MAC
- 53100A Phase Noise Analyzer
- Allan deviation (ADEV) typically less than 5E-15 at t=1s, 1E-16 at t=1000s
- Measure up to 3 devices simultaneously
o Close-to-carrier Phase noise and AM noise at offsets from 0.001 Hz
- Single or dual reference il inputs allow relation measurements with noise

floor approaching -175dBc/Hz

X E[OAEF A=

@- GTS solutions 08517 AEAl T CIXIER210Z 78, 610=(7H4HS, ZHAFHIZHERR])

Tzt (02)6230-6100 / TA: (02)6230-6103/ Email: sales@gtssolutions.co.kr
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Microchip Corporate Headquarters
MICROCHIP One Enterprise, Aliso Viejo, CA 92656 USA
Frequency and Time Systems www. Microchip.com

Microchip Primary References

Cesium L
» Long term stability and
accuracy
vy
N

Active Maser

= The ultimate in short term
stability (t </= 1day)

Rubidium

= lIdeal for less demanding long
term stability requirements

Disciplined Quartz

= Enhanced phase noise and
hitless switching

MHM2020 8040C

- X|E|O|AEREM=H
i 08517 MZ2A| =T CIXIZ 2102 78, 610=(ZtAbE, ZHAEIZEERR)
4 solutions

=} (02)6230-6100 / A (02)6230-6103/ Email: sales@gtssolutions.co.kr

Microchip Corporate Headquarters
@ MICRDCHIP One Enterprise, Aliso Viejo, CA 92656 USA
Frequency and Time Systems www. Microchip.com

Microchip Quantum-World’s Smallest Atomic Clocks

Miniature Atomic Clock (MAC) SA.5X
. Versus the Competitors:
« <1/5 the Size
« <1/3 the Power
« 2-3x Performance Improvement
. Production ramp NOW v
Chip Scale Atomic Clock (CSAC) SA45/SA65 : Do
. Designed for Ultra low Power Precision
. Less Than 200mWV operation
. Setting New Standards for:
Size, Weight, and Power (SWaP)
. CSAC Status:
— Early production for undersea exploratio
— Engineering prototyping other apps

Calculated Time Error
12606

ocxo
10806

(3 0.3ppb/mo)

0e07

Seconds

aoe07

20807

~ X E[O|AEEM=E
& . 208517 ME2Al =TT CIXIE210Z 78, 610=(ZH4HS, ZHAHHIZEERR)
< solutions

Tzt (02)6230-6100 / TA: (02)6230-6103/ Email: sales@gtssolutions.co.kr
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MICROCHIP

Frequency and Time Systems

Microchip Corporate Headquarters
One Enterprise, Aliso Viejo, CA 92656 USA
www. Microchip.com

Microchip Precise Time Scale System (PTSS)

+« Integrated rack or individual products to customize time scale solution

SyncSystem 4380A Time Scale Edition
generates an autonomous time scale derived
from combining several highly accurate
independent clocks

Time Scale Orchestrator software providing a
unified view for management, monitoring,
alarming, and reporting functions that form

the time scale system

5071B Cesium Primary Frequency Standard
and MHM 2020 Active Hydrogen Maser
Microchip’s atomic clocks which provide
accurate and stable frequencies to generate
the ensemble time scale frequency

&y GTS solutions

A
X|IE|2ERHNE=®
208517 AMZA| 28T CIXI|Z 21024 78, 610=(7tiHE, ZHAHHEIZHERR])

=} (02)6230-6100 / A (02)6230-6103/ Email: sales@gtssolutions.co.kr

@ MICROCHIP

Frequency and Time Systems

Microchip Corporate Headquarters
One Enterprise, Aliso Viejo, CA 92656 USA

www. Microchip.com

Time Measu

N
@
SYnrony

GNss

Constellator/GNSS simulator

|
1
'
1
1
i
|

y

nt Portfolio

\ MICROCHIP —

enocHIP Calnex

Timing Receiyer Under Test

Timing Monitor
Paragon-X

2 e
B &es y

i

T uee

e

SimGen/SimCHAN 3
-
Calnex Analysis sl o
Tool
<#100ns???

&y GTS solutions

===
XE[QAEREN=E
£08517 MEA 28T CIXI2210Z 78, 610=(ZHiHE, ZHAHHIZHERR])

Tzt (02)6230-6100 / TA: (02)6230-6103/ Email: sales@gtssolutions.co.kr
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Trading Something Better!
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Tel : 031-8084-3000
Fax : 031-8084-3003

Homepage: https://hanmin-intl.com
E-mail : contact@hanmin-intl.com
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H|=A} : Shock Tech Inc. (O]32)

1989 MEEl Shock Tech2 301 0|4 F0F
Shock TechQ| X|L|o{& M2Jt2 M= Elo|

WS 22 CIxtIS JHESH= ZHedoll T &

EILHA'E - X|F 201 : Oto|£|0[E] (230t2E, Wxl7)

'\Hanmlninrernarional
'y

> Design/Development

+ 3DCAD
* Rapid Prototyping

N

> Analysis

* Single Degree of Freedom Analysis

* Six-Degrees of Freedom Vibration and Shock Analysis

STIS
6D<F

SOLIDWORKS
SIMULATION

=

&

SHOCK TECH
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> Engineering Test Plans/Reports

» Expertise +  MIL-STD-167
* MIL-DTL-901E sz X8 93t ASS HiX|(barge) HIAE X3t
* MIL-STD-810 ITA RFUSUY W SY AR
+ RTCADO 160 A S m o ALY
> Application - A 3Er) . OEAAH
© 2837 o 28 XM
o o T U A ¢ g3eF
o DA SERHARA| + IMU AN
Shojo Lo m A A = \/\\
SHIQIE|LHM'E - HIF 20N : OfO| £|O|E] (a30tRE, Y1)

. +
-\l'lanmlninrernarional

Acceptance Test Procedures

Qualification Test Procedures

ACCEANCE TEST FROCEDURE
Acceptance Test Reports
Qualification Test Reports

Shock & Vibration Analysis Reports




7|1HEE — SRIRIELIANE®

=3 A8 (Dynamic)

HMA LA (stat|cl

314 A|S1

» Testing Capabilities

1. In-house Testing

A|CH 3151 11,340kg
CS2|TE 315 A|CH 680kg

Ex-i/x-ix-i o|a1 x7-|0||k|o| ]
a3t 2% A[F0| I3t Y6
ﬁ.i’é Hof M 2 e

HRURIEILIA -4 A4 Otol22A0lE (w22 95D Hanmin neiont

2. Outside Testing

= A
* Lightweight Hammer

*  Sine . :
*  Random * I\D/Isegll\t:m weight Hammer
*  Shock

* Heavyweight Barge
*  Pyroshock

XIS A
¢ MIL-STD-167
¢ MIL-STD-810

B2 Al
+  Temperature/Humidity
* Sand and Dust

* Electromagnetic Field

* DripTesting

///\\////‘\“

*  Fluid Susceptibility
* Flammability
« RTCADO-160

/\/\ "
Hanmlnlnrernahnnal

o
shal

QUEILHAM'E - H|F 201 : ofo|&I0[E] (23
» Product Lineup
Shock Tech O] AEICIE O E HERXL st

Shock Tech 2| OF2E HE2 EHY SEE(elastomer)S ZEtd CrUot x{E 2 Ot
124 @z AHof| 2k3=0{ H|Zt0| JHsEL|Ct.

93, 32 5 Crrst Zofo| MBEL|Ct
HEO{ x|,

Low Profile &

All-Metal Mounts
Avionics Mounts

Fluidic Mounts

High Deflection Mounts Bushing Type Mounts
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H|ZA} : Battlefield International Inc. (PHLIEH

19974 M El Battlefield= UAVERL X|AHIMXIREE 2] HER{Q| 7|22 MESH= J|FYL|Ct
#xl Battlefield2| EnduroLink™ = M|AH| & 2 HE2{0|H, 2AH0|AM SEHNX| 2E U
100A|2H O]4Fe] 2=l H[3HS E3f| Battlefield?] & HZa= 2

> HiEZEQ| ok Battlefields 248 B3
= (o]
= T

0| 12Mafo| 11|
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» Product Lineup

Battlefeldi Clafdt 2 s1g2, Wi, WE) S8 g 10f 2 AELICE
D24o| @ Afsio| nfat R, AO|X, AIE A gM S 25 Cixtelo| Jtssi,
+ UL YBMASE Ol YBBANABLIC

Quick Disconnect Pilot Relief Valve FW Filter Series
EL/DL Series

230 2025 IPNT Conference Nov 4-8 2025, Jeju, Korea









NN GILto oI
L abs Navigation Technologies for

umans

< T A} H @ALEE QI A (Navin Labs Co., Ltd.) / https://navin-labs.com

< CHIEO|AL THEE (sycho@navin-labs.com)
< MAIloux} 20233 6& 12Y

< AlH =0 HE X} SHHA|AH], BEMEQ|AAH (LTE/SG, WIiFi 3! UWB)

A/ A S 2I/X /MG E SSrSHAI A" S 2 E

=
IXIZ|MEA H| 2, 21X 7| B2 SEA 2"
- FARTH @LEEQIMAL AMRIE 2T YIS S APSE

=
ZIHe B A/ fAES7] S2 2l
I HE/dSsIRA2m, A= at7}
ZFo M 2E8Xe| AHE Tt fIXPBRE F=H

— T
St Zl= ® fEF0|= B E Ao SHHEEL}
IR 7|2 M H| A E H S =L Cf.

MNW Labs Integrated Navigation

INS/GNSS/RA Integration for Reusable Launch VYehicles

== INS / Space-based GNSS Receiver
«* Radio Altimeter Signal Processing
<+ INS f GNSS f RA Integration

LN

GMSS Recsiver-based Altitude
Drone Test

INS s RA-based Altitude
-~

Radia
Altimetar

Inertial Navigstion

Algorithm

Y
Y

https://navin-labs.com Navigation Technologies for Humans o
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M'\,Labs Integrated Navigation

INS/GNSS/MC Integration & AH for Drones

< Vibration Attenuation

o Ace

40t Gy . Ace
_ - Rew
2 = STrTIARTS
E 2
ey -

1
1 z0 30 40 50

o
‘r/]

L B Bl
Fv
F

. ldeyis
Llo
2

500 020 EI) 13 Z0 31 40 S0
Time ey Tire (szc) Frequency [z
‘ GNSS I
Receiver
—[ [ «» State Error Covariance
FFT-based P o - e e a =
77 Filtering A9
H .
- - o
My —J inartie) Navigation Integration Kalman Filter
| Algorithm
o Error
Compensation

Magnetic
Compass &
Barometer

[ Attitude Heading Al - : :
e

LABS

Navigation Technologies for Humans

M'\,Labs Integrated Navigation

3 Adaptive Navigation System based on Multi-Model Filtering

<> MEMS-IMU/GPS Integrated
: Navigation System for AIS and UAVs
Mu T TN N—
Model 1 H Mode! 2
INS . INS H
- MI::Ina sini§ e ’ <
A £ 5, P S
EXF i EKF 35505 S —
]

s
A g & N
{ Mode Probabliity Undate H i §

EM-Log %

%+ Rotational INS-based Long-term Accurate Inertial Navigation System

Time Roct Mean Square Eror

simbal

Oute

Inner Gimbal

IMU platform
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M'\,Labs Integrated Navigation

Navigation ot
Inertial i Global Path
igati Planning

== 1 I nnnnn
State Precise
Awareness s
GPS 1
intagretion
Aiding Data
Extraction
= |
il SDK-based
I LiDAR I'—°{ signal Processing }— Makpingj
b =

Integration Aiding Data
Filter Extraction
Reliability
Information

Error
Correction

NA\/A LABS Navigation Technologies for Humans 0

Wireless Localization
N Labs

:
3

© o 31 O
=B g2 8
— —=- 0
= o =B
- S 5 E
[+5) =. g =2
- =" g
2 @Q o
=
o
=
WiFi RSSI DB o Emergency Rescue Positioning UWB Module

https://navin-labs.com Navigation Technologies for Humans 0
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NN [ abs Wireless Localization

< DNN-based Human Activity Recognition < PDR/LTE Integration
= = Data Segmentation ) Av.AE PDR 0
| Noise Reduction H & Generation | Inertial Sensors { T - DNIN-based HAR
. T o * PDR by Gait Type

S SV, Syr,

Feature Extraction s .
& Normaliaation H Activity Recognition

Kalman Filter

< PDR Algorithm
by Gait Type

LPF & Zero-Phase
Filtering
Stride Length, = a- fy + B - ve +¥
- | | Activity-based
| Reak Detection Stride Calculation
I
{

| Position Update |-—| Heading Calculation I-—

LABS

Navigation Technologies for Humans 0

WLabs Pedestrian Navigation
PiNS

Approval

No
Infrastructure
Commercial
Network
~

Monitoring Server . Arng B

Patented
Technology

STOP

—
v
— SOS AlE B
BLE

[ = e—— Fast Setup
Sensor Module for = and Real-
Pedestrian |nertial w0 < time Display

Navigation

Smartphone App

https://navin-la

Navigation Technologies for Humans m
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Microinfinity reserves all rights in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to third parties 1

- XFO|2, ZFE=7, IMU
- AWM O A Al 2B477ER]

« GPS L1/L2/L5, Galileo E1/E5, GLONASS G1/G2, BDS B1/B2
- R SO|A Al TR

- 584 ZH A, STAP/SFAP 7| EHo| Hlj & otH| Lt
=== A S = Ao R e

* GNSS/INS, AJ-GNSS/INS, GNSS/INS/VMS/Lidar/Radar

Lt
=
o
s
1
H
N
i
J

©f, Direct Sequence, Hybrid

Microinfinity reserves all rights in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to third parties 2
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6 inch FAB full line

SOIl, SOG wafer

Bonder, Furnace

Photograph .
etching Stepper, Track, Aligner
Si etching P5000, DRIE
. . Dispenser, Flip Chip Bonder,
Die Pack. . : ’
1& Fackaging Wire Bonder
WLP Wafer Aligner, Wafer Bonder
Cerarmic Vacuum Seam Welder
packaging
Electrode
5 Evaporator
formation
Microinfinity reserves all rights in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to third parties. 6
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1-axis Rate Table

= @

Mechanical
Linear Vibrator Vibration

Nosie Spectrum Analysis Management System
Measurement for Manufacture
ormig|=
at
Angular Vibrator Temperature, Thermal Gpiss Test = =
Shack, RF, Acoustic Simulaten

Noise Chamber

Identify error factors

Bias, scale factor errors

« Errors with temperature
+ Misalignment errors

Test Van with

Reference General Instruments
Navigation System

Identify environmental factors ey
= ESS
+ G-Sensitivity, Acoustic noise

Environments (Temperature, Vibration, Etc)

Perforinance Ev l‘a{in

Microinfinity reserves all rights in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to third parties

AlAdH]| - PBA A|Z=4AdH]|

o= e i
PFET

b

23 RIMZC @ SSZHOl XetSt PBA ZY/HAL AH| U Q1S BRD YLLICH

TR EETEE TR RS TR

= Manual Soldering = Coating

= Assembly

= ESS Chamber

-l
Screen Printer Solder Inspection Chip Mounter Reflow PCB Wash/Rinse PCB Zero lon Test 3D X-Ray

Selective Solder

Microinfinity reserves all rights in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to third parties
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0|2 =20 2#ANS &£ AS 9100D 215 2| SISIA| A (M| E:AI2Z), KAI (RH|BE:T04094)
3{41IE{ A42+ (D38999 Series IV, M83513, M24308 5) EM (PHIT:2304267) S2 A

QPL Q15YH| / TOPS0 B2 HHI= M Lol ZHEMZRM0| E2t

100% F=5‘d HI=A COC HIZ

1972'A BE| A7 3ch U2l r A Sofl 2122, AlolExxY, 20| S2 3=

ST - 5 - YLIMY Hool 501 HALE 0lof7kn YU

FAHE 017 580 2AE £ o0, 1972 HESHo]
MIABCHAYRIAAA|Q! £3| =01, HQ, BAEAIAR ot ofL|2t
Raytheon, GE Aviation S0 22|, 7{0|2Xx}, Z20] S

&Moo= ZFJD UASLIEL

XX

MIL-DTL-38999 SERIES IV
G&H BREECH-LOK & POWER BREECH CONNECTORS

S8 exn o¥ile

MIL SPEC : D38999 SERIES IV MIL SPEC : M24308
MAKER : EATON / G&H MAKER : TE
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- 27 . urelAte] HOo)A 501 HAHE 0[0{7kn Qe

FXE S HEEU N=EA

Precision machining for superior
tolerance over other assembly
methods

- Prin rouit - B 1L-DTL
- Rectangular Rack & Panel MIL-DTL-28748

MIL SPEC : M55302 MIL SPEC : M83513

M28748 MAKER : ULTIMATE
MAKER : WINCHESTER / CCC

QPL 215 3! 100% & MZAL COC MiE

STOCK TO BUILD (2HH|Z Xi1) 2[gte| MIL HEE] 3 o[ &1

QLT FEEE AH|A

AIHIE B AP Qbak 2 M CHS X2

o To v

- L2LtY 20follA 5013 HALE 0[0f7t U=

LF - el
HAEE ZFAM R Z U

o
QPL 2/ 2 JH RIS :
a=m Wing-Lok™ Plugs €84
reech-Lo #
N

O© N2 28, A48 IUS 2 MHHUIME £412 Zal/aat

« 90° = 3|t wWhE TAY/ A
o ALHZHOZ bENIA 2ol

e E2 VS A BHA XY

« 360° EMI/EMP |

« AFBRZ -65°C 0f|lA 200°C

« 500 AlZt A2 X

=
T

© Harsh-environment design features Standard wing (W6 shell)

Low-profile (WL6 shell)
(IP68 / 6ft - 48AI2t £8)

. 1 Filtered Dust Cover
. raight plugs ox-mount
EMIRing receptacles HYE 24 © EMI 2D EgE 2
© C. L, T and Pi-type filters ZgJts © 1P68 SE2| ¥4SS0 Bt A2
© XI21/010124 Efelo) Zme U=
FELE R

— Encapsulation

Ground springs ——
Metal Contact

retainer clips Feed-thru In-line
receptacles receptacles Ferrite
beads
High-strength
coupling ring Plarar
capacitors
Jam-nut Wall-mount
receptacles receptacles
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ot
OH

ra

RS AL M=

XHAILH =22 BHOE=E HYE]
(Dual Release Lanyard Connector)

- FE2 “é“ll System Lanyard

(Hof=

HotE H2|1x)

« 8% &2| &4 : Backshell Lanyard

(21 3t2H E2l7x)

MIL-DTL-38999 Series lll 2IME HiE HE
HZ 22| WAoR Ha| A EMI A, g
9 Shell-Shell Bz & RX|

F 2| EX YO Ba| 3 HANH THs
o 15° ZARZOlIA 22| 7ks

SZ2E: -65°C ~ 200°C

O = BaIus ASHE

O EZ BRIy SRS

[OEFRE]

@ Lanyard & @153

(@1t g2l
@ 2% Y(anyard) @ 2|4 &2l

@7EYY
® 22 HasiE

L @2 . r2|AI! HofollAf 501 HALE 0]0{7t &

=
AN

Micro H4YE €24

© Micro D
% « MIL-DTL-83513 QPL ¢! HIZ
« OilE % E2tAE| Shell H87ts
« BEZE EE= 52 Profile H87Hs
3 « 3 [A] Current Capacity
« 9,15,21,25,31,37,51-3 and 100 positions

© Micro D Combo © Micro Assemblies © Micro Circular
Nano H4E &
©Nano D

™ « MIL-DTL-32139 QPL ¢! HIZ

=L oflE Shell 2 olS/E2HAS] Housing X8 7Hs
« YUAHIE PCB Contact with Flat Tail Termination
3 « Field Solderable
‘ « AFBRE -55°C 0l +200°C
+ 9,15, 21, 25,31, 37, 51, 65, and 85 Positions

© Nano Circular

T1 I Xl X I.HJI 2104 -"
NEHE TXEE x
122 3 2ol
R BHI0) FADIOr St RIT ALG RN ot tie
Cifet Ho[HALR| V|7 2X| S5
100% M|IZ=AFCOC XI&
THA O T2 SEHE MHIA T
ZEE AYE (AA2H EIAH «
'H\”"'7|‘"fl(ConhnennICamedorCarp)k }
SAsitch. 3] 4ke] § ﬂll A,
e ] S
I A|-5 erecrom
3%.2] A]-5) (PRECI-DI
25t AR, F
o . HES AR k3 -‘1 r||"‘km.rtlLl
preci-dip
e} Y 8 E 2 Y e ELECTRONICS)
e} 91 @ E 2 Y (Delta Electronics)> 28 SMP 7] Y] E] 51|
m7HA sm/w Ale] =9 je 55 AVE & Az,
DELTA % &&re7uE, ol 5lQPL'd MIL-PRF-39012,

ol
AN

212] LMil-PRF-55339F Al gy ok

€| A7k 9}o] o] gl 7] O] 5 TEXCAL WIRE G CABLE)

— )~ {TexCal Wire & Cable) $-3 3T, T4 BA
TECA” a0 e solol 4 A B S §

I 904, TexCal &

-2 5 7]} of & g A Bl \
& 3-ofe) 4] prre 3 ETFES}
P, PFA, MFA, PEEK ™, ECTFE ! PEI Ultem®
¥& AT AT

H] o] w1 wisayoae

L
vm ALl A Acl g 102 AW B AR L e —
& rMqu o] 7H58H ] AL aF2 Bk opy 2 R =
\ 4 WA A2 5 I, .
[

%_l ¥ E & 0] S E] ([ELECTRO ADAPTER) s
G (EIearoAdapler)”l REEEL BRG] °l‘§,’°l 3%
34 } |*}§-xhl‘ll'rb{ll

ADAPTER

/& dl2mioto] AYE wpcomrers

SPIAMER: W A% A $4-& BLHO2 U2 ATt
Copiey S8 BOHE AR B, M, A, 23 30, A% L B4 wisl, Ol vl
=7 2909712, 187 210 ALY Aol AATE £FUE EIT,
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SPT.

ELECTRO Q
ADAPTER, INC.

preci-dip

w

N - FyoIE 33U

gagE » 100% £=4 H|ZA COC HZ
= ZHEHQISE X EE] AJAR] J[HIS 2 STOCK TO BUILD AMH|A X|Z

* QPLOIZ

Goera @ @ ' k|

SHZX|AL (4D

= EHEX} =2k XIARY

= QK| : BN Sl 25

Q12tA| : 051-744-7461
010-4432-3677

o|H|Y : g.r.jo@marchelectronics.com

* ZH0|X| : www.marchelectronics.com

YU AR A (2H)

- SR AR By
o12t : 010-9254-2238
- 9%l : AIMBA| D|EET BUE

o=

= O|H|Y : chris.kim@marchelectronics.com
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IHg - meses |

MBC's Hybrid RTK System

GNSS Base Stations Service Platform

DMB(DAB)
) ° s ATSC3.0
e
)
! - P>~ MBC g
L H
0 @ ° ) E > Broadcast RTK
! ! Algorithm |
. \/
o, MBC RTK
5. S W Correction | SC-2000
R c”!‘i' Correction ~
a1l
— LTE, 5G

* Implementing a network RTK system over a one-way
broadcast network

mocC

MBC's Broadcast RTK
Infra & Service Operation

+ MBC has established 100 GNSS base stations in Korea :
each base stations are up to 40km away

» MBC has installed 24/7 service monitoring and
various operation systems

GNSS Base Stations

)

-

Service Operation

moc
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tol

I 2025 SfHA|ARSHE| YI|statiE

BUSlneSS MOdel + "MBC RTK provides high-performance and efficient services to
the global 4th Industrial Revolution industry that requires cm-
level precise positioning”

MBC RTK
Service

Need
Cm-level
Positioning
Accuracy

..{ Including Service
Device Sales
Extension of Use
Subscription SVC

Broadcasting & LTE
Connectivity

mDoc

o

CommerCiaI Broadcast + All the Devices are developed by MBC
RTK Devices

( GNSS Base Stations W ( For Mass Market w ( Paid Service W

MRP-2000 MDU-2000 TDR-3000
MRP-2000v2 MGI-2000 MRD-1000T MBC RTK SVC License
+ For R&D purpose » World's smallest LTE & RTK * Pricing by purchase quantity
- Price : 2,500~10,000 USD integrated receiver - 50~150 USD/year

- Price : 800USD

moc
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J|IUEE — GReS |

MBC RTK SerV|Ce Performance « It has the highest level of accuracy and availability possible with
satellite navigation technology.
» MBC was selected as the service provider of precision positioning
for all vehicles of Hyundai Motor Group '42dot’

Competition SVCs Evaluation Index

Accuracy High  Accuracy Low  Accuracy High  Accuracy Low
Precision High  Precision High  Precision Low  Precision Low

------------- » -+ 42dot of Hyundai motor group

MBC RTK SVC [ ‘
; \ selected MBC RTK

+ Precision/accuracy

VRS, FKP, SSR

kt @Lcu*

- 'Fix' Availability according to
environment

@blox ©:Trimble. %4 HEXAGON sxyiarc - QoS

o

The Great Transformation of the - US: Target to Complete Transition by 2027

. + Trump administration's deregulation policy makes U.S.
GlObal BroadcaStlng SyStem transition to ATSC 3.0 early expected to be completed
ATSC 30

)

(GEAVEPDRVAN  ATSC )30 A NextGen TV NEXTgENTV

. y
" Alaska

#’ 1 gt\*?/

[ & Hawal

€

o,
>
‘L;
e
%

b‘ A
o A}};

It
L, .
; ‘3
L%
»&a

{
q

x
-

Y.
4
5
!}

l; Puerto Rico

@ "ON THE AIR" with ATSC 3.0 @ Readying Broadcasts
@ Announced Target Market
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SINCLAIR

Global eGPS Service

254 2025 IPNT Conference Nov 4-8 2025, Jeju, Korea

eGPS service business in the US.

+ Gray Media and E.W. Scripps join to revamp existing BitPath

to EdgeBeam Wireless
» MBC will deliver solutions in the short term and sell mid-term

receivers in the long term aim for loyalty share of total sales

=

Technical and business
cooperation

- Global GDP7|& 80% =7t HHZ|X| &=










OEM GNSS NO.1
F) SO AdE|

Positioning/Navigation/Timing

= A ZHX] 27

- @AAOAE| = WE|D|E|F GNSS 7| =S AHESI] n2Ale| MAbE S Joiststn o d S SFHAZI=
DU GNSs EF e MF AN ALIct
HAI|AE|= 2t A2 7o) E5 HZ2 GNSS Receivers INS /IMU, AHRS HZE & Spec.
HAE sto 3 o =egsh xlno| HES SS3/82/71=X 5H= GNss 2 7| dLch
GEHHIOAE| = GNSS HEZE S S/82I/X 3 22 ofL|2 GNssEHAME2| ST ZHE/H = S5t MHE
APHSHE B StD AEOIA xTo| FWHE HEm T = QAR X AUSH=E GNSS TEZ|AULIC

= =2 SX IS/2AE/XH JHE 27

GNSS H|E A=At Maker 32|Q1S SE&FE) 20F

& Trimble. Trimble OEM GNSS

Korea =573 Cz2|H

St /HICH/ | X| [GNSS System]

@.’)Hemisphere Hemisphere Inc.

Korea Sole CH2| &

s/ HE/ =Y E3HVector]

aero n@ Aeron Systems. Korea Exclusive X|A} g3/ T ESHINS/IMU.AHRS]
applanjx Applanix Corporation Korea =& Cli2|H™ ZEH YU reference[GNSS System]

GNSS Technical Support

SAMYOUNG

Positioning/Navigation/Timing

SAMYOUNG

@ Trimble Intech OEM GNSS

= IO AE|] H=E= GNSS Module

Maxwell 7 Z|&

Trimble ProPoint 2| ATl EHx|
Trimble RTX X|& 2Cm Z XM
LTE RTK Auto X|& 1Cm =EX|ME
L1/L2/L5 GNSS B E 2|4d M= £l
Zde/4aE HELE nE S2M =G

Eersh HHOIME B =AM

Size: 80 mm x 50 mm x 12 mm

m AIIAE] GNSS A X ZFe E

E
4L RTK/RTX E™H HEE

B EGNss &S 4,

o HEH XNEF:SY-KM7(8*6)

+ | Trimble BD940

GNSS Technical Support

& Enclosures 2tH| &

o OEM GNSS NO.1
SV () armmiaiel

o

BAIE

SAMYOUNG

Positioning/Navigation/Liming
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20254

SHH A|AEISHS

GNSS Technical Su

SAMYOUNG

@& Trimble Intech OEM GNSS

o

& Trimble.

©

o

LS4l

& Trimble.

ORI

T

SAMYOUNG

ion/Timing

All Capable >>

SAMYOUNG

& Trimble [ntech OLM GNSS

GNSS Receivers

and Enclosures / GNSS Antennas

Ax940 Axa40i BDI%0 ‘BDYA2 [BD992-INS BX992
~—=
Maxwell 7 Maswell 7 Maswell 7 Masewell 7 Maxwell 7 Maxwell 7 Maxwell 7 Masxwell 7 Maswell 7 Maxwell 7 Maswell 7
71xd6xT1 71 xd 1 5181 x7 676015 149 0343 221x218x52 221 x218x52 10060116 10060116 10060 11.6 185 %02 43
== B B i S50 S50 Se0 B £ &z Yeo
11,2, or LS 11.12.0r15 1215 1.12.15 112,15 11,1215 w25 112,15 112,15 112,15 11215
1,12, 0r3 1, 12,0013 Uiz 1s uiz3 1,213 112,13 w23 23 LLz3 U213 uiz,3
a1,82 B1,82 B182 1,82 81,82 81,82 B1,82 81,82,83 81,82,83 81,8283 e1,82,83
E1,ESa, ESb E1, ESa, E5b E1,E5a, ESb E1,E50,E50 1,650, E5b £1,E50, ESb E1, ESa, E5b £1,E56, ESb E6 E1, ESa, ESb E6 E1.E50,E5bE6 E1, ESa, ESb E6
11,12, 0r L5 L1205 12,15 uzis v,12,15 112,15 w25 uLzLs U215 U125 L1215
5 15 5-Rand s 15 is 5 is s 15 is s
= = = - - = v = = - -
= o= =
28-pin 40-pin 24-pin 44-pin DE9 & DAZ6
Trimble s j Zephyr 3 Rugged™
105728 (US) \G25: -00-1 :
12098216 | 12098247 | 112735 136029 83553 86362 105728-10 (white) co3167 99038-00-INT D D I Ghanced - Yaticw) NT | 11 NT | INT | 1 INT
(Non-Uis) | 98042 (greeny GAB10: 99210 20-NT (Unbran rey)
Aviasion / e Aviation / Land / Lond /Marine/ | Land /Marine /
UAV/UAS | UAV/UAS o UAV/Land | Aviation Aviation | ARINC 743 Ly Land / Vehicle Marine / Land / Vehicle Land/Vehicle | Land / Geodetic L Y e
TSO certified
4.42°x6.24 | 4.42°x6.24 x2: 795°x376 | 89°x21 | s9tx2q | M27x1a 14.6°x39 | 146°x39 161°x 7.0 18.9°x9.9 16.5°x7.6 34.3°x79 2oraias SEr=an
0.037kg | 0042kg | 0485kg 014k 0.20kg 021ke el 0.30ks c.agks 057 ke 082kg 064ke 136 ks e oL e
/a” - Bulkhead / .
SMAMale | SMAMale | unougn | M47through | Bukhesd/ | Bulkhesd/ | giiARinc | Bulkhead/ | gmyeeq |  S/E-Thresd/ /8" Tiwead 58 Thiead | 58" Thresd | 3*MascMount | 5/87Thread
ole Mount 743 Foorprint
w2 mezes | uezs L,12,L5 u u,L2 u.e2,Ls 2,15 L1215 12,15 uezLs izes 12,15 mizLs ue2s
Lz mze | ues L1238 u 1,12 U213 w23 u.12.13 L1213 Lz Lz u.iz1s Lz [EATHE]
€ E1,E50, €5 | E1,ESe, S5 | E1, E50, ESb E6 & et E1,E50,E5b | E1,E56,ESb | E1,ESe,ESb | E1,ES5e,E5b,E6 €1, ESe, ESb, E6 E1,E50,ESb, E6 | E1,E5e,E5b,E6 | E1.ESa ESb,E6 | E1,E50,E5b, €6
a1 81,82 81,82 81,8283 a1 81 81,82 B1.82 81,82 81,8283 81.82,83 /182,83 81,82, 83 81,8283 81,82, 83
L,z mizis | vz | oz ex u v,z u.L2,Ls w25 L1213 1, 12,135, LEX 11, 12,15, LEx U205 tex | 205, tex | L, 25,0k | 1, 12,15, LeX
- Ls s Ls = = s is Ls Ls s s s s Ls
58 3548 5748 a0ds 43ds aza8 85 045 s0us. prve a5a8 EENEY Sods 048 5048
22v-16V | 22v-16v | 25v-16V | 23v-16v | 45V-18V | a5v-18v | a2v-15v | a2v-1sv [ 42v-1sv aav-12v 33v-1sv 3sv-20v 3s5v-20v 35v-20v
2t ma 21 mA 130 125




SAMYOUNG ODHemisphere

@ atlas

®E Hemispherer Atlas E™EMH| A& Sl | 4cmel H© MIA tH=E 2% &H HIS.

=13
=,

ok

o B2k, 22l =BT (UAV), 2E
GIS, LIDAR, 2 HIY X| = X|=F 51
4 I|Z|X|oflM INS nE = 87
sti= ol E2|AlolMofl 7HE =2

Position Accuracy (RMS)
Horizontal Vertical

Velocity Accuracy (RMS) Hoading | Pch & Roll
Horizontal Vertical RSy [0}

Outage buration Mode

Weight: 550 g

Ohenisphere Dimensions: 105x150x34 mm
Heading (RMS):
0.05° @ 2.0 m antenna

o e 0.02° @ 5.0 m antenna
E

FHdo =, 2]X W 2| BE50| Havt
2| Aol ol =gt

ere2| Lyra, Cygnus, Aquila S 7| =&
=
E =

1,059 Channels
Heading (RMS):

0.05° @ 2.0 m antenna
0.01° @ 10 m antenna

- HE MY ATES IS SHWS| WAHAE Hemisphere
7|

« Hemisphere2| Lyra, Cygnus, Aquila it 7|&

Jlgtez 7=

o

O Hemisphere

Heading (RMS): <0.27°
Pitch/Roll (RMS): 1°
Heave (RMS): 30cm (DGPS)

- DFEA X B! AFE|T

2eet Z1A Mo Sl et

A
k=

g

=2l

Heading (RMS): 0.3°
Pitch/Roll (RMS): 1°
Heave (RMS): 30cm (DGPS)

FRTE 22| o] 7}
22 oiZzAH oM HE

=2| !Xt LT Y E MESt= =4 2|
e
=

=
2 2ME GNSSsS A0LE QH|L}

SAMYOUNG

Positioning/Navigation/Timing

SAMYOUNG ODHemisphere

m Hemispherei= Atlas EHMH|AE E3|

MH oM ZHE F

=F =

Heading 5! ?|X| =73
E2
=

Dimensions: 71 L x 46W x 10H(mm)
Weight: 24 g (0.85 oz)

Heading (RMS):

0.08° RMS @ 1.0 m antenna

0.04° RMS @ 2.0 m antenna

0.02° RMS @ 5.0 m antenna

Dimensions:

15.8 L x 158 W x 7.9 H (cm)
Weight:

< 1.05 kg (< 2.53 |bs)

yAccuracy Positioning:
Atlas H10: 0.04m RMS (67%)

RTK: 8mm+1ppm RMS (67%)

- =9 B, GlIs, oijE 51 Y| EF OfZE 2| 0| 0l =27}
==o| 18 =8 MSot= e FHE
A0LE (AEILL+=417]) E &M

[

@ atlas

It 4cmel H MiA| THE fIX] =8 HIS.

Dimensions:

Phantom 20:

72 L x41 W x 10 H (mm)
Phantom 34:

71 Lx41 W x 10 H (imm)
Weight: 22 g (0.79 oz)

| Mojoll ZHE st k= =l
= S ofEelAH oMo ol H

aRTK™&2} Tracer™Ete= & 7HX| Bt 7| =2 EFXiTH
7t EH=tsta FEE O, Eralst HE =X Y

+« SBX-4 B4 Beacon HE= & ANA|
HZ Z|X= HEKIAOM Ea=
M &L= Correction HO|H=E He
2| GPS =417| B Ratsto] Mz|E

% A= differential 27 0| O] E{X|

o F| o] ZIXFE S CIZRSE =
AEH FA 2i'd of7 | AKX E ==
SBX-4+= nd&s =4l it A=
ZE = XK= Ae|of S =
Ste 7|58 =Ee ChYe 71s8
=

SAMYOUNG

Positioning/Navigation/Timing
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TRANSF

MING THE WAY THE WORLD WO

applanix

A TRIMALE COMPANY

Basic Performance High Performance

POS LVX 120 POS LVX 125 POS LV 220 POS LV 420 POS LV 610
185x 93 x 42 185 x 93 x 42 167 x 185 x 68 167 x 185 x 68 167 x 185 x 68
760g 7608 2400g 2400g
oy H: 002 H: 002 H: 002 H: 0.02 H: 002
v: 003 Vi 0.03 Vi 003 v: 003 v: 003
P 1 R/P: 005 R/P:  0025° R/P:  0015° R/P:  0008° R/P:  00025"
HDG:  0.08° HDG:  006° HDG:  0.025° HDG:  0020° HDG:  0015°
H: 120 H: 0.80 H: 0.24 H: 012 H: 0.10
Vi 0.50 Vi 0.20 v: 013 V: 010 \ 007
R/P:  010° R/P:  005° R/P:  002° R/P:  002° R/P:  00025°
HDG:  0.50° HDG:  0.20° HDG:  0.03° HDG:  002° HDG:  0.015°

Onboard IMU

APX: AP+18

100 x 60 x 12 100 x 60 x 21 100 x 60 x 21 100 x 60 x 21 100 x 60 x 21 100 x 60 x 21
62g 100g 100g 100 g 100g 100g

H: 0.02 H: 0.02 H: 0.02 H: 0.02 H: 0.02 H: 0.02
Vi 003 v: 003 v: 003 v: 0.03 % 003 V: 0.03
R/P: 0025° R/P:  0025° R/P: 0015° R/P:  0010° R/P:  0005° R/P:  00025°
HDG: 0.06° HDG:  0.06° HDG:  0.03° HDG:  0.025° HDG:  0015° HDG: 0.015°
H: 0.80 H: 0.80 H: 0.30 H: 024 H: 012 H: 010
v: 020 v: 020 v 015 A 013 \ 010 Vi 0.07
R/P: 005° R/P: 005° R/P: 003° R/P:  002° R/P:  0005° R/P: 00025°
HDG: 0.20° HDG: 0.20° HDG: 0.05° HDG:  0.03° HDG: 0.015° HDG: 0.015°

SAMYOUNG

Positioning/Navigation/Timing

GNSS Technical Suppo

SAMYOUNG

= 23 Applications& 9|8t System

Octantis 2 Attitude and Heading Reference System (AHRS)

© TXIHI H|7| AIAR, CHeFsh FET|, 257 % 017472
EEM ClASoloM 7= £ 7| AZI= AHR ©

« DO-254 EE=EHA, MIL-STD-461E & MIL-STD-810G E&=2lS5,
=« AHRS 2~ EQ|0|l= AT VRV ZEMAE S8l HAE
DO- - 178B 2| B ®B&E QS

« AHRS A|AB 2 CEMILAC(Indian Airworthiness) 21&.

« RTCA-DO-334 E&E0| & d&5 a7 Are 5.
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GNSS Technical Support 3 ¥/ -, 7' SAMYOU NG

Positioning/Navigation/Timing

260 2025 IPNT Conference Nov 4-8 2025, Jeju, Korea









SOL TOP

21%"‘—2101
g g4

BE\’OND THE EARTH
TOWARD THE UNIVERSE
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SOL=TOP

B A H e

Remote sensing & Telepresence
CHEClA AR
EEHE 199505

AREOF o 91 AR Eof: 1A X B B, Kot AE, E4F A Y/ENH 5
+EHIT A 20k R ANEH U 24, 7kt EHEA AR, MROS

www.soletop.co.kr

HEEHAA|A EHE 100X RADALG TEL. 042-867-7440  FAX, 042-867-7445  E-mail, hr@soletop.co.kr
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Earth Observation (EO)
Satellites and Payloads

@ Hanwha Systems

@ Hanwha Aerospace
Communications

Liquid-fuel Engines & Components
For Liquid-fuel Rockets / Satellites and Service

ite-based Services

atellite-ba:

KSLV-Il Image S:
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218 A f1d
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Efectronic Top Beyond Boundary
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ETOBB S
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03 | X'"% EEEE—IQ Product Portfolio
Efectronic Top Beyond Boundary

GNSS S& 54 HIZ &

< =

Integrated GNSS Solution Provider

=
Ebl At U 59
Time Server Indoor Positioning

GNSS A|Z2|0]E] XY M2 XL A A

GNSS Simulator Anti-Jamming Atomic Clock

04 | GNSS A|Z2|0|E{ enss simulator il

Hot £2M GNSS AIEI0|E

ymized GNSS AlE2|0|E]

— SKYDEL GSG-7
il

GNSS SIMULATION
SOFTWARE

GSG-ANECHOIC GSG-WAVEFRONT

Ly ETOBB
b SA F R A N Electronic Top Beyond Boundary

288 2025 IPNT Conference Nov 4-8 2025, Jeju, Korea



7|HEE - @O|FH|H|

A|AEl

= Anti-Jamming System

Efectronic Top Beyond Boundary

GNSS Anti-Jamming

<

DATA LINK

TUALJ 16300
AUTO TRACKING
ANTENNA SYSTEM
SBAND
TDMA MESH
TUALJ 8300 (ADHOC) ‘
DATA LINK ‘
\. 4 ; L BAND
TDMA MESH (ADHOC)
TUALJ 4300 DATA LINK

e

STACKABLE DATA
ACQUISITION &
TELEMETRY SUITE

a

./

TELEMETRY
RECEIVER

TELEMETRY
TRANSMITTERS

06 | -?.;-III' A|7:|| Atomic Clock

mRO-50 Atomic Clock LPFRS Rubidium Oscillator

RBSource-1600

StarLPRO-150
Rubidium Oscillator

GNSSource-2500

Electronic Top Beyond Boundary

SRO-5680
Rubidium Oscillator

SsarrAN

GAHM - Ground
Active Hydrogen Maser

FemtoStepper

2025

IPNT Conference Nov 4-8 2025, Jeju, Korea 289



07 | EI'?:! kIH'I Time server e
Elsctranic Top Beyond Baundery

HIE 930 S AZHS S7I3HsH A olmatEfel M

White Rabbit ZEN TP-32BNC

White Rabbit Z16

SECURESYNC 2400 VERSASYNC

White Rabbit LEN High Accuracy Timing IP Core White Rabbit Switch v3.4.

(HATI)

TSync Timing Boards

ART Card

Electronic Top Beyond Boundary

GNSS
FIBER TRANSCEIVER

SPG-FTR SPG-FTX
GNSS TRANSMITTER GNSS TRANSCEIVER

ETOBB

Electronic Top Beyond Boundary
(ZF)0| ] H]

MEA| 287 7MCIZIH 12 131, BE 503% (08506)

TEL:02-6677-3409 FAX:02-6499-3409 E-mail: sales@etobb.co.kr www.etobb.co.kr
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Labi':lt 4

12-bit Quantization, 10-60 MHz Variable Bandwidth
and 3 Configurable RF Channels

Advanced GNSS signal testing
with precise customization.

Lab5at 4 combines performance with
simplicity - it has never been this easy to
record, replay and simulate complex
GMNSS test scenarios.

¢ 12-bit 180 Ouantization

= 10- &0 MHz Variable Bandwidth

* 3 Configurable RF Channels

* Records CAN, RS5232 & Digital Signals

* MNEW Synchronize the Record & Replay
of Multiple LabSat 4 Systems

LabSat m
labsat.co.uk

T. 02-6737-7617 | E. steven®@gnss-solution.co.kr | www.gnss-solution.co.kr
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I 20254 SIHA|AEISHS| H7|SHSIHE

GNSS Simulation Software :

Inbuilt Route Mapping

Waypoint-based Testing

Orbital trajectory simulation

Almanac Control

Multi-constellation and real-time
Wideband signals in the L-Band

NEW - Real-time simulation with LabSat 4

% Laraats,
ok Recl » ool LabSat U
CR B

T. 02-6737-7617 | E. steven@gnss-solution.co.kr | www.gnss-selution.co.kr
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VBOX T 02-6737-7617 E. sales@gnss-solution.co.kr

POSITIONING

VIPS .
VBOX Indoor
Positioning System

UWB7| 8t ALY gt H S B A

Update rate Upto 100 Hz

Position Accuracy 12 cm - i
Speed Accuracy 2 cm

Max Speed 270 km/h

Output RS232, CAN, WiFi

VBOX Omega :

GNSS-aided INS
RACELOGIC
Centimeter-level Accuracy &
Wheel Speed Integration
High-grade IMU

Resiliant GNSS Performance

QOutput : RS232, CAN, Digital

VBOX Sigma:

NTRIP Modem + RTK Receiver
Cost-effective RTK Receiver

Centimeter-level Accuracy

10 Hz (GPS, GLO, BDS, Galileo)
Multi GNSS Frequency
QOutput: RS232, CAN

VBOX www.vboxpositioning.com | www. gnss-solution.co.kr

POSITIONING GNSS Solution Co., Ltd
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Worldwide No 1 for Timing Solution

e

| V] =-1F] []
10MHz PPS

anss
POWER  DATA (@ f'e) g
; ;

Field Time Sync Generator TB-1

TB-1: Field Time Sync Generator

FURumo

AT300, AT500 GNSS Ant
Multi GNSS disciplined OSC

T. 02-6737-7617 | E. sales@gnss-solution.co.kr

www.gnss-solution.co.kr
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ktsat

' DELIVERING CONNECTIVITY.
DEFINING THE FUTURE.
WE MAKE IT HAPPEN.

t@kt.com | Kumsan Satellite Service Center: kumsan_es(

t.com | Teleport Service Team: ksn-teleport®kt.com | Website(https

@ 0|E|A |

siffkisat.com/ ) "
e

kt sat

KOREASAT COVERAGE

Sat KOREASAT-8 | KOREASAT-7 | KOREASAT-5A | KOREASAT-6 | KOREASAT-GA
Orbit 75°E 116°E M3°E 116°E 16°E
LaD‘;rt‘gh Feb.2014 | May. 2017 Oct. 2017 Dec.2010 | Nov.2024

Thales Alenia | Thales Alenia Thales Alenia
Manufacturer SSL Space Space Alcatel/OSC Space
Launcher | Arianespace | Arianespace SpaceX Arianspace SpaceX
Frequency | C&Ku-Band | Ku & Ka-Band Ku %E:LKU- Ku-Band Ku-Band
East Asia, Phﬁiorei:es Korea, Japan,
South East ppines, Philipines, "
Coverage 8 Indochina, . Oceania Korea
Asia, South A Indachina,
N India, .
Africa ; Maritime
Indonesia

KOREASAT-8
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KOREASAT-9

» Orbital Location: TBD

« Launch : Planned in 2027

« Uplink Teleports: TBD

« Coverage : Philippines, Malaysia, Indonesia, South China Sea,
Indo-China Peninsula, Taiwan

Ka-Band High Throughput Satellite
Custom-Designed Small GEO Satellites — Low-Cost -
Rapid Deployment - High Bandwidth
Flexible, Software Defined

- Coverage, Frequency Plan, Power Adjustment all flexible

OUR TELEPORTS

- Backed by Korea Telecom's advanced telecominfrastructure -~ Monitor Transponder & Space

= . Environment
- Certified as a Tier 4 teleport by the World Teleport " .
Association (WTA). - Analyze Spurious/Interfered Signal

- Strategically located
in the heart of
Southeast Asia

- Customized services—

Yy & hosting, colocation,
.» A fully-managed
g uy services
SINGAPORE " - - 1+1 redundancy & dual
Service Teleport power system

’%é\', @ voudW CHEONAN

Satellite'Service Center Satellite Control Center NGSO Teleport

- Partner teleport of multiple GEO satelite operators since 1970 - Main control center of KOREASAT - Dedicated for NGSO gateways, TT&C

- Customized services - hosting, colocation, IPLC, mission fleet since 1994 - Ready-for-use full motion antennas
support, etc. - 24/7 customer-oriented NOC - Adjacent to KT Cloud Data Center
- 40+ antennas installed with access to 57°E ~ 180°E eI - High-security & reliable power supply

GERMANY

Service Teleport

DAEJEON
Satellite Control Center

- Backup Satellite Control Center

for YONGIN

- Located in Germany
covering whole of
Europe, Africa,
Middle East and the
Atlantic

- 24/7 NOC support
available
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KT SAT VISION

Global Connectivity Across GEO and LEO

KT SAT is evolving into a multi-orbit satellite service provider by continuously
expanding its distinctive connectivity solutions.

By combining the stability of GEO satellites with the low latency of LEO systems,
KT SAT strives to deliver seamless, high-quality connectivity to its customers.

36,000km

(with latency of approximately 600ms)

Planning
HTS In Production

Operations
KOREASAT-6A
KOREASAT-5A
KOREASAT-7
KOREASAT-8
KOREASAT-6

Approximately 550km

(with low latency of around 50ms)

STARLINK

@UTEeLSAT
@) onewes

CHARACTERISTICS

KT SAT's Multi-Orbit Service is built upon decades of proven expertise and experience in satellite operations and communications, combined with trusted
partnerships with leading global players.

Benefits Service Comparison
Category GEO Satellite
Nz KTSAT-Starlink KTSAT-Eutelsat Oneweb
_
Altitude 36,000km 550km ~1,200km
R B B Latency High (500ms) Low (~50ms) Low (~50ms)
Professional 24/7 Customer Provide a dedicated
Support with customer portal for real-time Network Private
55+ years of satellite line status, data usage, ch i Private Public Internet ok v Network Sk
operations experience and speed monitoring aracteristics (enabled by Network Sicing)
Datta Flow Vary dependingon Globally distributed Routes through
services used (With International Backbone) KT SAT PoP in Korea
Terminal Vary depending on SpaceX Intellian, Hughes,
@ @ Manufacturers customer needs P Kymeta, Inster
L . High-reliability users
; — Customers | pvatonetwks | (e vessdlsand seaerers | (6 PUblCInStutons,
Effective Data Usage nt connection using enterprises)
Management AT’s GEO service
with flexible top-up options and LEO service from KTSAT Service Korea, Japan, Korea
KT SAT's partners Coverage South East Asia, India, CGlobal (Land, Maritime),

South Africa

Japan (Maritime)
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Jujuy, Argentina (Lithium Mine), Incheon International Airport, Republic of Korea (Terminal 1), West Sea, Republic of Korea (Provisional Measures Zone),
BlackSky, May 24, 2023, 11:09:32 UTC Iceye, 2022-05-29 05:54:00 UTC Unseenlabs, 2023 5, 3 Acquisitions

(Electro Optic) (Synthetic Aperture Radar) (Vessel RF Detection Example)

KTSAT offers total satellite navigation solutions that can stably provide ultra-
precise, reliable PNT (Positioning, Navigation, Timing) information services.

KTSAT's unique ground station system provides high-performance, high-quality
solutions in the fields of satellite navigation and deep space exploration.

Satellite Navigation Solution Satellite Navigation

Satellite and Ground-Based Systems
Construction and operating a Satellite-
Based Augmentation System (SBAS)

KTSAT provides satellite-based position, navigation, and timing (PNT) services
supporting navigation, emergency response, disaster prediction, and national
defense, and advances national location infrastructure through the Korea
Augmentation Satellite System (KASS) and Korea Positioning System (KPS).

Precision Time Synchronization Solution Busin ess Precision Time Synchronization
Providing high-precision time
synchronization solution and ground station
system based on TWSTFT (Two-Way
Satellite Time and Frequency Transfer)

KTSAT provides ground system solutions that provide accurate and stable A
satellite reference time information using TWSTFT (Two-Way Satellite Time and reas
Frequency Transfer) based high precision time synchronization technology.

Deep Space Communication Solution

KTSAT has the capability to design and build ground station systems for control,
tracking, and communication of space probes, and based on this, provides
ground station construction and total solutions for deep space missions.

Deep Space Communication

Design and construction of a ground station
system for deep space communications
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Creating New Value with New Technology
FAIS|A IO
0222 LH]A[o| M ol =& IAL AEAL
199544 EiHE 30
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solution provider

bt 2, \\\\—\“{
% /»//,,//,-,,H !\”\\\\\\\\
]

ution provider

Zt] Z+8t Solution

.
A4

CIQkgt CRPA (24K}, 424Xl 84Xl SR UEA| PRy WU S5t

Multi-GNSS (GPS, Galileo, GLONASS, BeiDou, NavIC), Multi-band (L1, L2, L5) Sl4/%H4 Multi-GNSS (GPS, Galileo, GLONASS, BeiDOUNaVIC), Multi-band (L1, L2, L5) 2|
High Altitude, High speed, High dynamic, Airborne CHISE ZS(FOGIMEMS, RLG)S| Lttt 45 IM
< &
High performance J/S pnE=inini=yin by op:Rats
ZISHEH &

et £3 4 (SBAS/KASS, RTK-PPP) g HZeH £2 M (SBAS/KASS, RTK-PPP)

= =5
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CHefot x| A|oll &gt

CRPA 7|tk Exjjal ZHX|

@ GPS(L1,L2,L5), Galileo(E1,E5), GLONASS(G1,G2), BeiDou(B1,B2,B3), NavIC, (KPS)
@ CIY¥st Band =% 75
CHSt &Kt 745 (24K, 44K, 840}

Y ASIC 715 288, Zfs, X2

NF4000, NF8OO0O(44X}, 84K

© High Dynamic

NF4000, NF8OOO(44 X}, 84K

GNSS/INS SEEEX

GPS(L1,L2,L5), Galileo(E1,E5), GLONASS(G1,G2), BeiDou(B1,82,B3), NavIC, (KPS)
CteFst Band X8t 7Hs
/ GNSS + INS(MEMS(FOG/RLG)

A 7l 288, Zas, x5

High Dynamic
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Your innovative navigation solution provider

SWaP-C (Size, Weight, Performance and Cost) I

L S FOG 7|& BRAH

Fiber Optic Gyroscope Fiber Optic Gyroscope Inertial Measurement Unit Inertial Navigation System
(FG 150) for space grade (F1 200C/ Fl 200P) (Gyrocompass)
(SAG-SS)

FEFI7IHA

Multi-GNSS, Multi-Band
7|5 /S UEA

Crefet MA Mg 7t

21417

21K 2
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1-2cm Accuracy
’/I‘.' 'u :

l’_

<
l
/;

¢ UItra-SmaII RTK &
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For Your Moblllty
-

-

“GNSS YA
MH|A 0|8 IHs "

PPSGL
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1 cm Accuracy or Better

| RTAP3MS

| Precise for Mobility

A==l 448 X2, £|CH 100Hz

1 cm O|Lff F= = H|S3t= RTK =417]

point(@)one “ GNSS E@’SE
AH|A O It

o

[ECECIC PPSUOL
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For Your Precision

1 cm Accuracy or Better

RTAP3M

L L]
@ UART  USB1

- e
3 -
:., W PWR  USB2 ETHERNET
-
— PPSOLN.COM
S
©)

MEFOba 448 XS, %|CH 100Hz

1.cm O|L} HEHE HZ5H= RTK 4417

@ O K

point <€> one “ GNSS Ejg%li
JH|A 0|8 JHs "

o

PPSGL
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LIG

LiGYA 2

—

031-5179-7000

o

www.lignex1.com

ThaIesAIema

Ee———— e 1)

Thales Alenia Space Italia S.p.A

39641514148

www.thalesaleniaspace.com

%’ IHHIBLREE) JIRIZHEEE N=g 031-292-2220 www._valuespace.info
[ QA AR X CIOFA|ABI X () o|M. oM 031-538-6000 www.danam.co.kr
DS Yavcours AT AR gHs 042-363-9000 WWW.navcours.com
roweascuwanz 0 20| #HIZZT 2|0} ez 02-3485-1900 www.rohde-schwarz.com/kr
e MeYEHEATL 2718 042-866-3114 www.kriso.re.kr
Ao, xsans A8EHT@/MovellalXsens) N 042-828-7857 www._sungwhatech.com
SAOTNOBIE) QLo =AIAHIE =8E 070-7010-0440 www.wisesystem,co.kr
4 INSUNG QIMOIE| LA L I ES 02-579-5031 www.insungsys.kr
NW Labs ELIEOIA HE 053-600-5584 navin-labs.com
| Qe @ AE{OO|= Ot 042-863-7080 www.netcus.com
TITIICRNES  pEusUEMEE UrE 02-546-5660 http://dwsc.co.kr
fw @oto|3 2olm|L|E| ol &5 031-546-7408 www.minfinity.com
m @OLx| YHEZ LA OL0[AIM| STl 051-744-7461 www.marchelectronics.com
mepc RS ordzE 02-789-0011 www.imbc.com
570 (-’.‘—)'g%'lllt’.ﬂEl FEAH|E] Tl 02-6081-0088 www,samyoungpnt.com
SOL=ETOP #2% ANEGE 042-867-7440 www.soletop.com
I‘SI neworol @M Eziolo| 4ol2 042-365-7500 www.satreci.com
gmwmmm EMLA A B 02-2088-1182 www.synerex.kr/
Ascen @opi= 2o} g=A 1544-3818 www.ascenkorea.com
C Innowireless &0|2tolof2|A 24 031-788-1700 www.innowireless.co.kr
EJéaclhs  ®olxox e 031-711-4880 www.ejtech.net
<ETOBB @O0|=HIH| 0|8¥= 02-6677-3409 www.etobb.co.kr
Labsa@“ @R[ ANASEM a=ot 02-6737-7617 www.gnss-solution.co.kr
®IKCEI ()70 o]oto] usE 02-2103-4000 www.kcei.com
kt sat @014 g 15777726 www ktsat.com
Fﬁﬂ @mlo|H=R2 oAt 042-360-0030 www. fiberpro.co.kr
PPSUL ®uus Uik 02-6925-1516 www.ppsol.com
& GTS solutions  XIE||AZEMZRE AT 02-6230-6100 www.gtssolutions.co.kr
ETIRI SR TXIS LT 2SSt 042-860-6114 www.etri.re kr
O Eeroass PSTHEAIRER o 042-870-3751 www.kari.re kr
é;ﬁn\“ﬁ SHIQIE{LHM shet= 031-8084-3000 www.hanmin-intl.com
() Hanwha Aerospace  SHSI0J|O|2AL| 0| AR 27 02-729-2156 www.hanwhaaerospace.co.kr
K" ’\SS %Egig;ﬁ:;IMg S HE, o&& 042-870-3504 www.kass.re.kr
KQ ST s=asprlaciscss LIRS 02-3420-1200 www.kofst.or kr
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