JPNT 14(1), 47-52 (2025) ]pN Journal of Positioning,
https://doi.org/10.11003/JPNT.2025.14.1.47 Navigation, and Timing

Study on the WAD-RNSS Integrity Alert Concept

Yunjung Kim®, In Jong Kim®, Donguk Kim'
Agency for Defense Development, Daejeon 34186, Korea

ABSTRACT

The Wide-Area Differential Regional Navigation Satellite System (WAD-RNSS) is a satellite navigation system that applies a
wide-area differential navigation algorithm, previously utilized in Global Navigation Satellite Systems (GNSS), to Regional
Navigation Satellite Systems (RNSS). WAD-RNSS broadcasts both navigation signals and correction signals directly from
regional navigation satellites and provides integrity alerts to users in the event of integrity threats by utilizing these signals. One
of the most critical metrics for evaluating navigation performance, integrity refers to the system’s capability to preemptively
warn users of system malfunctions or significant errors in position estimation. By transmitting navigation messages, correction
messages, and Non-Standard Code (NSC) signals, WAD-RNSS ensures robust integrity through the dissemination of integrity
alerts. This paper analyzes the limitations of integrity alert mechanisms in conventional satellite navigation systems and
introduces the integrity alert methods and operational concepts of WAD-RNSS, which combines the characteristics of Global
Positioning System (GPS) and Satellite-Based Augmentation Systems (SBAS). The proposed system highlights the potential to
reduce the system response and recovery time following integrity alerts compared to existing satellite navigation systems.
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Fig. 1. Fault event for PRN 25 on June 26, 2009 (Walter & Blanch 2015).

Global Positioning System (GPS)2] FAlFA{Ql Precise
Positioning Service Performance Standardof wh2™, ¢JAJ o
2RE A5 FHHAAZRE YIS JAHAE S X
A5 Bl AT HALE dos AFH o Jdd 4 3l
t} (U.S. Department of Defense 2007). o] AF&2} Az 22}
(User Range Error, URE)2}AL 510, |03k 2] 4Aol| A EAY 5}
L 0E ox1E5 A7} UREZ} A7 AAIZE (Not To Exceed
Tolerance, NTE)& Zi}siA =¥ 2744 olztal B
o lom, B8 BHAS Qs AlARE 41710 izl A7E
(Time To Alert, TTA) Weol| 7 atsljof 3t o] 7] 4] TTA= UREZ}:
NTEE 235t A RE] $417]12 H B E Adshr] 742 9] Zoh
58715 AI7HS E5he, GPSE TTAVE 8% oWl & AA =] Q)
o}, whok 82 o|u) AR} Exkslx] Ealo] 441717} Q1A kA
St 73, Major Service Failure B=+= Misleading Signal-In-Space
Information o]g}a 519, 1x107° o]s}te] FAA] 93 58 B3
D5 AEE A= Qloh

GPS& Blocko|gh= T2 Alth7} 5= w, 2} Blockof] w2t
35k 744 45 2po]& Q1%k Signal-In-Space (SIS)
A s B wHel Xpolzt gtk GPS Block Vlofl A= 9143
A ATl A FFA TG AeERE Lgste] AAEK
S oA FEAE A S8l A7
So] 42 E|9Ir}. o] F GPS Block o4 & %& 2A4E 1
Aps17] Slol ARG QHY @ PAAS Tefsh A7) D Al
A o] 43| Qi T} (Shaw & Katronick 2013). GPSE 414 (space
segment)2} Z|4FA| (control segment)ol|A] £2/4d EUEE &
o) A&A 08 BALE TAlsk, 44 ol BT H¢
Non-Standard Code (NSC), &} H|A] 2] 2] Unhealthy Flag, 712
i1 PRN 378 ¥7s}o] s 9143 9] FHHAIAE H ol AHE-
SHA] ZSIE & sk Satellite Zap 5-& F38l 41710l s |
2351t} (Woo et al. 2024).
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Fig. 2. Fault event for PRN 30 on February 22, 2010 (Walter & Blanch 2015).
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Fig. 3. WAD-RNSS integrity alert architecture.
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Table 1. WAD-RNSS integrity alert classification and methods.

Integrity alert classification

Contents

TTA Integrity alert methods

Pre-planned warnings

Warnings for planned interruptions, such as satellite maintenance activities -

Navigation messages (Data field)

Close to real-time warnings .
5 such as unplanned satellite outages

Close to real-time warnings for integrity risks identified by ground systems,

NSC, Navigation messages

<5min (Message footer)

Effectively real-time warnings Immediate warnings for potential integrity risks

NSC, Correction messages

<10sec (Message footer)

Fig. 4. Structure of navigation message and correction message.
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Fig. 5. NSC operational concept.

Fig. 6. Navigation message (Signal Healthy Flag) operational concept.
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Fig. 7. Correction message (Integrity Alert Flag) operational concept.
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