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Status update on Korean R-Mode test bed project (TRACE)
Summary
This document aims to delineate progress of the R-Mode Testbed Project (TRACE) in the Republic of Korea and to help develop R-Mode guideline and MF R-Mode RTCM messages.
Background
The Republic of Korea (R.O.K.) is making efforts to set up a backup navigation system to provide resilient Position, Navigation and Timing (PNT) information to maritime users in case of GNSS emergency and to prepare for GNSS vulnerability. The eLoran testbed project, initiated by KRISO in 2016 with the support of the Ministry of Oceans and Fisheries, completed its technological development in December 2020, and its test services will be provided to two major ports (Incheon Port and Pyeongtaek Port) in the north-central region of the West Sea of Korea. 
The Ministry of Oceans and Fisheries planned to promote the R-Mode service along with the eLoran service to expand the backup PNT system to all maritime areas in Korea and provide the harbour entrance and port approach requirements for maritime users as required by the IMO. KRISO, the supervising agency of the Terrestrial Ranging-Augmented, Complementary and Enhanced (TRACE) project, commenced the R-Mode testbed project of the Republic of Korea in April 2020 and will develop the core technology and demonstrate its performance in the test ports by September 2023.
Discussion
Overview of the Test bed System
The TRACE project plans to utilize the medium-frequency (MF) R-Mode, VDES R-Mode signal, and eLoran signal currently in service to achieve the project goals. Therefore, the testbed system will consist of a transmitting station for MF R-Mode signals, the VDES R-Mode signals, and eLoran signals and an integrated navigation receiver that receives and integrates each signal to determine its position. The integrated navigation receiver receives GNSS signals and terrestrial navigation signals. Furthermore, the system consists of a monitoring station for integrity information generation, a differential R-Mode reference station system for generating correction data to improve the positioning accuracy for MF R-Mode users, and an operating system to monitor and control the status of each system.
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TRACE Project System Configurations
The Daesan Port located in the north-central region of the West Sea, Korea was selected as the testbed area for the actual performance, where eLoran signal reception is possible along with the signals of the MF R-Mode transmitting station. Therefore, the plan is to upgrade the So-Cheong, Pal-Mi, and Eo-Cheong Island DGNSS marine reference stations and the Chung-Ju DGNSS inland reference station to MF R-Mode transmitting stations. The VDES R-Mode transmitting station will be installed at a location where it can complement the HDOP as a temporary transmitting station during the project. The differential R-Mode reference station and the monitoring station was installed near the Daesan Port.
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Korean R-Mode testbed configuration and monitoring & differential R-Mode reference station

The high level system architecture of Korean R-Mode test bed is shown in Figure 3. Differential R-Mode system (DRS) receives MF R-Mode signals and generates corrections for low and high CWs. R-Mode monitoring system (RMS) receives MF R-Mode corrections and feedback to DRS monitoring results. RMS monitors MF and VDES R-Mode signals and generates integrity information. VDES R-Mode Transmitting system (VRT) receives integrity information from RMS and sends it to users. MF R-Mode Transmitting system (MRT) receives MF integrity information, corrections and UDREs from RMS and generates R-Mode RTCM messages to send it to users. R-Mode Operation system (RMOS) monitors and controls each sub system.
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System architecture of Korean R-Mode test bed
Status of developing MF R-Mode
Operation status of the MF R-Mode transmitting stations
All MF R-Mode test bed transmitting stations are operating. Chung-ju inland station was first installed. It has been broadcasting MF R-Mode signal since June 2021. Eo-cheong maritime transmitting station is broadcasting signal from October 2021. So-cheong and Pal-mi maritime stations have started to transmit each R-Mode signal since May and August 2022, respectively. Figure 4 left shows Eocheong R-Mode transmitting station equipment. Korean R-Mode test bed is testing two options of CWs frequencies (250 Hz and 450 Hz) far from the MSK signal. Eocheong MF R-Mode signal spectrum set on 450 Hz is shown in Figure 4 right. Its monitoring status is shown in Figure 5. Korean DGNSS system is redundant. Thus, we installed an R-Mode system on the A side only. The B side has the original DGNSS for safe operation. Only So-cheong station has R-Mode system installed on the B side. It is in operation.
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Eo-cheong MF R-Mode transmitting station equipment and signal spectrum of Pal-mi station 


MF R-Mode transmitting station monitoring status at Eo-cheong

Test on MF R-Mode RTCM message
Korean R-Mode test bed system has DRS to enhance the positioning accuracy. DRS generates corrections and UDREs. These information should be broadcasted to users. Therefore, we modified some information of MF R-Mode RTCM message proposed by ENG15-3.1.3.6 [1]. Regarding the R-Mode RTCM header, we reduced assigned bits of ‘status MSK’ and ‘status CW’ and added ‘MS health’, ‘RS health’, and ‘Correction Status’. ‘Station health’ was changed to ‘TR Status’ and the meaning of range parameter was re-defined. R-Mode RTCM sub message was also modified to reduce the message length and to include UDREs. Figures 6 to 9 present modified R-Mode RTCM message for a Korean R-Mode test bed. The red indicates modified information.
The architecture of a Korean MF R-Mode transmitting system is shown in Figure 10. The R-Mode RTCM generator (RRG) located between RS of DGNSS system and Exciter of R-Mode system receives DGNSS RTCM messages and R-Mode RTCM message parameter and sends these to Exciter.
TRACE project is currently in functional test to broadcast R-Mode RTCM message. RMS sends R-Mode RTCM message parameters to RRG every 5 seconds not to exceed 200 bps. RRG generates full R-Mode RTCM messages.[image: ]
Modified R-Mode RTCM header for Korean R-Mode test bed
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Modified information of R-Mode RTCM header
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Modified R-Mode RTCM sub message for Korean R-Mode test bed
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Modified information of R-Mode RTCM sub message
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MF R-Mode transmitting system architecture

Status of Developing VDES R-mode
The main goal of the VDES R-Mode Testbed is to use VDES standard messages for ranging measurements. The concept of VDES R-Mode Ranging is to transmit a ranging sequence in a VDES message and estimate the distance between a transmitting station and a receiving station using a time of arrival (TOA) measurement technique. 
In order to verify theoretical analysis of VDES R-Mode, the TRACE project implements VDES R-Mode transmitting station (VRT) and receiving station (VRR) for Ranging Sequence TOA measurement to build VDES R-Mode Testbed. It involves performing TOA measurement test in VHF signal band to analyse the effect on distance measurement accuracy in a real marine environment.
Figure 11 shows candidate locations of transmitting stations which are Humangsan AIS base stations, Nanjido, and Budo. The VRR was installed in Daesan, same as the R-Mode monitoring station. 
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VDES R-Mode testbed configuration 

Implementation of VDES R-mode
VDES R-Mode Ranging Sequence and Navigation data uses VDE-TER standard messages. It was implemented according to the ITU-R M2092-1 [2] and IALA Guideline 1158 [3]. Link ID 17 is applied to navigation data and transmitted every 1 minute. Link ID 37 is applied to ranging sequence and transmitted every 800 ms. The ranging sequence is a concatenation of two known sequences to customize the required performance based on given scenarios. For the VDES R-mode in the TRACE project, only gold sequence was used to generate the ganging sequence (. 
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VDES R-MODE standard message format

VDES R-Mode physical layer was implemented in an FPGA-based self-made HW. The VRT and VRR consisted of a suitable band pass filter, a power amplifier, a low noise amplifier (LNA), and an antenna. Figure 13 and Table 1 show specifications of the manufactured VRT and VRR.
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VDES R-MODE transmitter(VRT) / receiver(VRR)

Specifications of VRT and VRR
	Parameter
	Specification
	
	Parameter
	Value

	Frequency
(MHz)
	157.2375
161.8375
	
	Output power
	12.5 W

	Band Width
(KHz)
	100
	
	Working Voltage
	AC 220 V

	Modulation
	π/4-QPSK
	
	Size
	270x223.2x270
W x H x D(mm)

	Symbol Rate
	76.8 Ksps @100 kHz
	
	
	

	Multiple Access
	TDMA
	
	Weight
	9.1 kg



Measurements test of VDES R-Mode
Measurements in the VDES R-Mode test were performed in-lab. The purpose of the test was to check measurement accuracy of the implemented VDES R-Mode. This was performed by checking the amount of change in TOA measured by the receiving station that had received the ranging sequence transmitted from the transmitting station with time synchronization with the GPS receiver. Figure 14 shows test configuration. Figure 15 shows TOA measured value over time.
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[bookmark: _Ref115101542]Test Configuration of TOA Measurements
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Results of ToA Measurements
The receiving station measured the TOA for the ranging sequence received every 800 ms. The measured result was displayed on the y-axis. The one sample value on the Y-axis indicates the resolution capability of the receiving station. It is about 3.3 m in terms of distance. It was confirmed that a measurement error of 3.3 m occurred due to influence of clock jitter of the transmitting and receiving station and the PPS jitter of the GPS receiver.
Measurements to verify the performance of the VDES R-Mode in a wireless environment were performed on June 20, 2022. As a test for TOA measurement in a fixed position where mobility was excluded, the VRT was installed at mountain Dobi and the VRR was installed at the seawall in Seosan A district. The height of the installed VRR was 200 m above sea level and the distance was 11.2 km. Locations of VRT and VRR of the map are shown in Figure 16.
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Installation for Test
Figure 17 shows results of measurement test of the VDES R-Mode in a wireless environment. The average received power was measured about -51.38 dBm. During the test, approximately 2,000 epoch measurements were collected. As a result of analysis of the variance of TOA measurements within four samples, it was confirmed that performance degradation occurred due to SNR and multipath fading effects compared to laboratory test. Test result showed that a distance measurement error of about ±6.6 m was expected based on the average value even in a wireless channel where LOS and sufficient SNR were secured.
[image: ]
TOA Measurements for VHF Radio Test
References
ENG15-3.1.3.6 RTCM navigation message for medium frequency R-Mode, 2022.
ITU, Recommendation ITU-R M.2092-1, Technical characteristics for a VHF data exchange system in the VHF maritime mobile band, 2022.
IALA, Guideline G1158-VDES R-Mode, Edition 1, 2020.
Action requested of the Committee
The Committee is requested to: 
Consider including the R-Mode differential reference system to R-Mode system architecture in the guideline.
Discuss the modified R-Mode RTCM message of the Korean R-Mode test bed
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