JPNT 13(3), 355-363 (2024)
https://doi.org/10.11003/JPNT.2024.13.3.355

Journal of Positioning,
]I) N T Navigation, and Timing

3, 0|

Study on a Method for Performance Evaluation and Analysis of

TWSTFT Modems

Juhyun Lee®, Ju—lk Oh, Joon Hyo Rheel®, Gyeong Won Choi(®, Jong Koo Leel2, Sung—hoon Yang
Youn—Jeong Heo®, Dai—Hyuk Yu®, Myoung—Sun Heo

, Young Kyu Lee’

Time and Frequency Group, Strategic Technology Research, Korea Research Institute of Standards and Science (KRISS),

Daejeon 34113, Korea

ABSTRACT

Time synchronization is crucial for ensuring the reliable operation of modern economic and social infrastructures. Techniques
such as Global Navigation Satellite System (GNSS)-based methods and Two-Way Satellite Time and Frequency Transfer
(TWSTFT) play key roles in precise time comparison and synchronization. TWSTFT, in particular, is recognized for its ability

to achieve sub-nanosecond accuracy in time transfer, making it indispensable in fields such as satellite navigation. This
paper proposes a comprehensive performance evaluation method for TWSTFT modems, emphasizing pre-validation in
controlled environments to mitigate operational challenges. Using the proposed evaluation method, the study presents the
standard deviation of RTT according to C/N, and compares it with the datasheet of a commercial TWSTFT modem. Through
this approach, the aim of this study is to enhance the reliability and accuracy of TWSTFT-based time synchronization across

diverse applications.
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Fig. 1. Basic principle of TWSTFT.
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Table 1. The signal structure comparison of TWSTFT modems.

TWSTFT Modem Name SATRE SRS
Intermediate frequency 70+15 MHz 70+1 MHz
Modulation type DS-BPSK DS-BPSK
Code chip rate 0.5,1,2.5,5,10, 20 MHz 1 MHz
Code sequence - GPS L2C(M)
Code length - 20,000 bits (=20 ms)
Data rate - 50 bps
Data length - 500 bits (1 cycle: 20 ms x 500 bits = 10 s)

7 71%4 Bl 27198 TSR BHY A4S 1 Aol
TS()-TSQ)2 bl 4 9lom, 7} 7)&%e] AZRHAAI47 o]
o8 S7E)E TIRE Egs. (1, 2)9k 7] Bglat 4 3]

TI(1) = TS(1) — TS(2) + TD(2) + PDU(2) + SCU(2)
+SD(2) + PDD(1) + SCD(1) + RD(1) (1)

TI(2) = TS(2) — TS(1) + TD(1) + PDU(1) + SCU(1)
+SD(1) + PDD(2) + SCD(2) + RD(2) 2)

Eq. (D¥} Eq. (2)9] 2}o]Z Eq. 33} o] Fela 4 glom,
Eq. Q)% B3l F 7185 M9 Bl 2A1Y ZelE 2& 4 9L

TI(1) — TI(2) = 2 TS(1) — 2 TS(2) + TD(2) — TD(1)
+ PDU(2) — PDU(1) + SD(2) — SD(1)
+ PDD(1) — PDD(2) + RD(1) — RD(2)
+SCD(1) — SCU(1) — SCD(2) + SCU(2) (3)

NG B AT S04 A AEE, UFS, AT A w3}
S TR 03} Ql50] EAshH, o]l 04} 215 Eq. (3)
off mas uls o] 7k 7| E2olH 24T 2 7 AR £
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s} Eln, tEAQl Fredox} golozt S YR Add, AT
AR, 94 ARA, A S A, RS A, 71T YR
Z)¢lo] 23} (ITU-R TE1153 2015, Cheng et al. 2022).
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Information and Communications Technology (NICT)o||A] 72k
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Alof] €& =0 QJt} (Yang et al. 2009, Lee et al. 2023b).
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Fig. 2. Proposed performance evaluation method for TWSTFT modem.

Fig. 3. The performance evaluation environment for TWSTFT modem. It consists of a TWSTFT modem, a VSG, a spectrum analyzer, a USRP, and a modem

control and logging workstation.
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Table 2. Performance evaluation setup for the TWSTFT modem using the proposed test environment.

Test TWSTFT modem setup VSG setup Other
‘est case
Txchiprate[MHz]  Txpower[dBm] IF[MHz] Signaltype Txpower[dBm] Cable, Mixer, Splitter loss [dB] Logging time [s]

1-(1~41) 0.5
gﬁjg ;g 0--40 Actual: -48

o ’ Actual: -44.5~-48.5 70 AWGN . -44.5 900
4-(1~41) 5.0 (Interval 1 dB) (In BW 5 MHz)
5-(1~41) 10.0
6-(1~41) 20.0
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Fig. 4. Logged raw data of the TWSTFT modem under the proposed test
environment for performance evaluation. (a) Measured Rx C/N,, (b) Rx
frequency, (c) Round-trip time.
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Fig. 5. Standard deviations of the round-trip times according to the measured C/N, of the TWSTFT modem under the proposed test environment for

performance evaluation.
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Fig. 6. Measured C/N, of the TWSTFT modem according to the calculated
C/N, with spectrum analyzer basis.
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Fig. 7. Standard deviations of the round-trip times according to the measured C/N, of the TWSTFT modem under the proposed test environment for

performance evaluation.
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