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ABSTRACT

Time comparison techniques are necessary for generating and keeping Coordinated Universal Time (UTC) and distributing
standard time clocks. Global Navigation Satellite System (GNSS) Common View, GNSS All-in-View, Two-Way Satellite Time
and Frequency Transfer (TWSTFT), Very Long Baseline Interferometry (VLBI), optical fiber, and Network Time Protocol (NTP)
based methods have been used for time comparison. In these methods, GNSS based time comparison techniques are widely

used for time synchronization in critical national infrastructures and in common areas of application such as finance, military,

and wireless communication. However, GNSS-based time comparison techniques are vulnerable to jamming or interference

environments and it is difficult to respond to GNSS signal disconnection according to the international situation. In response,
in this paper, Code-Division Multiple Access (CDMA) based All-to-All TWSTFT operation method is proposed. A software-
based simulation platform also was designed for performance analysis in multi-TWSTFT signal environments. Furthermore,

code and carrier measurement jitters were calculated in multi-signal environments using the designed simulation platform.

By using the technique proposed in this paper, it is anticipated that the TWSTFT-based time comparison method will be used

in various fields and satisfy high-performance requirements such as those of a GNSS master station and power plant network

reference station.
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Fig. 1. Typical stabilities of time and frequency transfer techniques (TWSTFT
code, TWSTFT dual PseudoNoise, TWSTFT carrier phase, GNSS common
view (Carrier phase) (Sekido et al. 2012), VLBI, Atomic fountain, optical
clocks (Takiguchi et al. 2008)).
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Fig. 2. Principle of TWSTFT.

Table 1. Link budget of TWSTFT (Cheng et al. 2022).
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Error magnitude [ps]

Error sources Influences of errors  After calibration (Zero-baseline calibration or model correction)

TIC delay 10~100 5

Modem delay 100 10

Satellite transparent transponder delay 80 10

Transmission and receiving system delay 200~500 30

Propagation path geometry delay <10 <10

Tropospheric delay 10 10

Ionospheric delay 100 <10

Asymmetry of station and satellite position delay 30 <1

Sagnac effect delay 1-2:10° 10~100
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Fig. 3. TWSTFT calibration scheduler for even hour measurement sessions in Europe-Europe link and Europe-USA link.

Fig. 4. TWSTFT calibration scheduler for odd hour measurement sessions in Europe-Europe link and Europe-USA link.
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Fig. 5. TWSTFT operation scheduler for every hour measurement sessions in Europe-Asia link and Asia-Asia link.
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Fig. 7. Software based simulation platform design for CDMA based TWSTFT signal environments.

(a) IF Carrier, Ig (b) TW Code, ¢

Fig. 8. Software based TWSTFT signal generator output.
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Table 2. Software based DLL, PLL discriminator and tracking loop filter for TWSTFT signals.

T Phase lockloop Delay lock loop
pes Method Note Method Note
Method: Early-Minus-Late N B
. Method: (Q,/,)  Two-quadrant |Power (EMLP) E=Jl+0
Discriminator
Phase error: ¢ arctangent 1E-L L= / 12407
2E+1L Lok
2nd order filter 2nd order filter
Tracking loop filter Filter ]%W: 25:0 Hz Filter ]%W: 2.9 Hz
Dampingratio: 0.7 Dampingratio: 0.7
Loop gain: 0.25 Loop gain: 1.0

(a) GPS L1CA live signal full search

(b) TWSTFT generated signal full search

Fig. 9. TWSTFT signal acquisition function verification of software-based TWSTFT signal process platform.
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(a) GPS L1CA live signal tracking (b) TWSTFT generated signal tracking
Fig. 10. TWSTFT signal tracking function verification of software-based TWSTFT signal process platform.

(a) single signal, non-Overlap (b) 5 signals, 40 kHz carrier offset
() 10 signals, 20 kHz carrier offset (d) 20 signals, 10 kHz carrier offset
(e) 50 signals, 4 kHz carrier offset (f) 100 signals, 2 kHz carrier offset

Fig. 11. Frequency plan setup for simulation-based phase jitter analysis in TWSTFT multi-signal environments.
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Fig. 12. DLL code phase jitter 1-o according to C/N, and TWSTFT signal
environments.
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Fig. 13. PLL carrier phase jitter 1-o according to C/N, and TWSTFT signal
environments.
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