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ABSTRACT  

Telecommunication Laboratories (TL) operates the Quality System in accordance with ISO 

17025(since 2001) and the accreditation body is TAF (Taiwan Accreditation Foundation). TL has 

undergone peer assessment in 2001 and the technical assessors were from NMIA, Australia and 

NICT, Japan. In October 2004 and 2007, TL passed the audits of TAF CNLA to continue the 

ISO17025 certification and the technical assessors were from NIST (USA) and NICT (Japan), 

respectively. In October 2010, we passed the audit from TAF again and the technical assessor was 

from BIPM. 

This article covers the four most important activities on time and frequency area undertaken in 

Taiwan from July 2009 to August 2012:  

1. Reference Clocks and Time scales   

1.1 Reference clocks   

1.2 UTC(TL) and TA(TL)    

2. Time transfer 

 2.1 GPS time transfer   

 2.2 Two-way satellite time and frequency transfer (TWSTFT)    

3. Time Dissemination 

 3.1 Speaking clock service   

 3.2 Taiwan’s computer time service (TCTS)   

 3.3 Network time protocol (NTP) service    

4. Other research activities 

4.1 Fully utilization of TWSTFT network data by weighted least square method   

4.2 TL GPS Remote Time and Frequency Calibration System   

4.3 Digital standard time distribution architecture with its applications    

4.4 Precise Sagnac-effect correction on two-way satellite time transfer       

4.5 Forming a real-time time scale with Asia-Pacific TWSTFT network data    

4.6 Optical microwave generation, stabilization and distribution  

4.7 The Dual Pseudo-random Noise TWSTFT   

4.8 Ionospheric effects on next-generation two-way satellite time and frequency transfer 
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1.Clocks and Time scales  

1.1 reference clocks 

13 HP(Agilent) 5071A high performance cesium clocks and 3 active H-masers, which are located 

in the 4 EM shielding chambers with stabilize temperature (23±0.3
。
C) and humidity (50±5%) control. 

2 microphase-steppers with mentioned clocks are used for generating the UTC(TL) and TA(TL), 

respectively.  

1.2 UTC(TL) & TA(TL)   

The atomic time scale TA (TL) is generated by our cesium-clock ensemble. UTC(TL) is 

physically generate by an micro phase stepper AOG-110, which frequency reference is a hydrogen 

maser. Both TA(TL) and UTC(TL) are generated by steering the AOG-110, we check the relative 

accuracy of UTC(TL) with TA(TL) daily and their real accuracies according to BIPM Circular T 

monthly report. Figure 1 showed the performance of UTC(TL) from July 2009 to August 2012, we 

kept the phase difference with UTC in ±35ns, and the MDEV is about 3.68e-10 when average time is 

5 days. 

Figure 1. UTC – UTC(TL), stability and phase difference 

 

2. Time Transfer 

2.1 GPS time transfer 

One Topcon multichannel GPS C/A code receiver, two Ashtech Z12T dual frequency GPS receivers, 

one new purchased TTS-4 dual frequency GNSS receiver, and two new purchased PolaRx4 dual 

frequency GNSS receiver are used in TL for GPS/GNSS time transfer. Dual frequency data are adopted 

in GPS/GNSS system and the ionospheric delay could be obtained to reduce the uncertainty. Both GPS 

systems compare the UTC(TL) with GPS satellites time and generate CGGTTS format files everyday. 

All files are put in our ftp server ftp://ftp.stdtime.gov.tw/ which includes C/A code and P3 code GPS 

time transfer data. The Ashtech Z12T dual frequency GPS receiver also provides GPS carrier phase 

data, the RINEX format data files are put in the same ftp server as well. In the same time, the Z12T 

RINEX files are sent to BIPM and the IGS global data center CDDIS as TAIPPP and IGS station, the 

alphabetical character code is TWTF. Both new purchased GNSS receivers, TTS-4 and PolaRx4, 

 

ftp://ftp.stdtime.gov.tw/
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provide RINEX and CGGTTS format data files everyday automatically and are going to put in our ftp 

server after the differential calibration with respect to TWTF is complete.  

2.2 Two-way satellite time and frequency transfer (TWSTFT)  

TL currently maintains four earth stations for TWSTFT experiments, as listed on the Table 1. The 

TL01 station is for the Asia-Pacific TWSTFT links. All TWSTFT measurements in the Asia-Pacific 

area are performed simultaneously by using the 8-receive-channel NICT modems. Hourly data, which 

are results of a quadratic fit over the 1-second measurements during 300-s duration sessions, are 

available. The regular Europe-Asia TWSTFT links, e.g., TL-PTB links, are performed hourly by 

employing SATRE modems with TL02 station. In the year 2012, the satellite for Europe-Asia 

TWSTFT links is Express AM-2, which only allows us to perform 10-hour experiments in a day. The 

frequency stability of PTB-TL link reached 2×10
-15

 at one-day averaging time. The TL03 station is for 

the dual pseudo-random noise codes (DPN) TWSTFT test link between NICT and TL. Since April 

2012, TL has joined the Asia-USNO TWSTFT links through the Hawaii relay station, i.e., KPGO. The 

TL04 station is currently employed for the Asia-USNO TWSTFT links.   

 

Table 1, TWSTFT links and facilities of TL in 2012 

Earth Station TL01 TL02 TL03 TL04 

Link Asia-Pacific Eu-Asia Prepare for DPN Asia-USNO 

Satellite GE-23 AM2 GE-23 GE-23 

Antenna Size 2.4 m 2.4 m 2.4 m 1.8  m 

Transceiver CODAN 5900 CODAN 5900 CODAN 5900 CODAN 5900 

Band Ku, band 1 Ku, band 1 Ku, band 3 Ku, band 1 

Modem NICT modem 

(multi-channel) 

SATRE 66 

(single channel) 

AWG and 

Sampler 

SATRE 63 

(multi-channel) 

Participants NICT PTB, NIM, 

NTSC, NICT, 

VNIIFTRI, NPLI 

NICT NICT, KPGO, 

USNO 

 

 

3. Dissemination 

3.1Speaking Clock Service  

We had designed and set up a public voice time service system, it was called as 117 time service 

(the dialing number is 117). This system can provide accurate voice time to public users. The time 

difference between the voice time and UTC (TL) is less than 10 ms around Taiwan. The system have 

traced to UTC (TL) via IRIG-B code dissemination system by dedicated line and broadcasts through 

PSTN 24 hours a day automatically.  
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Figure 2 Status display of the speaking clock 

 

 To help ensure that 117-service never breaks the voice time service, we specially designed an 

automatic switch system in June 2006 and done in April 2007. The switch system can monitor the 

real time status of two 117 speaking clocks. The role of these two speaking clocks, one is operating in 

on-line situation and the other is actively standby. Once the switch system have found any status of 

failure from the on-line system, then, the switch system will immediately active the standby system to 

replace the on-line system and cut the troubled system off. Also the alarm will break out from the 

switch system. In addition, the switch system has special self-checking to enhance reliability. 

 

Figure 3 Status display of the automatic switch system  

3.2 TCTS Service  

We developed the Taiwan’s Computer Time Service (TCTS) system in 1998, an ACTS-like 

telephone line service system. It is synchronized to UTC (TL) with IRIG-B time code. The 

“European Telephone Code” is modified into TCTS time format to match our needs. Two modes, 

One-way and Loop-back, are operated. The propagation delay was measured precisely and 

compensated by Loop-back mode, whose accuracy can reach the range of 1 ms around Taiwan. 

Today, we have only launched a TCTS system with 2 lines because the users are decreasing day by 

day.  
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Figure 4 Status display of the TCTS service system 

3.3 NTP Service  

One of the most important time synchronization services TL provided for the populace is the Network 

Time Synchronization Service. The Network Time Synchronization Service uses Network Time 

Protocol (NTP) to synchronize clocks of computers in the Internet with national standard time. NTP 

builds a time tracking system in a hierarchical structure. The NTP timeserver with lower hierarchy is 

synchronized to that with higher one. NTP can estimate the network propagation delay and 

compensate the effect of delay for adjusting the local computer clock. In the Internet, the accuracy of 

NTP is about a few tens of milliseconds. Thus, it can provide an accurate time source for most 

information applications, including the Time Stamp Authority (TSA) application.  

We have begun to provide the Network Time Synchronization Service since June 1998. We installed 

multiple NTP timeservers in our Lab. and revised a friendly client program implementing Simple 

Network Time Protocol (SNTP) for Windows OS environments. In addition, we also designed a 

system to monitor our NTP services and the monitoring program is used to count the number of NTP 

access to our NTP timeservers. Up to July 2009, the number of NTP requests is more than 2 hundred 

million (200,000,000) connections a day. NTP provides an authentication option to implement the 

security function. However, the present version client program does not implement any authentication 

function. To design a powerful authentication mechanism for our NTP system is under running. 

 

Figure 5 real-time NTP request monitoring 
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3 Other Research Activities 

4.1 Fully utilization of TWSTFT network data by weighted least square method 

The two-way satellite time and frequency transfer (TWSTFT) is a precise time transfer technique and 

has being used to generate the TAI since 1999. Nowadays, TWSTFT links have formed a worldwide 

network and the large amount of TWSTFT data become highly redundant. To fully utilize the data of 

TWSTFT network and improve the TWSTFT results, a feasible method of processing data is proposed 

in this paper. According to the stability of each link, we assign a weighting value to each related 

equation and then solve the matrix equation with the weighted least squares method. We perform data 

analysis with practical time transfer data, and the results show that it is an effective method to improve 

the TWSTFT results.   

4.2 TL GPS Remote Time and Frequency Calibration System 

A new remote time and frequency calibration system using Global Positioning System (GPS) 

common-view or all-in-view method for the purpose of time synchronization and frequency 

syntonization is presented. The system integrates GPS timing receiver with measurement hardware and 

software. It can be used as Primary Reference Clock (PRC), remote time and frequency calibration, and 

monitoring the characteristic of the primary reference clocks for wireless and power system 

applications.  

A series of experiments were executed to evaluate the performance of the system. The common view 

common clock test using hydrogen maser as reference was studied for the evaluation of the system 

noise level. The short-baseline test between Chunhwa Telecommunication Laboratories (TL) and 

HsinChu within 18.6 km, and mid-baseline test within 200 km between TL and Yunlin were also 

performed.  

Experiment results show that the system works by making simultaneous all-in-view measurements at 

National Time and Frequency Standard Laboratory of TL and at under test sites in Taiwan with up to 

eight GPS satellites. The combined expand time uncertainty and frequency uncertainty of the designed 

system with a coverage factor of k=2 are equal to 94.52 ns and 1.0×10-12 respectively, which can meet 

ITU-T G.811 standard and requirements for the dominant wireless and power systems applications. 

4.3 Digital standard time distribution architecture with its applications  

An efficient and accurate two-layer standard time distribution architecture is proposed to implement 

digital time traceability.  First, the system uses a clock calibration procedure based on two-way time 

transfer over a general dialup telephone modem and achieves a couple of milliseconds accuracy. 

Second, the system uses a delegation time stamping procedure that employs a forward secure proxy 

signature scheme to provide enhanced validity assurance and extends the RFC 3161 time stamp token 

to embed the standard time reading.  These let users eliminate the blind trust on a commercial time 

stamping server’s clock handling. 

4.4 Precise Sagnac-effect correction on two-way satellite time transfer 

This research describes how to eliminate the diurnal variations caused by the satellite motion in the 
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Two-Way Satellite Time and Frequency Transfer (TWSTFT) data. Through the analysis of the 

NICT-TL link, we demonstrate that a precise Sagnac correction is useful to improve the TWSTFT data. 

The time deviation (TDEV) at an 8-hour averaging time is reduced from 159 ps to 73 ps after the 

correction. 

4.5 Forming a real-time time scale with Asia-Pacific TWSTFT network data 

This research proposed a new scheme to generate a real-time paper time scale by utilizing the ensemble 

clock data and the two-way satellite time and frequency transfer (TWSTFT) data among the 

laboratories in the Asia-Pacific region. By integrating above data, with specific weighting methodology 

and using nero-fuzzy prediction, this research can form a reference time scale to analyze the time 

difference with local UTC in real-time. The proposed scheme is investigated by conducting a 

three-month long fuzzy predictor which based on the calculated clock ensembles from TWSTFT links 

among Asian timing laboratories. The performance is accredited with respect to time scale of the 

UTC(TL), as well as UTC. 

4.6. Optical microwave generation, stabilization and distribution 

In Taiwan, the demands of precise time synchronization are increasing recently, e.g., the 

next-generation telecommunication, the smart grid of power system, and the science study in some 

campus. Because an optical fiber has the characteristics of broad bandwidth and low transmission loss, 

a new trend is to perform the time transfer through the optical fiber link. In 2012, we have performed a 

preliminary experiment on two-way time transfer through a 25-km common-path optical fiber link. The 

fiber link achieved time deviation of less than 7 ps and frequency stability of 2×10
-16

 at one-day 

averaging time. 

A particular idea is how to extend the technique of time and frequency transfer via optical fibers into 

the applications of frequency source stabilization. Optoelectronic oscillators (OEOs), based on optical 

fiber loops to act as a high-Q cavity, are capable of generating stable radio-frequencies (RF). The 

long-term frequency stability of the OEO is then limited by the cavity variation that is mainly induced 

by temperature sensitivity of the optical fiber. In 2011, we proposed a feasible method for monitoring 

the delay variation of fiber loops in a dual-loop OEO structure. Experimental results demonstrate a 

spread-spectrum probe signal is effective in measuring the loop delay without observable interference 

to the oscillating frequency. If the relationship between the free-running frequency of an OEO and the 

monitored delay is determined, the OEO can be stabilized by actively tuning the fiber delay according 

to the monitored data. Moreover, we also investigated the relationship between the phase shift of a 

reference injection-locked OEO and its fiber delay over a long period of time. With actively stabilized 

fiber delay, an OEO can be very steadily phase locked to the injection reference. A high performance 

OEO may act as a local oscillator that could lock the output of the absolute reference frequency, 

provided by the atomic transition. 

4.7 The Dual Pseudo-random Noise TWSTFT 

The measurement precision of TWSTFT is limited by the chip rate of the timing signal with the 

pseudo-random noise (PRN) code. In order to improve the time transfer precision and reduce the 
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operational cost, the National Institute of Information and Communications Technology (NICT) has 

developed the Dual PRN (DPN) signal. The DPN is realized by modulating a PRN with two different 

subcarriers, and measuring the DPN group delay is equivalent to measure the propagation delay. The 

first international DPN experiment has been successfully performed, between NICT and TL, and lasted 

for 9 months in 2010. In this experiment, some discontinuities existed in the measured results due to 

the power blackout, rain fade, and some other unexpected events. After some tests and improvements, 

the data of the NICT-TL DPN experiment became more stable and reliable. The numerical results show 

that DPN results of NICT-TL experiment have higher precision and less diurnal as compared with the 

conventional TWSTFT results. The observation is real-time processing and the TDEV of current results 

can reach better than 10 picoseconds in 5-minute averaging time. 

4.8 Ionospheric effects on next-generation two-way satellite time and frequency transfer 

The next-generation two-way satellite time and frequency transfer (TWSTFT) is to compare clock 

difference at sub-nanosecond level. However, many uncertainties, including ionospheric effects, still 

have to be much well studied for farther reduction. A next-generation TWSTFT technique using dual 

pseudo-random noise (DPN) codes has high precision for clock comparison and can also provide 

opportunities to investigate the aforementioned ionospheric uncertainties. 

Ionospheric effects on TWSTFT may include two main portions. One is ionospheric refraction caused 

by total electron content (TEC), and the other one is ionospheric diffraction and scattering caused by 

electron irregularities. TEC produces propagation delays of satellite signals. For example, Figure 6 

demonstrates ionospheric delay corrections for the TL/NICT TWSTFT link. The delay corrections are 

larger in high solar activity year (e.g. 2001) than in low solar activity year (e.g. 2010), and they can 

affect the TWSTFT at sub-nanosecond level. By contrast, electron irregularities (e.g. ionospheric 

bubbles and traveling ionospheric disturbances) generate scintillations of satellite signals, and their 

impacts on TWSTFT are under study now.  

Figure 6. Ionospheric delay corrections during different solar activities 
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