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Editor Message from 

 
Dear authors, reviewers and readers of ECTI E-Magazine, 

 

We are delighted to welcome you to the first issue of ECTI E-Magazine 2018, for which we have served as 

the new team of editors. Firstly, we wish to thank our predecessor Pornchai Supnithi who has done a great service 

for the past two years, revolutionizing the magazine to a new level. He has always led academic community with 

creative thinking, bringing in new generation of young scientists and engineers to do powerful research and 

development, which drives the entire society towards digital transformation. He always believes that the sky is 

the limit, so does our new team. We wish him a wonderful success for his new role as the 2nd Vice President of 

ECTI association. 

We are also pleased to inform you that Professor Kosin Chamnongthai is officially declared as our new 

President of ECTI association for 2018-2019. He is actually a co-founder of ECTI association established in 2002 

and has contributed immensely in organizing many international conferences throughout his successful 

academic career. We are looking forward to collaborating and working under his guidance and leadership. 

We are very proud to introduce Dr. Thayathip Thongtan, a professional electrical metrologist at time and 

frequency laboratory, electrical metrology department, NIMT, for her article entitled “Time and frequency 

metrology in Thailand.” This article describes the time and frequency metrology works in Thailand at NIMT, 

including NIMT atomic time keeping system, international time comparisons and time dissemination in Thailand. 

ECTI association is organizing four major conferences this year, namely the ECTI-CON 2018 (Chiangrai), 

ECTI-CARD 2018 (Phitsanoulok), ITC-CSCC 2018 (Bangkok), ISCIT 2018 (Bangkok). Members are encouraged to 

submit technical papers for presentation and share experience among regional and global leading researchers, 

while taking this opportunity to meet new friends and establishing collaboration among universities and 

institutions. Other regional conference/workshop activities are also ongoing and will soon spread across every 

region, bringing academic to every corner of the society. Accepted papers in conferences with exceptionally high 

quality can be extended for publication in two prestigious journals of ECTI, namely the ECTI Transactions on 

Computer and Information Technology (ECTI-CIT) and the ECTI Transactions on Electrical Engineering, 

Electronics, and Communications (EEC). 

Finally, we are very excited and aware of the responsibilities of the editor's role. Therefore we wish to 

welcome all kinds of suggestions, discussion, and thoughts to make this E-Magazine an excellent platform for 

our digital generation to share their success and contribute to the world of academia and industries. Happy 

Songkran festival 2018. 

 

  

 

 

 

 

 

 

 

  Lunchakorn Wuttisittikulkij                    Watid Phakphisut                                   Lin M. M. Myint 

ECTI E-Magazine Editor          ECTI E-Magazine Associate Editor          ECTI E-Magazine Assistant Editor 
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Thayathip Thongtan 

 

ABSTRACT 

National Institute of Metrology Thailand (NIMT), time and 

frequency laboratory operates a national timescale for 

Thailand called Coordinated Universal Time kept at NIMT or 

UTC(NIMT).  UTC(NIMT) is realised from four caesium 

atomic clocks in order to define 1 second of an International 

System of Units (SI) and assigned as an primary reference 

standard in Thailand. This in-house reference standard is 

internationally compared using Global Positioning System 

(GPS) observations to link UTC(NIMT) with UTC by 

observing precise timing signals from GPS navigation 

satellite using a GPS timing receiver.  This GPS timing 

receiver compares 1 PPS signals defined at UTC(NIMT) and 

1 PPS observations from GPS receiver output.  The 

measurements are: the time differences between 

UTC(NIMT) and satellite clock onboard, and the time 

differences between UTC(NIMT) and GPS system time 

(GPST).  This UTC(NIMT) is then compared with 

approximately 600 atomic clocks operating by around 80 

national timing laboratories around the world in order to 

produce a globally recognised UTC timescale.  This process 

is done by the International Bureau of weights and 

Measures (BIPM).  The UTC(NIMT) is disseminated to users 

through three main channels; namely, time and frequency 

calibration services for high accuracy and stability frequency 

standards in industries and time of day through internet 

network by our Network Time Protocol (NTP) servers and 

through FM radio signals.  The Hydrographics Department, 

Royal Thai Navy (HDRTN) timescale is linked to UTC(NIMT) 

to provide time of day services though a web-based clock 

display through HDRTN website and a speaking clock by 

dialling 1811.  The performances and evaluations of 

UTC(NIMT) where the frequency accuracy of UTC(NIMT) is 

kept around 4.9×10-13 (Hz/Hz) with respect to GPST, and 

its frequency stability is maintained at around 3.3×10-14 

(Hz/Hz) per day; from 1 January 2017 to 27 December 2017 

(MJD 57754 to MJD 58114), are vital to industries and many 

modern scientific aspects; whereas time measurement at 

the accuracy of a minute or few seconds are enough for our 

daily life activities. The time and frequency metrology in 

three main folds, namely, NIMT atomic time keeping, 

international time comparisons and time dissemination in 

Thailand are elaborated in this article. 

 

Keywords: Time keeping; time dissemination; clock offset; 

timescale 

 

 

I. INTRODUCTION  

NIMT is a public organisation under the ministry of science 

and technology, the royal Thai government and is located 

at Techno-Thani science complex, Klong 5, Pathunthani.  

NIMT maintains and disseminates Thailand Standard 

Time realised from UTC(NIMT), whereas UTC is one of the 

bases of a civilian atomic time keeping scheme.  UTC(NIMT) 

is determined from the 3-ensemble caesium frequency 

standard. This is daily compared by observing GPS signals 

with other 400 atomic clocks operating by approximately 70 

national timing centres around the world in order to 

produce the UTC timescale. 

The maintained UTC timescales at each timing 

laboratory around the world from their operating atomic 

clocks are compared using two main methods: (1) two-way 

time transfer using communication satellites and (2) one-

way time transfer using Global Navigation Satellite Systems 

(GNSS).  GNSS is widely used in time comparisons for those 

clocks that are in remote distances because of its coverage 

and its services.  This technique is called time transfer.  The 

result is the time synchronisation errors at each epoch. 

The well-defined and determined clock characteristics 

together with the analysis of its performances of the 

maintain timescale at NIMT are distributed in three main 

folds; namely, calibration services, time through internet 

network and time through FM Radio Data System (RDS). 

This paper describes the time and frequency metrology 

works in Thailand at NIMT in a sequence from NIMT time 

keeping, international time comparisons and time 

dissemination in Thailand. 

 

II. NIMT ATOMIC TIME KEEPING 

NIMT atomic time keeping system comprises of four 

caesium beam tube frequency standards; comprising of 

three high performance and one standard performance 

caesium clocks.  They are all contributed to TAI sales.  These 

clocks are steered with a micro-phase stepper for time and 

frequency fine tuning. This system was in operation since 

1998. Typical characteristics high and standard 

performances of caesium frequency standards used as 

sources of UTC(NIMT) are displayed in Table 1. 

The main activities include maintaining four ensemble 

caesium atomic clocks in an environmentally control room 

in accordance with ISO/IEC 17025 for calibration and testing 

laboratories; whereby, the temperature and relative 

humidity are controlled at (23 ± 2) °C and (50  ± 15) %RH 

respectively.  This system has to be continuously operating 

24 hours a day and 7 days a week.  The fundamental 
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measurements from our time keeping systems are 

frequency, period and time interval measurements. The 

algorithm for timescale is also applied. 

The unit of time measurement is a second. It is one of 

the seven SI base units. The officially announced definition 

of a second by the 13th meeting of the General Conference 

on Weights and Measures in 1967 considered to be a very 

precise definition is specified as “The second is the duration 

of 9,192,631,770 periods of the radiation corresponding to 

the transition between the two hyperfine levels of the 

ground state of the caesium-133 atom.”  This definition is 

indispensable for science and technology.  The addition on 

this definition, later in 1997, refers to the caesium atom at 

rest at a temperature of 0 K. The diagram in Fig. 1 shows the 

electron orbits between its energy level and this energy is 

absorbed or released in form of electromagnetic radiations 

between two levels; in case of caesium-133 atom, the 

frequency of the electromagnetic radiation is exactly 

9.192631770 GHz (BIPM, 2014). 

Table 1 Caesium atomic clock characteristics: high and 

standard performances (Microsemi, 2017) 

The BIPM is the peak body of metric systems of SI 

located in Paris, France. It was created in 1875 and founded 

by contributions from the member states of the meter 

treaty.  The BIPM maintains an International Atomic Time 

(TAI) scale.  TAI scale is obtained from 604 atomic clocks 

kept by around 80 timing institutes around the world in 

order to ensure that the time interval unit of TAI second is 

kept closed to one SI second. These 604 atomic clocks 

comprised of 168 Hydrogen masers, 404 caesium clocks as 

well as 32 other types of clocks, for instances, microwaves 

and optical frequency standards (TAI, 2018).  BIPM also 

generates UTC scale which is an atomic timescale that is 

related to the rotation of the Earth because the Earth’s is 

rotating slower. This is determined from the Earth 

Orientation Parameters (EOP) collected by the International 

Earth Rotation Service (IERS). Hence, a leap second is added 

to The TAI scale to produce a UTC scale. This makes TAI 

runs at the same rate with UTC where UTC is synchronised 

closely; not more than 0.9 seconds, with the time 

determined by the Earth’s rotation (Teunissen PJG and 

Kleusberg A (Eds.), 1998).  The leap second was inserted on 

Characteristics 

Type of atomic clock Caesium Caesium 

Manufacturer Microsemi Microsemi 

Model 5071A 5071A 

Option High 

performance tube 

Standard 

performance tube 

Frequency outputs 5 MHz, 10 MHz, 1 

PPS 

5 MHz, 10 MHz, 1 

PPS 

Frequency signals Sine Sine 

Load impedance 50 Ω 50 Ω 

Accuracy ±5.0×10-13 ±1.0×10-12 

Stability (1-second 

averaging time) 

≤5.0×10-12 ≤1.2×10-11 

Stability (5-day 

averaging time) 

≤1.0×10-14 ≤5.0×10-14 

 

Figure 1: Electron transitions between two energy levels 

 

 

Figure 2: Timescale differences between UTC and GPST 
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31 December 2016 at 23:59:60 UTC time. The current 

difference between TAI and UTC timescales is specified as 

Equation (1); (BIPM, 2018): 

TAI-UTC = 37 seconds                           (1) 

NIMT participates in both UTC and rapid UTC (UTCr) 

scheme by the BIPM.  At the moment (as of 2018), timing 

laboratories participating in UTC and UTCr are 80 and 55 

respectively (TAI, 2018).  BIPM produces UTC at a monthly 

data on a document named Circular T with the solution of 

UTC-UTC(k); where k is the participated laboratory, at a 5-

day solutions based on the MJD interval of 5 and 9.  UTCr 

is officially published at a weekly solution on every 

Wednesday before 18:00 UTC time, where daily UTCr-

UTC(k) is provided.  This data can be used at the 

participated lab to steer their clocks at a shorter interval. 

 

III. INTERNATIONAL TIME COMPARISONS 

NIMT atomic timescale, UTC(NIMT), is traceable (or 

internationally compared) to the international time at the 

BIPM by continuously observed GPS satellites at NIMT.  

NIMT precise atomic timing system output source of 1 PPS 

and 10 MHz is connected to a GPS receiver.  The time offsets 

between the UTC(NIMT) and GPST can be directly 

monitored where GPST is used as a reference time.  GPST is 

also an atomic time system; not adjusted to the leap 

second, which commenced at 00:00 hrs UTC on 6 January 

1980.  GPST is restarted each week (Sat/Sun night).  TAI is 

ahead of GPST by 19 seconds as specified in Equation (2).  

A synchronisation error between the satellite clock and a 

reference timescale is provided in the navigation message. 

Table 2: NIMT GPS station information  

  

TAI-GPST = 19 seconds                          (2)  

Timescale difference between computed UTC and GPST 

from 1 January 2017 to 27 December 2017 (MJD 57754 to 

MJD 58114) is as shown in Figure 2 (TAI, 2018). 

NIMT GPS receiver information is as explained in Table 

2 and its measurement diagram is as display in Figure 3. 

BIPM computed time differences between UTC(NIMT) and 

both UTC and UTCr.  The results GPST from 1 January 2017 

to 27 December 2017 (MJD 57754 to MJD 58114) are as 

display in Figure 4 and Figure 5 respectively. 

 

IV. TIME DISSEMINATION IN THAILAND 

This precise time and frequency are disseminating to 

users within the country through calibration services, 

internet network by NTP server and radio data systems by 

FM radio. 

Site identification  

4-character BIPM code NIMT 

Data output format Common GPS GLONASS Time 

Transfer Standard (CGGTTS) 

Date installed 4 November 1997 

Monument foundation Roof of the building 

Site location information  

City or town Thanyaburi 

State or province Pathumthani 

Country Thailand 

Tectonic plate Eurasian 

Approximate position 

(ITRF) 
 

X coordinate (m) -1150489.200 

Y coordinate (m) 6080853.999 

Z coordinate (m) 1537597.843 

Receiver information  

Receiver type Topcon Euro-80 

Antenna maker and type Javad L1/L2 

Satellite system GPS 

Elevation cut-off setting 15 degrees 

Number of channels 12 

Antenna cable maker 

and type 

LMR-400 

Length outside the 

building 

~ 30 m 

Data collection  

Sampling time 13 seconds 

Data access http://203.185.69.45/Topcon/ 

Delays  

Internal delay 
GPS C1: 31.2 ns (measured on 30 

January 2017) 

Antenna cable delay 165.4 ns 

Internal reference offset 7.07 ns 

 

Figure 3: Diagram of NIMT international time comparison set-

up. 
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BIPM defines calibration and measurement capabilities as 

"the highest level of calibration or measurement normally 

offered to clients, expressed in terms of a confidence level 

of 95 %, sometimes referred to as best measurement 

capability”. These measurement capabilities have to be 

maintained by the national metrology institutes and were in 

acceptance by the International Committee of Weights and 

Measures under the mutual recognition agreement (NPL, 

2018). NIMT time and frequency measurement ranges, 

standard measurement used as well as its corresponding 

measurement and calibration capabilities for each 

equipments published on the BIPM website are as stated in 

Table 3 (see https://kcdb.bipm.org/appendixc/ default.asp). 

The calibration services undertaken at NIMT comprises 

of various frequency standards such as caesium frequency 

standard, rubidium frequency standard, quartz oscillators 

and GPS disciplined oscillators that may have either 

rubidium clocks or quartz oscillators as its internal or 

external frequency reference standard for their GPS time 

comparisons with NIMT.  The calibration services details and 

price list are stated on NIMT webpage. 

 

Table 3 NIMT measurement capabilities 

Measurand/ 

Equipment  

Measuremen

t method  

Measurem

ent range  

Calibration 

and 

Measurement 

Capabilities  

General 

Frequency 

Source 

Direct 

Frequency 

Measurement  

1 Hz to 

1000 Hz 
3.610-9 

> 1 kHz to 

10 kHz 
1.210-10 

Local 

Frequency 

Standard 

Phase 

Measurement  

5 MHz and 

10 MHz 
1.010-13 

Time Interval 

Source 

Direct 

Measurement  

100 ns to 

10000 s 
2 ns 

Remote 

Frequency 

Standard 

GPS 

common-

view 

5 MHz and 

10 MHz 
2.1×10-13 

 

The time of day is disseminated through an internet 

network using a NTP via a time server.  Users synchronised 

their time servers to one of the NIMT time servers will obtain 

Thailand standard time with the traceability to UTC(NIMT) 

without any charges.  NIMT time servers are 

time1.nimt.or.th, time2.nimt.or.th and time3.nimt.or.th.  

 

Figure 4: Timescale differences between UTC and UTC(NIMT) 

 

Figure 5: Timescale differences between UTCr and UTC(NIMT) 

https://kcdb.bipm.org/appendixc/
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Users can access this precise Thailand standard time over 

the internet by setting the computer time to either one of 

NIMT time servers.  This is a free service with accuracy better 

than 30 ms depending on the traffic within the internet 

network.  This service is demanding as computer systems 

required precisely timestamp events and occurrences. 

Apart from time dissemination through the internet 

network, it is also disseminated through the FM/RDS radio 

transmission.  Thailand standard time is broadcasted at the 

conventional FM radio broadcast station by applying the 

time code to the sub-carrier frequency of 57 kHz known as 

RDS.  This RDS is a communications protocol standard for 

embedding small amounts of various types of digital 

information including Clock Time (CT). CT can be accurate 

to within 100 ms of UTC at the rate of 1 minute transmission.  

NIMT FM/RDS radio transmission for Thailand standard 

time services is at 95.0 MHz and 102.5 MHz with the 

collaboration with MCOT Public Company Limited and the 

Royal Thai Air Force respectively.  Hence Thailand standard 

time could be easily accessed by tuning the radio frequency 

to the stated radio channels. 

 

V. CONCLUSIONS 

NIMT time and frequency laboratory is the sole 

organisation in Thailand who maintains and disseminates 

the Thailand Standard Time.  NIMT time and frequency are 

traceable to the UTC timescale maintained by the BIPM in 

Paris.  The timescale maintained as Thailand standard time 

is known as UTC(NIMT); determined by operating four 

caesium frequency standards at all time and in an 

environmentally controlled room, and is internationally 

linked with BIPM daily by measuring differences of each of 

our clocks and observing visible GPS satellites.  The precise 

time are disseminating to users within the country over the 

internet network and through FM/RDS signals.  NIMT also 

provide calibration services on various frequency standards 

such as caesium frequency standards, rubidium frequency 

standards and quartz oscillators.  This is to fulfilled our 

nation quality infrastructure and beneficial to Thailand 

economic growth as a whole. 
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