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摘要
本次出國案主要任務為：赴日本考察CRL時頻實驗室及參加APMP TCTF MRA workgroup meeting，暨轉赴新加坡考察PSB實驗室並參加APEC/APMP Workshop on Evaluation of Measurement Uncertainty。

日本通信總合研究所(CRL) 時頻部門為亞太地區首屈一指的時頻研究室。新加坡生產力及標準委員會(PSB) 時頻實驗室則為APMP TCTF國際相互認可委員會的重要成員。考察此兩重要實驗室，對於提昇技術能力及促進彼此合作關係，都有莫大的幫助。

APMP TCTF MRA Workgroup meeting係亞太地區時頻實驗室間，商討相互認可相關事宜的重要會議。參與此會議，可就國際間相互認可相關事務匯集共識，有助於國際相互認可事務的推動。

APEC/APMP Workshop on Evaluation of Measurement Uncertainty則是關於量測不確定度評估方法與技術之重要國際研討會。藉由參加此研討會，和與會專家彼此交換意見，更能深入了解時頻不確定度之特性，極有助於實驗室技術能力的提昇。
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一、目的
本次出國案主要任務為：赴日本考察CRL時頻實驗室及參加APMP TCTF MRA workgroup meeting，暨轉赴新加坡考察PSB實驗室並參加APEC/APMP Workshop on Evaluation of Measurement Uncertainty。

日本通信總合研究所(CRL) 時頻部門為亞太地區首屈一指的時頻研究室，技術能力及環境條件均值得我們觀摩學習。新加坡生產力及標準委員會(PSB) 時頻實驗室則為APMP TCTF國際相互認可委員會的重要成員，於國際活動中也極其活躍。考察此兩重要實驗室，非常具有激勵作用，對於提昇技術能力及促進彼此合作關係，都有莫大的幫助。

APMP TCTF MRA Workgroup meeting係亞太地區時頻實驗室間，商討相互認可相關事宜的重要會議，未來更可擴展至與其他區域組織(如EUROMET, SIM…等)間之國際相互認可。參與此會議，可就國際間相互認可相關事務匯集共識，有助於國際相互認可事務的推動。

APEC/APMP Workshop on Evaluation of Measurement Uncertainty則是關於量測不確定度評估方法與技術之重要國際研討會。參與此研討會，可得到量測不確定度方面整體的觀念與豐富的收穫。由於時頻領域的不確定度評估有其獨特的複雜性，藉由參加此研討會，和與會專家彼此交換意見，更能深入了解時頻不確定度之特性，極有助於實驗室技術能力的提昇。
2、 過程
本案係依據90年度，經濟部標準檢驗局委託中華電信研究所『建立及維持我國時間與頻率國家標準』計畫執行，並奉標檢局(標檢(90)四字第0016699號)函同意，准予出國考察。此次赴日本及新加坡考察之行程，自民國90年12月3日至民國90年12月15日止共13天。
行程如下：
   12月3日    啟程，搭乘日亞航班機由中正機場飛抵東京

 12月4日~ 5日 參加APMP TCTF MRA workgroup meeting

 12月6日~ 7日 考察CRL時頻實驗室並討論合作事宜

 12月8日    例假日

 12月9日    搭乘日航班機由日本飛抵新加坡


 12月10日~ 13日  參加APEC/APMP Workshop on Evaluation of 

Measurement Uncertainty


 12月14日   考察PSB時頻實驗室
   12月15日 
搭乘長榮班機返回中正機場
三、考察與會議概況

三、一 實驗室簡介

a) 日本通信總合研究所(CRL) 簡介

通信總合研究所(CRL)直轄於郵政省，成立於1896年，是日本唯一公立且與電信技術、電波科學及電波應用相關的單位，原名電波研究所。1988年更名為通信總合研究所。2001年四月起，CRL成為行政獨立的研究所。目前該所分為四個研究部門，並細分為許多工作小組、研究中心與實驗室，其分組如下：

  1.  Information and Network Systems Division

Next Generation Internet G.

High-Speed Network G.

Network Architecture G.

Emergency Communications G. 
Keihanna Human Info-Communications Research Center

Human-Computer Intelligent Interaction G.

Computational Linguistics G.

Interactive Communication Media and Contents G.

Social Interaction G.

Image G.

Nishida Synsophy Laboratory

  2.  Wireless Communications Division

Broadband Satellite Network G.

Optical Space Communications G.

Space Data Transmission G. 

Kashima Space Research Center

Mobile Satellite Communications G.

Space Cybernetics G. 

Yokosuka Radio Communications Research Center

Wireless Innovation Systems G.

Broadband Wireless Access Systems G.

Mobile Communications G.

Millimeter-Wave Devices G.

Wireless Networks Integration G.

Electromagnetic Compatibility G.

Broadcasting Systems G.
  3.  Applied Research and Standards Division

Precipitation Radar G.

Cloud Profiling Radar G.

Lidar G.

SMILES G.

Environment Information Technology G.

International Arctic Environment Research Project G. 

Okinawa Subtropical Environment Remote-Sensing Center

Subtropical Environment G. 

Space Weather G.

Space Simulation G.

Ionosphere and Radio Propagation G.

    -Wakkanai Radio Observatory

    -Inubo Radio Observatory 

Hiraiso Solar Observatory

Solar and Solar Wind G. 

Atomic Frequency Standards G.

Time and Frequency Measurements G.

Japan Standard Time G.

Radio and Measurement Technology G.

Keystone Project G.

Radio Astronomy Applications G.

  4.  Basic and Advanced Research Division

Ultrafast Photonic Network G.

Integrated Photonics G.

Quantum Information Technology G.

Optoelectronics G.

Advanced Optical Technology Res. Center 

Kansai Advanced Research Center

Protein Biophysics G.

Cell Biology G.

Brain Function G

Advanced Laser Science G.

Superconductive Electronics G.

Nanotechnology G.

Yanagida Brain Dynamism Laboratory

本次前往考察的部門主要為Applied Research and Standards Division之Time and Frequency Measurements Group， 該單位之主要任務為標準時頻的國際比對、精確的時頻量測及時間評量技術等。

在國際比對方面的研究，主要包含衛星雙向傳時研究、GPS載波相位時間傳送及Engineering Test Satellite-VIII (ETS-VIII)的傳時研究...等。而精確的時頻量測技術，則包含以下方法之研究： 
· The beat method： 用以量測頻率差值。 

· The PLL method： 用以量測相位及頻率的變化。 

· The dual-mixer time-difference scheme：用以量測相位及時間的變化。 
時間評量技術之研究，希望藉由CRL目前所擁有之多部原子鐘資料的比對計算，得出準確及穩定度更佳的時頻標準。CRL在以上各項主題的研究，其涵蓋範圍均相當廣泛而深入，值得我們借鏡。

b) 新加坡生產力及標準委員會(PSB)簡介

新加坡生產力及標準委員會(PSB)成立於1996年四月，其任務為提高生產力以加強新加坡的競爭力及經濟成長。其具體的領域集中在：中小企業(SMEs)、生產力與革新、標準與計量等三方面。有關其目標及重點領域示意圖如下頁圖一。

本次前往考察的部門主要為標準與計量部門之時頻實驗室，該部門為新加坡國家授權之計量標準實驗室，負責維持新加坡關於質量、長度、時間、溫度、照度、電流及化學等領域之量測標準。其時頻實驗室之規模不大，但為APMP TCTF國際相互認可委員會的重要成員，於國際活動中也極其活躍，近年來更積極參與各項國際會議、參加GPS之觀測比對活動並準備加入衛星雙向傳時實驗網路。此外，還對新加坡國內提供ACTS(Automated Computer Time Service)、NeTS(Network Time Service)及頻率標準件校正等服務。各方面表現均令人印象深刻。

圖一、PSB目標及重點領域示意圖

三、二 APMP TCTF MRA Workgroup meeting
APMP TCTF MRA Workgroup meeting係亞太地區時頻實驗室間，商討相互認可相關事宜的重要會議，未來更可擴展至與其他區域組織(如EUROMET, SIM…等)間之國際相互認可。會議中由各標準實驗室報告實驗室本身在相互認可事務上的現況，參考討論BIPM、CCTF及JCRB等國際組織及會議的資料，再就國際間相互認可相關重要資料表格(如 CMC appendix C等)之填寫、審查程序及不確定度評估方法等內容，匯集共識。同時也議定APMP TCTF 配合JCRB會議所必須進行的工作時程，在國際相互認可事務的推動方面，有很大的進展。此會議之議程如附件一所示。在此會議中所決議，關於Appendix C填寫方式及審查之標準，則如附件二所示。
三、三 APEC/APMP Workshop on Evaluation of Measurement Uncertainty
APEC/APMP Workshop on Evaluation of Measurement Uncertainty是關於量測不確定度評估方法與技術有關之重要國際研討會。參與此研討會的各國專家分別屬於不同的技術領域，會議在一般性理論的介紹之後，有許多案例的分析及分組討論。針對主講者研擬的各項議題，經大家踴躍討論之後，再由各組代表匯整簡報，使得與會者都能充分參與，並得到整體的觀念與豐富的收穫。由於時頻領域的不確定度評估有其獨特的複雜性，藉由參加此研討會，和與會專家彼此交換意見，更深入了解時頻不確定度之特性，極有助於實驗室技術能力的提昇。此會議之議程如附件三所示。








4、 心得與建議
這次能有此機會順利出國考察，要特別感謝本所及標準檢驗局各級長官同仁的支持與鼓勵。關於這次參加研討會的建議與心得分述如下:

1. 本所派員出國考察，不僅可以瞭解目前國外實驗室現況、相同領域發展的趨勢，且能與國外一流的實驗室建立良好的互動關係。

2. 日本CRL是亞太地區一流的實驗室，其技術經驗頗多值得我們學習之處。新加坡PSB則為APMP TCTF國際相互認可委員會重要成員，人員素質精良，很有發展潛力。與國外一流實驗室多作經驗的交流，對技術能力之提昇極有助益。

3. 衛星雙向傳時實驗是一精確度極高的時頻校核技術。日本CRL目前主導亞洲地區的傳時網路，更積極將目標指向歐美。本實驗室正逐步建立衛星地面電台，以便透過衛星進行國際之標準時頻信號比對。目前已建立起與日本CRL的衛星鏈路，亦完成與澳洲NML之連線測試，希望進一步完成連接歐美的鏈路，以建立實驗室的傳時、校正技術並提昇實驗室之重要性。

4. 我們於研發創新的同時，應注意到已推出業務之品質維持及提昇。對實驗設備材料特性的分析與瞭解，也是提昇技術不可忽視的環節。

5. 日本CRL與新加坡PSB都有極佳的實驗室環境設施，尤其日本最近完成了實驗室重新規劃與整理，空間更為寬闊，實驗室使用元件與環境條件更為講究。而實驗室的管理制度也極上軌道，很值得學習。

6. 本實驗室設備及人員素養與國外實驗室相較，實並不遜色，只要持之以恆的努力，必能與國外一流實驗室並駕齊驅。

附件一、APMP TCTF MRA Workgroup meeting議程 
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WGMRA meeting Dec. 4-5, at CRL

Dr. Ho Seong Lee, Coordinator of TCTF MRAWG

Mr. Chia-Shu Liao, TL TCTF WGMRA member
Mr.Michito Imae, CRL TCTF WGMRA member
Dr. T. Morikawa, CRL

Dr. Katuo SETA, NMIJ/ASIT APMP secretary

Dr. Shinichi Ohshima, NMIJ/AIST CCTF WGMRA member
Dr. Peter Fisk, NML TCTF WGMRA member

Dr. Huang-Tien Lin, TL

Mr. Noriyuki Kurihara, CRL

Dr. Mizuhiko Hosokawa, CRL

Mr. Tsukasa Iwama, CRL

Ms Yuko Hanado, CRL

Dr, Yasuhiro Hukuyama, NMIJ/AIST

Welcome(arranged by Mr. Michito Imae, CRL)
Approval of Agenda (Dr. Ho Seong Lee, KRISS)
Reporter assignment (Assigned by Dr. Ho Seong Lee)
TCTF CMC Schedule (Mr. Chia-Shu LIAO, TL)
APMP TCTF guideline of filling the CMC appendix C (Dr. Huang-Tien Lin, TL)
Guideline of filling the CMC appendix C from other RMOs'
(Dr. Shinichi Ohshima of NMIJ for Euromet/25 min.)
(Dr. Peter Fisk of NML for SIM/25 min.)
Lunch
reports from Members for filling the CMC appendix C including the explanation of
uncertainty budget and the questionnaires
(CRL/25 min.)
(KRISS/25 min.)
(NM1J/25 min.)
(NML/25 min.)
Break
(TL/25 min.)
Discussion of uncertainties (Dr. Ho Seong Lee, KRISS)
Status of the JCRB(Dr. Katuo Seta, APMP executive secretary)
Welcome party @Koryuto ‘ 2

TCTF MRA WG Review process for NMI appendix Cs' (Dr. Ho Seong Lee, KRISS )
Break

Next TCTF and TCTF WGMRA meeting

2002 TCTF activities

Close

Lunch  @la mure

CRL Calibration Laboratory tour




附件二、APMP TCTF之國際相互認可Appendix C填寫規則及審查標準

Guidelines for Filling the Calibration and Measurement Capabilities Appendix C  (Ver. 3)

Asia-Pacific Metrology Programme (APMP)

Technical Committee for Time and Frequency (TCTF)

This document provides guidelines on the Appendix C of the Calibration and Measurement Capabilities (CMC).  The purpose of the guidelines is to harmonize the data submitted on the CMC.

Generally, the field of time and frequency is divided into three categories of measurement services – frequency, time interval, and time scale difference.  Relevant parameters in the CMC table are described below.

Column 1

Specify the quantity to be calibrated or measured.  Examples are “Frequency”, “Time interval’, or “Time scale difference”. 

Column 2

Describe the instrument or artifact under calibration (or measurement).  Examples are frequency standards, frequency generators (or frequency synthesizers), timers, stopwatches, standard clocks, etc. Quartz oscillators and/or atomic frequency standards may be included in the frequency standards if they are used as a source of standard frequency.
Column 3

Describe the instruments (or method) employed in the calibration (or measurement).  Examples are direct frequency measurement, phase comparison, direct time interval measurement, stop watch calibrator, time interval counter, etc.

Column 4 and 5

The minimum and maximum value of a measuring range shall be in column 4 and 5, respectively.  If the measured value is discrete, it shall be in both the column 4 and column 5.  Data shall be entered as a scientific number (e.g., 1.20E-10) and/or integer number (e.g., 1, 5, 10). 
Column 6

Specify the unit of the measured quantity. Examples are s, ns, etc. in the field of time, and Hz, MHz, etc. in the field of frequency.

Column 7

State parameters that have an influence on the measurement.  Examples are measurement time, amplitude, trigger level, gate time, etc. Temperature and relative humidity shall be omitted from this column. “Measurement time” indicates the total measurement time when the time interval measurement method or the phase comparison method is used for the calibration and measurement. “Gate time” is used when frequency counters or the direct frequency measurement method is used for the calibration and measurement.

Column 8

Specify values, or a range of values, of the influencing parameters applicable to the measurement.  These values shall have appropriate units.

Column 9

Specify the best measurement capability (BMC), expressed in the expanded measurement uncertainty, for the service.

Column 10

Specify the unit of the BMC in Column 9.  An example of uncertainty in frequency is Hz. If the uncertainty is a relative one, this column should be blank. 

Column 11

Coverage factor, k.  Normally, k = 2.

Column 12

Level of confidence associated with the uncertainty.  Uncertainties are normally evaluated at a level of confidence of 95%.

Column 13

If the BMC is a relative uncertainty, this column should be “Yes”, if not, “No”.

Column 14

Reference standard employed in transferring or assigning the measured value(s) to the measurand.  An example of frequency measurements, examples are cesium beam frequency standard, hydrogen maser, rubidium frequency standard, or quartz oscillators.

Column 15

An organization transferred the measured value(s) to the reference standard stated in Column 14.  If the reference standard is traced to the UTC(k) within the NMI k submitting the CMC, then the NMI shall state itself as the source of traceability.  Otherwise, an external organization, such as another NMI or the BIPM, shall be identified. 
Column 16

If, as stated in Column 15, a NMI employed its own standard for traceability, it shall then provide information on international comparison(s) involving that standard.  It may state, for example, the reference number(s) used by the organizers such as the BIPM, CCTF or an RMO to identify the comparison(s).

In cases where an external organization provides the source of traceability, the NMI shall instead state the reference number(s) of  relevant calibration certificates in Column 16.
Column 17

State comments if necessary on entries in Column 1 to 16.

Column 18 and 19

These are currently not in use.

Column 20
Name of the submitting NMI, such as CRL, NIM, NML, etc.

Column 21

An entry to be given by WG MRA.

Column 22

Comment on the review to be given by WG MRA.  Results of assessments are classified into two groups – Accepted or Not accepted.
Contact Person (bottom of the table)

Information of a contact person of the submitting NMI (name of country) and his/her email address.

Guidelines and Criteria for the review of Calibration and Measurement Capabilities   (Ver. 2)

Asia-Pacific Metrology Programme (APMP)

Technical Committee for Time and Frequency (TCTF)

1. An advisory Working Group on Mutual Recognition of Arrangement (WG MRA) has been established under the APMP TCTF.  Roles of the WG include review of the Appendix C of the Calibration and Measurement Capabilities (CMC) submitted by its members, and arrangement of peer-assessment.  Members of the WG MRA are currently limited to six (6) experts.

2. CMC submitted by all members of TCTF are to be reviewed by WG MRA.  Those submitted by other RMOs are to be reviewed by sampling.  All formal reviews of CMC data shall consist of three (3) reviewers. At least two  (2) of them must agree to reach a conclusion in the review of  the CMC.
3. For each submission, the coordinator of the WG MRA shall discuss with group members on which entries in a CMC are to be reviewed.

4. The WG MRA shall review the selected quantities based on the following criteria:

a) Consistency between a CMC submitted and the degree of equivalence based on comparison programme.

b) Entries that have particularly small uncertainty.

c) Format of a CMC.

5. In the review of a CMC, an important consideration is the status of accreditation of a member laboratory, which must be described in the QUESTIONNAIRE and submitted together with the CMC.  Other means of assessing a CMC include, but not limited to, the followings:

a) History of peer-review of measurement activities.

b) Discussions among technical personnel of the member laboratories of TCTF and BIPM.

c) Personal knowledge of the laboratories obtained by expert visitors.

d) Performance of currently used equipment, etc.

6. During a review, all communications related to the review shall go through the coordinator of WG MRA.  When communicating, members of the WG who raised questions or objections concerning a CMC shall be clearly identified.  After the review, each member of the WG shall state his/her comments and assessments, and forward them to the Coordinator.  The Coordinator shall collate all comments and assessments, and send them to the Chair of TCTF, who shall in turn forward them to the Chair of MRA-AC through the APMP Secretariat.

7. Result of reviewing a measurement service in a CMC shall fall into one of the two classifications – Accepted or Not Accepted.

a) Accepted 
(i) A laboratory k uses UTC(k) as a reference for the measurement – In such cases, the laboratory shall provide the result of its participation in a key comparison (KC) organized by the BIPM or CCTF.  If no such result is available, the laboratory shall then provide the result of other comparable bilateral or multilateral comparisons.  For such bilateral or multilateral comparisons, the result shall clearly relate values realized by the UTC(k) concerned to the key comparison reference value (KCRV).
(ii) A laboratory k uses a secondary standard as a reference for the measurement – If the secondary standard is traced to UTC(k) of the laboratory, then the UTC(k) shall meet the same criteria as stated above.
(iii) A laboratory k uses a secondary standard as a reference for the measurement, and the secondary standard is traced to UTC(m) of  another NMI m – In such cases, results of KC for the secondary standard is not required.  However, the NMI providing the calibration shall meet the criteria stated above, and a calibration certificate issued for the secondary standard shall be provided.
b) Not Accepted
(i) No valid result of comparison or calibration certificate is provided.
(ii) Result of comparisons or calibrations do not adequately support the traceability of the measurement.
8. The measurement service specified in the CMC shall meet one of the following requirements on quality system:
a) The service has been accredited by an accreditation body recognized by the APMP.  Generally, the APMP recognizes accreditation bodies who are signatories of the MRA on Laboratory Accreditation under the International Laboratory Accreditation Cooperation (ILAC).

b) The service has been assessed under the peer-assessment scheme arranged by the APMP.

c) The service has not been accredited or assessed, but the laboratory declared that its quality system has been established and is ready for review.
附件三、APEC/APMP Workshop on Evaluation of Measurement Uncertainty議程
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EVALUATION OF MEASUREMENT UNCERTAINTY

X ‘PROGRAMME
DAY ONE 10 December 2001 (Monday)
09:00 Registration Foyer of Les Oiseaux, L5
09:30 Welcome address Les Oiseaux, L5
Mr LAM Kong Hong, Director (National Measurement Centre),
Singapore Productivity and Standards Board (PSB), Singapore
Opening address 4 Les Oiseaux, L5
Mr YUHARA Kazuo, Director (Programme), APEC Secretariat
Introduction Les Oiseaux, L5
Participants
10:10 Tea-Break Foyer of Les Oiseaux, LS
10:30 Overview of the BIPM MRA relating to CMCs Les Oiseaux, L5
Dr CHUA Sze Wey / Mr Victor TAN, PSB, Singapore
11:15 Requirements of 17025 relating to measurement Les Oiseaux, L5
uncertainty
Dr CHUA Sze Wey / Mr Victor TAN, P58, Singapore
11:45 Discussion : Les Oiseaux, L5
Led by Dr CHUA Sze Wey / Mr Victor TAN, PSB, Singapore
12:15 Group photograph
12:30 Lunch Orion 1 & 2, L2
14:00 Status of implementing GUM ' Pegasus, L6
/Bgakup groups™: gyggﬁslnl-gross L6
( . outher
N '
14:45 Overview of GUM Les Oiseaux, L5
Dr XU Gan, PSB, Singapore
15:30 Tea break Foyer of Les Oiseaux, L5
16:00 Report & discussion Les Oiseaux, L5
Facilitated by Mr CHUA Hock Ann, PSB, Singapore
17:30 End of day one

Secretariat Room

Polaris, L6
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Dr EHARA Kensej, National Metrology Institute of Japan (NMLJ),

Japan
Tea break

Statistical foundations for GUM (2)
Dr EHARA Kensei, NMLJ, Japan

Case-studies
reakup groy,

Lunch

Report & discussion
Led by Dr EHARA Kensei, NML], Japan

Tea break

Case-studies — electrical measurements
Led by Dr SAKAMOTO Yasuhiko, NMLI, Japan

End of day two
Workshop dinner hosted by PSB, Singapore

Secretariat Room

Foyer of Les Oiseaux, L5

Les Oiseaux, L5

Foyer of Les Oiseaux, L5

Les Oiseaux, L5

Pegasus, L6
Cygnus, L6
Southern Cross, L6

Orion1 &2, L2

Les Oiseaux, L5

Foyer of Les Oiseaux, L5

Les Oiseaux, L5

Top-of-the-Plaza
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Registration

Case-studies — dimensional measurements

Led by Prof LI Tianchu, National Institute of Metrology (NIM), P.R.

China

Tea break

Case-studies — mechanical measurements

Led by Dr Chris SUTTON, Measurement Standards Laboratory
(MSL), New Zealand

Lunch

Case-studies — temperature measurements
Led by Mr CHEONG Tak Leong, PSB, Singapore

Tea break

Case-studies — optical radiation measurements
Led by Dr XU Gan, PSB, Singapore

End of day three

Secretariat Room

Foyer of Les Qiseaux, L5

Les Oiseaux, L5

Foyer of Les Oiseaux, L5

Les Oiseaux, L5
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Facilitated by Mr CHUA Hock Ann, PSB, Singapore

Panel discussion and conclusion
Chaired by Mr LAM Kong Hong, P58, Singapore

Tea break
End of Workshop

Laboratory Tour
National Measurement Centre, PSB

Secretariat Room
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-- Mr CHEONG Tak Leong
-- Dr JING Tao

-- Mr LIU Yuanjie
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-- Ms TAN Siew Leng
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