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Sec�on 1: R&D Highlights
 Review of NQI Program in 2016-2020
“Research and Application of Key Generic Technologies for National Quality Infrastructure”
A R&D project on NQI under the National Key R&D Programme framework, entitled “Research
and Application of Key Generic Technologies for National Quality Infrastructure” was
completed. The project is funded by the Chinese Ministry of Science and Technology (MOST)
with 1.78 billion RMB, comprising 186 projects in metrology, standardization, inspection and
testing, accreditation and certification, etc.
Among them, 44 projects are in the field of metrology, accounting for 34% of the total budget,
which is the second largest. Among the 44 projects, NIM coordinated 27 projects in 6 priority
areas, which are, fundamental metrology, advanced manufacturing, space and ocean, life
sciences and health, environment and energy, information technology, and big data.

Fig 1. Subject areas of NQI projects in metrology
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 NIM’s S&T Planning for 2021-2025
2021 is the first year of China’s 14th Five-year Plan period (2021 to 2025). NIM has formulated
its S&T Planning (2021-2025), where 3 strategic fronts and 12 major tasks have been defined.

Fig 2. Strategic fronts and major tasks of NIM’s S&T Planning for 2021-2025

 Planning for NQI Program 2021-2025
Currently, NIM is planning for the NQI program (2021-2025). The metrology part of the new
NQI program identifies four objectives and five orientations.

Fig 3. Objectives and orientations for NQI Programme in metrology (2021-2025)

Sec�on 2: Interna�onal Coopera�on Highlights
 NIM-BIPM cooperation in Safe Food and Feed & Laboratory Medicine
NIM and the BIPM signed Letters of Intent for cooperation in two joint technical projects:
•

Metrology or Safe Food and Feed Capacity Building and Knowledge Transfer; and
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•

Metrology for Laboratory Medicine comparisons and Capacity Building and
Knowledge Transfer.

 ACRM MoU renewed
KRISS, NMIJ and NIM renewed the MoU for the Asian Collaboration on Reference Materials
in 2021.

 NIM-MASM & NIM- KASTANDARD MoU renewed
A new round of NIM-MASM MoU and NIM-KASTANDARD were signed in 2021.

 Lancang-Mekong Cooperation in Metrology (LMC)
Lancang-Mekong Cooperation (LMC) in metrology, launched in 2018, is a multilateral
cooperation mechanism established between NMIs of Cambodia, China, Laos, Myanmmar,
Thailand and Vietnam. Over the past two years, participating NMIs have jointly achieved
productive outcomes, notably, the establishment of the LMC Symposium, the signing of the
Joint Statement of Intent for Enhancing Lancang-Mekong Cooperation in Metrology and
Measurement Standards, capacity building activities in prioritized areas, as well as the
awareness raising of stakeholders.
Progress of LMC in 2021 include:
•

•

•

•

The 2nd LMC Symposium was held on 27 January 2021, where consensus was reached
on signing a new round of Joint Statement for LMC (2021). Now the Joint Statement
for LMC (2021) is in the process of signing.
A Coordinating Working Group comprising nominated members from all six
participating NMIs were established. The CWG will be the coordinating body of LMC,
responsible for planning for and implementing planned LMC activities.
NIMT and NIM are cooperating on PM2.5 and PM10. An online meeting was held
and a joint working group was set up. The objective is that NIM will help NIMT build
or improve technical capacities in defined areas, including accurate measurement of
particle size and airborne particle number concentration, through online coaching,
study visit, etc.
An intergovernmental bilateral project on key measurement standards in food and
mechanical processing industries between NIM and NIMM, Myanmmar is in progress.

 BCEIA 2021
The 19th Beijing Conference and Exhibition on Instrumental Analysis (BCEIA 2021) was held on
September 27-29, 2021 in Beijing. A “Chemical Metrology & Reference Materials sub-session”
was organized by NIM, with over 100 participants. There are 28 invited talks covering such
topics such new techniques for chemical metrology and reference materials, metrology in
clinical and pharmaceutical chemistry, metrology in food safety, metrology in environmental
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analysis. For more information, please contact the sub-session chair: Prof. Hongmei Li at
lihm@nim.ac.cn.

Sec�on 3: CIPM MRA related maters
3.1 Improving QMS of NIM
 Revision of Management System Documents
NIM modified its Quality Manuals and Procedures based on ISO/IEC 17025:2017 and ISO
17034:2016 this year to ensure the continuous effectiveness of quality system and to improve
the management efficiency. The revision of Quality Manual includes the organization chart,
the preservation method of the certificate, review of contracts and the business service
workflow, etc. The revision of procedure documents includes ‘Subcontracting Management
of Development and Production of Reference’, ‘Management of Nonconforming Work and
/or Reference Materials, etc.

 CMC technical assessment will be conducted in the form of remote review
As the pandemic continues, NIM China will accept 2 technical peer reviewers to evaluate
NIM’s capability and competence in the form of remote review at the end of November 2021.
The review covers Time and Frequency and Radiation Thermometry. More than 70 CMCs will
be reviewed.

 Upgrade of Measurement Service and Quality Management Information
System
NIM has further upgraded and optimized the Service and Quality Management Information
System. The anti-counterfeiting function of the electronic version of the certificate was
upgraded from the past inspection of some information on the home page of the certificate
to the inspection of the whole certificate information, which further improved the
effectiveness of the certificate anti-counterfeiting inquiry. The function module of certificate
random inspection is also developed to strengthen the management of certificate quality.

3.2 Comparisons and CMCs status in the KCDB (as of 16 October 2021)
In 2021 NIM has participated in 19 new K&S international comparisons. The current CMC
number published in KCDB is 1779. The distribution in each field is as following:
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Report written by Ms. Chunyan Wang (wangchy@nim.ac.cn), Department of Metrological Service
and Quality System

Sec�on 4: Laboratory related maters
4.1 TCAUV
 Angular vibration calibration system

Fig 4. Angular vibration calibration system

The device generates sinusoidal angular vibration by angular vibration excitation system (low
and medium frequency angular exciter, signal generators, power amplifier and feedback
controller, etc.). Diffraction grating heterodyne laser vibration measurement system
(heterodyne laser interferometer, sine diffraction grating, data acquisition and processing
system) measures angular motion and calibrated sensor parameters, such as angular
acceleration, angular velocity, angular displacement, sensitivity and phase shift of the
calibrated sensor. The standard is mainly used to calibrate angular vibration transducers such
as an angular accelerometer, an angular velocity transducer, an angular displacement
transducer, gyroscope and other angular vibration transducers. These transducers are widely
used in many fields such as aviation and aerospace, national defense and military, traffic,
motor, machine manufacturing, robot, etc.
 Monocular Vision-Based Earth’s Gravitation Method Used for Low-Frequency Vibration
Calibration
At present, the sensitivity phase of low-frequency accelerometer is commonly calibrated by
time synchronization (TS), which needs to strictly align its input excitation acceleration signal
and output signal in the time domain. However, TS is very difficult to be implemented and has
severely restricted the improvement of the measurement accuracy. A novel calibration
method that combines the monocular vision method and time-spatial synchronization
technique is investigated to achieve the high-accuracy sensitivity phase calibration. The
sensitivity phase is accurately calibrated by determining the aligned spatial position between
the excitation acceleration signal and the output signal with the monocular vision method.
The sensitivity magnitude can also be simultaneously calibrated. Experimental results show
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that the calibrated sensitivity phase and magnitude by the investigated method agree well
with those by the laser interferometry in the range from 0.3 Hz to 2 Hz. The calibration
accuracy of the investigated method is especially superior to that of the laser interferometry
in the range from 0.01 Hz to 0.3 Hz.

Fig 5. Monocular Vision-Based Earth’s Gravitation Method

 Vibration calibration method by machine vision
Calibration is required to determine the frequency characteristics of vibration sensors to
ensure their measurement accuracy in engineering applications. Thus, a monocular visionbased calibration method for low frequency vibration sensors is investigated in this study. A
sub-pixel edge detection method which based on Gaussian curve fitting is applied to extract
the edges of motion sequence images in order to accurately measure the excitation
acceleration of the sensors. Because the motion sequence images and the output signal of
the sensors cannot be collected synchronously, it is very difficult to align the excitation
acceleration signal obtained from the images and the output signal in the time domain.
Although the misalignment only has a negligible effect on the magnitude frequency
characteristic calibration, it dramatically decreases the calibration accuracy of the phase
frequency characteristic, especially with the increasing of the frequency. A time-spatial
synchronization technique is proposed to accurately calibrate the phase frequency
characteristic by determining the phase of the excitation acceleration signal at a specific
spatial position and that of the output signal at the corresponding time. Finally, both the
magnitude and phase frequency characteristics are simultaneously calibrated by the
investigated method with a flexible and low-cost vision system. The experimental results
compared with laser interferometry show that the investigated method accomplishes the
high-accuracy magnitude and phase frequency characteristics calibration in a broad lowfrequency range. Its calibration accuracy is superior to that of laser interferometry when the
frequency is less than 0.3 Hz, and is equivalent at other frequencies.
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Fig 6. Space-to-plane decoupling method for six-degree-of-freedom motion measurements

Fig 7. Stewart platform

The advantages of the Stewart platform in bearing capacity, dynamic response, structural
rigidity, and stability make it widely used in many fields, such as motion simulators, parallel
machine tools, assembly docking. In order to ensure that the spatial positioning accuracy of
the Stewart platform to meet the application requirements in various fields, it is necessary to
measure its pose in real time. However, the six degrees of freedom are highly coupled, it is
difficult to obtain reliable six-degree-of-freedom information through mathematical
decoupling. In this study, a machine vision measurement method based on physical
decoupling is proposed. The spatial motion measurement of the Stewart platform is mapped
to the plane motion measurement by three feature points through the laser pointer and the
rear-projection screen. It realizes the dimension reduction equivalently, and simplifies the
mathematical model. A lot of experimental analyses show that the proposed method can
reliably achieve high-precision real-time measurement of six-degree-of-freedom, which has
the accuracy of 0.21 mm (displacement) and 0.045◦ (rotation) at frequency between 0.1 and
1 Hz. In addition, the space-to-plane decoupling method provides a new way to implement
the traceability of the six-degree-of-freedom spatial motion measurement.
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 A novel step acceleration exciter for calibration of accelerometers by model-based
parameter identification

DUT

Drag system
High pressured air

Fig 8 Step acceleration exciter

According to the ISO documentary standard (ISO 16063-43:2016), some accelerometers can
be described by a simple linear mass-spring-damper model in their specified working rang.
That is to say, the mathematical model of accelerometer is a second-order system., and the
two main parameters, the damping coefficient and the resonance frequency, dominate the
frequency response of accelerometer. So we set up a step acceleration exciter which constant
acceleration is generated by constant high-pressed air force. The DUT (device under test)
mounted on a certain mass block, and the whole can move freely in an air-bearing tube. At
first the DUT keeps balance by the force of a thin wire-steel of the drag system and the high
pressed air, when the wire-steel breaks suddenly, the remained force of the high pressed-air
pushes the DUT forward, so a constant acceleration is imposed on the DUT. And while we can
control the rising time of the step acceleration by means of selecting different wire-steel.
Based on the output of the DUT, we can get some knowledge about the two main parameters
of the model for accelerometer.
 A novel high rotational speed calibration device for optical tachometers

Rotating Shaft
Tachometer
Optical Spot
Interface

Indication

Fig 9. High rotational speed calibration device

NIM, China has established high rotational speed calibration device for high-precision optical
tachometers by realizing and reproducing of the measurement unit of r/min. The dual closedloop control solution on the hardware platform of a brushless DC coreless micro motor and
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FPGA ensures the calibration range from 40000 to 100000 r/min, with the resolution of 1
r/min. The expanded calibration uncertainty better than 1×10-5, k=3 is achieved. Therefore,
the national metrological traceability of high rotational speed comes into reality.
Report written by Dr. Qiao Sun (sunq@nim.ac.cn), Division of Mechanics and Acoustics

 Progress of the key comparison APMP.AUV.A-K5 concerning the pressure calibration
laboratory standard microphones type LS1P
The key comparison of microphone calibration CCAUV.A-K5, concerning the pressure
calibration laboratory standard microphones type LS1P, was completed in May 2013. In APMP
region, the need to keep the consistency and link to the KCRV for the calibration of this type
of microphone is affirmed in APMP TCAUV meeting in 2016. And the key comparison denoted
by APMP.AUV.A-K5 with scope same as CCAUV.A-K5 was initiated to reflect recent
developments and experience in APMP. NIM and CMS-ITRI would be the pilot laboratories.
The technical protocol was approved by all participants and TCAUV Chair on Feb. 29, 2020
and then approved by KCWG on Mar. 31, 2020. The comparison was registered at KCDB 2.0
on Apr. 28, 2020. There are nine laboratories participated in the key comparison
APMP.AUV.A-K5. Before the end of the comparison, NMC-A*STAR quits for its calibration
system relocating to another place and will do a bilateral comparison in the future instead.
Now, all the participants have completed the measurement and all the interim calibration
have been completed. Six NMIs have submitted the calibration results to NIM. We are looking
forward to the calibration results submitted from NMIM, CMS-ITRI so that the draft A report
can be prepared.
 Infrasonic Sensors Calibration by Comparison Method
NIM has established the laser pistonphone in the frequency range from 0.01 Hz to 20 Hz with
distortion less than 0.8% in 2012. The measurement uncertainty of working standard
microphones such as B&K 4193-L-004 is in the range from 0.58 dB at 0.01 Hz to 0.04 dB at 20
Hz. In recent years, the calibration needs of infrasonic sensors with different principles are
growing. Now, NIM established two type pistonphones with dimensions 5 inch and 12 inches
used in the comparison method of the infrasonic sensor calibration. The sound pressure level
of the homemade pistonphone for the comparison calibration can be above 130 dB with
distortion less than 3%. NIM participated in the supplement comparison COOMET 757RU18
in 2019 using the homemade pistonphone in the frequency range from 0.1 Hz to 20 Hz.
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Fig 10. Inch pistonphone (0.1 Hz~250 Hz)
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Fig 11. Inch pistonphone (0.01 Hz~20 Hz)
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Fig 12. The sound pressure level with distortion of the homemade pistonphones

 Hydrophone directivity measurement
Generally presented graphically, of the response of a hydrophone, as a function of direction
of propagation of the incident plane sound wave, in a specified plane through the reference
centre and at a specified frequency. The standard circular piston in a “rigid baffle” model
assumption is widely accepted for the description of the hydrophone directivity. It has been
found that the effective diameter of piezoelectric hydrophones is usually larger than its
nominal or physical geometrical element size. Increased effective diameters are often
observed at low frequencies, while the geometrical size may approximately reach high
frequencies. The “rigid piston” model for small-probe type hydrophones may agree better
with the experimental results because it considers both the incoming and reflected waves.
NIM has established the hydrophone directivity measurement system, which can be used for
various kinds of hydrophones, based on different models, namely “rigid baffle”, “unbaffled”,
“soft baffle” and “rigid piston”.
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Fig 13. Hydrophone directivity analysis and results

 Laser-induced ultrasonic measurements for the detection of surface defects
Laser-induced ultrasonic measurement is a non-contact non-destructive technology that can
be employed for the testing and assessment of surface defects. In order to improve the
correct identification of defects, the full matrix capture (FMC) and total focusing method (TFM)
are applied on the imaging process. FMC data includes A-scans resulting from the
combination of all measurement axes defined by the sequential generation and detection of
utilized laser beams in the system. An aluminium block with 4 holes whose diameters range
from 1 mm to 2.5 mm is assessed through B-scans, the synthetic aperture focusing technique
(SAFT) and FMC/TFM. The results demonstrate that the FMC/TFM technology can significantly
improve the imaging quality and signal-to-noise ratio (SNR). In addition, this method has
higher lateral resolution and larger imaging range compared with traditional B-scans.

Fig 14. (Left) Laser-induced ultrasonic for FMC acquisition (Right) (a) Principle of FMC (b) Full
matrix data

Fig 15. (Left) Image of FMC/TFM reconstruction
array

(Right) Directivity of laser-induced ultrasonic

 Next Generation Sound Pressure Standard in Underwater
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Fig 16.  next generation of primary standard for underwater acoustics

NIM, China is establishing the next generation of primary standard for underwater acoustics
using optical techniques. Such a measurement system has been realized in a 3m×2m×2m
anechoic water tank facility. By measuring the velocity of a pellicle which faithfully follows the
vibration of acoustic particle, the sound pressure is traced to SI unit via the wavelength of the
laser light, the traceability chain is possible to be reduced as well. At present, the optical
calibration system covers the frequency range from 10 kHz to 500 kHz with measurement
uncertainty less than 0.6 dB (k=2).
 Calibration of Sound Velocity Meter in Underwater
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Fig 17. Standard for calibrating sound velocity meter in underwater

NIM, China is establishing a standard for calibrating sound velocity meter in underwater. The
system contains a constant temperature tank, a laser interferometer and a unit of measuring
the sound propagation time. It is based on the direct measurement of distance and time,
which is very different from the traditional method based on calculation of conductive,
temperature and depth. The sound velocity range could be controlled to change from 1420
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m/s to 1520 m/s. The measurement uncertainty is expected to be U = 0.05 m/s (k=2), which
is still under research.
Report written by Dr. Bo Zhong (zhongb@nim.ac.cn), Division of Mechanics and Acoustics

4.2 TCEM
 AC-DC transfer system for ultra-low frequency voltage & CCEM-K6a/K9
An ac-dc transfer system for ultra-low frequency voltages has been developed at NIM with
using dual-heater thermal voltage converter (DHTVC). Through inputting two low frequency
quadrature voltage signals with identical amplitude to the DHTVC, the output thermoelectric
potential of the TVC is kept stable and the frequency characteristic influence of the TVC itself
is eliminated. Fig. 16 shows the picture of the ultra-low frequency ac-dc voltage transfer
system. With this system, the ac-dc voltage transfer frequency ranges can be extended down
to 0.1 Hz or less. The standard uncertaintis are within 13 µV/V at frequencies from 0.1 Hz to
10 Hz.
The CCEM-K6a covered ac-dc voltage transfer standards at the lowest attainable level of
uncertainty and CCEM-K9 covered ac-dc high voltage transfer standards. The ac-dc difference
of the travelling standard has been determined by comparing with the ac-dc reference
standards of NIM from April 10, 2021 to May 28, 2021.

Fig 18. Ultra-low frequency ac-dc voltage transfer system
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Fig19. Measurement setup of AC-DC voltage transfer standard at NIM
Report Written by Dr. Xianlin Pan (panxl@nim.ac.cn), Dr Zhaomin Shi and Dr.Jiangtao Zhang, Division of
Electricity and Magnetism

 Waveform Metrology for Millimeter-wave Digitally-modulated Signals
A novel frequency-domain measurement setup for generating and characterizing millimetrewave digitally-modulated signals is proposed, which is based on the nonlinear vector network
analyzer (NVNA) architecture. Different form the traditional phase calibration approach using
ultra-fast impulse signals traceable to sampling oscilloscopes and electro-optic sampling (EOS)
systems, pulsed-RF signals have been confirmed applicable in this work as phase standards
without the need of waveform characterization. 5G-oriented test scenarios at 28, 39, 43, and
70 GHz have been used for method validation, where a phase spectrum error of ±2 deg. for
64-QAM measurements with a modulation bandwidth up to 2 GHz has been confirmed
reachable in practice.

Fig 20. Pulsed-RF signals
Report written by Dr. Yichi Zhang(zhangyichi@nim.ac.cn), Division of Electricity and Magnetism

 RF Power：Type N and 2.4mm microcalorimeter
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Two new structures of coaxial microcalorimeter system in Type N (10MHz~18GHz) and 2.4mm
connector (10MHz~50GHz) are designed and fabricated by NIM, working as primary
standards for coaxial radio-frequency power sensor calibration. The apparatus allows direct
calibration of the commercial thermoelectric power sensors. Hence assembly procedure is
simplified for future calibration service, and traceability chain is shorted as well. Instead of
conventional microcalorimeter using thermistor mount as DUT, proposed microcalorimeter
system applies thermoelectric power sensor as DUT which has lower mismatch error, wider
frequency band and more stable than thermistor mount when working as transfer standard.
And the measurement uncertainty is expected to be obviously reduced.

Fig 21. Type N and 2.4mm microcalorimeter at NIM
Report written by: Dr. Xiaohai Cui (cuixh@nim.ac.cn), Division of Electronics and Information

 Millimeter-wave Antenna on Chip (AOC) measurement
A novel antenna measurement system using an industrial robot is set up to carried out the
extrapolation technique to get the infinite gain of the AOC, and a set of transfer AOCs is
developed to deliver the gain value to other AOC measurement systems. By accurately
positioning the robot arm which carries the paired antenna, while the AOC is fed by a probe
at the transmit end, an extrapolation range for antenna gain measurement is achieved in a
flexible way at millimeter-wave frequency range from 18GHz to 70GHz. The AOC gain
measurements are carried out on the system, and for the AOC infinite true gain, a typical
expended uncertainty (k=2) of 0.4dB@40GHz could be achieved.

Fig 22. millimeter-wave antenna on chip measurement system at NIM
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Report written by: Dr. Xiao Liu (liuxiao@nim.ac.cn). Division of Electronics and Information

4.3 TCFF
 Spinning disc facility approved as the national primary standard for air speed
The wind tunnel facility for air speed was built in 2010. The picture of the facility is shown as
the following picture. The open circuit suction is 6.8m with the contraction ratio of 9, and
the diameter of jet is 200mm.

Fig. 23 The wind tunnel facility

The LDA is treated as the reference meter in the wind tunnel facility. The uncertainty is
Urel<0.2% within (0.2~30) m/s. To calibrate the LDA, the spinning disc was developed as
shown in the picture. The technical parameter of the spinning disc as following:
 (0.1~30) m/s
 Diameter 200mm
 Urel=0.10%, k=2
 5μm Tungsten wire (Scattering object)

Fig 24. The spinning disc facility

In 2014, the spinning disc facility took the CCM.FF-K3.2014 comparison result of LDV
calibration. All the results were consistent with the KCRV with value of En smaller than 0.3.
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In 2017, the international peer review was made for the spinning disc facility. The CMC was
released in the KCDB 2.0 in 2020. In 2021, the spinning disc facility was approved as the
national primary standard by State administration for market regulation, China.
 Micro liquid flow standard facility
In the end of 2020, the new micro liquid flow standard facility was built in NIM. There are
two parts in the facility: dynamic gravimetric method system and master meter method
system.
For the dynamic gravimetric method system, the balance is the main component, whose
best resolution is 1μg. To control the evaporation of the facility, the Oil film coverage is
used. For the water supply system, the syringe pump with grating ruler monitoring is used.
•

0.6mL/min < qv≤ 150mL/min：Urel=0.1%（k=2）

•

100nL/min ≤ qv ≤ 0.6mL/min：Urel=0.1%~1.6%（k=2）

Fig 25. Micro liquid flow standard facility

For the master meter method system, there are 3 Coriolis meters as the master meters.
Within (0.6~150) mL/min, the uncertainty is Urel=0.3%（k=2）.
4.4 TCL
 The value of Meter traces to Second
Two frequencies, 633 nm and 1542 nm, used to practical realize the Meter can be traced to
the frequency of Cs which is served as the primary standard of time at NIM through an optical
frequency comb. The corresponding CMCs have been established.
 Development of Gyroscope Angle Measuring Instrument
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NIM is devoting in development of Gyroscope Angle Measuring Instrument which is regarded
as the new generation angle metrological device.
Gyroscope Angle Measuring Instrument works based on Sagnac effect. It can directly measure
angular speed by a special kind of ring laser interferometer system.
Now NIM can provide the Gyro-AMI products with specification as you see on this
presentation.

Fig 26. The new generation of angel metrology device

The features of Gyro-AMI consist of 3 terms:
The first one is high reliability. The traditional gyro system output divergent result for its drift
problem. NIM use new tech to restrain the drift effectively and make the gyro system output
convergent and reproducible results.
The second one is multi-parameter. This gyro system can measure dynamic character, motion,
and all attitude angle. The dynamic character includes amplitude-frequency response, phasefrequency response, and harmonic distortion; the motion includes position, rate, and
acceleration; the attitude angle includes yaw, pitch, and roll.
The third one is convenience. This system can be installed with no auxiliary, no requirement
of concentricity and portable. The communication works with wireless net, and carry out
remote measurement. The data access can realize real-time output and integrated
measurement.
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Fig 27. Position dev curve and rate dec curve

The Gyro-AMI can be used in many fields such as manufacture, intelligent transportation, and
aviation. You can provide metrological service such as angle rate calibration and angle
position calibration. The Gyro-AMI can extend out service range effectively.
 Progress of large-scale spatial pose measurement technology
In order to realize the direct calibration of coordinate measuring instruments such as laser
tracker in3D space, based on the multilateral principle, 7-laser tracking interferometer is used
to establish a spatial pose measurement devise. To realize the accurate measurement of
coordinates and attitude angle in large-space.

 1.2 km automatic measurement and correction system of environmental parameters
NIM finished the 1.2km automatic measurement and correction system of environmental
parameters，developed the auto-measuring software for calibrating EDM.
To improve the air refractive index correction ability in field baseline measurement, the
Environmental parameters auto-measurement system is developed. The system has five
types of sensors including air temperature, humidity, air pressure, carbon dioxide and wind
speed. The total measurement time of all sensors within a cycle is less than 7s
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Fig 28 Devices
Report written by Dr Wang Yu (wangyu@nim.ac.cn), Div. of Dimensional Metrology

4.5 TCM
 Mass measurement
Joule balance in NIM that is an equipment for measuring the Planck constant will be also used
to determine the mass value of primary mass standard under vacuum. In this condition, the
weight transfer is different from the traditional method. It is necessary for the weight transfer
to establish a vacuum transfer equipment with Joule balance.
A vacuum transfer equipment with Joule balance was developed by NIM in early 2021. It may
transfer silicon sphere, cylinder weights and OIML weights under vacuum. The picture is
shown as figure 1. It and vacuum transfer equipment with vacuum mass comparator shown
in figure 29 may transfer the weights from Joule balance to vacuum mass comparator under
vacuum.

Fig 29. The picture of vacuum transfer equipment with Joule balance
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Fig 30. The picture of vacuum transfer equipment with vacuum mass comparator

 Force and torque measurement
The research on the micro/nanonewton force at NIM
The research topic of the force measurement in NIM has been focused on the
micro/nanonewton force since 2012. The development if transfer standard along with its
performance study have been continued since 2019. The calibration method of the transfer
standard was studied based on the contilever measurement, as shown in Figure 3. According
to the precision measurement of the cantilever stiffness based on the electromagnetic
compensation, the transfer standard measurement is below 3%. The research also carried out
so as to implementing imagine analysis, which can be used for the calibration without sending
the sample to the authority.

Fig 31. The research on the micro/nanonewton force

The 1 kN∙m torque standard machine
In torque field the new 1 kN∙m torque standard machine has been under development since
2016. Now the whole construction has been completed and the machine is under evaluation,
as shown in Figure 4. This new torque standard machine can generate the torque in range of
5 N∙m to 1200 N∙m with an expected relative standard uncertainty of 1e-5.
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Fig 32. The 1 kN∙m torque standard machine

 Hardness measurement
The main work of hardness laboratory in 2020 is to study the calibration method, quantity
Traceability Method and uncertainty evaluation method of Martens hardness machine, with
the purpose of establishing a standard Martens hardness machine.
The structure design of Martens hardness tester is closed-loop and self-consistent. It supports
"start-up, loading and unloading, calculation and display" one button automatic
measurement, which allows little outside intervention. Because of this, it is difficult to
calibrate the test force module and displacement measurement module in the client side,
which brings great difficulties to the establishment of reference and standard Martens
hardness tester. In the process of value transfer, it is necessary to calibrate the influence
quantity with fast, convenient and accurate transfer standard, which also has some difficulties.
Therefore, the contents of laboratory research include the establishment of non-assisted and
assisted force calibration methods; the establishment of laser interferometry and standard
block displacement calibration methods; the establishment of uncertainty evaluation
methods of Martens hardness, instrumented indentation hardness and indentation modulus.
In addition, the design and implementation of high-precision Martens hardness machine
based on piezoelectric ceramic and capacitance sensor is also studied. The hardware structure
design of Martens hardness tester is shown in Fig.33.

Fig 33. Hardware structure of Martens hardness tester
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The mechanical part is mainly composed of four parts: loading frame, sliding table, indenter
assembly and microscope.
The indenter assembly is mainly composed of frame, linear actuator, force sensor and
displacement sensor. The linear actuator is the main moving part of the indenter assembly,
which mainly plays the role of advancing the indenter. The linear actuator of this machine
adopts the structure of flexible hinge and piezoelectric ceramic. When the piezoelectric
ceramic obtains high-resolution signal, the linear actuator can output nanometer
displacement, which means producing force below 1kg on the sample surface. The force
sensor of this machine is directly connected to the linear actuator. Capacitance sensor
technology is used to measure the indentation depth of indenter.
 Volume measurement
2018-2020, “Preparation of high precision solid density standard and its precision
measurement method research.” Preparation of high precision solid density standard for
quartz column and Quartz Sphere, the relative uncertainty of density is 3×10-6 (k=2).
2019-2020, “Development of single channel and 12 channel ultra-micro pipette metrological
standard device.” The single channel and 12 channel ultramicro pipette metrological standard
devices were designed and developed, the measurement range is (1~200) μL. The
measurement uncertainty of the system is 0.05 μL(k=2) at 1 μL and 5.12 μL(k=2) at 200 μL.
Report written by Dr. Jian Wang( wangq@nim.ac.cn), Division of Mechanics and Acoustics

 Pressure and Vacuum
NIM has developed an optical method-based pressure standard (OPS) for the new realization
of Pascal in the range of 1 Pa to 100 kPa. The OPS was characterized in detail, and its
metrological performance was scrutinized by comparison to a piston gauge, which is the
primary pressure standard at NIM nowadays. With the working gas of nitrogen, we claimed
an uncertainty of ~23 ppm. At present, the OPS works as a secondary standard because the
traceability of its deformation coefficient was based on the piston gauge used. We are
working on to lower the uncertainty further and make it as a primary standard.

Fig 34. The optical pressure standard developed at NIM.
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Fig 35. Pressure comparison between the OPS and the piston gauge.
Report written by Dr. Yuanchao Yang (yangyc@nim.ac.cn), Division of Thermophysics

4.6 TCMM
 CCQM-K157 Thickness measurement of HfO2 Films
Inter-laboratory comparison of HfO2 film thickness was led by KRISS using different methods.
6 film specimens from 0.7nm to 6 nm was measured by 3 different methods: XRR, TEM and
XPS in the Laboratory of Advanced Material Measurement of NIM, as shown in Figure. 1.
Meanwhile, XRR and TEM are independent technologies while XPS results are dependent on
those of XRR. Three results are analyzed in our laboratory that XRR and XPS were consistent.
Moreover, when the film thickness is larger, the results from three technologies are more
consistent. For TEM, the film thickness value cannot be confirmed due to the unclear or
curved boundary line of super-thin film.
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Fig 36. Summary of results using different measurement methods
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 ILC of thickness measurement of graphene oxide flakes using AFM under VAMAS
Interlaboratory comparison of graphene oxide (GO) flake thickness measurement using AFM
is led by Laboratory of Advance Material Measurement of NIM China. There are 10 labs from
NMIs and 1 lab from designated institute around the world attended the comparison under
VAMAS. This ILC tried to test the measurement method validity and the calibration of AFM
both in the range of smaller than 1 nm. The ILC results are shown in Figure 37 that they are
consistent.
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Fig 37. the ILC results of GO thickness measurement by AFM

 Pilot study of Si {220} lattice spacing measurement by TEM under APMP/TCMM
Inter-laboratory Comparison on Si {220} lattice spacing measurement by Transmission
Electron Microscope (TEM) is led by Laboratory of Advance Material Measurement of NIM
China under APMP/TCMM. There are 4 Laboratories from Asian and North American. This
project aims to confirm the calibration of high magnification of TEM and verify the effect of
sample preparation process on the measurement results of {220} lattice spacing of silicon
wafer. The results are shown in Figure 3 that the preparation process has an affection on the
value, and the comparison results are consistent after TEM high magnification calibrations.

(a)Sample pre-treated by NIM Lab.

(b) Sample pre-treated by participants

Fig 38. Samples prepared by NIM

 Ongoing projects under VAMAS in China
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VAMAS-in-China https://www.nim.ac.cn/sinovamas is an open comparison platform in
China. By sharing the enormous influence of VAMAS, VAMAS-in-China aims to standardize the
measurement methods, provide accurate and reliable data for advanced materials to
accelerate the establishment of relevant standards for research and business. Up to now,
members from local Metrology Institutes, Universities, Research Institutes and Companies
have joined the program, focusing on many different research fields. Here shows an ongoing
project of Dielectric property measurement of solid-state dielectric materials at microwave
frequency by "Closed Cavity" method. The comparison results are shown in Figure 39 that
their En value are all smaller than 1, so the results are consistent and the method is valid.

Fig 39. Website of VAMAS in China
Report written by Dr. Lingling Ren (renll@nim.ac.cn), Division of Life Science Metrology (Center for
Advanced Measurement Science)

4.7 TCPR
 Standard measurement setup for single photon source characterization
A standard multi-parameter single photon source characterization setup was established at
NIM based on a femtosecond laser multi-photon microscope. The photon flux responsivity of
the measurement setup was precisely calibrated using a standard LED-based integrating
sphere radiance source with uniform radiance field in large solid angle. This measurement
setup is able to calibrate the absolute photon flux of a single photon source within a defined
solid angle, with a standard relative uncertainty of 1.7%. A 6-axis robot arm was implemented
for the measurement of angular emission distribution from the sample. This setup offers a
comprehensive platform for precision single photon source characterization and serves as a
metrological cornerstone for the development of quantum optical devices for quantum
information technology.
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Fig 40. The multi-parameter single photon source characterization setup
 Image sensor calibration for machine vision applications
Image sensors such as CCD and CMOS are widely applied in industry. Varieties of applications
include, but not limited to, machine vision, autopilot, artificial intelligence, optical remote
sensing, monitoring and security, and etc. NIM recently set up a test facility for image sensor
spectral responsivity and quantum efficiency in the spectral band of (300~1100) nm. The test
facility is developed based on our calibration facility for relative spectral responsivity of
detectors. It consists mainly of a Si reference photodiode and a monochromator-based light
source with a default bandwidth of ~10 nm. The homogeneity of the light field is better than
99% for an area of 10mm x 10mm. The Si reference photodiode is equipped with a precision
aperture whose area could be measured using our home-built facility reported earlier (Proc.
SPIE 11899, doi: 10.1117/12.2601281). To obtain the characteristic curve describing the
photo-induced gray values versus the radiant exposure, a sequence of stepwise exposed
images is required. With our facility, an LED light source with adjustable intensity and a
narrow bandwidth (~10 nm) was implemented as auxiliary. Alternatively, the shutter time of
the image sensor could also be changed stepwise when using the monochromator-based light
source at a specific wavelength. Based on related standard such as EMVA 1288, the various
parameters of a given image sensor could be characterized.

Fig 41. The measurement facility for image sensors
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 Establishment of Measurement System for Radiometric Characteristics of Horticulture
Lighting Sources
Horticulture lighting source calibration services are now available at NIM, to meet the
demand calling for plant factories and culturing farms, which helps to evaluate of lighting
efficiency of growing vegetable, fruits and domestic food animals. Since plants’
photosynthetic spectral response is different from that of human beings, photon metric
system is used in the field on horticulture lighting instead of photometric or radiometric.
Therefore, NIM has established a series of photons metric measurement facilities to provide
the calibration of the photon flux (PF), the photosynthetic photon flux (PPF), the photon flux
density (PFD), the photosynthetic photon flux density (PPFD), the total spectral photon flux
distribution, and the photon flux spatial distribution, as well as the external quantum
efficiency (EQE), and the photosynthetic photon efficacy (PPE). The photon flux is trace to
NIM’s total spectral radiometric flux standards, and the relative measurement uncertainty is
2.5% (k=2).
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Fig 42. (a) Schematics for the photon flux measurement facility; (b) measurement results of the total
spectral photon flux distribution of 2 agricultural lighting sources.

 Establishment of UV LED Multi-parameter Measurement System
UV measurement is widely concerned due to COVID-19. The UV LED multi-parameter
measurement system was established in order to satisfy high demand of UV LED calibration
in NIM. The measurement apparatus can provide the measurement of following optical
radiometry parameters for UV LED and UV standard lamp: spectral or broadband irradiance,
radiant exposure, spectral or broadband radiant flux, spectral or average radiant intensity.
The following parameters can be deduced: peak wavelength, center wavelength, bandwidth,
relative spectral distribution, photon flux, photon flux density, external quantum efficiency
and ultraviolet hazards. A double monochromator was used for UV spectral radiant flux
measurement to reduce the stray light effect. Broadband irradiance meters with different
wavelength range were also used for radiant flux measurement. The combined standard
uncertainty for 200 nm~450 nm spectral radiant flux is Urel=3.4%~0.8%. The measurement
standard can provide an accurate traceability for UV curing and UV disinfection.
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Measurement works for the comparison of UV LED organized by China Solid State Lighting
Alliance (CSA) were completed.

Fig 43. (a) Experimental schematics for spectral radiant flux measurement of UV source using
gonioradiometer method; (b) relative spectral distribution of typical UV LEDs; (c) relative radiant
intensity curve of typical UV LED.

 Precision laser power scale transfer using machine vision for improved positioning
accuracy
We have developed and characterized a new measuring scheme for high-precision laser
power scales transfer with a modified machine vision system. The scheme is designed to
reduce measuring errors introduced by both the non-uniformity and the misalignment of a
detector. The constructed system recognizes and positions the detectors with a learning
algorithm. Experiments show the system has a 37-μm pixel resolution. The positioning
repeatability of 7 μm ~13 μm can be achieved, which is approximately 50 times better than
conventional eye-alignment results. A reduction of combined uncertainty with a factor of
1/6~1/2 for a typical calibration can be obtained. The practicality and compatibility of the
scheme make it convenient to apply for various power measurement and scales transfer
systems in laser radiometry. The technique can be extended to other optical applications
demand a precision positioning for target optical detectors and beams.

Fig 44. The machine vision system for laser power detector positioning
Report written by Dr. Haiyong Gan( hanhy@nim.ac.cn), Division of Optics

4.8 TCQM
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 Comparisons
In the Division of Chemical Metrology and Analytical Science, 3 comparisons were carried out
under TCQM. 1) APMP.QM-S16: Fipronil-sulfone in Chicken egg powder: Draft B finished; 2)
APMP.QM-P33: Cadmium in Milk powder, Draft B finished; 3) APMP.QM-P37: Anions in Sea
water, samples have been distributed, and deadline of result submission has been postponed
to January 31, 2022.
Table 3. APMP comparisons organized by NIM in TCQM
APMP comparisons

Progress

APMP.QM-S16 Fipronil-sulfone in Chicken egg powder Draft B
APMP.QM-P33 Cadmium in Milk powder

Draft B

APMP.QM-P37 Anions in Sea water

Samples distributed

Fig 45. Degrees of equivalence estimates and 95% coverage intervals for APMP.QM-S16

Fig 46. Results of APMP.QM-P33

APMP-APLAC Joint PT Working Group
In the APMP - APLAC Joint PT Working Group, NIM organized 1 PT program, APAC T112: Non
polar analytes in high carbohydrate food matrix: trans Zearalenone in Maize Powder. It is a
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paralleled study with the Track A key comparison CCQM-K168: Non-polar analytes in high
carbohydrate food matrix: trans-Zearalenone in Maize Powder. The KCRV of CCQM-K168 will
be used as the assigned value for APAC T112.
Of 15 registered participants, 10 results have been submitted. 2 new participants nominated
by Brazil AB in October 11, 2021 (after deadline). After discussion with chairman, the two
labs are allowed to carry out the PT, but the results will not be included into formal report.
Report written by Dr. Qinghe Zhang(zhangqh@nim.ac.cn), Division of Metrology in Chemistry and
Analytical Science

 APMP COVID-2020-04: Accurate Measurement of SARS-CoV-2 and Development of
Nucleic Acids Reference Material
a. Objective
 To help APMP DEC develop the measurement capability to provide tractability for
diagnostic SARS-CoV-2 and future pandemic.
 Workshop: to provide training and knowledge on development of nucleic acids
reference material for SARS-CoV-2
 Post-workshop learning exercise: to provide a learning practice of measuring and
analyzing the nucleic acids sample for SARS-CoV-2.
b. Activities
 Part 1: A 3-hour online workshop delivered by experts from LGC, NIST, KRISS and NIM,
covering the following topics: the principles of PCR testing; international standardization
guidelines for PCR testing; learning lessons from HIV and SARS-CoV-2 RNA studies
organized by the CCQM NAWG; development of SARS-CoV-2 nucleic acid reference
materials.
 Part 2: Post-workshop learning exercise which involve the distribution of SARS-CoV-2
RNA samples from NIM for APMP member institutes within the DEC to test their
methodologies and compare their results with NIM.
C. Progress
 Pre-workshop survey was finished during March-May, 2021
 Online workshop hosted by NIM and HSA (Accurate measurement and development
of NA reference material) on July 16, 2021. Totally 118 participants attended.
 A post-workshop learning exercise is ongoing: NIM has distributed samples to Thailand
and Indonesia, and is arranging the sample distribution to HSA, Singapore.
 An online discussion of the result will be on Feb, 2022.
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Fig 47. Online workshop

 PTWG APMP-APAC T111: Event-specific quantitative analysis of genetically modified
(GM) Maize Line MON87427
APMP-APAC Joint PTWG meeting has been held on the November 2021. Totally 28 Labs from
16 countries or regions participated. 18 labs have submitted the results, of which 8 labs are
testing as sample received late. Two labs did not receive samples due to custom issues.
 APMP-QM. P35 Enumeration of total coliform in drinking water
Due to the COVID-19 outbreak and that the examination for biological samples at the customs
are stricter than before, the shipment of samples has been affected. By March of this year, all
the participants had received the samples. Now, NIMT, ITDI-NML and TISTR had provided the
results to NIM. And one participant failed to return results for the sample storage reason after
receiving.

Fig. 48 Enumeration of total coliform in drinking water
Report written by Dr. Lianhua Dong(donglh@nim.ac.cn), Division of Life Science Metrology (Center
for Advanced Measurement Science)

 APMP.QM-K18.2016 on pH Measurement of Carbonate Buffer Solution
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In January 2020, NIM took part in APMP.QM-K18.2016 Key Comparison on pH Measurement
of Carbonate Buffer Solution. In August, NIM received the Draft A report, the results and
degree of equivalence are list as fellow.

Fig 49. Degrees of equivalence and expanded uncertainties of APMP QM-K18.2016 on pH for
carbonate buffer at 25 ℃

NIM is coordinating an APMP.QM-S13 (Nitrous oxide in Nitrogen at 0.1%). Totally 8 labs have
participated in this comparison. 5 labs results agreed with the KCRV within the uncertainty.
This comparison is designed to support CMC claims for nitrous oxide(N2O) in nitrogen or air
with range of 0.05%~10% mol/mol. NIM has finished the final report and all participants have
agreed on it.

32 / 51

Fig 50. Degrees of equivalence of APMP.QM-S13

NIM has participated in APMP.QM-S14 (HAPs in Nitrogen at 100nmol/mol). Coordinating lab
of KRISS finished final report. NIM reviewed and confirmed it.
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Fig 51. APMP.QM-S14
Report written by Dr. Defa Wang(wangdf@nim.ac.cn), Center for Environmental Metrology

4.9 TCRI
 Radioactivity: Study on digital selective sampling method
Coincidence counting is a powerful method for radionuclide standardization, which enables
the direct measurement of activity of most radionuclides. However, coincidence counting
receive a number of important corrections (due e.g. to dead times, resolving time or delay
mismatch) which are difficult to evaluate which sufficient precision. Selective sampling
method(SESAM) is an alternative to coincidence counting. SESAM investigate the causal
relationship between transitions rather than time relationship, which avoids most of these
difficulties in coincidence counting. For a long time, the practical application of SESAM has
been limited due to too long dwell time of commercial multi-channel analyzer. In this study,
in order to avoid the above difficulty, we employed a high-speed digitizer to record the pulse
waveform and process the signal off-line to implement of SESAM.
The procedure of signal acquisition and processing in a digital manner are as follows. First of
all, the detector outputs are directly connected to the digitizer inputs. Then, the digitizer
recodes the waveform of pulse signals from detectors, and extracts the properties of interest
of the pulse by applying DPP algorithms. Finally, the information of signals is saved in listmode data for off-line analysis.
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Fig 52. The procedure of signal acquisition and processing

To perform the digital selective sampling method, we design a dedicated software based
circuits. The block diagram of dedicated software based circuits for SESAM method is shown
in figure 2. It performs TDCR signal processing, γ dead time processing and selective sampling
signal processing, respectively. The “TDCR” sub-module follows the same principles as the
analog electronics module for LS counting system called “MAC3”. For the gamma sub-module,
it impose a known dead time after every pulse in gamma channel and keep track of the total
dead time. For selective sampling sub-module, we insert an extendable dead-time in the β
channel of a β-γ counting system, and measuring the time distribution of γ pulses before and
after a counted β pulse.
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Fig 53. The block diagram of dedicated software based circuits for SESAM method

Some experiments were carried out to demonstrate the performance of this method by using
a Co-60 radioactive solution. The activity concentration obtained by selective sampling
method was compared to the other two coincidence counting methods as shown in figure 54.
The results are consistent within uncertainty, with the largest relative deviation of about
0.25%.
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Fig 54. The block diagram of dedicated software based circuits for SESAM method

 Dosimetry: Reference Radiation Field Facility for Pulsed X-ray at NIM
It is well known that the characteristics of active electronic dosemeters determined in a
continuous radiation field cannot be transferred to those in pulsed fields. The testing of active
dosemeters for operation in pulsed radiation fields is a necessity to assess the suitability of
radiation protection purposes.
In order to assess the performance requirements standards（such as IEC62743）for active
dose instruments, NIM established a pulse X-ray reference radiation field facility for the
performance test of active dose instruments according to ISO18090, which is a technical
specification to define pulsed reference radiation fields has been published.

Fig 55. Reference radiation field facility for pulsed X-ray

The X-ray unit for producing the reference radiation field is based on modified standard
angiography equipment. The Anode X-ray tube which type is E79039 is a standard medical Xray tube from CANON, Japan. The High voltage generator which type is INDICO is from CPI. By
using of a grid control, a negative potential of approximately -2900V is applied to the filament
housing of the X-ray tube to enable or disable the current flow to the anode, while the tube
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voltage during the pulse is applied constantly. This working principle realizes pulse rise and
fall times of about 50 μs.
The relevant field parameters of the X-ray unit, such as radiation pulse duration, tube voltage
during the radiation pulse, tube current and pulse repetition frequency can be varied
independently. It can operate in four operating modes with difference tube voltage or tube
current, and the Pulse duration. It means the tube voltage, tube current, and the Pulse
duration can be varied independently.
Dose Measurement was carried out by using standard ionization chamber from PTW. And the
measurement of exposure time is carried out by using Si-PIN monitor diode (Hamamatsu
S3590-19) and oscilloscope (Keysight MSOX3104T). The additional installed silicon -PIN
monitor diode was positioned inside the direct beam but without influencing the
measurement with the dosemeter. It can measure the pulse shape as time-dependent voltage
across the diode, from this signal, the radiation pulse duration was determined.

Fig 56. Pulsed duration with 1.4ms and 10.3ms measured by the monitor diode and shown on the
oscilloscope.

To generate different radiation qualities, a filter wheel with 10 positions was installed.
Herewith, it is possible to change automatically between the standard radiation qualities
according to ISO 4037-1 (N- series) and the medical radiation qualities according to IEC 61267
(RQR-series). The radiation field distribution for radiation quality was measured with selfdeveloping Gafchromic EBT2 films.
Table4. The parameters of the pulsed X-ray reference field were shown in the table.
Parameter
MIN
MAX
Tube voltage（kV）

50

125

Tube current（mA）
Electric power
Radiation pulse duration

1

800

1ms

80kW
6.3s

Pulse repetition frequency （Hz）
Radiation pulse rise time/fall time
Focus to dosemeter distance
Field diameter

0.5

90

≈50μs
40cm
≈6cm

300cm
≈55cm

 Neutron: A new thermal neutron reference radiation facility
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a: outer field direction

b: inner field direction

Fig 57. New thermal neutron reference radiation facility

The thermal neutron reference radiation facility is mainly used for the calibration and scaling
of thermal neutron measuring instruments and evaluating performance of neutron protective
materials. A new thermal neutron reference radiation facility has been built at the National
Institute of Metrology to restore the primary standard of the thermal neutron fluence rate
last year, fig 1 shows the actual facility with different direction. 12 241Am-Be neutron sources
are used for the initial source, the new facility has 2 thermal neutron reference radiation fields
formed with D2O and high-purify graphite as main neutron moderators, respectively. The
monte carlo method is used for the pre-design, and parameters such as neutron injection rate,
neutron energy spectrum, spatial and angular distribution of the radiation fields are
calculated. The paramaters of the facility were measured this year, the thermal neutron
fluence rate, cadmium ratio and uniformity were measured experimentally using the gold foil
activation method and the uniformity of both fields were measured through scanning method
by He-3 proportional tube. For the inner field, the thermal neutron fluence is (20246 ± 404.4)
cm−2∙s−1 and up to 94.7% of total neutron fluence at inner field reference position, the
uniformity is 0.1% in a plane with 32 cm diameter, for the outer field, the thermal neutron
fluence is (1998.7 ± 48.0) cm−2∙s−1 and up to 99.96% of total neutron fluence at outer field
reference position. The uniformity is 1.3% in a plane with 84 cm diameter. The simulated
neutron energy spectrums of out-field and in-field are illuminated in fig. 58, in which the red
lines represent the neutron energy spectrum with 1mm Cd case, and the black lines represent
those without Cd.

Fig 58. The calculated neutron energy spectrum at the reference positions of 2 fields
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 The on-site measurement of neutron spectrum in nuclear power plants
Normally, the neutron ambient dose equivalent meter is calibrated in the neutron reference
radiation field recommended by ISO 8529 which has specific parameters of neutron spectrum.
Since the spectrum of reference field is different with the actual field and the response of
neutron survey meter is different with the spectrum,the measurement results will have
deviation compared with actual values. Spectra methods can overcome this problem by
avoiding the response change of neutron survey meter with different spectrum, and improve
the accuracy of measurement on site. To improve the measurement of neutron protection
dose in nuclear power plant we measured the neutron spectrum in a nuclear power plant. Fig.
59 show the field-working situation.

Fig 59. Neutron spectrum measured in unclear power plant

5 unfolding spectra methods were used to calculated the spectrum including Iterative method,
maximum entropy, genetic algorithm, GRNN. In most cases, neutron spectrum consists of
three parts, including thermal neutron spectrum which is approximate to maxwell
distribution, an moderation spectrum, it is a one in E spectrum in pure moderator, and fast
neutron spectrum ,like Maxwell and watt fission spectrum and other fast neutron spectrum.
Fig. 60 show one of the spectrum results derived by different methods. Base on the spectrum
results the neutron ambient dose equivalent were coincidence with each other.

Fig 60. One of the spectrum results derived by different methods
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Report written by Dr Liu Haoran (liuhr@nim.ac.cn) , Department of Ionizing Radiation.

4.10 TCT
 NIM’s Homemade Heat Pipe Apparatus for Realizing the Fixed Points from -38.8344℃
to 961.78℃
High precision heat pipe temperature standards are sources and cores of national
temperature metrology primary standards. In order to improve the ability of disseminating
temperature quantities in China, many efforts have been devoted to developing low
temperature, mediate temperature and high temperature heat pipes. Also, the key
technology of developing the heat pipe fixed point temperature sources has been conquered.
The coverage of heat pipe technology for the defining fixed points from -38.8344℃ to 961.78℃
has been realized at NIM. The temperature uniformity of the heat pipe fixed point
temperature sources is very satisfactory, listed in Table 3.

Fig 61. Calibration system of infrared thermometers

Table 3. Temperature uniformity of the thermometer well

 Progress on emerging thermometry
In the diamond lattice, if a carbon atom is replaced by a nitrogen atom and a carbon atom is
missing in the adjacent position, this structure has three different spin states. This property
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of the NV center can be used to determine the temperature, stress, electric field or magnetic
field. NIM carries research on the thermometer based on negative nitrogen-vacancy center
in diamond. This project started since 2019 and an optically detected magnetic resonance
(ODMR) system was built at NIM. The experimental system includes the laser illuminating
system, the sample holding system which could provide a three-dimension movement with
accuracy of nanometers. the microwave system and the photonic detector system here we
use a single-photon counter for the detector. The diamond was attached on the top of an
optical fiber and the microwave wire was also placed next to the diamond. This integrated
sensor has better signal to noise ratio and we measure the D values from 313 K to 383 K. This
results greed well with present research.

Fig 62. Experimental system thermometry base on NV center in diamond, and the measurement
result.
Report written by Dr. Xiaojuan Feng (fengxj@nim.ac.cn), Division of Thermophysics

4.11 TCTF
 Strontium optical lattice clock
Two Sr optical clocks are being built at NIM. In this year, we finalize the systematic shifts
evaluation of Sr1. The total systematic shifts uncertainty is evaluated to be 2.9E-17. Sr2 was
designed with many improvements on black body radiation control, clock laser stability,
lattice laser control, fiber noise cancellation, etc. We started the systematic shifts evaluation
of Sr2 in 2021. The total uncertainty of the preliminary result is 8.9E-18. The lattice Stark shift
need to be carefully evaluated to further improve the performance.
Two transportable Ca+ optical clock developed by Wuhan Institute of Physics and
Mathematics (WIPM) have been moved to NIM. An optical frequency synthesizer developed
by East China Normal University (ECNU) also has been moved to NIM to transfer the 2E-16 @
1 s stability of the 698 nm clock laser of Sr2 to 729 nm for the Ca+ optical clocks. A comparison
of optical clocks is planned in the near future.
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Fig 63. Sideband-resolved spectroscopy of Sr2 clock transition

 Cesium atomic fountain clock
The old laser system in NIM5 cannot work because the slave laser is down. The new laser
system based on the seed laser + Tapered amplifier has replaced the old one. After laser
system has been changed, the new evaluation is being carried out until now.
The new fountain clock NIM6 has been operating for two years. Its entire physics package is
enclosed in a layer of soft iron and the flight tube is surrounded with another three layers of
μ metal shielding. Atoms are collected in the lower MOT chamber and cooled then launched
up to the upper Optical Molasses (OM) chamber. The temperature of the atoms is adjusted
by the intensity and detuning of the post cooling beams in the lower MOT chamber to make
sure atom cloud expands just enough when they reach the OM chamber to introduce less
collisional frequency shift. It has been evaluated with a Type B uncertainty of 5.8×10-16,
limited by the microwave power related frequency shift, and the results are shown in Table
1. With an ultra-stable microwave signal generated from an optical comb which locked to an
ultra-stable laser, the frequency instability of NIM6 fountain clock reached 5×10−14/τ1/2 at high
density.

Fig 64. Physics package of NIM6
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Table 4. A typical Type B uncertainty of NIM6
Physical effects

Uncertainty

2nd Zeeman shift

0.3

Cold collision

1.2

Interferometric switch

3.2

μ-wave leakage

<0.1

DCP

4.7

μ-wave spectrum impurity

< 1.0

Blackbody radiation

0.5

Red shift

1.1

Majorana transition

< 0.1

Total

5.8

A new Rb fountain clock is under developing in NIM. The frequency instability is 5.8e-16/1
day. This fountain is aiming to be operating continuously to steer time scale UTC (NIM).
 Time keeping
NIM keeps and maintains UTC (NIM), continuously takes part in TAI cooperation. At present,
our clock ensemble has reached 20 atomic clocks, including 13 hydrogen masers and 7
caesium clocks. The time difference between UTC(NIM) and UTC is still kept within ±2.5ns,
and the time stability is maintained at ~0.2 ns/5d in 2021.

Fig 65. UTC-UTC(NIM)

43 / 51

Report written by Dr Wang Yuzhuo (wangyzh@nim.ac.cn), Division of Time and Frequency

4.12 Activities relevant to APMP Focus Groups-Climate change and clean
air
 Annual meeting
On 1 Nov, 2021, the APMP Climate Chang and Clean Air Focus Group annual meeting was held
on-line. 93 participants from 13 economics in Asia-Pacific region attended the meeting. The
stakeholder engagement plans in 2021-2023 are GHGs monitoring, air quality measurement.
Emission reporting verification, and low-carbon fuels. Ms. Maria Katherina Patdu from UNEP
introduced the UNEP actions to improve air quality in Asia Pacific. Dr. Kentaro ISHIJIMA from
MRI in Japan introduced the GHG observation activities in Japan. Mr. Mohan Kumar
Sammathuria from Malaysian Meteorological Dept. in Malaysia introduced the ambient GHG
measurements in Malaysia. Dr Zhiquan YEO from A*STAR in Singapore talked about GHG
emissions accounting, reporting and verification research. In the panelists’ reports, Dr. Sangil
LEE from KRISS, Dr. Takuya SHIMOSAKA from NMIJ, and Dr. Hong LIN from NIM China shared
the lately research on Measurement for air pollution, GHG monitoring & carbon emission
verification.
 SI-Traceable Greenhouse Gas Emission Inventory Measurement in a Megacity

NIM has started Zhengzhou project in 2017 which is similar to the NIST Urban Trace Gas
Measurements Testbed System. The whole project is to use measurement-based tools to
resolve the key barriers of self-reported inventories and also to deliver actionable insights.
Zhengzhou which is 618 km south to Beijing. there are several parts. First is the point source
metrology which we have reduced the flowrate measurement to 5% or lower, and also the
traffic emission observation and uncontrolled industry gas emission, and reference gas
metrology. Up to now, we have finished the real-time traffic emission inventory system which
can report the CO2 emission data in 1 hour. The system provides a dynamic and real-time
traffic emission inventory, helping city administrators build a precise and efficient city traffic
control and management mode. In summary, our work is mainly divided into three steps, The
first step is the accurate measurement of pollutant; The second step is to establish the
inversion model; The third step is to provide suggestions to stakeholders.
Report written by Dr Hong Lin (linhong@nim.ac.cn), Division of Thermophyscis Metrology

4.13 Activities relevant to APMP Focus Groups -Food Safety
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 FSFG Annual meeting
On 4 November, 2021, the APMP Food Safety Focus Group (FSFG) annual meeting was held
on-line. 55 participants from 13 economies attend the meeting. Prof. Li Hongmei, Chair of
FSFG gave a report on the FSFG activities over the past year. Representatives from GLHK Hong
Kong, KRISS Korea, NIM China, NIMT Thailand, NMIJ Japan, NMISA South Africa and NPL India
were invited to introduce food safety activities in their economies. Besides, Dr. Sutthinun
Taebunpakul introduced the FGI project on behalf of overseers from NIMT, GLHK and HSA.

Fig 66. FSFG meeting

 Focus Group Initiative (FGI)
The topic of this year’s FGI is “Toxic Inorganic Elements in Seafood”, which is jointly organized
by NIMT, GLHK, and HSA. Under this topic, an on-line workshop was held from May 31 to June
4, 2021, with a total of 230 participants. Besides, a post-training activity was organized, with
participating institutes from ITDI Philippines, MASM Mongolia, NIS Egypt, NMISA South Africa,
NPL India, SNSU-BSN Indonesia, TISTR Thailand. The participating institutes are expected to
apply the skills and knowledge obtained during the workshop in the analysis of toxic elements
(arsenic, cadmium, lead and mercury) and/ or arsenic species in the practice sample using
metrologically-traceable standards and submit the analysis results to the organizing institute
(GLHK). In parallel, the organizing institute(s) will analyze the sample and provide reference
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values in order to assess the participants performance. The results submitted may be used in
scientific publication.
 Comparison & PT
CCQM Key Comparison Track A (CCQM-K168): Non-polar analytes in high carbohydrate food
matrix: trans-Zearalenone in Maize Powder was coordinated by NIM to provide a platform for
demonstration of the capabilities in determining the non-polarity analytes (pKow<-2) with
molecular mass range from 100 to 500 g/mol at levels of 1 to 1000 µg/kg in high carbohydrate
food matrices.
A total of 17 laboratories participated in the Key comparison. So far the Preliminary Result
has been worked out and has been reported at the CCQM OAWG meeting. A parallel
comparison was carried out in APMP-APLAC level. This comparison fits into the 10-year
strategy for the OAWG Track A comparisons which covers a range of different types of food
matrices which map against the different types of capabilities needed.
Report written by Prof. Hongmei Li (lihm@nim.ac.cn), Division of Metrology in Chemistry and
Analytical Science

4.14 Activities relevant to APMP Focus Groups -Medical Metrology
 Kick-off meeting of APMP project on the ventilator
On 19 Mar 2021, as the project overseer, NIM held the online kick-off meeting of the project
of APMP Response Program against COVID-19 on the ventilator (Comparison Measurement
and Training Courses on the Ventilator Tester, COVID-2020-03, abbreviated as the APMP
project on the ventilator). Dr. Xiang Ding introduced basic information and plan of the project.
Eight NMIs introduced their measurement capacity or research plan on the metrology of
ventilator and ventilator tester, including CMS-ITRI, NIM, NIMT, NIS, NMIA, NPL, NPLI, SNSUBSN. A workgroup for drafting the protocol for the international comparison was formed. In
order to support DENs to develop and improve their measurement system for the ventilator
tester, one-on-one mentoring mechanism was established between 6 NMIs, which are
CMS/ITRI and NPLI, NMIA and SNSU-BSN, NIM and NIS (Egypt).

Fig 67. Kick-off meeting of APMP project on the ventilator
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 Workgroup meeting of the APMP project on the ventilator
On 29 Nov 2021, as the project overseer, NIM held an online workgroup meeting of the APMP
project on the ventilator (COVID-2020-03). Dr. Fei Li introduced NIM’s r preparation work for
the international comparison on improving the measurement capacity for the ventilator
tester. He presented a basic plan for comparison for discussion among the workgroup
members, including CMS/ITRI, NIM, NMIA and SNSU-BSN. The measured parameters,
artefacts, form of comparison, measurement condition, cost and time schedule was discussed
and a preliminary plan was confirmed. The workgroup also made a plan for drafting the
protocol for comparison and circulating it with a large range of participating NMIs.

Fig 68. Workgroup meeting of the APMP project on the ventilator

 Webinar on The Technology Transfer of Medical Metrology for the Public Health Service
System
On 12 July 2021, NIM assisted NIMT in holding the “Webinar on The Technology Transfer of
Medical Metrology for the Public Health Service System”, coaching 120 scientists and
technicians from 8 NMIs (Cambodia, Egypt, Indonesia, Kenya, Singapore, South Africa, Sri
Lanka, Thailand) and 40 Thai domestic stakeholders (hospitals, manufacturers, universities,
institutes) on the metrology technique of medical devices. Mr. Chengwei Li Li, Dr. Guangzhen
Xing and Dr. Bo Zhong gave lectures on the ventilator, diagnostic ultrasound machines,
tympanometer and otoacoustic emissions equipment.

Fig 69. Webinar on The Technology Transfer of Medical Metrology

 Annual MMFG workshop 2021
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As the chair of MMFG, NIM host the annual workshop of medical metrology focus group 2021
online. The progress of the APMP project on the ventilator tester was presented. New
international cooperation project plans on the infusion pump and face mask testing were
discussed. Experts from ISO TC 121 and MEDEA were invited as stakeholders and introduced
the international standardization of respiratory devices and MEDEA 3.0 project plan. NIS and
SNSU-BSN introduced their measurement capacity and research work in the field of medical
metrology.

Fig 70. Annual MMFG workshop 2021

 New project plans on the infusion pump and face mask testing
NIMT and NIM proposed a MEDEA project proposal “Calibration capability for
infusion/syringe pump analyzers”. Dr. Theerarak Chinarak from NIMT was recommended as
the project leader. It was aimed to increase the awareness of using regional guidelines as the
reference for calibrating the infusion/syringe pumps and infusion pump analyzers, and to
support DENs to develop their calibration capability. A questionnaire was designed and
discussed on the MMFG annual workshop. Dr. Jariya Buajarern and Dr. Narin Chanthawong
from NIMT also proposed a plan on the face mask testing for the potential project of APMP
Response Program against COVID-19. They made a questionnaire and collected information
from APMP DEC members. The results were shared and discussed on the MMFG annual
workshop.
Report written by Dr. Xiang Ding(dingxiang@nim.ac.cn), Center for Medical Metrology

4.15 Activities relevant to APMP Focus Groups -Clean Water
 FGCW Questionnaire Investigation has been carried out in June 2021
The Questionnaire Survey hops to investigate the status of relevant laws, regulations,
standards, measurement technique and CRMs development on water measurement in each
APMP Economy, as well as the requirements for MEDEA Training 3.0, comparisons/PTs and
workshop(webinar) on water measurement. From the feedback, most economies have
relevant national laws and/or regulations on water quality protection and control as well as
national standards on water measurement, however most economies have not verification
regulation and/or calibration specifications for water measurement instruments yet. Most
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NMIs have worked on ISO 17025, Metrology concepts, Uncertainty evaluation and Analytical
method validation, but these concepts are still required for their stakeholders. ISO17034 and
ISO Guide 35 are currently required for developing NMIs, as they urgently need for their CRMs
development. The NMIs want to develop the topics which with common interesting for
MEDEA Training 3.0 as follow: Anions in water; Elements and elemental speciation analys;
Pesticides; PAHs: pH; conductivity; E.Coli; Nanoparticles in water. The “List of CRMs_on water
measurement_CWFG” had been updated on the APMP website under the Clean Water FG
documents.
 FGCW Webinar 2021
On 2 November, 2021, the APMP Focus Group on Metrology for Clean Water (FGCW)
“Metrology Development on Water Measurement” webinar was held on-line. 183
participants from 15 economies attend the webinar. 9 experts from 8 economies has been
invited to share their experiences focus on Metrology Development on Water Measurement,
the contents are include:

Fig 71 Poster for APMP clean water focus group international webinar

1.Current Status of Metrology Development on Water Measurement in each economy;
2.New technical information and experience on Water Measurement;
3.CRMs Development for Water Measurement;
4.Metrology requirements and new Challenges in Water Management.
 FGCW Annual Meeting 2021
On 2 November, 2021, the APMP Focus Group on Metrology for Clean Water (FGCW) Annual
meeting was held on-line. 30 participants from 12 economies attend the meeting. FGCW Chair
Prof. Ma Liandi given an overview of APMP Clean Water FG Activities during the past year.
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MEDEA Project Coordinator Dr Katja Lamich from PTB introduced the background and
information of MEDEA Training 3.0 especially on water measurement, Dr Charun Yafa from
NIMT introduced the “Anions in Water” plan and work package. APEC-SCSC project “Building
laboratory capabilities to assure Water Quality in Asia Pacific economies” and APMP-APAC
Joint PT “Trace Elements in Natural Mineral Water” were introduced by Dr Angela Samuel
(NMIA) and Dr Della Sin (GLHK) respectively. All the participants had about an hour of in-depth
discussion.

Fig. 72 FGCW annual meeting

 CCQM-K161/P207&APMP.QM-P37 Anions in Seawater
Anions or nutrients such as nitrate and phosphate in seawater are very important targets for
oceanographic research, contamination environmental monitoring and annually level
comparison. NIM proposed Anions in Seawater Comparison both in APMP TCQM and CCQM
IAWG, it had been approved as CCQM-K161&P207 and APMP.QM-P37 was paralleled with it.
The selected anions including chloride, sulfate, bromide, nitrate and phosphate in seawater
and the concentrations range from very high (10-2) to very low levels (10-5). 13 NMIs and 3
NMIs/DIs participated in CCQM-K161&P207 and APMP.QM-P37, respectively. As the
coordinating lab, NIM has finished the sample preparation, homogeneity and stability analysis,
and the samples were dispatched in June 2021. As COVID-19 problem, the deadline for results
submission is extended to the end of January 2022.
 APMP.QM-P35 E. Coli. in drinking water
According to WHO ‘Guidelines for Drinking-water Quality’, Escherichia coli is the more precise
indicator of faecal pollution for drinking water. Values for Escherichia coli in drinking water is
specified by many countries and territories in Asia and Pacific area. APMP.QM-P35
Quantification of Escherichia coli in drinking water was organized by NIM. Successful
participation in this comparison will demonstrate participant’s capabilities in determining
bacteria in drinking water at levels of (5-200) cfu/100 mL by memebrane filtration
method. This may include demonstration of measurement capabilities such as: (1) value
assignment of bacteria reference materials, PT materials for drinking water matrix; (2)
Enumeration of bacteria in drinking water such as tap water and bottled pure water and
mineral water. Now, the participants, NIMT, ITDI – NML and TISTR had provided the results
to NIM.
Report written by Prof. Liandi Ma (mald@nim.ac.cn), Center for Reference Material Research and
Management
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