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Sec�on 1: General Management
 Updates of organization
- Renewal of KRISS website
The new website of the KRISS officially opened to the public on Thursday, September 30
after completing its renovation.
Since March 2021, KRISS has carried out website reorganization activities such as opinion
surveys of all employees, operation of Task Force Team, and development of promotional
contents by department.
Hear are three main points of new changes that were made.
① Enhancing access to the website
The reorganized website has applied a responsive web which optimizes the screen
according to various access devices so that users can use it anytime, anywhere through a
convenient route.
Also, through statistical analysis of visitors, frequently used menus and routes were
identified, and the overall menu composition and design were improved by utilizing them.
Design improvement considering user-centered UI/UX planning has further increased
convenience of use and content concentration.
② Expanding introduction of research activities
In 2020, KRISS extensively reorganized itself into more than 70 team-based units to
improve R&D efficiency. In order to deliver the research activities and results of each group
and team in more detail, the introduction page has been reorganized into group/team
centered way. Also each group/team has its own page for research news so researchers can
update them, with greater autonomy.
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③ Customized website
Quick Menu, which categorizes frequently visited menus by overseas visitors, such as
calibration, test, and certification reference material services and GMA (Global Metrology
Academy), has been placed at the bottom of the main to further enhance customer access.
In the future, we plan to periodically analyze visit statistics and flexibly adjust the preferred
menu.

Main page of a new KRISS website
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 International Cooperation
- Building Networks with Global Partners
KRISS has continually expanded its global network with international metrology
organizations including NMIs and relevant institutes. This year KRISS made five new
agreements, one of which is a CRA with NICT and CHT-TL. This CRA aims at implementing
the collaborative research related to time and frequency transfer. The other four are
renewed ones with NMIJ, NIM, NPL, and CMI, which built on the strong existing
relationshiop with each NMI. These frameworks we’ve signed are expected to open up new
opportunities for further cooperation.

List of New Agreement
No.

Country

Signing Party (Counterpart )

Effective Date

Type of Agreement

NICT (National Institute of
Information and Communications
1

Japan, Taiwan

Technology),
CHT-TL (Telecommunications

CRA
2021.04.01

Laboratories, Chunghwa Telecom

(Collaborative
Research
Agreement)

Co., Ltd.)
2

Japan

NMIJ (National Metrology Institute
of Japan)

2021.05.25

MOU

2021.10.07

MOU

NIM (National Institute of
3

China, Japan

Metrology),
NMIJ (National Metrology Institute
of Japan)

4

UK

NPL (National Physical Laboratory)

Under

MOU

5

Czech Republic

CMI (Czech Metrology Institute)

discussion

MOU

- Participating in International Events
KRISS participated in two international events, 6th ESW (Emerging Scientists Workshop) and
20th ACRM(Asian Collaboration on Reference Materials) Meeting, both of which are based
on a triangular cooperation with NIM(China) and NMIJ(Japan).
From July 5 to 6, 15 young scientists from KRISS participated in 6th ESW online. ESW, which
started six years ago at KRISS, is aimed at bringing young and promising scientists from
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KRISS, NIM, and NMIJ together in order to share divergent ideas, interests, and insights and
creating cooperative network.
In the opening session. Dr. Hyun-Min Park, President of KRISS, delivered an opening
remark and warmly welcomed all participants, encouraging them to be the next generation
of science leaders for making a better future. Also, one from each NMI delivered selected
research talks, and from KRISS, Dr. Jong Moon Ha shared his research ‘AI-based system
health condition monitoring’. In group presentation&discussion session, all participants
were divided into 7 groups which were related to their research fields, sharing their
research interest. Even though the workshop was done online, it is seen to have served as
an opportunity to make a new cooperative tie among three NMIs.

From August 18 to 20, 2021, around 35 reseachers from KRISS attended the 20th ACRM
online meeting. ACRM is the conference in which the researchers from KRISS, NIM, and
NMIJ join to discuss matters regarding research and development of reference materials.
This year, despite its limitations as an online conference, the researchers shared progress
and plans for their reference material development, and more detailed ways of cooperation
were discussed in four working group meetings.
In response to the impending post COVID-19 era, KRISS, NIM and NMIJ agreed to expand
their scope of research and development on measurement standards related to global
issues by fortifying ties for international cooperation between the three countries.
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- Global Metrology Academy (GMA)
Since being declared as a pandemic in early 2020, COVID-19 has spread to become what
is the most severe global health crisis of the 21st century in less than two years. Moreover,
COVID-19 has drastically affected the global economy as well as, labor markets,
manufacturing industries, and educational systems worldwide. The restrictions to
international travel between countries has also led to the suspension of our GMA programs.
It is more than regrettable that we could not organize GMA group workshops or individual
programs for foreigners this period.
In order to join the effort of creating new learning opportunities under such
circumstances, GMA has been preparing several on-line study programs with various
themes regarding the CIPM MRA and uncertainty in measurement. We expect that our
online self-study services will be ready by mid-2022 beginning with the topic of hybrid
comparison.
Meanwhile, the Korean government has announced its plans to shift the nation’s COVID19 response direction towards a “step-by-step recovery of daily life” (‘With Corona’). This
process will steadily relax social distancing measures and lift restrictions that have been in
place across various sectors. As soon as international visits are permitted without any
restrictions, GMA will resume its workshops and bespoke individual programs for our
friends from abroad.
Furthermore, GMA has developed a new type of ‘outreaching service’ that will be offered
on site at NMIs seeking our workshops, all of which will be joined by several KRISS experts.
This is similar to what we organized in 2018 for NML-Phil, which covered the theme of
uncertainty in measurement. The new outreaching service program includes more detailed
content that combines the subjects of QMS and uncertainty in measurement. As a partner
of the Korean ODA projects that aim to broaden the capacities of the NMIs of Ecuador and
Costa Rica, GMA will organize outreaching services on fundamental areas of metrology,
including MRQ, length, temperature, AUV, and gas analysis.
Listed in the table below are the provisional themes and dates of GMA workshops for
2022-2024. Please note that this list is subject to change, but we do expect that the
workshops will be organized as scheduled.

Potential Themes and Dates of GMA Workshops to be offered in 2022-2024
Dates

Workshop Theme

2022

Metrology in Gas Analysis (GA)

Jun 13- 23, 2022

Feb 28, 2022

Acoustics, Ultrasound and Vibration

Sept 19 -29, 2022

May 31, 2022

(AUV)
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(Provisional)

Application Due Date

Year

(Provisional)

2023

Metrology in Mass and Related

May 22 – Jun 01, 2023

Feb 28, 2023

Sept 11 -21, 2023

May 31, 2023

Apr 15-25

Jan 31, 2024

Sept 02-12

May 31, 2024

Quantities (MRQ)
Length and Dimensional Metrology
(LDM)
2024

Thermometry and Humidity
(TH)
Metrology in Analytical Chemistry
(MAC)

(* Themes and dates are subject to change!)
Much of what GMA has achieved in terms of providing HRD services in metrology over
the past decade could not have been possible without the cooperation and support of our
valued partners in Korea and from abroad. GMA is where it is today thanks to the invaluable
partnerships offered by the global metrology community. It should be noted that GMA’s
strategic partnership with the PTB and APMP community enabled us to accommodate over
90 individuals from the global metrology community, including 74 beneficiaries from the
members of APMP. We hope that this strategic partnership will continue to grow stronger in
the decades to come so that GMA can grow to become a center of excellence for HRD in
metrology.
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Section 2: Technical Highlights
 TCAUV
- Development of sound data reproduction and synthesis system for AI training
For the traning of AI, numerous data is required however the collection of sound data in real
environmental field is required excessive time and cost for collecting such a number of data.
The conventional agumentation technique has many limitation to apply the acoustic data
maintainig the labelling of signal. To overcome this problem, KRISS AUV group setup the
sound data reproduction and synthesis system based on the 56 channel spherical array of
loudspeaker system with the 4th order Ambisonic encoding- and decoding system is applied.
This system is capable to synthsize the background noise and various signals to reproduce
the situation of sound generation in the various environmental conditions.

Sound data reproduction system

* Contact: Dr. Ji-Ho Chang (jiho.chang@kriss.re.kr) / Acoustics, Ultrasound and Vibration
Metrology Group, KRISS

- Research on the acoustics refractive index measurement of dispersive material
The water immersion system was configured to measure the acoustic refractive index (ARI)
of despersive material. To minimize the peak-frequency shift of the signal passing through
the sample, a narrowband tone burst signal was used. Considerations for the number of
cycles, thickness, and refractive index to avoid overlapping reflected waves inside the
sample were also described. By reflecting the phase by time of flight and the phase obtained
through FFT, it was possible to obtain a result showing a more consistent trend of
frequency-dependent ARI. A method of reflecting the diffraction loss and transmission loss,
which are easily overlooked in the transmission method, in the attenuation coefficient
measurement is also considered.
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Block diagram of the experimental setup for measurement of ARI using through-transmission method

- Research on the design of plano-spherical convex subsonic index lens (PSCSIL)
The present study investigated the frequency-dependence of the ARI of a lens material via
the tone-burst through transmission method. In addition, a plano-spherical convex subsonic
index lens (PSCSIL) was developed in an exchangeable form, and its beam focusing with
respect to varying frequency was also investigated. The spatial distributions of the ultrasound
fields were measured via hydrophone scanning by exchanging the source transducers to vary
the frequency. Analysis of the measured spatial distributions revealed the frequencydependence of the focal length of the PSCSIL. This study also reexamines the validity of the
conventional equation using the measured focal length and additional numerical simulations
conducted using the finite element method (FEM). We present a complementary empirical
equation as an alternative to the conventional equation for focal length of the PSCSIL through
discussion with physical interpretations.

PSCSIL design configuration and assembling setup
used for hydrophone scanning

Acoustic field focused by PSCSIL: (a) simulation, (b)
measurement

* Contact: Dr. Yong Tae Kim (ytkim@kriss.re.kr) / Acoustics, Ultrasound and Vibration
Metrology Group, KRISS
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- Development of the shock aceleration calibration
Since 2017, KRISS AUV group has been developing the standard calibration system for shock
acceleration. For the low shock, the range of 100 m/s2 - 5,000 m/s2, was developed in 2017
and atteded to the key comparison, CCAUV.V-K4. The high shock system, the range of 1,000
m/s2 ~100,000 m/s2, is now under developing and planned to be fininalied until next year.

High intensity shock calibration system

* Contact: Dr. Sung-Soo Jung (jss@kriss.re.kr) / Acoustics, Ultrasound and Vibration
Metrology Group, KRISS

 TCEM
- Differntial sampling based on a PJVS

* Contat: Dr. Mun-Seok Kim (msk2003@kriss.re.kr) / Electricity and Magnetism Group, KRISS
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- Graphene QHR Array
Quantum Hall resistance array with high or low resistance is realized for current-to-voltage
conversion, current generation as well as resistance standard. We fabricated 100 quantum
Hall devices in series with epitaxial graphene. Quantization of 50 h/e2 (~1.29 MΩ) within 20
nΩ/Ω was achieved at a magnetic field of 12 T and a temperature of 0.3 K.

* Contact: Dr. Jaesung Park (jspark99@kriss.re.kr) and Dr. Chae Dong-Hun / Electricity and
Magnetism Group, KRISS

- AC Measurement of QHR in Graphene
Graphene Hall device, which has been successfully fabricated and measured at DC for the
quantum Hall resistance(QHR) with an agreement in a few parts in 109, has been measured
for QHR at AC. The AC measurement was performed using a digitally assisted coaxial bridge
by comparing the QHR against the quadri-filar calculable resistor of which the AC resistance
can be calculated based on the resistance, traceable to the QHR standard at DC. As a result,
the QHR near a frequency of 1 kHz was measured to be 10-8 level in agreement with the
QHR at filling factor of 2. The frequency dependence at 8 T was also investigated up to 4
kHz.

* Contact: Dr. Dan Bee Kim (danbeek@kriss.re.kr), Dr. Jaesung Park, and Dr. Chae Dong-Hun
/ Electricity and Magnetism Group, KRISS
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- Precision measurement of parallelized single electron pumps

(a) False-color scanning electron microscope image of parallelized five pumps (P1-P5) with
three gates (G1-G3) crossing the pumps. The light blue and green regions indicate nonetched and etched regions, respectively. An rf single is added on G1. (b) I-VG3 curves of P1
(solid black curve), P2 (blue curve) and P1&P2 (red curve) in a parallel mode at VG1 = −0.28
V, VG2 = −0.506 V, f = 0.17 GHz (Prf = 1 dBm), B = 10.2 T and T = 0.45 K. (c) Precision
measurement results, 〈δ𝐼𝐼3 〉 as a function of VG3 with various Ncyc with error bars for the
parallel mode. 𝛿𝛿𝐼𝐼𝑛𝑛 = (−𝐼𝐼 − 𝑛𝑛𝑛𝑛𝑛𝑛)/𝑛𝑛𝑛𝑛𝑛𝑛. A cyan curve predicted by the decay cascade model
is added for the comparison. we perform a long-term measurement process at two points of
VG3 = −0.457 and −0.458 V, which give relative deviations from 3ef with type-A

uncertainties (uA) of (−0.34±0.89)×10−6 and (0.75±0.86)×10−6, respectively. Then, we
obtain an averaged deviation value of the two points as (0.24±0.66)×10−6 with a
combined uncertainty (�𝑢𝑢𝐴𝐴2 + 𝑢𝑢𝐵𝐵2 ). Here, 𝑢𝑢B (= 0.23×10−6) is a type B (systematic)

uncertainty.

* Contact: Dr. Myung-Ho Bae (mhbae@kriss.re.kr), Dr. Bum-Kyu Kim, Dr. Nam Kim, and Dr.
Wan-Seop Kim / Electricity and Magnetism Group, KRISS

- DC Energy Standard for fast EV chargers
The capacity and number of fast EV charger in Korea are rising significantly recently. As a
result, DC energy has been included in legal metrology in Korea since January of 2020. KRISS
developed DC energy standard for the validation of fast EV chargers up to 500 kW (1000 V,
500 A) to fulfill the demand from the society. The calibration uncertainty of the developed
standard is 0.02 % ( k = 2 ) for 500 kW charging power. Calibration service for reference
energy meters (ZERA COM 3003) is currently being provided to testing laboratories.
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* Contact: Dr. Kyu-Tae Kim (ktkim@kriss.re.kr) and Dr. Hyung-Kew Lee / Electricity and
Magnetism Group, KRISS

- RF Impedance
We have measured the airline dimensions from the PTB. From those dimensions, we
established impedance standards.
We constructed a residual model from the calkit uncertainty. This model has the same
uncertainty results as the conventional VNA model. All impedance calibration services have
been changed to residual models. Now, KRISS starts calibration service from 9 kHz for Ntype, 3.5 mm, and 2.4 mm. In addition, we developed an E-cal evaluation method and
started a calibration service for it.
We also started to study for waveguide impedance for D-band. In this year, we built a new
waveguide scattering measurement system consisting of a VNA and D-band frequency
extenders, and measured dimensions of shims.

* Contact: Dr. Chi-Hyun Cho (chihyun.cho@kriss.re.kr) / Electromagnetic Wave Metrology
Group, KRISS
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- RF Power
We established a Type-N coaxial microcalorimeter. It adopts a water bath to improve
thermal stability and measurement throughput. Evaluated expanded uncertainty is
approximately 0.24 ~ 0.74 % (k = 2) in the frequency range of 10 MHz to 18 GHz.
We also established a V-band waveguide microcalorimeter and has participated in the Vband RF power CCEM key comparison, CCEM.RF-K27.W.

* Contact: Dr. Jae-Yong Kwon (jykwon@kriss.re.kr) / Head, Electromagnetic Wave Metrology
Group, KRISS

- Field Strength
We constructed a measurement system having capability of not only rotating the azimuth
angle of the probe but also changing the separation distance between the antenna and the
probe. An evaluation of the uncertainty of the components providing traceability to the
system was also conducted. The system is expected to generate a standard field higher than
10 V/m in Ka-band (26.5–40 GHz). Uncertainty in the correction factors is quantified to
determine the factors that affect the calibration, and the expanded uncertainty of the
standard field generation system is evaluated to be 5.1% at 26.5 GHz and 5.3% at both 33
and 40 GHz. Moreover, For partial validation of the standard field generation system, the
system is configured for K-band (18–26.5 GHz) and Ka-band with the same electric-field
probe, after which their correction factor results are compared at the overlapping
frequency, 26.5 GHz.
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* Contact: Dr. Young-Pyo Hong (youngpyo.hong@kriss.re.kr) / Electromagnetic Wave
Metrology Group, KRISS

 TCFF
To estimate GreenHouse Gas(GHG) emissions from industrial smokestacks by the Countinous
Emision Monitoring System(CEMS), gas velocity measurements are required in the
smokestack. Recently the three-dimensional (3D) Pitot tubes such as a prism probe and a
sphere probe, which can determine all three-directional velocity components of the flow, are
applied to surmount the restriction of the S-type Pitot tube used previously.
KRISS developed the 3D Pitot probe calibration system in the air speed standard wind tunnel
for stack flow measurements using the nulling method. U.S. EPA Method 2F presents that the
nulling method determines the yaw angle of the flow by rotating the 3D Pitot tube until the
differential pressure between two symmetrical sensing holes placed on the head of the 3D
Pitot tube is null.

3-Dimensional Pitot Probes (Prism probe, Sphere Probe)
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3D Pitot Probe Calibration System in the KRISS air speed standard windtunnel

For the 3D Pitot Probes, their coefficients, including the pitch and velocity coefficient, are
calibrated under the nulling condition. In the nulling condition, the 3D Pitot probe is rotated
until the differential pressure between 𝑃𝑃2 and 𝑃𝑃3 is zero to get the yaw angle of the flow.
After that, the pitch angle of the flow is determined by the function of the pitch pressure
(∆𝑃𝑃45 = 𝑃𝑃4 − 𝑃𝑃5 ) and the total pressure (∆𝑃𝑃12 = 𝑃𝑃1 − 𝑃𝑃2 ), as F 1 . The velocity coefficient is
deduced from the relationship between the dynamic pressure of the airflow measured by the
NPL Pitot tube and the total pressure of 3D Pitot probes, as F 2 .

Calibration results of 3D Pitot probes
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*Contact: Dr. Woong KANG(woong.kang@kriss.re.kr) / Themometry and Fluid Flow
Metrology Group, KRISS

 TCL
- Automated calibration of multiple long gauge blocks
We developed an automatic alignment system for efficinet calibration of multiple long gauge
blocks (LGBs). The alignment system consisting of a multi-axis stage and an angle sensor, was
integrated with the KRISS linear measuring system.
The stage was designed to be installed in the limited space of the linear measuring system,
with ability to translate and align linear and angular positions of LGBs. The auto-collimation
angle sensor detects tip-tilt angle of an LGB with angular resolution of 0.11″, by image
processing of the beam intensity profile reflected from one of the measuring faces of an LGB.
Using this automatic alignment system, up to five LGBs were calibrated sequentially without
any manual operation and thermal instability. Therefore, multiple LGBs could be calibrated in
short time with small alignment error and optimal thermal condition.
Supporting Block
(with Temperature Sensor)

Tip-tilt Stage

Camera

Moving Plate

Target
Plate1
AM

Target
Plate2
Laser Beam (Interferometer)

LI
RGB

LGB

BS

Laser Beam (Interferometer)

LI

~2 m

Lens

Linear Actuators
(Rotation)

DC Motor
(Translation)

Laser Beam (Angle Sensor)

FC BS
Angle Sensor

Translational
Stage

(Left) Alignment stage for automatic measurement of up to five LGBs;
(Right) Schematic diagram of laser beam paths of the laser interferometer and the angle sensor
Probing
Part

PTB

KRISS

Alignment
Mirrors
Coarse &
Fine Stage

Board-level
Camera

Long Gauge
Blocks

Alignment
Stage
Convex Lens

Reference
Gauge Block

Beam-splitter

Multi-axis
Interferometer

Fiber
Collimator

(Left) The KRISS linear measuring system integrated with the automatic alignment system;
(Right) Measurement resuls of four LGBs (the error bars represent the expanded uncertainty.)

16 / 28

AM

AM

When four LGBs of nominal lengths between 250 mm and 1000 mm were measured,
measurement repeatability of each LGB length was less than 22 nm, and the calibration
results agreed well with those obtained by a LGB interferometer within the expanded
measurement uncertainty, (66 nm )2 + (3.0 × 10-7 ) × L2 .
2

* Contact: Dr. Jong-Ahn Kim (jakim@kriss.re.kr) / Head, Length Group, KRISS

 TCM
- Design of KRISS Kibble Balance KB-II
KRISS succesfully participated in the key comparison by determining masses of 1 kg traveling
standards in vacuum using KRISS Kibble balance, KB-I, last year. For better perfomance and
improvement in the future, KRISS Kibble balance team initiated developing for KRISS KB-II
based on KRISS KB-I experiences.
Firstly, KRISS is developing a permanent magnet system for Kibble balance. The desired
magnet system is designed as using two permanent magnet rings imbedded in an iron yoke
to deliver a radial magnetic field with a flux density of 0.4 T over a 15 mm wide, 4 cm long
cylindrical air gap to maintain magnetic field uniformity under 0.01 %. Parameter analysis and
optimal design were conducted to obtain best performance. Magnet material was selected
as EEC TC-16 with excellent temperature coefficient. Detailed dimensions are currently being
determined, and manufacturing is expected to begin next year.

Schematics of the permanent magnet system for the KRISS KB-II
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For optical measurement of its velocity and displacement of the new KRISS kibble balance,
we are designing 3-axis optical heterodyne inteferometer. As an optical source for optical
heterodyne interferometer, we started building up frequency-stabilized 532 nm laser of 50
mW output power with commercial Nd-YAG laser. We have experimentally tried to realize
two laser beam of 2 MHz frequency-separation for heterodyne metrology with stabilized
He-Ne laser and this system will be applied to stabilized 532 nm laser source next year.

Generating heterodyne optical beam of 2 MHz frequency by passing two AOM,
one with +81 MHz (a) and -79 MHz (b)

* Contact: Dr. Dongmin Kim (dm96.kim@kriss.re.kr) / Mechanical Metrology Group, KRISS

- First Observation of Signals from KRISS Optical Pressure Standard
Since 2018, we are developing a new vacuum standard using an optical method where a cavity
resonance frequency shift is measured due to the refractive index's dependence on gas
pressure in a Fabry-Perot (FP) cavity. KRISS designed a system to measure the pressure by using

the refractive index. The contributions of this study are summarized as follows. We
manufactured a single mode (SM) He–Ne laser without using a commercial laser as a light
source to allow easy frequency modulation and a single polarization regardless of the
quantum number. The beating frequency was ±2 MHz compared to an I 2 stabilized He–Ne
laser. With our system, the beat frequency was measured to the internal pressure of a cavity.
The frequency change according to the pressure change in the chamber was measured by
locking the laser in the upper pressurized channel among the two FP cavity channels. A 1 MHz
beat frequency was found to be approximately equal to a pressure of 1 Pa. We are also
studying theoretically the second and third virial constants for He gas by ab initio molecular
dynamics (MD) computation.
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Optical vacuum standard setup in KRISS

* Contact: Dr. Han Wook Song (hanugi16@kriss.re.kr) / Mechanical Metrology Group, KRISS

 TCPR
The photometry and radiometry group at KRISS has been developing a new optical scatter
insturment to upgrade and extend the KRISS scale of bidirectional reflectance distribution
function (BRDF). The insturument consists of a robotic arm-based goniometer and a
supercontinuum source with a tunable filter, which provides spectral BRDF measurements for
incidence/reflection angles in a range from 0° to 70° (polar) and 0° to 360° (azimuthal) at
wavelengths from 450 nm to 1000 nm. Due to the capability of 3 dimensional spatial scanning
of optical scattering distribution, the instrument has applications in remote sensing for earth
observation and evaluation of novel materal. Validation of the instrument was performed by
comparing the new and old BRDF scales, which results in agreement within ther uncertainties.
Detailed analysis of uncertainty is currently in progress, and extention of wavelength range
up to 2300 nm is planned until 2023.
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* Contact: Jisoo Hwang (jhwang@kriss.re.kr) / Head, Photometry and Radiometry Group, KRISS

 TCRI
- Research on Dosimetry
Alanine dosimetry is being established for ultra-high-dose-rate electron beam dosimetry
purpose, since it is known that radiation-induced signal of an alanine is independent of the
dose rate (ex. up to 3×1010 Gy/s in pulse). The conditions for storing the alanine dosimeters
and the reading of the signals using the electron spin resonance (ESR) spectrometer were
optimized. Now, the alanine dosimeters are calibrated to absorbed dose to water and being
calibrated under the MeV high energy electrons generated by the KRISS medical linac (Elekta
Synergy® Platform).

The ESR spectrometry system for the alanine dosimetry. The system is covered with a cage made of
transparent plastic films to stabilize the humidity.

* Contact: Dr. In Jung Kim (kimij@kriss.re.kr) / Head, Ionizing Radiation Metrology Group, KRISS
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 TCQM
Development of a primary reference measurement procedure for the assay of EDTA
Ethylenediaminetetraacetic acid (EDTA) is the most common metal-binding agent which has
been used as a primary standard in complexometric titration to determine the concentration
of metal ions. In order to accurately measure the amount of EDTA, we have developed
measurement method based on constant current coulometry which is well known as a “mise
en pratique” for the realization of the SI unit “mole”. In this method, a mercury (Hg) anode
was newly introduced. Mercury ions were electrochemically generated and formed 1:1
complexes with EDTA. The equivalent point of the complexometric titration was
potentiometrically determined. For the assay of high-purity EDTA, this method yielded the
relative expanded uncertainty of 0.006 %. We believe that the developed method can be used
as a candidate primary reference measurement procedure.

Schematic of the coulometry cell (left) and measurement results with standard uncertainties arising from
systematic effects (right)

* Contact: Dr. Kyungmin Jo (kyungmin.jo@kriss.re.kr) / Inorganic Metrology Group, KRISS

 TCT

- Acoustic gas thermometry
The Thermodynamic temperature team at KRISS has been working on acoustic gas
thermometry (AGT) technique to measure the difference between the thermodynamic
temperature (T) and temperature scale (T 90 ). The result of T - T 90 measurement was
presented at TEMPMEKO 2019 (Chengdu, China). Since then significant improvements have
been made by the team in a last two years. The pressure chamber was modified in a way that
the highest pressure that it can operate is now extended to 800 kPa. The temperature
uniformity and stability of the AGT resonator have been improved by the change of the
thermal structure around the AGT. The team is now working on building a low-temperature
AGT from a 77 K cryocooler cryostat. Due to the low temperature range that the team is
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aiming, the working gas of the AGT is now switched from argon to helium, and the capsuletype standard platinum resistance thermometers have been calibrated for this range.

Acoustic gas thermometer at KRISS

- Radiation correction of commercial radiosondes using upper air simulator
An upper-air simulator (UAS) has been developed at KRISS to study the effects of solar
irradiation of commercial radiosondes. The uncertainty of the radiation correction of a Vaisala
RS41 temperature sensor is evaluated using the UAS. First, the effects of environmental
parameters including the temperature (T), pressure (P), ventilation speed (v), and irradiance
(S) are formulated in the context of the radiation correction. The considered ranges of T, P,
and v are –67 °C to 20 °C, (5−500) hPa, and (4−7) m·s-1, respectively, with a fixed S 0 = 980
W·m-2. Second, the uncertainties in the environmental parameters determined using the UAS
are evaluated to calculate their contribution to the uncertainty in the radiation correction. In
addition, the effects of rotation and tilting of the sensor boom with respect to the irradiation
direction are investigated. The uncertainty in the radiation correction is obtained by
combining the contributions of all uncertainty factors. The expanded uncertainty associated
with the radiation correction for the RS41 temperature sensor is 0.119 °C at the coverage
factor k = 2. The findings obtained by reproducing the environment of the upper air by using
the ground-based facility can provide a basis to increase the measurement accuracy of
radiosondes within the framework of traceability to the International System of Units. This
work is currently under review as a Research Article in Atmospheric Measurement Techniques.
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Table. Uncertainty budget on the radiation correction.

- Uncertainty evaluation of KRISS low frost-point generator 2
A new saturator-based low frost-point generator (LFPG 2) is developed at KRISS, and its
uncertainty is evaluated from 7 nmol‧mol-1 to 1000 nmol‧mol-1 in nitrogen. The humidity
generator operates in the two-temperature two-pressure mode to achieve target water vapor
concentrations. All uncertainty factors that affect trace-moisture generations are analyzed
using a hygrometer based on cavity-ring down spectroscopy. Consequently, the expanded
relative uncertainties in the range of (7 – 1000) nmol‧mol-1 are 5.0% – 1.0% at a coverage
factor of k = 2, respectively. It is found that the effect of water adsorption/desorption is
significantly reduced with compact design and sufficient purging. Thus, the uncertainty of the
generator is enhanced compared with trace-moisture standards in other national metrology
institutes including the KRISS LFPG 1. This work is published as a Research Article in
Metrologia.

[Table from Metrologia 58, 065002, 2021]

* Contact: Dr. Suyong Kwon (kweonsy@kriss.re.kr) / Head, Thermometry and Fluid Flow
Metrology Group, KRISS
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 TCTF
- Contribution to TAI of KRISS-Yb1 optical clock as a secondary frequency standard
Time and Frequency group in KRISS has been operating a Cs fountain clock (KRISS-F1) as a
primary frequency standard and a Yb optical lattice clock (KRISS-Yb1). The KRISS-F1 has been
in continuous operation mode and used to generate a stable UTC(KRIS). KRISS-Yb1 has
measured the absolute frequency of the Yb clock transition (1S0 to 3P0) using TAI for 14
months since the year 2020. This result was published in Metrologia [Huidong Kim et al.,
Metrologia 58 055007 (2021)]. The measured absolute frequency is depicted in the figure
below, along with other measured values. Its uncertainty was 2.6×10-16 and the accuracy
uncertainty was 1.7×10-17. After a thorough review of KRISS-Yb1 by WG-PSFS in CCTF,
KRISS-Yb1 was accepted to contribute TAI steering and its first contribution was appeared in
circular-T 405 published in Oct 2021.
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(Left) History of the 171Yb absolute frequency measurement. Our results is depicted at the last data point
[Kim et al, Metrologia]. (Right) Diagram of all the PSFS reported for TAI computation
(https://webtai.bipm.org/database/show_psfs.html )

* Contact : Dr. Myoung-Sun Heo (hms1005@kriss.re.kr) / Head, Time and Frequency Group, KRISS
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Sec�on 3: CIPM MRA Related Maters
 Key/Supplementary Comparisons (KC/SCs) and Quality System
For the purpose of international equivalence of national measurement standards of
Korea, KRISS has been taking part in the KC/SCs identified by the CIPM Consultative
Committees, APMP, and the BIPM. Within the framework of the CIPM MRA, KRISS carries
out approximately 20 KC/SCs a year, which amounts to 500 comparisons as of October 2021.

 Calibration and Measurement Capabilities (CMCs)
As a signatory to the CIPM MRA, KRISS submitted its CMCs to expand the recognized
measurement area. As of October 2021, 1,207 CMCs are registered to the BIPM KCDB, the
details of which are presented in the table below.

KRISS participation in KC/SCs and registration of CMCs
Area

AUV

EM

L

M

PR

QM

RI

T

TF

Total

KC/SCs

24

65

28

89

26

163

69

35

1

500

CMCs

56

98

40

48

44

606

214

72

29

1,207

 Peer Reviews for Partner NMIs
For the mutual confidence based on the mechanism of the CIPM MRA, KRISS technical
experts have actively participated in the peer review system with partner NMIs and DIs
abroad.
As of October 2021, 16 experts of KRISS visited 10 partner institutes as peer reviewers in
various fields of metrology. Due to the COVID-19 pandemic, however, all peer reviews were
conducted online. Below is detailed information of the reviews.
Peer Reviews by KRISS experts in 2021
No.

Country

Institute

Field

Expert(Reviewer)

Date

1

Australia

NMIA

Mass, Density

Dr. Jin Wan CHUNG

Jan. 27-28

2

Japan

NMIJ

Photometry, Radiometry

Dr. Seung Nam PARK

Feb.8-10

3

Japan

NMIJ

Laser Radiometry,

Dr. Dong Hoon LEE

Feb.8-10
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Radiometry
4

Singapore

HAS

Chemical Metrology

Dr. Euijin HWANG

Mar.3-4

5

Thailand

NIMT

Hardness

Mr. Naehyung TAK

Mar.24-26

6

Thailand

NIMT

Mass

Dr. Jin Wan CHUNG

Mar.24-26

7

New Zealand

MSL

Time/Frequency

Dr. Dai-Hyuk YU

Mar.30-31

8

Japan

NMIJ

Dr. Sam Yong WOO

May.25-27

9

Slovakia

SMU

Dr. Euijin HWANG

May.26-28

10

Thailand

NIMT

High voltage

Dr. Hyung Kew LEE

May.12-14

11

Hong Kong

GLHK

QS

Dr. Sang-Ryoul PARK

June.8-9

12

Thailand

NIMT

Humidity

Dr. Byung Il CHOI

June.21-23

13

Thailand

NIMT

Dr. Inseok YANG

June.23-25

14

Japan

NMIJ

Dr. Sang-Ryoul PARK

June.22-24

15

Japan

NMIJ

Dr. Sangil LEE

June.22-24

16

Japan

NMIJ

Dr. Yong Hyeon YIM

June.22-24

17

Hong Kong

SCL

Temperature

Dr. Inseok YANG

July.25-29

18

Thailand

NIMT

Time/Frequency, Speed

Dr. Dai-Hyuk YU

Aug.16-20

19

Mongolia

MASM

Dr. Mun-Seog KIM

Aug.24-25

20

Mongolia

MASM

Gauge block calibration

Dr. Chu-Shik KANG

Sept.13-14

21

Malaysia

NMIM

Magnetic

Dr. Po Gyu PARK

Sept.27

22

Japan

NMIJ

Length Standards

Dr. Chu-Shik KANG

Oct.25-29

Pressure and Vacuum
Standards
Electrochemistry and
Inorganic Activities

Thermometry Standard,
Temperature
Bio-medical analysis fields material, solution
Gas analysis
Inorganic analysis,
Electrochemical analysis

Digital Multimeter,
AC Power/Energy

Total 16 experts served as peer reviewers for 10 institutes
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Section 4: Future plans
 KRISS Vision 2035
On May 20, 2021, World Metrology Day, KRISS announced ‘KRISS Vision 2035’. This vision
framework is aiming at envisioning the world in 2035, trying to understand how science and
technology can contribute to preparing a better future.
We analyzed major keywords characterizing megatrends, such as the redefinition of the SI
units, pandemic, carbon neutrality, digital transformation, quantum, and safety, from which
our new vision of “KRISS, Standards for Life” was derived. We then conducted broad
consultations with researchers and experts both inside and outside KRISS to ensure solid
groundings for our approaches to solve problems.
In doing so, we finally defined 3 pillars and 8 strategies for developing measurement
standards and technology as below.
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 Planning 2022 Peer Review for KRISS QMS
KRISS is planning to receive technical peer reviews on the quality management
system(QMS) for 11 measurement areas in 2022 based on the requirements of ISO/IEC
17025:2017 or ISO 17034:2016. This is 5th peer review for KRISS QMS since the first one has
been taken place in 2002 and those have been conducted every five years. The 2022 reviews
will be held through online environment, as known as “remote review”, by 26 reviewers
from eight NMIs or DIs.
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