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1. First stages of the pandemic and first response

Reflections on the impact of COVID-19 on 2. Towards a plan to cope with COVID-19 in the
ALMA operations and NAOJ ALMA Project ALMA Project and the timeline until now
- A personal view - 3. ALMA Operations in Chile, and coordination

Alvaro Gonzalez internationally

NAOJ ALMA Project Manager 4. Some reflections and ideas towards the “new

normal”
E40R| XX ZIZB T B MR 0.4, 281 Jan 2021

Outline The start of the pandemic

* The first news about a new infectious disease spreading from
China started from around January 2020.

1. First stages of the pandemic and first response * Travel continued as usual in January and February 2020,
although with some concerns

* EA ALMA Science workshop held in Taipei on Feb 19-21, was under
careful preventive measures for the first time and the first concerns
about traveling were considered

* All travel and meetings suspended from late February 2020

* From early March, the NAOJ ALMA Management team started
assessing the impact on work of moving to remote work

* On March 22", ALMA went into observatory shutdown due to
the degrading situation in Chile.

10



The start of the pandemic Outline

* Due to the degrading situation in Japan and concerns over a
possible declaration of a State of Emergency (SoE), the NAOJ ALMA
Project asked all staff in Mitaka to move to telework from March
30" and initially for a 2-week period.

* An All-hands meeting was held to address all questions and concerns by 2. Towa rds d plan to cope Wlth COVID-19 in the

teammates ALMA Project and the timeline until now

* Work that needed to be done in Mitaka was approved on a case by case
basis considering the need of the task, occupancy of building and rooms, etc.

* The State of Emergency was declared in Tokyo from April 7t until
May 6t. We acted accordingly and extended the telework request
period until at least May 6t as soon as the plans for SoE were
public. These was further extended later as the situation evolved.

» Before the start of the telework period, the NAOJ ALMA MGT team
started working on protocols, the plan to comeback to the
workplace and guidelines to work in Mitaka, for travel, etc.

The Plan to Comeback to the Workplace The Plan to Comeback to the Workplace
* From the start of the pandemic, several documents were prepared * Principles:
to summarize the administrative flexibility allowed to cope with the 1. Priority will be put on staff’s wellbeing and )
situation: safety NACJ
* Telework to support family or personal situation 2. Health and safety take priority over any existing ~ S=aersisa
* Off-peak commuting guidelines ) _, o
3. Available flexibility of NAOJ admin rules and B e e

* Special holiday in the case of difficulty to work from home or showing some
symptoms

* And guidelines for travel, to work in Mitaka, etc.

procedures to be actively applied
NAOJ-ALMA-0039-C

4. Guidelines for work in the workplace will follow
principles recommended by experts and Vesion©

* Towards early April, we had too many of those! different bodies
. . . . 5. Travel will follow existing Japanese regulation PO T S
* There was also the need to define the basic principles of planning and guidelines and takega cgnservativge e re— et
and decision making, at the same time that the situation was approach for individual cases —— s
eVOIVmg very dynamlca”y' which was challengmg. 6. In case of SoE, the Project moves to telework. . AN
* Protocols were also prepared to control and shared attendance in AfterV\t/)ardks, Wiimplerpelnt the Plaﬂto e bo!
the building and different rooms among the different team Comeback to the Workplace in 2 phases

managers so we could plan to avoid congestion to some extent 1



The Plan to Comeback to the Workplace The Plan to Comeback to the Workplace

e Outline: * Process:
) - The situation is monitored closely by the Project Manager and the
- State of Emergency: all staff requested to work from home. Management team based on several indicators in official sites
Requests to wo_r!<'|n Mitaka are coq5|dered yvhen staff need to - The PM makes a recommendation to the MGT team during the
access local facilities (labs, computing, admin) or personal regular MGT meeting held every Thursday morning for active
needs. Target: <10 people discussion based on the situation and needs of the different teams
Ph 1: staff ded . ki | - The MGT team makes a decision, and the PM communicates the
Staff who need to work in Mitaka will be allowed to work in - Decisions include:
campus. Ta rget: 10-20 people - Continue in the same phase or change back or forth
- Phase 2: staff numbers increase progressively following plans - Period on which the decision applies
established by the team and in close coordination among staff - Time when the next decision will be made .
and their managers. Staff who need to continue to work from - If necessary, an All-Hands meeting or equivalent is held to
. . communicate updates and receive questions/concerns from
home will continue to do so. Target: 20-40 people colleagues
Outline Timeline of measures to cope with COVID-19

* Call for Proposals for ALMA Cycle 8 of observations was opened on
March 17t 2020, with deadline on April 15t

* March 19%™: it was decided to extend the deadline until at least May
19t as a response to the global pandemic

* March 20™: an announcement was done to inform about the
suspension of science operations to protect the safety of staff

* April 1°%: Proprietary Times to extended for 3 months for data going out

3. ALMA Operations in Chile, and coordination of proprietary time from March 19* onwards.
internationally ¢ April 17t: Submission of Cycle 8 proposals suspended until further
notice

* April 24'": after the ALMA Board Meeting in April 2020
* The start of ALMA Cycle 8 was postponed until 2021 October. It is anticipated
that the Cycle 8 Call for Proposals will open again in 2021 March.

* ALMA Cycle 7 will continue through 2021 September, with currently non-
completed projects ranked A, B and C remaining in the observing queue.
12



Timeline of measures to cope with COVID-19 Outline

Timely updates have been provided in the Science Portal since May:
* May 27th:
* ALMA operations remain suspended
* We have been working actively on plans to restart operations at a time that it is feasible.

 Caretaker teams continue to maintain the safety of the ALMA equipment and infrastructure The
Regional ARCs continue to provide support to their communities.

e July 10th:

* Although in some of the ALMA regions the situation is slowly improving, in other regions, including
Chile, the evolution of the outbreak remains highly uncertain.

* Because of the situation in Chile, ALMA operations unfortunately remain suspended.
e August 27th:

* The situation in Chile has slightly improved in the Santiago area but not yet improved in the northern
area where the ALMA telescope is located.

* ALMA operations thus remain suspended and the timeline of resuming observations uncertain.

* Detailed ﬁlans for the safe return to operations have been developed and regular reviews to consider
starting the re-opening process of the Observatory have now started.

- . ll
. October 1ot 4. Some reflections and ideas towards the “new
» “ALMA starts the process of recovering the telescope array” norma I”
* November 23rd:
» “2020 November Status of the ALMA recovery process ”
* January 25%:
» “Array Recovery Status Update”

Some personal reflections Some personal reflections - communication
* Overall, the COVID-19 pandemic has affected our lives and work * Communication is key to productivity and integration into the team
deeply dynamics
* Even our daily vocabulary! Social distance, coughing etiquette, self- * New technologies such as Microsoft365, zoom, slack, cloud
quarantine, personal protective equipment (PPE), PCR test... services... have made our lives easier during telework
« Fast decision making has been necessary * Frequent and timely communication at team level and from

management are very important to keep team members engaged

* Timely and frequent communication, with the possibility of « From a management point of view:

discussion to correct plans on the go, has been key

* Timely consensus building towards timely decisions

* Confirm that all managers are communicating with team members
* Communicate frequently with all team members, if possible, through live meetings

* On the other hand, the pandemic has accelerated the * Frequent and open communication is also very important to detect
implementation of some measures which are positive in principle: any issues or potential isolation, mental health issues, fatigue, etc.
e Telework * Team meetings
* Off-peak commuting * Often All-hands meetings
« Digital signatures and paperless procedures * Informative talks about the project to all staff every Wednesday from Oct to

13 Jan with initial communication of updates by Project Manager



Some personal reflections - telework

* Telework has been key to reduce the spread of COVID-19 and

to allow us to cope with the current situation since March 2020

* Telework has proven positive overall:

* Reduction of commute times and infection risks in crowded public
transportation

* Possibility to handle the personal and professional situation in this
difficult and ever-changing circumstances

* Increase of work efficiency for some tasks

* Increase of Quality of Life (QoL) with possibility of better Work-Life
balance

* But we have also discovered that we need to be careful too...

Some personal reflections — telework (l1)

| believe that telework will be with us from now on:

- The changes in this year have been very drastic and we have made it
part of our lives

- The COVID-19 pandemic will not disappear over night and it will take
time to come back to “normal”

Telework provides %reat opportunities and a mix between it and work at
the workplace will be the most productive and pleasant way to work:

- Tasks in the workplace done efficiently (i.e. lab work) with other tasks
left for work from home, with higher focus

- Choice between communication with colleagues or time to focus alone

at home
- Flexibility to plan work and support life
- This will put higher responsibility on staff and managers but increase QoL

The success of telework is directly related on the sustainability of the
implementation: appropriate tasks, good reporting, necessary breaks...
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Some personal reflections — telework (I1)

Not all work can be done remotely: lab work, rebooting servers...

Telework produces fatigue, especially with many online meetings in
the same room and at any time of the day

Personal life and work start to get entangled, and even to conflict

Working hours can become long if we do not have the discipline to
make appropriate breaks and control our working time

Possibility of isolation or insufficient communication with colleagues

L]

Work environment may not be the best

* Many of us have tried all rooms in our homes... or even balconies for a change!

Overall, telework is positive and can help to increase efficiency of certain
tasks and improve QoL. However, if not done properly, telework can
result in a decline of efficiency or more serious mental health issues

The new normal

The way | see the new normal is:

- Mix of telework and work in the workplace for increased QoL

- Acceleration of implementation of digital paperless procedures

- Work based on objectives instead of number of hours

- Less business travel, with more opportunities for online meetings

- Workshops and large events will be a mix of presential and remote
connections

Properly implemented, this will lead to increased efficiency and better
work-life balance in my opinion.

Thanks for your attention!
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ALMA ACA Spectrometer
New GPU-based Spectrometer for Total Power Array

(OTakashi Nakamoto, Manabu Watanabe, Scott Zang, Makoto Shizugami,
Tetsuhiro Minamidani, George Kosugi (NAOJ), Jongsoo Kim (KASI)

Abstract

Korea Astronomy and Space Science Institute (KASI) and National Astronomical
Observatory of Japan (NAOJ) are jointly developing the Atacama Compact Array (ACA)
Spectrometer for the Atacama Large Millimeter/submillimeter Array (ALMA). This is a
new spectrometer that can process the signals from four total power (TP) antennas using
graphical processing units (GPUs). The development team achieved a significant
milestone, the Critical Design and Manufacturing Review, in December 2019. This report
presents key design elements of the ACA Spectrometer.

1. Background

The Total Power (TP) Array comprises four 12 m antennas and is a subset of the Atacama Large
Millimeter/submillimeter Array (ALMA). While the other ALMA antennas are used for interferometric
observations, the TP Array is responsible for single-dish observations. Auto-correlation outputs from the
array enable observers to recover large-scale emissions from extended science targets that may have
been spatially filtered out of interferometric observations.

The TP Array signals are currently processed by the ACA Correlator, an FX-type correlator, which
also processes the signals from twelve 7 m antennas. The correlator is equipped with high-speed Field
Programmable Gate Arrays (FPGAs) for performing 16 bit fixed-point fast Fourier transforms (FFTs,
the F part) and multiplications (the X part). A re-quantization step after the FFT converts the 16-bit
output into 4 bits. It is necessary to bring the data rate and the number of multiplication calculations
down to a reasonable range, but it adds 1.1% to the sensitivity loss [l. Additionally, the limited depth of
the fixed-point calculations can cause an overflow during FFT computations. More importantly,
observations of the TP Array and the 7 m Array using one correlator have restricted science operations.

A new spectrometer for the TP Array, the ACA Spectrometer, is currently under development to
mitigate those problems. It performs 32 bit floating-point calculations in both the F and X parts using
GPUs to reduce the sensitivity loss and practically eliminate the risk of overflow. It also produces both
auto- and cross-correlation outputs. Its cross-correlation capability enables calibration observations (e.g.,
pointing) of the TP Array independently of the 7 m Array.

2. Input Data Flow

For all ALMA antennas, including those of the TP Array, the radio frequency signal for each
polarization is first downconverted to the intermediate frequency signal of 8 GHz bandwidth. It is then
divided into four 2 GHz baseband signals, which are digitized by 4 Gsps analog-digital converters with
3 bit resolution (the B, C, and D bits). This results in a data rate of 96 Gbps (2 polarizations, 4 basebands,
4 Gsps, 3 bits) in total from each antenna. The digital signals of two polarizations in the same baseband
are combined to make a baseband pair (BBpr) signal and transmitted over three optical fibers. Each
fiber carries an 8 Gbps stream of B, C, or D bits using a dedicated protocol 2I. The digital signals over
the optical fibers from the TP Array are split so that the ACA Spectrometer can simultaneously receive
the same signals as the ACA Correlator.
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The ACA Spectrometer system has four ACA Spectrometer Modules (ASMs), each receiving the BBpr
signals of the same baseband from all four TP antennas. The ASM comprises dual CPUs (Intel Xeon
Gold 6144 or 6244), twelve DDR4-2666 memory modules (six modules per CPU), four GPUs (Nvidia
TITAN V) and two data transmission system receivers with PCI Express bus interface (DRXPs) on a
Supermicro 4029GP-TRT server running Red Hat Enterprise Linux 7. The DRXP is a custom-made
board with a Xilinx UltraScale+ FPGA that receives, decodes, and transfers signals from two antennas
to the system memory via PCI Express 3.0 X16 lanes (PCIe3 X16) using direct memory access (DMA).
The DRXP sends the data block by block to maximize the bandwidth. Each block is 4 MiB, which is the
largest contiguous physical memory block that the Linux memory management system can allocate at
once. Calculations are assigned to the GPUs in a round-robin manner. Contiguous 16 ms data (equivalent
to 11.4 blocks of data) from all four antennas are sent to a GPU to complete the FX calculations within
one GPU (Figure 1). With this data flow, each GPU processes 8 Gsps (3 GB/s) of data on average.
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DRXP#1 16 16 16 16
Antenna # |- o i it il
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I | — ol I — e
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Figure 1. ASM with top cover removed (left) and a schematic of the data streams from four
antennas split and sent to four GPUs (right).
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Figure 2. Theoretical and required bandwidths of communication paths from four antennas to
four GPUs.
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A Linux kernel module that was developed for the DRXP allocates DMA buffers in the system memory.
Our application program written in C++ calls cudaHostRegister () with the cudaHost-
RegisterIoMemory flag for each block to share the DMA buffers between the DRXPs and the GPUs.
GPU programs in Compute Unified Device Architecture (CUDA) see such memory areas as pinned
memory. The theoretical maximum bandwidth of PCle3 x16 is 15.75 GB/s. Our benchmark test shows
that the data transfer from the system memory to a GPU using the pinned memory can achieve a
bandwidth of approximately 12 GB/s, four times more than the required 3 GB/s. Another benchmark
confirms that the same bandwidth can be achieved when sending data to all four GPUs simultaneously.

3. GPU Performance

The GPUs convert 3 bit integers into 32 bit floating-point values followed by FFT using
cufftExecR2C. The ACA Spectrometer internally performs 2%° points FFTs for the finest spectral
resolution of 3.815 kHz. This is the most expensive computation task in the ACA Spectrometer. Due to a
mismatch between the ALMA integration time granularities (1 ms = 4 X 10° samples) and the number
of FFT points, the GPU runs four 2%°-points FFTs with 4.6% overlap between FFT segments for every 1
ms of sampling. This maintains compatibility with the existing ACA Correlator . Our benchmark
results in Figure 3 show that the overlap significantly degrades the FFT performance, which is thought
to be caused by non-sequential memory access. However, the benchmark result still proves that TITAN
V can process incoming data streams of 8 Gsps. Another benchmark test demonstrated that TITAN V
could perform all major calculations in real time, including the bit conversions and the FX calculations.

The existing ALMA archive system limits the output data rate from the ACA Spectrometer. The ACA
Spectrometer will share the archive system with the two correlators currently in use. The maximum
data rate of 17 MB/s will be allocated to the ACA Spectrometer. Based on the observation configuration
imposed by the observatory control system, the GPUs perform spectral averaging and 1 ms time
integration, and the CPUs perform longer time integration so that the average output rate does not
exceed the allocation.

220 points 40 1
—_— ) o900 .
FFT Segment g 39 \ | Without overlap

iy N,
2
(50 16 i A A
o With overlap 3

Overlap g g
w0
8
£ 0
[a M 25 910 915 920

1 ms =4 x 10° samples Number of points for one FFT segment

Figure 3. FFT segmentation with overlap for the shortest integration time, 1 ms (left), and
cufftExecR2C benchmark result of one TITAN V for various FFT points with and
without overlap (right).

4. GPU Cooling Efficiency at High Altitude

The ACA Spectrometer will be installed in the Array Operation Site Technical Building (AOS TB) at
an altitude of about 5,000 m. Due to the thin air at this high altitude, there is a risk of GPU overheating
even with cooling fans. Once the temperature goes over a threshold, the GPUs slow their clock frequency
impairing calculation performance. The GPU temperature T follows Newton’s law of cooling

Q =h(T - Ty,) €Y)

where Q is the GPU power consumption, T,, is the inlet air temperature and h is the average heat
transfer coefficient. The average Nusselt number Nu of a heating surface parallel to laminar airflow is
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- 1 1
Nu = 0.664Re2Pr3 2
where Re is the Reynolds number and Pr is the Prandtl number 8. In general, dynamic viscosity and

thermal conductivity depend on pressure. However, the dependency on pressure is negligible from
hundreds to hundreds of thousands of Pascals. Therefore, we obtain this practical relation

h < [pv. (3)

where p is the air density and v is the flow velocity.

The legacy experimental data of the ACA Correlator confirms this relation. One module of the
correlator was placed in a depressurized chamber. The surface temperature of FPGAs, memory modules
and other electrical components were measured under two conditions: (i) 28.7 °C, 760 mmHg (equivalent
to sea level); and (i) 30.1 °C, 409 mmHg (equivalent to an altitude of 5,000 m). The density of dry air in
these conditions is 1.169 and 0.626 kg/m3, respectively. Therefore, the heat transfer coefficient ratio of
condition (i) to condition (ii) must be 1.37 according to relation (3). The mean heat transfer coefficient
ratio derived from the temperature data at 20 different measurement points was 1.39 with a standard
deviation of 0.038. This is close to 1.37, which proves relation (3).

At an early design phase of the ACA Spectrometer, we conducted a similar experiment using two
TITAN Xps and two GeForce TITAN Xs, which are old-generation GPUs with appearance like TITAN V.
They were tested with three different GPU fan speeds (60, 80, and 100%) in the AOS TB and NAOJ
Mitaka campus at almost sea level. A dummy benchmark program was used to control the power
consumption @, which was recorded with the GPU temperature T via Nvidia management library
(NVML). The least square method for equation (1) was applied to estimate the heat transfer coefficient
h. This experiment showed that the heat transfer coefficient ratios ranged from 1.43 to 1.67 with a
standard deviation of 0.077; which is significantly higher than 1.37, but the reason for this is not known.
Once TITAN V became available, the sea level heat transfer coefficients of four TITAN Vs were measured
at the NAOJ Mitaka campus. The relation between the GPU temperature and power consumption at
the AOS TB was derived using the worst heat transfer coefficient ratio (1.67) to be safe. The power
consumption was estimated using a separate benchmark program, and it was finally concluded that the
GPU temperature at the AOS TB would not exceed the threshold.

5. Summary and Future Work

The design of the ACA Spectrometer and hardware selection has been completed. The required
software is currently under development, and the ACA Spectrometer is expected to be installed in 2021.

Owing to recent advances in GPU technology, almost all functions will be implemented in application-
level software using C++ and CUDA. This architecture allows us to implement software independent of
hardware. In the future, it will also enable us to support more observation configurations, add new
features, and extend the performance (e.g., more antennas, more frequency channels, and wider
bandwidth) with less effort than FPGA-based correlators.
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How to Conduct On-site Inspection in this Age of Diaspora
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Saeko S. Hayashi (California Office, TMT Project, National Astronomical
Observatory of Japan)
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Optics team of Thirty Meter Telescope (TMT) coordinates the fabrication of the primary mirror
segments in four partner countries. To some extent members were used to deal with the time zone
issues, like the meetings in the early morning or late evening. The technical information regarding
the specification, the drawings and such are shared using on-line tools. When the travel restriction
became inevitable due to the pandemic, we had to scramble to mitigate the situation or reschedule
on-site inspection and hands-on activities. Lab work is also seriously affected. Even though the

construction and renovation work of the lab is starting soon, the challenge continues.
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In 2020, a new type of coronavirus (COVID-19) spread all over the world, and the
Tokyo metropolitan area have had the largest number of cases in Japan. Advanced
Technology Center (ATC), National Astronomical Observatory of Japan (NAOJ) had
to take countermeasures. Therefore, in order to prevent infection to the maximum
extent possible and to maintain our work, we have implemented measures such as
formulating a countermeasure manual, preparing disinfectant alcohol, and
installing a non-contact thermometer at the entrance of the building. In this time,

we introduce the details of our efforts for it.
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W5, JEEANZIX, 5H6 »FTOERNH DY, WL, FEHINTWD 72, ZRMEERIEL R T OB
FRERD, YIalb—ra Rl LT, BROBEZ, 1KE20CHMHEE LT, 1.2kg/m3 %
BH Uz, 317U v Rix 384 X128 & L, FESUSHENATE — FCTHEM L7z, K3 IHERER~T, .3
DFEFIZ I UL, FTORIZINZ T, BOBMIC LV ZXIERENEZ 2 F0 0o, £,
BOMISEWEOBN, Z5ERITITR VDR TH o7, AREREZICICEBT 2T L2V,

KELEDERHEELZ

4.3 AR RT OIS & 5 ZEXIERICET D5V 2 L—3 3 ViR
5. &H&IC
ATC OFH = v FXx5RIT, B2 —RUTF, ARFEHELZOTTF—LTT-oTEBY ET, ZhETOD
T ZR, BV BRTVIREEZOREBHEY LTEILB L BiFEd, ZoaaFmaRdgaL,
R HEAEIC B THRESENET LIS,

6. References
[1] https//www.mhlw.go.jp/stf/covid-19/kokunainohasseijoukyou.html
[2] http:/flowsquare.com/jp/
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TIXRE Y A R—AIZBIT K IRBIZ DN T

SHME RSt L— v —)

=
7T x4 ) U LERIE, WIEBE BT DRI ZIE COFERASGE D S b RKI0CE KIZ
BOWTHEAKRHZR-ZL TS EWbI TS, L, F—XZEmIZsilf) /e =5
(P - R - ) R CTH Y | JBYYEXR & U TR EER S 5K Tl
FoOWHEBZ TN D, ZEATOICT, BRECEALEZ “BRFET=F— Lk

K77 VHFZL ST B A7 2 T 50 A2 T ORI TREZRET 2,

1. BYEXIR & L TEEIRIN TN S, B

SR - REDSHIA L LT, ERBIITIRD S MG 7T 312V 7 L, EYYEX RS U EIZ LB 7R
BGTHLHII b LT, —EOEETIRINTNDEHEOD, EEEIZENLS HWVORERB LD
2B T, BRI T 4 — R I RIS TORWVRIARZ N E B b, B ZRE ST 7
FHEBENEETHL EEDLNTNDLN, ZHUIRIOT —~ & LT, SREIFERIZEL THD LS
57 oYy LORMEZE L, KON REEEN L CER L TV 28500 A E2 T 5,

2. “BLRFZ=T R NDTR—TIT
FiloaaF oA A e REICETE SNDANBROBUNTRIK (=7 vy )L) ZRELSHET S
IR LN EEZXDND, T T, BEEMNEFETREOELEL L TRV D TR
FEPDEOIFR S ARRE (e 2 ORREED) LRSEE (50ppm DL FHREED) ZFFH, AFLRT NI &b,
A U7 ZR L 3R DR FE A FIRFIZ A L7z =7 1 YV OREEISHIE L TV D EARET 5 Z &I
L0, ZBERBREDOEMEZMROBLIZTHZ L & LT,
- PerfectPrime CO2390 “f{LIKHTE A —&— (n—)
https://jp.perfectprime.com/products/co2390?variant=34211716104325

3. MR FLEDILF

FFERTOT 7322 ) U A R—A%, BHE 15m O, FFEILH 1,000 25 m Th b, K—24k
JEDEEE~E 3 #» FTOHAY ANH 505, AMB~OHAD OIZ 1 rAficE O LN TED ., B EIZER
DET~OFEN 1 7, AR 1 7 F Loy BRKAORE 7 7 135 2 RGN IEFICRE <
TR RFOM I IE SN TWD), lH OBKIC OV THENRDOBERS DY EH D EEbh b7 o
NMEEN TR TH D, YT, BN 220 L, FEME P—F 2 L—F —Txlint 5
L0 TEFE M DR SN T, BICrE ) LB TR D £ TlTid 3 FEFREEE )
HZEPHLNIRo TS, 1 BICEEEIOBRE AT 5 12D, b o L2l s L85 Th
L ENgInoTe, EOT—HEIKIIKAT 7 VOBAEEH L TN Z A, KF2HEOEET 7
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(K :848 3 m/ 4y, H:1383 i m/ 7)) #ZHALTHLH I ZENTE, HEK T 30 0~1
ML C LR BIRE A TIZREE D 2 LR TE -,
- BASsH T AR 60ecm B /7 7 BF-60J

https://www.nakatomi-sangyo.com/fan/bf-60j.html

4. FLHLHE

PR DR Z BT 22 LA TE, MECHMKT 20T, LBEIIUSCTHIRIKET 52
ENTE DL DI o7z, HERKRGD "B FEIREE O 400ppm 58 TH 5 Z & ZFE, B
WZFELL BRI T, F—L2HNOZEKORIS—H T2 5D, FEOHKIZH L O, fikk (H#E)
X IR FRIREE DS 450ppm FREEIC TR DD EFF- TITH L HICTH T & T AF v 7 ~DREGDFER
PELMAZTWD, HHEONRBIT ONRVEOBIZOWTIE, 4%OMETHY . MU0 FE (BER
EEEMRIC L DWAESE) DUEICR D B D,

BHILWD — 27 2 A L] BB INTNDDY, TRHELDD S B 72 RICF-OHRRRCHANIAEE 5 1%
DHLEDTHD, ¥V —/LHi> TE BN TIIEAN— R TOREWZRIEAFREE 7o o7z (D L DA
NEx BT, ZERFERE S SWITOWBEFHE S TE D), ZIIIERGWED & 5 @M 7t M
WXL THISHARETH D, T LARME TIEARWIRAZIEN LT, HERELARDB S, U 7T FER
L. ZOMRE A2 DREITIENT ZENTE D, bHAAFENRKIEI RO T, HEKRRB I
R, FOEELTEA LR,

EZ{ F—4A (PLEERERS) 2020.10.10, 11.030

AEZF /_: a1 (2 [ERE21411) ¢ ; A (3[O3%E19+17+12) D EEE F-AW:@“{,%%%E‘E@ H%'ﬂﬁ
- fitqh - CO2 JRE (ppm)
600 *ﬁﬁh : E%EXIJ
- y, W10 110 A KT 5 LM ASIRG

2[E#EE, WTHlRHEL,

200 \ g CO2 BEEIX TN Gl T
0 - v !’\gh 11 A 3R KRBTy A%
. ot — SEHRIE, W TV TR AT

CO2 EJEIX 1 KRR CTILITR 5

350
0:00:00 2:24:00 4:48:00 7:12:00 9:36:00 12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 0:00:00

——1010_CO2(ppm) —e—1103_CO2{ppm)

TITXHA YT L R—AF, EEEELEL DD, BRHAY DT, F7-
ERR D720, = bV I T = T TEEDTDHED, V=YL T 4 AL
T DD DEESERL BTSRRI E 2 B NEH B,

¥

R — D AMEES © — IS LA~ D Z AL
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ENRIEZRKEE 7 V7 BmSETRIME Y o B HIEEE » SQL-DB & #E#
L 7= B B} pipeline 2LE

O#xM G, BRI —BR, Bt P, RIRITA
(ENMRXH KGBHRET ey =7 1)

BEZ (Abstract)
ESZRCE =R 7 U7 LS AR Mmoo GBS E 1T, T7RMI T O DI
BHEE CORBET T VA =2 ZART MVOE =4 —Bill % 2010 4 X0 &7
W7o TV 5, ZOHRBEITHERES L BRGHRNT —F Lo BRF S TY
%72, pipeline MLEE 2 fE—HIZ T D BRDOBEE L 7p o Tie, BLHIm 7248 GE g 1
1B — & OFEFHLEEE % SQL-DB 12\ Eif pipeline & #if SH7-0D Tz
HT 5, BT — 2 OMEEBRICHLHEHT 5,

1. iIZt®ic

[ESERICH =R 7 V7 DB AR AMm e CBHEE E(IR-Mag) [1] 13, A& 156 cm XL X
BT Y 2 L—F — == VRS HER 1T B0 L 2 B0 EEGEAH LRI A 7 (Xenics Xeva:
InGaAs % 1+, 640x512 pix, 90 fps, 14 bit ADC, ~ULF =i Hl 250 K)» 5 72 HEIHIEEE ©, dTRIME T
DOFHEANCHHZEN 2 SO R4 (He 11.0830 1 m %OV Sil1.0827 um #4165, &Y Fel 1.5648 1 m it
) TOKRBGEE 7 VA =27 AARY ML OE =X —8ll% 2010 4F L 0 EFHIINIT > T D, BLE,
KA RREE~ v 7% fits BRI TAB LT a3 [2]0 AT LT 3 ko7 MY T — 4 % /AR
T O A HED TND, Z DT OICIE BN ERIEZ T o7 A b —2 A AT fL7— % % IR-Mag
OB D v B E L, Uik [1] 1o TFET —Z 123k LEA L7- Milne-Eddington Inversion
Code ZFZIET DM, Z OREEITEIMIUERIEN L. Eiz, BHRBT —HT 1 L7 b VIR
FFINTWSH 72D, pipeline PR Z BJEIZ)NT DEROYEE L 72 o Tuviz, BUARRDLZE E R B8 AL E UfE
JBIE % SQL 7 — 4 —~— 2 FZHfi L, pipeline ZUH L HiffED EA@ML LD T, ZhEa#iEd 5,

2. BLARIUVEEE R BB WERE SQL 77— F X— X

BRI AL EAR BB AL E YSUEBIE DT — 2 X— 1%, MySQL 5.6 ZJHW\e T —F _X—2X LOEEH DT
—T7NELUTHEE L, R 1ICINUDT—7 VO EZTRT, scan WAL DT —T VT, BT —
K% 9 5 pipeline LR EATHRFIZIZ Z DT — 7 W2 query & T ALERIZ B 72 R T A X — G35,
scan 7 — 7 /L Tld, RIGEME/ED A% ¥ VBUHIG 2 12 La=—2 ID 2KV KT, ZDOAF ¥ /TH
ENDHHT — 2, BUIGIE, FDEK, BERER, 7 — ZRMES S 2AE LT TN D, T T
—7 VTR, e 7 2R BT BGT —Z O—EICHEHLE ATV, 2D & HEICHEIZ scan T —
TNEED AT, EFEA/EZEIT Linux OS _ETcronjob b TED ., HEOBHIOKBEEITIND,
2010 4EOEFBLUNBAED B BEE TOAT (2021/1/29 FF5T 7,304) DA ¥ ¥ OFF# A& B,

59



T=TIN | T —R 7T L & AL BT
scan T—27 417 MU, | ID, KA, R, JLiE, HEE IR-Mag KF5H A % ¥ >8]
LB YUE B IEE, B, BST — 2 W, wAEE | HIERE R, pipeline 7>
BREY 7T —T N T—HHEAI N T A, AFxx U | DO, WP
fOstatus EStE N e SR, SMIRER 14 7T L, | iR Sz m 7ol
] B, SR R
camtemp* | 7 A ZiRE R S T U —IRE, MAINT A2 — | SRS e 7ok
5514 1 7 &, BRI ki
dark* H—=J T =5 T H AR, BV — | scan T —T YT T —T
camtemp 7 — 7 /L IRES 24 T L, 7T — 4 i Mo, T SRR A

—

F 1 BT —TNOMK, ¥ WA TEBIH AT ID 2o TERK,

—J7, dark T—7 M, BY —7 T —Z ORGHLBIERS N A T InENERE T — 2 7 7 A Vi TRk
LTW5, scan 7—7 VLT AF ¥ kT H2=—7 ID THOWTWWD, ZOT —7 /WFEHT —
ZOMEEBIZORH S, RAITA TR Y —REL X =7 DATT AEOM O TN — 7 %
BRI LR L7727 — 2 008 I A ZREa 70300 2% v BNk 57 3
—REE, =T AT ENBHEE L, scan T — 7LV OSEEME R T SOOI ST\ 5, [FkE
12, ARIRERETH AT P —RENLE L TORDS T AT ¥ VBIBINSH LT, B A TiRER
TOMEMNEEAY » RV 3 TOT—Z DA T ALV EHEET D 2 LIS HFIHATHE,

3. SQL-DB ## pipeline 4.3
Z Z TIE#ZIE pipeline LEEO—f & L C, FHHDERN T A F (Xeva) 2 5D E 7 v I/VEIERIEIGCE
EERNT 5, K laldwk [8] TREZEINLFEE, B —0 v 7 BAEICHEH L TR 7= 881

nl_r291t250_test2_y240_camB_LUT_obs_bit14
— T T T T T T T T T T

Response curves; Cam—B; 10ms; 250K; colors: 9 cam pos. 08T
so00 poponse curyes; Cam—3; T0ma; 250K colors: 9 cam pos. - (b)
' |
3(3.)! i
C |
n !
4000 F : 0.8}
Eoo
£ i 3
F ! 5
C |
— 3000 | g
= F i 5
= E i 3 04
» F i A
5 F i )
3 . i £
8 2000 i ]
. | 0[)
F ! 3
F ' 0.2 -
F !
[ I
1000~ ! pixel position = (628, 008) =
i mag source scale = [ [0.7846, 0.8018, 0.8181], 3
! [0.8201, 0.8457, 0.8650], 3 1
i , s s 3 )
O: f I I [08]505, 08828|' OAQOO“] ]: 0.0 dead or masked plxe|S
P ] RS eE NGO h N a TE
0.00 Q.02 0.04 ~0.06 0.08 Q.10 o X1’ T oxo* Tox10"
Source Intensity : ik [DN‘] -

1:(a) TR A T (Xeva) D BRI 72 ©° 7 2 )L O IERRIEIS MRS ™7 > MAPE A, $EsiAs B ™7 > K
B, REEhSERIEAL S AEHE R, (b) £ TO Y 7 /WKL over plot L7=H D, Fhlilas w2 b,
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727 NV OIS EAROIE T 7 o MUEJEREF R LTIZ b D TH D, KA 7 2 MIZEROWIERE
NHDHN, BAITEEGAH LEITI S, ZOLy U THATEERT S, K 1bix, v v f@sy
DIERIIS B #h#R % R D overplot L7= 6 D, EHOES, JPUIXKIT D B A T ONLE & A 2 72708 B[
BROFERRZ U, 155N RIS B OB ) L, 3Gk [4] o7 F > v 7 40—V REGRT 5
TAITY RXRNEREAL, B —EEOFA v~y TRHIEEZ#VAALTH S, X La & iXitlh & o
ANFED> TOWDHIEE, BT M 14bit FREB(OEV I v v M TERSATEY, Av v
N RA & & U CHEBENL CRilic, S L S - YRl % K9 Look up table (LUT) & L CHEH]
T 5, EEEOBMT — 215 24 B/48 # 7 ERERE L TREE L EiIF CnWa 2, 207 —# % E5d LUT 123
TS, DU MEEBMICEERECRE L TR L & BOWISHBENEKIZ/>TLE D, Tzt
(721213 LUT OWFERLETEDR, B 7 2 fIC R 5 IS A it 2 FE U7 o, QiR I i
R D Tz, 7208, FEEAEIZ L D0 Y MROBEINIEERIC U TRIERO T, Jix v b
FICERHI A v o2 Th D LUT IC, BEGEEA TOMERMATEE & MAREZMAAEDELFICLD,
ERICRENIF AT O 703 Y XA 8& TR L, BUERNRLERERH T LUT #A 2 5 bh R 5 7,

(A)|Dark image:

22 : TR-Mag B5iEL-~UL, (A)F—7 A 2A—, (B LTI L7 T v b A A—2 (7 AR
TEREREIE LUT @A %), (ORaw 7 —#, ()Raw T —Z b X — 7 A4 A—T%E, (DRaw 7 —# |12
v 7w VRIERRIREAE LUT 28 H, 2 (D2 S 5I1I2B)D7 7 v A A—T ThRHE,

M 2 1287 B EIERIBISEMEDOREMNT D, K 2.0 KO 2.A TiX, BV ES W7 AMTR
B VYA RRONZ = PR YLD, BE DX — I 5| & ETST-ONRK 2.1 7eDIZn, 7 LK
MO/ — A RIEE L FENTWDHDOT, ZOLETIEHEREL ENT, FRHCRIHRO K CA
BT D, — T, B v VEIERIEIGEMIE LUT 2H L72X 2.1 Tk, 77 A HMO/ % — 0%
HATBY, +RRHDZEnbnd, K221, #ETRELZ7T v b A—V(X 2.B)TH
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ICBRE L7z b 0T, LUT BUGEBRES L LR & DEREZMHEL TV D,

BT — X 2k 28 0E pipeline ALERSEATRR O 1, ALBRIZ M BE 72 X T A X —Z Rk scan 7 — 7 /LI
H.query Z 2N CTHUGT 2, © 27 v TOIFBIBICEMIE LUT WHOLEIX, £OXF v SEBHIT
D (VA AZ D ID, (2% P —iRE, QFEAE. (D#EG R —2 A A=Y DIFHEZ query T2,
KG&EHZAF v LioT —4 &y MIIE, 2252 A Y v MIEORICBIHT — % (R 8 ) & 4
BIET =2 BNEENDDB, Ry bV =7 BLOT —ZFidiAA, B 7 2V BHRIEINEM R, fits ¥
N TCOTFT =2 RAFONIE T 5y 30 BRREDKM TETT 22 LITHILTWD, EFIET LEKIE
BTt U CIRBRIC W B FRESIE 7 7 A VA&, ~N— R U = 77 — 2 MELB OR8> 2T —
Sy MIFXENENT T V% scan 7 — 7 /VIZFEER L TR Y | MERT — X DA% TR Z 0 [EY
Z L HARETH B, pipeline ZLFE | Linux OS T cronjob (b &N TV HENEITA ATHE, BIE £ TIZ,
AT T LML D 2014 00D 2019 FFE TOT —Z 1Tk L LGB E T LT\ 5D,

4. FLHLERE

[ESER A =R 7 L7 BimSEin /RMRE o e Bl AEE (TR-Mag) i, 3 Rt~ 2 MRS T — 2 O
NEERZED TN D, £O—E & LT, mEICHEIG L7287 — % OXE R pipeline JAHIZ X %
A= RAARY ST = ZVERD %, BUANRDLAEEIREASE LW ERBIE DT — 2 N— 228 {HF L, =
N EEHET 2 pipeline Z{Ek L7z, T — X _X—ZZB L Tk, &A% v B OBEFREE LT
— X OERFAT L BIFABE O R A Z 1) £ LTz scan 77— 7 V(1 7 28049 &, T EED A
LledOY 7T —7 B 6 )& EM Lz, 2010 FEOBMBIENLBIEE TORTOT —ZITX LT
BN BT T LTERY . BHEOBIICKT S 1FHENs BBk S TWD, 77 =7 LDl H
X7 — 2 OWEEHICHRIHENTWD, scan 7 — 7 /L & E#E L C HEENET H8E pipeline I£, 7
7 v MR— AL BT B VEIFRIEIGEMIET Y 2 — AR L TWD, I AT T LRH%kD 2014 4F
A5 2019 FERE TOH 4,900 A% ¥ BRI DT — S ITHEH . 4% W ERFRT T v FEYV 2 —(H
AR SO ERE), RCEREY 2 — V%2 BHEROH D 3 — FOIERBHE L, 2810HIHIRIC
DIZHIEF A F—27 AART b7 —42 % 3k [1] @ Stokes inversion =@ — RIZHEfE L T\ <,

BE R

[1] T. Sakurai, Y. Hanaoka, T. Arai, M. Hagino, T. Kawate, N. Kitagawa, T. Kobiki, M. Miyashita,
S. Morita, K. Otsuji, K. Shinoda, I. Suzuki, K. Yaji, T. Yamasaki, T. Fukuda, M. Noguchi,
N. Takeyama, Y. Kanai, T. Yamamuro: Infrared Spectro-Polarimeter on the Solar Flare
Telescope at NAOJ/Mitaka, PASJ, 70, 58 (2018).

[2] https:/solarwww.mtk.nao.ac.jp/jp/db_cal. html#irmag

[3] Y. Hanaoka, I. Suzuki, T. Sakurai: Practical Method to Derive Nonlinear Response Functions of
Cameras for Scientific Imaging, ApOpt, 50, 2401-2407 (2011).

[4] J.R.Kuhn, H. Lin, D. Loranz: Gain Calibrating Nonuniform Image-array Data Using Only the
Image Data, PASP, 103, 1097 (1991).
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—A 7 BRI E R H

OFEFIEH, BATE AL (AARAR—Z T — N/ A=A — Rifffet v % —)
REBE H M7 (E LK IR, AR — Gl oK), = B GRR), = B < Jh(HE RS

BEE (Abstract)

Hox BRAN—2 T — FHE (A= H— FiEt s #—) TIERHERGEEO/NRE
BNZAT>TND, IERIT/NS WO R im G2 B &3 208, EFHOERESEY
HTRKEFESE (—A 7)) ORBELRESZITTLEY, £ Ty —A U7 HIELE
& DIMM Z{ER L. BUHKEE N EoHE2 #5892, fonl7—2icy—A 71
WRELEBML, YA =207 —4 L LCTHATHMEREL+ 5,

1. IZT®IC

HARRAAN—Z T — Mg THEMLEFRTHERICH 5 A=A N — R ¥ =28\ THIEREREIC
FAET DR O FREVED 8 5 /NKE 72 E OB AT > T D, HIERICHGE L TR SN 2/NEE D% <
FIRE IO mEE L /hE<, AETOHRREE R UREICE TESW2 & LTH 17T-18 5L
TERON 2D, BPRBINIIOBEDRRELSENRNOH L KMOLBEGENVIEL 72D, A 1n B2 5
SATESE CIZMEHTERIA DY 0. 1 MM LLT & 72 0 S FREEDS LN D03, KEFED TS X D BITROMEEE L (v
—A TV ICRDHBEOREL 2D, 2D, TOMREL H I TE TWRWAEEER B 5, Fox
XDV —A > T HEFEIZE=FT 257250 DIMDIMM : Differential Image Motion Monitor) % [
T D, —MKHIZ DIM 72 Ex W e v —A o T REIF RIS A T D720 D% A MREICHED
N0, BAFOM LU FREE TORE LIEBNRE 2R T 572 DI bRERARTH D, £/, &
—A T DOEENRBINC L VEEGT =2 OF7 =% « 7 XV Tt ZRAET 2 E®R L H D, Fexld DIM
kv — A U TREORERZHWT, IEREBIORKER L4 BIETZ NN TH S,

YA FIRAZR £ DIM & W Bli3 % <AFET D, Bl 20X, FUECR L DIMM & v C R (LR S0E
PA FREZITV, KB RETIIHRNA S I 2 L—F ORE A FOREITIEH S, BALKRE TR
PESBEORE Y A b & LT F— A5 0 CTORFEMTONTZ LW I BERDH D, Z OFILKFORER
BN LD & BRDOH A MTBIT DY —A 7OV A VL, ZE R L KRR EELIRIETC 1. 240, 27,
FR R FAREBLNETT 2.3~3.27, "UAFTIEHEEHTO0.6”, Ml R—AC TO0.5” L@fEINLTH
% (M 2003, THUE 2005), ZOFTHFEEKRZEMILIKE (2 2 THEAHERREM LK SR &
REPBLPFTIZRI O A R & LTHR D) 13Fex PHRET 20—  THRAEDO A b & EARFERE TR
12km DAZEINZH W BWEBSE R 700 5 5, 7o, FRBRZITO 2 L2k or—A 72 ZBbsE5
JEIR & 72 2R EGE0MITE & OBIROBRIC SN D LB 2 HD,

2. DIMM #HIF
F9°. DIMM OALFRIAZ DWW TCHAT 5, DIMM &1 Differential Image Motion Monitor OFEICTFED
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Transversal A

e \\dh@i

& DIMMAMEREIL TL 5387t FORED FEED
A
e DIMM (D N @
DIMMDE & oo L A f OB EEREd>2D
[BHshaAE0ES |
HRE A

Longitudinal A

X 1 DIMM FEOHER (£) &1ERT % DIMM HROIME,
DAMTONTEY— AV TE=XTh D, ZOMEEILY > 7V THEEOR D 25> DIM & (X 1 4 )
ZEER ORSITE Y M CBIETT S5, ZORE, DIMAROBOEMICIE Y = v 7Y XAz EH L, 2
EHEOXFRICAF LI Z T CRICEN BB 51D 2 2O RG A FRBIIIT 2, ZORE) O
5 XN X DB O HEE (FWH) ZRET 5, ZZTIEIO FVM 23 —A v 7% A REMES, 18
Bl & LUCH 0 O A 725 1M % Longitudinal 5 & S\, ZAUCTEE 72 S % Transversal F & 59,
A T A RFTENENDOF AN OWTHE SN D, £7o. BRI OERD % L Ch A HESEd &
DU RICRETDZLICED 2D 2O00RBIZEDENENDF MDY —A T H A ZDILGFHND
VA TFEL & & FT Fried 23T A —4 ro(Fried 1965, Dierickx 1988, Tatarski 1971) K5 =
EINTE D,

A

FWHM
ry = (cos 7)3/5?"0

o = 0.98

ZIZT FMIZY—A 7Y A ATH Y, LIFBHEETH D, £z, KIEMA y TOMIEZTTHI Z &I
E 0. BRRHEOMEMEZTITS 2 LN TE D,

WAZE 2 DIMERT 2 DIM I OWCHEBH T 5, 2@ DI Ti3dba %z ¥ —7 > F & LT OB v
—A T ERESE D, BEEZHWDFRITEREL T E A CENTRER RN, BREE—Z )
DA RRKRA T 4 IR DBEBEOFENDI DI, IR 2 FEHRRO TEHNBELS TEDHT
O, FHRE D TE D, EARICH L WRIEN R BBRORIESCHEITORS S bET b, ARED
RELZ TRV, FEICERZR S —FEh, —Biiiltl L7 — 2 OBISMTA D, S BB
DTG AT EILARD & 0 #3220 20, ZERRFNE V) SRS TH 5,

BN T 2 EmEst I BB AR—A N — N ¥ —BEA TR KFED DIM THEEH X7z Meade
FEAY LX200GPS-25 (D=254mm, F=2500mm (F/10), plate scale=82.5" /mm) #£VU v F—27 L F7 A G
P SHEHABPEARKEREOFHEZ TEL T D, HFRONELE F/NNIT 5729 DIM ARUZEY
MF20 2y V7Y ZLPUNADFETF LA LR, T2 WERREIZITIN A T DRl Z AT
1179, BiFEATIE Imaging Source #ALDEIEH CMOS 7 A 7 DMK23UX174 ZfEH L CTW\W5, ZDOH AT
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IZt o9& LT Sony CMOS Pregius IMX174LL Z%:H L. 100FPS LA EOE#HBRE N FIRETH D, WX 1
7 COMEIE 520nm R RIRER DT, TNZBIEREEXD T L LT 5, DIMRIET /L I R
3D 7V H—TIREZER L, TROY = vy U7 ALEHND, £7o, LREOKELE L CTOBH
FIIRGSM (FICR) ZX2FTF a0 o—A U 7OBMAE BT L 5 ENTRAET 2EELE RN
2T D7D ALIZ RN KT D £ 5 kGt A TEL TV D,

3. & MELHI

B 1T FEBICAmE 2 AV CTF7 2 MBI A T o7, 2 OBMNE 2021 451 A 10 H 19:02(JST) O 15
MWOBRTH 5, Meade tHHd ETX-125 (D=125mm, F=1900mm (F/15)) ~27 A N7 h& 7 L %R %E
FAWTHEB 02T, BHER 10 S VR, 7L —2AL— |k 100FPS THEIHI L7=, X 2 OERIZER S i
RO REGZ/RT, A (F) IKIFEBOBEMIEBTOIATDOLAF I v 7 LY 12bit THEL
L7212 SOk Z bz 7, A (B) ITXZ oW 5 SORRELE Wy v FL—va v amRL
TWnbd, ZOBIRED 7 4 — 0 AFEIZFE TRIGIIEN > TWVDLDT, ¥ —A L TOHRE ALY
YITMP o TNDE LD EEZLND, T, TV X NIENTDHE—0 ) A ZARERBOY RATHE I
T D7, NU—AXRY MEEZFET 2 & 10Hz FBRED /) A ARFIZRALTND

1.2¢

1.28

1.27 T
1.26 i |

Scintillation [rms]

125 ‘.
124F 5

s 1.23
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normalised intensity [%]
~
o
T

lonsed time [secl

M2 (5 7x MEETOLBREORR. (6T) BROELMETONS S DML,

(BEL) vvFr—vay,

B3 TILZDRBIZKH LT 2RIEDA T AT 4 k& HWTZZ O (FWVHIM) DR 2 b E2 "7, Z
D7 A MEANIHLBH 1T 253 DIMIC X 28I 242 E L7 BE DR R T, FO 7 7y MIDIM OB A
PE A CUND Longi tudinal J5 ] (SEFSIZMEHG 2% L CREJTH]) @ FWHM “C 7R 1ZE AUIC TE[H 72 Transversal
Jrma (EBRITERITT U TRES D O FVHIM Th 5, IS 285 MO IR ) RFICRKRE < g o> T
L, ZHUIHFROWEIZLDZbDOLEENDL EEZXOND, o, ZAHO FWMIZANY 26D
b OOFBEBRIZH 5 DT, FAIZBRR < 2RI —A V712 L0 Lz B3+t TE T
WCIEWHS TS EBZDLZENTED, $72, K2R LA S EOMBEITIZE A CBHEBETIEIS S
HLOO, HFNCIEOHEER Lz, AR THIIZ, FIIM 2N & < K< ER SN BT 5 < Fild
PREVEBITHFDENINTICHEL 2DIETTHDH, MBI T+ — D ADR+HFIOHBLEZ L
b, Lz, BRERCIEMILRCAETO 1.27 LI REINTEE TS 0T, Bl EofkEx 725
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38 Longitude(¥) & Transversal (f) OZFNZENDFH AT BT —A v 7TV A XDHR,
(£2) FWHM, (%) Fried /X7 A —%,

2 T CRUG B o m) b & B ORER 2 FE £ 7210 ud7e e, X3 OFKITAK O FWHM % ik o
Fried /87 A =X OEHXNTEH L2 b DO TH D, THEZNOEOEN T FWHM OBY 5 (B0 &
MW 2 AR) OENWEIRT, ZO Fried /87 A —# Tld Longitudinal 4 A)lE 4em F2 T, Transversal
FHIATIEL 4 Sem FRECTHRB L T D, 207 —XIZKIAMIC L A ESTHhIL TV eV, B ORGEE
5 RIEA L v =55. 33[degl 7 DT, EEEDEIZZ 2 THRRIND TOWRIEIC/R D B2 BND, Thb
H Fried N7 A =% (X 3em 6 dem THER T 5 LB X 5 LHEWEF IRV, ZHIE7+— I ARED
BHRGNRESFEBLRKICHEL CO L AREERDH D LB N5,

4. £&¢®

Borx DARAR—=2I]— RippE TINEREOBINEE R LR OT —5 « 74V 7 ¢ OBLIBREL & MRy
T 5O, DIM > —o > ZBIHREE OBIR &2 3HH LT\ 5, 22 CHEBEA 0wl CA2FIH L TF
F 2T oA T ERET DV AT LOWEETV, BUAIRCHAT OB 2 8157 5, £72. kY
IIERMIB CEFRIHR Y —A T OE=ZBEITO 2L A2 BELTWD, ZTOX I BRT — X ITRLF
ELTORMITYRZNE, D S OMRICE T 2EMT —& L LT, SRS &0/
RSl & ik 2 6 T 2R WK BRSSO 2 O O IR BRI e A = ZAADISH B E T2,

BEIR

Dierickx, P., 1988, [MAQ 0. 7, Diffraction Analysis Software Package, ESO, Nov 1988

Fried, D. L., 1965, J. Opt. Soc. Am., 55, No.1l, 1427

Tatarski, V. 1., 1971, The effect of Turbulent Atmosphere on Wave Propagation, 1.P.S.T., Jerusalem
M, 2003, IRESKRFAE R

TAIEEE, 2005, JiKHE LR

66



T2 R D 26 i s B IR B

OaFJEYE, BREREGIRR), HEEHE— (BN KXR),
SPEEEOR, HHEA, HFK, 51—,
FEES, KA (A ARREMTES), FEIER, )8 RAR(H AR A — 2 0 — Rif)

BLE (Abstract)
B ITPRE DR 28 T 5 o OIS R BB A 1T > T\ D, 2 CIEERBL O
FiE, T TEZRRN T 5, IWEBRBH &1, WESKETIEITAELL T T A~vH
FUIC L DB OMH BT 5 FETH D, ZOBUITIION AT L 28BN TE2R0E
THIZBWCHIREDOBMINARETH D, ZOEEBHITIL3 >OEERE 7T O20%ER
ERRE L, SHABINEZIT O, ZOZEINIZEBEO XA LT TbIEORE, Jif,
ZLTAHAZRDDL Z LN TE D,

1. IXL®IC

AWFFEO B, W2 O BB A S H U722 BN £ 0 iR OxH il L #iE 2 Rd 5 2 & T
0D, Z ZTET ~F 2 7 RO JE T & RSN AT L 72 HRO (HAM-band Radio Observation)
EWVWH VAT LMD, TOVAT LEMND LEEZE TS RVEOBER 2 RKEICI VALY
T A DO EFIA LB 52 L3 T& 5, —J T, k0 HRO OV A7 ATIHRED HBLAHE 2
HZEIFTEDLN, TOHESEEEZ RO D Z LT TE oz, AFETIX, BEOBLH (B
ZAER) HRRE LIS HEBENC LY | WREREOME L iuE 2 ROBUHIZ1T > 72,

2. ZHRBRBIRICOWNT

B DR ZEROMEN - ZERE AW CER L2854, SHMER»DRIE SN B NREREICKS L
TEZEINHIFHNIZER LR BERT=a—DONHL ERNV DX A I TIZEA LT TRET D,
M 11EZ o2 AR LIS TH D, OO X 5 I EOHERIZ LTt 22 K & diE
L7 BRI U CERE L 72 HIERR RS FIAIRIC R A 9 2 IR D3 AR R S 41D DTV, IREIR TR S
AT BIZRET DR (A5 TE DY) WHARICIER D Z Enbnrb(Zha 7y R 7Y vk
LIS, EHEEN TIAE A-B MOX A L7 7%, EEICKS LcEEAH BB 7y h 7Y v~
FOBEEZE L, ZHUCE D EBRCHEDRATZABOX A L7 72T 208 TE5, TTEE
ZAB R O ERZAF IRV & B O ANFTA & S D35 D B I 2 7R < SO LT % SO Rl & A
DGR ZRD | MERORATCHHZELS, ZOX B SNTAEZERTOEA LT 72 VTR
W% KD 5,
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REMISKT __—

A

X 1 BEZETEER(C Y N7V b 0BBIOX,

3. BlHIEE

KR TOWMEBERBIN TITEROREER EZERPLETHDH, LN TITHER & ZEROBLINELE
EIZOWTET %,

FT. RERICOVWTEREBROT ~F 27 ORROER ZFA Lz, BHEEICOVWTTEnE
NTH B, KETH 53.90030 MHz, #iHET 53.90015 MHz, ZZ&%F 1 53.90000MHz @ 3 J&h» 5 %
& SN Eilz vz,

X 2 1 3ZEROBHEE DT vy 7 TH D, ZIEMOT 7 FTIINKT T F oS h
TV 2 LAY MURT 7 FIEBIREREI ik STz, 50MHz D 2 =1 A >
NAT 7 FEAELL, ZEBRIZT A 2 0S40 IC-RT5 & BIEOZEMERAL T D, A
WFIE CIXREZIRGEE NI T 5 72D, GPS O AEHZ AV CTHRELIA DE 21T o 72, B OZEHN T A
A LRAEHED IC-RT5 2 AWV TV DG IIRAS A % —7 = —2 CS8I-320312, HAEDZ{EHED
BalET 4= A7 7 /rY—th FURY-10M Z810Ex THWS, ZELEREZa—DEFoa 7

GPsii & #gxa— | s3omH:
ES l 2 Es
MBIo—ERECPSD1PPSE—#E
[ ] [ g ISA/DEBRTT—2ELTRYRAL,
GRSBAEH y i ‘ | HT) T BRIz,
l v/ ‘
usaax*lﬁ .j'/
F—T1 b / I
/ . PC
1S 0 00 BT L pesssssessesssessenes,
, F—Sm@ T
A/D (~10MB/10min):
o QRERER
Line in (80kB/10min)
sound card
GPSaAVPA—)LATUR
S sssssssssssssssssasanasnsanananas RS232C
1PPSE LM = HDD
s BHASht
DARATFLLAT IR

X 2 ZEHATOVATLALVLT TR,
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—IZIZ AD 2 3—% (RSBt A v ¥ —7 = —A CSI-320312) #H\\%, F7-, FiEBEREHEH
»>Y 7 b7 =7 HROFFT (KJII, ) ZHAWT 24 B A CERBHT —% 285395, ZIEL7E
WigRT—& LTRREND, ZOYT7 =752 M5 E 600Hz TTF—4 %ML 1 05EICT 7
AMRAET Do 1 HOBEFBHITIE 144 O 7 7 A VETIGT 5,

4. BRRER

RERIIRFEATH 2 EEOHE L HEROBEINE S & XICRETIHETH D, Z DDA
J5 1A % i U7 RN U TR & e DB A HIER R RUCZEA L TL B, RIU & 9 Rl L R ofi e
MWELFBELTEME LTBIENDDIXZDHTH D, HEMORHIZ, 121 >OFfEOBHE &
T % AT L WESF M EFFOMEL £ &0, B RZEH L, BEICh S a7 Siiofl b g
T 5, ZDOX D RFTIET 2019 FED 572 T RBEDOFRNT 24T - 72,

IS H R BIANC X o TR E o 7ol B & HLORER A7 T, M ORENLHERORFN T M % K

R LD THD, TOMILOBAITIREARM T N/ & R DA ORI SOME T, &I
90km CTh o7z, RROMNEZ HE—EOE ETHEMILIZEZ D & T ITHKRT 50, 20125
WH R IROIHI & FEHRTERLTND

!pi’!"n‘-g{;”e. ‘-‘4‘3' 17 138 139° 140" (LN
echo_20191214_1957_45.tbix (2019/12/14/19:57:45)
Mx (km)  85.655 +/-55.744 (lon: 138.785932)
My (km) -154.480+/-232.377 (lat: 35.218863)
80 | Mz (km)  90.000 +/-86.855
Phi (deg) -157.532+/-29.781

Theta(deg) 22.754 +/-63.969
60
Vel (km/s) 33.335 +/-21.242

RA (h) 7.208 +/-2.409h (=108.118+/-36.141deg)
a0 | DEC (deg) 30.902 +/-56.586

sgmT=  0.001249 sec

sgmT=  0.010000 for err estim,
20

20km/s<V/<30km/s
30km/s<V<40km/s
” [ 3 40km/s<V<50km/s
50km/s<V

GEM

AL S OMR R
HeEE

DEC(deg)

-20

-40

-60

& 3 &t_rfiﬁogﬁﬁﬁwoﬁ%

X 4 1352 2SBS0 R BT SALE O A R LT D, R CTHENTZE 1357
THEEREREO N Z a I K DAEOF T E R LTV D, AERITTOELL BN Z oM NI LT
WD, ARBUNC X0 K E o 72 ST RRE 113.82(deg). R 27.34(deg) TH VY . FE DA HEED
ST 10=8.82(deg) Th D, ¥ v 71T K 2 AL EITFRHR 112.32(deg). 774 31.95(deg) Th 2,
B & 1 5 v T OB R E O ST AT 4.79(deg) ThH o Tz, T OEEITIHD 10 LT &
7eBTeh, ZHUSBLIIT AT M XD S DERER AR A DN EE XD,
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20194 S -CER BB OB A B

80

60 ®

40 [ ]
® 20km/s<V<30km/s
20 ¢ ® 30km/s<V<40km/s
40km/s<V<50km/s

K}
E S50km/s<V
0
e 0 50 100 150 200 250 AGEM
A RS S O/ S S
-20 o KZEN
-40
-60
RA(deg)
X 4 BREAIIIRER, WERHIXRE, REOBIRG MDA
5. ¥&¢9

ABFFE CIXHMESR 3 R K VAR R 7 HURIZ K 2 2 HURIC BT 2 2 BB 21T o 7=, Z Ot
RIS R EFEOKI R EZ 1 o LLFTEDB XD Z EITH Lz, 2O X ) BN ERE I Thh
HZEITEY . BEEKGROKRGREEG L VoA U RCHEETEDL EEZ TV D, AFFEIT
DIifiEfloTl2EZ TN D

27 30k
Hideto YOSHIDA, Toshio TERASAWA, Hideaki MIYAMOTO, Takashi USUI, Noriyuki
YAGUCHI, Ichiro YOSHIKAWA., 2012, The Forward Scattering Meteor Radio Echo
Observation using a GPS—synchronized Multiple Receiving Stations, Asteroids,
Comets, Meteors (ACM) meeting 2012
F1 /5% (2010) JARL NEWS 2010 4-H %5 pp55-62
SRR, (2006),  THREER T = —0 GPS FIHH S 4G R & R B DO FIR
5 25 MIZETFRES AR YT A, 5 10 IR E A= TEFE ORE OB & o
JEH ]
PR EE] BEE. RMG MR B M. WREBRBAT A F7 v 7 CQ Hiffkk, 2002
EEy, fi2 N—A b@fF, =e gtk 1997

i
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B EESE KAGRA OB FEERE

Auxiliary optical instruments for a gravitational-wave telescope KAGRA

Off At A (ENL KX H) . [Tomotada Akutsu (National Astronomical
Observatory of Japan)]. |E7>KAGRA collaboration

BEZE (Abstract)

AARDE ) Lims KAGRA 1%, RN a0 MIicb o RICO L 3 DS
HLFEIBIHERS (O3GK & FEFR) A8 T, BIES B DMEREIN LT dikx 27 v 7 7 L
— NEEIZ Ao Tz, A TIL, ZRETOREEZME L7-0b, #ifheri@E 2130
DFWEEDT v 7T L — FMEERROBURZHEN LTz, 72, KAGRA O X 5 7 KA
EEVAT HE LT SEDIZDIEARICT NS L EoTEZ & HDHWI LI
DI EafiI Lz,

KAGRA, a gravitational-wave telescope in Japan, has been undergoing various
upgrades to improve its performance after its first international joint observation run
(called O3GK) last spring, despite the world’s COVID-19 disaster. In this talk, after
outlining the history of this project, I introduced the current status of the upgrade
work of the interferometer in general, including the auxiliary optics. In addition, I
introduced what I have personally thought we should do or what I have started to do

to make a large instrument like KAGRA work as a viable system.

1. IZC®HIT
KAGRA T B ARG OAREH) 70 KELE )3 L <, I B IRAEBE AR BT O/ (L o Hl R ST
% [1], KAGRA 1T 2010 4EE ICEBF THOHEN SH%, T FIL201245 A5 2014 4E 3 HIiC

T HTZ T B ROV ORI ThNT-, Ok, BR. Yk, MR REDA T TR KO
W= FaBER L b RRHITE T 205 2020 RIS AN EIL T 5 £ TER 6 4F Thll LIRIT 72,
ZOM, BEHKROE Y b7 FI2T 2016 L 2018 FICHBREIRE 2 Lz, ZI0bE bk
PERE7ZE L D72 O OF#E (commissioning) ZfeiS. AR X 912 2020 FHIZILE 3 WIEFRE 1R aLIA]
# (observation-3; 03) (TSI L CRIHLEIZZ1T O TE TCho7o, Lo LA b, BHMESISEt:
DIKE (KAGRA 0856, e EEE O G RABIRI T 2 IEBEICHA L TR 1 Mpe BLE) ICEZ L
BEIZIE, BT = v o YYE (COVID-19) OHER AR BIEKIZ & b 720 RICK O E ) 2imdi CKk: LIGO,
Bk: Virgo) X% v X7 OHlrEZ LT LE > TV, KAGRAIZZNTHE L, Y £ 724
LCTWe R4 dD GEO600 & DRIFFLRIBIHOFE A & D £ L, 20204 A 7 H»H 21 BIZHT 2
B E WS EWHIRTIEH 503, [EERE ) EBLIME O3GK & L TB#T 2 I E 2te 2 LN TE T,
KAGRA IFADE® LIGO X° Virgo & [FRIZ, L —H —FWEHIZ FB E LT, FFEOELOEHIrZE
b (T7RbbENK) T 2EETHD, BEMICRETLIENEIL, KOO TH 1021 F2AE
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DOEARE (1 m OFEEEN 1020 m BREMFHET S5 Z L ICHY) DTN THY . HEFICASICHE LN
TLE 9, 20D, BHE~OBMERIZE LV, F21E, IS > TTEFHOEREIZEWVIZ
FENDWIH L TURERE < . BHEO IR OB CITEREIZEH km 2B LA TS (KAGRA: 3
km, LIGO: 4 km), FBRFAIF L FICEE L 2 HETHY ., Wb b~A 7Ly o Tetn—2

Lo TWnD, EEEICIE, 1 Hhabhiz 2D A A 2T —%%t[ &8, 3 km £ Fabry-Perot it
REsZ T 52 & T, RHEEEZLERLLIZED TS, ZOED, stih @i Elbsni-

RO == (B 100W ) 0, SR T OREE, BmE2R5E (HI% 107Pa) 72 &
HRIETRD, WolE ), KAGRA KA D, HENDO TG E R IE 22855, 1281F, B
ANTH, HEIRE SE A P RIEICREL TV 2L ThD, 201, AMI7—4-5% 20K
I ETWmAIL, BT IC K BB A ERICREBSE LS EWIRRITH D, 2 b ORGHEAIT
RS & RO R E OB SEREHIER A S TR D | £ DE WK T KAGRA 13 fctn O B /)R E
EHELEF R D,
ES K CEIEL, KAGRA A9 2 18 3 O —fA L LT, SN ZOEEEHORG ) HikE
FTHEATOIRE, BROFHEAMH > TE /2, B/E KAGRA TIE, 2022 45 6 A LERICBRLG T EDH 4 #
EBSE SR (04) IR+ RBETSMT 52 L2 AL, &b EREm FEXA21T7
STNWEEZATHD, AL, ZORNESE 200, AR S < #5| LT M FAEE DI1E),
ZDOENLIEL TV D KAGRA @ systems engineering office TGN & il U T 7= KAEEE AL
TOHEMTIFRE L SN2 >V TR L 7=,

2. ROBANZMIFT

KAGRA 1%, KEIOBIH 04 2B\ T, HtET2iEE DGR Z BT & 5 BB #5 LT 25 Mpe
PLEDOREEZ B E L T D, WVolE 5, O3GK IZB W Tk, EHIM 722 1 0.5-0.6 Mpe I Th - 7=,
Lo T, ZIh D 50 fFLL LR Z2 1 LS 2 NENRH 5,

R NEN DD 2 RYICLET HDEAH I N2 TNEEEFED L7290, 03GK %0 b, Mk
DT RAZRET DZODORERR, O, FHROEHPITONTET, £lo, ROAT v TF~D
& — & 72 5 resonant sideband extraction (RSE) &9 L —H—FEHHIE— KD KAGRA 28T oD
FEREE B LIAEEEZ ZOKE TITo C&E e, ZREBENLA BIZT TE, T2 ETITH/ LA

ZICIC, B LTEAEAG~ORIGR IBIORIXIK A DNTF Sy TR0 —)L R EORREEE e &
B & B U CAT 5 KB BG R A D T D L 2 A TH D,

R & L BICEBE RO, - REINR L ENETH D, O3GK TORDFHEWEZHIHLD & KAGRA O
I —FRFIZ 1 Mpe i 27272 & 72 L7 b DD, RRD & 30 SEHRYIZIE 0.5 Mpe RIZICH E - T
W, Eo, IRETORANS, 2O X5 REERO D OHIEHEZRES 2 L, 7o & 2 FTFWEtoE
— FZpid RSE (CLTHEAL LS & LzE X, fHOBI D EZN S E e, BI0EZ S
NTHHBICEREL, L=V —TWEMEE2R-TLE I ZEBbhoTEZ, Z0ko), KEIOEHLE
BRETITIE, SO XD e - REIMZEN - BEMICEZIE, I7—42m2 T2 varokE
HHIREIOHIIRSS. I 7 —OAERIE, L—F—tlilio KU 7 ol - 12k ) Y —REESH
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MTEHNTWDHEZATHD,

CORTREDFHLE T 2MMP00FEEIL, RO TNy TAR— /L RRMYET 5, Ny 77
LOMASL TR ET T CICZEO it v X —D 7 V=2 b — A TR TLTEY, BigMeE b
WEPAMRE LT, MBHIGERNZATHD, HEFA VA=A TLDOATHLHN, EOEZEFGE
BIT1.2~15 m 1 ZETHRNI LD, Ny TRV — L KB AL VOTFHGE—L%Hl-720 LTHE
R E L TOMREER K & SRV E D ICEB LT IUE R DRV, 2o, £ A b= AE¥EIX
FIIMEREZZ L (commissioning) 1EH EFIT L TIThivd Z &2/ 5, KAGRA O L 9 7 K 702k E
T, 290V oled VX —7 2 —AFEITLOER Z b & SfEayeERRIZIZRNA72 0, o
X TESE AV E =T =2—APFRELITLO LT LV AT L -2V =T U 7 Z ) KAGRA 21K
ELTOFRTH-oT,

3. KAGRAF ¥ L > ¥

KAGRA ORI G 10 L 5 & LTWDE, BRD X 9 RN REK S TWLHD0, H D5V
AR E LT (BN D) FAELEOD, EARICIRY K> THIEW, SEBFT L VA 2BIERH D
VDM, FD 1oL LT BRIEDDIV AT A AR HLOMT, mov=7Y 7 L) Bl
DEMRPEIHED o> T2 Z L T2 EEAICTE > TS, NS REAFERERG OV A =T 4 A FDIF L
AEZE ST, ZNENCDOEZ Dicm® [Edn] (Em?) 22N ZnFfbFo Tkicl ZAT, —fi
DEWET 2 REME S AT LR TE 2 - fiokl & BFRREICITENDD - LWVW) ZEAK
WIBGEDINZ D -T2 L D IR D, HDHWIE, T & TERL) 2207 A 8 —T7 = — AT,
Vo7 “nameless” LR AET IR, FILKIE, BALRNORZHHILZNE - TAHAHD LIIRL
L, BEEGR SO R LRVDVICHRIETIEIES bOTH L, ZoWole (B =7 4 X M
X)) T2 Z LK EDLRWD, DN H > Th T2 BEERE T XU XL (i
AT AUTAKIEIZ ) L7e< 2508, L LEER [H5RE] ThHr I LITEb TRy, X, &
1A 1T AOBELSTEEER, 2065 ED THEMAITE T, BEAEAL T LD TEER S
REE N ATRBIC R H DT Th D, KAGRA OFITE XX, 1 DOEZEMIEROY 7 a L R—1 M)
WHHNDLDTHDLN, TNUTENENOIRY GVOFER S (Kid) Ridiud, #liEosc
L%, RWEBLTIEL AT MIMA LR B0, &, M LD D TH D0, R 030 -
THIRICEIZA DRV (BN, 04 ICHICADE L) EWIHIBEBEOBERH D) . VAT LT
MOTREAEYTLHFICAEREE L TR E D, ZHITEETRERUTHA 9,

L, BLEEMEE LTIE I TIUT R VDTEAS 5 522 L0 S VI E IR [EE 2 R T TR0,
ZhiE KAGRA [ZFFREOEEIE A 5 M 2O KRBT v ¥ = 7 N THEND il & s o7
ETHE Db OFEEHEL LTI WIBLERE L Z N ERMBEOBRARZONE Lit7en
INFIEINO IR D IND Y AT L V=T ) o P E2F A TH B o T, 30 FRICHIFFT 2D THA 9 D
WTHIUCHE L2 9 W o mHBE BRI Z 72 TITIERE M3 00 % O T, KAGRA & LCid, stk e LT
LR DPDOFYERMNEIT > TE T,

ZOVIDITT, FTIHAZTCWAHFEHTARE L TWDE D EM->TWI 9 Bz, 78 2E, Wl
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DR % B E LTz

o NEEHOTrER

0 (LH—Tx—AEHDT YR

® HBlGtor REMAEEDOL Ea—T rE X

Lo ledhz Vi, KAGRA 2R TIIEZARITHER IN TRV, EET R, 8 EoFERITy
KBHTHLTEDLNS LRV, SEO2 D IZBREOAHPIEBENRITEHRLTLE Y LD
TIEHEFTVENDS 2L TH D, AHDOIFBENLRH 2 WIIARA R RIT, 7226127 0 2D
Bl o7 5,

LB, ETIEHMAEERO T AN FEDTHOTNDLEIATHD, T-& X, FEZEHED
B G E O ERRHAL TREA RSS20 5T, ZHETEND 2 IZHHATHES, 1
Mpc & DIEEN 7= 2 & BIRBAFEOEY & H ANITE - T 5, JNIEOK[E SRV A =T
AA DI L TWEZT D LR —Ne 7 et R, L) —RAEWIFET LEEXETIES
DI, IR EDRETOTTIN, DT Y= NDOFAIRET, HRT AL A, B 280
AUTTRIE ZHBORBAW T2,

4. ¥L®

KAGRA %, COVID-19 (Z % ®iF 4 2020 FHEICEFELRBMZ 22 L L T2, 2L T1 DDV AILA
b=V R LT &V 2 D, BT ME - 2R OS R OB AT REEREEICHUE L T T 0.5 Mpe F2
TdhoTz, 2022 4 6 HLRIC TE S LTV 2R\l FERRIE RS & T2, BE A H &l 50 5130 L
SHLMENRDHY, BIEZDT DD I E I ERBED O OBGEEENMTOINT WD, AR TlE, BA
E O EHY L TE A REEOT), BIEEAL TW D TWEOT v 77 L — MEESR OB %
T5LLHIT, KAGRAZ Y AT AL LTHIZDREERS, TOXIGRE LTEZTND Z LR EELFEMT
L7z,
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4 )& 3Dprinter M. b FiFEHRE
OB, s, =Y s, @IRERL (BN RKCHE Somidiire o % —)

BEE (Abstract)

T AN (Additive Manufacturing, DA AM) (XA E CREEMICRELZ L TEX T\ 5, AM
ZEBTLHIEETHL 3D 7V o ZIE, FNETOUHINNILIZ LD, MEEZHID 720 TR E AR T 5

MGl &HER) Ikt L, 3D 7 —# &R B ZREET 5 R LA FXThHY ., UIHINT L 138,57
Tr—FTHIREERTH LN TE D, 3D FY X ORIEE LTE, Ao sHEGIR, 475,
M, SR, B, N AH) BRER(e—2 6, b—¥ B — L% BIELE(T 4 7 A MERL
YRIAREERE | BTS2 I L 0 Ex RO b OBFET 5, KIUFICET 2 3@ BV
X, BLREEE O KT, WG OB EZ . 10 @ ERRGHGEHEM kO b TnD, 27
1Y =7 FORBBALA L, NHIY Y —ZDHIFKIN BB ORI ERD b TV D, ELRKILES
7uY s hOERIICED B i o # —(Advanced Technology Center, LA T ATC) 1%, #r
LWHINCHD AMICER L, 7~7my=7 Ml I L TAM BLU3D 7'V U ZIZET &%
2015 LV D, BEHEIC L D BARR 2R FRUETHIE D 7o R R . KV BZSA A TERET D T2 01
IXERE A ITA L, WRIZRLD Z e ELE W fERICE -7, Tz b &Iz, 2019 4 8 HIzdsE %
HAL, BUEEEEST B L | AT L TR S 2D TV D L 2 A TH D, NIRRT
ANEBEBOMEL L OEEEHZH YT 5 ATC A== T=71 7 a v 7 (Mechanical
Engineering Shop, LA F ME ¥ = v ) TOBEORNEZWRE Lz, AERIZENGITMA, HEEEA
D=2 ATC NTE Z b - EiHEEEFIC O W T H —HEEOREkE LTND Z & L35,

1. BAEER I URESTHE

4Bl ATC ~E A L7-3E @ 13 EOS #:H M290 Th 5, HEIEAZX 112, (LA £ 1 1277,
400W Yb 7 7 A N— L =Y ZEH AT — ¥ LITHEERICEO TR EHI RS L. WREERE L7203 5
T D54 7OEBTH D, EHATRERMEIOEIISR, 2V R =y F AR ERD D, 4
FlFk & 13, H EEHZEERRE TR MBI SN TV IME L | fEKSRIEHI NG Z EoZn
F X M ERIEIAMELE U CHEA LT, ERROENTHRULT VI T AEERT 5,

7 1. M290 4%
%i k) o8 Machine Spec
NPT '!\“‘ Machine EOQS M290
- Manufacturer/ Electro Optical System (EOS), Germany /
Japanese Agency NTT data XAM technologies

Selective Laser Melting(SLM)/

Type of Method Powder Bed Fusion (PBF) type

Max. Processing Size 250x250x325 [mm]

Layer Pitch 20-60[um] (*depends on material)
Laser type / Power Yb-fiber laser / 400[W]

Usable Material Al, SUS, CoCr, Ti, Ni, Maraging
Usable Gas in Chamber Ar, N2

1. EOS M290 4
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LB TP 1 5AE 1 RS, AR EICEE Lo, M290 BRDY A X%, 453 5 4 A FiEER 7
ANVHE VAT D EOLEREN 3 x Sm RETHLM, AE, HERKE L TH2I1ICH5 X912 13.0
X 6.8m DOEREZMER LI, ZhUuE, AEREAOL-OICKLERa T Ly FT7—FF T ME
BRERST D IERERE . MR B E BRI 2720 OB AT A B LB OB B E T 5
DDA =Ty B =T T A MEE, MBERET LT v r—2%, Z2< OBEKSRERET D2
BERDHoTeNHThD, EIAFEEDOT-OICAPBEITX /M b MERTD, MR, EHEZ MG L8
ETIEZOMRERTH 2 FRITE L TN D,
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X 2. BHIEME 1 S AHPNEEE R A ﬁ%@ﬂﬁkL%%W%%@fﬁ

2. HEBRROER - 2016~2017 FFEEEOEAFE-

3D U U H PR FNIED £ H 7o 7= DIE 2010 ik, FKINTHA ST TR AR IR
TRKKHERAEHR OB R LI HRPTT—belhotz, FENRLATYH, #iE7 17
Ay N AWEEED R AR RS EECBIT COEBEE Yy 77 v ERHE LTI Ao T
W5, Lo LB ~OFEMNZ BRETICISREREENLETH D, £ L TEBOEREIIEHHETH
D ABITKBRZEBICE > THRNE D DRIEBTH D, €2 T, BIERMICHEZ T 5720, 2016
£1AICATC L7 h~7 vy hTHALTY—F v I N—TROF—L %2R E L, HETD
Z LI LT, AEHEE LT, BARMZRESIER 2 @A L. £ OUEHERO 1 CTLEE & AM
WZOWT ORI ATRD, E728E LI 725 LT 2 O RGBS BF A N E D
DIRFTTHZ L L Lz, o7l LTiE, BRSBTS OTNG . HEVEMET ST SER
WRE T Tl <Edh & L TOMREIMTE TH 2 ) 22 HIE L., UGB L ED Tz 35-
50GHz # =/v 7 — hal— i 8R LT, dAXIGAEE & L Tid, b —Y IR REE Y (7, 1 —
LREMRERE Y A7 " E Ty NEAT BEHUIEINA T Yy REA T OED, — MEE
DB TS LB DT, ARFTOFHEMNFIZONWTZ 2T 2 2 L IIBET 223, fERE LT, UL
TITEEE T2 b O KBRS B ~A 722 vBetED & 5 &Il S iz,

CERIT LV RARREE X 4 7 CHEE L, MBS T2 RN E L CEIEIIN T A B&IT 5

76



L PNRT R = H o —PRITERIETE 5 2 LT, EEEN A RELTE D AREMNH D

SHMELE LT, TS, FEU, AT UL AROEHNTTRETH D

TN EDTRWHED - OIIE, EERICEEZFTA L TEO7H TR THRITITDNER0n &
DL AT, ZOFHE WG ITMFIL L7z, €0k, EERIIEEZGAT 5B KXEPITH LY T&Eh
HTlbrol,

3. BAKE(H
MR Z Lix, R&EL 28 -o7, EBZOLOOMEL ZREHFTOWER CTH D, HEOFEICEL
T, BRI RE RBUFRERETH D LTz, MBERFEERO N FY 7RV ED b, R
BUIRESITER CH 5, 287 HEBOPENRE LR R T, 258 O BIRM e @& G TR R 72
STENBLThD, RERESEMGE LTUTIRZET b,
AEEOREEP OIS, B 1IETHDL &
C RDINHIREY & M) % T A2 &
IRV EE B AR 2 &
CEREERE LTT AT 2T 5720, T AEEE 2 RNICRETRE D L <13 I
RIEFIREZR 2 &y TAUTHE D HEXEUE . ZRRE D2 2R T 5 2 &
- WELERALIE AS RE/R Z &
RS T A v —a X —REICE AT A AGER M ST WS Z &
D St Ol
PEEE AR TERF ST, BIRBN CREEMZRITEN 2272720, ATC HEZB S P OICEES
i 1,2 FHET R COBBOFARROMER & B X 5 EFMABG S WA T- 3 ShEE & e AlietED
ata L, R, BFFRE~ORENRE SN, HFFRERNHE O FEREREE 2 DR 57
D, FAEHNCBAFER 1,2 SEEOKRETICO 5 RIBRERR 2, E2EE 4 BREL R 2RI L RSN
2018 4F 812 A D 4 AT TEMi Sz, ATC IERSCENA S EFEFIHZZ T TR Y |
FOARFOAEEE M ANTIT Z D K 9 ZRGHIdE o 72 < 22 < ZRAMRIE S Tc Z O JF=E & EBREBENIISMF
HFEZT TR ATC FiBIREICE > THERICHEROFRE TH T, TP b LT ITH VR
W ERRICTER UG L 72wy,
2) XIEYE(H L
A BT =T DI E e s I THEIIU T &2 D
T (BE, RIF. R, BE)
—WR T H (EEashak, mElRE, B, 28 h)
BRI LF CEEARRA~OERER S LOENT—7 L e b L)
22 T k. BRAFZEaiga)
s HATH (BE, Ro_AT— g UiRE, WIBEEIT 2R G E)
- KETH
HEEBESATICNA, FRET L CW T~ 5 i~ = 7o X —E A2 $72 ) ME v 3 v
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TEEEBI G Hololod, LHEIEEE 1 BREUE=M) &2 2 BRECEEMANICOT b, 58 1 B
% 2019 4F 1-3 HIZ, % 2 Befta 4-6 HICHEM L7z, 3 224 L5 EHIH TRF 6 30 & SR D
THEE2TL L ERollod, THEBMANCIIMRATEE TORHEELEORSZRIT, THAR
DEY BV, NEOHEMR 2B IR o7z, REEREEMIZIS VN TIZ, ENREHNL THEETET,
K1 AERIC DT W RERREROERRD L R D5 TR E W22,
3) EHA

WLEBAOKR I, FHE L Z—FEIZLD2HEDPAH SN TNLDOT, £H52B3RINV,

AR, EICET AN DN LT <ELH6NTND

Youtube; https://www.youtube.com/watch?v=0pluK48-1tU

=== = H)jH : https//www.nicovideo.jp/watch/1588322403

4. BIEOEERR L 5K DOTE
FHERFLVBIEE T, ATC ME v 2 v 7 AM F— AL 34 DOHKE TEMEZ L TW\W5, EREED
BIEIZIE, HO N L —= 0 ZIC L D HIFEANNETHY | EEEARSL T O 3ADNZHE LT, &
MIZhiz > Tt EREBEZOLOOHFNFG T T, EEROIEETIE, MEHROTY N J5, BE
FEWIEL D J7ik, BEFH, TT VAERD T2 3D-CAD B L O AR — NMEKEA Y 7 ~ OBfERkE,
(T 2 JENEEDOR VPN F R 8 RIS D L 2B/ THANERNH DL, £ EREDLD L,
WEIERFDO S ko & LIEEED TRO/NT A — 2B L0 G OSERENEDL D20, KL%
N e e R LESES D B ODEDOESEBR LN LEGTINERNDH D, BUE
IS OREAHEMTESZ B 2 o0, ERAOMERBEED TV D, @RBEEERICHZo T
X, MEHI R Z L — O BNV C— BISRE S B REE S 2 720, PRI IR A B 2 & 1TT 9
VERHY | LB RITHIMTH 2 BUIEIL. REME 2D BIEOMRE B o T 5, BARIN2 Y
MERTATG A A DWW Tk, WIETE R IC BT 28 & b THIOKRIZB 2225 2L LT 5,

5. $¢®

AFEFRTIZ, ATC ZHLNZHED TE 72 AM B LU 3D 7'V & Z(ZBT 2 1A & EEE A DN
THE LT, HEET AN BRPEER D 2020 502D OFR 2w FRGGERIZ L0 HEHIRS Sh b $
T, FEREZHED IS 22020 H EFEENRZ DY & b8BT Z LI3ED R0, — T
YARIRT = A AH— Rig EPNERUEER ITEBR TREIRE S WD Lo Te, T A -
AT NVDRE LS AM OFREZENTER S RN, 51%I1F. AM OFFR 4 F25R 0 RKCBLNLERE ~
WIS 2 0Ot 2 D> AMICBI L TRV < W ROFEREZ BiE T,

i

EARENDIRET AL IO S EFIZBWTERR L ZH 2 W2We NTT 7 =4 %4877
Y= A0, EBANIHTZY THHNTZIZW T B RIIER O FER, fEEEROERR, ATC B LU
ATC M OERE, BIRAF I OERRIZ, & O 7O TR EHH L BT £,
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https://www.youtube.com/watch?v=OpluK48-1tU
https://www.nicovideo.jp/watch/1588322403

ENRKXE « RXT—22rZ2— KEEERT — BT 2T A I

ORkE oy, AR, IIRIE, B, BRE—R8, NERE, A8TAADO),
REIEE, MART (D A BURIET, BEMELR, MZRiR(ADC)

BEZ (Abstract)
ENLRSCAERLT —# o Z—Tlid T A BT 122 L O IA 18 7 2 7 HSC
72 E . FRITARICZ < OFHREIR A LB L3 5 KRBT — & I OfNT & A7 2 %A
EL, EHZMBL TVD, RVAT AFIREEDOFHE IO ZFFOA FL—Y Lo
TH1,976 OFHE ) — R GRS TI Y | EEPERR LA AR I O RR TRIEIC
WS, ARETIIT AT LM, R — O, HR%ICFENM L 72 MERERT
iFRER, BIEDEAMRIL & S %OV THRET 2,

1. VAT LADOHE

KIBR T — 5 AT 27 AQUTFA Y AT AL BDEE N 01 JHUARNT > <5 55 » 2 5
T A BT IX D BimBE OB IAEF 5 A 7 Hyper Suprime-Cam ;
(HSC)7e &, fRATAERIZZ < OFHEE IR A 3 & 3 2 REBLELI
7 — 2 MOfET e 27 5T, HSC &AW Ta D A BT -~ =
BN~ v 7 5 K(HSC-SSP) % & HSC 2L FFIABLINE ~DOfEh §
RERMESYIHOFERBAN TH S, ZO7D, FIHER L A
7 L& HSC Bl 7 — % ORIk L, = —¥I3 HSC 3
[EFIFELRIE (PT/CoD) & HSC U7 — % GHE OB T — 7 A
TERGUIFNTE QLT — K —IREL TV D, KVAT LD o aw i
EFUIR LT — % £ % —(ADC), JEMIZ ADC & U A BUIFFHSC SEFFH+SSP 42784 LTu
el

RKATHE, vl Ay /) —FK1HA, #H/ —R3BE, 77— 2H, A RL—T )

— R 1 B THK S5, OS 1 Red Hat Enterprise Linux 7 £ 7213 Z OIEEHAM 7 72— ® Cent OS 7

Th b, FE S — FIEEORES 4 & 9 o 2T BRI

£ T OHBEETHR SN THY 235 @ [WA0) LA [infiniBand_(FDR/EDR) s

BOMaTEIY 1,976, AT &IX susrs ;z:‘:;‘; | (&:5PB)

185TB Th oD, A ML —VEIRE gi&é;ﬁ 0y @ - @

5PB CT7 7 A L A5 At IBM 4o S /- l~ ; g

Spectrum Scale Th 5, 21TV A vl §+;§#,§5— )

7 AR, % 13T — oL o] | L
LOAP = 5 — (106, 1G)

%4%4:%%?0
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Ky A7 A%, ADC 23 &R LENSOW5EE #1 FE— FHE—E
SRRy — 2 e LCpmsensL T I T CE T

Intel Xeon Gold 6132

. . . _ . . an[01-05] 5] RHEL7 2.6GHz 14core xd 1B 280 5TB
VB (BWET — 2T 2T LOL TSR
anl06-07] 2 CentdST  ,pedtoYCTE 51268 128 118
— RS + > N —
#N) La—PHRELALTEY, Y AT LD an[08-31] 24 Centos7  SHOEPYETTAZ 512GB 1536 1278
FHICIZZWERTOT 7 NEMBE LT 5, soiss 4 cenost Lt XeaVa 1S 7211.2383‘2“ 32 +8ﬁ.1§§$ap
FTo, FIREROFEHRFIH OIS, K27 wa 5 1976 gTh awap

TR — FOXREIB A Z L L, HEERIIY 2 727 P2 —F THEEL TS, 2—Hidn
JA v ) —RnbYa T e#B AT L L TR — REERT 5, =—FFHAaRERERER - 20
B0 M COMEIE - HIMIEER 2 [ORTEY 22—V X A T2 X - TEAR Y HSC H[EF] FAEHIH 38k
EERR (F2idm) <, BEAAEEIIRAESHENS 1 FHC T v 7T e s T ARSI
77T A AR T D TR, — Mo — IR E MR, R TRKR 1 M2 LT
AN ThHD, Va TEAOBRIHEAT I X 2a—ba—F XA UG CTHELTEY, BIEDOX = —1%
pRIZFE 3 (SRR Y ¢, HSC EFRFIFHBMAEIT 1 V2 7472k KT 112 27, 1,800GB DA€Y %
15 HEFJAAGEZr qm F = —%, —f2—P X1V a 7470 HRKT32 27, 450GBDAEY % 15
HEFIHEEZ: ql ¥ = —Z e CTh 5, Lit¥=2—LIAMIH, 1 72X TITBHEOAEY 244
T LAD ghm F2—7 A MO gt F=2—Z2AELTEY ., ZNHOF 2 — 32 —F 5
HARETH 5,

L A S LA VRIE . 3 — — > >
2 FI I IRe 72 G AR - A1 I £ 3 VAT LADOF 2 —HEK (BLK)
727 e | R | MR
2-—¥a47 FIARTHERRR *a-% | EEIET
- wera waxa | woas -- -- o
HSC-S5P - ~2,00027 gl -2 Ax2/% el L
gh & 280 56 4500 450
HSCHRFEFI RRA#E l‘?égillﬁﬁ 1227 g qm/gh, FIAEE®1FER qm th 112 56 1,800 450 1 01-31
AT TEE) gt ghm  (ZA¥7LET+1E) ql & 32 28 450 225 - 1
— ADC~ L EE 4 4 64 64 1 1
GazoWscmmE.  FIAM® 3237 & qtq.:i.m '%;;‘;,F =
T —h A THEELE) (BiiB%) | @i 32 8 7,960 1,990 1 91-94

2. HHE /) — FoBE&

AR AT AT 2019 410 HICERE , — F 5 B CERZ LG L, £ D% 2020 4 4 AIZEHHE, — K
30 B A HER. K93 023 HSC-SSP AR £ 72132 — V2 RE L7-RABEH 0%, [F 7 H12 HSC 3t
FRI BRI I A B L TN B, 2 OIS 30 B0 5 [ 3 CPU B EREOH T
% CPU (2 AMD EPYC #8:H L7z 26 B3/ \—>Y &iliE - H D e m”””wﬁﬂ
PE(R 3) L. B LG5 = & CHEAZ A %[5 LTu ?&

Do ZD 26 BHOHENIHZY, 2019 FRERTHIRBA L |
erﬁﬁmﬂ~y%ﬁéb‘mz-%%-@@a&v@w;*
AR L R A A1, 2019 41T 24 B OTE - ML &
N RESE - BERBR A FEE LT\ D, EIZ 2019 FERIC

SR L OGRS A O — FCIREHTTE 2V, 1 7r 2T 1TB O A E Y %‘:JAEJ:@“Z)@%E
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HIZ, 2TB & NVMe SSD Z#4# L /=it 5tk 4 B2 7 - L, SSD % swap il & L7- ETEfER
A Fffi, o —YE2RE LICRBUEH ORI e —F~FK L T o,

3. MEREFTAHARER

FHE  — REEERIZ I, WAEREEE N X 5 T/O YR~ B8R 2 B B0 & U= MERERHM R & SEhE
L7z BRBIIDE T 7 AN AT LDORF~v—2 Y7k IOR 2R L7277 A Vit EH R E T,
Ba T RO 7 7 A VEEET100MIB)D & — 7 > v X VEIAFHA W HIFAT L, ZOFETZE 10 [
BOBRLIEbDE1EY FEL, 2 2y MRITLTWD, BREZ I 2/ — ML, HEXAis
HEHAL Tz 5 A, #7230 H5D5H AMD EPYC CCD ##5# L7- 26 &, 4 35 A0 3 FfHIC
T2, B4 BEORRTHD, 0 4 PERER AR BS
FERIZS Write OFER, A7 Read 7 7 4 LD Write/Read%EE (by IOR) .
DOFEFT, fitllE GiB/s AL O E 300 w26/ —F

Thod, ZOKEY, WHIE AN v zz:z . 28.4 wr
X¥ % & Write/Read & HIZHEHEN i 150 . 14 128 I s
BFT 328, EbHEMEVOTE ¥ 100

EPYC / — K26 5T 5 2 &3 Hrite Read
B. TOHEEERTORKEE, AT LK

THEALTND 2 BDA 7 4 =" K E5{V74zﬂykﬁmm

R | InfiniBand EDR 241 v F | InfiniBand EDR 24 ¥ 7 |
A4y F (K 5123480 —J7IC EPYC coraze DR
. N . X274 H (100 Ghps) &
J—=R26 B, b O T 7 AT — ’ FOR1/
ayA4v/—F
NEGHER) — FERIEY OR — | 8/ — Fanl01-05) [ EPYC/ — ¥ an(06-31] |

& / — Fan[91-94]

RSB ST D) MoBEEs EDR &L | 70

o —70 1 KT, ZOHEE

(100Gbps, @Ak L — bk TiX 11.3GiB/s) THIRZZ 1T TWH 72 LIZFRFETE TV D, ZOYEE
FABOMETH D2, EEOERTHBOTIRRO L 5 12O VO UBD X A I v 73— L, %
ik L — b O R CHIRAZZ T 2RMNELEE T RN L A2 VAT LAERETHRRL TV,

4, TNETOERRIRE 5%

2020 4F 10 A XY HSC 7 —#MHTIZIRE LTe — k2 —F O AN EBRG L TR Y, BUUEDT WY
Y MRFEFEIZ 144 TH S, 2019 4 10 A OEHIBIAGH 2020 4F 12 AR E TO 15 AT, 17,459
Ta T NIETEN, Y a T EITORMA CPU KT 18,749 H, 12 AKKSTORA b L—IEHRITR
78 5PB 12kt L 2.9PB OFIALRIL T - 72,

SRBIZOWTIAFERIIFRE ) — R& 5 Bl TETHY . £ HSC IZIRE Lig\W\T — & i Ay
PEOZ T ANEHRFAFTH D,
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2% 7 I VD AT RASERSAGBERNRT « V2 —DBA%

OREMIHE, S, WA ESEERT), REREZRLA).
Prigéesk (e T3 FEPME RGO TR, TR, BEE, I LEFERRTR)

HEE (Abstract)
ez IR AR A2 W 2 2 ARIRERGI OBIARE I VP 7 I VI AT O
BT A D TUNND, KT AT OB TR & EIREREL(<250 mK) OMNZIZiE,
FH RN BRAT D 300 K OES 2l T- 2 -5 7 4 LV F—DBARAIRTH D, Fex
IZIE 5 - ZMIEPTFER 2 BRI L, 7o, R 2B E LU FIC LT T
SHDH I & TEBHE L EBT D REb 21TV, BRI (120-720 GHz) TRHEK L

PRIV 2 TN T D27 4 VX2 —%iReE Uiz, S BT, TOiREHE HEIC U CHLANT
ToNnE-£E7 4 V2 —1%, 10 JB0fEE I wT%MOWMHhTIﬁﬁ%Ez%%
il & A LT,

1. IXU®Iiz

ROABHEBE & L0 RERRIREOZELIZ L > THELS NS Z EnmbivTna(l] [2], £/, PTFE i
RV T IVECERBRELGT L0 _ﬂ%@gﬁ%ﬁﬁﬁ0§ﬂ PTFE A VY7 IV
FAOTRNRT 4 L —E LTHEHENTWD, ZOHBOMREF & LT, 254858 ~6 um O Zitex (SAINT-
GOBAIN #) 15 Z4LE PTFE “C1’EE)2KL7U)’511574’/1/5 DINEFTILHWLNTET,

2. AT L RIER

Zitex DR E LT, ZOEBEIHEN 1.25 THH-D, KN TOKOFHIZ L > THEBAFIZT Y
YUBEL, SVEVT I VIR CTORFHENEHE TX Vil L FRAMRO R X o TR E 523,
W DIZEMRE N | 1 BUCTITE 72 22 RN DIRIC 72 > T L E 9 BT b b,

ZOMBICH LT, FxlTmEICLE Zitex 7 4 VX —ZBAR L, ZEHATITHEH L TE[8l, 2

AUIIE & ORI 221 2 5% T T BT 5 2 & TIREIZ K DRI DO W & PR 2 BEREROIC IR S
LHETHY | JREAICHIKIRA 7 — U ~OBAME TIT 5 Z LN E D, £T2. TDOLIRELE
EOGEITEM THROT I L > TERBENPRKELS TR TCLEIWEDNBEND D, ¥ Ialb—T3
NZE o CZOIRMOZER Z b T 2 BERH D, ZNHICHESE, HxIX3 2O REewmd 33
Zitex 7 4 VA —%BIFE LT (K1), ZOHET Ay FIZEbEEHRFICL > TEZOTEWERRE
%f%éﬂﬁﬁ&éﬁ Fox DHTZI2HE 2TV D 120-720 GHz 12T D 6 D/ R TIRGEERN K
L TRDEDNEL WA TETCLE D ZENF-RMEE 2D,

‘ﬁﬂfﬁ FITROMEIEZ 7 4 L2 —ICHOUZ LW E WS 7 7 1 —F h 5 | Styrofoam % v 72 RT-
MLI 73%35 L7=[4], Styrofoam OEHTHRIT 1.02 LIEFITEN 2O EHEA A X5 L &, Rk
DT HZ & TEBMICEEZ TToND E W) JFEEZHNTWAS Z v RT-MLI (33 VU KHE
WCHRIMNR T V2 —L L TERAbESNTE 7, L L, Styrofoam (F2EFLEE & RIFRE DA 7 —/LTh
LZYV7IVEETHELLTCLE Y ZEDNMETH Y, Fex TN OFERNKEL R D,
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LLENS RN T 4 V2 — & L TIZALUE PTFE OZBALDAEEITH Y . £ D L CTHRIKHEBIGITIE
PrapOE, RO AZ R ORELT 2 2 LI Ko TERTE RV E MG LTV Z &R A #
LD,
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— TR LT3 DNy RIZHT 2@imE (/)
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3. ik

ZREEOLE IR CTOTWEEX DVLEND D, ZZC, EIrEsn, FELd, ZER%Egapt Liz
& & B L2208 % Optical Path Length (OPL) & L Tnd + gap TIERLTE 5, WEERM TOTHIZ L
STHEBENRKRELITHO LN T LE I BEORIREME RO D & D EZAE LT, £t OPL A
AROFEFAED L X L7 D, 1> T, BIATBLIZB WL Z ORI OIIEE 5 E N RO ETK
ELLTBWHEET R, —FH T, 20X RENMOHIRNEE H & TR E OPL AERRED L X
ThHHSH, ZHEEFNCHEED OPL LD +HZICKENVEZIZOVWTHEEZDINERHDH, ZNHD
RaBE L TR, BEd, gaplZRO SN D&M ZFHMET 5 & ETRAOIIRFEE 2 K& T
LEWVI KNS,

OPL~nd + gap = 1/2 (D)

ICBWTHEAZ /NS T I WD & 182D, WERITEnZEE L THE 2D & EEd & gap % it fi/
SLTHLZOFMEW-T, £z, WEN OPL LV +3IcREWE X I EREdE gapz O ENTED
ELTRE, ZOERDETTFn, %

nd + gap ( nd) d
(102 1) z
"I gap -\ gap)/ " ap @

CPITE 2, FRRICEITFEnZEE L TERD & FNEIT RN, 2/ N E T2 FFTBERd 2/ & <
THMN HDNIgaprE REL T HMERDL, ET2. WTHOHAIZOWNTHEITERT/ NS WAL,
PbEXv, EEn, BEEAIELLL/NSWENREL, gapld 2 DOHAITHOWNT k L— K47 OBEf%
2725720, fER. HL TRITEN/NSWEZAE PTFE %, @Y BT Z L REEL LS X
Do ZOEKNEEE G DI DIAT o MR R 2 L — g VORERER 2 18T, ZhEv, B
WHENFE L R DI > TERERNREEFERRIT TR D08, BE L ZERONT v AT ED LRI L3y
N Bax DERICHELRBIEEZ AEL D Z N TE S, 22T, EHKHEEE 1%z L &
TR, EITEn < 1.2, BEd <150 pm, gap < 150 pm FRENZ O AL L LTHELND,
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Transmittance

Transmittance

a1 LD XD G ET- T2 UE PTFE %, Zitex & RIFEICIEE Y 4 L2 — & LCfilRS LT
% Poreflon((EAEX T3 &), ADVANTEC (7 RNV T v 7 70— ) OFFEIEHIZOWTT T~ L
> REfHIEIE S s (THZ-TDS) # AW TR, FimELHETH 2 & THRA L, WEHE (X 3.
#* 1) X v, Poreflon 7>5 1% WP-100-100 728, ADVANTEC 7>51% T300A 23N ZFiF < DML E /N
> K (120-720GHz) TEGERENSIKRIBITRTH L7290, FEICH WD 7 4 V2 —OfEf & LTI
niz,

Transmittance of 10-layer shader (n=1.03)

Transmittance of 10-layer shader (n=1.23)

100 130 200 230 300
thickness [m]

1 1
0.995 0.95
_ 0.99 0.9
E
=
=%
)
0.985 0.85
0.98 0.8
0.975 0.75

100 150 200 250 300
thickness [jum]

2. fitdhA ZepR, RBilhARE L L C 10 BRERE L723HA& 0 120-720 GHz IZB1T 2 W dEimER 0 v
Rab—va UER, BITER L 05 0BE () LEIRL 2 0EA () Toki,

Lo+ WP-020-80 —— H F WP-020-80 ——
FP-100-100 —— L3 FP-100-100 —— [

FP-030-200 —— E FP-030-200 ——
FP-050-300 13f FP-050-300 H
Loz WE-04580 —— I E o lwpasg)
CivpAo0-100 —— L2 (Cvp-foo-to0 —— 19

T
FP-010-60 ——

140

115 F

1.05 |

1.2 F

11 f

T
FP-010-60 ——

0.2 0.4 0.6 0.8 1 1.2
Frequency[THz] Frequency[THz]
T T 1.2 T

T050A —— t
T100A —— H 118

(73006 —— F )
HO50A —— 1.16
H100A

0.4 0.6 0.8 1 1.2

Frequency[THz]

112

108

104

114
1.1
1.06

102

0.4 0.6 0.8 1 1.2

Frequency[THz]

3. THz-TDS IZ & % Poreflon7 f& (=) & ADVANTEC5f () IZ2oWCTo@FEimE (&) &JETr

= (h) ORER-E
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NE ZAR(um) EX(um) n

FP-010-60 0.1 68 1.24 RE ZAZ(um) EX(um) n
WP-020-80 0.2 74 1.12 TO50A 0.5 91 1.14
FP-100-100 1 75 112 T100A 1 70 1.11
FP-030-200 0.3 206 1.27 ( T300A 3 74 109 |
FP-050-300 0.5 307 1.16 HO50A 0.5 39 1.15
WP-045-80 0.45 65 1.10 H100A 1 34 1.12

[ WP-100-100 1 77 1.08 ]

# 1. JIE L7- Poreflon7 f& (/2) & ADVANTEC5fE (F) ®U A K
4. fER
INH OB 1-10 JBTREE L, BREAHE LB REX 4 17T, WEORERERICB VT,
VIalb—va iR L TRIOIRDEEERMICS 7 LTS EIICRZIL5GEDR < H DD,
:mmﬁﬁmiofﬁﬁkb@’kfﬁﬁﬁmé<@ok%%f%@\ikﬂmmAf®7ngw
um & 10 & gap0 pm OHE T IRIMESE M7 L TWD L IICR X A0, ZHud—H ok
753‘*%%5\%%0“@\( FIUC K S TEBMER > T LESTZEBNFRERE L TEZLND, ZOfER
V10 BETHEE LEWTROEAIZOW T, 120-720 GHz TYHRHHEIT 2%A0H & 72~ 7=,

WP-100-100 T300A
T T T r v v T T T

;H

Transmittance
o © o
L 8 8

T T

Transmittance

o (=] o
&

)
8

- o
]
T

8

layers, gap layers, gap

Transmittance
o o o
&
Transmittance
o o o
&

S
9
T

F1,0um — 3, 50um .97 F 1,0um — 3, 50um
1,0pm — 5, 50um — 1,0pm — 5, 50pm —
0.96 F 5, 0um 7, 50um — 0.96 F 5, Opm 7, 50um —
10, Opm — 10, 50Um — 10, Opm — 10, 50pm —
0.95 ¥ L 0.95 L .
0 200 400 600 800 1000 1200 1400 0 200 400 600 800

Frequency [GHz] Freqmey fatz]
4. WP-100-100 (75;) & T300A (£) 22\, gap % 50 um, $5\ME 0 pum T 1-10 J& £ TR
J& L7-BEOB@EOPERER (F) ¥ Iarb—var (F) O,

5. ¥¢®

Bx XTI VY7 IV EHOBIRHER RO 7 L Z —DBRFIZB VT, #H<RE ﬁ%&%%g
PTFE %, #U)7e 25z gk T CREIE T 2 2 &3 ARh72 &L 22 & 1kdiz, THz-TDS # HWIzHlliEIL L - T
2D LZAE PTFE 706 Z OFR A2 T BT EORNFEMZBE L, 10 BOREIZB W TH BN
>} (120-720 GHz) THYY IR 2% AR DL 7 1 V¥ —%BAFE LTz, %6 AW ATHI 744
AL M ®20cm DEJE 7 4 VEZ—ZE0 1T, WA Z i L7z,

6. 35 3CER
[1] D.J. Benford et al., Appl. Opt. 42, 5118 (2003)

[2] S. Sato et al., Appl. Opt. 28, 4478 (1989)

[3] T. Takekoshi et al., IEEE TST 2, 584 (2012)

[4] J. Choi et al., Rev. Sci. Instrum . 84, 114502 (2013)
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SEERE AT — REBRBOEIRIE Z HIfR 3 2 Bk T — AL DMBIT

OFEEMN RREKRE) . KE#R (EMRXR) | iEESR BRI |
PR, IR GRORs) | REWE (BEXEERT) | FPPHER GO TERS)

W=
RUEY T IV EEZEROYALTFE S b EFERT SIS LT, FRAMOERE
— RZEH#HER (OMT) ZHias & & bR BIChS), BT 2 FEREITH D,
T2 I TIREI S A T OFEBUZMET T, 130-295GHz % 1 /3—7 % Vi OMT DOi%F
EIToTCW5, BRI 2 b —ra rEHOTRHEGEG 2 BT 28R T, SKko
MEEREE— ROMEIZ X > TREADIEDMRTT5H 2 L 2R T HERE2G-, 20
ERE— R RO EREWEAZHE L TWAH E LT, FrfM OMT TIHEAHE/ L
MR R K 228 fFFREE CTH D 2 L &8V,

1. Introduction

EAZE— NEHES (ortho-mode transducer; OMT) (X, H HZEMIH OEBLIE DEAS Wik %2 7y L.
ZNENEREIER EOBLEF~LERT HHZTTH D, TFHBINCHEENED SN TND LT
7B DOZEIBO T, FEAO OMT 82287 v THLIZDERMIET 20ICHFTH D,

Tx DA ZEDTVWD I VY7 I U EHIRFRES AN AT TiE, 1 #FF T3 REFFHT AN
—THZEEBEELELTEY, ZOFEAE OMT OAFIB LN EELRBE E 70> Tnd, ZILETDF
% OMT (Shu et al. 2016 %) Tix, A (N> Fo BRRERE S E FIREEOE) 121 T 2.0-2.3
R S R 22 R C b D 2 E AR DT D, — T, S0 A T CIHEKEERH O R HEE
7 LA T 130-295GHz % H/N—F 572 HHHE 2.27 {5 & WV D IRHHEFREDNER SN D, 2 CARNE
JETIE, BRILEMAR Y I 2 L —3 3 U EMWTEEA OMT ORGSR Z2FH L, ERREHTH LT
Ta—=TIR e Ny v a— b RIEZEET LI & TIARFBLEZRHA TN S,

Wi OMT OFRIEIC X, MBEREE— NEZOh vy b4 T EAEENE#ZICEb> TV, o8
225, FHEAE OMT X EEH CHA—2 ERALTEY,. ZOR—r b AF 5 BRI ORI PRI
MEEREE— RTRIINDIND TH D, FF— NIEZEOEL A OXFHEICEKA LT, Fml OMT
DREPNE S T a—7RLEOMESS LIEEESE LTI NS, RIKMESEZEA TV D HEARE
—FNEITEIL = FTHY, ZHIT =T DOEEFERD ZE THRIHTE 5, HIZ, @EHIZR5IC
ONTERE—RFLELLIIC2D, TELL T— RUANOEKE— RN 7 a0 —7 OFEZI2BN 2 EK
BHEiHICR-> Tid, TE1l £— FOEZOHZLEET 2 Z LN ARETH Y, 7 E—FRE LTHD
ZENTED, L, JYEHAKETOEEZFICENDSRE—REITHITL2ENTES, v LFE
— R&72oTLED, BT, Bxr DZEN AT THN—T 5K 2.3 (FOEMEEFMNICIZ, TE1L £—
ROz TM11, TE31 E— FAREFEZ~NRAL 9 D, LEER->TyIalb—a Tl 29 LIcER
F— FOLEHELEET 2LERH D,
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2. BRER Y Ial—vav

HWHAYEEY R 2 L—3 3 Y 7 s COMSOL Multiphysics 35 & OVNE RF module % AV CFEE A OMT
DFEEZNFEO B ERKATIEZ RN LTz, ZDFT U 27 Tl Shu et al. 2016 OFFHZIZITHH L, &
WA D OYEEZ 1.2mm & LTW5720, TELL £— KOb v M4 7EEKIT 73GHz THDH, 2D
3D 7 VOMBIAK 1 1R d, BAMICITERER— FaREL T TELNL £— F2 AT 5, £z,
B CEIRE— FORFNHEAET HFREMEEZZEL T, MRE—RFOZER—FEREL THDH, A
Y ROREERZ D7D, TE1L By A7 EEEO 2 (50 B RS EE IS 72 - TRHAE
AT o7,

M 1: FEROMT Oy I 21— 3 EFT )L

FENTRE R 2 X 2 12T, T0%LL EOREWREEZIHRERE LIV TV DN ROEHEIL 2 (5RRE L 72D |
Shu et al. 2016 OFERBBB L ZHIH SNz, TE1L & v M4 7 A O 73GHz X 0 &\ JER T
BNEREL 2D Z D 2 REFRE O CREGIRMEL 72 5 L RIFFICRHHEEN R E o T D,
HIFEA OMT OFFH T A =2 ThiH7r—T7RkE, 7a—7lE, Ny 7 va— hRIzElEE
TIRARIZHENT Loy, ZOMRIIRES EDLLR) o7z, FFET (X, A L T 167GHz fHEA 5T
L CTREDEMET T2 L9 REEMN AN WS 2L Th D, ZOFERITIL L5 &R 1.2mm
OMBEREDEHRE— R ThDH TES1 E— FOT >y MA7EEREIZHSELTEY ., X0 bEnE
W Tl TE3L & — RORFHERENHZEICHNLTWD, ZOFEIL, TE31 T— FOREA LEEDNERD
KF & OBEMEE RS RETHHDTH D,
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TE51

71y hA 7B TE1L TM11 TE31 TE12 TM31 TM12
1 T T T T T T T |+ T + T T T + T T T T
T A .
08 | |
07 | ' * i
Coupling efficiency —+— B4R R (TE31)
Return loss TE11 —¢— o
06 TM11 / -
Ff TE12 .' ;
2 TM12 . X/
g 0s5r TE31 —o— \ gy\( : 1
TM31 —e— b |
04 || TES1 —a— 3 | |
' | Other radiation —&— \T\\ |
| Cross polarization —+— [
03+ || ".' \
|
X
02 |\
\ AR (TELL) |
01| R
R L e e e e o
100 150 200 250 300

Frequency (GHz)

2 : COMSOL TEHT L 7= Fim# OMT D&%, K5 — FOKSHELK. HEwi.
R AL D JE W AR, MO SHRIIEE— RO > b AT FEAEERA R L TWD,

VT, TE3L £— FOREIER L TRARE T ORI 2 SR L, FROERR T I 2
L—3 a3 UZTC, MEERIENKE AT S TESL 7 v bA 7 ERE (167GH2) FitkD 7' v —7 T
DES AT~ 150GHz, 175GHz TOHES /M 2 X 3 (2=, 1560GHz TIXES O <2 TE11
F—REFELLTWDDIZx LT, 1756GHz TiL TE31 £— FEHEBIL T\ 5,

TE31 % v b A7 JEEHELT (150GHz) TE31 % v b A7 JEJE#EAE (175GHz)

5

3 : COMSOL Tfi##r L7= TE31 1 v b A 7 A4k (167GHz) Hitt TO 7 v — 7 OB,
150GHz TiZ TE11 £— K. 175GHz Tl TE31 &— ROEESMICFNEFNELI L TW\W5b,
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ZORUEREENR L OBRIIUTO L S IR TE S, £ TE3L & v M4 7 Bl LTl
OMT O 7 v —7 1 TE1l £— R%&%F, TE31 £— N&piie (d) 3%, TE31 E— F&piied 50
IZTE1L & — ROBEANHEE SN T, BEDEMETT 5, g sz TE3L IE7 v —7md LA
IBHETE DD T A= AR E LTH TP, — TTE3L & v b4 7 E R E LT TI,
TE11l £&— NIZH L TiEA Y E—F U RBERRN CEWEADRME LN TS, TE3L £— Ridz
xR ENT-E LTh, JBEEA Ty M AT EESE TR TWD DI ERF L7220,

ZOVFEM OMT O 2 b—3 a3 VETAZIBEL CTa=nh— &G Lcsa b RER T,
TE31 v b4 7 EEEAHI A5 U CRGZIEDRRE KT 287038 STz, BLEOfENTIS X
WBLELY, Fmrmfl OMT I8V TiE, N RO TR, ERAZENZE1 TE11, TES1 E— KOOI > b4
TR THEISNTEY . 2O bRKRIHEIL 2.28 FRETHD LM OTOND, ZNET
OYEH OMT % BA%E L CE T8 TIE TE3L T— RICEA L TEL, Zo®— FEEELTH
$hE o _E R & BEAHT 72 DIIARBFZE AW D T TH B,

3. £¢¥

BRI ab—2a VEHWT, A= EfEG LIEES OMT OEIRA A Lz, £ DORER,
EIR OB E E— RO 955 TE3L E— FOFRAT 5 JEEESHTA S RO ERESHEL TS L9
RERA RSN, I o —7HETO TE31 T— FORIEIC L > TRADRMET T2 2 & 2R
LTW%, ZOBRZEE 2 T, Vi OMT THEBLATRERLAFBITIRK 228 FFETTHD &) Bk
BR8N o, SRITZ AT A T OBIIFEICE OE T BT, Ak 2.28 fFLINTEWEE G 2hH
PG LN DREHR RS,

4. BEIER
® Shu, S, et al. 2016, in Proc. SPIE, Vol. 9914
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JRESR I VY7 I Y IRHERD 72 8 D 1E Magic-T D%

Ot B GRETRT) . RER (ENRIH) . BEE - FEES GRURT) .
FEPIA R RO TSRS | MriEESk ER TR . RI\AISE (EXEE KT

BEE (Abstract)

Foxlx, S VY7 IV ORRREIC LD FHBEE R ORI Z B8 L CAREF D AR
L7 AT R L TWA, KESTIE, o E#5{1(130-295 GHz) D7- 912, HiHERiEiR FoF
7T T F TZFT=RIEKDS DOEREENENDOEGE T E2ART 5P 77 —MagicT) D Iz

DWTHEITT %, FERESR - BT =

L= a VB G DR TR RGN A L - T, AR

HI T, A74H - Amplitude T4, K OER AW - I EELHHL Z LN TET,

iMagic-Tee i
i i 180°
ozt 3

1. eth#s= ~ 7" Lo Magic-T
REBOTRLIEGETFEAKT 5,

# 1. i Magic-T OFERPERE

1. Introduction
i MagicTiE, )1 oXkoig, T v 7 LoFET o7
7 Ortho mode Transducer (OMT) T2 7= Wifik 2 L2
72575 % 180N HE ST EMT DO DFEFThH D, (ifH
Kifis = 208 I, Magic-T Of7AHT 4L - Amplitude 7740 + X
IS ) NS L FTHHEN D D, AWFIETO Magic T OERME
REIZLLTOR 1 DO XS ITRE LT,
7o 72 LA, SORMERE 2N 72 3 ik - BARE S & £
NE N s fin & UC, HHEE = o /fouin & 3T 50
RICBRMERED B 7 h 2 i3 5, Magic T D& E 2 Rz

et 5ok THEED 1 2L LT, K 1(8)D L 9 I FiHE ETA/4D
REREE 3 o, 31/4DREMREE 1 D TH/E S
AAH T 1 (deg) < 3 = / =
Ratrace Coupler 2377E3 5, Ratrace Coupler T,
Amplitude < 0.04 B
mplitude F41(mag) Portl, Portd 75D ANEEICK L, BREDEIC X
FCEHER%: S11, S41, S44(mag) S 0.15

Pl (i /B AR 8 L)

S THMTAYIC 180° x5, LirL ZDOHFKTIE,
2.3 i R AWEE) T O T 180 AH K EET 5 7=,

BARE D
A4 EilivE:|

BRARE:A/2
180° %=

WIS AT D (s 14,
o Walker(1997)), J&#H8AL D Tk

Impedancs Tramabormes: ITF
AREOA -4 ARE)
v A4

| — — | ron? |
H : 1 .
saczrmm [, & L Tlix, Gruszezynski+2012
T - Y o (SR, 1D & 91, Ve #

B+ BRI E T 18004
NlzZz475 2 L D TX % Coupled

2. (/£): i3k Ratrace Coupler (£7): Stub, ITF % > Line, (A4 %47 5 Short Stub,

TIAAH b L 7= Ratrace Coupler (Gruszezynski+2012 @ R L DA o E e i R HE AT

Figure.3 %ZE&IZ{ERL)
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9 Impedance Transformer (ITF) % A3 2 FEMERRE I TV D, ITF OB 2 BE0971F g A
WD, P EITF 1 B & (e 2.7) C BAEL A8 2.3 Wi 72 5 O T, ITF1 BE CORGH 2l ATz,
FOBHWEERRY I 2L —ya U HERRECRAT 5,

2. HIEE - BEAVI=V—va VOJAIC X 2%%F(E
Quite Universal Circuit Simulator (Qucs) (%, SPICE & [A]

Sonnet
— T FROEEE Y X 2 L— 2T Z, S /8T A—2 (K4 - Fih
/ FEOR AT S = & AT, BRI S O 0, —
| " Sparameters |, 2.5 POEHREA S S 2 L— 4 Sonnet 1%, BIE T 2 L—
Coupled Line | FLHNBLHEERS B, B S 2 L— 2 THESAT

W WEIED S NT A =X ZRUGTE 5, AWFETIEX 3 D
X 912, Sonnet (2T Coupled Line ® S /XT A —X Z /S L,
Ques ICHEFELTHALTHKEY I 2ab—2ar&i79 2
& T, R O AR AT, 7272 L, AKOHLEREE

" Sorifiet:
SHNIA=-%

T RRA . ~210 GHz O &8I CIERGMEEN R EO R E SITEDS X,
== ucs
BRI ab—a VICHRTARIER Ry 7 D, £
3. Ques & Sonnet OFFEH k4 ZCHIL A 10.56 GHz D A 75— )L REFIL TR 21T
776

3. MagicT £RFDA B —F L ZADkE & BlESM

MagicT &HFEFDA L =X L ZAORFHILLTDEK 2 DBV IT- 7=,
72721, Port A »&—4&
ANT—HIZ 500 TH D, £
7=Ze, Z,lZF N E1L even,
odd mode DA » E— &

#* 2. BORVEREZ 7297720 D Magic-T 45#80 Impedance & EXIE
(Bl b, (748 + Amplitude 3 0, KAHE¥(mag) < 0.1, H#i~2.7)
S. Gruszczynski and K. Wincza (2012)

FT Impedance (@) E5E (um) KERTE 4 ThDh, BLREL T
Ratrace (Z,,,) 33.8 7138  Ques DimEHREE AN 10.5 GHz IZBT %
N ooy =
Stub (Zywp) 81.6 7138 Ques Dfsgp  ARREFLIELLD
L (2, 7138 umé& L7z, 7238,
ITF (Zyrp) 32.9 7138  Qucs DARIERRIE
Coupled Line DIt FHE
Coupled Line - ZearZo 7138 Sonnet T 1 Ques EO ST
Zrat — 2Z, S/INT A —X

TRILLTZ, oK 218
L7z Coupled Line CTHif F B /21 v B —4 2 A%, March(1968) DM D, Zpgr = [ZoZ, DM %
bR 72 TH D (Walker (1997)), = D% 1723 Coupled Line O£ % Sonnet |2 T{To72, 72k
ERMFE L LT, AT v _—@IEER ETHRERHE D X018, BHEZ 2 yum BLEE L7z, &

E— A Z VD E S DICHEIRHE SO0, KERT LA R Z# AIERERIA 00 X,
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StubZESR R [um]

HMEVPELIRDTEDOTH S,

1pm  GiN (g,=7.4)
400 pm Gj (¢, =11.45)
4. Broad Side Coupled Line ®

1% (Sonnet @ 3D [X)

#* 3. ER %729 BSCL O HE

¥ EH EREHE
FETHRRIE Wy ~2.5 um
REGEIE W, ~20 pm
s L 3000 pm
SINEEFEEE g4y 7.4
SINZE & H 1 um
SIHBEE ¢ 11.45
SiE A h 400 um

4. Coupled Line D#E3R +#% &t Broad Side Coupled Line
(BSCL)
Zo, Z,DFEITEHRMI D Couple MWV EREZL 225,
IR 1 JEHE1E O Edge Side Coupled Line T, hHRH
T® Couple 2395, Z,, ZyDZEN/NS W=, BEO
A= F AR TE R oTe, £IT, BRI
T Couple SHHHEET, MWVEATEREZERTES
Broad Side Coupled Line (BSCL) % #E5z%f4 & L=,
Sonnet TOBERIZLD, X 4, £ 3 \T/RLIZMHET, H
DA =2 2 (Z,~2509, Z,~16Q) & 72 1) | vl
ERM AT T 2 e W X B HEN & 5),
L72>L BSCL T, R FEOFEEKRDOLFERNELR LT
D, BREICHERNFMENRAELT D, ZOMEEZENT 5720,
Magic-T D#H# 42 {KRatrace, ITF, Stub) TOEXRED/XT
A—=Z AL =T ZATV, b a ki, £ Z CTETHFET
DEBEREMN, MAHTILE Amplitude TAUZ KT THBEL Z
NN~z

5. Ratrace - Stub * ITF OEBXEDNLHE + Amplitude T4
CRIETRE

Ratrace * Stub * ITF ®EX K% 6000-8000 pmD#iH TAA —7F LTz, K 512, #iHH(15GHz) TD
AT 4L E Amplitude THORERAE T I T~ 7 2R 7, K5 DR D, Ratrace Coupler 1
PR - AART O G I E, Stub [ IAAHF ISR E, ITF (3RE - AT OG0 720 2 & A

Do T,

15GHz: #iEi%
8000 ST —

]
r
¥

8000 "oz

80
26

7500 i
o=

7500

N w =2
7000 3

N 7000

ITFESE [um]

6500 40 6500

sl { sams a2
coacs

gt

6000

Sampinimgt

15GHz: %%

6. MRENFRA—F AL —TITX D&%
Hik

5. COfEFRAEZH L1z, ITF OEXEX[E
[ &L, BSCL @ I - HBLEHRIEW,, Wy,
Ratrace, Stub {EBOELKEIZET 54

s Ao HE)NT A= AL —T 2T LT,

._‘..._..........,.‘..".".‘“:‘,".‘ -
6500 7000 7500 8000 6000

RatraceB& & [um]

5. Ratrace Coupler, Stub, ITF OEXENMAATI(EE) -
Amplitude THORICH- 2 D EE T ary T~y

6500
StubBR &K [pum]

7000 7500 8000

I D EF 1, Hr I8N T|S,1 — Saul
& |S31 — S34| 7 Amplitude 3741 0
MONAEF I 3° UL T ERD,
MO RS (mag) A 0.1 LT &7
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LA Ol E L2, ZORBOL LT, MERRELIZEZA, UTOX 6 DX 5 725K A0
VAl VY =AY g Wy

S-parameter(mag)

Amplitude
4 Hi(mag)

T
i i
1 1
: :
i E : Ratrace L, 7000 pm
1 1 I
E E s21 -ézai 531-534 J‘[ |‘ i 13 6700 um
¥ of i i i / 1 Stub l 7400 pm
T 1 1 [ / 4
£ sf 5.5GHz ! 10.5GHz'! 113.0GHz | ls 6900 um
R 1 ~ ] 1
E of————— | Al — ] BSCL W, 2.4 pm
j':_i 5 10 15 20
Band Frequency(GHz) V5 ]

6. (/) WAFEWIA A — 7 T BT RO AT 4, Amplitude 341, KEE%E (5 L) Ques EToO
Ratrace Coupler ORIFEEX (5 F) M@REN)/NT A —X AL — T TEHL T ~TEfE

F 4. MR T A —F AL — 7T X DEERAE R & SR MRE
10.5 GHz fFir ToEgEIEX

VERERSIE  ORRAEE SR PERE
i Sl P 6(5), £ 4 ITRLIEY ThY

AT #Ldeg) <1 S kv EEY T b L

Amplitude 7 #1(mag) < 0.03 < 0.04 3k B T T VR B LT A
FHHREC S11, S41, S44 (mag) < 0.12 SOI5 ymp m -k b & ic, A% 1k

FeA 2.4 2.3 BSCL ohpr% Coplanar Wave-

guide |ZE X R X T2 EIZOWTHMET 21TV, & B8 E W THEE & 72 5 Radiation Loss <°, Hix
HRTOREA o E— X U A~DOBERHE ATV, BUE - MEEEFHMTICE S TETH 5,

BE IR
® S. Gruszczynski and K. Wincza, IEEE Microw. Wireless Compon. Lett., vol. 22, no. 1, pp. 22-24,
Jan. 2012.

® J.L.B. Walker, IJEEE MTT-S Int. Dig., 1997, vol. 2, pp. 747-750.

® S.March, IEEFE Trans. Microwave Theory and Tech., vol. MTT-16, p.361, June 1968.

93



Band10 2SB X 7 VD%

Ot (ENRXE Jombidire > % —)

B E (Abstract)
ALMA Band10 {583 ALMA (23515 % e AR (780-950GHz) 8Ll % %15
TH Y | GRS 5 R mPERE DG HE T & % 23 WifR i (double side band DSB)
ZEHTH -T2, S B2 D RN D720 R (single side band SSB) 723 S T
WHTEH, FILWT AT T b ANRBHAFEEIT>TWVD,

1.DSB 3 7 & 2SB Z {58

DSB3Y

B RSB T iiE S (RF) IC AN TRICIE . ’ R84
ST/ =1
SNTRREFEEE (LO) % I 7% CIEV i E RiHiz A ”ﬂ
o (OF) \ZEBEEERT B FANRNHD, Z0 RF /\47")~;Fn7; _l 27U55 IF MMTU9knTS
T ML — e (Tep
i DSB X 7 % Tl1% TLO+IF) (USB). [LO—IF] JMQF;D»«M |
B B 1 — >
(LSB) ®—»® RF 5% R IF 554 L % A5
L a—
TZETH LD, 2SB Z{EH1% DSB 3 7 psezyy
PEE 1 DL AT RO T TEEFNT -

USB.LSB %8l % \cHS+ 2 = bic kv @mas X1 2SB S2{a itk
b BT AR CH B,

2. RF ¥4y

M1DRF#S REFANAT Y Y RATT, B77, A7V v& DSB 7 H) MNEEE LTS
FEIROERIZ X > TEFDORER L OEIBEE TSRS, ZONTE2 7 T4 A% TTHRHT, 15
PEHMNTKRE L THESIT LTNLEAT 9 FER L, ORI ERE N FoI 737 r y 7 TIEHK
1 DRI REFNA 7Yy RERT Y w2 RRtm L, 77 LI 7YRED ETICH Ly 7elali & i
T 5 2 EMZ,

7272 L Band10 S {5#4Cix 2 OB E BN
T ORI 0 BN ED D72 M) <
THOMERD D, TZTH2DRICI 7Ty
7 % 3OITo i CHEAE I L4 2 mMET 52
LIZED, RFE ATV RATT7DERICAT
U ¥ EEE LSRN 78 SRR A BRL
7oo (X3)

(42 Bandl0 2SBIZ %7 mvy”

94



_HH‘TEI_%_[I}IJ

DSBI 7
F G

§ DSB 71 b
Fv7

X 3 RFV@%%E}? | X 4 IF [5] A AL

3. IF &4

Band10 DSB < 7 ¥ CIIE R &M T2k L CHRELZ IF B3R ATRECTH D, £ 2 T 2 D
EINLHEICEE IF B A L7z (K 4), B 4-12GHz 2073720, IF A7 U v FiE 3 B
DA T T ZFHERI0 DT LI FERTHER SN TN D

4. WIHIPERERHAM

IF "7V R 2797 ay 7 NICHBIAALTETZS, 2SB 2707y 7 O AHIA v 42—
= —AIHERD DSB I 77wy 7 LERRICT D 2 LRI, 2o Z &2k Y, Bandl0 ZEHKD
W a RE S ERETIZ 28B X 7 Y&l AiA T, FHli AT 5 R ATRBIZ R o 7., XM B IZRHIRE SR 2R
T, EEPMEMEDTZH DSB 2 7 ¥ F v I ALMA HE & 7= S Wb O & L, T D70
TR OB NE ZATRELS RS TWVEHEN, SSBRHEIIRIFTH D Z L BB TE T, S%HE
MRED BWDSB 2 7% v 7% H L RF - IF B E ORI L OEREm L2 B3,

1600

50
—— LSBSSB USB SSB LSB
45
1400 —eo— DSBSIS1
®—DSBAdd _g  pspsis2 o
1200 _
£ 2 35 -
£ 1000 - 2.,
= ]
g— 800 - 2 25
o 9
% & 20 |
ﬁ 600 - s
§ ép 15
400 - £
W 10 4
200 5 |
ALMA DSB spec.
0 T : . T T T T . . | 0 T T T T T T T T T
760 780 800 820 840 860 880 900 920 940 960 760 780 800 820 840 860 880 900 920 940 960
Frequency (GHz) RF(GHz)

5 Band10 2SB 3 7 ¥ @RS 5

95



BT EREEMRAE > THI
OB (ENTRCH St 2 —)

B ZE (Abstract)
ASTE ZimSiowMldEE & U TR L TWA X 7o a3 — X OFIEIER & Joimsiiir &
VH =T D FMONTHE CRIVET 258, REGKE T,

1. BRI LEOZhET

AifidS K OENL R CERICB W TER K CFEERIZY A 7 2l O 21T > T\ d & LILLITE
WAEML L 20 £7, BHiE~A 7 nEORBRITEENENTEDIZERO N Z— (BEES) M
IR T & 72 D760, HANNTHE TRE L TRF I L T B AYRIZES R A — 0 — I T 5 &V 9 O
AN ST D T, ZOHEOERIT O AR CAD % Thigh& 320 2 & THREFT 5 Z &
RKE LTc, WMERANZ = DIBRIT~ A 7 v CAD REMAT > I 2 L— X FTRFFLET,)

2. MEEREERZ 5722

ASTE s MIEEE & LT 4-18GHz JA IF {54 & #7150 6510.1-2.5GH2) & i 5S4 0 v a1 X —
ZEBFFT LRIV E LT, XU a s =2 OEFE IR 1 ORI D 2« BT, BE
YW TRALDIRVZE ST, —HAAL v F - EHEHERELHET L a0 K= b3V H Y F
3. ASTE 2imsi CIZB 7 = 77 26 A — P % v MERCHEEZHIE L T\ 720, Fai@iTo
IoT )72 T AU — XA THIFEITE 2O TIERW N E BT S | Falio = N — W)L Hp CRi HL 72 [ 4
AIELTTARY =AM D A, v FORIEHERZITWVWE Lz, 5%y FTWANARBRTE LT,
BRI AL NRZE D T2 E. oA s LIERIRENITRE - fHMiL72Z L 3H D A, ST, =
VAR—F U R E NS F TICESOIN TR CHATE S A T) HETA

-8.80Bm/4GHz . .
~58dBm/4GHz 19.8dBm/4GHz +3dBm/2.5GHz . 5dBm/

,,,,,,,,,,,,

sssssssssss

X1 ASTE @& wrzar A "—x Tuavr¥

96



3. RE - REL- - -

7Y MER CAD AL T, X5 AERTH
IR D 5 — 2 Zgkit U (K 2), R TicT —
& % LiAZx LB AR | R FNEF <9, HHEck
STIMLEERYZRSD E (K3) "B TFHAIZ T T
ZD « o

FEARIN TR I THE /2 o v o & HARIZ BT 720X
THREONBEBADEEITVET (EERTEFRELT
MLZAT D). HEARIZRZRIT HERICE 20 4L
TOTTNR, DO 2T DAL ZHiER
TLlLEoDIMEGDER TN TFHALT Y
VEANBRATLBED LT,

W AR 72 D TV BB DOFIEZ & D A)L—7R—/L)3
METT, Uy MIR>TWDANL—FR—/L&i b
AL DT A BANITTIEA D F A L—R—b
FELTECLEIZENDHD E L, BROEKED
HiEA L DT CTHITEEITAETIR, axs ¥
AN —IR— ) v & 2 LA B il oy o1&
BIEH X o & KE, ax7 X EORLEZFHa L TA
=R — VOB ERIMZ 2 5ES PELTWET,

LS, B CAD TOT LalL én, £
ZHEPERT T R Eo7=20 Lo, B LW SRk
WOEHLDOTT,

4. REGIRBRBRIC 2252

AENZan FORES H Y FFRICELES DWW 729
W1 TOFMGEEF - M TEITo>CTHE L, (Mb5) =
D& TH xo & LIIREIE] oz
WZHIVTAEDO AT » MIH DT E, BHENDRND
ThiuL, SMELTTDNWE - 2 X FICRW/ S T
T,

97

%] 4

X 5

%E\&%O) 2 X/l/‘—,‘j'\‘»—-}l/\zﬁ‘ L_a_%\

A ED BN ERERS



Power Apps fif > TH7=
OfFHFen (ENRCHE HTHEES)

BEZ (Abstract)
Microsoft 365 O —E Z{(Z Power Apps W9 ONH Y | A S IZ Web& A~ —
N7 ATV =g COBEENAEET Y, AL AR — M Power Apps &< D02D
BYEHA N&T 7V Ef LET,

1. Power Apps
FANTHEHE R DN HED TN D Web & AT LA DOHESIZ Power Apps ZFIHL TWAHEEH Z L 2mM-oT, Bl
WaFbE Lz, BP0 Web & 27 MI= 7 BV TIER SN2 T —7 v % Web & 27 LD AT 7 —
ZIMERDEEI LT, “EDEHTT v T T LINTNDED2”, “BHrobrs#TEx= 74
—IXE D RO PR DRI R T LT, D Web ¥ 27 AOEERZTHENT O 5O 6 BTV E L72A,
RoXY HE-> THRITFIES TT, Zod, BHO/XY a VT Y v+, 7177 L5583 BASIC (8
vy hoXY ) 6 Labview £ TWANA
fili > TWE T2, BB F.LOIEANIETT,

2. 7 —4# & PowerApps

VIXZ %P+ 2 VEM - BERYA B
DT —HyThiHrELE Web 77V
DEETT, £<E<EXBE, WonD  ren s g
Web 7 7 U [Zz—H—|2 & » TIEF — 7 _— e e &
ZHEL TS EFF - THELTL X 5, =
SNS % Tlda—H—7 F 7 > MR
2F—2DOAM N, a7 A bTiR

RdhT — & LA, BEOIELERN T 7 7 8 @
ZBLTF—ZOR0 LY BITbR TSI

nau-

HEANTHATE 2Web7 7V I

1 =78V T—7 )5 Web A R

(@)
9°C9, Power Apps 1ZIE DT — % % T : I
= & — =
— S N @ f y
Web %0)2‘%/7? AJI @ﬁ %‘:{’EE}Z“J‘% ZEN m;’% C a _flg_new, Glcwss) wRlERO7 5 7 RE TS
5 currentuser, (BITHRET ) REDI—YF—A—LAT FLRERTTS
- TF( Z5UehLEE GRRERTE RS - BEOBE) 13
i —a—o = (or( ZOL - FOBRA—AT FLAK, BEOLI—Y—E—KT5H
- ThisItem.Originator_mail = _currentuser,
o S == a seie _kaitou2 = "1" (BITREY ) EEHL > 1BE
= N = y 2 = y
7 \:l 7 7 A ODﬁﬂ&i 2 7&5}3% < 7:_‘ é l/ \o - - ?})»i«1mn.0riginator~7mail BHEA—NLT FLRERTT S
e, N R ; ) ZiUenuniE (DR VEMN- BEEUOMEEICE) BMEDA—LT KL RIEE
- REhBL
@,@0) (AT IZNWL DO T a T ¢ — Fanm
= FRALOBARE = J4-WtoRkK

QOFFE-STVWTEONEELT Y BALOEKAD
L@ X AR FE T, OIEZF0HOfIT 2 PowerApps 7u 77 I
T3, if &> THREDIEDFTRETT, FIR

98



7R IHANERIZITHEE Y IR L @ for~next X2 TRELLFE LD, =78 EREUCEB IR L7 <MA
BCxEd, 2EXNEIIZLL <, Microsoft DY 7L HETEHIR L THDHDIZ, AXREBEHRILA=
2—TIHENICHINT DDEAH 2T =00 RIT RRUF ¥ —F—LJFEN « « -

3. {Eb
PowerApps CO/EHI &~ SH LT, m

B 3 LB S A L0 BSOS LCERT - .
- AT A ROBITE, DR E CIERRE R

SER-HM-EE

ZU— RROA—/VTIE L, BRI B V5 ZHE
L7e ECRIBEST D ZEMEholonEBNETR, AT
Wy % Web LT 7280 T 7 B ~DOFE P I o
fbEivE Lz, 7272 L, PowerApps OEIE L L Tid Web =T

AT &2 7 BN~ T HT20IT, =7 B~D
A RETEIRE T U TRETREIC T 20 ERH Y %
L72 (OneDrive OSR3 o0 ULEREHE T HHIBRT
L& bR, MV H Z L DHRD T —2HIT b
[R23dr 25 &5 9 Z & T, SharePoint ® U X k& fifi~ 7=
BERMAER L, thoREoEM - B/ - BIEEEZ{T-
TWET,

M3 ER - ER EEYA b

X 4 (ZA~— F 7 v Eflo T WmERT 7Y I
DET, BREE L CIIMBERICAT LIEHETHRER L
TR - RETHERHRES, Av—bT7 3
TIX QR =1— FEN—a— ROFAIY A ATRER T2,
MiihB L0, RESGINC QR = — FEZHET 25T,
BBRINAE—T 4 —ITHR D DO TIE W L i LT
WET,

X 4 WinEET 7Y

4. £
Power Apps I1ZHEMB T — 20 Web& A~— 747 7V r— 3 v OEENRARETT,
BBRDO®HH NTRIET ¥ L VL THATLES N, AR2ERITEIEGIETIZENn !

99



« YRAFLAXITVvIZ=

YATLRAIYIZ7 ) v T RHER SR
%%muﬁwyx%AfIyJ:TUyﬁ

mmEMA
(BRI aHIMiEF/ATC)

2540 R3CFICET 2 HM Y Y RIY VA (202141 H28H)

BT RIRE D AME AIcBI 9 2 EAXETE(EP-TD-002)
U2 a3 VA 2BEDSEER

FUVTER, RTF—IRLY—BRNEI Yy a YOS

o, BENOULRZED PENICKRT S L2 BRICHRS NS - 7Ot

ZDEEETH B,

C SYYVavYRFLAREEW, VAFLXIVYZFPUVIOFELERLDD,

2 S - BFEE - EREGE SHEERRE RITE SR, BENEIY Y3

VEBE VAT LE UTRIEEASESH TRET 52 LEERT 3.

. J:EECD:/X?L\Z“I‘/:):T Uy U ERFEEGATD
- FADBEAE 73‘73'33 Do o o YRAFLRIVIZF UL, YRFLD
- REOHMEBEZRTHLS | BN(S Y>3 vBERERRT 20D TH
MAERRY, ZO—EDEE) TH B,

100

c UTOESBYIR T AT LRIV Y=

. COENRKIE "YRFLARXIVI YUV,

THICU /Bl U Bk

TUYINMEDLNTSHERU T,

« YRAFTLARXI VI ZF )Y (Systems engineering = SE) & Y X7 L&
=t(system design) (ER—T% %,

- YAFTLIVIZF (System/systems engineer) 73“’_5 ZEDETHN
VRTLOARXIVIZFIVTTHD, YATLAXIVIZFIVIT%ITS
DEVATLAIVIZTTH %o

EYXX&

'Y X7 LRGN DERICKE

U, ZRIEAICE>TERBZDE LNV,

. FOEKT "TTMADIVRTFLARIVIFTYVY ) ITLDENBHLE L

]

]

\/\000

NASA’s SE handbook

approach®— AT, ZXA AL 7AELROEAZRELTWS,
IEFfEoTe, HEHD, EXH - POA

Systems engineering is a_methodical, disciplined approach for the design,

realization, technical management, operations, and retirement of a system. i};;;
A “system” is a construct or collection of different elements that together

produce results not obtainable by the elements alone.

The elements, or parts, can include people, hardware, software, facilities,
policies, and documents; that is, all things required to produce system-level

results. BEDOXER=BEH S EBS NIcMBEHD R
The results include system-level qualities, properties, characteristics,
functions, behavior, and performance.

NASA SE handbook (SP20007-6105r1), section 2
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SE engines (from NASA’s SE handbook)

Requirements flow down
from level above

SYSTEM
DESIGN
PROCESSES

TECHNICAL MANAGEMENT
PROCESSES

Technical Planning
Process

Requirements Definition
Processes
1. Stakeholder Expectations
Definition
2. Technical Requirements
Definition

Technical Solution
Definition Processes

3. Logical Decomposition

4. Design Solution Definition

10. Technical Planning

Realized products
to level above

f

PRODUCT
REALIZATION
PROCESSES

Technical Control
Processes
.

Product Transition Process
9. Product Transition

[ | 12. Interface Management
13. Technical Risk Management

14. C

7. Product Verification

Evaluation Processes
8. Product Validation

15. Technical Data Management

Technical Assessment
Process
16. Technical Assessment

Design Realization
Processes
5. Product Implementation

6. Product Integration

Requirements flow down
to level below

Technical Decision Analysis
Process
17. Decision Analysis

System design processes
applied to each work breakdown
structure model down and
across system structure

Figure 2.1-1 The systems engineering engine
7 —

Realized products
from level below

Product realization processes
applied to each product
up and across.
system structure
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overall PM (from NASA’s SE handbook)

SYSTEMS ENGINEERING PROJECT CONTROL

LTns

* System Design
- Requirements Definition
- Technical Solution Definition

* Planning » Management Planning

® System engineering is defined as an j

* Risk Management

* Configuration
Management

* Data Management

* Assessment

* Decision Analysis

* Product Realization
- Design Realization
- Evaluation
- Product Transition
* Technical Management
- Technical Planning
- Technical Control
- Technical Assessment
- Technical Decision Analysis

* Integrated Assessment

* Schedule Management

* Configuration Management

* Resource Management

* Documentation and Data
Management

* Acquisition Management

ECSS: ESA’s standard

AEEED, A% P0H
governing the

total technical effort to transform requirements into a system solution.
* A system is defined as an integrated set of elements to accomplish a
defined objective.These elements include hardware, software, firmware,
human resources, information, techniques, facilities services, and other
support elements.
¢ |n this standard the concept of “system” is used in a wide sense.The highest
level, often called “mission level” or “space system”, consists usually of one
(or more) space segment(s), of a ground segment, and of a user segment.
Elements of system decomposition are also considered a system. For the
purpose of this standard the system can be any element at any level of
decomposition as defined by the function tree or the product tree.

ECSS Space engineering : System engineering general requirements (ECSS-E-ST-10C), section 4.1
8



Perimeters of SE (from ESA’s standard) INCOSE's definition

SV e i ! e Systems Engineering is a ;gggggiggﬁgﬁl!gﬁgﬁg;gtg,gf:QA;mgg&g,gf!;gﬁgp;;gbgﬁglg to
~Cost !
E'Mn;g":(w'. N enable the successful realization, use, and retirement of engineered systems,
_Docmenaten E using systems principles and concepts, and scientific, technological, and
management methods.
* We use the terms “engineering” and “engineered” in their widest sense:
“the action of working artfully to bring something about”.“Engineered

SYSTEM ENGINEERING INTEGRATION AND CONTROL | f

/
1 + Product

A Deveiopmem‘\* ANALYSIS | “”;\r;enﬁcalwor;. ‘\:
:L MALT } ! Crcalty y " )
,' ‘ cOESIONAND E“”;S ] systems” may be composed of any or all of people, products, services,
‘ J |  EEE comporert information, processes, and natural elements. 2
/ VERIFICATION | \ S iﬂl

REQUIREMENTS  _homAN

SYSTEM . 2
] MANAGEMENT FACTORS | ((oaCIYURE

- Operations Verification
- Logistic Analysis

SYSTEMS ENGINEERING

INCOSE - International Council on Systems Engineering PROJECT  ,urecpation VERIFICATION s powaRE

prodeen As::r’:::e“ https: in I ms-engineerin, Nl S
[ ]-system = Interface Area
PP = pars. matene ana processes 9 10
~ — R\Y ~ W A\ ~
s VATLAIVITIVITWNREZA
The motto of SE (https://omegalpha.org/why-omega-alpha/)
Systems engi nee ring ‘j:, aPProaCh T\ % % o 7 VRATFLALIYIZFI VI DEXNLZEZS (JAXA, BDB-06007B )

Cambridge Dictionary “Think about the End before the Beginning”

Approach = a way of considering or doing something. —The philosophy of Leonardo da Vinci

HEDHIX
Since our research so far has not produced any answers to this problem, we —' D %Db, TSystemOretirement £TEXLIL, WHBFICo 4
need to adopt a different approach to it.

ExA, POA

In September of 1513, Pope Leo X said "This man will never
accomplish anything! He thinks about the end before the beginning!”
(http://www.bibliotecapleyades.net/davi/davincicode_fulcanelli03.htm)
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Preconstruction Planning

for Large Science
Infrastructure Projects

by William L Miller, Ph.D.
AAAS S&T Policy Fellow NSF
Large Facilities Office
25june2009

Objectives:

#1 Compare processes and
practices for preconstruction
planning of large science
infrastructure projects, at
NSF, NASA and DOE.

Development process crosswalk: Terminology and alignment

Pre-conceptual [ Conceptual Preliminary Final Design Construction Trans/closeout
% Plannlng Deslgn Design 1 9 1 Operatlons
DOE'SC cno cn1 Acoz Acnz /Ncp4
Ref: DOE 0 413.3A ORRIRA
CDR  Conceptusl Design Review IPR/EIR
ER - B Inepentent Revew (OZCH) Sitca Desison oD s
FOR  Final Design Review prove mission need
PR Independent ProjectReviow (50) CB1 Aopove Atsmatvesaelecion & cost ange
ORR  Operations Readiness Review CD-2  Approve Performance baseline
PDR  prelminry Design Review D3 Approve Construction sart .
RA  Readiness Assessment D4 Approve Operatons start **CD-0 IPR and CD-3 EIR for >$750M projects
F - "
Pre-Phase A Phase A Phase B Phase C | Phase D Phase E
Concept Concept & |Prelim Design &  Final Design & ety .
{ ! Integ & Test,| Operations
Studies Tech Devel _ITech Completion Fabrication* e
NASA-SMD /\kop-a /\kop.s /Nkop-c A /\kop-0 AKDP e /\
Ref: NASA NPR 7120.5D MCR MDR PDR CDR SIR CERR
COR  Ctca Dssign Review o Gprten s Rev\eWSRR ORR LRR PLAR
CERR Critical Events Readiness Review PDR  Preliminary Design R Key
FRR  Fight Readiness Review PLAR  Post-Launch Assessme«l Review  KDP-C Approve Imnlemenlalmn “elongated to visually align NASA, NSF & DOE.
RR  Launch Readiness Review DR System Defiion Revi f !
WCR  Misson Concept Review SR Sy grten R edquivalent events. Sequences on this chart do
VDR _ Mission Definion Review SRR__ System Requirements Review not represent typical o relative phase durations.
T T
NSB Approved
NSF ] Horizon planning and Preliminary Final Design Construction Operations
) Conceptual Design Design P

NSF YA\ A YA\
Ref: NSF 0738 CDR PDR FDR Ops
0 Gt ey v e S ~ v
PDR  Prelminary Design Review PosLPDR  Approve submission to Nat. Scence Board (NSB) Review Decision
Ops  Operatons Review PoSLFDR  Congress appropriates MREFC funds

Post-Ops  Approve Operations start

27

WLM Rev2.05052009

HRBEE

. Mission = {3 P EMm
. Missionlgd =2 DER%Z2D
MEREINRZEE
(2 BBEICEATWLATED
B)FENSHIAMCKHSNTWNS
(=&E World Wise Web)
FEBOIv gy, EESHE
F(MITERMNEMIMN TV,
ERFERIRAEDHBAICH DI v >3
ViE(M+2)DEK, Znid(3)H
Wi dE 9,

Mission, Project, Program

* Project
* A temporally endeavor undertaken
to create a unique product,
service, or result.
(PMI's PM BOK)
* Program
* Related projects, subsidiary
programs, and program activities
managed in a coordinated manner
to obtain befits not available from
managing them individually.
(PMI’s PM BOK)

(Projectld, AXAIKBIIZTIOVII NDERERERD)
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Comparison: Structural factors

B DS

$33.8B DOE
0) W” Secretary
Management
Support Office
Project @ kAl =1
——
program HERE & s488 UnderSec

Office of Science

nTtwa,

BINEEREEZ1TS Prograrr; offices ['opa |

Review Panel(d, ......, Divisions
70 7\‘ ZLLXNILT FPiDs Laborzlnories
=QI'"E é n—( W % o :...........';'.;‘.).jlects

$17.88  Nasa $6.5B NSF ... NSB
Administrator Director
— —1
Chief Budget, Finance
Engineer & Award Mgmt
LFO
——
Science Missions Directorates $6.28
$4.5B Directorate (& Polar Programs)
|
Divisions Divisions
I |
Programs Programs
I : 42 U.S.C.§1873b
J “shall not operate
$2.0B Centers Awardees  (‘shall
1 | laboratories’)
Projects Projects

“Project assurance” structures
O Provides policy

E] Provides independent review

FPD  Federal Project Director

OECM Office of Engineering and Construction Mgmt
OPA  Office of Project Assessment

SRB  Standing Review Board

LFO Large Facilities Office
NSB  National Science Board
S&E  Science and engineering

W.Miller - Large Science Infrastructure Planning
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Miller (2009)

* ILJ\

. Pre-Phase ATIZZIwv g Y OBMN, ERFER (77—
BEEELEHTE,
SyyvayvayvteIhEEDHIT 5,

RA TR ETREMED 5 B IREE,
DICRETEDECBET,

REECB]

Budgets: FY 2009 plans, from FY2010 Requests NSF June 25, 2009 6

STEEBE (Pre-PhaseA) & CML

FTFUOFv—) I
RDT T —AT—

- HOWBARREZTZEZIT, VBN, LVWEBFE (Hfﬁﬁaﬁ%@%&%f?

DR, DA, BREEGESHES) LW vy

/1%/3€0
AV ETNOERE

DFHEEEEE LT, R,

e 7hzED

EOh&kWIyyg>ryarvt

ThDEZ=6HDMFEE LT, Cocept Maturity Level (CML) &
CML checklist 5 NASA JPLTEERE I Nz, (Wessen+2013)

- JAXATIF2016FICCMLZERA
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Before the beginning DEE 4 RN EE

YayvIdyveE7hDRTEET

3, SRERROAERICERR IR BEED

HB3N, BDT T —XICKRBIFERER

BARE 2, (BFHE ADSEME)

Sy yayvIdveIRpEBENE, %
H SIEIE ISR EE,

1
\=

-

$]ASZ APA/QATRIED
11 ADOEEH

FEREE; OEARZATR

o o

WEWIYyYayaAvtE &R
ENIVvYIaVENICREE,
. Product Assurance IC& T2 ER
FREAUEZ A

[fEsiam || ot || S | Tﬁﬁ [ eamng )

M1-1.2 Ay FINIIR&EEBR

[[] COEEDRSRICH > TV REREBFATERILL, £

BHTLEIN?

30

JAXA (ISAS)Ic &1+ 5CML

CML 1 Cocktail \apkm The science have been well the type of science R —
needed for ing these ions have been proposed. and a 3E D EIRNASA JPLOA Y Y FHILDOCMLE .
sketch of the mission concept and high-level objectives have been created. The essence of what JIAXADEES HZMIEABBRDT, NASAKY
makes the idea unique and meaningful have been captured. N ) '
YFITRA LT
CML 2 Initial F¢ ty — The idea is d and on the basis of feasibility, from a
science, technical, and ic viewpoint. L level objectives have been specified.
key performance parameters quantified and basic calculations have been performed. These
calculations, to first-order, determine the viability of the concept
CML 3 Trade Space - Exploration has been done around the science objectives and architectural trades Sy —REEERDODEHED—D
between the spacecraft system, ground system and mission design to explore impacts on and
understand the relationship between science return, cost, and risk (|S AS @*ﬂ,&)
CML 4 Point Design — A specific design and cost that returns the desired science has been selected
within the trade space and defined down to the level of major subsystems with acceptable
margins and reserves. Subsystems trades have been performed.
CML 5 Baseline Concept - Implementation approach has been defined including partners, contracting —
mode, integration and test approach, cost and schedule. This maturity level represents the level Pre—Phase Aﬁ; T D Eﬁ: D—D
needed to write a NASA Step 1 proposal (for competed projects) or hold a Mission Concept
Review (for assigned projects) (JAXA(D *ET‘:EF!)
CML 6 Integrated Concept - Expanded details on the technical. management, cost and other elements T —
of the mission concept have been defined and documented. A NASA Step 2 CSR is at this 3£ NASA MCRIZ JAXA®D MDR [Z3# W\
level of maturity. There is no corresponding milestone for assigned projects NASADPMSR&MDRIE, ZFhZ2h, JAXAD
CML 7 liminary Baseline - P  system and subsystem level requirements SRRESDRICGEVWHRARTH . 5T, EE55D

& analyses, demonstrated (& acceptable) margins ‘and reserves, prototyping & technology

ions, risk and mitigation plans have been completed. This is the
maturity level needed for competed missions to hold their Preliminary Mission System Review
(PMSR) and for assigned projects to hold their Mission Definition Review (MDR32

5E%, CML5APre-Phase A, CML7 A
Phase AOHOICKIEY %,




JAXA (ISAS)DCML checklist

- CMLERB=I fed Itz I il V\Woh, ANTETWEIHRENHZDH ? CMLD
XEMNSEIFTIE, CMLOFREE K< b >TWB AL TSR,

- JPLIZCML%SERT %71z Dchecklist #ER U Tc, 22D attributes Fic,
TTHLEIRERNEZRLTWVWS,

. ISASTI%, JPL CML checklistZISASD I vy gy DiFEEBRAICHHOLETE
BEL, CMLI-5lc LT, 21Dattributes, 150MDitems h 5742 BchecklistZ fERL
U, 2017&EM5ERLTWS, (S.Ueno+2021, Proc. SPIE)

CML1-

(1) BZEM, 2 BE7—%, 3) Ivyayr7—xFx7I9Fv—, @b) YRATLT7—FT7
Fr—, (6) IyYavHBRTF—*FIFv—, (6) IvYavERT—*FIFv—, (1)K
MURIIR—IX > NEHE, (8) Bifi~—Y V#SsHE, (9) BHINERMH, (10) BKEX
ANYTF=Y (1) BEiERY XS, (12) YRATFLXIVIZFY VY, (13) I 15 LIFFE,
(14) planetary protection, (15) #&FEETE, (16) FEVR—I AV, (17) EHEAH],

(18) X7 ¥2—JL, (19) WBS, (20) = v 3 VREE (21) ARk

- KXAZyYavoRtichbtzchecklistb R TE 3139,

CML checklist& BRI &E D HEE
CML (Attribute = B2 BK) OHNAE BB EE2E

1

FZUNFORE EREELVIZE) OXE
HOFICEITZIREI v Va3 v DEEE ]
DOXTEMRT S &,
BEIvYaVOEESR BEDIvY 3
VOBNEEDIREFH D WIFREFD
REY 23y gy AR L ANILIC
70-%7v>0L, BEENELTRERT S
Z&o

BEI VY3 Y TERET R - 81 - o
WHREE, TyvyavoRZEENEOBR
ZPEICLTRERT B &,

35

oY a v MREN, ARTERE
(1) IR ERE DR 2 739 ITAIRE L

(AR STEAGIE:Y

QFMRTAZEDLSIC, ETF
THSMNMCLELS ETHoh

MEEECBKODZEEEE>TWS |
CML checklist (FEZAHRLTWS,
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ISAS CML checklist® SEZR7>

Level (Attribute = YRFLIXIYITUVYT) ODRRE

2

- LHL, BICHB-T THODE, £5ULT,

EESRE UCTHRETIANE, O N - URY - programatic’iiRBNELRD I vy 3 VERAEEE
BEZ, HBENROF-—RFEULTRET 2,

BEEHNOZEREE IR N - YRS « programatic/RREDED/NZ VY R ITH>T, BHOI v 3
VP—FFUFv—, VAFLT—FIVFvr—, IvyavBBET—F¥7/Fr— 3IvvaviER
F—FIVFv—ICDOVWT, BNTWVER, $>TVIREBRENICHRT 2,

(checklist 5-3-2D)RX—ZAZ A ¥ F—F TV F v —%HBRT 27 T VX TLOEDERDKERRED
MUEET B &,
REIvYaVIERWTIRERER U AFNIEHSBVWREELRIZoutput NIFRES N TH D, EEHK
DIV IVT7—FTIFv—, YATLAP—FIIFv—, IvIavBR7I—F7IFv—, IV
VavEBRAT—FIVFv—OBONL—RIRITANETLTWDZ &,
T—FTU0FvDRL—RRITAICEDRATZIVv YV 7—FT70Fv—, YRATLT7—FIV
Fr—, IVVaVHERT—FTIVFr—, IVvIVIVEBAT-FIVFV—ERET S,

Phase ALBED Y R F L XL Y I=F7 ) v 5 DAt (Systems Engineering Management Plan) A%
ElhIhTnd,

34

BHbhIC

. Think about the end before the beginning EEhh s &, DI &l

bh2IET RN, &h, end MM > TWBREST ATV IATIERW,
EWSRIGAIESTLKBZEHHDET, (BE\EIF end ZESEKRT DD
DOfEIRE, cf BHMABDHBRFES. )

AR EICKIONEMN A
55 EBRICEWEKLLHNFT, SEIFINZEITDIZDICENR
approach®—>7T79,

- SEDMERET B HICiFE, b YTINYR—IAY MDERBAVYN—ICEDSD

FEE T, SED approach RELTWE I ENRETTY,

- SEORZIGHEHICEIDEBZD KT, RXARICIFRXAICH > cSENDE

T, ThZzfE>ThwihiE, EEXZTVWED,
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BHRZBK OV TRBEBEMNETIEILY,

Please tell us your impressions of the information exchange meeting.
IOOZTITIRE LR EEEGRBRITENELT, SKA-JP ATOEE A, I—0Ov/ TH
BRERXOZa=T4IZ8MTHE, COLIGD VR LICERHEOEY—ERZITIREDSN
PEBMANDMADDLGENEEFERICBROET,

FrEDBGRTHETELA o=,
SMTEEHATL,

AOAENHI-F-. SMTEELATL,

SpatialChat T, ANEYY T ILICHRABE TETEARA2/=TY, 1HEI[L ZOOM FZIF[EDZRFTLY
FLEA EEBPDOHIFEAERNETIBETEY . BRIV ILELA. 2BBLTHENVE
(T TEMN2=TY,

FryMNR—LYHARIZRFETELIDTELY,
WHEELIEFRICERERTLENSE RN TET LD TERLZET,
FAAUHDLULNENDTEBHTOAZHFER IO ELNEL, 3D LIENRR—RTLLEIC
BAESCHLLDANEBEDT—IavTHITEWNVEREIZELIDTIE?

SpatialChat Z#)& TARERLELT=AY, LD DN IL—T TRAREEENH EIHEENETHELM
21=TY,

JE—FTEH1=H 3, 4 ATODVARERRBIEET. RASTOERRBOLSTH T,
HELENTHETESL. COLIGEBRRMAENTRICESTERLIMNERS

special.chat LWLV VAT LETHRIWNTT . HHEBTLALAEREWLHYINESTIVELT=,
—ANRAFICEYTELELTEENELFEL,

Good.

BRORZNBICEKEF >TN -, ALEBECREICEmL TV ALENTEL-DIZEMN S
f=o

Fr A TA V=IO TES A REFRLGELD o1,
ERICIABEZLTWAIOILREBEILOIZA, —DDRERIZEZLDBEYTHYDANSHTDFERHR
OTFRNAREZTBITTEEE >,

EFERIGE DD EFHE THE TELAoT=,

SpatialChat Z/FFATETHY . WOELDEBYRBRICRERE -HEEE. £F-T5/X— AL T I
A= =23V TERIEN R E D otz BERALDEMZE R (TR TNIEESEVOKR FIZHELT,
Fi-EaSa = —2a Y—LELTESREFRAL TV EZE 2L,

thDRFBOEBRTSMTEEFEATLE:
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Spatialchat Z#)SHTHIALELIzA . ALIZF2F DBREITSMLTVNA LS TELEE TS

FLIz, BoTWERBLR(E TRELHIZTHEIMETL -,

HEEADER., EHHUYNESTENET . AN BEETLE ALESHEHEAE. B DFR

B9 5700/ THFESTHI-LERWET,
HIEEZERBLTRREDOMENH LA ETERIN-EBNET HEADERR. RBITHYMNED

SEWELT =, ERAFFIC, P2 [EYRADRELERBL-RE T BHROESANFEETSM

TERVDHPLEETL Rz, BOOFHUGEL T, BIALERWNTELDEELAICLTLET,

WBLBLALEEE TELASI T BABTT A,

HEBATL, #HIREI0Y,

SpecialChat ZE5F TREMNGRENBIREIN., FBELEVWATEATREZT SR B
AZ off LEEEMARALGVDTELDE>NMTZEDDHNEHLL, BEAHGER TELTLEIADL
A BRTE

F BIELET BLARESNGUORBEN 2 BAESN-CLET. 2 TORKRANBICHLTEE
SELITTIHRYBVDERSZEMOICEAHEDRIICEESN . RELMoT=,

MBITHELG N T=D . — DR (BH) [EHoT=. FROBKIILLA)E—FDAM &KLY,
SEAEENA-T2 BERKIEFEAESMTEGA) Sz 1 BEIZELTIEWLWAWASEE TEMN o1
EES BHRLIO0FT T THFEYRARH LGNSR TR AFEE TRAMN AERIZLLGE->TEMN oz, FA
[& SpatialChat [EMEYLINER SF=AY, SpatialChat [FIE DM T HIEESIEWLF=HEELAMFIZ<H >
EVSERZMOAMNGIEEL -,

HEENE =LY DD S-FRALET,

spatial chat DY AT LT EMo1=LBLVET,
RARAE—EyavDEIGIENT VAV TRESNTOT OV ER TERREBICEKIENT
Tt 1 HZOLMATEIRERTEILFE NS, T BEICENHRITELEZRNESDD
L TE,

# B firefox TEEMNSSMUIZLETE-, chrome ANTHI=DTESLEDH,

(2R)OIFY ., JRIELNFISNENSECANHI=KIIZBNET,

(1 EBE)EHSMLIZCEEHY . RREI—DHZLBEVDTHERLTEABTSHLMNST BFEHIH-T
WA ATHEWNEELMNT DM o1,

BRIV UNDIAAVITT D, COXIGKRELIRR T ThRAGHEAZLGEAORHIE. KE=o71=
CEERBVET HEADERK. HUNESITITNELT,

HEYERRERINLEMNOI-HEEEL T, zoom DRRYLSA RS LF—/\— TUr—MZEVIIL
FL1z, BH21=TY,
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DE—FTIA. CNIEERFENEDONDEFBBELTOERATLE JE—FDHFTIHETER N
AATL = 1AM TEZRLGALRELT@ERELVDIIYL) BRERD T, TORICIERE
PYRY TESIILGRENYNTEDEEZHAFLENTY,

REFTOYANLLS MM o1,
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SEB/LETET—IDBHYELELTRALEIL,

Please let us know your expected theme in future.

DURD I LBENKRTL, BN TOIALEVWEBNAYLI-DOTHABEEHKLZ2(IVTH

ENS-DTINDLTHREL-ABIXEEKEN =TT VATLAIVOZTY T DiELEER

BLIA =D TYDNEBN oD THELHRTREFHNEERLEWERBWEL, EMSEIC

FOTIFHELLVABTLHYELED . KIEKDEEF. BAMIZIE—EIZERDYPTVRAET—<IEH)
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