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Weather radar

Hardware QC by Manufacturer ( Mr. Inoue’s Lecture)
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Application Field : QPE

Source : National Institute of Informatics
as example of QPE Application

Japan Radio Co., Ltd Bangkok, Thailand, 5-13 February 2018
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My Profile : Katsuhiro NAGAYA

1951 Born in NAGOYA-city, Japan
1959 ISEWAN Typhoon(Vera)
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History of Disaster Damage in Japan
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Examples of Landslide Potential Index for Local government

Every 1h . ® Past Present ® Férecasting

As application of QPE/QPF

30|

In progress from the start of falling
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200 300

Landslide Potential Index
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Contents

1. Company Profile & QC activity
Company Profile and Products of JRC
QC activity in company

2. Example of QC activity for radar in Japan
including Check by Vertical observation

3. Topics on Calibration
by using metal sphere
by Disdrometer
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For radar operation

Hardware
Radar equipment ¥
Tower(On-site)
Power Facility

Manufacturer / Supplier Portion

1. Company Profile & QC activity Communication Link ( On-site )

r System

Hard Problem
Site-Condition- -
%turallPhe omena

eck by Ver rvation

Observat|on rro

3. Topics on

by etal sphere _ _
Installation work/Adjustment /OJT

by Disdrometpr —_—

Client (Consultant) Portion Operation & Maintenance

Calibration/Analysis
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Company Profile and Products of JRC

QC activity in company
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Company Profile : [JRC| Radio Co., Ltd.

B Head Office : Nakano-ku, Tokyo, Japan
B Founded : December1915 [30)

B Number of Employees
Non-consolidated : 2,335

Consolidated . 5,571

B Net Sales
Non-consolidated : ¥90,876 M (~USD 823M)
Consolidated . ¥142,909 M (~USD 1,298M)

B Classification of Business
Manufacture and Sale of Radio Communication Equipment

B Parent Company : Nisshinbo Holding Inc. NHSSHHNBO

Japan Radio Co., Ltd Bangkok, Thailand, 5-13 February 2018
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JRC Sales Bases & International Business Bases

I Main Subsidiaries

Nagano Japan Radio Co., Ltd.
Ueda Japan Radio Co., Ltd.

- Athens
Japan
Hanoi e
Manila

JRC Tokki Co., Ltd.
Japan Radio Glass Co., Ltd.

JRC (Shanghai) Co., Ltd.

JRC do Brasil Empreendimentos Eletronicos Ltda.

JRC Engineering Co., Lid.
JRC MARINFONET CO., Ltd.

Alphatron Marine Beheer B.V.
Alphatron Marine Korea Co., Ltd.

JRC System Service Co., Lid.

PT. JRC SPECTRA INDONESIA

San Jose New York

Japan Radio Co., Ltd
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Products of JRC

Device/Unit/Equipment ====+ System/Service/Solution
2010’s ~
For support Client’s

Activities

FM Radio Broadcasting » Digital TV Broadcasting + Frequency Standard * Satcomm

1980’s ~ 2000's

Japan Radio Co., Ltd 14 Bangkok, Thailand, 5-13 February 2018
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QC activity in company

Control No.: QD-B1702

Issued: July 2003
Revised: May 2017

General Manager
Quality Assurance Promotion Department

Quality Assurance Outline

History: Corrected in June 2016
Corrected in August 2015
Revised in Apr 2015
Corrected in May 2014
Revised in Oct 2013
Corrected in Aug 2012
Corrected in Jun 2012
Cormrected in Jan 2012
Revised in May 2011
Revised in June 2010
Revised in Oct 2009
Corrected in Feb 2009

Japan Radio Co., Ltd.

Quality Assurance Promotion Department
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Quality Assurance System

JRC acquired “ISO 9001 Certification” in August 1994
for “Quality Assurance System in Entire Company”
including all the stages from checking on contractual
conditions through product development and
production to after-sale service in attaching the
importance to the needs of each of its customers.

In December 2009, JRC acquired ISO 9001:2008.

We will be making efforts to make our quality
management system (QMS) more complete in order
to respond to the changing needs of customers.

Japan Radio Co., Ltd 16 Bangkok, Thailand, 5-13 February 2018
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JRC Code of Conduct and Quality Policy

*The JRC Code of Conduct describes

the proper conduct required from each of our officers
and employees to comply with our management
philosophy.

* Products and services we provide are described therein as
follows;

We shall fully support and comply with applicable laws
and standards relating to the quality and safety of
our products, such as the Product Liability Act.

Japan Radio Co., Ltd Bangkok, Thailand, 5-13 February 2018
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JRC Code of Conduct and Quality Policy

 We will maintain consideration of such laws and
regulations throughout the processes of development,
design, manufacture, storage, sales, import, export,
delivery, repair and maintenance in order to ensure
the utmost satisfaction of our customers.

* In addition, quality management system (QMS) set
the quality policy of the president “quality improvement
of processes to support growth strategy”, based on
which quality improvement activities are continuously
conducted in whole organization.

Japan Radio Co., Ltd 18 Bangkok, Thailand, 5-13 February 2018
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QC activity in company

5. PROCESS CONTROL

. INTRODUCTION

. ORGANIZATION AND QUALITY ASSURANCE SYSTEM|

. DESIGN CONTROL

. PURCHASE CONTROL

. RELIABILITY EVALUATION OF NEW DEVELOPMENT

L=

. CONTROL OF MEASURING INSTRUMENTS

§. CONTROL OF NONCONFOMING PRODUCT

9. CORRECTIVE ACTION AND PREVENTIVE ACTION

10. INTERNAL AUDIT

11. CONTINUAL PROCESS IMPROVEMENT

12. AFTER-SALE SERVICE

13. PRODUCTS SAFETY AND QUALITY

14. CUSTOMER SATISFACTION

Japan Radio Co., Ltd
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Top management

QC activity in company

ality assurance
committee

Qu

ement

90
dg

Quality man

representative

Dept. in charge of
the Management

Dept. in charge of
the Management Resource

Quality Promotion Dept.

Sales and Marketing
Dept. Group

Executive, division.

Products QA Dept. Group II
Engineering Dept. Group “

Production Control
Dept. Group

Procurement Dept. Group

Manufacturing Dept. Group “

Inspection Dept. Group II

Physical Distribution
Control Group

Field Service Dept. Group II

Japan Radio Co., Ltd
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Using exhaustive reliability testing and quality control system
to deliver higher levels of safety and peace of mind.

JRC uses rigorous quality control and stringent reliability customers. We also implement the plan-do-check-act
and evaluation testing across all phases of its products (PDCA) cycle in an effort to offer products that satisfy
and systems—development, design, manufacture, and customers.

installation—in order to foster safety and peace of mind for

' Meticulous quality control system delivers higher levels of safety and peace of mind ‘

Scanning electron

i .. X-ray fluorescence
microscope =

spectrometer

B Test samples are irradiated
with an electron beam to
obtain images with several
hundred thousand-fold
resolution for detailed surface
analysis.

This spectrometer can identify
the elements from the

® fluorescence spectrum
generated by irradiating a
sample with X-rays.

R R

i J".'-I.!

Thermal shock tester Constant temperature/humidity chamber Electromagnetic shield room

Japan Radio Co., Ltd 21 Bangkok, Thailand, 5-13 February 2018
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QC activity in company

Customers’ Needs and Requirements

Own Planned Product ! Customer-specified Produc*
L J

r

Product Planning

- D : Z \
Planning of Product Realization * €—— Check on Contract

and Specifications

¥

; ; 1
Basic Design )

Control the Product Realization Process
L 4

Basic Design B

Design Review (DR)
Design Verification (DVe) w
' Detail Design

L 4

Detailed Design

l Reliability Tests (to evaluate new technology and
newly adopted parts) from time to time

Prototype Evaluation

k

Issue of Production Documentation

Note 1):
FMEA: Failure Mode and Effect Analysis,
MTBF: Mean Time between Failures,

PLP : Product Liability Prevention,
Manufacturine/ and others are introduced in the design
: % Validation of Design (DVa) process.
Inspection
* New Product Quality Evaluation Meeting
| Delivery l Responsible QA Dept.
Japan Radio Co., Ltd 22
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Contract

!

QC activity in company

<< Bidding << Tender Specification << Proposal

Project Start

I

!

. 3 y 2 Contract with Sub—
System Desizgn Contract Process Planning Project details nLral U
l Contractor
¥ ¥ ¥
Production Bond Site Surve Fix the Specification Fix the Scope of the Tower Design and
¥ for Local Procurement Work Structural Calculation
v ! ¥ v ¥
3 Submit A 1 i
Adjustment Import Process H ARy Contract Contract Tower Production
Document
EaBtory Inspeotinn Gontrol for L. Proc. & Quality Check for Local Installation Materials Ounstruc.tlon
Tower Found. Products Foundation
v ¥ ¥ ¥
Shipping —» Transpli:nr:::::cm ncul Test procedure at site Factory Inspection Factory Inspection Pre—Assembly at Factory
o I I
Interface Test Delivery to site
¥ ¥ ¥

Accounting Management

GControl of installation

System Adjustment

i

OJT

I

Testing (Data)

Commiszioning Test

Legend:

Work Item

> Work Item

Work Item at Factory

Ingpection

: —>] Delivery to Site Delivery to Site Tower Election
onsite schedule
Supervision / Monthly Installation Works =il Guality Inspection for
Progress Tower
¥*

: Gluality Control Process

Japan Radio Co., Ltd

Bangkok, Thailand, 5-13 February 2018
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QC activity in company

AFTER-SALE SERVICE

(1) Field Installation Work (under a contract with a customer)

The installation work includes a series of processes or limited processes ranging from
regular and irregular checks, adjustment, installation, inspection and testing to
verification of the functions as required by the customer after transportation of a
product to the site.

(2) Check and Maintenance (under a contract with a customer)

The checking and maintenance work includes the processes ranging from regular and
irregular checks, adjustment, installation, inspection and testing to verification of the
functions of a product as required by the customer after operating the product on site
and the work is intended for the long-time stable operation of the product.

(3) Troubleshooting and Repair

If any trouble in a product is reported from a customer after its delivery, its functional
and performance recovery is promptly executed. The repair of such trouble may be
made within or outside of the company. If the defective product is covered by the
warranty period (normally one year after the delivery), it is repaired free of charge.

Japan Radio Co., Ltd Bangkok, Thailand, 5-13 February 2018
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QC activity in company

k= Electrical Instrumentation Standard Traceability (Maintenance System)
=
zZ.an Mfr Calibration | | Primary Standard Secondary Standard Item of Calibration
Frequency
| Mfr Cal. (Cesium Frequency {5l Souit
(AT, JCSS) Standard Time
Miitte Feplt (Ex. Stopwatch)

NIST : National Institute of Standards and Technology
NPL : National Physical Laboratory

JCSS : Japan Calibration Service System
Japan Radio Co., Ltd
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QC activity in company

CORRECTIVE ACTION AND PREVENTIVE ACTION
|

Corrective action against an incompliance product in the
— stages from development to shipment,

_ the countermeasures such as
Q

[nformation & Dept.

1) causal analysis;
s 2) Making up an improvement plan;

3) implementation of such improvement plan;
E 4) prevention of trouble recurrence are taken;

— 5) the horizontal development of those countermeasures
QA Se ( to the associated processes including design,
manufacture and inspection of any similar product )

Ma
]

Japan Radio Co., Ltd Bangkok, Thailand, 5-13 February 2018
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QC activity in company

Continual improvement
Analysis of dat % .
nalysis of data

- 55| (3.2 | [s.| ls| |8
o8| [s2eg| 85| |cg| | @
: 2 a CcC = = -+~
Corrective action/ 5 202 g o g % E c
preventive action  [T| i £ [ & § 0 EP é AmmaE: " £
R o oo 5 M=t n = T g o
_ sx| |(Essc| |[eE| |9f| |€
Implementation of Policy g O o £ £ g

management S W

L Follow-up of management 4—

Japan Radio Co., Ltd 27 Bangkok, Thailand, 5-13 February 2018
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2. Example of QC activity
for radar in Japan

Reference:

“Technical documentation on the practical application of
XRAIN (X-band polarimetric (multi parameter) radar
information network) rainfall observation “

TECHNICALNOTE of National Institute for Land and Infrastructure Management
No. 909 ( May 2016) (inJapanese)

[XRAIN FREEAIDERLIEMICRET 2EETER |

F{RMEN 9095
*) The Institute directly controlled by the MLIT

Japan Radio Co., Ltd Bangkok, Thailand, 5-13 February 2018
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Toward XRAIN
(eXtended Radar Information Network)

1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

=’ CONVENLIONA| m—fp
ERERIHRR

Doppler -
P XALHAR

d—'-'_'-'_'_'-

_* Cloud radar
Polarimetric == =» |

Basic Régéarch ‘ - Practical research
For Research % R
- \ SR, Phased Aray
——— CONventional )-—b\

i L Doppier )

For Operation NERRAD MP (RH) p

;

Source : Maki(2012)

Japan Radio Co., Ltd Bangkok, Thailand, 5-13 February 2018
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Radar Network of MLIT

(Ministry of Land, Infrastructure, Transport and Tourism)
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Technologies for Observing Precipitation Amount with XRAIN

* Technologies developed by the NIED were put to practical use as a radar observation network by the NILIM.

* It 1s necessary to have advanced knowledge to convert the values observed by the radar into rainfall amount. Besides the both
institutes, committees organized by hydrometeorological scholars, construction consultants, radar manufacturers, and the MLIT are
collaborating to develop a highly precise rainfall conversion method.

* NIED: National Research Institute for Earth Science and Disaster Prevention
NILIM: National Institute for Land and Infrastructure Management
MLIT: Ministry of Land, Infrastructure, Transport and Tourism

Initial development

stage of MP Radar
(NIED, 2000)

Under instruction from research institutes and
committees, the MLIT technological department,
construction consultants, and radar manufacturers
collaborated to build the XRAIN system.

Committee composed of hydrometeorological
scholars, and radar specialists.

Source:http://www.mlit.go.jp/river/pamphlet_jirei/pdf/xrain_en.pdf?0930

Japan Radio Co., Ltd 31 Bangkok, Thailand, 5-13 February 2018
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From Installing the New XRAIN Radar to Observation of Precipitation

* When mstalling a new radar, the MLIT and NILIM consider the location, adjust equipment , and verify the
observation accuracy together with construction consultants, radar manufacturers, and commuttees of scholars to
achieve highly precise observation of precipitation.

Ty MLIT NILIM
e e Consider the location of radars to observe target area appropriately.
Consider various conditions, such as observation altitude, influences of mountains, and
B interference with other radio waves.

Manufacturing, installation
and initial adjustment of
radars

Radar Manufacturers MLIT NILIM

Manufacture radars and install at the locations.
Make the initial adjustment.

¥

Conversion to ramnfall,
combine multiple
radars

\ 4

Verify accuracy

L 4

Operation start

Construction

Consultants MLIT NILIM

Configure the algorithm and parameter to convert observed radar values to rainfall amount
and combine with other radars.

Construction Committee by
Consultants scholars

MLIT NILIM
Compare the value between rain gauges and radar rainfall when it rains.

Consolidate the verification result, consult with committees of hydrometeorological researchers,
and verify the accuracy of radar rainfall.

Delivery start g\ -ce:http://www.mlit.go.jp/river/pamphlet_jirei/pdf/xrain_en.pdf?0930

Japan Radio Co., Ltd
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Flow of QC for Radar Products

Hardware Adjustment/Tuning by Manufacture

’—ﬂ— * Tuning of MTI filter
Point out problems i
@ " Check of Waveguide—Loss etc.

Rainfall Data for Confirmation

7\

by manufacturer

W\/alidation of Radar data Quality | 2o

- Confirmation for PPl image

B

Yes

Rainfall Data for Identification of Parameters

Determination of operational Parameters

“B.G

= Kdp parameter

by Committee

Cause Analysis @ /

Rainfall Data for Verification of Accuracy

W—l— Accura&verification
=

7

- Rainfall data
- Merged Radar Image

Dissemination of Products

Japan Radio Co., Ltd
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Radar Calibration

1. Solar flux measurement:
Monitoring the receiver sensitivity, differential offset of

the receive path (ZDR), antenna pointing accuracy,
beam squint.

=

» ,° 2. Absolute calibration:

rF

& . Using measurements of Metal Sphere and

Disdrometer.
Q}:..-
| wam Disdrometer

3. System differential offsets of ZDR and ¢!

Birdbath Scan at 90 ° elevation Using measurements of an operational birdbath scan at
90° and the detected solar signals in the operational

The key assumption of the method is that

: ; : scanning.
ZDR is zero when looking at falling
raindrops from below.
Japan Radio Co., Ltd 34 Bangkok, Thailand, 5-13 February 2018
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Result of Vertical Scan #1 Asite: x-POL MLIT radar

Before April 8, 2011
Radar Reflectivity Factor Radar Reflectivity Factor ‘
r _ E 4 SD:0.306
"7 Weak Rain
v o ’
on &0 120 ﬁ"@ 240 0 kLD 360
.| Radar Reflectivity Factor .| | Zdr :
i Z(H) N Z(V) g After April 18, 2011
& a ~ Improved
R A T R T

Japan Radio Co., Ltd 35 Bangkok, Thailand, 5-13 February 2018
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Result of Vertical Scan #2

B site: X-POL MLIT radar

Zdr ddp Before April 28, 2010

10 10 H:‘I " '.'l' |I Y if:'“ !"lf ;"'.ﬁ "1‘#}' gnl

ER Zdr @ ‘Till‘ |-||.|.11 I,‘*‘fkﬁh "#Ilﬂk 'IJIH lll*llhhll ;p:;l:

2 8 : "” 'h' 'lgv. Hi..;| ﬂ.'-l'“ i

] T_bllu; i I .“' ‘ -‘l' |‘| ! I||| .“ |h'l|‘mgre;|E|

LN |98} a _i'll:l ’l wlld ' r)ﬂ-::'l ;'"' , t I| 'In":':lgl II J-.'I:.I‘: ?E

After May 24, 2010

a 1 T {uiegres)
L] - ! L/ l |-‘JBZI55 &4 i " ‘:iz
TR o L X 5 e o M e ol e
| [T ] i 1

4] é 120 .'J ‘-‘!ﬁJiESJ 2"10 !lIJD ) 3:@3 B [+] é 120 J", 1:.1‘[9?1”5.' 2‘;0 3-'00 ’ 3:?0
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Criteria for Vertical Scan Data

Based on measurement

1 *%x%
Site For POL radars in 2010

Zdr (ave) within =1.00 dBZ

Zdr (SD) less than 0.8 dBz

¢dp (SD) less than 4.1 degree <

phv (ave) = more than 0.93

phv (SD) less than 0.045

Tentative Value for Trial Observation period

Japan Radio Co., Ltd

Bangkok, Thailand, 5-13 February 2018
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Example of Result for Vertical scan

Stte ™ 4/8 1/23

Zdr (ave) -4.304 g B A
Zdr (SD) 0.306 0.287

¢dp (SD) 0.978 0.842
phv (ave) 0.990 0.991
phv (ave) 0.005 0.004
ANT. Rot. (rpm) 3.5 3.5

C site: X-POL MLIT radar
Japan Radio Co., Ltd 38 Bangkok, Thailand, 5-13 February 2018 |
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Procedure of QC for Radar Products

Invalidation for Data in Mask area

4

Invalidation for Data near radar

L=

Invalidation for Data near noise level

a4
Invalidation for Data affected by GO

4

Correction for folding data of ¢dp

Invalidation for incontinuous data of @dp

Invalidation for Invalid data of p hv

Invalidation for data in shadow area

v

Invalidation for Point Echo

Japan Radio Co., Ltd 39 Bangkok, Thailand, 5-13 February 2018
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Example of QC activity for radar in Japan

Check Point for PPl observation
Continuous value between Short and Long pulse
Suppression/Rejection of Ground Clutter
by Selection for Elevation angle & Mask area

Japan Radio Co., Ltd Bangkok, Thailand, 5-13 February 2018
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Improvement of Discontinuous in ¢dp data

Phase shift by difference between Short Pulse for near range and Long pulse

Before Tuning  4/8

R |

After Tuning#l 4/23 After Tuning#2 15/92

-kj- i - ——

s - - T -

(o - =
-

) i
s ;
i Soagree)
T

>>> |mproved Data

D site: X-POL MLIT radar

Japan Radio Co., Ltd 41 Bangkok, Thailand, 5-13 February 2018
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Zh-CORR. Radar Rainfall

— === e

ik
3
. x
i
s O
-. o
S {
y
e -
¥ i

Additional shadow area

L T o PN

Grey : Registered
Shadow area

Adoption of Mask for Shadow area

E site: X-POL MLIT radar

Japan Radio Co., Ltd 42 Bangkok, Thailand, 5-13 February 2018
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Example of QC activity for radar in Japan

$dp | Prv-NTI
W

Calcuration of Kdp Calcuration of Zh and Zdr
Zh Zdr

W

W L d
Kdg__,il »| Initial Correction for Attenuation
\ Y
Correction for Attenuation by Kdp f¢ Zh l
| Kdp |
F
Final Correction for Attenuation k—
‘I
Determination of Radio
fh
wave dissipation area
. L ] .

Calcuration of Rainfall rate (mm/h) Calculation method without
Z-R relationship (B, B)

Japan Radio Co., Ltd 43 Bangkok, Thailand, 5-13 February 2018
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Example of QC activity for radar in Japan

Example of Accuracy Evaluation Index

Regression coefficient
N =
> ()
i=l

) .
2.(x)

a=

Correlation coefficient
N
Y (¥ —F)x, = %)
N = 3 R 4
2.0 =37y 2 (% -%)°
=1 =l

Total rainfall ratio

r=

Route mean square error

N
RMSE = J % 3 (v, —x)
iV iy

Xi : raingauge (mm/h) vi: radar rainfall (mm/h)

Japan Radio Co., Ltd 44 Bangkok, Thailand, 5-13 February 2018
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3. Topics on Calibration

Calibration by using metal sphere

Calibration by Disdrometer
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Radar Calibration

1. Solar flux measurement:
Monitoring the receiver sensitivity, differential offset of

the receive path (ZDR), antenna pointing accuracy,
beam squint.

» .~ 2. Absolute calibration:

(] 3

Using measurements of Metal Sphere and

Disdrometer.
Q},«..-
| am Disdrometer

3. System differential offsets of ZDR and dp;:

Birdbath Scan at 90° elevation Using measurements of an nperatiqnal birdbath :scan at
90 and the detected solar signals in the operational
The key assumption of the method is that scanning.
ZDR is zero when looking at falling
raindrops from below.
Japan Radio Co., Ltd 46 Bangkok, Thailand, 5-13 February 2018
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Height

~120m‘ Calibration by using metal sphere in 1979

Height
~100m
GL70m I | 4 HORRICET T!!M;Eizm |

> N 0364 1T Z . A |Z|
== GLBOm - ot EILLIET EETRET " |;|

I=r= A 4 ® ELLET2 DA
73.5 Q,
E"SFH ﬁmzr&rsf?—
32m % q
.' Yan
309m W Sli7eHT3 \
26m ‘
N B oy
1 3 m f?}_é BTy G ko
D R I—
m
n {Z B
0ra40 480 720 960 1.38
E-IHI m m m %—rf FIt @ e ERLLTHTE
Yol T s =R = EEE] ——t200m

Profile
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Calibration by using metal sphere in 1979
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Calibration by using metal sphere in 1979

Positioning
by Prof. TAKEDA

The Result was not published !!

Making of water film on radome

Recording of A-scope Image
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Example of Similar Calibration

ANNEXES OPERA-3 Deliverable OPERA 2012 _04
v - 0
L hay , \o—a
ST A
|
I| ’
& || |'I
) b
€ © . | ,'
. B |
V) ® |
Vﬁ'
UB:BIJ U?:Dﬂ 09:30 10:!]0 ID:EIJ
51 Bangkok, Thailand, 5-13 February ZOE
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Calibration by using metal sphere in 2012

Metal Calibration Spheres

Diameter Composition Manufacturer Cost Spherncity Ma:;lmum
DR
o aluminum coy e $400  0.005”in 6” <0.007 dB

Spinning Co.

12% aluminum Trimillenium Cormp. $722 0.5% < 0.043 dB
: COLN LABORATOR
Source - ﬁiSI:IACHUSE%‘T‘l:]I:;T[TU‘IE OF TECHNOLO(?‘:
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Calibration by using metal sphere in 2012

Neoprene

balloon
(~2 meter diameter)

Prevailing wind
(less than 1 m/s)

w

| - .

Qo Metal calibration

[«

= sphere

o (6" and 12" diameter)

[{s]

1

(=]

N

.
ation of KOUN with Metal Spheres - 19 LINCOLN LABORATORY
1310112012 MASSACHUSETTS INSTITUTE OF TECHNOLOGY
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Calibration by using metal sphere in 2012

6” Sphere Signal versus Slant Range

50
451
40
Qs Z., 2, and Z, (Pulse-to-Pulse) for 6” Sphere
230
%25
5 50 1
15}
10 45 Tu” l M ; f | \Ir\ A i fﬁ‘ nil ! \ f \ M A 05 ~—
\“ L« /\/ Mk ﬁiw”"/\; A 1’: ﬂﬁw’f\{ M‘Q el A A8
% 2 4 6 8 10 12 14 — Wv \jnt V WW . w\mﬂ%\m{\w \’/ WM V ‘ ‘N‘& f \WM} E
Range (km) E 40+ ‘ 1 . - 0 =
= | ' ‘ °
£ a5 05
12” Sphere Signal versus Slant Range k] e
4] | ©
= il =
& 30| §
50 —f N Il 5
[ f;:" | i L | I ‘5’ I} HE
s 47 49 51

Time (s)

Reflectivity (dBZ)

Source . LINCOLN LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

i i .
0 2 4 6 8 10 12 14
Range (km)
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Calibration by using metal sphere in 2012

Theory: Z=(8A*/0 ¢ h 1 |Kk]?) r’/R? mm6/m3
A =11.08cm
0= ¢ =095deg = 1.66 x 102 rad
h=1.50 us

2 =
6” sphere Ikl 0.93

R = 3400 meters

Z= 17200 mm®m?3
10 log Z = 42.3 dBZ
Predicted | Measured | Std. Dev. | Predicted | Measured | Std. Dev.
Z (dBZ) Z (dBZ) Z (dB) Z,: (dB) Z (dB)
6" Sphere 423 425 047 0 0.25
12" Sphere 48.3 46.7 0.36 0 0.20

Z, offset biased negative

Standard deviation based on 128
samples

0.43 dB standard deviation on Z,,
pulse-to-pulse for 6” sphere

0.33 dB standard deviation on Z Source: LSwouiAsoRATony
pulse-to-pulse for 12” sphere
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3. Topics on Calibration

Calibration by using metal sphere

Calibration by Disdrometer

Japan Radio Co., Ltd 56 Bangkok, Thailand, 5-13 February 2018



£ 7‘ WMO/ASEAN Training Workshop on Weather Radar Data Quality and Standardization

Accuracy of Rain gauge Data
especially for comparison to Radar data

Tipping Bucket Type Rain gauge Unit: 1mm
Every 1hour

Casel Time 1:.00 2:00
Rainfall (True) 0.8 0.3
Raln gauge ‘ 0 1
Radar 1 0
2 SN = —
" .00 2:00 \
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Accuracy of Rain gauge Data
especially for comparison to Radar data

Tipping Bucket Type Rain gauge Unit: 1mm
Every 1hour

Case?2 Time 4:00 ... 8:00
Rainfall (True) 2.8 ... 0.3
Raln gauge 2 |... 1
Radar 3 .... O
— Il
s bud =l
4:00 ..... 8:00
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Example of Radar Data QC Activity

Radar rainfall analysis in the middle of Indochina peninsular

Nattapon Mahavik'', Takehiko Satomura' and Somchai Baimuang®
'Graduate School of Science, Kyoto University

“Thai Meteorological Department
E-mail: mnattapona kugi. kyoto-u.ac.jp

i ."PI,I:I:‘ [ﬂ_] ;‘T-:ﬁ: {a] a4 ::.r::.l —_— {h).

i f- . 5 - ) ] ; ;
b

? -I

[*] L - - - - - - - & oa [ - ) 5 E b i n e i

' ® s W IO — : ST : L .
Fig. 1. (a) range-height diagram (b) topography, radar (d)
radius and gauge rainfall distribution
standard deviation ol daily mean of rainfall near
the Annam range.

Falur rurdal peer] Pt

Fig. 2. (a) and (b) before and after applying C.F of
the standard Z-E. (c) and (d) before and after
applving C F of the calculated Z-R

LB i
+HEEEFHERENE

e - o i - = Lk 13 HE e = . L3 ol =
& Ban B ¥Asa

Fig. 4 (a) Daily mean of radar rainfall (b) standard .
deviation radar rainfall by using the calculated Z-R Joumal ofD isaster R esearch @013), 8(1): 187-188
{¢) Geographical terrain and radar radius
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Example of Radar Data QC Activity

Weighting for numbers of small rainfall value
- light rain case : many

- heavy rain case : rather than light rain

30

30
4 ‘ =0.9976x
T 5 - . Y y
Q . S |
o : o
= D
Ppu)
) 5
=, S
= 2
3 E)
3 3
2 =)

L 1
30 30

Raingauge(mm/hr) Raingauge(mm/hr)
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Example of Radar Data QC Activity

Radar rainfall analysis in the middle of Indochina peninsular

Nattapon Mahavik'', Takehiko Satomura' and Somchai Baimuang®
'Graduate School of Science, Kyoto University

“Thai Meteorological Department
E-mail: mnattapona kugi. kyoto-u.ac.jp

i ."PI,I:I:‘ [ﬂ_] ;‘T-:ﬁ: {a] a4 ::.r::.l —_— {h).

i f- . 5 - ) ] ; ;
b

? -I

[*] L - - - - - - - & oa [ - ) 5 E b i n e i

' ® s W IO — : ST : L .
Fig. 1. (a) range-height diagram (b) topography, radar (d)
radius and gauge rainfall distribution
standard deviation ol daily mean of rainfall near
the Annam range.

Falur rurdal peer] Pt

Fig. 2. (a) and (b) before and after applying C.F of
the standard Z-E. (c) and (d) before and after
applving C F of the calculated Z-R

LB i
+HEEEFHERENE

e - o i - = Lk 13 HE e = . L3 ol =
& Ban B ¥Asa

Fig. 4 (a) Daily mean of radar rainfall (b) standard .
deviation radar rainfall by using the calculated Z-R Joumal ofD isaster R esearch @013), 8(1): 187-188
{¢) Geographical terrain and radar radius
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Example of QC activity for radar in Japan
F site: X-POL MLIT radar

i) i}

Regression for Weak Rain Regression for Strong Rain

Blue: Current adoption value(<35dBZz) Blue: Current adoption value(<35dBZ)
Red: Current adoption value(35dBZ<) Red: Current adoption value(35dBZ<)
Green: Obtained value Green: Obtained value

JimmeEmai
=
simmBma

T

BN el
Lol -, _ oo o T SRR T
"
i im i
=

0.1 1 10 100 0.1 1 10 100
Rain gauge (mm/hr) Rain gauge (mm/hr)
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Example of Radar Data QC Activity

CMTI

10

- : B

¢ /0D

z

Dot : observed data
| Asterisk : averaged reflectivity
for each gauge value
Green: Regression line
for asterisk value

G site:
C-Conventional MLIT radar

100
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Example of Radar Data QC Activity

Problems of regression
between rain gauge value and radar reflectivity

1) Difference in each values
- Quantization error included in rain gauge value
for weak rain
- Temporal deviation in gauge data

2) Representative of each value based on occurrence probability
Weak rain: commonly occurring >> strong rain: rare

3) Regression line for Linear value or Logarithmic value

Japan Radio Co., Ltd Bangkok, Thailand, 5-13 February 2018
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Example of Radar Data QC Activity

Z-R Relationship Kyp-R Relationship
15” ¥ I . I % ] L [ ¥ ] . ] ] ] » 160 g ] g ] Lt ] . 1 2 ] Ll ] L ] ¥
- R(Z,) i a0l R(Kop) i
. [ - -
1 & 120 °® 4 2
- 4 _100f -
g b g% ®e
N 1 X' € 8o} o ® i
T ST
0 = =) EE 60 ® =
N D i
O . O 40+ -
A 20 dy gty |
(X2\AF)
00 20 40 0 80 100 120 140 160 C0 20 40 60 80 100 120 140 160
Rdl: (mmh-1} Rdls {mmh-i}
DSD —- R DSD - R

The accuracy of Kdp method based on dual polarization is better than that of B, method.

= Source:http://www. soumu. go. ip/main_content/000526163. pdf
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Example of Radar Data QC Activity

SEPTEMBER 1965 MIYUKI FUJIWARA 591
L] ] ] ] ] ] ) L) L] ] ¥ 1
15001 . Variety of Z-R Relationships
1000 1 Z=200R"'€ Marshall and Palmer, 1955, Stratiform rain

900

700! 4 Z=150R15 Kodaira, 1972, Summer, Maebashi

4  Z=205R148 Fujiwara, 1965, Continuous rain, Miami

= 1.35 Sekhon and Srivastava, 1971, Thunderstorm,
- £=300R by vertical Doppler radar

Z=300R"-37 Fujiwara, 1965, rainshowers, Miami
Z=300R15 Joss and Waldvogel, 1970, 47 days in 1947

- Z=310R1-56 Gunn and East, 1954, for 2=3.21 cm

920
70

4 Z=400R'4 Laws and Parsons

Z=450R146 Fujiwara, 1965, thunderstorms, Miami

el ISR i N | 1 L 1 1 L i L 1=
09 10 LI 12 13 14 |5b|'6 17 18 19 20 21

Fr6. 6. Schematic illustration of echo characteristics in the
A-b plane. The classification and definition are given in the text

It is not appropriate to obtain the result of the regression since the values of B and 3 tend to
change in season or rainy stage. For dual polarization radar, the rainfall estimation based
on Kdp method is better than that based on Z-R relation. Therefore the development of QC
techniques shall be carried out rather than to estimate the values of B and 3 for each case.
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6-10 If yes, by what method does your Service monitor quality of
dual polarization parameters? (Multiple answers allowed)

(

Analyzing weak
(driz

6-7

Does your Service calibrate dual polarization parameters?

No

6

Yes

1

If yes, by what method does your Service calibrate dual

polarization parameters?

Metal sphere

Bird-bath scan

Solar signal

Comparison with disdrometer

Others (please specify below)

O=O=0

Does your Service monitor quality of dual polarization parameters?

No

6

Yes

1

6-10

If yes, by what method does your Service monitor quality

of dual polarization parameters? (Multiple answers

Analyzing weak weather echo (drizzle)

Bird-bath scan

Solar signal

Comparison with disdrometer

:ify below)

Others (please specify below)

oo =0

Japan Radio Co., Ltd
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Calibration by using disdrometer

el f

Fig. 1. Some of the disdrometers used in rain research: (a) Joss-Waldvogel (photo from
www.distromet.com); (b) Laser Precipitation Monitor (Thies Clima); (c) Parsivel Laser Opti-
cal Disdrometer (photo from www.hotfrog.es/Empresas/OTT-Medioambiente-Iberia_2621606/
OTT-Parsivel-22738), (d) Precipitation Occurrence Sensor System, POSS, (photo from www.

radar.mcgill.ca/facilities/poss.html); (e) Ground Based Precipitation Probe, (f) Micro Rain
Radar.

Source: https://www.atmos-meas-tech-discuss.net/amt-2011-132/amtd-4-6041-2011.pdf
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Calibration by using disdrometer

(a) Virtual measuring area ~ 10 cm x 10 cm
b

S
Light source Light source

Line-scan Line-scan
camera A ’/' camera B
/

6.2 mm »—;\_//1‘\
Light sheet } . e

(b) Upper light sheet

Line-scan Drops in light sheets

camera outside the virtual
measuring area

{} esoweo of

19ays ybi| 1omo")

FIG. 2. The construction of the 2DVD sensor unit showing one of
the two orthogonal light sheets and associated optics.

To camera {}
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Calibration by using metal sphere

J. Grazioli et al.: Hvdrometeor classification from 2-D video disdrometer data 2873
- ke 7 Ty T T T 7
L F § & B |;.r &
_-,,- _!. E] | n L3 &
I:*' 1 E" | td i En Kl
| | | 'y H '\ =¥ 3 "'I L}
¥ > 3 M 3 ) 2 F|
e % 1 Ta e e
1 2.3 4 5 l:|-.-:J 2 3 a 5 & Il £ 3.4 5 q,-'rrril &£ 34 5K : 1 3 3 4 58 121438 12 ad3g 0 t3 4¢3
{Small particle-lke) [Dendrite-like) {Column-like) i_GraLlpeI—lIkEi
: : . o ‘
5 5 _S-I' 5
a '] Eat ]
+ 1 F il i
1 7 2 4 b
¥ i .- 1
I ST e i 2 P R 20 0 O o T e o w2 T O D
{Rimed particle-like} {Aggregate-like) (Melting snow-like) {Rain)

Figure 4. Examples of particle images (two camera views: A left. B right) belonging to time steps domnated by a particular hydrometeor
class.
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Calibration by using disdrometer

Summary of the Characteristics of Rain Droplet Measurement Techniques.

sam | PREDWE oo oy  2Pmenniona OTTPaiivél  Lases Optical
: RD 69 . Video " :
Method ; Disdrometer : Disdrometer Disdrometer
Disdrometer Disdrometer
Impact Impact : 5 :
Principle Manual Displacement Acoustic Tegﬁii)claol . C")FE lﬁ{){_jser C_)I_E Efﬁi{“;sﬁr
Technology Technology &Y 8y &Y
Measurability of 1 20mm | 50-55mm 5.0 mm YeaKangenar 5.0-55 mm 8.5 mm
arger drops reported
Measprabibity ol 0.3 mm 1.0 mm 0.8 mm Yes Rengemot 0.2 mm 0.125 mm
smaller drops reported
Measurability of
counting the Yes No No Yes Yes Yes
number of droplets
S e No No No Yes 20m/s 11 m/s
rain fall velocity
Memsmabilstral the No No No No Yes up to 30 k] No
rain kinetic energy
Meas?ra‘blllty .Of the No No No Yes Yes Yes
rain intensity
Ability to account No No Ko Yes No No
the oblateness
Ability to sampling
continuously for No Yes Yes Yes Yes Yes
longer durations
Resxlllence to the No Nis N No No Mo
wind effects
1014 430 classes
* i
Resolution 127 classes 8 classes 32 size x 32 velocity

Temporal resolution

10 s to 60 min

* The resolution 1s defined as the number of classes mnto which the drops can be classified.

Source - Gopinath Kathiravelu (2016) “Rain Drop Measurement Techniques: A Review ”

Japan Radio Co., Ltd
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Calibration by using Disdrometer
Zable 2.7 Recorded data of drop numbers and lower and

upper limits of the respective 20 classes of diameters

Limedts of dvamcter

classes {mm) JNI0IFE  FHHR0IZ ARXAOI3 IMAAOP3 RIANON3  IANIDIRF  RLEROIY  INEIOIE
74800 75000 FE 200 75400 rSe0 L5800 8:00:00 &:02:00
di frmin) 033 Clees pom. pum. LT psiic B, p.rmi. L B
dl [rmax] 0.405 | 2 Ih % 5 b 0 0 ]
d2 [rmax) 0.506 2 [] 1 15 |5 0 0 I 3
d3 {rmax) 3.597 3 [ i & ] b I g8 4
dd {emax) ar5 4 4 19 25 | )] 9 34 9
dS (max) 0827 5 4 i % 10 b 13 54 UL
dt (max) 1.000 & k| 59 % EF (¥ ] 129 113
T {max) 1.232 7 17 52 48 48 i 210 49 381
B (i) 143 g 3 15 21 ] o 205 47 343
d¥ (max) 1.582 9 1 5 11 27 120 155 Il 118
o 1O e 1. 147 1Q O | B EE 134 132 102 141
dl | {max) 077 I i | & 3 143 133 B7 103
dl 2 {mae] 2441 12 b D I F¥ 153 76 I& L]
d1 3 {max) 1n7 13 0 0 i 15 78 28 4 5
d14 {max) 3011 14 0 0 o 7 72 20 0 0
d15 {max] 31385 15 0 0 o B 46 I 0 Q
dl& {max) 1705 I& o 0 i Ié o i i
d1 7 {max] 4.127 17 D 0 ] 0 1z | a Q
il 8 {max) 4573 18 b H E i 9 2 a a
dl 9 {max) 5. 100 19 (E D 0 0 F. 0 i a
g2 {rmax) 5.645 1 D H 0 ¥ 0 g a a

Source : Hydrology and water Resource Systems Analysis
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Calibration by using Disdrometer

Table 2. 70 Ny and A values

Zime Ny (1nr mm) Lambda (1/inm)
22/2/2013 7:48:00 p.m. 2.948.697 2.599
22/2/2013 7:50:00 p.m. 3,735.054 2.687
22/2/2013 7:52:00 p.m. 4,819.560 2.794
22/2/2013 7:54:00 p.m, 2.7 15052 2.389
22/2/2013 7:56:00 p.m. 4.398.741 2.679
22/2/2013 7:58:00 p.m. 10,300.557 2.908
22/2/2013 8:00:00 p.m. 11,668.312 3.541
22/2/2013 8:02:00 p.m. 21,994 359 4517

Source : Hydrology and water Resource Systems Analysis
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Calibration by using Disdrometer

10.00

900 -—[_I R imm FhJI

Figure 2.6 Rain intensity.

8,00 4
7 H -
6.0

500

Intensity K, mm/h

4.00 -
3,00
2,000 4
1,000 4
0,640 4 "

|||| T

74800 7:50:00

Source : Hydrology and water Resourc

RSEL s T 5000.0000 ZLigure 2 /0 Radar reflectivity Zin mm®/m”.
Lime, min 4500,0000) o f{]'l'll'l‘l Ty j

3500.0000 4
3000.0004 -
2500.0000 4
2000L0K)
15000000 -
1000001
S00.0000 A
CLOGCK) -

7:148:00 ?aOUU ;5200 f5r1-U(} :5600 75800 8:00:00  8:02:00
Time, min

mm®/m’

Source : Hydrology and water Resource Systems Analysis
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Daily rainfall (mm)

Calibration by using disdrometer

100

80—

60—

40—

20+

— Disdrometer
""" Gauge

Julian day of 2005

Figure 1. Comparison of gauge and disdrometer rainfall measurements from 09 April to 22
November 2005, excluding the periods from 3 June to 1 July and from 25 August to 30
August. The daily rainfall (left ordinate) and accumulated rainfall (right ordinate) from the
gauge (dot line) and disdrometer (solid line) are shown. Two heavy lines on the abscissa
denote two excluded periods.

=)}
o
o

3
S

Accumulated rainfall (mm)

200
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Calibration by using Disdrometer in 1989

@ @

Source: Experimental Observation by
DND multi parameter radar in Kyusyu area

Manufacturer Heterogeneous radar system
M: Antenna & Polarized wave switching unit
J : Transmitter/Receiver & Power Facility
T : Data processor & Display Unit

1075 17: 21 6 /16 11:35 B /24 0 : 21
1o'—BG=9.4 RR= 24,0 10'—A6=5.7 RA= 22'.0 1p*—fG=0.2 ﬁﬂ:h.sl
a ik N ® —— DISDRA] o DISDAC
k=2 =——— RADAR N ——— RADAA

7 107} 4

d(mm)
Case 3 —_—
Bangkok, Thailand, 5-13 February 2018
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For Next Stage

Important Remarks

1. Company Profile & QC activity >> Hardware Maintenance
for Operation

Company Profile and Products of JRC
QC activity in company

2o ; Successful Example
2. Example of QC activity for radar in Japan by Consortium &

: : A : Expert opinion committee
including Check by Vertical observation with manufacturers

3. Topics on Calibration >> Composite Image
by using metal sphere Data Exchange

_ nation-wide & International
by Disdrometer

>> QC for Accuracy
Improvement
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