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Nuclear Disaster
Radiation Map is Essential

• Contamination

• Exposure Dose

• Evacuation

• Decontamination

（taken from http://ramap.jaea.go.jp/map/map.html）

http://ramap.jaea.go.jp/map/map.html
http://ramap.jaea.go.jp/map/map.html
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Monitoring Post

Nuclear Power Plant

Monitoring Car

Data Center
Web Page

Display

Display System

SPEEDI Base Camp

Local Government
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KURAMA



KURAMA
(Kyoto Univ. RAdiation MApping System)

• Mapping Quickly, Precisely, in Wide Area

• No Special Monitoring Car

• Realtime Data Sharing

• Realtime Visualization



System Configuration
Server/Client

Monitoring 
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Location DataRadiation

Radiation Monitor
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delay scintillation of the 335 and 1580 MHz transmissions from NTS-

1 satellite. NTS-1 is an experimental test vehicle in support of the 

NAVSTAR-GPS and was launched on 14 JUL 1974 into a 7,277 by 

7,444 nautical mile orbit having an inclination of 125 degrees. The 

measurements which are described in this paper are part of Operation 

Antarqui, named for Inca god, and was a joint NASA Instituto Geoficisco 

del Peru campaign with specific experiments by the universities of Illinois, 

Pittsburgh, Denver, and Penn State, the Dudley Observatory, and NRL. 

In this paper we will discuss the results obtained through analysis of amplitude and 

differential propagation delay data at 335 and 1580 MHz and observed 

at the former mini-track station at Ancon, 25 miles north of Lima. Data 

were also taken during this experiment in support of the NTS-1 orbit 

improvement and time transfer research effort. 

These results also have immediate applications in resolving such practical system 

problems as the contribution of propagation delay scintillation to error 

budgets of satellite navigation systems such as NAVSTAR/GPS, and the 

power margins necessary to overcome the effects of amplitude scintillation 

in the equatorial region. For example, the data taken on this campaign 

(which is only representative of the two week data span) show amplitude 

fading greater than 30 dB below the mean at 335 MHz, but little or no 

affect on 1580 MHz. These data have been scaled for SI and have been 

compared with the Fremouw-Pope-Rino Model. Differential propagation 

delays at these frequencies during time of scintillation activity were 

observed to be two nanoseconds peak-to-peak.

Experimental receivers designed for NTS-1 were used with special Doppler 

converters to generate convenient analogue data displays of the differential 

delay and amplitude variables. A special transportable antenna system was 

designed and deployed and data was recorded on chart and magnetic tape 

recorder.

Several conclusions have been reached on the basis of our analysis.

1. Severe scintillation activity was observed at 335 MHz for approximately four 

days out of a two-week interval and varied from a few dB to over 30dB.

2. No apparent scintillation was observed at 1580MHz.

3. The differential delay scintillation was not observed to exceed two nanoseconds 

peak-to-peak. The smoothed differential delay information suggested the 

existence of an anomaly in the total electron content as the satellite passed 

over the magnetic equator. This feature is not inconsistent with currently 

accepted models of electron redistribution near the equator.

It is emphasized that these data were obtained over a limited span of time and the 

conclusions are valid for equatorial-equinox conditions only.

Loss due to velocity error. (Nichols-1978, 

Fig. 11)
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Artist’s rendering of NTS-2 and three 

subsequent Navigation Development 

Satellites forming the first GPS constel-

lation, giving users longitude, latitude, 

altitude, and time. (Labstracts 15 October 

2007)

GPS

PC/Netbook

Internet/
Cloud

GIS/Visualization

Client

Server

Data Processing/
Mapping

Monioring 
Car

Client

file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/
file://localhost/Applications/Google%20Earth.app/


In-vehicle Part

Survey Meter

Laptop PC

MAKUNOUCHI
(Interface Box)

W-CDMA 
Mobile Router

GPS

Measure, Store, Transmit Air Dose Rate



In-vehicle Part

Survey Meter

Laptop PC

MAKUNOUCHI
(Interface Box)

W-CDMA 
Mobile Router

GPS

Measure, Store, Transmit Air Dose Rate



KURAMA on a Car
Attatched to 

Grip



Data Communication
Poor Coverage by Mobile Network

Fukushima 
Nuclear 

Power Plant

Service
Area



Dropbox

• Frequent Sync

• Sync under Intermittent Connection

• Backup Files Available for One Month

• Available on Various Platforms

Sharing Data Files Updated by In-vehicle PCs 



“Data Center”
Mobile & Could

Detailed Analysis



Visualization on Google Earth
Dynamically Generating KML File by Apache & PHP



Field Test with 
Fukushima Prefecture
Driving around 20,000 km for Two Weeks



Result
Confirming Usability, Establishing Procedure, 

Finding Problem
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Fukushima Prefecture
Precise Mapping for Every Municipality

West Side in Fukushima City

http://www.pref.fukushima.jp/j/soukoukekka.htm

1500 m

http://www.pref.fukushima.jp/j/soukoukekka.htm
http://www.pref.fukushima.jp/j/soukoukekka.htm


Ministry of Education, Culture, Sports, 
Science & Technology (MEXT)

First : June 2011 Second : Dec. 2011

(

/

Attachment 2

Map of Air Dose Rates on Roads Measured through Vehicle-borne Survey (Whole area)

Dec. 1  - 31, 2011 
JASMES: Japan Aerospace Exploration Agency, JAXA

Legend 
Air dose rate over 1 meter above
ground level (μSv/h)
Measurement period: Dec.5-28,
2011 

Background image: Denshi Kokudo 

*This map includes air dose rates due to natural radionuclides. 
*The parts indicated in white demarcated with solid lines on the map are covered with snow, and air dose rates over 1 meter above ground level in 
these areas may possibly be lower than when there was no snow coverage. 



KURAMA-II



If KURAMA Becomes
Small & Autonomous…

Continuous Monitoring in Living Area by Buses, Bikes etc. 

Living Area



Prototype of KURAMA-II
NI CompactRIO & FPGA Programming

CsI
Detector

Shaping Amp

ADC 500 kS/s

GPS



Hamamatsu C12137
Compact, USB-bus Powered CsI Detector

Form KSX-0045 B-1

C12137

!

! Form KSX-0045 B-1!

! !"#"$%&'"( 高感度放射線検出モジュール!
!

!!!!""""概要概要概要概要""""
本放射線検出モジュール C12137-01は、シンチレー
タと超高感度半導体検出器（MPPC）による"線検出を
目的とする検出器モジュールです。 

到来した"線をシンチレータにて可視光に変換し、
MPPC で極微弱な光まで計測する事により、低エネル
ギー"線を高精度に計測する事を可能としました。 

大容量のシンチレータと検出器、計測に必要な信号
処理回路や AD変換機から USB I/Fまで、コンパクトな
筐体に収めており、Windows PCに接続する事により、
高精度な放射線計測が簡単に行えます。 !

!!構成構成構成構成ブロックブロックブロックブロック図図図図""""!!!!!!!!!!!!!
!!仕様仕様仕様仕様""""
・・・・####線計測部仕様線計測部仕様線計測部仕様線計測部仕様""""
シンチレータ  ! CsI "Tl# 38mm x 38mm x 25mm  36CC 

検出器   ! MPPC 

計数効率  ! 137Cs / 0.01µSv/hにおいて 200cpm以上 

エネルギー範囲  ! 30 keV～2 MeV 

エネルギー分解能 ! 13%! （137Cs! 662 keVにおいて） 
測定範囲  ! 0.001 µSv/h～2 µSv/h! 下限は環境放射線による 

指示誤差  ! ±20%! 計数揺らぎ、設置による減衰を除く 

サンプリング時間 ! 1～60秒設定可 

""""
・・・・通信仕様通信仕様通信仕様通信仕様""""
通信条件  ! USBによる接続! Windows7、XP対応 

""""
・・・・一般仕様一般仕様一般仕様一般仕様!!!!
電源   ! USB バスパワー 

外形寸法  ! 63mm x 76mm x 55mm 

動作温度範囲  ! 0～40$ 

保存温度範囲  ! -10～50$ 

放射イミュニティ  ! IEC61000-4-3! Level2! 一般用 

!"##!"##!"##!"## 年年年年 $$$$ 月月月月%%%%Confidential 

C12137-01 (36 cc)C12137 (3.4 cc)



KURAMA-II
NI CompactRIO & Hamamatsu C12137

Palmtop Size!!



KURAMA-II
Placing inside a Toolbox for Handling

34.5cm!17.5cm!19.5cm



KURAMA-II on City Bus
In Cooperation with Fukushima Kotsu Co. Ltd.



Field Test on a City Bus
Field Test in Progress since Dec. 2011

荒井
南向台循環

保原

小坂



Third Measurement by MEXT
in March 2012

100 KURAMA-II Operated
in Eastern Japan

Map of Air Dose Rates on Roads Measured through the 
Third Vehicle-borne Survey (Whole Area)

(Conducted in March 2012)

Attachment 1

※This map includes air dose rates due to natural radionuclides.

Legend
Air dose rate over 1 meter above ground 
level (μSv/h)
Measurement period: March 13-30, 2012

Background image: Denshi Kokudo

Fukushima Dai-ichi NPS
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Third Measurement by MEXT
in March 2012

100 KURAMA-II Operated
in Eastern Japan

Map of Air Dose Rates on Roads Measured through the 
Third Vehicle-borne Survey (Whole Area)

(Conducted in March 2012)

Attachment 1

※This map includes air dose rates due to natural radionuclides.

Legend
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level (μSv/h)
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Background image: Denshi Kokudo

Fukushima Dai-ichi NPS
Scalability Proven

Fourth(Finished) Aug. 2012
Fifth(in progress)



To the Public

Radiation Attenuation Rate

Ready for Smart Phone



Future
KURAMA & KURAMA-II

Bike on Foot



KURAMA-II on Bike
C12137

(Height : 1 m)



KURAMA-II on Bike
C12137

(Height : 1 m)
C12137

cRIO-9076



KURAMA on Foot

DGPS
Antenna

Tablet PC

CsI 
Detector

With Differential GPS



Mapping in Rice Field
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Expected Application

Internet/
Cloud

Collecting Contamination Data

Sharing Data
with Authorities,

Laboratories

Surveys by Farmers 
for Their Own



Perspective

Living Area

Survey Everyday Precise Map

Measuring around Living Areas on Daily-basis, with Ease



“Eye” for the Area
Confirm Safety and Giving Relief by KURAMA



“Eye” for the Area

Contamination
in Mountains

Confirm Safety and Giving Relief by KURAMA



“Eye” for the Area

Contamination
in Mountains

Outflow

Confirm Safety and Giving Relief by KURAMA
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Lessons I Learned

• Disaster Strikes when You Least Expect It

• Analyze Situations, then Act BEFORE Requested

• Authorities Can’t Do Little Beyond Prepared

• Difficulties Exist in Organizing Measurement & Data

There Must be So Many Things
Control System Community Can Contribute

In a Crisis like We Experienced…
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