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Participatory Environment Monitoring
Developed with Social Media:

Action Research for Radiation Monitoring in Japan

YO ISHIGAKI
Department of Social Intelligence and Informatics
The Graduation School of Information Systems

The University of Electro-Communications

Abstract

I developed inexpensive but accurate and flexible, mobile radiation detector using
general-purpose sensor and smartphone,to address the desire of ordinary people to
own a radiation detector following the March 2011 Daiichi Nuclear Power Plant
accidents in Fukushima, Japan. The Cs-137 measurement range for the detector is
approximately from 0.05 uSv/h to 10 mSv/h, which covers most radiation levels
measured in Japan. Furthermore, the device also utilized the GPS and networking
capabilities of the smartphone for data sharing and its geographic visualization. We
opened whole development processes including fund-raising, circuit design and
performance testing for users and engineers through internet community.
Accordingly, many users and radiation professionals have joined our social-network
community where they autonomously shared measurement results and discuss
hardware and software improvements. This paper proposes interaction model
named PSD (Participatory System Development) between engineers, professionals
and users in such participatory development through social media, and also shows

field testing results for the detectors in Fukushima area.
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Figure 1-1 Nine dosimeter samples imported from overseas countries[2].
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Table 1-1 Prescribed-role model for the risk communication after Fukushima.
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Figure 1-3 Participatory system development model based on social inclusion.
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Figure 1-5 Chapter setting.



2. ;RAmIC K DE%E

21 2 BOBIE

ABTIE, BOXNTRRICHERTE., RE%Z [HE] TETIREFT LU TURTHZHK
ST BRIEHDIRZIRNRD, RTHD/\—RITI7EREHCHWNTIE, T 2-1 (TRIKDIC
- IR BERBBN(CHRAIT D ETIORMEFETREIR S -
MEADHEIRER DTz, E5(C. CNSDFFRZEA -T2V —-XEULTRATIZEICK

BBCAF TS DNAEM®

DT, 3BMUBETHENDRILDEIME - BFIREZESAALHFENBIELR DT,

2.2 HiTlE, & 2-1 (TRUTE [8BAL] S &(C, RO A THEAUERR - AAROEE
HRZIECENTUZET. BBREESETILOFMICDNTEHRIAT D, RIC 2.3 &ilcsSun

T AN—hIA DY T MDD T 7EETHCOWTEHlZRA D,

Table 2-1 Adopting general purpose and ready-made instruments on POKEGA.

xR 2-1 MRTAD/)\— RARICS TR - NAROEA

fi1 B ERT SEH RTHTRAULENS - AR
oy GMT. S>FL—4—% | RE%EHE (PIN T M1 A— )
stEs 243>

AN—bTA>
IRERTED | S RY>
-2 TSAFVOSEERER | S hEp S5 —FRISKOOE
B
e TSR 10 . PILSARAIL

>—JLR




22 I\—RD I 7s%E
AETIEE 2-1 ITRUTE T3] S &C. RPTERAUREESER - AAROEEER
ZIEICHREAL. #5U\CERRTDHEME . BEFILOTMEZRAR S,

22.1PIN J# NI A— REHDREE
BEHRAEDRRNDBARETOFMER 2-2 (CEEDHD, RTATREHELTA
A PIN T M A A— REFIRULIZN. REANVYU - N2 UFIE. EARETH
WBNBTEIHELTEGMT (HAA—Z15-) ARWP. 22FL—23a>ARREN
—REIIE o1z,

RTAICHNT, PIN T A A— RARZRAULEBRAGR. RD 5 DTHB.

HTCEAFTETDINABBRDH TR TE. HEEDORENFHEN ST B CTHDZ &,
PE - REOXMZMTHD. MMERBEREN &,

—A 1 —YANEM I BDICHIZD. EHNLRER EEMOERNTETHD &,
[RFHNFEEREECINT DIzsbDfREFT T D . Cs-134 KU Cs-137 DR HRZE N
—RARIEEITRANERL . BELTRILF—DREEEMHERNT &

5. REMEVRICDNTE, AIERMER< T LTHN—TEBT L

el

1 Typel~3 DiHE. 0.05uSv/h DIERFREMFE (CH LT 10~15 DIEEDRIEREZE Y
Do Typed~ 5 TIFZHYDOEREICK DAERRE(E 2 2 (THESNTLDH. ZNT
E—HIRS 2 F L —2 3 DR EHARD CAERMEERVERREL 12D, UM UEERRES
BEO—MEMRICS T DIMIHRAEDZ—X(CHWVTI(E. BOORERR(E 2 (CHFES
N3O EEZXSNC.
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x2-2 HRREIBEHRTE Y & O8R5

Table 2-2  Generally-used Radiation Detectors.
TEA 15
>FL—>3> AIW(CHEREENZiESE (Nal, CsI 1R E) (CERIEHRNY

123 N ERT BT EEMALTUERTRS AR, —i
[CYRTRILE— &) UL X DIEIE CABBIRIMEN 3 B T2
THRILE—DRENE <. VIRANRY NLEBBTEETE
3. WELOKERETBHOTIY LBFEEER )
PRIBRKNETHD. Ef. BREEMTEIREHRET X
N IR LD, SRR 4 (ST TN ST
B, EHNLBRENBE 25,

GMT
HAH—Z15—8)

N

EBEDOF 1 —TAICHEEHNAZHA L. BBERGHRNE
B BDERICFRET D [RENER] ZFA U TAEZITIED,
BEHROITRILF—([CRNS T EZITRDsd. TRILF
—DEEEFEN. S >FL—2a > AR ELRUTRMIEN.
#HEN)L bOEEEZFEE ST DEEEH ADEHANMIA W
ETHDIeH. BEIX MIRKICERFANSD D, Ffz. HXR

DEBEVPRINICIDMEENEILT DI ENS. EHRIRIE
MEE12D,

PIN J# b AA— R

CMOS A (A PRENF RS BRE L SE, TOH
9% BEIEHRNEB U BCRAET 3ME ) UL EF v+
— TP TECLDEIEL THET B AR, S2FL—S 3
SAD GMT EHERB ERENMES | B CyiR CBLTRILE
4B AREE(SIEE (CAE LN, U PIN T R A— R
FIR NSRS CEMICRE TS5, —RCEEkREITSS
VP TREFSCEDBREICS —ILRENTHD. EHEIIC
B - SRS, ERMRESBERL,
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2.2.2 stEED - BAFRTREADAI—KRIT A > DFIA

RTAE AR=BRTAZA 3.5mm XFLAZZT ST (WODBIAD - Ay RT
AZRADTr YD) ([CLDTERIND. RTHEDAT— T A ARGHAN(E Mok
STRIOAREET LA BUITFD 4 DDA Y "B,

1. MEHRETAICHBRRNIBELTER CPU VI M7 (2.3 BiTHMTHRANS) T
TIRDENTE DL, HEERE - BINEHTHD.

2. YAOORBIREDIRERTIDIEIRTAIY— NI A DEDEEDS 2. FFKIX
MEIIZ 5N5. RIBARE. S2FL—>3>HB KU GMT RIRESTOHEET O
wODHERR (K2-1) &KD. KAFEOYUBNIAY— KT A > ETEREIN TR EN
NNd.

3. ANX—hIAZBHNIE /) —BPCRE. L£5E 1,2 EEKRDHEEZR I DNAERED
M. EEBDHSDDIGFOBEHREZAET D EVNDSEMEDERENDZ = —X
[CHENWTIFAN— R I AHREGEN TS,

4., AY—RITA>HED GPS. BEHEE. WASHCLD., AERROERILENTI4E
E1xB. VI NITTDFEMICDONTIE 2.3 BiTHL <HBNB,

BB, 3.5mm RFLAZZT ST ZAVNSKRL IRAIY — R I A 2 (CHIGTEDN, €
D—FHT. AN—hIA>2DHAER FCIXADTDANTA2) (3#iE - HRICLD>TET
RIZOTVDes. BHBZBALT/I\SA—FZREL. VI DT 7 ETHFYUTL
—23>92HBENGD DT, FilllE2.2.4 HTHENRD,
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GMTARX S>FL—>3>hA R&HAER

S Bk =
— —— —— -
S F Z_}ij ~
Pl e o 24
oMt " e ETHAM
AI\:IP AR
\l_/ > H— i Y,
1
JULR A/DEIR alcis
R B Bl
| |
e pmb” ~NAd>
| 1
124 G i
Foril Fonil ool

AN—bhIA>2TRE

2-1 FgHRREAROMET OY JK
Figure 2-1  Block diagrams for GMT, Scintillation and POKEGA detectors.

2.2.3 r—RA & BiRiERRS—)L RTO DIY HizAXNDEA

RYIDETILTHD Typel (FA—UHBEHDTHII TS DIY v hERD>TLVz, 1—H
(& Typel OEFFHERZBA L. TIRO=Z> bFv > 57 1 —FRISKRDT —RZHF L
THMZITRRD ., BEOHBHRCHVT(E. 5—AZ/ERITDHOEEKE LT
(C 100 HAEE. #5tHiM 2 » BRREZE I IN. RIS TIEFRISKRZAWSZETS
NSZERITDENTEE, S FRISKRZEFE I DICEDECIlcld, I>EZPRX—
IN—THRRTBRDOBRR (PEZ®. =T 1 77®. TOMtFv> 5« —5F) . #1542/ -
NEEDT—AZEA L. ERICTHAEDCERZ NSO DTZHDIN T 4R EZRAEREE LTS,
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TR, WM ESDLED I EZETOAFENBLRE, MENHI CHEEN
TWBmhs, AT —RZBEUIZ, &5(C. Typel OEETI(E FRISKRDAIC, BHRERK
S—I)LRPREERBZM. Typel (CHWNWTIZ10HE - ZILER1ILIRETRAL,

AT A Typel (&, EROMP EHEMIREFIR(CHDEDRED TRHERTEEZITAL.
BS5MBIDIAN—hIAICEREITDIET. REFTZ DIY THIEITDIZENTES,
2-2(a)(b)(C. #HMITIED—8ZRT . CNSHNAMBIOFABICKD . BXEFDE AR
IFHREFT TH DN S, HFEREE 3 4 H. BEcfnflit&(d 1,850 F (X#hAAH) ([CHIRD
EMTE,

R, Type2 MUETEHBERREIYCTOS T MDESHICRBNTEZ. —X(E
FRISKR TR < FERDT SR F v UK ERZFER LA WITNOEFILICEWNTE
DIY DRBIEZS| ST H D, PfifSE%E Web L TRAIRZET. I—HICKDEM
REBUEZEEFI L TLNVD. K 2-3(C. Typel~5 OHNERRARD—EZRT,

Uy N—E>THUES
Cut off with a njpper

Pick away here with a lor e plier

(a) T —ADMMIIF*% (b) BEREME=—)L K (10 BE) OEAIFE

2-2 RTH Typel DRI =2 7)L (—EPtRAE)

Figure 2-2  Photos on fabrication manual for PocketGeiger Typel.
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Typel Type2 and Typed

=

Type3 Type5

2-3 Typel~5 OHERFIA—E
Figure 2-3  Product design for Types 1 through 5.

2.2.4 [O13&35E
IRTHEAI— R ITA > DIA DA LN DRV DIREFT TH o Ielesh. TD
SEHCHBWTIEIZ< DI ERNIMEBE LR S fE, X 2-3 (C. RTH Typel~Type5 £ TORFE
BREEZBETIVOFEZE EHD. £2K 2-4 (C Typel DEIERZE, K 2-5 (C Typel~5
DOTOVIRZERY . 185, CNSEFTILOBMREERECDWVT(E 2.2.5 BETHFLUERD,
MRTH Typel~4 (FRAX—KITA>®D 3.5mm AT LAZZT ST DA DI ASIIES
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N3N, PIN A4 M AA— ROFETD/ULRIIFER NS, TOEELETIEFEANY—KD
#>® A/D BIIEICEK D> THRET SRz, BIEAIICIHESZIBEIT DI2HDF v —7
STEOP VT EER U, — . AR—KIAZDANT A > (3HFE - #HRICL DT
2TEROTND, TITKR 24 ([TRIBED. AX¥— hT A>T EDORME LIRELH MR
[cpm/(uSv/h)1Zke. CNZETICY T DT 7AITHRE - HICISUTZ/I\SA -5 ZE
A9 3iAHxRREITDINEND DI, CCTald FEEHES r [uSv/h] EETEEE n [cpm]
KD, RDELSICEERTED.

N=ar (1)
x2-3 RTHEBETILOARRLEER
Table 2-3  POKEGA development history.

Type / Sensor(s

Platform(s) Feature(s)
Release date )
Typel VBPW34,

iOS® KIT-style
Aug, 2011 8 pieces
Type2 0S® VBPW34, | Voltage generation by earphone

i
Feb, 2012 8 pieces signal
Type3 iOS® VBPW34, | Built-in comparator IC and
June, 2012 Android® 8 pieces Vibration detection
Type4d X100-7,

iOS® High sensitive radiation sensor
Aug, 2012 1 piece
Type5 Arduino®, X100-7,

For embedded micro controllers

June, 2012 AVR®, PIC® 1 piece
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VBPW 34FAS x8

v | 1
5 - -=
D1 =28

[Vl

= N

L1

N

C D3

A4

™

)4
]

N

']'

11 =
N =
D6 .
11

N

D7 =
L1 T u =
N

D8 |

iND iND

2-4 RTH Typel DEIFEK
Figure 2-4  Circuit diagram for the Type 1 device.

4

= =00~

F2-4 FRiOS®T/\A RICHBITDHEHE) ULR(Cx I BEHME
Table 2-4 Thresholds of Radiation Pulse on iOS® Devices.

Model &eneration | Threshold[ %] a
[cpm/(uSv/h)]
iPhone® 3G - 20.0 11.82
iPhone® 3GS - 14.0 10.46
iPhone® 4 - 14.0 10.22
iPhone® 4S - 16.9 10.37
iPod® touch 2" 13.0 12.21
3" 13.0 12.21
4t 13.0 13.33
iPad® 1% 16.0 9.855
2" 17.0 10.64
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Typel

VBPW34 PIN Charge "
| >,
photodiodes amplifier Amplifier HPF Smartphone
Type2
VBPW3.4 PIN —>| Chafg.e —>| Amplifier HPF
photodiodes amplifier
: A ) Microphone input
: : Smartphone
: : : Earphone output
o o ] Power
+9V converter
Type3 Signal
Comparator
VBPW3.4 PIN —> Cha'fg.e —>| Amplifier Multiplexer —>{ Smartphone
photodiodes amplifier
Comparator
Noise
TVPE4 Signal
Comparator
X100-7 PIN Charge . .
—> —>
photodiode amplifier Amplifier Multiplexer
n Iy A
: : Comparator . Microphone input
' ' : Noise
' ' ' A
: : Smartphone
' : +9V Earphone output
[ R S— T Y
ST mmmmmmoomoooooooooosooooooosooooooooooooooooooooooooood converter
+40V
Types Signal
Comparator Open-collector input
X100-7 PIN Charge . Micro
——> —>
photodiode amplifier Amplifier controllers
) ) A
i : ' C
| : omparator Noise
: = : A
Power supply
: : +9V (DC 3V to 9V)
b e Power
T sesesesoososssooosssososooooooooooo oo converter
+40V

X 2-5 RT7H Typel~5nT0Ov UK
Figure 2-5 Block diagrams for Types 1 through 5
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2.2.5 FETIIVOFH/RERA & 5RET LD T X

Typel~3 TlE. Z>H & LT 8 EDFA PIN J4 b+ A — R (Vishay # & VBPW34)
ZEA LU, —f&(C PIN I3 A A — ROBEBYT (FEREMR (BE) Z2LFB2
ENTEZN,. —ATHBERGIBXD2H S/N LEMETFISD. ZSUhL—RATEE
BREY (CHENSDTAER. AL (CHWTIE 8 BN EITHDZEN Moz, £lcz>HD
B\HAE (85 - 165)) (CDWVWTE WIHEROAIMRERENT VS ENENDH SN,

Type2 (FFAT—AICADIZTR@THD. F/e. R (OVEM) ZHEEULRV., B
HEAX— T A AN SEEHS (20kHz, RFLABMEDY 1 >iK) & UTHRIgS
n. TNZER - FELTHRALTWS. CNld. FICEROAFINEREE > e sitmmn
SOEZRRUEEET ERD TS, UL, COEBRLEEZRENT D/HICFANY— K
T A A5 100dB ZBZ DIARETREEZH NI DIHNENSDD. ZNH EU DEFI[19](TIK
il g D7z, Type2 (& EU FEETIRFTEESNTULD iI0S®T /A XA TIFEME TSRV EAD
Mo 722, Type2 DEAALME. R HIEARIFT TR BANDEMERIASNDDH O
Jzsb. CORREE. RDIN—3>THD Typed ZHFRITDE oNFERDTZ. CDLD
(C. AX— I AZOHRREETIL - HRIZIF TR, RFEEICEK > TERMEZICRAEEN R
SENTND T ENZV D, AN — b T A AEGE T /) \A AOBECITEIREET D.

Type3 (&, EUFEE®D iOS®FT/\ARICEMEL. Ffe. Z<DI—YH1S Android®
HARCHEEMET D, D Type3 BIEFTEFI>/\L—FEBHNARESNIZSET, £2-4 (C
RUTEKRDIRYV DT D 7RITOMP N REEREFAREERD Iz, &ee 2o )L
—AER&(C(E.PIN TA4 M A A— RAKXDREATHDIRE) . 1 XZi&H I DHEE SO
TWS. B 2-6 (C. BEHR OLR ERE)  XD#RI A EERT . I/ \L—F(FIESME
EBAMEIC 2 DOBMEZFFD TH D, [EAMEOBIEIC K> THRIHR ULRZE, AR
BICK D> T/ AR EEE T DAMEH ETRDTVND, A XZRBUIEBEICE VI RD
T 7RICBVWTRAET =~ DFi#% 100msec BED/\Y I 7 ZKE T D LT Hix /1 X
ZF v ILTDRIENTED,

Typed4~5 (&, FirstSensor ttEDAEIES > ViFIRHAS 1 A — RTHD X100-7 =R
FAU. EiRDiREN /1 ZA&HEREERE L TS, T2 HORRMEIICKD T, Typel~3
TIHEHEMRZERRE (0.05uSv/h) ([CHNT 20 DIEEMD D TULVSAIERREN. 2 912
E(CiEfaeniz,

2 RFHEED I0S®T /A X(CHWTI(E. CDOHFIRR (EU Volume Limit) ZFE7E(C K DEZER
IR ENTED,
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Radiation pulse

100 u Sec
—_

Threshold == =A== oo -
g T Positive pulse
7 =

Noise pulse

/\ /\ f\ N T Positive pulse

~ ! Negative pulse
Threshold ==-f--tf-=-------

10mSec~1Sec

2-6 IREN/ A XDIRHKTFE

Figure 2-6  Detection mechanism for noise and radiation pulses.

Typed T(&. Type2 LAk, SELAHZFIAUCERLDIEZRAT D EERC, 40V i2
EOSEEZEKT2Ivoo0T b - OA) > EREANELUZ, £5ED X100-7 D7
> AR T DARAHZENRA LIRDH/ A TV REBEN 40V IBE TH DD, Typed (CH
WTCZDXDREBEERKLIENBE &SNS,

Type 5 (IR ERF A CTRIADESTILTH D, Arduino®, AVR®HBUL\E PICR®ELD
EXA DT3B I DIZHDAES 1 —I)LETRD TV EMEEE(E DC3V~9V TH D,
AR LR EIREY )« XD 2 REDT )L (A—=T>aL0%5) & D,

23 YIMD IS
AETEH AR—BIAZEBIFIRTHDOT7TUT—23>YT NI 7 OFMICD
WT. SMEBERET. PORPRRET. MIEIBIREVEICH I BREBOBRENSHELDHS.,

2.3.1 Y7 Mo 750G
Typel/2/3/4 FADY T 1 7% AppStore E/=(E GooglePlay h'5. FNEHN i0OS®

HLU Android®RAY— R IAEHADT7 T U —23> -0 TH DO O—RIBTENT
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x3., &£z Type5 A®D Arduino MicH>FILO— R(E. /RTHD Web R—= KD
CreativeCommons SA > XD THI>O—-—RIDIIENTES,

2-7 (Z. RTHDI0S®EITY T 177 [Pocket Geiger Prol MDEIEF v TF v %
RY. X 2-7 OFE@E (Main view) (&, ZRREEAELTNDS—>2THD, 57
OtéEsh LAEREORIBZRT . ER (FE) TRESNDOMRIE SNIHREDEE T
THH., ZDRBAZZED DRLTNDT -2 (F8) I loDsHEEREE R T . ZRIRE (L |
BEE _FEBC[uSV/h]DEMLRTRRSN. TLFICEFHEERENTRRSND . —M(C(E &
DK D (CREHFFE TZFRR I DREFH IRV, RIATEIHEROBETHESNE
BMRD T RI\A XTI U TERSNZ. IRTHD KD [CLEERNRRE DR VRESTDIBE.
SHEGRENINR I DETICHEZET D ENDD. LD - (Lo TREDWERN
HREN(CHERTETDIREEETH D,

2-7 De— b JEimE(Heat-map view)(d. ANX— T > D GPS #EE={FE > T,
dA—H(CL > THESNHFEMEEEN L, MK ECTOY SUEBEE CHD. 1—HH
BEUEZEWNCS T7 - aIf{iE T2 &ICKD. REOHIBNMERZJHIETD
ENHRD BB, T &S T T7IBDEHICEI—TDREEEKRDDLS(CRO>THD.
F/z. Y—/VAIC(E UDID /& E1—H DEANIERIF—UIUIE SR,

VI RIDTPICEEEEDEEDMICE. MUH—{FEAS0ORXTJ—T(Oscilloscope
mode). MCA(Multi Channel Analyzer mode). 172> ~O%J(Counting log mode). #&
B%IRE (Total dose mode)'R EERRI DE— RMEHo>TWLWD. e, BIELzO %
FEELIZD. CSV IJ7AILVEIBEDA—ILT RLURISRET DHEEHE T D. &F2-5(C.
CSVI7AILDIA - v bR,
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____NTTDOC... 3G @ 100%&E® -.NTTDOC... & 20:43 @ 7 91% b
Pro ver.1.17 Type2 RMS=0.00% iPhone 4 Mode: Shared Data T .

() oFF) ‘ ‘ (Send Graph)  [User Location J
| Indoor | ‘ I Clear | Nii _JJ"’

Elapsed time = 00:00:00
2.71 [ cpm ]
0.16 £ 0.03 [ uSv/h |

St = 60[min]

X: 15[min]

Main view (Dose-rate mode)

Y: 25[count]

. ) S P iy A |
Htantrided whssw St Hb st g vt thad bt ettt B e st
0 I L T s T e Sl A e B e e

Threshold
[fili = 11.5% X: 2000[channels]
Oscilloscope mode MCA mode
Y: 0.10[uSv] TOTAL #&E =  12[count] , 0.02[uSv]
- 1 | —
TR = 19(min) (Elapsed Time) X: 15[min]  SHAIERI = 24[hour] (Elapsed Time) X: 1[hour]
Counting log mode Total dose mode

2-7 VI oI 7OBEEE
Figure 2-7 Screen captures of the POKEGA application
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*£2-5 CSV IA—<v hTHHETNZIOTDAE
Table 2-5 Log format in CSV data.

IC1=E ETL &l
Year BIERE (6) 2012
Month AERE (A) 3
Day AEBR (B) 11
Hour BEBR (BFRE) 15
Min BEBE (9) 0
Sec BIEER () 12
usv/h #R=Z [uSv/h] 0.05
uSv/h_error MEODETEERZE £[uSv/h] 0.01
cpm 2 [cpm] 1.01
latitude GPS DfIEIRHR (F&E) 35.68684956
longitude GPS DfiIE R (BE) 139.565340107
location_accuracy | GPS DAIEIE#HR (GRE) 30
altitude GPS DfIERHR (BE) 67.468643
altitude_accuracy | GPS DiIEIEHR (BELE) 57
outside=1 HIERS (BEAR=1,FE5%=0) 1
addr FFr (S CEHEaDH) RRERMmH#REAMN s &
URL FFRD URL(BIS CE T E D)
comment X b
2.3.2 Y7 MO 7AakEsGET

2-8 ([C. ZTULT—> 3> DREEECHAITIMEZE EHD. BEDMIHRAEZ
17125 F— R (Measurement Mode) ([CHULTIE. FI Google Geocoding API (CiEfiZ
TUV A2 =3y MADRIBHZRZIT/IAD EH(C, REMOAIEIER% T (CEPTIEIRD
XF5 (B RREFE AL 0) ZEE T D, BIE UIRE. (IEBR. EPTER.
BIEFL/R E(FOY DB (CRFS. FEHIN(CHREBIROHEA DB AWeb U—/)URHAT
7w ITO— RENB. RICHE EICKREHEEZTOY b9 Ba]HELE— R (Heat-map View
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Mode) ([CHUWT(F KR UV EDOHRIDMIE C&EF%E Web U —/IARBIWEDED &,
ZOIHEE LT ERDOYT DB £DZHITIAUET —FD—ENWMDEHTNESNTLD
DT, INS5DIEIHRZTTIC Apple®@DIBE] API ZFIA L TRIFRLEITIR D, 72d Web U—
JNEDBIE(E https (CKDEES{EEINTH D, Fle. AI7T V(I AppStore 12 GooglePlay
DR EZ T IETINAZADHC UMM RAR=ILFT B EETERVDT, BEHD1—
HNINSDBEZMSATDIEETER,

2-9 (C. BMEHRAIEZITRD TLWBAROTOCADEFMEZRT . ROMEIE(CET
SNBTOCREEFEANSATZUDII—)L/\w U2 (Detection process) T#HD.
NE. XAOTAANSD A/D BfiESNZTZFIUESZYIRL. E50D RMS ORETHR
JOLRE [cpm]. REHEE[USV/h]. FHEEREREDEE/(SA—4 (1&h) Z5HET
. RIOTCROFUHUFEELTIAIN—Z2HAWDIHEEEEZSNDM. CPU &
D TZBRICAIBNNB W\ DOVR LS IR D AIE(CEREN TS HEEMN DD &S, d-)L
I\ OZRWSZ EEUTZ, ZO—)L)C\w DAUE(F 1/44[sec]C ECEITEN. TDFERE
SNTZHEHRD D> M. Be5/\w 777 Array_radiation_count (CIERIBEE SN D,

Shared
data

Web Server

Google
Geocoding API
https Shared
Address Log Data
Location Location
and Area
N

(N

| —

O O J
-
Measurement Heat-map View
Mode Mode

2-8 FIUT—2 3> OBEIFIIE

Figure 2-8 Transaction between APP and servers.
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2-6 ([TRUTZ/ A XigkaEZ Y T O T 7 ETEMNICLTVWSIEE(F. ATO0EX
AT Noise pulse DIRHEBITRAV, /A X &EH ESNEHE (FBIET —F DE1#E 100msec
BEDODN\Y I 7ZBEITDIET, B/ A XZ2Fvr > ILT D, BREFTEEEE(E. KT
IULADAI R0 [cpm]|BELUBFEE t [Min]&K D, KRRICKDTRDDZENTE
3. CCT.Typel/2/3 OZHEDIEEEL t (Z 20 [min]. Type4 TIE 5 [min]& /x> TWLWB,

n

AJ2nt (2)

Nto=n=x

PRIEZ BRI B3SO X (Control process) (354X —I(Ck>T 60 BEICEEIS
Nd. COTOtXR(E BEHEE— ROKREETIC. SEEEEHIRZTEIRT D, #HEeH
PRICDW\WTIE 2.3.3IETEHAT B,

4 N 4 N
Detection process Control process
Callback Timer 60sec.
Microphone A/D input Share mode?
YES
Noise reduction? —» Detect noise Test mode?
Calculate RMS One-time mode?
Calculate CPM, uSv/h and error Upload data
- J Ao %
4 N
Display process
Timer 25msec.
Array_radiation_count <
HEEEEEEEEELL Print dose rate info.
Draw graph

- J

2-9 JOtCXOHEHE
Figure 2-9 Processes in POKEGA Application.
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2.3.3 B RIS (CHITBERE

F2-6 (CRIED. I-HEFARTVITUT—> 3> =2 FERTDCHZ0. [EHRIEHEE— R
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Table 2-6 Application limitation based on mode settings.
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KICKSTARTER Dooover  Sun

Smart Radiation Detector

A Technology project in Medford, MA by tangible_design - send message

PROJECT HOME UPDATES 0 BACKERS | 167 COMMENTS 10

radiation-watch.org

ghtie | [HI Pz Zomora Aob Qudendihand 333 | g9 Tweet | | <>Em=ED | | htip:/ikck stpaEBSY
athers like this, 2 Teoet, o .

ABOUT THIS PROJECT

Smart Radiation Detector

We are going to manufacture and sell the Smart Radiation Detector connected
with IPhone / iPod Touch / IPad via microphone input, at a low price less than fifty
dollars by using cheap PIN Photo-diode instead of expensive Geiger-Muller Tube
to detect beta and gamma radiation. For more information about the Detector,
please visit our project website (hiip:/www_radiation-watch.org).

The actual electronic circuit is so simply it fits inside a match box or a FRISK
mint-box, except battery. The applications for iPhone / iPod Touch /iPad is
available in App Store. The Lite-version is free and the Pro-version is $5.

3-1 Kickstarter Eap7O3

BLOG HELP SIGNUF LOGIN

167

BACKERS

$15,058

PLEDGED OF $4,375 GOAL

0

SECONDS TO GO

FUNDING SUCCESSFUL

This project successfully raised its funding \/
goal on July 31.

PLEDGE $1 OR MORE

{0 7Backens

Your name will appear in our project web
page as a personal sponsor with appreciative
words.

PLEDGE $5 OR MORE

) 20Backers

Receive a file of circuit diagram, for hackers.

PLEDGE $20 OR MORE

{3 23Backers

Receive files of circuit diagram and garber
data, for hackers.

I MEE

Figure 3-1 Screen captures of the Kickstarter project
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+& 3-2 [ERD | OFMlEHEEEL (201147 A 31 H)
Table 3-2 Suggested pledges and number of backers.
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Canada

Swiss /
Germany
USA | | | —

Japan

N
N
N
N
N
N
N
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0
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Figure 3-2 Backers’ countlies.
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Figure 3-3 Investment amount trends (2011).
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Detect radiation with your iPhone
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Figure 3-4 Net news featuring POKEGA.
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3-5 ROV MAH—DRETE (BREGSET)
Figure 3-5 Fabrication process of POKEGA (Ishinomaki city, Miyagi).
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Figure 4-1 Measurement range of POKEGA Typel using Cs-137 [24].
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4-2 SERFEORRBRERS (/LT NIRKXFE)
Figure 4-2  Photo taken during calibration of POKEGA.
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Institute Number 3320408

Page 1 0of 8
Applicant Tangible_Design Team
Japan
Submitted Prototype of a Smart Radiation Detector "FRISK Radiation Meter' connected to an
Apple iPod Touch.
Software version 1.01, July 26, 2011
Calibration The use of the Smart Radiation Detector was according to the manufacturer. For the
method irradiations with '*"Cs and **Co gamma-rays a low scatter facility was used. The

primary gamma-ray beam was collimated with a conical ring collimator according to
ISO 4037-1. For the irradiations with beta rays of “Sr/*°Y a Buchler secondary
standard beta-ray facility was used. The reference point of the Smart Radiation
Detector, defined in the geometrical centre of the FRISK box, was positioned at the
central axis of the beam. The site of the box with the text FRISK on it was facing the
radiation source. During the period of calibration the environmental conditions were as
follows: temperature 20 °C, atmospheric pressure between 101 kPa and 102 kPa and
relative humidity 40 %.

Period of August 4, 2011 until August 9, 2011
calibration
Result The results of the calibration are presented on page 2 until page 5. The reported

uncertainty of measurement is based on the standard uncertainty of measurement
multiplied by a coverage factor k = 2, which for a normal distribution corresponds to a
coverage probability of approximately 95 %. The standard uncertainty of measurement
has been determined in accordance with the ISO Guide to the Expression of
Uncertainty in Measurement (GUM).

Traceability The results of the calibration services of VSL are traceable to primary and/or
(inter)nationally accepted measurement standards.

Delft, August 10, 2011 ‘/

VSLB.V. L /
I ‘ ( e
| L/ < l'/

U —

| Drs. Ing. Cees van 't Wout Frans J.L)I. B bpll/ [
| Manager Calibrations & Reference First Metrulcgist & rvisor Radiation
‘ Materials Safety -

\ VS’L?‘ consisfent with Calibration and Measwement Capabilities (CMCs) that are included in Appendix C of ive Mutual Recognition

RA) drawa up by the Intermational Committee for Weights and Measures (CIPM). Under the MRA, al parficipating insfiutes recognize

he vaiidily of each ather’s calibration and i far the quantities, ranges and messurement uncertainties specified in Appendix G
D utetretais se bt imedb bipm f)
Meisgy Tria certficale is ssued Under Ihe provision that ro lsbilty 15
1 g 11, 2629 JA Delft (ML) accepled and thal the applicant gives warranty for each
nsﬁ!, . Hox 654, 2600 AR Delft (NL) responsibility against thind parties.

T +31 152681500
F +31152612971
I wwnw.vslnl

Reproduciion of fhe complete cerificate is permitied. Parts of this
corificats may anly be reproduced afler writlen permission

4-3 ASAHERIGIERKLDRITEINZANGIAE (R4
Figure 4-3 Certificate for POKEGA specification
issued by the Dutch Metrology Institute (VSL).
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T TAEZBEMETENE,. KDBRXBEREINETE D ENEFEND,
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RIKDIC, MM—RFBEEEDSY v 1/R— RICEDIFSNZ. RTHIEITA. GPS
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Visualization

Engine
CSV-formatted data I
- Dose-rate reading *
- Counting error
- Time constant
R : oogle
X - Date and time GDOES
\/ - GPS position :
Mobile Monitoring System with Local Government Staff

iPhone® and Pocket Geiger

4-4 MUHCKDEHEE/N\AILVEFHREZSIIU>TZRXFT A

Figure 4-4 Mobile radiation monitoring system with Pocket Geiger.

X 4-5 BEANSHTAEDKRF (BSRIREEF )

Figure 4-5 Photo taken during mobile monitoring in the Fukushima area.
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/ s R

/ Fukushima Daiichi
Nuclear Power Plants
4 Y "r

/ # X% + el
OO0l me<0ZmE03mM<04mM<0EmMC0TMCIWM<Z @4 m<10 m< 20 m< 40 W< 10000 unit: usSv/h

M 4-6 HRENEEE—RTHREBMELORSHREATERR
Figure 4-6 Visualization of radiation levels

around Fukushima Daiichi Nuclear Power Plants.

4-6 (C. AERICKDESNIEBEE—RFHREMBL TCORENMORAERERZ
RY. BMEHRERFREFHREMSADI(FEBLRDIERICHIN. BUESRLETHD
THENERDBENSZ U\, HIZ(E 2~4km DT T(E. MEHREE 2~20[uSv/h]&
ROTHED, LT EERENBVNCENDND, D URED/\SDE(E, FEM -
ABE - HBEREDRBERMFICI O TESESSNLEEDIEEEZBND,
AERERZITDIAN T, #WEHIK(CH T DRI HOFIAICEAL T 2 DORENR DMz, 1
DIFIREN ) A X THD. %< DEREFMEOFETT IRIACR>TH D, £LEIENE
WDWTULVRL, ZDTZSHEHR 40~50km TED EBERICKSRMREINE D, Rowv b
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HAF—NREMEIT D ENHDfe. CDfesd Type3 UBEDRTH(CHWTIE, #RE)
ADFv ) fe R D L E/do Tz, 2 DE DR, JHEE N TH D, iPhone® 4S
TIRT A Type2 F/zl3 Typed Z&EHfER Uizima. )\ 5 —DF s (34 3 BT
2. BEE(C(F 12V O DC BEMBERAL TSN TNDENZ LN EERR., [@EHNBEEE
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AAFHTDI 1 —SEVUFTA TR

MM TOT X b TR R SARHEE L OREN S ERD M. KDIAET
DOIFEZBIETDIEHICE. —DDMEN SO, RIAI-—HDEEAEJMEEMTHE
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2 DERIRRZIEET DHNEND D, FEAMEN/REBRRIRIERMG TOEHEEZHE
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RDHBHEDE L. 2011 £ 10 AH'S, BEREREER(CHEWNT, RIHZESTZERER
BZEITD ZEMTEZ[24-25]. ERRIMRIRES R FNREEBINSH 40km (CAIEL
THHD. —SBIXIFEREXIE(50 [MSv/year] U L) ICIBE SN/ZFEIEAICAIE LTz,

4-7 (. H—7F>IT U7 (garden area). FMIU 7 (forest area). {XEEMI 7
(deforested area) M3 DDIYU T ICFHE U T 1« —ILREZHYU TSI FT A BLTF FMS)
&R . FMS (FHEE 1.2m OBGHREZBHIEF(TAFEL. 1 KRB(CHASTEHRER
>—4 CRE. TE. BKE. HRE) &iLiEd D, NS5D7—F[F0—/INEX5N.,
Web B hTRAMEND. 2013 & 2 AFE TICHET 8 BD FMS MBS, EEEM KI5
ncns,

4-8 (. ETUV TAESNIZRGHREDHRE (h#) 2 rLTWD. 1 A20BICS
PEEDIEHIEDERARFIC, ETUVOREMET L TLDZE/MDOMND, CNIFHRAT
AN ST SNDVERNES (CK D THIEL - BRUZTZH EEERASND, €D, 2H6H
10:00~2 A 7 H 13:00 ([CHMFT 97mm ORI SN THE D COEZRICBUREN
ERIDMEEAHEDHDND. CNUE BRICKO>TERIITMNEC O EeHEEZIBND.

TETz. HIRFHBERE, BOFRINEN Y (CEREL. KEHRERIRLE T DIRKH LD
nrztzsh. BICEXS—)LRZHBMR U, Feo SMUEN 30CTH > TH. RTARED
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BEN 40CZEBR. BB CL > TRIMEIDIRRMES L. BMHRIDEEZ 50CE
I OETERZIT DO/,

B4-7 H-F>TUY (). ZMIUT (). MV (H) (I
RIE AT FMS [26-27].

Figure 4-7 Sensor nodes of field monitoring system in garden area (left), forest

area (center), and deforested area (right) [26-27].

Snow satarted to cover
the ground after Jan 20. .

Jan 19 Jan 22
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100 Deforest area

80T

601

Count rate [cpm]

40+

- - Ma | A §'[)
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Date

Dec5,2011 Dec21,2011 Jan6,2012 Jan 22,2012 Feb6,2012 Feb 24, 2012
4-8 H—F2TUT7. FMIVUT. EEMRIU T (CHTDREHREDIER [26-27]

Figure 4-8 Radiation levels on garden, forest and deforest areas [26-27].

47



4.5 1—Y(C KB

RTHDFEEMRRPOWMEREDE < (E. PM ZHRILE UTEHEF—LNSTIFRL, 1—
H'D Facebook J)L—T[26]\DIEFaNSEZ5ENE. 2013 F 1 BIRE. BUIL—TF
DEFELE. 92000 &3O TVD. K 4-9 (. I—IHEFE LI 1549 D hE W
2 (2011 &7 A~2012F 7 A%) [CDWT. RBZRHELIEEDTHD. T THMlZ
TR B,

1ssion

Comparative

Usage

9% Sharing dose-rate
e information
( Technical 54%

proposals
20%

4-9 Facebook ([CiEfsEnie hEY ODH4E
Figure 4-9  Posted Topics on POKEGA's Facebook Group.

45.1 REDIE LBEDHER

X 4-9 T. 54%&EREEVEIERELSHD [#REHB(Sharing dose-rate information) |
DrEYOEF. I-—UNESAEURET — 2B/ LIZEDTH D, FICBEREEN
Bi>c60 L UT, mBERNOMEM., BEQE. REE. SHHE. BRESNITIHR (TF
FAIROLERR L), B, &, EHEAM,. ROP. HL—>0 ERENFETSND.
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(a) 7= : VBE/NE(0.49uSv/h. FEE), 7 : SOPKE (0.22uSv/h. BER)

(b) £:8 Ebt*@% (0.06v/h)\ A ""’:\,/%E/-gﬂff%ad)jfr)l/g— (O 36uSv/h)

AN = 00:20:23
21 05 [x:prn]

R 1M = i)

TR

(©) £ : O—<DEE. F : FATRDMZAEA (2.06uSv/h). 4 : 1 ELw SED

4-10 I—FICXBDBELR— bl

Figure 4-10 Measurement reports posted by users.
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HORIBA

. |17} _~
S}\& '0:120uSv/h vs 0.14uSvih

0.06+£0.02uSv/h vs 0.06uSv/h ;
£ REIDRFHFEEFT SONGS DIEHHRLHEIESE KD, & : HORIBA #RE5T & DLEER

0.053uSv/h vs 0.05%0.02uSv/h

4-11 I—HICKDMBOMRMEET EDLERLR— b fl

Figure 4-11  Comparative testing with other dosimeters by users.
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Figure 4-12  Comparative testing with official monitoring posts by users.
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Table 4-1

xa4-1 RTHOBECHIEDRPINEELEEYY X

Suggestions and resources for POKEGA developments.
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4-13 I—H(C Lo TIERENZERENRT HDOEESH (by MNMCZCOEARK[11])
Figure 4-13 Advanced manual to develop high-sensitive POKEGA by Mr.Aoki [11].
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(by MROCBONDH EF4)L[11])
Figure 4-14 Advanced manual to develop ZigBee POKEGA [11].
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hi,

in 10 days T'll travel to Japan so I'"ve been looking for a small and portable
radiation detector, just to check for hot spots. The pocket geiger looks ideal
for the task. I was going to order i, but I found it this week end so there
isn't much time left. My best option would be to order it directhy from within
Japan. I'll stay in Kyoto for & days, do you think it would be feasible to order
it and have it delivered to the ryokan T'll be staying?

Regarding pocket geiger type 3 (I've and android phone), since I'l be
bringing a 9V battery with me I'd like to determine how much time it's going
to last.

Is there any data available regarding how many milidmpere type 3 adsorbs
with normal background radiation?

Thank vou for your help!
Vibia !l - 3 TS - JisE 40— - 27 - 2012805A3H 22:08
o 100 ETEF

I /v experience with 9v battery is more than 6
months.

2012£F0F3H 22:26 (EELD) - LWL - Al

_ wiow, thanksl

By the way, if the current is so small it should be possible to extract
power from android phone's audio output via voltage multipliers such
as the cockroft-walton circuit..

20125F9H3H 22:29 - LWLt el

- yup. that's how Type2 and 4 extracts power out of
iPhonefiPod/iPad. Android is not supported that way, because
audio output voltage differ significantly by models.

Kyoto is too low in radiation @
201250838 22:56 - LWL | EEROET - 42

The european iPhone has noise restricions and
because of this the voltage output is not sufficiént. Maybe this is
the same with european android phones.

20129F9H3H 23:29 (EFL0) - L3 | ZHDHET 2
I That's probably firmware-dependent.

The strongest objection to using bare multipliers, as [ get it, is the
large difference in power output from model to model.. you can't rely
on a stable voltage unless you hard limit the multiplier output with
some--- 5283

20128F0H3H 23:35 - LWL | FEOHET - 42

but anyways, I'm satisfied with that
2012¢F0H3H 22:40 * L\ | FEIODET - 11

Hﬂ JARTE.

4-15 I1—YRELTOHYR— ~EHI(1)
Figure 4-15 Example for user support by other users (Part 1).
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Figure 4-16 Example for user support by other users (Part 2).
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Figure 4-18 Users manual created by users.
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Table 5-1 The difference between Prescribed-role and Participatory models.
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Table 5-2 Players on Prescribed-role and Participatory models.
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Figure 5-5 Air dose rate map before Fukushima inspired from Users’ questions.
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[Radiation-watch.org (ENG)| ZRE% U7z, Hitl\ T 2013 F 10 AIC(E. COHREBEERAT
S1554Z7RIRELT, BEFE (PEEE) (CXD3AZ1=57HIEETEEFEORS > T+
71—H(C K> THEENZ, R 5-3(C. INSD Facebook =1 =51 D& ZE &
BB, CDELDIC, MTFEEERYR— LI DYV—2vILAT o 7IE. HE 1 FEREZT
Zon. OO MMEARL. - DNUIT—-23> - —-XNENBDICEET
BN (CHLR - Bifsen. 2RTIL—T IR TEEXERICKDIEARDTIL—TEHR
SNTSEz, Fz. FENRERCRFEULZAS -2V DIIL—F1 >0 UzD. KIEE
IREREDIEREA >IN —(C5EX DT ETHUVWBESEN RSN, INnlE. BESDY
— T A IFED1DTHD [FaL—>3>(curation)] #5EEUIEAKRTHD. +
alb—>3>&F REH (X23UT ) TRBRVWHDLEDIEHREZE KD DRENREM
(EA =) [CHULT, BRRY NDO—DICLBMEEOIZ1Z5—>3> (DIHD)
PRI FOVEREHR T DI ET. T7 2 OMESRDIEFEZHE - 88T DFET
HD. INEFTHOES (CILELLEBDMER(CZZ SN [ ] OASHEEORBRANBE
EDZHE B LW TBIRDDIGMD | (L X DEFMEDORIE S U TEFESNDDHB[42],
COURREIBINR [F1L—>3> ] EECELO> T, [FMR] [HM&E] [—fI1—-Y) &
WO T2 SAV—RDA>55023> . IIROBMIER - BAMK(CE D ZIBERD™D &
DARBIEL. N—FvrI)ILTIZ21Z574 (CBEVWTHUWMEENEFEND L Lo &®E
ABND.
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x5-3

R HICEEY D Facebook J)L—FD—&

Table 5-3 Facebook goups regarding POKEGA.

7OER
II—-T%& SR B Il [SPESIAE
Radiation- 2011 & | /R&w NHAH | A—TF> | Radiation-watch.org
watch.org 8 B —DHR— . 7oER | TOTUOMIELD
E e
R A THEED 2011 | RTHDORMN | A-T> |RTHI-HCKD
11 8 E. s 7OtR | BEEE
EMNBEHRSR | 20118 | REBEZBCT | A-—T> |RILHERTEZSNRE
12 B BAURRSH | 7o |JEICLD
DHYR— b, D—
23V ITOxR
AR E
R HRTTFR 2011 & | KRR AR4 w b | X > JU— | Radiation-watch.org
12 A HAH—DMRE | RE JOZzUMIED
FF
Radiation- 2012 F | WEBICKLD YR | A—=T> | Radiation-watch.org
watch.org(ENG) | 8 B — bk 7OoCX | JOZTOMILD
S REDAEREST 2013 | B&FE (BAPE | A-T> |RTHI-HICLD
Radiation- 108 B) [CLBDUR— | 7OotER | BXER
Watch TW ~
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5.6 T—A DEHAIEESICRT SRSE

AETE B 5-1(b)(SRUTZIRT HIC L DIREFERDOHAE (Data Sharing) ([CLD. B
RF - NHIREBI-HBERENUE - DT ULIZANRT —5 EDBEFREDIIHNTEDKDI(C
ZTNNMEREZEEL. IV (CHITDRIIVYRTIZ21 523> (CHFE S LN ER
FSE9 D,

—fE(C. BMEHREZ(FCHETDURTIER(E. BAT - DHEREDPUEERZENINE -
DITUTE TR L7 (Official layer)] ([C&KDdEDE. mMRLANLTESH SNz [TEL A
17(Citizen layer)| ([CKRDEDICHEETED. CNSDIEHRN. [FEAFI(Closed access) ]
DIREENS [/23F(Open access)] EIRDETOEREZRK 5-9 (CRT . AEITE. MRow
RHAH—CRBIBET IR EFERD T —HDEEERESIT IO %,
5-9 QQB@G(T/RUTZIRRE - BRZTICLER DT D.

Open Access @
Disclosed Data @ Shared Data
Official @ @ Citizen

Layer Layer

Reliability

Non-disclosed Data @ Private Data

Closed Access

5-9 AEHEBEPEANE DU X DIBIRONARGBIE

Figure 5-9  Dynamics of classification for risk information.
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5.6.1 248L - {7(Official layer)IC$F 35— B

AIETE, B 5-9 QDREEBZICDWVWTCHN T D, RNAFRDEICHKARTZLDIC, RS
[FFBHEOBAFOBIRAM SRR E (FVR NIz, XERIFEEN [BEHRE=SFU >
D& =R UZDEEHNS 5 7B THSTHD. &5IC3 B%D 2011 F 11
ALDEEBRANDY 7L A LAMRERNES A7 LADFREZHMIIE. ENXN 2,700 BOEZS
U>IRR M ZEREB UTZDIERE 2 BICIRR>THBIED7Z[8]. RTHM 2011 FE5AKD
BARZRIMA L. 3 - B%D 8 BICIE Typel ZUU—2, 2011 4 12 B TIC 1.5 BADL
—H(ChfMm U GREBIRMHBEIN TV L LF [MIBNTH D,

NEFTICHBZE I DIRADERG. XERZEAPBAD 22> —4 (Disclosed
data)] MERENDEHIC. T7—H5D [{EFEHHEEE(Reliability assurance)] EWLWDSEER]
DTV TAA> NTOCRICHIEDEENADTAFEFNEC LICHDEEZSND (K 5-90).
EBR. BT (3SEEE 9 <(C(X SPEEDI OitER“R=Z A HE I, 2 BERIC—8Z. =5(C2
s ABICENTZLARUIEN,. COBERCIE. BUSOERE(C. EMNEMMETERVN &
PARERMEN DD ECDNT. ARICIELEBRDAFILAEN D eRMETF SN TN
3[9]e CHOEKDICURIIBERICIFEREDLAER YN B DIz, AENRAEZTHAIT DI &
THCHAARZZBENEH D, +DRURATT7EIAAS MRIRELEEND. UMLK
EREBEDSE[ZHTE. DLV ([CHBIFDIERIEEDHIRT Y 1 = > DENHH
EaARSKUEBAERZILIZRV. KEBBRICED <HHELRMBEIREBITENICE ZH(C
(&, BEHOREMZETRESYIEN T D2DRAIERZ. EFIREOBEOI=Z 125 —
23> ZERERANS. BHICREHI LEFNBEEEND[2].

5.6.2 EEL 1 17(Citizen layer)[CHBTDFT—I R ELNL 1 V7 & DBER

ARIAETE H 5-9 QORERY. @@CDIREER (CDWTIBEICHINT D, mMERABE
0 (CHREZBIE LTz [FARIF —4 (Private data)] (&, —A&IC(EZRANGEIE UT=SEEEDR
WF—=FEUTEDIENONDZENSZ L. UNURTHDBERICHWNTIE. ERE+SR
BEZEIDAERZLZMNDRHICAMIDZET. —fmEICKH LT NRIBFHIZETT
S=D%4l - ERRBFNFE] (K 5-9 OTRIRE) ZIRMATEEANEETHD,

Fre, BET—FERAI—KIA2DT7TUT—23 >0V -2 v )LAT 4 T7ZBELT
HEIDZET. BOOAEUMEE ., ERHMERDMMSAOME S Z R - &5 T &0 D,
RESTOFMUWMEVWAZIRE I D EBAEEE D E (R5-90), &5(C. 4.5.1THITR
Uiz HREDHE SBEOHER] OBHICHo>IeLD(C. RTHDAERR L MtnsHE
BEIRS > FL—> a3 RiGETDBEEZHELR T D ECELD>T [F—YDEENRIR
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sE(Self-validation)| #1772\, ZOEREZETHEI D ETRTHDBEZENDE
SEND. LW =S v )LIBBERRIEDR I (I 2EHITT ENTSZ (B5-9@).

T—SDBEENEEECH T DLER(E, BAFDHRE UIZANREZSY > IIRR bk
~ME (DXHAT—%) EOoMTHEITRONE (]5-9®), 1—H(CKo>Tld. INFETHE
RZ2FF > COWEBRREDEZY >R MOXRRMEDENRTHEAUTHDZEMN
5, HCEZAYIRIAMZERITBDLIICROIZEEVWDSEES D, RTLDEFEEHE
RETTIRL, TROBBNOAMERLMRICEEM CEIZEEHD.

ZDLDI(C, B - KBLCISUTRRIC [HBEF7—4] Zz20HL. mRETERISZ
ENTENE. BRICKDBERABMOENZ#HT I D, FTUWVBEREEET)LOBENEA
FCED. SBIC HBFT—F] & [RFET—%] 28T LET. BIREHRENT
NICKBRBATEZERZ [#EF T WY (Cross-checking) | InIE. BEHREEILH
EITDIURIBRICH I DEVDBIE - MEEHS T CEICERIMTEDEERISND.

—75. MTADERCENTIE HEFT—4] (CAUTEHMR - Bili&EZESAATITE
Mzl C. I—UHBEHRICE T DIE ULV BT — DRI TED LD (CRD. [V
—SVIAFTA PICELBIHUWEDURI AT 1= —>3> | ZRUCREEETHD.
BIRFEHRBEZE2OMBEBKCHNTIE. BEELEHNSOSBHRIEROREIFENS. LNHIHEZE
MG E UEBIRAMEFTOM T, HIMBEEDER S PRERBNA BB LR > THD, 17
B - "ERELITTR, - 68D =ER TOEEDBRABOTCURXIIZ
T3 7RI ENKROHSNTND[43]. RTACHIFSD [FFIZKR] [#HiiE] [—
11—t =R ERDTEN\—FvILOZ 1257« OBAETETILESE. BEHRTRIZ
(CPR5 T, HETEVLIBIRIBER/R CER L RN ADICANERF SN D.

5.7 5EDFELD

AREBEBTIIRTLICHTDISHNBES AT LABRICHIT DR - HiE/ S5 1 L%
PSD &UTETIUL. FELDETILELEB LIRS TOREZEBASMNC LIz, Ffe. 5.2
fi~5.3 BICHBVTEHMR - FHifi& - —I1—T VD 3 DOT LAV —RITElI S ETN
JEAAFZORCDODVWTHREI T —XTEICEFED, ECTDIAFTZIOREAHEFSD
> 3> oFlESM U, ERREEMEOBMNSE. TO> T OBEADHRBEM
E V=S vI AT 7RBUIEA -T2 RERZB UZERBRICK DT, [HRQAHRE
MF] OIS ENADMNRCD., #EREUTRTHADEMTORBERENEIZES TN E
WX D, RICEMREI-YOMTIE. KEBEEREFILICHSVWTCEEEIZT2I =5 -3
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AN ESBNDEFEND, PSD EFILICBVWTIHREDE X A METHRETAIICRE L TE
BHRZABNIESRDCET BENRA I —3RY NIAZ 1T HER] =N, #&
BEUTHE (RUAI-Y) ORERUTSS—mEhEEssNz. RECHliEs
I—YORTSE., HEERDBEHERRE, E55NRMENXBITERNEZERERR]
ST —23>MhEDEN. RTAZELDBVWEDICE TS LD [BENRNE
EE ANEFENZ. INS—EDA>F50>3a>0OBERICE RRCIHU TR SN
B D Facebook JIL—TF(CLD. EHMCHINROAZT 15— 3 > FrRILOEEND
iz MEKD. PSD (FBRTOZ T MDEEICBVWTERRMERZEIESLTHED.
FRFEL U OB ER SN,

#ENT 5.6 BiT(d. RTHD PSD EFILICHITD IR VIERDIEN. BUT - 22HIHLES
PUSELENNE - D ULLANRT -5 EOBRREDRNTED KD (CEFEEZES
UTENVEAREE T D728, AHIHEE - AN DU X UEHROAMBREZETIUELUZ. &
BIRFEEHEOBATICKDBHRAMMNENDH. RTAEHRICH U T, RIBFHIZITD
RO - ERARENFE] ZRHCIREI I LN TEZEND TRL, [HEF7 -4 ]
EDLE(C KD T [F—HDOBEENMRIE] ZITROFU TR L. Tz, SRER
WEREE> TOWIEARDEZSI U ORI NERTHDORAEEZLR T D VWD [HE
FTY I ELD RTHDREREICDOVWTOEREEEHRL (CEBBEND L Lo,
—AT. BN —9%Zx(C. BIRZEESZTIAARLY —SVILAT 4 7 L TOREREBL
T. TROBEHRUFT S —ZmE Lt WENRURICDONWTCERI DH5ZRMITD
EVWD FILWUROOAZ 215 -2 3208 ZIERIDIIEETE. UMELKDRS
HDPSD EFILICHIFTD IR VBHROAEBE. T—FDERA CHEERMERZEIZST
CENERTE.
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6. SEDREH

6.1 6 EDIIE
5 BECIEHRURNMNDIFFE(CIRIBER A TR DIEHDOSINES AT ABREOEST) L% PSD &
LTIRE. IR HDOERES —AXIT 1 EUT. TOBWEERIEL TS, AS T,

I BBROBEICDVNTERIT Do

6.2 BIREESEDRERM

IRTHDHRBICHBNTIE. V—2vILAT 1 P TODERIC KD THRAIRBEN RSN,
Typel~5 FTD/I\==3>TFvIZEDIRUTEE, UM U, GEESZEHD] & [Ei - &
MTOLIEAR] (CRATIFMMERB(SEXZHRREINTHSY. SEBOERMAMNMEFIND.
PUF TSRS,

6.2.1 HEEN

4.3 EiTRUIZIED. iPhone® 4S T/RTH Type2 F£/z(d Typed % iPhone4S &1EHt U
CEHMEALZS. AN— I A>2D/\w U —F5GlE 35 3 B ThD. FEER
EDT 7 DILEERRE Z/RT H7ZE> CTILEE(CINET DD (T HEBHZERE
B, KONy FU—DRGREZR< T IMNEBENHDICSD. FITHARITD Type5 OH
BENF30MWEZETHD. INEBRELT>DRE—MNRTE D ELERTHEHEEDHN
TN EFNVATZWN,. SEIF. =5RBDEIE/ S A—FYEEb>, BF IC ORFERE(CK
D CTRBEEBENENEGFEND.

6.2.2 RHIOHEMTDILIREER

IRTHI-YFDEEALERFMEEMTERLTHS D, BIIDORMINEORSIBERAINES
N3 EEFHETHD. LM USSR, BmOBRD, ERRRDER EIEDFHRMDBIURRZ
[ DORIIBICHDIZDIEEIT DHNENH T D EEZASND. 4.4 BiCE FMS (CXDHE
B R TOERBAGERZIT/A > T KDEVVETHSORSHREZ R X < SHEII(C
INETDTZSHICFE RD 2 DDHBERMAERSND,
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OFFEBC K DER

A )R ERMEESEIDFESITIRT I E GPS E2 1 —ILIREZBMDHF. 22
DILBIRDTRRZINET 5. BICEEHSBRARRHOY —Fv M HF A2t ET7 o
ATy - OHBEFE(CEID T, MRIHER-XEURA /T AE/NAIURESTTOTO
hYATHEEEN, KAERRZTREOTVSD (K6-1),

K 6-1 RTHEN-REUREEEDT /S AE/I\AIUREET [44]
Figure 6-1 POKEGA based radiation monitoring system
attached with wild boar [44].
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QY—S—RERD/NMBEE=HVU VIR

RmBRZEZVHEETTARBHLDH KD TREL. BIRESC K> TERN (CIREZAE.
#ER% 3G, WIiFi 3\ \(& ZigBee /R EDEIFRY NI —D(CK> THETDNEE=ZS
U OMRABNILD AR, BT RTUDRETDOVTIFEFITECK D> THRESEANT
BOHNTLS (K6-2),

6-2 MTHER-RELREY-F—REBAEZIY>IRI

Figure 6-2 POKEGA based radiation monitoring system powered by solar panel.

6.3 BEHRESHRIUN TD PSD DRI EMH

IRTHCHFD PSD WEMCHAELIEERE LT, RHAREBLRMEBERSHE L
SHENEENH O EFBATER, €T TARETIE. PSD ZRTHRSOTOZ
T MMIEHT IBDBREECDNTEZ D, X 6-1 (. 5.4 I CTRUERARE I T —X.
O —X BRI —X WEIT X BHIT—-XD5 D071 —XZ &I, R
THICHTD PSD BKILUTZER ] &, [—HRIC PSD Wi 9 DEMH] ZRT.
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#F 6-1 PSD DRMIIEH
Table 6-1 Forming conditions for PSD.

Dz PSD DRIIEH
I —
IRTHICHBIFTBIRIDES —RAE U T I &4
EEERENC LB HSNEL B
mERER | A4 DHEZEZHAMEDIER
DEED
- BEHREEIELL BRIE] #8581 | AT A-U—EXOFIACIEHRES
’ LIz E WS ER DEMR
o YZROA=S 1= —> 38 L
FHam o [XFEDTeqEE ] DIFTE
TB-_—XDEED
ZT— I A PIN T hA -
o ~ BESS - SRUEROIRA & DIY 1t
7— R
FUWKREHREETEl - B X5 . _
=3 - Rl R—3 3 S DI
N}

PEFER I T —X(CHBNWT, R HZEILS EIFDET 5.4.1 EITRUZK SRR
IARFIEBETEZDE. BERRBHEVWSHERZERSIEDILOSRBESN - KE0D
HENA )T NMCRDIEDORAREZNESZ DS, COHHRMEBENSL. JO>1o
RORSEPREUNIBREINCI N DIEEEZISND, H(C., FEEFICBVNTIDLD
IMRIRRYHARREITDED(CE. ZL< DAL DHBEBSNDIHREBORRENER
SNTHED. ZOMBEDEKRY - BREMER N TVIBENRD DN, TDOXIRT —
RFHETHDD. DT ABM - KKBEREXFEDHEN A/ U hZ2EESTHEE
ZBRLTIE. #IHARR D T —X(CHUT PSD (C K DHRRIB AT ZIBERE T DD (FEH UL
MELNIRL. UL, BNUSH: <5 - 3856 - B D T —X(CDWTIE METHREERIUL
HTEPSD HMAEBESNDRENTDICEZSND. UT THEISIHRARS,

RTADFHM DT T —X(CHWTIE. BEHRENBFAIC LD THRLTHDZENLLHS
ncunzizey., £EBOREZIELLS DAE] UizL. Fo. EUSHETETLDINE
T [#8] #2] LIzWLWEWSRVLWEMM S . CDizeh. 4 BICRUIEKD(C Y -
itiE - FFIRICKDBEBRREHENMTONTZEWVWX D, £z PSD Dl T — —XH 6k
YVIBEHDO—MEUEHELTE. Z<DANSI - BAL. LRGP - TS

95



A7 - B—EXZFHITDZECKDT. BERFT I KTIEESNRMN D ELDREEKRD
HDT—HINBENDIZENBETSH D, F£le. ZDIEHDIT (Bl 1 V-1 ILAT 1 77)
W#ERFEINTNDZ ENBITFBEN D,

RICRTHDZER I T—ANRILUIEERE U TIE. MEHREFE (CRET 3 —iMmEDY
FSI-MMEL BN Tl U CHals#zm ELzLY (S8 THITFRY) EWSEHN D
o2lzEWVWR D, £l 5.5.4EICRUEKRDI(C, BRDEHDIAZ 1 =5 1 DEZEHE)(C
=T AR —>232ENTVNZZEEBEETHD, —HC. PSD [CHBITDERIT—AXD
—MAC LTI B & LT, — MR - 541 - FPIR - A5« 7EOR T, LRtR
MRACEEIT D [HEDMEE] NHD. CDMEEZEIED D ENHRIITKOSN TSR
MNEFSNB.

S5, IRTHDRET T —ANKIIUIEEREUTE. AN — b T A > PEFERERR
EDBIEMDFIFEYS DIY OIFRACKD. 4.5.2 BITRUELS ICHEREANELZDOITH
DIERNEITBND, Ffe. 5.5.2IARUEKDIC, BRI 7S UTF—>3 2 (C LD
MHREOEFARA—2 A IR EINTCEEEETHD. NICHTULT, PSD (CHITDEE
T —RD—MALUTZRRIIBH & U TE B TSy Oy DX TERL, #EHERR
LEDEULTWVWBEEDEAMMIY Y 1 —2 3 > (Citn. FU 51l - eiEZITOHEINDFE -
A—=TUICBEZBSNTED. TOEHOIZ 15 —23>0ENENICTI7SUTF— b
ESNTUVBEHNEITESND,

RS - iR - REDT T —X(CDNTI(E. IREHRESRLSNTE PSD BB EENd
DEN+DCEZBSND. BIZIFRBEFEDODEHFCDOVNTWVRIE. F2EHENLIHIREH
(5 : PM2.5, BFBER. BEIR. MELRENEIFSND, Fio. FZENBFAMIZHHE
ENERRED (Bl : TS5 B HIEER. MRILEEE. TFKER, HKQRE)
ANDBEREPFTES. COLIBBHICHVTIE ERBHMTERULELDRIREUX
DEVWDSEDE, BRESDURVICHENS ESHER - AT IHEARIEEDTFAIC
KDHECRI CET, BEODEERHZBELUTESDICENRAD NERBIESD, €
DODBEAMERE UTlE. ARA>ITSOEME (RY— M F70%). ERESHHE. BE
BER. NERCEHIE, HPRERREEEZISND,

REIORTHDODBEIT T - UIEESREUTE. Zific/NRBEDREHRtT Y
—DNENFTREBDODEH TH D, KifiF - FPIRICE > TIICHRTEEENL S, HARD
PORVD GO TEENEIFS5ND, —AT. PSD ([CHIFDeRET T —XD—MR{E UT=hkIL
EHELUTE. ASHDFUWELT /I R—> 3 >Z 25 agEMENREBEN TSR
NEBERDIEDD, BB, TTTORMMA I R—23> &(F RUTREBDIAMIC K
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BEDREITTIRL, BREOEAHEDE. #HERBVWDIRHDOEFE - VAT« 7ICK
D, INFTEMDODREBZRITD LD DAL ICHUWMBEZEZ5T LD7R. K
DHARBEDRRSII D S ZRER L TWLD,
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7. ¥ED

KimlE, BEHRAE EVWSERG ERSMOERSNDIRIEMIAS X7 AORFEICH L
T. RO O—X RREEMEFEE(FRRDISMEDS X F LABFEFECLD T, BEH,
DEfBERAEREDIDIEIZECHIILE RTH] OREBEFESHZzHTLEZ. R
T FES Y OEESEST & LT 2011 £ 8 BICUU—X &N, Typel (1,850 FF (%
BhiAA) & HRTRELZMRMIRETE SR>z, RTAEEL. DHIBEEIC K DETHR
BIRONHNEND . BEACKREHRT —YDAIE - 8 - @maiTdD1-—Y =15
« ZMEI LT, 1—Y (HHREIEIR & B (CAIE BRI A SERZ BB (C SNS ANI&ETR U,
NSDERZ TTITEDOEREE X 5 ([CDVWTRMENCEPMIRZRZZ Ic@EmzEBRA L.
Flz. BT« —I)LRTOZ—-X(CHFEICIEUINS/I\—-23 > 7 v T EDIRT 2 ET,
HEEWEZRITTLS.

28T, COLDALE - RORX MRBEFEZITIRD L TORET EDTXRELT, XY
— hIA> %O & T DBERGOBERAFIAE PIN T4 M A A— R B ERA
FEAOEAICIR T, I—UHBSiREFH &I T2 DIY AR ZBNT U,

3BT ER. LEER. AWEIR, MNME. £ERm. D/R— MEASL e -
EiEHER (C K DFBEMRILE L\ 28R R . PM(Project Manager)YoRiFF — ADNERICEE
HBDZERL, V=29 AT 4 7ZBU UL HRCEWENTD 2 & T, BIOEFFIR
PEHDI T 2EEIAH. HEHMZHEN(CHAURNSITOISNEDS AT LABFET
OtXRzZxRUE.

4 EBTIE FFIR - JiiE - —MI1—FEWO T LAV —DEWVNCHA LRSS, RS
HOMEEFHE, HaM - RMRTDI 1 —IL TR b BMTOREME? - ABREZITD
@R FMICRUE, FICEHE - BRI LETER —iI1—Y (TR) ©E8ERUY —
R ERD, Facebook J)L—T% 1B U TEEN(CREIRR - HIERBRAEE Y/R— hEiT/2
D7,

5 &TlE. INSDFETHR - fHiickE/ (551 L% PSD EUTEFTIUEL. HFIE -
i - —M1—HEND 3 DOTLAV—BTalEF_I SN >FST> 3> 72D
U7ziER. [RRQHBERFE] (BR8N > -y OZ21 5« AR [BENRE
EEE] O 3 RICBVWTERBBERZEIZS LTV ENDODMD. BEFELLTOR
DR SNz, E5(C PSD EFILICEITDYRVEROER(F I-—FBEEICKD [T
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—SDEENMREE] (CIBFD. BT - LB HEERENRNE - DITULZANRT
—FEDUERICED MBELREDOBFRIE] VWO LBEZREDZECKD. FLICH
ENSDERZRBIEDTHDIENM DN Dz, FEEMIRZESIAARLY —SvILAT
+« 7 LThOEmEBL T, MRMRENRIVATCONWCERI D FLLWIWRITI=a
-3 0] ZRTRIDCLEETEERIEEE THD,

EVDEILBERCHITDRELREZRNC, Fe. MORRERDIZHIC PSD E5 /L
ZEAITDEDREL LT, REEROHASNERZLEUVHRREEICLOEEE. 7
i THRNIZE S D ITARNZRET DHEN. RUOSMEBOLOEBES R ZE RGNS
NECTOZT U RZEITLTWIDLSR, BFERI 7S UT—I—DEEMZHERL
Jzo —73T. PSD EFTILEFEBT BHR/(SHALTHD [A—-—T>Y—X] [SESTY
A2 ED—THRLEET] [DSDRY—-220] EOHRICDVWTERL. TOFF iz Ak
fEUTz.

PSD EFILICHNT(F. >y —FRy hZBUZER - BRNGHREIZI 1 -5« (CEK
D TCEMMUEORZBR T LAV —BTHAERNCHITEN. PAFT7Z2HULEDST
T, RENDRIRNEBEFHRRNAFEND. SNBSS XFLARRENKILT DHICIE,
ST LAV —DEEEBNIC TRRENDSNER] 2RI CENEETHD. TDIEHIC
(. ZL< DAL DHREFESNDHEBEDHRREIRRI DVENDDILESS. SR
RIBESR (B : PM2.5, BIFBR. RESR. E. TS5 hHEiR. TEER. bRV
AEE. HRKBR, KRR E), DHACITSORME (AX— 2T 1 %) ERFHHA.
HmBHIER. MEREHE., HRERCVOEHEBEANOEREERISND. COH
FEETILA. SEROFEH - LEMEAO, KRR TORBER DR AL QREEFR(CEIT
STDEDEHRFLIZL.
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RTHDFUTL—2 a3 iRmERICSTHAWERWE, ASFEBED Tjerk Kuipers
K. AS>AFEMFTER®D Cees Van't Wout K. Frans Bader K. kB TODRT HZ=fE
DT 4 —ILRFABEITD CUVWZRRWERRAZEFEEOED BEuE. tkiattoOxX
7EUT 1 OfFEE BR. RRAFO/IWR KEK, KEEITOI 1 —ILRFXMEITOT
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