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Airborne Gamma Ray Spectrometer 16 L

4 Nal(Tl) 4 Lit.
Energetic resolution 8.5% at 662 keV (**’Cs)
Channels 2048
Real-time feedback notebook +5G
Dimensions 75cm x 45cm x S0cm
Weight (total) ~115kg
Output List mode events

58 * Radgyro 2= S EMIEEL H.

ARG TR IR RS N AR IS 3T (FSA) - R FTEISHIRESER B TE
(A ST A TE A RERE V4 & - RIS GEANT 4 NEEH-RAEIE BB
FERFRAT = FE M B R R AN RE R » 16865 1 (i A2 3. % T 2 e fR 2 T i B A% A Y
TSRS - B THERR KRR ERN T RAPE-222 Fixg i 248 s bt
238 JERRSE - N EE RIS RHE - Riah-238 S &R Z
A1 > MRIRRIR B $-40 AT 0.05 x 1072 Ba/g » $1-232 HYEE M 0.08
uBq/g

SORF EE-5 B B R & B I 2B - S s R fe L B L Ay 1 S5 B I ] - 3t
EIEERZE 30 cm 45 - fEATIE R 500 m x 500 m » S i (5 FH S L A B
R BT TRE(E S Y - 6 DU I B E Bl &N BE LS
i 0 [ 723 (BT IR 4gRSEVEDE - B aiERs L - TR ENEE R RS
2 BEHERERIE SRR L EN(USDA) P E FHY - RHEFTIESHI I RERS
HISF-40 FOEt-232 JE RS ERET2ZME TS A 500m x 500m » B SORF]
oH-Z B VR K RN B —2 - 400E 59 -
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Simple Linear Regression (SLR)
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a(K)[10"2g g~} a(K) {10-2gg~1}
Clay =39.9 - a(K) - 11.5 Sand =-62.1 - a(K) + 95.0

Non-Linear Machine Learning (NLML)

Input

Output
layer

layer

S A
§ 'We’w‘w?.
(TR R 0K

‘g

LI

16 nodes RelU dense layers

Hidden layers
60  BEARIEIEIG (SLR) FIIR4RIEMESSE (NLML) JHEDA
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What is the origin of
these narrow-shaped
features?
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62 : kA GE-28 B )R K& (Regione Emilia-Romagna) -+ 158/2 it 7 HI [

Fo A B 5 i es 223 07 U B B BRI 5 A TROHI - S8 B A 92 SR
L3R AE Remote sensing HAF] » %1E 63 » 3% FTE 2455w £y AGRS j&2—FE R
AISEMMIEERIE Rl > T AR LA - ML JEEDARESILE R2 (H
(Coefficient of determination) /7 [FiFY £~ 528 3t FEUN] - 40 SR & i 8 & B3I 9 - 7] DL
i — e B E B A SO = AP AR B TR - VeI L & 2AYTH
> AGRS JHIE Y 15 2 8 ] DAZEREAN 3L - 3B st ] TP AN AR A B AT PRI o

. remote sensing Wvﬁ:\vy

Article

Airborne Radiometric Surveys and Machine Learning
Algorithms for Revealing Soil Texture

Andrea Maino “2*(), Matteo Alberi 20, Emiliano Anceschi 3, Enrico Chiarelli 2, Luca Cicala *(,

Tommaso Colonna >®), Mario De Cesare 7, Enrico Guastaldi >, Nicola Lopane '3, Fabio Mantovani 2,

Maurizio Marcialis ¥, Nicola Martini °, Michele Montuschi 2, Silvia Piccioli ?, Kassandra Giulia
Cristina Raptis (), Antonio Russo 3, Filippo Semenza "> and Virginia Strati 120

63 : Z¥FE1F Remote sensing HAF[HYHF5E
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R (HAE PHRF AN AR > mTRE & HHBRE R - P LAat B REE S i e 2
1T Bt (TN EAE ~ BERGHAN « A IERERTRE - ERARRENR ST A
ARG AR BGAH PR TIRE - B m] ERete AR R Al el be U E ] I HAE &4
IR EIREE - g RAEiE AR -

AR EIE N RS SO R Y BRI B 18 R 2 AV EE A E
PN AR - e BT R NS R EE B eI A EE D 5258 H i
EEAL EHESAIHECRATER(EAK - SRFFSAIESEEAER > EA
REFIRENIE > sPEBREEIHHIEEEME > SF 28R (BIUEERER) (B A
IR EETILER A A EE E R TahelE - AEEE -

AU 2 P ERARL DA - 1 ESe RS AR RS - Py E
e > 2 ERMERFRE » FIAHIE 10 775 - 3 e NEEI > flEHHTE %
THET RS E > 4 BUE R B LhSHERAETEHE - R EEDALIE 64 -
BfE

A~ HEIREERIE -

B - (A EDTAB EhEHE MBS RELE -
C - BEEEIEEA BRI 2+ -
D ~ BRI E A E AL S HISS SR EEEL
E ~ hBHRs - QIRHE BB A -

Details of the algorithm
Change

Load raw calculate Energy
data sum spectra calibration

Gauss fit to Get slope to Get Start Peak
identify precise « identify broad « background « inspection
peak range peak range *

Get peak count
rate and FWHM Plotand
export data

¥
64 : HEbaHE IR LS R T B RS R AE

@

Compare
with previous
results

B EEBHIE N E K e RSt ERTiE R FE iR E s Pl A RE Y
HYEEDE > BIEMAERE->RE ERE->IRERA->5TH FWHM FETEER - 651 H
BSCHIRY IR AE FEITEERGETAS - nl RIS 5 SRR %25 (Digibase) - SRR
B Sy B HEPRAIRS R MERE » AE R RIS B e -
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T =~ AR TEET BN SCE JHR IR (5 AR RIS (RST 24 =])

Himaste lEE B LR RaeAels - (BRI g INEE > SNETERIF
o pRE R S ETECR > AU e e Rl & FR AL R TR T 2 B (s Y
JRAL - 41El 65 > [NITAR S 3 i FESH & - 4IE 66 -

Detector choice
Scintillator | Decay time(ns) | Density g/cm3.
NaI(Tl) 250 3.67
CsI(Na) 630 4.51
CsI(TI) 1000 4.51
BGO 300 7.13

65 - Bid{Htmes R

RSX-5
(16L with 4L
up detectors)

66 : 3 FER{ Tk A B {Etnas Vi R &

53



FEZE ARG - FEEEFIE 2000 2 R HE1T T B S ARAT - BE (N > 400E] 67 -

BG-20 - norm to 1 in Cosmic channel
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67 © FHTHERAY Ty Bl ]

f£2023 47 H » Elia, EA WIS A BFEAVIBAEHAEL SR - DUEZERI%
Z40 (RPAS)EAINFER D (FEYINYETECR - A& 68 -

22EEL0002

22EEL0003

68  DUEPERIN 240 B M= Eo n 5 IR A R URRPD R B

I 25 SRS AL S} (NASVD) 2 Jens Hovgaard 18-/ 1995-97 £ 513 -
TP E B ST+ KB R AT K R T 5 ] 69 2]
Bk 40 70 o BEEL R {E R | EMIAAASIIEOR - 4 NASVD Ak
(Y BB o B 57 <
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1s spectrum - RAW vs. Reconstructed
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Hovgaard {11 Grasty f{_LAF 1997 S50 RA-F—RVBIERE G
itk P EERIB YRR T o M Ik DS IS S AR Bk tP e TR > 40l 71

Raw K, U, Th [cps) data

NASVD K, U, Th [cps] data

O =N W s N 0V O

Potassium concentration - Raw vs. NASVD

"3338FR 0825508950 8083303835%8
SAFARGEERS3RE3INBZRIEINIERTE

Al NNNNANNNMNOMO MO M
@ POtassiuM-NASVD[Cps] = Uranium-NASVD[cps] === Thorium-NASVD[cps]

N T I )

ium(s] NASVDI[%]

71 : Hovgaard fH1-F1 Grasty fH+-AVHFFEREE
TEIE KA s SRR - (5 4 AP ECHIES S (L NASVD J7 AR TR RAVES
B WE 72 £E 73 -
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¥ Tests with a DJI T16

Cs-137 (670 MBq)

Ba-133 (442 MBq)
FA Cs-137 (17 MBq)
. = ~

Ba-133 (425 MBq)
Cs-137 (visual)

B 77 ¢ AR S
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+71 ~ ERS 2.0 BRI

Tmm“éﬂéc@*%ﬁﬁﬁiﬁ‘%wim Simon Karlsson f¢H: [F] 5 f34 %" RESUME
99 | (RESUME 99 {EF{TH)%: TR A - #i55 NKS-15 » ISBN
87-7893-065-0)Fr&¢ fEHY NKS(Nordlsk Kernesikkerhedsforskning)f& =, » 4H 50 F4%

#U(ASCID) » LX*‘E%/?U‘”%E%%TG%AE@?@% » ZERSAE R BRrTs o/ 1E Ryt AR

ot NKS BERMEEUE S - A& 78 Kel&El 79 -
Identifier Description Unit Value
example
AE CS137 Equivalent surface activity of ' Cs. Bg/m’ 2345.6
AEM_CS137 Detec’uon limit for equivalent surface activity [ Bq/m” 50
of *'Cs.
AEU_CS137 |Uncertainty in surface activity of °'Cs, Bg/m* 234
standard deviation or standard error.
AR _CS137  |Real activity of "°'Cs per unit area. Bg/m” 7845.6
ARM _CS137 |Detection limit for real activity of ' Cs per |Bg/m” 70.
unit area.
ARU_CS137 | Uncertainty in real activity of - Cs per Bg/m” 78.4
unit area, standard deviation or standard error
AR K40 Activity of “’K per unit mass. Bg/kg 768
ARM K40 Detection limit of the activity of 'K per unit | Bq/kg 12
mass.
ARU_K40 Uncertainty in the activity of 'K per unit Bq/kg 7.6
mass, standard deviation or standard error.
AR TH232 Activity of ““Th series per unit mass. Bgrkg 38.9
ARM TH232 |Detection limit of the activity of ~*“Th series |Bq/kg 10
per unit mass.
ARU _TH232 |Uncertainty in the activity of “*“Th series per |Bq/kg 8.9
unit mass, standard deviation or standard
error.
AR U238 Activity of “°U series per unit mass. Bq/kg 32.1
ARM U238 |Detection limit of the activity of ~°U series |Bq/kg 3.
per unit mass.
ARU U238 Uncertainty in the activity of 7Y series per |Bqg/kg 32
unit mass, standard deviation or standard
error.
CPS Counts per second full spectrum, live time. | Counts/s 1235.2
CPSU Uncertainty in the counts per second full Counts/s 123.
spectrum, live time, standard deviation or
standard error.
DATE Measurement date. Integer 19990907
D CS137 Dose rate to air in free air from ~'Cs. Also | uGy/h 0.022
used for air kerma rate.
DU_CS137 Uncertamty in the dose rate to air in free air | uGy/h 0.002
from "*’Cs. Also used for uncertainty in the
air kerma rate.
D _TOT Total dose rate to air in free air from all uGy/h 0.22
sources. Also used for air kerma rate.
DU_TOT Uncertainty in the total dose rate to air in free | uGy/h 0.02
air. Also used for uncertainty in the air kerma
rate.
H TOT Total ambient dose equivalent rate H*(10). | uSv/h 0.29

78 © NKS EifHg
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HU_TOT Uncertainty in the total ambient dose pGy/h 0.03
equivalent rate H*(10).

REC Record number. Integer 23

SYS System identification. Alpha- DKA1

numeric

TAG Identifier for surface type. Values are: Alpha- ARW
ARW (asphalt road wide) numeric
ARN (asphalt road narrow)
GR (Gravel road)
CS (City street)
GA (grass area)

TIME UTC | Time at measurement. UTC. hhmmss 080511

TIME LT Time at measurement. Local time (in hhmmss 100511
Sweden: UTC + 1h if not daylight saving
time Summer time; UTC + 2h if daylight
saving time).

TIME ST Time at measurement. Standard time (in hhmmss 090511
Sweden: UTC + 1h)..

X _RT90 X-co-ordinate, here defined as the East co- |m 1656211
ordinate in the Swedish grid RT90 (seven
integers).

Y_RT90 Y-co-ordinate, here defined as the North co- |m 6758321
ordinate in the Swedish grid RT90 (seven
integers).

X WGS84 X-co-ordinate, here defined as the East co- | degrees 17.150868
ordinate in the World Geodetic System.

Y WGS84 Y-co-ordinate, here defined as the North co- | degrees 60.675144
ordinate in the World Geodetic System.

79 * NKS BikHa (%)

Robert Finck Jz EL[G/FAE#EH#E " RESUME 2002 ; (RESUME 2002 JEEAY )

AEER > His NKS-86 > ISBN 87-7893-144-4)jH R - ¥f NKS A& ZUHETT AN
PR - B

a

WME

1. A& e SR EhHR SR (] -

2. BIEZEM ASCH Tl H AKHAEE -
3.
4
5

TEZ SLFTLEf -

- E A FH Y I mT i R ELA e A AR -
. FERZ A Uz ta A SRR B AR AR A 8 - @E S TR N RS B

B ERRRTTE -
o RV B e A b A R | A ORI R =0k

- FESS T E R AT R SR ZE MR AT RE/ N A R AR ATEE N -

ECCOMAGS %5 6 T{E/NHIFY 2003 “Ef & sl N IR &k
PRD HRHET » MM S EM AR 28 31

(http://www.gla.ac.uk/ECCOMAGS/ERSFormat.pdf )
(ERS : BOMNEES FDEREHIERS )
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Ry T IREL R =R E AR EE R - Reisn AE R E] ARMO7 S5 YR
(Bucher F5 A * fEFmt: ARMO7 JEENEZLAEITHVIREY ~ JABFIEG A% 0%
RESD 24 BRI LLEHETE - PSI $e5 09-07 > https://doi.org/10.55402/psi:35550 ) »
G. Butterweck N H[EFEAE ARMI17 JHEEHARE ERS 1.0 ElHE S
(Butterweck 2 A : fEEILAIE - AR - EEINEG TR 1 ARMI17 JEENEZE
PEFTHIBEE I S RERE S BIPREL 5 - PSI #dr 18-04
https://doi.org/10.55402 /psi :34959) » H & :
LS AT Ta” BT -(E 2 ] -
2. DUEERE IR (“PA”) HUCEERSE (“N”) 1 Rfanfr AR REEdR 1B -
3. FFEAZEERIE (B EARES ) -
4,56 S B LI AV AL -
SAEE AT HEL AR (H10 MMGC tE2R) -
6. [EZETHIEREAL (Flal uSv/h TMiJE uSv/s) e
7 AT REAIIRE -

ERS ERME R S 411 80

* Low storage needs
* Specific programs for reading necessary

* Improved readability (ASCII text)
1999 ¢ Introduction of identifier — value pairs

* Allows extepsions
2002 ¢ Files can be processed even if data are partially corrupted

2003 ¢ Raw data and spectral information added

e External and internal delimiters
2017 e Values for several detectors can be stored

80 : ERS ERHE M S

EAHERSAHN RS ER TR SFERER AR RS E L
BB ZRHE  ERS 2.0 A& A B2 — (B AT HRIZERS Iy ASCIL SUARSf:
SRR R B E S AL R 1] H] (DODsZA A ettt MRS B sHb2 8
FUEBER AR BUR FI B — X of > (i R BRI (5 RS A Ry mT a3
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BRHEFURAEEJEE » 2003 2 ECCOMAGS 55 6 TfE/NH#ER&E T #EH T " ERS
) ST E BRI AAVEDE - ETHRAE(2003) B e B B AL T4 fE]
81 o

4.5 ERS group

The format and its principle ideas should be free for everyone to use. No one will be allowed
to charge anyone for the rights to use of the format. When the format comes in use, there will
certainly be requests or suggestions for expansions of the format. If nothing is done to control
that, each user will quickly have his own set of identifiers, and maybe also his own syntax
rules. Then the compatibility required for exchanging data would be lost. During the last
spectral analysis workshop held in June 2003 in Glasgow, it was decided to create a special
interest group in charge to validate and record all changes on the ERS-format. Members of
organisations involved in the ECCOMAGS project are welcome to take part to this group. In
the future, the ERS-group could be open to additional organisations and countries.
Suggestions for expanding the format could be discussed within the ERS-group before a new
version is laid down. The secretary of the group leaded by one organisation should be
appointed to publish (on a web site for example) the full description and documentation of all
versions of the format. The Swedish Radiation protection Authority (SSI) is willing to do this
to start with.

81 :"ERS #H , #ATMIEEH AR HVEE



TN~ (S FH TR S A S S s ieo ] o F y R (PR A B )
AT AT R BN H ATREZR A ET THY
1. (2017-2021) (http://www.preparedness-empir.eu/) : &&EMEIEESL(EHGes » &
SAEFFEMIE AR B AR NS EE R TROE - PEYMERSDAES T Efir
%‘% o
2. (2020-2023) https://remotealpha.drmr.nipne.ro/) : G235l o fHEk{Efnas i 2258
TEfm AR - AR B B T T -

Tréamt s IR PR 4 fd AR EERE RS OHIZR 405

1. PTB ({Z#]) - UPC (PEHEL) - DII Matrice 600 Pro 4 At (G0 &#H - 6 1\
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