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We propose artificial neural networks (ANNs) as a tool for automatic mapping of daily 
observations of environmental data. A feed-forward back-propagation neural network 
for estimating daily natural radiation measurements at unsampled locations using 
prior information was developed. Feed-forward back-propagation networks were 
trained to learn: (a) the relationship between daily measurements and their spatial 
coordinates, and (b) the relationship between daily measurements made at one site 
and measurements made at the six surrounding closest sites. Results of the study 
indicate that ANNs can be used for automatic mapping of environmental (back-
ground) data with moderate success. ANN models for spatial interpolation can 
successfully incorporate prior information into the estimation process. However, the 
ANN approach to automatic mapping of environmental data presented here was 
clearly inappropriate for dealing with outliers. Results obtained suggest that develop-
ing two different models for estimating background values and extreme values, 
respectively, might be a potentially more successful approach to automatic mapping 
of environmental data. 
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METHODOLOGY 
ARTIFICIAL NEURAL NETWORK OVERVIEW 
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Figure 1 

(a) Processing unit or neuron (input bias x0 not shown), and (b) architecture 
of a feed-forward multi-layer network with 3 (pseudo)units in the input layer, 
4 units in the hidden layer and 2 units in the output layer (3-4-2) 
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ÇÉéêÉëëáçå= áë= ÅêÉ~íÉÇ=~ÇÇáåÖ=ìé= ëã~ää= ÚÄìãéëÛ=ÖÉåÉê~íÉÇ=Äó= íÜÉ=åçåJäáåÉ~ê= ÑìåÅíáçåë=çÑ=
íÜÉ=ìåáíë=E_áëÜçé=NVVRFK=fí=Ü~ë=ÄÉÉå=ÇÉãçåëíê~íÉÇ=Äó=ëÉîÉê~ä=~ìíÜçêë=íÜ~í=~ÇÇáåÖ=ÉåçìÖÜ=
ìåáíë= ~åó= Åçåíáåìçìë= ÑìåÅíáçå= ÅçìäÇ= ÄÉ= êÉéêÉëÉåíÉÇ= Äó= íÜáë= ãÉíÜçÇ= EáKÉK= ìåáîÉêë~ä==
~ééêçñáã~íáçåFK=

fãéäÉãÉåíáåÖ= ~å= ^kk=ãçÇÉä= ìëì~ääó= áåîçäîÉë= ëÉîÉê~ä= éÜ~ëÉëW= Ç~í~= éêÉJéêçÅÉëëáåÖI==
áåéìí=ëÉäÉÅíáçåI=~êÅÜáíÉÅíìêÉ=ëÉäÉÅíáçåI=íê~áåáåÖI=~åÇ=áåÇÉéÉåÇÉåí=éÉêÑçêã~åÅÉ=~ëëÉëëãÉåí=
çê=î~äáÇ~íáçåK=cáêëíI=Ç~í~=~êÉ=Åìëíçã~êáäó=ÑáäíÉêÉÇ=EÉKÖK=ãáëëáåÖ=êÉÅçêÇëF=~åÇ=íê~åëÑçêãÉÇI=
Ñçê=áåëí~åÅÉI=íç=ã~íÅÜ=íÜÉ=ê~åÖÉ=çÑ=íÜÉ=~Åíáî~íáçå=ÑìåÅíáçå=çê=íÜÉ=d~ìëëá~å=ÇáëíêáÄìíáçåK=
kçíÉ= íÜ~í=^kkë=~êÉ=Ç~í~JÇêáîÉå=ãçÇÉääáåÖ= íççäëI= áKÉK= íÜÉó= äÉ~êå= Ñêçã= Éñ~ãéäÉK=`çåëÉJ
èìÉåíäóI=íê~áåáåÖ=Eë~ãéäÉF=Ç~í~=ãìëí=ÄÉ=êÉéêÉëÉåí~íáîÉ=çÑ=íÜÉ=éçéìä~íáçåK=^ÇÉèì~íÉ=ãçÇÉä=
áåéìíë=~êÉ=ëÉäÉÅíÉÇ=ìëáåÖ=åìãÉêáÅ~ä=ãÉíÜçÇë=çê=~=éêáçêá=âåçïäÉÇÖÉ=çå=íÜÉ=éêçÅÉëë=ÄÉáåÖ=
áåîÉëíáÖ~íÉÇK=qÜÉ=~ééêçéêá~íÉ=åÉíïçêâ=ãçÇÉä=~åÇ=~êÅÜáíÉÅíìêÉ=~êÉ= íÜÉå=ëÉäÉÅíÉÇK=qÜáë= áë=
åçêã~ääó= Å~êêáÉÇ= çìí= Äó= íê~áåáåÖ=ÇáÑÑÉêÉåí= åÉíïçêâë= çå= ~= ëìÄëÉí= çÑ= íÜÉ= íê~áåáåÖ=Ç~í~ëÉí=
~åÇ=~ëëÉëëáåÖ=íÜÉáê=ÖÉåÉê~äáë~íáçå=éÉêÑçêã~åÅÉ=çå=íÜÉ=ìåìëÉÇ=íê~áåáåÖ=ëìÄëÉí=Eî~äáÇ~íáçå=
ëìÄëÉíF= éêÉëÉåíáåÖ= áí= íç= íÜÉ= åÉí=ïáíÜ= åç= äÉ~êåáåÖ= í~âáåÖ= éä~ÅÉK=qÜÉ= åÉíïçêâ= Ü~îáåÖ= íÜÉ=
äçïÉëí=Éêêçê=áë=ëÉäÉÅíÉÇ=~åÇ=íÜÉ=íê~áåáåÖ=é~ê~ãÉíÉêë=êÉÅçêÇÉÇK=qÜÉ=ëÉäÉÅíÉÇ=ãçÇÉä=áë=íÜÉå=
íê~áåÉÇ= çå= íÜÉ= ÅçãéäÉíÉ= íê~áåáåÖ= Ç~í~ëÉí= í~âáåÖ= áåíç= ~ÅÅçìåí= íÜÉ= êÉÅçêÇÉÇ= íê~áåáåÖ==
é~ê~ãÉíÉêë= ~åÇ= áíë= çîÉê~ää= ÖÉåÉê~äáë~íáçå= éÉêÑçêã~åÅÉ= áë= ~ëëÉëëÉÇ= ìëáåÖ= ~å= áåÇÉéÉåÇÉåí=
~åÇ=éêÉîáçìëäó=ïáíÜÜÉäÇ=Ç~í~=ëÉíK=

SPATIAL INTERPOLATION USING ANN 
^kkë=Ü~îÉ=ÄÉÉå=ëìÅÅÉëëÑìääó=ìëÉÇ=ÄçíÜ=Ñçê=Åä~ëëáÑáÅ~íáçå=~åÇ=êÉÖêÉëëáçå=áå=ÉåîáêçåãÉåí~ä=
~ééäáÅ~íáçåëK= qáãÉ= ëÉêáÉë= ÑçêÉÅ~ëíáåÖ= Ü~ë= é~êíáÅìä~êäó= ÄÉåÉÑáíÉÇ= Ñêçã= íÜÉ= ìëÉ= çÑ= ^kk=
ãçÇÉäëK=pé~íá~ä=áåíÉêéçä~íáçå=çÑ=ÉåîáêçåãÉåí~ä=Ç~í~=áë=êÉä~íÉÇ=íç=ÑçêÉÅ~ëíáåÖ=áå=íÜÉ=ëÉåëÉ=
íÜ~í=ÅäçëÉ=çÄëÉêî~íáçåë=Eáå=íÜáë=Å~ëÉ=áå=ëé~ÅÉF=~êÉ=ÅçêêÉä~íÉÇK=qÜìëI=~ë=áå=ÑçêÉÅ~ëíáåÖI=Eëé~J
íá~ääóF= ä~ÖÖÉÇ= çÄëÉêî~íáçåë= Å~å= ÄÉ= ìëÉÇ= ~ë= áåéìíë= íç= íÜÉ=ãçÇÉäK= cáÉäÇ= î~êá~ÄäÉë= ëìÅÜ= ~ë=
å~íìê~ä=ê~Çá~íáçå=ìëì~ääó=ëÜçï=~=ëé~íá~ä=ÅçêêÉä~íáçåK=eÉåÅÉ=áåÅçêéçê~íáåÖ=åÉáÖÜÄçìê=çÄJ
ëÉêî~íáçåë= íç= ëé~íá~ä= êÉÖêÉëëáçå= ãçÇÉäë= Ä~ëÉÇ= çå= ëé~íá~ä= ÅççêÇáå~íÉë= ã~ó= áãéêçîÉ=
Éëíáã~íáçå=éÉêÑçêã~åÅÉK=få=Åçåíê~ëí=íç=çíÜÉê=íÉÅÜåáèìÉëI=^kk=ãçÇÉäë=Å~å=ìëÉ=ÖÉçÖê~éÜáJ
Å~ä= Åçî~êá~íÉëI= ëìêêçìåÇáåÖ= çÄëÉêî~íáçåë= EäçÅ~äF= áå= ëé~ÅÉ= çêL~åÇ= íáãÉI= ~åÇ= ~î~áä~ÄäÉ=
èì~äáí~íáîÉ=áåÑçêã~íáçå=~Äçìí=íÜÉ=éêçÅÉëë=~ë=áåéìíë=áå=çêÇÉê=íç=Éëíáã~íÉ=íÜÉ=çìíéìí=î~êáJ
~ÄäÉ= EÉKÖK= å~íìê~ä= ê~Çá~íáçåF= EcáÖìêÉ= OFK=tÉ= ~ééäó= ÜÉêÉ= íÜáë= íÉÅÜåáèìÉ= íç= Éëíáã~íÉ= Ç~áäó=
å~íìê~ä=ê~Çá~íáçå=äÉîÉä=~åÇ=ÇáëíêáÄìíáçå=Ñçê=çåÉ=Ç~ó=ìëáåÖ=éêáçê=áåÑçêã~íáçåK=
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Figure 2 

Schematic of ANN model for spatial estimation of environmental data 

få=íÜáë=ëíìÇóI=ïÉ=ìëÉ=ÑÉÉÇJÑçêï~êÇ=Ä~ÅâJéêçé~Ö~íáçå=åÉíïçêâë=íê~áåÉÇ=ïáíÜ=íÜÉ=oÉëáäJ
áÉåí= éêçé~Ö~íáçå= ~äÖçêáíÜã= Ñçê= ~ìíçã~íáÅ= ã~ééáåÖ= çÑ= Ç~áäó= ãÉ~ëìêÉãÉåíë= çÑ= å~íìê~ä=
ê~Çá~íáçåK=kÉíïçêâë=ïÉêÉ= íê~áåÉÇ= íç= äÉ~êåW= E~F= íÜÉ= êÉä~íáçåëÜáé= ÄÉíïÉÉå= Ç~áäó=ãÉ~ëìêÉJ
ãÉåíë=~åÇ=íÜÉáê=ëé~íá~ä=ÅççêÇáå~íÉëI=~åÇ=EÄF=íÜÉ=êÉä~íáçåëÜáé=ÄÉíïÉÉå=Ç~áäó=ãÉ~ëìêÉãÉåíë=
ã~ÇÉ=~í=çåÉ=ëáíÉ=~åÇ=áåÑçêã~íáçå=Ñêçã=~=åìãÄÉê=çÑ=ëìêêçìåÇáåÖ=ëáíÉë=EãÉ~ëìêÉãÉåí=~åÇ=
Çáëí~åÅÉFK= kÉíïçêâ= ÇÉîÉäçéãÉåí= ï~ë= éÉêÑçêãÉÇ= ìëáåÖ= íÜÉ= píìííÖ~êí= kÉìê~ä= kÉíïçêâ=
páãìä~íçêI=pkkpI=ëçÑíï~êÉ=EwÉää=Éí=~äK=NVVUFK=eÉêÉI=ÄçíÜ=ãçÇÉä=~êÅÜáíÉÅíìêÉ=ëÉäÉÅíáçå=~åÇ=
íê~áåáåÖ=ïÉêÉ=éÉêÑçêãÉÇ=áå=~=ëáåÖäÉ=ëíÉé=ìëáåÖ=~=ÖÉåÉíáÅ=~äÖçêáíÜã=éêçîáÇÉÇ=ïáíÜ=pkkpK=
få= íÜÉ= Éëíáã~íáçå= ëí~ÖÉI= íÜÉ= íê~áåÉÇ=ãçÇÉä=ï~ë= éêÉëÉåíÉÇ=ïáíÜ= çìíéìí= é~ííÉêåë=ïáíÜ= åç=
äÉ~êåáåÖ= í~âáåÖ=éä~ÅÉ= íç=ÖÉåÉê~íÉ=Éëíáã~íáçåë=çÑ= ê~Çá~íáçå= äÉîÉä= Ñçê=~=é~êíáÅìä~ê= äçÅ~íáçå=
~åÇ=Ç~íÉK=

råÅÉêí~áåíó=~ëëçÅá~íÉÇ=ïáíÜ=íÜÉ=Éëíáã~íáçåë=ï~ë=Å~äÅìä~íÉÇ=êÉéÉ~íáåÖ=íÜÉ=íê~áåáåÖ=éêçJ
ÅÉÇìêÉ= S= íáãÉë= ëí~êíáåÖ= Ñêçã=ÇáÑÑÉêÉåí= ê~åÇçã= ëÉÉÇëK= bëíáã~íáçå= î~êá~åÅÉ= ~ëëçÅá~íÉÇ= íç=
É~ÅÜ=ëáíÉ=ï~ë=~ëëáãáä~íÉÇ=íç=ìåÅÉêí~áåíó=äÉîÉä=Ñçê=íÜÉ=ëáíÉK=

USE OF PRIOR INFORMATION 
kÉíïçêâ= ãçÇÉä= ÇÉîÉäçéãÉåí= ï~ë= Å~êêáÉÇ= çìí= ìëáåÖ= ~î~áä~ÄäÉ= éêáçê= áåÑçêã~íáçå= ÅçêêÉJ
ëéçåÇáåÖ=íç=íÜÉ=NMJÇ~ó=ëÉêáÉë=çÑ=å~íìê~ä=Ä~ÅâÖêçìåÇ=ê~Çá~íáçå=ãÉ~ëìêÉãÉåíëK= fåéìíë= íç=
íÜÉ=ãçÇÉä= áåÅäìÇÉÇ= ëé~íá~ä= ÅççêÇáå~íÉë= EÉ~íáåÖ= ~åÇ= åçêíÜáåÖF= çÑ= íÜÉ= êÉÑÉêÉåÅÉ= ëáíÉI= ~åÇ=
áåÑçêã~íáçå= ÅçêêÉëéçåÇáåÖ= íç= íÜÉ= ëáñ= ÅäçëÉëí= åÉáÖÜÄçìê= çÄëÉêî~íáçåë= ëìêêçìåÇáåÖ= É~ÅÜ=
êÉÑÉêÉåÅÉ=ëáíÉK=dÉçëí~íáëíáÅ~ä=î~êáçÖê~éÜáÅ=~å~äóëáë=çÑ=éêáçê=Ç~í~=áåÇáÅ~íÉÇ=íÜ~í=íêÉåÇ=ëìêJ
Ñ~ÅÉ= êÉëáÇì~äë= çÑ= ãÉ~å= ê~Çá~íáçå= äÉîÉä= Ñçê= íÜÉ= íÉåJÇ~ó= ëÉêáÉë= ~í= ~= ëáíÉ= ï~ë= çå= ~îÉê~ÖÉ=
ëé~íá~ääó=ÅçêêÉä~íÉÇ=ïáíÜ=ìé=íç= íÜÉ=NSíÜ=ëìêêçìåÇáåÖ=ÅäçëÉëí= ëáíÉëK=eçïÉîÉêI= áå=çêÇÉê= íç=
ëáãéäáÑó=ãçÇÉä=ÇÉîÉäçéãÉåí=~åÇ=ãçÇÉä=ÅçãéäÉñáíó=çåäó=íÜÉ=ëáñ=ÅäçëÉëí=ëáíÉë=íç=É~ÅÜ=êÉÑÉêJ
ÉåÅÉ= éçáåí= ïÉêÉ= ëÉäÉÅíÉÇ= Ñçê= íÜÉ= ~å~äóëáëK= fí= ï~ë= ~ëëìãÉÇ= íÜ~í= áåÅäìÇáåÖ= ëé~íá~ä=
ÅççêÇáå~íÉë=~ë=áåéìíë=ãáÖÜí=~ÅÅçìåí=Ñçê=~=éçíÉåíá~ä=íêÉåÇI=ïÜáäÉ=áåÅäìÇáåÖ=åÉáÖÜÄçìê=çÄJ
ëÉêî~íáçåë=ãáÖÜí=~ÅÅçìåí=Ñçê= äçÅ~ä=ëé~íá~ä=~ìíçÅçêêÉä~íáçåK=kÉáÖÜÄçìê=ëáíÉ=Ç~í~= áåÅäìÇÉÇ=
ê~Çá~íáçå= äÉîÉä= Ñçê= íÜÉ=ÅçêêÉëéçåÇáåÖ=Ç~ó=~åÇ=Çáëí~åÅÉ=îÉÅíçêK=aáëí~åÅÉ=îÉÅíçê= EÇáëí~åÅÉ=
ãçÇìäìë=~åÇ=éçä~ê=~åÖäÉF=ï~ë=ÇÉÅçãéçëÉÇ=áåíç=íïç=çêíÜçÖçå~ä=ÅçãéçåÉåíë=ÅçêêÉëéçåÇJ
áåÖ= íç= É~ëíáåÖ= ~åÇ= åçêíÜáåÖK= ^é~êí= Ñêçã= ê~Çá~íáçå= ãÉ~ëìêÉãÉåíI= íÜêÉÉ= Çáëí~åÅÉ=
é~ê~ãÉíÉêë= ïÉêÉ= ÉîÉåíì~ääó= ìëÉÇ= ~ë= áåéìíë= Ñçê= É~ÅÜ= åÉáÖÜÄçìêW= áåîÉêëÉ= çÑ= Çáëí~åÅÉ=
ãçÇìäìëI=~åÇ=áåîÉêëÉ=çÑ=É~ëíáåÖJÇáëí~åÅÉ=~åÇ=åçêíÜáåÖJÇáëí~åÅÉK=qÜáë=ã~ÇÉ=~=íçí~ä=çÑ=OS=
áåéìí=ìåáíë=EcáÖìêÉ=PFK=kÉíïçêâ=çìíéìí=ÅçåëáëíÉÇ=çÑ=íÜÉ=å~íìê~ä=ê~Çá~íáçå=çÄëÉêî~íáçå=Ñçê=
íÜÉ=êÉÑÉêÉåÅÉ=ëáíÉ=Ñçê=íÜÉ=ÅçêêÉëéçåÇáåÖ=Ç~óK=qÜáë=ã~ÇÉ=~=ëáåÖäÉ=çìíéìí=ìåáíK=eÉåÅÉI=í~êÖÉí=
î~äìÉë=ÅçåëáëíÉÇ=çÑ=çÄëÉêî~íáçåë=ã~ÇÉ=~í=~=ëáíÉ= Ñçê=~=é~êíáÅìä~ê=Ç~ó=çÑ= íÜÉ=éêáçê=NMJÇ~ó=
ëÉêáÉëK=
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Figure 3 

Inputs (26=2+6x4) and output (1) of ANN model for spatial estimation of 
natural radiation levels 

qÜÉ=éêçÅÉÇìêÉ=~ÄçîÉ=êÉëìäíÉÇ=áå=OIMMM=íê~áåáåÖ=é~ííÉêåë=çê=Å~ëÉë=EOMM=ëáíÉë=Äó=NMJÇ~ó=
ëÉêáÉë=çÑ=ãÉ~ëìêÉãÉåíëFK=^î~áä~ÄäÉ=é~ííÉêåë=ïÉêÉ=ê~åÇçãäó=ÇáîáÇÉÇ=áåíç=~=íê~áåáåÖ=ëìÄëÉí=
EVRBF=~åÇ=~=î~äáÇ~íáçå=ëìÄëÉí=ERBFK=qÜáë=ÅçêêÉëéçåÇÉÇ=íç=NVMR=~åÇ=VR=é~ííÉêåëI=êÉëéÉÅJ
íáîÉäóK=qÜÉ=î~äáÇ~íáçå=ëìÄëÉí=ï~ë=ìëÉÇ= Ñçê=ÖÉåÉê~äáò~íáçå=~ëëÉëëãÉåíK=^=ëã~ää=î~äáÇ~íáçå=
ëÉí=ï~ë=ÖÉåÉê~íÉÇ=íç=ìëÉ=~ë=ã~åó=~î~áä~ÄäÉ=é~ííÉêåë=~ë=éçëëáÄäÉ=Ñçê=åÉíïçêâ=íê~áåáåÖK=

m~ííÉêåë=Ñçê=íÜÉ=Éëíáã~íáçå=ëí~ÖÉ=ïÉêÉ=ÅçåëíêìÅíÉÇ=ÑçääçïáåÖ=íÜÉ=ë~ãÉ=éêçÅÉëë=Äìí=ìëJ
áåÖ=ãÉ~ëìêÉãÉåíë= ~í= íÜÉ= OMM=éêáçê= ëáíÉë= Ñçê= íÜÉ= NNíÜ=Ç~ó=çÑ= íÜÉ= ëÉêáÉëI= áKÉK= íÜÉ= Ç~ó= Ñçê=
ïÜáÅÜ= Éëíáã~íáçåë= Ü~Ç= íç= ÄÉ= ÖÉåÉê~íÉÇI= ~ë= åÉáÖÜÄçìê= ëáíÉëI= ~åÇ= íÜÉ= UMU= ~ÇÇáíáçå~ä= íÉëí=
ëáíÉë=~ë=íÜÉ=êÉÑÉêÉåÅÉ=ëáíÉëK=qÜÉ=ãçÇÉä=íê~áåÉÇ=çå=íÜÉ=Ñáêëí=NM=Ç~óë=ï~ë=ìëÉÇ=íç=Éëíáã~íÉ=íÜÉ=
UMU= î~äìÉë= çÑ= íÜÉ= NNíÜ= Ç~óI= ìëáåÖ= íÜÉ= OMM= ê~Çá~íáçå= î~äìÉë= çÑ= íÜÉ= NNíÜ= Ç~ó= çåäó= Ñçê=
åÉáÖÜÄçìêÜççÇ=Å~äÅìä~íáçåëK=qÜìëI=é~ííÉêåë=Ñçê=íÜÉ=Éëíáã~íáçå=ëí~ÖÉ=ïÉêÉ=éêÉëÉåíÉÇ=íç=íÜÉ=
íê~áåÉÇ= åÉíïçêâ= ïáíÜ= åç= äÉ~êåáåÖ= í~âáåÖ= éä~ÅÉ= íç= éêçÇìÅÉ= Éëíáã~íáçåë= ~í= íÜÉ= UMU==
ìåë~ãéäÉÇ=äçÅ~íáçåë=Ñçê=Ç~ó=NNíÜK=qÜÉ=éêçÅÉÇìêÉ=ï~ë=êÉéÉ~íÉÇ=Ñçê=íÜÉ=àçâÉê=Ç~í~ëÉíK=

TUNING THE ALGORITHMS 
pÉîÉê~ä=íÉÅÜåáèìÉë=Ü~îÉ=ÄÉÉå=ÇÉîáëÉÇ=Ñçê=^kk=ãçÇÉä=ëÉäÉÅíáçå=~åÇ=íìåáåÖK=^=ïáÇÉäó=ìëÉÇ=
~ééêç~ÅÜ= Ñçê=ãçÇÉä= ëÉäÉÅíáçå= áåîçäîÉë= íê~áåáåÖ= ~ää= éçëëáÄäÉ= åÉíïçêâ= ~êÅÜáíÉÅíìêÉë= ìëáåÖ=
ÅêçëëJî~äáÇ~íáçå= EÉKÖK= äÉ~îÉJçåJçìíI= âJÑçäÇF= ~åÇ= É~êäó= ëíçééáåÖK= líÜÉê= ~ééêç~ÅÜÉë= ìëÉ=
ëÉ~êÅÜ=ÜÉìêáëíáÅë=Ä~ëÉÇ=çå=Éîçäìíáçå~êó=çê=ÖÉåÉíáÅ=~äÖçêáíÜãëK=^å=Éîçäìíáçå~êó=~ééêç~ÅÜ=
ï~ë=ÅÜçëÉå=Ñçê=íÜáë=ëíìÇóK=

kÉíïçêâ= ~êÅÜáíÉÅíìêÉ= ~åÇ= é~ê~ãÉíÉêë= ïÉêÉ= ëÉäÉÅíÉÇ= ìëáåÖ= íÜÉ= bkwl= ÖÉåÉíáÅ= ~äÖçJ
êáíÜã=E_ê~ìå=~åÇ=o~ÖÖ=NVVRFK=bkwl=ìëÉë=íÜÉ=é~ê~ÇáÖã=çÑ=Éîçäìíáçå=Ñçê=çéíáãáòáåÖ=íÜÉ=
íçéçäçÖó= EåìãÄÉê= çÑ= ìåáíëI= ÅçååÉÅíáîáíó= çÑ= ìåáíëF= ~åÇ= íÜÉ= é~ê~ÇáÖã= çÑ= äÉ~êåáåÖ= Ñçê==
çéíáãáòáåÖ=íÜÉ=ÅçÉÑÑáÅáÉåíë=EïÉáÖÜíë=~åÇ=íÜêÉëÜçäÇëFK=fí=ÉîçäîÉë=~=éçéìä~íáçå=çÑ=åÉíïçêâë=
Äó= ÖÉåÉê~íáåÖ= çÑÑëéêáåÖë= íÜêçìÖÜ=ãìí~íáåÖ= íÜÉ= íçéçäçÖó= çÑ= íÜÉ= é~êÉåí= åÉíïçêâ= ~åÇ= Äó=
çéíáãáòáåÖ= íÜÉ= ÅçÉÑÑáÅáÉåíë=ïáíÜ= ~= Öê~ÇáÉåí= ÇÉëÅÉåí= ~äÖçêáíÜãK=^= íÜêÉÉJä~óÉê= é~êÉåí= åÉíJ
ïçêâ=ïáíÜ= OS= áåéìí= ìåáíëI= RM=ÜáÇÇÉå=ìåáíëI= ~åÇ=N=çìíéìí= ìåáí=ï~ë= ìëÉÇK=qÜÉ=oÉëáäáÉåí=
éêçé~Ö~íáçå= ïáíÜ= ~Ç~éíáîÉ= ïÉáÖÜíJÇÉÅ~ó= Eoéêçéj^mF= íê~áåáåÖ= ~äÖçêáíÜã= ï~ë= ëÉäÉÅíÉÇ=
E_áëÜçé=NVVRX=wÉää=Éí=~äK=NVVUFK=qê~áåáåÖ=~äÖçêáíÜã=é~ê~ãÉíÉêë=ïÉêÉ= ëÉí= íç=ëã~ää= áåáíá~ä=
î~äìÉëK=qÜÉëÉ=é~ê~ãÉíÉêë=ïÉêÉ=ìéÇ~íÉÇ=ÉîÉêó=OMM= íê~áåáåÖ=ÉéçÅÜëK=qÜÉ=~Åíáî~íáçå= ÑìåÅJ
íáçå= ï~ë= í~âÉå= íç= ÄÉ= íÜÉ= äçÖáëíáÅ= ÑìåÅíáçå= Ñçê= ~ää= ìåáíëK= ^î~áä~ÄäÉ= Ç~í~= ïÉêÉ= äáåÉ~êäó=
êÉëÅ~äÉÇ=íç=íÜÉ=ê~åÖÉ=EMINFI=íç=ã~íÅÜ=íÜÉ=ê~åÖÉ=çÑ=íÜÉ=~Åíáî~íáçå=ÑìåÅíáçå=~åÇ=íç=éêÉîÉåí=
Ñêçã= ëäçï= åÉíïçêâ= ÅçåîÉêÖÉåÅÉ= ÇìêáåÖ= íÜÉ= íê~áåáåÖ= éÜ~ëÉ= ÇìÉ= íç= Çáëé~ê~íÉ= î~êá~ÄäÉ=



SPATIAL INTERPOLATION OF NATURAL RADIATION LEVELS ARTICLES  18-7 

ê~åÖÉëK=jáåáãìã= ~åÇ=ã~ñáãìã= î~äìÉë= ìëÉÇ= Ñçê= êÉëÅ~äáåÖ= ê~Çá~íáçå= äÉîÉäë= ïÉêÉ= ëÉí= íç=
î~äìÉë=ëäáÖÜíäó=ëã~ääÉê=íÜ~å=íÜÉ=ãáåáãìã=î~äìÉ=ERQKQ=åpîLÜF=~åÇ=ëäáÖÜíäó=ä~êÖÉê=íÜ~å=íÜÉ=
ã~ñáãìã=î~äìÉ=ENRTKM=åpîLÜFI=êÉëéÉÅíáîÉäóI=çÑ=íÜÉ=éêáçê=NMJÇ~ó=ëÉêáÉë=Ç~í~K=qÜìë=ã~ñáJ
ãìã= ~åÇ= ãáåáãìã= î~äìÉë= ïÉêÉ= ëÉí= íç= RMKM= ~åÇ= NSMKM= åpîLÜI= êÉëéÉÅíáîÉäóK= qÜÉ= Éêêçê=
ÑìåÅíáçå=ÄÉáåÖ=ãáåáãáëÉÇ=ï~ë= äÉ~ëí= ëèì~êÉëK=qê~áåáåÖ=ï~ë= ëíçééÉÇ= áÑ= íÜÉ=ãÉ~å= íê~áåáåÖ=
Éêêçê= ï~ë= ëã~ääÉê= íÜ~å= ~= íÜêÉëÜçäÇ= î~äìÉ= EMKMMMRF= çê= íÜÉ= åìãÄÉê= çÑ= íê~áåáåÖ= ÉéçÅÜë=
êÉ~ÅÜÉÇ= ~=ã~ñáãìã= î~äìÉ= çÑ= SIMMMK=`êáíÉêá~= ìëÉÇ= Ñçê=ãÉ~ëìêáåÖ= íÜÉ= éÉêÑçêã~åÅÉ= EáKÉK=
ÑáíåÉëëF=áåÅäìÇÉÇ=Éêêçê=çå=íê~áåáåÖ=ëÉíI=ÖÉåÉê~äáë~íáçå=Å~é~Äáäáíó=Éêêçê=çå=íÜÉ=î~äáÇ~íáçå=ëÉíI=
åìãÄÉê=çÑ=ìåáíëI=~åÇ=åìãÄÉê=çÑ=ïÉáÖÜíëK=qÜìëI=åÉíïçêâë=ïáíÜ=ëã~ää=íê~áåáåÖ=~åÇ=î~äáÇ~J
íáçå=Éêêçêë=~äçåÖ=ïáíÜ=ëã~ää=åìãÄÉêë=çÑ=ìåáíë=~åÇ=ïÉáÖÜíë=ïÉêÉ=éêÉÑÉêêÉÇ=íç=íÜÉ=êÉëí=çÑ=
åÉíïçêâë=çÑ=íÜÉ=éçéìä~íáçå=ÄÉáåÖ=ÉîçäîÉÇK=pÅÜÉãÉ=ìëÉÇ=íç=ïÉáÖÜí=êÉä~íáîÉ=áãéçêí~åÅÉ=çÑ=
É~ÅÜ=éÉêÑçêã~åÅÉ=ÅêáíÉêáçå=Ö~îÉ=íÜÉ=ä~êÖÉê=ïÉáÖÜí=íç=íÜÉ=ÖÉåÉê~äáë~íáçå=Éêêçê=EçåÉ=çêÇÉê=
çÑ=ã~ÖåáíìÇÉ=ä~êÖÉê=íÜ~å=íÜÉ=êÉëíFK=

RESULTS 
jçÇÉä= ÇÉîÉäçéãÉåí= éêçÅÉÇìêÉ= ÖÉåÉê~íÉÇ= ~= é~êíá~ääó= ÅçååÉÅíÉÇ= íê~áåÉÇ= åÉíïçêâ=ïáíÜ= ~=
ëáåÖäÉ=ÜáÇÇÉå=ä~óÉê=ïáíÜ=NP=ìåáíë=EOSJNPJNFI=~åÇ=ïáíÜ=OVP=äáåâëK=bëíáã~íáçåë=Ñçê=íÜÉ=Ñáêëí=
~åÇ=ëÉÅçåÇ=Ç~í~ëÉíë=~êÉ=éêÉëÉåíÉÇ=ÄÉäçïK=

OVERALL RESULTS 
q~ÄäÉ=N=ëÜçïë=íÜÉ=ãáåáãìãI=ã~ñáãìãI=ãÉ~åI=ãÉÇá~å=~åÇ=ëí~åÇ~êÇ=ÇÉîá~íáçå=çÑ=íÜÉ=UMU=
Éëíáã~íÉÇ= î~äìÉë= ~åÇ=çÄëÉêîÉÇ= î~äìÉë= Ñçê= íÜÉ= íïç=Ç~í~ëÉíëK=oÉëìäíë= Ñçê= íÜÉ= Ñáêëí= Ç~í~ëÉí=
ëìÖÖÉëí=íÜ~í=íÜÉ=ãçÇÉä=ìåÇÉêÉëíáã~íÉÇ=çÄëÉêîÉÇ=î~äìÉëK=få=Åçåíê~ëíI=ëí~åÇ~êÇ=ÇÉîá~íáçå=çÑ=
Éëíáã~íáçåë= ï~ë= ä~êÖÉê= íÜ~å= ëí~åÇ~êÇ= ÇÉîá~íáçå= çÑ= íêìÉ= î~äìÉëK= cçê= íÜÉ= ëÉÅçåÇ= Ç~í~ëÉíI=
êÉëìäíë= ëìÖÖÉëí= íÜ~í= íÜÉ=ãçÇÉä= ÅäÉ~êäó= Ñ~áäÉÇ= íç=Éëíáã~íÉ= ÉñíêÉãÉ=î~äìÉëK=j~ñáãìã=ÉëíáJ
ã~íÉÇ=î~äìÉ=ï~ë=çåÉ=çêÇÉê=çÑ=ã~ÖåáíìÇÉ=ëã~ääÉê=íÜ~å=íÜÉ=íêìÉ=çÄëÉêîÉÇ=ã~ñáãìã=î~äìÉK=
jÉ~åI=ãÉÇá~å=~åÇ=ëí~åÇ~êÇ=ÇÉîá~íáçå=ïÉêÉ=~äëç=ìåÇÉêÉëíáã~íÉÇK=

N = 808 Min. Max. Mean Median Std. Dev. 
Observed (first data set) 57.0 180.0 98.0 98.8 20.0 
Estimates (first data set) 50.3 154.0 96.4 96.8 23.3 
Observed (second data set) 57.0 1528.2 105.4 99.0 83.7 
Estimates (second data set) 50.0 154.3 94.4 95.4 24.8 

Table 1 
Comparison of the estimated and measured values (nSv/h) 

q~ÄäÉ=O=ëÜçïë=íÜÉ=ãÉ~å=~ÄëçäìíÉ=Éêêçê=Ej^bFI=íÜÉ=Äá~ë=Eçê=ãÉ~å=Éêêçê=jbFI=~åÇ=íÜÉ=
êççí=ãÉ~å=ëèì~êÉÇ=Éêêçê=EojpbF=çÑ=íÜÉ=éêÉÇáÅíáçåë=~í=íÜÉ=å=Z=UMU=äçÅ~íáçåë=Ñçê=íÜÉ=íïç=
Ç~í~ëÉíëK=qÜÉëÉ=~êÉ=ÇÉÑáåÉÇ=~ëW=
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ïÜÉêÉ=~Gá= áë=íÜÉ=Éëíáã~íÉÇ=î~äìÉ=~í= äçÅ~íáçå= á=~åÇ=ïÜÉêÉ=~á= áë=íÜÉ=íêìÉ=î~äìÉK=mÉ~êëçåÛë=ê=
ÅçÉÑÑáÅáÉåí=çÑ=ÅçêêÉä~íáçå=ÄÉíïÉÉå=íÜÉ=Éëíáã~íÉÇ=~åÇ=íêìÉ=î~äìÉë=áë=~äëç=ÖáîÉåK=

j^bI=jb= ~åÇ=ojpb= Ñçê= íÜÉ= Ñáêëí= Ç~í~ëÉí= áåÇáÅ~íÉÇ= íÜ~í= ÇÉëéáíÉ= Éêêçê= î~äìÉë=ïÉêÉ=
ãçÇÉê~íÉI=íÜÉ=ãçÇÉä=ï~ë=åçí=~ÄäÉ=íç=~ÅÅìê~íÉäó=Éëíáã~íÉ=íêìÉ=î~äìÉëK=bêêçê=ëí~íáëíáÅë=~äëç=
ëÜçï=íÜ~í=íÜÉ=åÉíïçêâ=ãçÇÉä=ìåÇÉêÉëíáã~íÉÇ=çÄëÉêîÉÇ=î~äìÉëK=mÉ~êëçåÛë=ê=áåÇáÅ~íÉÇ=íÜ~í=
ÅçêêÉä~íáçå=ï~ë=~äëç=ãçÇÉê~íÉK=få=Åçåíê~ëíI=j^bI=jb=~åÇ=ojpb=Ñçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí=
éêÉëÉåíÉÇ=îÉêó= ä~êÖÉ=î~äìÉëI= áåÇáÅ~íáåÖ=íÜ~í= íÜÉ=ãçÇÉä=ÅçãéäÉíÉäó=Ñ~áäÉÇ=íç=Éëíáã~íÉ=íêìÉ=
î~äìÉëI=ÉëéÉÅá~ääó=çìíäáÉêëK=få=íÜáë=Å~ëÉI=mÉ~êëçåÛë=ê=ï~ë=~äãçëí=M=áåÇáÅ~íáåÖ=íÜ~í=íÜÉêÉ=ï~ë=
åç=ÅçêêÉä~íáçåK=

Data sets MAE ME Pearson’s r RMSE 
First data set 16.0 -1.7 0.55 20.8 
Second data set 25.3 -11.1 0.02 87.5 

Table 2 
Comparison of the errors 

 
Figure 4 

Isoline levels (nSv/h) for the 1st set (let) and the 2nd set (right). Crosses  
indicate locations of the estimated values. Empty squares indicate locations 
of the input values. 

j~éë=ïáíÜ= áëçäáåÉë= ëÜçïáåÖ= íÜÉ= Éëíáã~íÉÇ= î~äìÉë= ~êÉ= éêÉëÉåíÉÇ= áå= cáÖìêÉ= QK= pé~íá~ä==
ÇáëíêáÄìíáçå= çÑ= Éëíáã~íÉÇ= î~äìÉë= Ñçê= íÜÉ= Ñáêëí= Ç~í~ëÉí= áåÇáÅ~íÉë= íÜ~í= ä~êÖÉ= å~íìê~ä= Ä~ÅâJ
ÖêçìåÇ=ê~Çá~íáçå=äÉîÉäë=ÅçåÅÉåíê~íÉ=áå=íÜÉ=ÅÉåíê~ä=~åÇ=pçìíÜJtÉëíÉêå=ëÉÅíçêë=çÑ=íÜÉ=ëíìÇó=
~êÉ~K=bñÅäìÇáåÖ= íÜÉ=pçìíÜJtÉëíÉêå= ÅçêåÉê=çÑ= íÜÉ=ãçåáíçêÉÇ=~êÉ~I= íÜÉ=ã~é= ëÜçïáåÖ= íÜÉ=
Éëíáã~íÉÇ=î~äìÉë=Ñçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí=éêÉëÉåíë=íÜÉ=ë~ãÉ=ëé~íá~ä=ÇáëíêáÄìíáçå=~ë=íÜÉ=çåÉ=
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Ñçê= íÜÉ= Ñáêëí= Ç~í~ëÉíK=qÜáë=ã~é= ëÜçïë=ÜçïÉîÉê= íÜ~í= íÜÉ= åÉíïçêâ=ïêçåÖäó= éêçÇìÅÉÇ= íÜÉ=
ëã~ääÉëí=Éëíáã~íáçåë=Ñçê=íÜÉ=ÉñéÉÅíÉÇ=ä~êÖÉ=ÉñíêÉãÉ=î~äìÉë=äçÅ~íÉÇ=áå=íÜÉ=~êÉ~=ïÜÉêÉ=~ÅÅáJ
ÇÉåí~ä=êÉäÉ~ëÉ=çÑ=ê~Çáç~Åíáîáíó=áå=íÜÉ=ÉåîáêçåãÉåí=ï~ë=ëáãìä~íÉÇK=

råÅÉêí~áåíó= ~ëëçÅá~íÉÇ= íç= íÜÉ= Éëíáã~íáçåë= Ñçê= íÜÉ= íïç= Ç~í~ëÉíë= ÇÉëÅêáÄÉÇ= ~ÄçîÉ= ~êÉ=
ëÜçïå=~ë=ã~éë=áå=cáÖìêÉ=RK=cçê=íÜÉ=Ñáêëí=Ç~í~ëÉíI=ã~ñáãìã=ìåÅÉêí~áåíó=î~äìÉë=íÉåÇ=íç=ÄÉ=
äçÅ~íÉÇ=åÉ~ê= íÜÉ=b~ëíÉêå= ~åÇ= pçìíÜÉêå= ÉÇÖÉë= çÑ= íÜÉ= ëíìÇó= ~êÉ~K=i~êÖÉ= ìåÅÉêí~áåíáÉë= ~êÉ=
~äëç=~ëëçÅá~íÉÇ=íç=Éëíáã~íáçåë=äçÅ~íÉÇ=~í=íÜÉ=ÅÉåíê~ä=é~êí=çÑ=íÜÉ=tÉëíÉêå=ÉÇÖÉ=çÑ=íÜÉ=ëíìÇó=
~êÉ~K=cçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉíI=ã~ëëáîÉ=ìåÅÉêí~áåíáÉë=~êÉ=~ëëçÅá~íÉÇ=íç=äçÅ~íáçåë=~êçìåÇ=íÜÉ=
éçáåí= ïÜÉêÉ= íÜÉ= ~ÅÅáÇÉåí~ä= êÉäÉ~ëÉ= çÑ= ê~Çáç~Åíáîáíó= áå= íÜÉ= ÉåîáêçåãÉåí= ï~ë= ëáãìä~íÉÇK=
kÉíïçêâë=ÖÉåÉê~íÉÇ= áå= íÜÉ= ëáñ= êìåë=éÉêÑçêãÉÇ= Ñçê=ìåÅÉêí~áåíó=Éî~äì~íáçå=éêÉëÉåíÉÇ=NPI=
NQ=çê=NR=ÜáÇÇÉå=ä~óÉê=ìåáíëI=ïáíÜ=~=Åçãé~ê~ÄäÉ=åìãÄÉê=çÑ=äáåâëK=

 
Figure 5 

Isoline levels showing the uncertainty (estimation variance, (nSv/h)2)  
associated to the estimations obtained for the 1st set (let) and the 2nd set 
(right). Crosses indicate locations of the estimated values. Empty squares 
indicate locations of the input values. 

^= íÉëí= ìëáåÖ= ~îÉê~ÖÉÇ= êÉëìäíë= Ñêçã= íÜÉ= S= íê~áåáåÖ= êìåë= éÉêÑçêãÉÇ= Ñçê= ìåÅÉêí~áåíó=
Éî~äì~íáçå= ï~ë= Å~êêáÉÇ= çìíK= ^ë= ÉñéÉÅíÉÇI= ìëáåÖ= ~îÉê~ÖÉÇ= Éëíáã~íáçåë= ÅêÉ~íÉÇ= Äó= íÜÉ= S=
íê~áåáåÖ=ÉñéÉêáãÉåíë=ìëáåÖ=ÇáÑÑÉêÉåí=ê~åÇçã=ëÉÉÇë=éêçÇìÅÉÇ=ëäáÖÜíäó=ÄÉííÉê=êÉëìäíë=Ñçê=íÜÉ=
Ñáêëí=Ç~í~ëÉí=íÜ~å=íÜÉ=êÉëìäíë=Ñêçã=~=ëáåÖäÉ=åÉíïçêâ=ãçÇÉä=éêÉëÉåíÉÇ=~ÄçîÉK=oÉëìäíë=Ñçê=íÜÉ=
ëÉÅçåÇ= Ç~í~ëÉí=ïÉêÉ= ~Ö~áå= ÅäÉ~êäó= ìå~ÅÅÉéí~ÄäÉK= q~ÄäÉë= P= ~åÇ= Q= ëÜçï= ëí~íáëíáÅë= Ñçê= íÜÉ=
~îÉê~ÖÉÇ=Éëíáã~íáçåëK=bëíáã~íáçå=~åÇ=Éêêçê=ëí~íáëíáÅë=ëÜçï=íÜ~í=íÜÉ=ãçÇÉä=ï~ë=~äëç=ìåÇÉêJ
Éëíáã~íáåÖ=çÄëÉêîÉÇ=î~äìÉëK=j~éë=çÑ=Éëíáã~íáçåë=ïáíÜ=áëçäáåÉë=~êÉ=éêÉëÉåíÉÇ=áå=cáÖìêÉ=SK=

=
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N = 808 Min. Max. Mean Median Std. Dev. 
Observed (first data set) 57.0 180.0 98.0 98.8 20.0 
Estimates (first data set) 56.5 139.4 96.9 98.6 18.7 
Observed (second data set) 57.0 1528.2 105.4 99.0 83.7 
Estimates (second data set) 56.3 139.4 96.0 97.5 19.2 

Table 3 
Comparison of the averaged estimated values from 6 runs and measured 
values (nSv/h) 

Data sets MAE ME Pearson’s r RMSE 
First data set 12.1 -1.2 0.67 15.8 
Second data set 20.3 -9.4 0.12 84.1 

Table 4 
Comparison of the errors. Averaged results from 6 runs 

 
Figure 6 

Averaged results from 6 training runs. Isoline levels (nSv/h) for the 1st set 
(let) and the 2nd set (right). Crosses indicate locations of the estimated  
values. Empty squares indicate locations of the input values. 

DETECTING ANOMALIES AND OUTLIERS 
^ë=ÅçããÉåíÉÇ=~ÄçîÉI=Éëíáã~íáçåë=Ñçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí=áåÅäìÇáåÖ=ÉñíêÉãÉ=î~äìÉë=EàçâÉê=
Ç~í~ëÉíF=ïÉêÉ=ÅäÉ~êäó=ìåë~íáëÑ~ÅíçêóK=qÜÉ=~ééêç~ÅÜ=éêÉëÉåíÉÇ=ÜÉêÉ=éêçîÉÇ=íç=ÄÉ=ìëÉäÉëë=Ñçê=
Éëíáã~íáçå=çÑ=çìíäáÉêëK=qÜÉ=íê~áåÉÇ=åÉíïçêâ=Ñ~áäÉÇ=íç=Éëíáã~íÉ=ÉñíêÉãÉ=î~äìÉë=éêçÇìÅÉÇ=Äó=
íÜÉ=ëáãìä~íÉÇ=~ÅÅáÇÉåí~ä=êÉäÉ~ëÉ=çÑ=ê~Çáç~Åíáîáíó=áå=íÜÉ=pçìíÜJtÉëíÉêå=ÅçêåÉê=çÑ=íÜÉ=ãçåáJ
íçêÉÇ=~êÉ~K=cáÖìêÉ=T=ëÜçïë=íÜÉ=Éëíáã~íÉë=çÄí~áåÉÇ=Ñçê=íÜÉ=OåÇ=ëÉí=áå=P=aK=fí=Å~å=ÄÉ=ÄÉííÉê=
ëÉÉå=íÜ~í= íÜÉ=íê~áåÉÇ=åÉíïçêâ=ïêçåÖäó=éêçÇìÅÉÇ=íÜÉ= äçïÉëí=Éëíáã~íáçåë=Ñçê=íÜÉ=ÉñíêÉãÉ=
î~äìÉëK=
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Figure 7 

3D map showing extreme values found in the 2nd set (vertical scale in 
nSv/h). 

^å=~ÇÇáíáçå~ä=ÉñéÉêáãÉåí=ï~ë=éÉêÑçêãÉÇ=E~ÑíÉê=íêìÉ=î~äìÉë=ïÉêÉ=êÉäÉ~ëÉÇF=íç=íÉëí=íÜÉ=
~Äáäáíó=çÑ=~=åÉíïçêâ=íê~áåÉÇ=ìëáåÖ=~=åÉï=Ç~í~ëÉí=áåÅäìÇáåÖ=çìíäáÉêë=íç=Éëíáã~íÉ=íÜÉ=ëÉÅçåÇ=
Ç~í~ëÉíK=^å=~ÅÅáÇÉåí~ä=êÉäÉ~ëÉ=çÑ=ê~Çáç~Åíáîáíó=íç=íÜÉ=ÉåîáêçåãÉåí=ï~ë=ëáãìä~íÉÇ=ìëáåÖ=íÜÉ=
ÉñéêÉëëáçå=ìëÉÇ= íç=ÅêÉ~íÉ= íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí= EaìÄçáë=~åÇ=d~äã~êáåá=OMMRFK= få= íÜáë=Å~ëÉ=
íÜÉ=~ÅÅáÇÉåí~ä=êÉäÉ~ëÉ=ï~ë=ëáãìä~íÉÇ=íç=í~âÉ=éä~ÅÉ=~í=íÜÉ=kçêíÜJb~ëíÉêå=ÅçêåÉê=Eéçáåí=VNI=
ïáíÜ=ëé~íá~ä=ÅççêÇáå~íÉë=NSNUQI=QSUUUPF=áå=íÜÉ=NMíÜ=Ç~ó=çÑ=íÜÉ=éêáçê=Ç~í~=ëÉêáÉëK=m~ê~ãÉJ
íÉêë=ìëÉÇ=Ñçê=íÜÉ=ÉñéêÉëëáçå=ïÉêÉW=

• n=Z=NKR=NMÉHMT=xìåÇÉÑáåÉÇ=ìåáíëz=
• ì=Z=T=xãLëz=
• ë=Z=SMMM=xãz=
• q=Z=OMMMM=xëz=
kÉï= áåéìí= ëáãìä~íÉÇ= ê~Çá~íáçå= äÉîÉäë= Ñçê= íÜÉ=NMíÜ=Ç~ó= áåÅäìÇÉÇ=åçï=çìíäáÉêë= Eã~ñáJ

ãìã= î~äìÉ= ï~ë= NUSOKS= åpîLÜFK= o~Çá~íáçå= äÉîÉäë= ïÉêÉ= íê~åëÑçêãÉÇ= ìëáåÖ= íÜÉ= å~íìê~ä=
äçÖ~êáíÜã= ÑìåÅíáçåK=qÜÉ= ë~ãÉ= éêçÅÉÇìêÉ= ÇÉëÅêáÄÉÇ= ~ÄçîÉ=ï~ë= ìëÉÇ= Ñçê=ãçÇÉä= ÇÉîÉäçéJ
ãÉåí= ~åÇ= íê~áåáåÖ= ìëáåÖ= íÜáë= åÉï= íê~áåáåÖ= Ç~í~ëÉíK= oÉëìäíë= áåÇáÅ~íÉÇ= íÜ~í= çìíäáÉêë=ïÉêÉ=
ÄÉííÉê=ÇÉíÉÅíÉÇK=eçïÉîÉêI=ëçãÉ=Ñ~äëÉ=çìíäáÉêë=ïÉêÉ=ÖÉåÉê~íÉÇ=Äó=íÜÉ=ãçÇÉäK= få=~ÇÇáíáçåI=
êÉëìäíë=Ñçê=íÜÉ=Ñáêëí=Ç~í~ëÉí=ïÉêÉ=åçï=ìåë~íáëÑ~ÅíçêóK=bëíáã~íáçåë=Ñçê=íÜÉ=Ñáêëí=Ç~í~ëÉí=~äëç=
éêçÇìÅÉÇ=Ñ~äëÉ=çìíäáÉêëK=q~ÄäÉë=R=~åÇ=S=ëÜçï=íÜÉ=Åçãé~êáëçå=çÑ=Ä~ëáÅ=ëí~íáëíáÅë=~åÇ=ÉêêçêëK=
få= íÜáë=Å~ëÉI=j^bI=jbI=~åÇ=ojpb=Ñçê= íÜÉ= Ñáêëí=Ç~í~ëÉí=éêÉëÉåíÉÇ= ä~êÖÉê=î~äìÉë= íÜ~å= áå=
éêÉîáçìë=ÉñéÉêáãÉåíëK=jb=éêÉëÉåíÉÇ=åçï=éçëáíáîÉ=î~äìÉë=áåÇáÅ~íáåÖ=íÜ~í=íÜÉ=ãçÇÉä=çîÉêJ
Éëíáã~íÉÇ=çÄëÉêîÉÇ=î~äìÉëK=mÉ~êëçåÛë=ê= Ñçê=íÜÉ=Ñáêëí=Ç~í~ëÉí=ÇÉÅêÉ~ëÉÇ=íç=Ü~äÑ=çÑ= áíë=î~äìÉ=
çÄí~áåÉÇ= áå= éêÉîáçìë= ÉñéÉêáãÉåíëK= få= Åçåíê~ëíI= mÉ~êëçåÛë= ê= Ñçê= íÜÉ= ëÉÅçåÇ= Ç~í~ëÉí==
áåÅêÉ~ëÉÇ=Ñêçã=MKMO=íç=MKO=j^b=~åÇ=ojpb=Ñçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí=ïÉêÉ=Åçãé~ê~ÄäÉ=íç=
íÜçëÉ= çÄí~áåÉÇ= áå= éêÉîáçìë= ÉñéÉêáãÉåíëK= cáÖìêÉ= U= ëÜçïë= íÜÉ= ëé~íá~ä= ÇáëíêáÄìíáçå= çÑ==



18-12 SPATIAL INTERPOLATION OF NATURAL RADIATION LEVELS ARTICLES 

Éëíáã~íáçåë=Ñçê=íÜÉ=Ñáêëí=~åÇ=ëÉÅçåÇ=Ç~í~ëÉíëK=fí=Å~å=ÄÉ=ëÉÉå=íÜ~í=ÉñíêÉãÉ=î~äìÉë=~êÉ=ÄÉííÉê=
ÇÉíÉÅíÉÇI=Äìí=åçï=Ñ~äëÉ=éçíÉåíá~ä=çìíäáÉêë=~êÉ=áåíêçÇìÅÉÇ=EcáÖìêÉ=VFK=

N = 808 Min. Max. Mean Median Std. Dev. 
Observed (first data set) 57.00 180.0 98.0 98.8 20.0 
Estimates (first data set) 51.6 729.3 103.3 96.9 45.9 
Observed (second data set) 57.0 1528.2 105.4 99.0 83.7 
Estimates (second data set) 51.6 1028.4 109.2 97.5 74.6 

Table 5 
Comparison of the estimated and measured values (nSv/h). Model devel-
oped using simulated extreme values. 

Data sets MAE ME Pearson’s r RMSE 
First data set 21.4 5.3 0.24 45.8 
Second data set 30.5 3.8 0.20 96.6 

Table 6 
Comparison of the errors. Network developed using training data including 
simulated extreme values. 

 

Figure 8 
Results for network trained using data including simulated extreme values. 
Isoline levels (nSv/h) for the 1st set (let) and the 2nd set (right). Crosses  
indicate locations of the estimated values. Empty squares indicate locations 
of the input values. 
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Figure 9 

3D map showing extreme values found in the 2nd set (vertical scale in 
nSv/h) generated with model developed using training data including  
simulated extreme values. 

DISCUSSION 
oÉëìäíë= çÄí~áåÉÇ= áå= íÜáë= ëíìÇó= áåÇáÅ~íÉ= íÜ~í= êÉ~ëçå~Ääó= ~ÅÅìê~íÉ= Éëíáã~íáçåë= çÑ= å~íìê~ä=
Ä~ÅâÖêçìåÇ= ê~Çá~íáçå= äÉîÉäë= ÅçìäÇ= ÄÉ= çÄí~áåÉÇ= ïáíÜ= ~= åÉíïçêâ= íê~áåÉÇ= ìëáåÖ= EÄ~ÅâJ
ÖêçìåÇF= éêáçê= Ç~í~K= lå= íÜÉ= çíÜÉê= Ü~åÇI= Éëíáã~íáçå= çÑ= Ç~í~= áåÅäìÇáåÖ= ÉñíêÉãÉ= î~äìÉë=
éêçîÉÇ=íç=ÄÉ=~=ÇáÑÑáÅìäí=í~ëâK=få=íÜÉ=~ìíçã~íáÅ=ã~ééáåÖ=ÉñÉêÅáëÉ=íÜÉ=åÉíïçêâ=ãçÇÉä=ï~ë=
åÉîÉê=éêÉëÉåíÉÇ=ïáíÜ=çìíäáÉê=î~äìÉë=ÇìêáåÖ=íÜÉ=íê~áåáåÖ=ëí~ÖÉK=qÜÉ=åÉí=ï~ë=íê~áåÉÇ=ìëáåÖ=
Ç~í~= áå= íÜÉ= ê~åÖÉ=RQKQ= íç=NRTKM=åpîLÜI=ïÜáÅÜ=ïÉêÉ=éêÉîáçìëäó= êÉëÅ~äÉÇ=ìëáåÖ=ãáåáãìã=
~åÇ=ã~ñáãìã=î~äìÉë=çÑ=RMKM=~åÇ=NSMKM=åpîLÜI=êÉëéÉÅíáîÉäóK=kÉíïçêâ=çìíéìí=î~äìÉë=ïÉêÉ=
íÜìë=Úë~ÑÉäóÛ=ÄçìåÇÉÇ=íç=íÜáë=ê~åÖÉ=ÄÉÅ~ìëÉ=çÑ=íÜÉ=~Åíáî~íáçå=ÑìåÅíáçå=ëÉäÉÅíÉÇ=Ñçê=íÜÉ=çìíJ
éìí= ìåáíK= qê~áåÉÇ= åÉíïçêâë= éêçÇìÅÉÇ=ïêçåÖ= êÉëìäíë=ïÜÉå= éêÉëÉåíÉÇ=ïáíÜ= ÉñíêÉãÉ= Ç~í~=
çìí=çÑ=íÜÉ=ê~åÖÉ=çÑ=íÜÉ=íê~áåáåÖ=Ç~í~K=^=íÉëí=éÉêÑçêãÉÇ=ìëáåÖ=~å=çìíéìí=ìåáí=äáåÉ~ê=~Åíáî~J
íáçå=ÑìåÅíáçå=~ÑíÉê=ÉñÉêÅáëÉ=íêìÉ=î~äìÉë=ïÉêÉ=êÉäÉ~ëÉÇ=áåÇáÅ~íÉÇ=íÜ~í=ëäáÖÜíäó=ÄÉííÉê=êÉëìäíë=
ÅçìäÇ=Ü~îÉ=ÄÉÉå=çÄí~áåÉÇ=ìëáåÖ=íÜáë=ãçÇÉä=EíÉëí=êÉëìäíë=~êÉ=åçí=éêÉëÉåíÉÇFK=kÉîÉêíÜÉäÉëëI=
çìíéìí=î~äìÉë=Ñçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí=ïáíÜ=çìíäáÉêë=áåÅäìÇÉÇ=ä~êÖÉ=ÉêêçêëK=fí=áë=áãéçêí~åí=íç=
ãÉåíáçå=íÜ~í=ìëáåÖ=~=ïáÇÉê=ê~åÖÉ=Ñçê=Ç~í~=êÉëÅ~äáåÖ=~åÇ=~å=ìåÄçìåÇÉÇ=~Åíáî~íáçå=ÑìåÅJ
íáçå= ïçìäÇ= éêçÇìÅÉ= çìíéìí= î~äìÉë= çìí= çÑ= íÜÉ= ê~åÖÉ= çÑ= íÜÉ= íê~áåáåÖ= Ç~í~= EáKÉK=
Éñíê~éçä~íáçåFK=^ë=ëíêÉëëÉÇ=áå=éêÉîáçìë=ëÉÅíáçåëI=^kkë=~êÉ=Ç~í~JÇêáîÉå=ãçÇÉäë=ïÜáÅÜ=~êÉ=
ÖççÇ= ~í= áåíÉêéçä~íáåÖ= Äìí= åçí= ~í= Éñíê~éçä~íáåÖK= qÜáë= ãÉ~åë= íÜ~íI= áå= ÖÉåÉê~äI= ~= íê~áåÉÇ==
åÉíïçêâ=ïáää=éêçÇìÅÉ=êÉäá~ÄäÉ=Éëíáã~íáçåë=çåäó=áå=~=Ç~í~=ê~åÖÉ=ÅçããÉåëìê~íÉ=íç=íÜÉ=ê~åÖÉ=
çÑ= íÜÉ= Eí~êÖÉíF= Ç~í~=ìëÉÇ= Ñçê= íê~áåáåÖK=`çåëÉèìÉåíäóI= ~å=^kk=ÇÉîÉäçéÉÇ= Ñçê= Éëíáã~íáåÖ=
å~íìê~ä= Ä~ÅâÖêçìåÇ= ê~Çá~íáçå= äÉîÉäë= ïáää= ÖÉåÉê~ääó= åçí= ÄÉ= ~ÄäÉ= íç= ÅçêêÉÅíäó= Éëíáã~íÉ==
ÉñíêÉãÉ=î~äìÉë=áÑ=çìíäáÉêë=ïÉêÉ=åçí=ìëÉÇ=Ñçê=íê~áåáåÖK=
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oÉëìäíë=çÑ=íÜÉ=ÉñéÉêáãÉåí=éÉêÑçêãÉÇ=ìëáåÖ=~=åÉï=íê~áåáåÖ=Ç~í~ëÉí=áåÅäìÇáåÖ=ëáãìä~íÉÇ=
ÉñíêÉãÉ=î~äìÉë=áåÇáÅ~íÉ=íÜ~í=çìíäáÉêë=ÅçìäÇ=ÄÉ=ÄÉííÉê=ÇÉíÉÅíÉÇ=áÑ=çìíäáÉêë=ïÉêÉ=~äëç=ÅçåëáÇJ
ÉêÉÇ= áå=ãçÇÉä=ÇÉîÉäçéãÉåíK=eçïÉîÉêI= ÉñíêÉãÉ=î~äìÉë=ïÉêÉ=åçí= ~ÅÅìê~íÉäó= Éëíáã~íÉÇ= áå=
~åó= Å~ëÉK= få= ~ÇÇáíáçåI= íÜáë= ãçÇÉä= éêçÇìÅÉÇ= Ñ~äëÉ= çìíäáÉêë= ÄçíÜ= Ñçê= íÜÉ= Ñáêëí= EïáíÜ= åç==
çìíäáÉêëF=~åÇ=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉíK=qÜÉëÉ=êÉëìäíë=ëìÖÖÉëí=íÜ~í=~=ëáåÖäÉ=ãçÇÉä=Ñçê=Éëíáã~íáçå=
çÑ= ÄçíÜ= Ä~ÅâÖêçìåÇ= î~äìÉë= ~åÇ= çìíäáÉêë= ãáÖÜí= åçí= ÄÉ= ~ééêçéêá~íÉ= ÄÉÅ~ìëÉ= éÉêÑçêãáåÖ=
ïÉää= Ñçê=çåÉ= í~ëâ= áãéäáÉÇ=éÉêÑçêãáåÖ=Ä~Çäó= Ñçê= íÜÉ=çíÜÉê=çåÉK=qÜìëI=~å=~ééêç~ÅÜ=ìëáåÖ=
íïç=ÇáÑÑÉêÉåí=ãçÇÉäë= Ñçê=É~ÅÜ=éìêéçëÉ=ãáÖÜí=ÄÉ=ãçêÉ= ëìÅÅÉëëÑìäK=cçê= áåëí~åÅÉI=~=ãçÇÉä=
ãáÖÜí= ÄÉ= ÇÉîÉäçéÉÇ= Ñçê= Éëíáã~íáåÖ= Ä~ÅâÖêçìåÇ= î~äìÉë= ~åÇ= ~åçíÜÉê= çåÉ= Ñçê= Éëíáã~íáåÖ=
ÉñíêÉãÉ=î~äìÉëK=qÜÉëÉ=íïç=ÇáÑÑÉêÉåí=ãçÇÉäë=ÅçìäÇ=ÄÉ=ìëÉÇ=áå=êçìíáåÉ=~åÇ=ÉãÉêÖÉåÅó=ÅçåJ
ÇáíáçåëI= êÉëéÉÅíáîÉäóK=eçïÉîÉêI= íÜáë= ~ééêç~ÅÜ=éçëÉë= ~= åÉï=éêçÄäÉã= ëáåÅÉ= íç= ä~ìåÅÜ= íÜÉ=
“ÉãÉêÖÉåÅó= ã~ééáåÖ= ~äÖçêáíÜãÒ= ~= ëáÖå~ä= ãìëí= ÄÉ= íêáÖÖÉêÉÇ= Äó= íÜÉ= êçìíáåÉ= ã~ééáåÖ==
ëóëíÉãK=

jçÇÉä= ÇÉîÉäçéãÉåí= E~êÅÜáíÉÅíìêÉ= ëÉäÉÅíáçå= ~åÇ= íê~áåáåÖF= êÉèìáêÉÇ= ëÉîÉê~ä= Üçìêë= çÑ=
Åçãéìí~íáçå~ä= íáãÉ= ES= íç=T=ÜçìêëFK=låÅÉ=ãçÇÉäë=ïÉêÉ=ÇÉíÉêãáåÉÇ= íÜÉ=Éëíáã~íáçå=éÜ~ëÉ=
êÉèìáêÉÇ=~å=~îÉê~ÖÉ=Åçãéìí~íáçå~ä=íáãÉ=çÑ=NKR=ëÉÅçåÇë=Ñçê=É~ÅÜ=Ç~í~ëÉíK=

CONCLUSIONS 
^kkë= Å~å= ÄÉ= ìëÉÇ= Ñçê= ~ìíçã~íáÅ= ã~ééáåÖ= çÑ= ÉåîáêçåãÉåí~ä= EÄ~ÅâÖêçìåÇF= Ç~í~= ïáíÜ=
ãçÇÉê~íÉ=ëìÅÅÉëëK=^kk=ãçÇÉäë= Ñçê=ëé~íá~ä= áåíÉêéçä~íáçå=Å~å= áåÅçêéçê~íÉ=éêáçê= áåÑçêã~J
íáçå= áåíç= íÜÉ= Éëíáã~íáçå= éêçÅÉëëK= eçïÉîÉêI= åÉíïçêâ= ãçÇÉäë= ÇÉîÉäçéÉÇ= ìëáåÖ= éêáçê=
Ä~ÅâÖêçìåÇ= ê~Çá~íáçå= Ç~í~= éêÉëÉåíÉÇ= ä~êÖÉ= Éêêçêë= ïÜÉå= Éëíáã~íáåÖ= ÉñíêÉãÉ= î~äìÉë= EÉñJ
íê~éçä~íáçåFK=qÜÉ=~Äáäáíó=íç=áåíÉêéçä~íÉ=~ÅÅìê~íÉäó=ÇÉéÉåÇë=ìäíáã~íÉäó=çå=íÜÉ=~î~áä~Äáäáíó=çÑ=
Ç~í~= ÅçããÉåëìê~íÉ= ïáíÜ= íÜÉ= é~êíáÅìä~ê= í~êÖÉí= ëÅ~äÉ= çÑ= çìíéìíK= `çåëÉèìÉåíäóI= åÉíïçêâ=
ãçÇÉäë= íê~áåÉÇ= Ñçê= Éëíáã~íáåÖ= Ä~ÅâÖêçìåÇ= î~äìÉë= ïáää= ìëì~ääó= åçí= éêçÇìÅÉ= ~ÇÉèì~íÉ==
êÉëìäíë=Ñçê=ÉñíêÉãÉ=î~äìÉëK=lå=íÜÉ=çíÜÉê=Ü~åÇI=åÉíïçêâ=ãçÇÉäë=íê~áåÉÇ=íç=Éëíáã~íÉ=ÄçíÜ=
Ä~ÅâÖêçìåÇ=~åÇ=ÉñíêÉãÉ=î~äìÉë=íÉåÇ=íç=éêçÇìÅÉ=Ñ~äëÉ=çìíäáÉêëK=

qÜÉ=^kk=~ééêç~ÅÜ=éêÉëÉåíÉÇ=ÜÉêÉ=íç=~ìíçã~íáÅ=ã~ééáåÖ=çÑ=ÉåîáêçåãÉåí~ä=Ç~í~=ï~ë=
ÅäÉ~êäó= áå~ééêçéêá~íÉ= Ñçê=ÇÉ~äáåÖ=ïáíÜ=çìíäáÉêëK=oÉëìäíë=çÄí~áåÉÇ=ëìÖÖÉëí= íÜ~í=ÇÉîÉäçéáåÖ=
íïç=ÇáÑÑÉêÉåí=ãçÇÉäë=Ñçê=Éëíáã~íáåÖ=Ä~ÅâÖêçìåÇ=î~äìÉë=~åÇ=ÉñíêÉãÉ=î~äìÉëI=êÉëéÉÅíáîÉäóI=
ãáÖÜí= ÄÉ= ~= éçíÉåíá~ääó=ãçêÉ= ëìÅÅÉëëÑìä= ~ééêç~ÅÜK= qÜáë= ÜçïÉîÉê= áåíêçÇìÅÉë= åÉï= çéÉê~J
íáçå~ä=éêçÄäÉãëK=qÜáë=~ééêç~ÅÜ=ïçìäÇ=åÉÉÇ=ÑìêíÜÉê=áåîÉëíáÖ~íáçåK=
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