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SVMǘǦǩ¼|�ĀŦ±À
÷ȁȡȚǚƅĎ 
Development of the tool for prediction of radioactive materials transport using Support Vector Machine 
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It has been reported that the released radioactive materials have caused the serious damages and confusions from Fukushima Daiichi 

nuclear power plant in March 2011. Some confusion was caused by the undisclosed information about the spread of radioactive materials. 
In this study, we have developed and verified the tool for prediction of radioactive materials transport using a Support Vector Machine. 
The largest advantage of this tool is to be able to use simply and well handled on a small budget. Furthermore, rise in risk management 
awareness is expected by using the tool for risk communication. 

 

1. '!)% 

1.1 �	������%*+����&�� 
2011� 3ÎǚĚ�Ģ�FĎ�¾ǘǦǨjç�ǘ¼1ǇǪǍ

¼|�ĀŦǁ�Ĩ\ǘ±ÀǈȤô8Ǘ�ďƿǦǝįöďŋx

ǁiÁdUǇǪǓƼǩȦFĎ�¾ǚƍǘǛƹĆfȕȆǾșȞǴ

³Ɓƺǘ�Ƽ SPEEDIǘǦǩ¼|�ĀŦǚ±À
÷ǭňƼȤŻ
ƏģǘòĉǊǩǅǕǘǗǐǓƼǍȦǈǀǈȤĵ�Ézĥº¸ǸǺ

ȂȓȢERSSȣǁä�ǘ�=ǈǗǀǐǍǍǣ¼1ù�dǁ�ǧǪ
ǋȤƀď
÷ǚvÅǁ�MľǕǗǐǍȦǌǚǍǣȤ�uƀǚ¼

1ǭ�uǈǍ
÷ǘ3ǨÌƾǓvÅǇǪȤİ×ǁŌÁǚƇ"â

ƇǘŽ�ǇǪǍ[1]ȦǈǀǈȤǅǚİ×ǚ¬ƼǘǛOƇ"âƇǁ
[�ǈǓƿǨȤĝÜďǘƅęǇǪǩǅǕǛǗǀǐǍ[2]Ȧ 
�uƀǚ¼1ǭ�uǈǍePǛȤƀďǗ
÷ǔǛǗǃȤƘĬ

ǚ�ƒǭ�ǃLǄǍ¼|�ĀŦǚ±ÀĂîǭu�ďǘ
÷Ǌ

ǩǅǕǘǗǩȦǖǚǃǧƼǚƀǚ¼|�ĀŦǁūůǇǪǩǚǀǛ

2ǀǧǗƼǁȤƼǑƓȤǖǚƻǍǨǘūůǇǪǩǚǀǭjǡǀǘ


÷ǊǩǅǕǛMľǔƻǩȦ¼|�ĀŦǛƘǘǦǐǓŵǜǪȤ

ƘĬǛçťĄťǘz�ǈǓ�§ǇǪǩǍǣǔƻǩȦ�ƾǜōƜ

Ô�ǚç_Žķǁ�ǡǨ 2~3 ÆĳĴǊǩǅǕǁkç
dǗǖ
ǔ2ǀǐǓƼǪǜȤ¼|�ĀŦǁDÔÄSǘūůǇǪǥǊǃ

ǗǩȦŰǘȤĕÉƆǔjǂǃg?ǊǩçťĄťȢȔǽǺǵȡȚ�

ç_ģȣǁBŨǊǩePǛȤ
dǁƏǈǃǗǩȦ
÷ǇǪǩçť

Ąťǘ�ǉǓȤ¼|�ĀŦ
÷ǚ$ƕ�ǤjǂǃgǬǩȦ 
FĎ�¾ÉǘaÄĿí�ǁÍǤĔǨǍƼǅǕǛȤƹƼǑȤǖǅ

ǘSǀǐǓ¼|�ĀŦǁ±ÀǈǓƼǩǚǀƺǔƻǨ[3]Ȥ�ǋǈǤ
Ɯ�ǀǑŚĭǗ�dǭéǣǧǪǓƼǩŗǔǛǗƼȦǡǍƷ±À

ȕȃȚǚ
÷ǘǛ�Ęv�ǁƻǨƷȊȞȐǯȞȄǔǚäĘǗ


÷Ǜ�MľǔƻǩȦÑĖĞǔǛƷ�dǚLǄ«'ǚȆȡǻǘ

�ƾƷŻƏǘ�ǘĠǑ
÷ȁȡȚǚƅĎǘ´¨ǈǍȦ 

1.2 Support Vector Machine&�� 
çť2ſǔǛƹ¿�ǗǈpĹƺǔƻǩ�§22ÖǥǳȘǺǾ

ȡ2ÖģǭĉƼǍŠÙĖĞǁ�ŁďǘňǬǪǓƼǩȦ¼|�

ĀŦǚ±ÀǘǛȤÞƸǗçťĄťȢa�ƘĬȣǥa�ǁjǂǃ

�ƒǈǓƼǩǍǣȤȉǾȡȞǭ2Ɨǈ
÷ǭňƽǅǕǛyÈǔǛ

ǗǀǐǍȦǈǀǈȤSupport Vector Machine (SVM)ǛȤŌƎǗĄ

ťǤī�Ǧǃ2ƗǁǔǂǩǍǣ[4]ȤçťąšǘcǒƼǓŹ3Ǘ
pĹȃȡǾǭú(ǊǩǅǕǘǦǨȤƜī�ǔǚ
÷ǁMľǘǗ

ǩǕÐ�ǇǪǩȦĢȨġ�ƊǔǛȤSVM ǘǦǩ±À
÷ǕȤÚŘ
İ×ǘǑƼǓĮ�ǊǩȦ 

2. �� 
ǡǋȤ¼|�ĀŦǚě=ÄSǛa�ƘĬǘ�ǃ�ƒǇǪǩǕ

Ƽƽ�ŞǭĠǓǓȤSVM ǭĉƼǍÚŘǭňǐǍȦSVM ǛĲŔ

œÖǽȋȄ R ǚȉȀǵȡǹǽȋȄǰǱǮǔƻǩ kernlab ǭ6ĉǈǍ
[5]Ȧ�Z�ĉǈǍ SVMǚŚĭǘǑƼǓȤŊȧǘęǊȦ 

ƞ ƞ ƞ ƞ ƞ ƞ ƞ Ŋ 1ƞ �ĉǈǍ SVMǚÝŎ 
 
¼|�ĀŦǚ±Àā�ǀǧȤ¼1ùǚƘ�'ǔǛ¼|�Ā

Ŧǁ±ÀǈǥǊǃȤƘ�'ǔǛ±ÀǈǘǃƼǕ�uǈȤ��ǚ

Ó�ǭŹĉǈǍȦ¼|�ĀŦǚ±ÀÄSǭȤ¼1ùǭ��ǘ

@Ô(NE)Ȥ@ō(NW)ȤDō(SW)ȤDÔ(SE)ǚȪÄSǘ29ǈȤ
�ǘjç�ǚ¼|�ĀŦ(131I)ǚ 50%��ǁDÔ(SE)Ɣbǘ 

 
                  ]ȧƞ ¼|�ĀŦǚ±ÀÄSǚ2Ɨ 
 
TǡǪȤǌǚJz'Ȣ@ōƔb:NWȣǔ 5%��ǕǗǩeP

Ȣ�Ƽ@ōƘÉǭ uȣǘȤ¼|�ĀŦǛDÔÄSǘūůǇǪ

ǩǕuĸǈǍȢ]ȧN�ȣȦa�ƘȃȡǾǛ]ȧN�ǚėĶǚØ

ųı+ȮQ.ƌćȤÔjpćĈŉĖĞªȤƢƥƣƟƧƥơƥ Ô
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/ǭĉƼǍȦǡǍȤǅǚÄïǔǛfČ�ŭǔ2Ɨǁ[ƏǘǗǩ

ǅǕǀǧȤfČǭ 45 �ZũǈǍƔbǔǤȃȡǾǭÂ(ǊǩǅǕ
ǘǦǨȤXƖǭœëǈǍȦ 
ƞ ]Ȩǘ SVM ǘǦǩ¼|�ĀŦǚ±À
÷ǚÝŎǭęǊȦ±

ÀȕȃȚǛƔbǺȏǳȄȚȕȃȚǘǼȒȘǴȘȞǹǮȞūůȕ

ȃȚǭŹĉǈǍǤǚǭĉƼǍ[6][7][8]ȦȕȃȚè�œ*�Ǜ
5km ǔƻǩȦa�ƘŒ÷ȃȡǾǘǛçť�ǚƔbwŒœÖ%
ǚa�Ƙ(Ɯ� 10m, 3 ÉƆǆǕ)ǚȃȡǾǭ�ĉǈǍȦa�Ƙ
ǚè�œ*�Ǜ 5kmǔƻǩȦ2009�ǀǧ 2013�ǡǔǚȫ�ǚ
ȃȡǾǭ�ĉǈȤȂǺȄzťǕǗǩ�ǭƋǃȪ�ǭpĹȃȡǾǕǈ

ǍȦ
÷ǛȤ1,3,4,7,10ÎǚOȧȟÎƆǔňǐǍȦƞ ƞ ƞ ƞ                

 
ƞ ƞ ƞ ƞ ]Ȩƞ SVMǘǦǩ¼|�ĀŦǚ±À
÷ǚÝŎ 

3. ���� 
2011 �ȩÎǚ
÷İ×ǭ]ȩǘęǊȦƹƼǋǪǘǤř�ǈǗ

ƼƺǛȤ¼|�ĀŦǁ�ÄS��ǘ�ǃ±ÀǊǩÉǭ¡VǊǩȦ

ƘĬǁ�ÞǔǗǃȤ�ç_ǁűŶǊǩePǗǖǘŧǅǨǥǊƼ

)SǁƻǩȦƘĬǁĕÉƆǔjǂǃg?ǊǩePǛ
÷ǁƏǈ

ǃǗǩǁȤȧȟÎǭűǈǓÝǙ�ŀǈǍȦ 

 
ƞ ƞ ƞ ƞ ƞ ƞ ]ȩƞ SVMǘǦǩ
÷İ× (2011� 3Î) 

ƞ ƞ ƞ ƞ ƞ ƞ  
ƞ ]ȪǛȤ2009 �ǀǧ 2013 �ǚ 1,3,4,7,10 ÎǘǑƼǓȤO�
OÎǭzťǕǈǓvÅǈǍȂǺȄİ×ǚď�ăǭęǈǓƼǩȦȭ

ÎǘŅ���ǊǩǤǚǚȤ-�ďǘǛ 80~90%��ǕǗǐǓƿ
ǨȤƜƼī�ǭǤǑǅǕǁĘŜǇǪǍȦǏǗǢǘÇÆǚkç


dȢƊèǚÏÿȣǚď�ăǁ 80%Ĝ�ǔƻǨȤǌǪǧǕǚåŪ
ǘǦǨ$ƕ�ǭv¢ǔǂǩȦ 
ƞ ãǘȤaŊƑǘìēǊǩǅǕǘǦǨƃÐďǗ�ƒǭIǠǊǅǕ

ǁ¦�ǇǪǩ 137CsȢ¼|�ǼǸǰȓȣǚìēƔbǘǑƼǓ

÷ǭvÅǈǍȦÄïǛjç�ǚ¼|�ĀŦ(131I)ǚePǕRǉ
ǔȤ±ÀȕȃȚǔ0ĄǈǍ 137Cs ǚìēƀ2�ǚİ×ǭĉƼ

ǍȦìēǘǛaŊƑ�ŭǚ�óǘǦǐǓaŊƑǘŵǜǪǩ�

�ìēǕȤƊèǘǦǐǓjç�ǚ¼|�ĀŦǁðƼóǇǪǓ

aƑǘŇ�Ǌǩø�ìēǁƻǩȦ]ȫǛ 2011 � 3 Îǚ
÷İ
×ǔȤjç�ǚ¼|�ĀŦǚİ×Ȣ]ȩȣǕŅ�čǗǩǁȤÝǙ

�ŀǈǍȦ]ȬǛ 3ÎǘǑƼǓ 2009�ǀǧ 2013�ǚO�ǭz
ťǕǈǓvÅǈǍȂǺȄİ×ǚď�ăǭęǊȦ]Ȫǚjç�ǚ

±À
÷ǕǟǠRǉď�ăǕǗǐǍȦ 

 
               ]Ȫƞ ƞ oħǥ�ǘǦǩď�ăǚŸƼƞ  

                       ]ȫƞ 137CsǚìēƔbǭ
÷ 
 

  ƞ ƞ  ]Ȭƞ 137CsǚìēƔbǚď�ă (2011� 3Î)   
 

4. �� 

4.1 1:7&�� 
vƍǘǛa�ƘǚŒ÷%ǚ�ǬǨǘ
d%Ȣçť�Ɣbw

ŒœÖ%ȮMSMGPV ǚ 33 ÉƆ
d%ȣǭĉƼǓ±ÀÄSǚ

÷ǭňƽȦÉğƆǺǵȡȚǚjǂǗĄťȢ�ƾǜōƜÔ�ǚ

ç_ŽķȣǁBŨǊǩePǛȤ¼|�ĀŦǁƃÉƆ�uÄS

ǘ±ÀǊǩā�ǁƻǩȦ]ȩǘęǇǪǓƼǩǦƽǘȤ16Æǀǧ 18
ÆǘǀǄǓ@ōoħƘǁ�ǡǨȤDÔÄSǞǚ±Àǁ²ĴǊ
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ǩȦaÄĿí�ǔǛȤ24 ÉƆ�/ǘ 30km ^hǞǚŻƏǭĐ
ßǕǈǓƼǩePǁiǃȤǅǚÐƆ/ǘ±ÀÄSǕJzÄSǞ

ǚŻƏǭr	ǔǂǪǜȤŋÊșǺǳǭ~ǇǃǔǂǩȦŰǘĕÉƆ

ǔ±ÀǚÄSǁjǂǃg?ǊǩǀȤ]ȩǚƹƼǋǪǘǤř�ǈǗ

ƼƺǚÉǛȤǺǵȡȚǚ~ǇǗĄťǁBŨǈǓƿǨȤ
÷ǤƏǈ

ǃǗǩȦǅǚÐƆǘŻƏǭňƽǚǛșǺǳǁƜƼǍǣȤ�/ŮŻ

ǭź¯ǈǍÄǁłƼǎǫƽȦǡǍȤƜç_ǘŏǬǪǓƼǩÉǛȤ

ǌǚabǚ�a�ĆȢÆg?ȣǚā�ǭĔǩǅǕǘǦǨĭǀǗ


÷ǁMľǘǗǩȦ 
ȁȡȚǕǈǓǚÍjǚ6þǛȤǶǺȄǭǀǄǩǅǕǗǃȤşǔ

ǤĩEǘ
÷ǁǔǂǩǅǕǘƻǩȦ±ÀȕȃȚǚ1:İ×ǀ

ǧŶGÁ�ƆǚȃȡǾȎȡǺǭ�§ǈǓȃȡǾĲPȠœÖǸǺ

Ȃȓ(DIAS)[9]ǚǦƽǗjőàǷȡȈȡ�ǘķǃǅǕǁǔǂǪǜȤ
�ǛȃȡǾǭǿǰȞȜȡȅǈǓȉǽǶȞ�ǔĩEǘ
÷ǭňƽǅ

ǕǁMľǔƻǩȦƜ�Ǘ
÷ǸǺȂȓǭ},Ǌǩ�ŎǤǗǃȤǸ

ǺȂȓǲȏțȡǸȗȞǥœÖǭňƽ�WǤ�ŎǕǈǗƼǍǣȤǶ

ǺȄǭǀǄǋǘ�ŎǗÉǘȆȡǻǘƻǐǍ�dǁ�ǧǪǩȦ 
�ÄǔȤĖĞțȎȚǔǛ
÷ǚ$ƕ�S�ǚǍǣǘ»łǭ

ňƽ�ŎǁƻǩȦ�ƾǜȤŌÁǚȕȃȚǘǦǩŔĦİ×ǥ4Ð

%!n�ǭĺ¥ǈǍǮȞǷȞȌȚ
÷İ×ǭpĹȃȡǾǘ;

ƾǩǅǕǘǦǨȤ$ƕ�ǭǇǧǘƜǣǩǅǕǁMľǘǗǩǎǫƽȦ 
SVM ǛŌƎǗĄťǘǤz�ǔǂǩǅǕȤşǔǤĩEǘ6ĉǔ

ǂǩǅǕǗǖǀǧȤ¼|�ĀŦǚūůǚ�ǘǤÞƸǗçťýx

ǘòĉǇǪǩǎǫƽȦ 

4.2 1:7&��%" # 
ÑĖĞǔęǈǍȁȡȚǭvƍǘŵĉǊǩePǘǛȤïďǘ

XƖǁǗƼǀĘŜǊǩ�ŎǁƻǩȦÍǤƇ"ǈǓƼǩçťÛ>

ïǘÇĘǗőuǁǗƼȦ�ƾǜû�ò=ǘ�ƽƊü
÷Ǜç

ťÛ>ïǔőuǇǪǓƼǩ[10]ǁȤŃĪǚƙÀ
dǛçťÛ
>ŖMǚzťhǕǇǪǓƼǩ[11]Ȧçť�ǔǛ¼|�ĀŦǚ±
À
÷�dǭĎŊǈǓƼǗƼ[12]ȦFm:ő7lW�ǔǛȤ
ƹĵ�ÉǘƿǄǩŻƏǥ�ÉěũģǚƉŤ¶ķǚ5ÃǘƻǍ

ǐǓȤSPEEDI ǘǦǩŔĦİ×Ǜ�ĉǈǗƼƺǕǈȤĵ�ÉǚǢ
Hĺ�dǕǈǓòĉǊǩePǤƻǩǕǈǓƼǩ[13]ȦĄĂǔǛç
ť�Ǜ¼|�ĀŦ±À
÷ǭÛ>ǕǈǓvÅǈǓƿǧǋȤç

ťÛ>ïǘǤÇĘǗőuǁǗƼǍǣȤSVM ǭĉƼǍȁȡȚǭ

ŵĉǊǩǅǕǛāǘXƖǁǗƼǕŜţǈǓƼǩȦǍǎǈȤaÄĿ

í�ģǚƇ"âƇǕǚĖĞų¹ǘǑƼǓǛȤŝœǗǃ�d·

 ǁǺȓȡǻǘǗǩǦƽǘ¤žǘňƽ�ŎǁƻǩǎǫƽȦ 

4.3 60,9.342-:/58&
�� 
șǺǳȠǶȒȖȆǵȡǸȗȞǔǛȤ�dǭ²Ǒ'Ǜ�dǭ�ƾǩ

ĸ>ǁƻǨȤ�æǛ�dǭĔǩá6ǁƻǩǕĺƾǧǪǓƼǩ[14]Ȧ
șǺǳǭ�ƾǩǅǕǔȉȆȀǳǘǗǩǕǀȤ�ŁǚÄǘǛąœǔǂ

ǗƼǗǖǚąċǔșǺǳȠǶȒȖȆǵȡǸȗȞǭǈǗƼǚǛĸ>ǭ

×ǍǈǓƼǗƼǅǕǘǗǩȦȉȆȀǳǘǗǧǗƼǦƽǘȤǀǑ{Ƅ

ďĔţǭ²ǍǗƼÄǘąœǔǂǩǦƽǘ�ƾǗǄǪǜǗǧǗƼȦ 
ƞ ¼|�ĀŦǚ
÷ǛȤ{ƄǕǈǓƼǩĖĞĻ'ǁȤ�Ł�

æȤaÄĿí�ǥèŷ�ǗǖǚƇ"âƇȤ½ĥëuĻǘ2ǀ

ǨǥǊǃ�dǭ�ƾǩĸ>ǁƻǩȦǌƽǈǗƼǕşǤąœǔǂǗ

ƼǈȤŋÊǭZŻǊǩǍǣǚzĥǭŢǉǩǅǕǁǔǂǗƼǎǫƽ

[2]ȦĚ�FĎ�¾ǚǵȡǺǔǛȤŹ3ǘ�dǭ�ƾǧǪǗǀǐ
ǍǍǣǘjǂǗõ�ǭ°ǃǅǕǘǗǐǍȦĖĞĻǕǈǓȤǅǚǦƽ

Ǘ�£ǘǗǐǍǅǕǭôǃJđǈȤRǉǦƽǗ�£ǭ°ǀǗƼǦƽ

ǘ»Yǘ<ǣȤq�Ƞq-ǗǃǧǈǚvĄǭSǄǓǇǧǘĖĞǭ

µŴǈǍƼȦ 

5. ($) 
• SVM ǭĉƼǍvƛİ×ǀǧȤ¼|�ĀŦǚě=ÄSǥ

ìē2�ǘǛa�Ƙǁ�ǃƇ"ǈǓƼǩǅǕǁęǇǪǍȦ 
• SVM ǘǦǩ±ÀÄSǚ
÷ǚď�ăǛ 80~90%Ĝ�ƻ
ǨȤ�ǥoħǚŸƼǘƇ"ǗǃƜƼ$ƕ�ǭęǈǍȦ 

• ǶǺȄǭǀǄǋȤşǔǤĩEǘ
÷ǔǂƷ
÷İ×ǭǯȔ
ȡǹǈǓąœǔǂǩǅǕǁÑȁȡȚǚÍjǚ6þǔƻǩȦ 
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