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�������� �������Asbestos Detetion Method with Frequeny Analysis for Mirosope Images� ��� �� !" #$%&' �()!"* +,-. �/0" * 12& �()!"3456 �� !"Hikaru KUMAGAI, Saitama University, 255 Shimo-Okubo, Sakura-ku, Saitama-shi, SaitamaSoihiro MORISHITA, The University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa-shi, ChibaKuniaki KAWABATA, RIKEN, 2-1 Hirosawa, Wako-shi, SaitamaHajime ASAMA, The University of TokyoTaketoshi MISHIMA, Saitama UniversityInreased health damage aused by asbestos has beome a problem reently. Removal of asbestos from building materials orrendering it harmless are ommon means of alleviating asbestos hazards. In the proess, a judgment of whether asbestos areinluded in building materials is required. Complying with an of�ial method, partiles and asbestos in mirosope images ofsamples made from pulverized building materials should be ounted to judge whether the samples ontain asbestos. This taskis performed manually and requires enormous amount of time and burden. Asbestos ontaining judgment support system withimage proessing is being developed to improve its ef�ieny. However, low brightness partiles must not be deteted beauseof judging not harm but harmless, deteting low brightness asbestos is dif�ult. This study is intended to establish a method isalso able to detet low brightness asbestos, we propose an asbestos detetion method fousing on frequeny distribution of theimage.Key word: Image Proessing, Computer Vision, Frequeny Analysis, Asbestos, Partile Counting1 789:;<=< >?@ABCDEFGHIJKLMNOPQRSATUVWCXYZ[\C;<=< >RS]J^_ `aVbcdFA;<=< >OefgVWChihjkl\C;<=< >mnOopgVWCX;<=< >eqJrEmnJstAmuvwxOyz[1℄ b{rx [2℄ ABC`|}9tJ~�j�� a����A�� �gVWC3��J;<=< >AtWV��ABzmuwJ�[ a�3tJ~�h�b�����ABz}3000�J��j}� aT�g�T�TWX~�J�����Js�j�1A�\X aVb}� a�3000�J��FA4�¡¢J;<=< >£¤OefgVWC¥|b J¦§jqN¨yC`©r\CXª«
Fig. 1 Example of mirosopi appearane of asbestos¬g �J;<=< >£¤®��J}�j¯°¨oUVWC�±²�T³´ `µ¶j· ab;<=< >mn��j¸¹º[ �»C¼²J·½`TUVWCX¯°¨oUVWC}�J¾�j�2A�\X¬J��J¹º[j�C�±b¿ÀÁÂABC;<=<>eq©rÃÄÅ<ÆÇOÈÉ �gVWC[3℄ Xahab¬JÅ<ÆÇA�W�gVWC��ÊB®;<=< >£¤ËÌÍx¨ÎbÏÐÑJÒW;<=< >£¤JËÌÎÓÔ¨

Fig. 2 Expert on ounting partiles and asbestosyU�X;<=<>£¤JËÌÕgÎqNT¦§jÖN ×̀©raVafØÙÚEOyCJ¨b;<=< >£¤JËÌÎÛÜAopgCÝ·OyCX�Þß¨ÎÏÐÑJàW��ÊB®;<=< >£¤á�¨TâÏÐÑJÒW;<=<>£¤ãËÌ¨äCÍxJåæj¯�`ab���¿ÀJçè�méAê¯a�;<=<>£¤ËÌÍxjëì\CX2 íîïîðñòóô;<=<>£¤jËÌ\CÍx`aVbRGBÑj�WVËÌ\CÍx [4℄õmuvwABCwJ�[jö� aV;<=< >£¤jËÌ\CÍx [5℄ bSupport Vetor Mahine(SVM)j�WV��OefgVWChihj©÷\CÍx [6℄ TøOëì �gVWCXRGBÑj�WVËÌ\CÍxÎùúûüJRGBÑJméh���ýþúûjÿr\CÍx¨yCOb��ÊB®;<=< >£¤J��j�� aVWTWJ¨b��BØTRGBÑjãt��b;<=< >£¤b���j©÷\C¬`O¨äTWXBUVb g �Î	ÑÁÂTøABz�µAËÌ�gbÏÐÑJÒW��OàW
Ð¨ËÌ�gCX J£�b;<=< >£¤j4�¡¢}�\C�A3000�J��j}� aVafWbqNT¦§jÖNT¦§ `©raVafØÙÚEOyCXmuvwAB

D06

D06(

N . 0 4  Pr d n  f th  200  J  nf r n  n R b t  nd h tr n , F , J p n,  24 26, 200



CÍxÎbvwJ��¨;<=< >£¤JwO�����A�[\C¬`jö� aVÊzb;<=< >£¤OËÌaõ\WXahabvwJ��¨�ÀABC��O��CJ¨b¬J��jþ�\CÝ·OyCX¬Jþ�j×C`b�mj`U�	A;<=< >£¤¨TWãJj;<=< >£¤`©raVafØÙÚEOyCXf�bSVMABCÍxÎ;<=< >£¤je
¿Àj����`aVbùúûüJ;<=< >£¤JqÖj©÷\CãJ¨yCX¬JÍx¨ã;<=< >£¤OàW
Ð¨ËÌ�gVWCObstJ����A^ aVµ¶OhhC`WU�RSOyCX3 ��óô�Þß¨Î;<=< >£¤J��Aê ¯ab Jçè�méjå�\C¬`¨;<=< >£¤jËÌ\CÍxjëì\CXf�b2��������ABCçè��njoØ�±b�¿ÀJ ��<!��[jo ØX�Ab2��������ABCçè��njoWb;<=< >£¤Jçè�méjå�\CX�Ab;<=< >£¤Jçè�méh�;<=< >£¤J"äjk#CX¼�Ab;<=<>£¤J"äA$ ���%&'kÁÂjoWb;<=< >£¤jËÌ\CX3.1 ()*+,*-.¿ÀFA/«\CÏÐÑJÒW;<=< >£¤Îb�3(a)(̀b)JBØA0f�Î1AP2 a�w¨yCX J�±;<=< >£¤jefTW() `J3÷OÓÔ¨yCX4	
(a) yellow (b) blue () no asbestosFig. 3 Example of low brightness asbestos and no asbestosA�3A^ aV56mmnjoWb g7gJ8s56m(PC1)J9:;`<=>?ºj@Ìa�£�jA1A�\X56mmnÎbB�;J}CÑh��;¶JDEjÖ âabBzÒ��J�;ABUV�J}CÑJÿEjFG\C�±JB�;���nÍx¨yCXA1h��3J����AÊWVR`GÎDEOY âbBÎHæaVWC`�I�gCX¬JBØA�3(a)J ()Î�IJK"j�aVWCObËTable 1 PC1 Fator loadings and ontribution of Fig. 3Fig. 3(a) Fig. 3(b) Fig. 3()Red(R) 0.934 0.751 0.73Green(G) 0.958 0.71 0.86Blue(B) 0.282 0.929 0.4Cum.ontribution(%) 62.35 64.51 48.38Ì^L `TC(b)AÊWVBJ9:;O²äWXahabMN�h� ��<!��]��\COx `aVsP�A�W�gCQRSTx [7℄ ÎU (1)`TzbBJRVOù �WXV = 0:299R+0:587G+0:114B (1)

BUV�Þß¨Î¬JOxÎW�TW �̀I�gCJ¨b4X�AU (2)¨rY �gCZ[STxj�WC¬`Aa�XV 0 = R+G+B3 (2)¬JV 0j ��<!��Ñ `aV�WC¬`¨bËÌ^L`TC;<=< >£¤JÏÐÑj'k a� ��<!��¿Àj\C¬`O¨äCX3.2 ]^_`aËÌÓÔTÏÐÑJÒW;<=< >£¤Jÿbjk#C�±b Jçè�j�n\CXahab�¿ÀFAÎ¾cTwÊB®��J��O/« aVWCJ¨bÏÐÑJÒW;<=< >£¤Jçè�JVj�n\C¬`ÎÓÔ¨yCX ¬¨bÏÐÑJÒW;<=< >£¤JVOefgCBØTùúûA3dUVçè��njo ØX�Þß¨Î^L `TC640�480pixelJ¿ÀA^ abùúûJ���jeX�A32�32pixel`a�Xf�bçè��nJÍf `aVU (3)¨rY �gC2�������� [8℄ j�WCXF(u;v) = Z Z ¥�¥ f (x;y)expf�2pi(ux+ vy)gdxdy (3)¬¬AbF(u;v)Î f (x;y)J2��çè�<gh >�bf (x;y)Î¿À¢JijJ¿kJlm (x;y)AÊ�CÏÐÑbubvÎ g7gçè�jA\XZ[STxj�WV ��<!���� a�¿Àj32�32pixelJùúûAmn ab Js�j�4(a)A�\X aVb�4(a)A^ aV������oWb\ �g�op�<gh >�j�4(b)A�\XFqAPW`¬rA/«\C6mÎÒçè6mjA aVÊzbFqh�sW`¬rA/«\C6mÎàçè6mjA aVWCX�4BzbÏÐÑJÒW;<=< >£¤Jçè�mé
(a) Region of interest(ROI) (b) Power spetrum of Fig. 4(a)Fig. 4 Two dimensional Fourier transformO°t�A��ATU�¬`Oå�¨äCX3.3 uvwxyz{|}~�;<=< >£¤Jçè�méh��=h >�·k¶J�muj�±b J56m `TUVWC=h >�j@Ì\CX¬gj@Ì\C¬`ABzb��BØTÏÐÑjãt��b;<=< >£¤b���TøOùúûA�«\C¥|A;<=< >£¤JVj'k\CBØTÁÂOÙÚ `TCX J£�bZ[T	ÑÁÂABzÏÐÑJÒW��ÎËÌ»�b��BØTÏÐÑjãt;<=< >£¤ÎËÌ¨äCBØATC`�I�gCX ¬¨b�ùúûJ�muo�h�8s�q=h >�j@Ìab;<=< >£¤Jçè�méh�;<=< >£¤J"äj�±CX�muo�ÎU (4)¨rY �gCXm = 1åyåx f (x;y)åy åx f (x;y)w; w=� xy �S= 1åyåx f (x;y)åy åx f (x;y)(w�m)(w�m)T (4)
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¬¬AbSÎ�muo�bmÎÏÐÑJST=h>�bf (x;y)Î¿À¢JijJ¿kJlm (x;y)AÊ�CÏÐÑbwÎ�~=h >�jA\XU (4)¨�±��muo�J�qÑ�Èj� â¬`¨�qÑl1 `l2(l1 � l2)j@Ì\CX;<=< >£¤Î��W��TJ¨b£¤J;<gh >�O²äâTC`�I�gCXBUVl1 `l2h�;<gh >�j@Ì\C¬`¨ùúûüA;<=< >£¤O/«\ChihJ©÷jo Ø¬`O¨äCX�Ab�qO�Uh�8s�qÑl1A�\C8s�q=h >�v1j@Ìab@Ìa��q=h >�j�5(a)A�\XTÊb;<=< >£¤JO"jA\�Ð qj�5(b)JBØArY\CX¬JBØAb8
(a) Primary eigen-vetor (b) Angle of Fig. 5(a)Fig. 5 Eigen-value deomposition of ovariane matrixs�q=h >�j@Ì\C¬`¨;<=< >£¤JO"jå�\CX3.4 ��	
�ùúûüJÏÐÑJÒW;<=< >£¤JVj'k\C¬`¨b� �hJ	ÑÁÂjoU�	A J£¤JVËÌ¨äCBØATC`�I�gCX ¬¨b;<=< >£¤JÏÐÑj'k\CÍx `aV�%&ËÌj�WCX�Þß¨Î J�%&ËÌÍx `aV�=�����j�WCX�=�����Î�%&j'±�WO"OmhUVWC¥|Ab J�%&JO"JVj'k\C¬`O¨äCs��m����¨yCX�Þß¨Î;<=< >£¤J�ÐAW a��%&'kjo Ø�±b��J3�3¨ÎTâ5�5J�<h���j�WCX�SO"J�=�����jDxb��O"J�=�����Dy`ab g7g�6A�\X�6J����j�WV�Ðj�� a��=�

(a) Horizontal enhanementDx (b) Vertial enhanement DyFig. 6 Sobel �ter for edge detetion(5�5)����j�ICX�Þß¨�WC�=�����jD`\C`bDJ�������ÎU (5)¨rY¨äCXD = Dxosq +Dysinq (5)4	A�6 a��=�����j�4(a)AW� a�£�j�7(a)A�\X¬JBØAÏÐÑJÒW;<=< >£¤JVj'k\C������ jo Ø¬`¨b�7(b)JBØAZ[T	ÑÁÂ¨£¤jËÌ\C¬`O¨äCX�ÍxJ������ >j�8A�\X

(a) Sobel edge enhanement of Fig. 4(a) (b) binarized Fig. 7Fig. 7 Sobel edge detetion and binarization

Fig. 8 Flowhart of proposal method4 ��Â[�Þß�h�ë��g����¿À (640�480pixel)21�A^ aVbëì a�Íxj�WV4XjoU�XëìÍxABz}� a����b;<=< >£¤� `�¿ÀFJ��ÊB®;<=< >£¤�A^\C¬g �Jn|j� a�Xahab}� a���AÎ¿ÀFA/«\C��jËÌ¨äThU�� (ËÌÕg�)b¿ÀF¨��¨TWãJj�� `aVËÌa�� (×ËÌ�)ã�� �gVWCJ¨b�cJ�ÊB®}� a����A^\C¬g �Jn|ã� a�Xf�b}�j� aâoUVWChihj©!\COx `aVb�9JBØA�¿ÀAefgC��j"#$O¯°ABz}� a�¿ÀOyCJ¨b¬J¿À `£�¿Àj%�a|p»C¬`¨}� a�hihjå�\CX�ÍxÎÏÐÑJÒW;<=< >£¤j'k\C¬`¨ËÌ\CÍx¨yzb4	AÏÐÑJÒW;<=< >£¤OËÌ¨äVWChihjå�\CX4.1 &'}�( `aV�10J�¿Àj)´ `ab�ÍxjW� aVÌ´ a�£�j�11A�\X�ÍxABz*W+¨,U�ÏÐÑJÒW;<=< >£¤OËÌ�gVWC¬`Oå�¨äCX�¿À21�AefgC��J�Î889�b;<=< >£¤J�Î40�¨yCX¬gA^ abëìÍxABzËÌa���J�Î957�b;<=< >£¤J�Î37�bËÌÕgJ�Î106�b×ËÌJ�Î178�áU�Xf�b�¿À21�A^\CëìÍxJ��}�ºÎ107.6(%)b;<=< >£¤}�ºÎ92.5(%)bËÌÕgºÎ11.9(%)b×Ë
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Fig. 9 Example of an image ounted by an expert

Fig. 10 An input image

Fig. 11 An output image obtained using the proposal methodÌºÎ18.6(%) `TU�X4.2 ��4X£�Bzb��j��A}� a�¬`Oå�¨äCX¬gÎ��Tø¿À¢J���O�½¨yC �̀I�gCXf�bËÌÕgJBâÎÏÐÑJÒW��¨yzbÏÐÑJàW��ÊB®;<=< >£¤JËÌÕgÎ�ThU�X¬¬¨b;<=< >£¤JËÌJVAê ¯\C`ËÌºÎ92.5% `àW
Ðj� aVÊzb���ÏÐÑJÒW;<=< >£¤JËÌA6� a�¬`jå� a�XahabÏÐÑJÒW;<=< >£¤JËÌÕgã��g�X�½`aVÏÐÑJàW��OùúûüAefgVÊzbçè��nABC�ÐJ@ÌO¨äVWTW¬`O	
�gCX5 ��:�ÞßÎbÏÐÑJÒW;<=< >£¤ãËÌ\CÍxJåæj¯�`ab;<=< >£¤J��Aê ¯aV2��������ABCçè��njoU�X aVb;<

=< >£¤Jçè�méj�n a�¬`ABzb;<=<>£¤J"äj�±C¬`O¨ä�X gABUVb J"äA$ ��;<=< >£¤J�%&j'k\CÍxj�WC¬`OÙÚATU�X aVb;<=< >£¤jËÌ\C�±J�ÍxJq¹Ej�\�±A4XjoU�£�b;<=< >£¤J}�ºO92:5% `TzbàW
Ð¨;<=< >£¤JËÌA6� a�X¬J£�h�bÏÐÑJÒW;<=< >£¤ËÌÍxOåæ¨ä�`�I�gCX��ÎbùúûüAÏÐÑJàW�� `ÒW;<=<>£¤O�« aVWC¥|AÏÐÑJÒW;<=< >£¤Jçè�JVj�n¨äCÍxj�ì\Cbf�ùúûJWdT�ÀÐj�r\CÍx [9℄ j�WV�ÍxjW�\C�r¨yCX����[1℄ Walter C. MCrone ��Detetion and Identi�ation of As-bestos by Mirosopial Dispersion Staining�, Environmen-tal Health Perspetives, Vol.9, pp.57-61, 1974.[2℄ ��� ��JIS A 1481cd��FJ;<=< >eqºCrOx�,��x� �� !"#.[3℄ $%&'b( )*b+¶sb,�K-b./s���¿ÀÁÂA01W�;<=< >rEmnÃÄÍxAE\CÞß�, S6 19QÐ234ÁÂI5�ÞßÞß678, 2008.[4℄ 9:Ksb;<=b( )* ��;<=< >rEmnÃÄJ>J��ËÌ¿ÀÁÂJ w?¶JmuA01 â@AúûJ¹��BCJ �, ED��#8 47E��FG�ÞßÉAHI�JK, pp.325-326, 2008.[5℄ Yoshitaka Moriguhi, Kazuhiro Hotta and Haruhisa Taka-hashi ��Asbestos Detetion From Mirosope Images Us-ing Support Vetor Random Field of Loal Color Features�,Pro. 15th International Conferene on Neural InformationProessing of the Asia-Pai� Neural Network Assembly,2008.[6℄ L�MNb./s�bàOPQ ��w `��JM�R�JSj� W����¿Àh�J;<= < >ËÌ�,2008QT�U6�V�#W|²#�XK, p.250, 2008.[7℄ Kenneth R. Castleman��Digital Image Proessing�, PrentieHall Professional Tehnial Referene, 1979.[8℄ �Y� ��¿À�Z[�, \�]^, 1983.[9℄ _`a²bbcdseb$%&'b+¶sb,�K- ��;<=< >rEmnJ�±Jfg��}�AÊ�C¿ÀÿbJ�ÀÐh/E�,}C fgij�# Å<ÆÇ kU6�l�mHI#[nK, pp.319-322, 2008.
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