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TNøTDN�JIS K010'Ï�C�wBWXTPøTDP�JIS K0102'Ï�C)Ç��D��l

G��ABC&�[^,ab���Bran�Luebbe�>âpC#�-"�-���880nm�©Q�w

BWX 

 

'A(¾ë¿	�·�

wCøT9P^ÓÔLTNøTDNDTPøTDP=�L%wt}>ô5-2-3'(�XVWDwCÓ

ÔQLTNDDNDTPDDPLÓ=�DÓ�=�D�F=�øT°Ï �>r5-2-1'(�X�L�

�¹º»L[\dÏ��oXN5TN0.6 mg/L¼üDTP0.05 mg/L¼ü�A¾¿C10{¼;{p�

QmvWXTNøTDNL=��D4p�� 6p'�2C�ñE���)L'hp6üBD�ñE�

y�) 10p';2BW�D12p�� 1p'�2C�{¢oÜBCpWX�LCÒL�F=��TN

Q10.7 mg/LDDNQ9.1 mg/LA:CÒL1.2 {{p�A.vCpWXTN'ª�)DN�à90 %

A�ÕEDNQ°�BCpWXTP'ª�)DP�à70 %QL8A¾¿CpKGLÌÙE{¢DL

8�&
�.q¤t}�û�g.psLLD12p��2p'�2C1.14D1.08 {Auµ�'=�E

;2BCpWX 

rsK:·QLÑÒ�a��[�L�t'���.ÊHEm)EDº���L���L8øT��

Qm)X#'D�ÉGL8£�����uXYLEFaABCv��g)�AEÏ�gC1UDfL

tk�uXLî�'~�.Ðù>]BCp)ApugCp)Xf�QDNP ¾'opCDñ¾Q45

BWA��DTN/TP¾E�ÒL�F 15.1DDN/DPQ 17.3QmUpµgsL8�ÞQmvWX�ñ

Ey.¢.)12pQ�TN/TP¾E24.2DDN/DP¾E25.1Aø'L8E��'°�BCpWX 

;�BW(i'µ�>��C�ñ�ùwQ�.pW�DR@^¦L�ñ�m3/sec�A=��mg/L�
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>w2Ùu�W²eñ�g/sec�>ðïBDTNDDNDTPDDPL%wt}>ô5-2-4'(BWXwC

ÓÔ^LÓ�DÓ��D�F�øT°Ï �>r5-2-1'(BWX�F��TNQ10.20 g/secDDN

Q7.99 g/secDTPQ0.75 g/secDDPQ0.51 g/secQmvWX²eñLÕû'opC45BWA��D

°Ï ��TNQ7.77DDN�4.34DTP�0.68DDP�0.42QmUDpKG'1pCÕû'é�o

REm)W�DTNDTPQ�ER¢.vWXô5-3-1'(BW�ñA²eñLÐù��sD9P'

hp�ñE���)A²eñE���)�AEu�)EDfg>	¢wCÓÔL����²eñ��

Ò>��C=�t}L(i.%wt}�û�g.�vWX�L�A�DJKFíñ�ù�>��Cù
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wQmUDY��L@D�D�ñLt}'¯°BCp)�AEÑ��A.vWX 

�

H�6� ½"ÔÕM	G®�

LóaQnLÐùý>vwBCDJC'(UaDn>þ�WXnL�'(vC�ï²eñ�n>1Q*n

xN=Dny1Q*=�ùwN=Dn<1Q*z�N='ÕXQR)X¥]JC(UØ¥]JC>âp)n

EF��'d�AEÏ�g1UDow©1D2'(U45BWX 

ow©1�DLóaQný>É´'�â>AUDlogLóloga�nlogQL¥]JC'(UaDn>³wBWX

þ�WJCý'|«�ñL�>_�BQL^�8"��'BD�ÒQ6ðBCðïBWX 

ow©2�LóaQnL]LVVJCBD��Ó�kß©'(U{�L�!>þ�Ó�A.)(i'aD

nL�>³wBWXow©1An�'JCý'|«�ñ>_�BQL^�8"��'BD�ÒQ6ð

�)�A'(UðïBWX 

ow©1QðïBW�Ò¾²eñ�DTNQ7.3 t/year/km2DTPQ1.0 t/year/km2QmUDow©

2Q�DTNQ5.4 t/year/km2DTPQ1.1 t/year/km2QmvWXL8²eñ�own©2Eown©

1(U��p��A.vWEDô5-3-1'(�(i'D6�ñ^'D²eñALQýLÐù�DTPQ

;k<S<e� ÁÂÍKjÔÕM	þ�¥Z
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�Õû'|BCd¨�gCp)EDTNQ��ñ'�BC²eñE��¢ðï�gCpWXfLW�D

�LLQý'CðïBWTN�Ò²eñ�à70% A��'^_�gW�AEu�vWX 

fLW�Dow© 3ABCDow© 2Lùâ aDn>àwCÓÔAá9P^ÓÔ'Õ2CðwBD

àýAáýL�� x>þ�WX|«�ñ"��>_��)ëDQ}xL^�à'CðwBWùâ>D

fg¼;L^�á'C³wBWùâ>_�BCQL^�8"��'BD�ÒQ6ð�)�A'(Uð

ïBWXow©1q3'âpWLQýLùâaDn>r5-3-1'(BWX 

ow© 1Q�DTNDTPAs'F��EÞp6²eñ'¯°BC1UDTN�z�NDTP�nx

N'ÕX�gWXfg'�BCDow© 2Q�DTNDTPL nL�Efg�g 1.42D1.70A*nx

N='ÕX�gD�ñ�'hi{²eñ>�tBCpWXown© 3 Q�D6�ñ^� n L�E

TNQ�0.88DTPQ�0.91Az�NQm)LED{�ñ^�TNQ�1.65DTPQ�1.68AnxN

'.vC1UD9P'hi�ñ�^'�²eñER¢.)�AE�t�gW��A.vWX 

own©3Q�DùoLLQýQ���QR.�vWTN²eñALQýLÐù>6�ñ^'1p

CÕû'|BCd¨�gC1UD{�ñ^'1pC�D(U{²eñ'd¨�gF�'|BW��E

¨�gWX�LkoLLQý'CðïBWTN�Ò¾²eñ�8.9 t/year/km2QmUDTP�Ò¾²e

ñ�1.3 t/year/km2A.vWX 

 R®Kõ 

R®KS 

R®KX 

R®Kõ

R®KS

R®KX
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H�A� �¡¢	ùú�

:·QLÓÔ�Dô 5-4-1'(�

¶�Q 2012� 8p 10w�� 9p

29wLCÒ'FÚBWXô�LSt.A

1(T St.B '����)ï��>

Û§BCDCÒ�|«BC��>�

vWXVWDSt.1~St.12Q�Dà;

��ï��>��BC@D"��>

`¨�)+�\[��>FÚBWX

+�\[��LFÚw�D8/10, 8/17, 

8/26, 8/27, 8/31, 9/9, 9/15, 9/22, 
9/28, 9/29Lï10wQm)XWbBD8/10A9/29>	¢�¿CLwQD@DL�ÒÕûL^Òt}

>û)W�'D�)A��L2J��>FÚBWX 

|«��âLÉ�LÛ§jÈ>ô 5-4-2'(�X�``Y���3�DMÕD@ DDO.&L@

DVK�10ÕÒ�D@®�1ÕÒ�Qï�;ijBWX�«�`YZb�'opC�D �nz'1 

m Ò�Q1Õ�F�«>10ÕÒ�Q��;ijBWX+�\[��L������ºB��X'z

2Cà1 kmÒ�Q8��St.1~St.8DSt.5�St.BAnù�D��ºB��ÅL�BVQHðab�

;' 5��St.A,St.9~St.12�DLï 13�QFÚBWX���D��N@Dï�ASTDDJFE^]�

�
\�/ç�>âpCDMÕD@ D�``Y��=���3��DK�Dn°l8=�L ��`

YZb�>ï�BWX.1D1w 2J��>FÚ�)ÖÙ�Dg�D�)�L���S^)�'D�

�L���14^)�'FÚBCp)X�

 
;k<e<S� sÆ��¿	��ùú�

QÄ»�ûNN�7ü ±Ã�ÍÇ�FyQ¯â»ã�¼!Í�ÈFy�

�R�ÉÊËÂÃ�Fy¯���ÌFyÍ�Q«�½ÎÏN�Ðþýú�

TD 

CT 

DO 

CTW CLW 

1m � 1.2m 

7m � 9m 

2m 

ADCP 

5m 5m 
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H�H� �Ô¡¢	×$��Õ�

'�(sÆ�×$�

VµDSt.A1(TSt.BQL|«����'opC(�Xô5-5-1�DSt.A1(TSt.BQL@è�@

¥�1(T:�ì�:��;�'12)@ L��CÒ�Lt}>(BWsLQm)X.1DSt.B'

opC�D9/28L��^'ï�-bEðünz'à 400 mÜkBCp)�AEu�vWX"���

�D9/22L�n'ôà'(UåRµ�gWsLAî�g)XBWEvCD9/22¼9���¶�E££

�.vCp)X�g(U�F@¥>þ�)ADSt.AE7.4 mDSt.BE9.6 mQmvWX@ 'opC

�DÉ¶�L@¥L�p����'(� 2 ^Á�L�Eû�g)ED9/18 )�QfL�E�A&

.¢.vCp)X�g�DéWL��16�L¿Í/�'()sLApug)X 

ô5-5-2�St.AQLrÜ�@ìü1 m�A�Ü�:�ì;2 m�LMÕA@ Lt}>(BCp)X

WbBD�ÜMÕ'opC�íÒKL'()ú}E�B¢D��KE6pXrÜMÕ'opC�DC

Ò�9PEØÙ'y.�vWW�D{MÕLVVoÜBCp)�AEÕ�)Xô5-5-3�Dn�'St.B

QLrÜ�@ìü1 m�A�Ü�:�ì;2 m�LMÕA@ Lt}>(BWsLQm)X�ÜMÕ

'opCsD{MÕE«pCpW�AEÕ�)X 

ô5-5-4�DSt.A1(TSt.BQL�Ün°l8�!�Lt}>(BWsLQm)X�F@¥9.6 m

LSt.BQ�D8p����9p��VQLCÒD�A&Gl8m)p��l8jGE`«BCp)

�AEu�)XùnDºB'dp�F@¥7.4 mLSt.AQ�D8p19wq21wLÒ��l8jGA

.vCp)sLLDfg¼�Q�l8=�Ltk�RpsLLD�CÒ�l8jGE«¢�A�.

�vWX 

ô 5-5-5�DSt.A1(T St.BQL�``Y���3�Lt}>(BWsLQm)X��CÒ�D

D�'¾¿C�Ñ�E{¢D:ð¬'�``Y��=��6p�>(BWX�

�

�

�
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;k<k<e� ��µÑÍ�/0�µÑÓÃ	ÉÊËÂ×Ø�	¥Z�

�

�

�

;k<k<k� ��µÑÍ'�(�/0�µÑÓ'Ù(Ã	ûNN�7üÚuÛ	¥Z�

',(� �·!"ÜÝ�

¼üQ�D+�\[��L"��>âpC@DÕû#K>(�Xô 5-5-6~ô5-5-13�D+�\[

��>FÚBW10wÒLi�LSwÒ'opCDn°l8=��DO�LÕû>(BWsLQm)�µ

w�J��BWÖÙ��)�L"��>ðâBW�X�oLë���ô�Dfg�gDSt.1~St.8VQ

L��ºB��XÙ'AT)ab�;L\ìD1(TSt.A��St.12VQH'AT)ab�;L\ì

'opC(BCp)Xô�D�/LÚÛ�Dfg�gSt.11(TSt.A��LÚÛQm)X�ÜLG

l8@H�2 ppm¼üL@H�Ltk'LK�)ADfL@ñL���D��ºBab�1(THð

ab�Asn�Lt}>(BCp)�AEu�)X����9PEy.pW�~��ÜLF�E�¢D

:´¬'Gl8@HLË¾E���vWX��CÒ�DGl8@HEÓsF�BWL�9p9w1(

T9p15wKdQm)EDô5-5-4>û)AD�LCÒQsSt.ALDO'��.UL^ÒtkEû

�g)X�L�A�DºBKdQ�Gl8@H�9wBC°��)LQ�.¢D�ÎLwâ'��B

CÙ'kpCp)�A>�ÅBCp)X 

�'DGl8@HL^Òtk>û)W�'D8p26w��)D���1(T8p27w��)D�

��L7J>¾�BCDô5-5-14'(BWX�g��sD@HLtkE��QR)X�
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Pö8ýþ2	åÝ�*õ[�æp��Ìçä]è�é�������

É��!�� |� �D¹�� f�D�º� ��

�

  åæA�.U¶nåæ'AvCDjkl�¦Ê.ÜkYZQm)XVWD{|�]ab�L

��D9:K£[\K.&Sd'þ��g)Ê8LÞ�}'hpDjklPLSd*O¯Îs{

�};Þ�}Boom)XfLW�jklLªo�V0V.�+�A/0í'ALÉª;MíE

�®	Qm)X 

x./Q�]ab�LJK>�M;â�}�)üý>��D/0£���'�BC9:.Sd

LF�DÞ�}�)]ab�LSd¯ÎL�Ï}>K©BW�W.Sd*OLmUn'opC.

/>�iX 

xMNQ�DfLd�üýABCD�']ab��kï�D]ab�L���^_'Ð�).

/��>MN�)X]ab��kï�ABC�DIÔµ ��]���>âpWSª®ÎAß

l�^LÐù²�D1(TDIÔ� ]ab�LSd�'12)��«�Lï�'opC./>

�vWXVWD]ab�L���^_ABC�Dl�[\�M>qûBW���Lwñ^_>K

©BDIÔIlÉ)nU���L¤�#K>qûBWÒ´�ï'opC./>�vWX 

 
P��Îj8üêjß�4�ëìÌí�4�îï	�d>w�

'�()*+��

d�LjklüýLF'hpD��3�R�â��y;z'm)XB�BD��3�LFí

+â�¯ºABC{pjG'm)(6-1)X�g���3�0HLáED�ºSd£�ûSdApv

WD9:Sd�{��A`ég)sLQm)X#'Dyz{|}/0L��'(UD]ab��

*�Õ.l\Î;�wü¯=>]BD����*Sk;JÌ¯ÎL6p�*;{|�=Api�

�/0À�E�gD{|]ab�'()3�L��sKªvCRCp)XfLW�D��3�>

�º'Æ�W�'D]ab�LjG>ï�;l\�)yÆ9:Sd*O	+
QL¦ÊKE{V

vCRCp)X 

�L(i.¬(UD]ab�LjGï�Y©L�FDEp¢o�î�g)Xfg��D]a

b�L�U�����jG>ow�)n©(6-2)D<¾£�}��]ab�L�¿>4ï�)n©

(6-3).&Qm)XùnD]ab����«�oR�'í´�M>�w�)W�'�D]ab�L�

�����4ï�)�¢ý��>âp)�AE�VBpED��L�¢£RL'()]ab

�cL²Ý�Ì2.2gé.�.pX 

f�QDx./·Q�]ab�LSd�w'1pCD�µ¢g)�ºK>¸âBW��]��

�	+
Q>��BCRWX�g'(UD��]�LSª�kLwñ^_E®¯A.géDS

ª�kAù�UD�ºSdYLSd^ ��kALÐ|K2£DSªL#v>âpWJ��$.

&LF�®¯KEm)X 

��]���	+
Q���÷�1(T+����Lï 28 ¡×'®Î��E¢�°Vg
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WsLQm)XfL��1(T®Î��L�§>ô 6-1-1'(�X.1ô�LN��Dï 28�

L®Î��Li�DxMN'C�¿)4¬'âpW_r� 8�Lè§>(BCp)X 

 

;l<õ<õ�Îj8üêjßÅ3Jh	�����	êjßL��

��./'1pCD]ab�E�¿>�BWëD��]���	+
Q��¨�g)®Î"

��L�F�E6üBD°Ï �E;2�);zEFò¬'¨�gC1UDSª®Î"��AS

d^ ��kALÐ|KE(£�gCp)XVWDSª�k>wñ}�)'mWUDSª�kL

wñ}Èaó��LÕX;w�>1�.vCRW(6-4)X�g'(UD��]�]jAY©Lè§Ð

ù>*Sª�^=DfL�^Q¨�g)��L®Î"��>*Sª®Î=Aw�BDSª®ÎL

Õû¾��Sª�^>ow�)n©E���gWX 

B�BD�g�LY©>ùð}�)'mWUDJ��LR.Sª®Î>^_�)©°L�ª

E�ÊQm)XfLW�D��]�LSª�k>wñ}�)'mWUDJ�LdÏA.)Sª®

ÎAfLFíÊH>Ñ��'BDSª®ÎLwñ^_©°LÀÁ>K¬ABWXxMNQ�Df

Ld�FòABCD��]���	+
QQ¨�g)Sª®Î'��)Sd�^L���>Ñ

��'�)X�

',(ëìÌí	
�ú¹	�Õ�

 ùð'DTÎïQ�wQR)TÎ�D)¤¥A¦ÁA`ég)¦§ÁLAO'()9¬¦ÎQ

m)XfLW�DTÎ�Y¨L�^'(vCt}�)�AE5°./Q(�gCp)(6-5)XVWD

��]��w^L®�wK>^_BW./3DsmUD�w�k'(Uí�)ÎE°�BDY©

>�BC��]�cL®ÎA.)�Asy/�g)XfLW�D��]���ESª®ÎAB

C�w�)"��'12)D;iLD�^t}'();©£;áªL¦�.&LÎL°�L]�

AfLÌÙ>ÓÔ�)�AQDï��gWSª®Î��J�L^_dÏ>owQR)®¯KEm

)X#'DSd^Lßl�^£´s>qû�)ADßl�^'()Sª®Îï��LtkER

pAy/BWXfLW�D#';áªL�^t}'��)Sª®ÎLtk;z>ST�)�A>

K¬ABD¼ü'(�«ò�Fò>ïUBWX  

'6(ð:�Ê:�/�ëìÌíF�

5°./£Ð|3Í'()q¬'sA¡RD¼üL(i.ßl�^ASª®ÎLÐ|K>ÓÔ

�)Fò>ïU;FÚBWX.1DxFò�Dx!*â[>�ÍA�)./ËÁ='Ï�D�Õ

."ÑL;Db�Yé�Q]ë���[L¨�gWø¾.��«ò�5�>�ÍABCFÚBWX 
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xFòQ�Dô 6-1-2'(�(i'D«ò��Lßl�^(a)DSd�ÕxQw�)dÏLß

l�^(b) (6-6)D)L�U�);�Lßl�^(c)D��'�U�vW��;L�ßl�^(d)L 4W

XLßl�^QFò>�vWX�ßl�^QSªA²V> 5[s]1R' 10�\[ �U�BDSª

®Î>ï�BWXVWD�ßl�^'12)¤L���D®��¯VQL��>�wBWX�

�

âa)ð:�ñòîï   (b)�ó	4�îï  (c)x�	4�îï  (d)Á�	4�îï�

;l<õ<S�Ê:�ô[�4�îï�

'A(Ê:×$�/0�Õ�

xFòQ�Dï�"��L9w}>ô)W�'Sª�)è§>Dô 6-1-1'12) 4N��

�"üPRì�A 16N���"üPPì�D10N���#üPRì�A 18N���#ü

PPì�ABC©wBD¼üL²�;q¬>�vWXxMNQ� 4N��>D'D����S

ª®ÎL�F�>þ�Cô 6-1-3'(�ËaY'VA�WXËaYk/�Sª®ÎD�/�Sª

L��JâQm)X 

 

;l<õ<X�4�îï%	ëìÌí	¥Z�

Sª®ÎABC�D�Lßl�^�a�>	pC�D��ù�.;z>(BCp)XdÏL

ßl�^�b�D�;Lßl�^�d�D);Lßl�^�c�'opC�D·'Sª®ÎL�F�

E6ü�);zEù�«ò�Q��QRWX.1DSª®ÎLù�Q²L�>A)�AEm)ED

�g�TUn'(vC��]���L«°�;' îEí�D®Î��>±Û�)ÎEí�

WW�Aqr�g)X 

xFò)Q�D);Lßl�^�c�Q���]�>)'²�nzLÎE�uUDVWD�;

Lßl� �̂d�Q��U�vW;áª>*r)W�LÎE�uUDpµgsdÏLßl� �̂b�

A¾�BCSª®ÎE;2�)Ay/BCpWX�g'�BD);Lßl�^�c�LÓ�Q

�DdÏLßl� �̂b�LSª®ÎLÓ�L 170IÁ�A.vWXB�BD�;Lßl� �̂d�

ô 6-1-2(a) 
ô 6-1-2(b) 
ô 6-1-2(c) 
ô 6-1-2(d) 
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Q�D30IÁ�A.vWX�g��;'(U¤EATRvWjG'.UDSª®ÎL�2'¢p

Sª�^A.vWW�Aqr�g)XVW�LjG�D¤LÐ¤À-��îCs��]�L�w

KE6ü�)ßl�^Qm)XxFòQ�DSª®ÎtkL:´;z>ST�)W�D);;�

;LÉ³Û.ßl�^>`U�gWX��ABCDSª®ÎL���)ù�Lßl�^>��B

WX�rCDSª®Î>F´�)L']9.Sª�^EAg.pßl�^'1pC�DSª®Î

L;2Eû�g.p�As��BWX 

'H(�����

x./Q�DSª�kLÈaó��L,AoQm)Sª®Î'��)Dßl�^L��'op

CÓÔ>BWX��ABCDSª®ÎL��'���)ù�Lßl�^>��BWX���Dß

l�^L��DJ��>]�)Èaó��ASª®ÎALÐùÓÔ>�pDSª®ÎLwñ^_

Y©LÀÁ>K©�X 

��º� �D|� �D¹�� f�Dµx� ¨¶� 

 

P�,8ýþ2	]è&����õu\�	F�

'�()*+��

IÔµQ(BW(i'D��3�L6���ABC]ab�L�k²�üý'Ð�)./�F

E_'�ugCp)X 

x./·L��./ABCD��]�L�·�;í>�¸°ñ;l«��Sd#K£]ab�

LJ�K>^_�)./>�vCRWX�g�L./Q�D"��L��FòABCD]ab�

'ù��+�Qm)Sd�kA�ÐùL.pk��+��¹ºLPi.&�>?��AQ�»¬

'e�ÎL6üBWjG>wUïBDSd�kL�ÙL4ï>�îCp)X�g��D4ï�m

)Á�®¯.ùnD]ab�'(vCRÙ'4ïQR.pÖÙE]UD��.),ÎE�ÊQm

vWX4ïEQR.p0HABCW²�gCp)L�J�L��#KL�p.&L��QmUD

��Sd*O	+
Q>�FBCp)À4'1pCsJ�#KL²�;wñ}Y©�¦Ê?@A

�gCp)X 

f�Qx./Q�D]ab�LJ�#KLùoABCSd�LbE�['��)��^Ò's

A¡¢J�K²�Y©>45�)XfLW�LY©ABCD]ab��Ë	ÊÇ$���¼üDS�

>SdB.E�Dk��+�>Ç��)�AQ]ab�LSdcLk��+�L��>ÓÔ�)X

VWfLk��+�L��>��^ÒABCw�BDJ��L]�>c��w®¯K>ÓÔBWX 

',(õu\�F	Ê:12þj 

x./Q�D¶�"��L`¨' DS>ðâ�)X�g�DFëLjklL¶�Q�[\Lb

�KE¨�g.pW�DVWe�ÎE6üBWjGQFëLSd>�iL� �Qm)W�Qm

)X�Jðâ�) DS'�D¶��)ë�+£÷ä>¶)jkl.&L[\>�'w�BDK

¬'��W[\ÛïE®¯.DForum8/çUC-win/Road>�âBWX 

ùnD�L	ÊÇ$��L�â'mWUÑ@A.)L�D]ab�EFò'��QR)[\>
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¼½'ÀÁ�)�DApi�Qm)X#'xFò�ù��+��Ós¢��¿R�+��ABC

Sd�kDk��+�ABCfL��L?@>�r)�ÊEm)XB�B*�¾BCs	ÊÇ$

��b��¿�=Api9<�'(vCù��+�Q�.¢k��+�'��BWUD$L�

A>qrWU�).&�+�L¢�·èEtu)®¯KEm)X��'F[\A�.USd'Ð

ùL.pe¤�ÍLÞp·�QLFòQ���ÎE6ü�)�AsmU¨)XfLW�D)�L

Ñ@'�BC�D]ab�'�BCFòcL��>©(�)L�s��DSd�L���ES

d²e'¾D�)(6-7)�A��Dë�+'k�EùwQ.ph�->Þ¢�§BDÙ'Sd>��

�0)>¨.pjG'�)X��'opCsD��[\L�����.WXEm)X#'Da�

>Q'k¢Ò´E¤��'m)A��E�Eg)(6-8)®¯KE{p�A��DDS L÷ä>ÀÁQ

°pDe¤�Í> DS Uì'7w�)X¼;L��>ÚBxFòQâ�BWFò[\>ô 6-2-1

�a�'(�X 

�JLFòQ��'W²)kWXL��^ÒLï�>�iX ùoK�9¬.��^ÒQD�

�ÉEÂ���'tu)^L(i.�ÉjGQL��'��)��«�Aw��)XkoK�k

¬.��^ÒQDtLlcL©�£ï�'��)��L(i.^Ò¬'t}�)��'��)�

�^ÒAw��)X¼;L��^Òï�D1(T)�LSd[\ãÄ>qûBÛïBWë�+L

g�>ô 6-2-1�b�'(�Xxë�+'����^Ò>ï��)W�D��É]UL���Q�

*��É>Â���cAt}=��D��É�BL���Q�*���lEÃTï�=Apik

WXLbE�[>�§BWXô�1¥EFò^L¶���[QmUD�ÄE��É]UL���

Qm)XVWD���>Þâ�§BbE�[LFí�)���>Fò��hA'tø�)�AQD

]ab�LbE�[FícLy�>:J�)AAs'D��è§LST>òÝA�)W�'D�

���L����¿Cn�LsLABWX 

¼;L[\'1pC«ò�'�â�)�+�ABCD¼üLkoABWX 

;�+� 15Pi�+�  

Sd�'UA;L¹º>i��k>bó�ôBD]ab�L¤¥>)n��f��W�L�+

�ABCDUì;'r(�g)ó\��ô>Pi�)�+�>ÛwBWXó\��ôLr(è§

�UA°�An�LUì#;A�Ø££;Lkh×QD&���ùn'r(�)�AABWXô

6-2-1�c�'fLr(D>(�XVWr(�g)ó\��ô�D�FL¹ºAn�'ù�Õ>û

Wb2Q:´Ey/QR)(iDm)Á�Lùð¬'Ï��Lm)�MABCDåUhÐ�>a

�>Q'r(�)�AABWX 

;�+� 25ÅÆ�+�  

Sd�'nß�AL0�'��BWjG>bó�ôBDSd¼�'pq>Ì��)W�L�+

�ABC]ab�'4�ÇLa�>Q.ÈâÇ>É`��Dfg>ÅÆ��)�+�>ÛwBWX

xFòQ�D?@�(Lb�K>�µ�)W�'DÈâÇ>iî;²� PC'()Ù�PÊABD

b�!�'(U«ò�c�(�)�AABWX 

¼;koL�+�E*m)jG=A*.pjG=AQ��^ÒL¾�>�iX.1Dë�+L
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1/4 1ÒhA'D�+��B��+� 1��+� 2��+��BL·Q*+>t}��C¶�BD

fg> 10ÕÒL��>��î.E� 5�\[�i�AABWX 

  

'a(Ê:ö÷	��    'b(]èNú3	�ø       'c(ùúQ3û	Dûü  

ô l<S<õ Fò[\LgÊ 

'6(õu\�FÊ:�

xFò�Dx!*â[>�ÍA�)./ËÁ='Ï�D�Õ."ÑL;Db�Yé�Q]ë�

��[L¨�gWø¾.��«ò� 5�>�ÍABCF�BWXFò��Li�Dk�L«ò�

ADBL��>DABCô 6-2-2'(�X�LËaY�DbE�[Fí��«ò�Lí>��w�

sVQ'ÊBW^ÒL�F�1(T°Ï �Qm)XVWë�+�kh×°��)�+�L�p

1Ò>fg�g�+��B 11(T�+��B 2Ari�)X 

 
(a)ð:�A                             (b) ð:� B 

;l<S<S ��^ÒLï����

  
VµD��Y©'(U«ò� 5�'��)Fò;ï�>�vW��D«ò�ÒQnùL;zE

¨�gD��^Òï�ABCLx��Y©Lþ'K>��BWX�'Dô 6-2-2 '(BWkoL

ËaY>¾��)AD��^ÒLt}L�n'R.�pEî�g)XVWDk¬��^ÒLî

'eK�)AD�+��B 1LjG(U�+�]ULjGLnED��^ÒEÌ¢.);zE�

�QR)X�L���'(Ly/A��.)sLQm)XùnDPi1(TÅÆ�+�A�+�

�B 2>¾��)AD5�� 4���+��B 2LnE��^ÒEÌ¢Dk��+�L�kE�

�^Ò'��BCp)Apr)XVWD«ò�cL��^�Æ�[L��Q�DPi�+�(U

ÅÆ�+�EÝBpA:.EJËBWED«ò� BLk¬��^Ò�Pi�+�LnEDuµ�

'��^ÒEÌ¢.vCp)X¼;L�A��Dk��+�'()��^ÒLt}�J�#K'
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Ð|�)sLAqr�g)X 

'A(�����

x./Q�Dk��+�ESd�k'�r)��DøT��^Ò��LJ�#KL4ï®¯K

>ÓÔ�)�A>K¬ABCD]ab��Ë	ÊÇ$��>âpWJ�#Kï�Y©>��BWX

fBC«ò�Fò'(UDxï�Y©Lþ'K>���)AAs'D�+�L]�A��^ÒA

LÐ|K;��L]�>��BWXùnD��^ÒL�F^Ò£°Ï ��«ò�'(vC�.

)�ADVW�+�W$L��L]��J�#K'ÐùBCp)�A>ï���L²�(UÑ�

�'BWX 

�|� �D�º� �D¹�� f�DÍ� §d� 

 

P�6� x�Hý/0	þ�ÜÝ���[�)å�U�

'�(��]è%UÅ3Jh�

��3�LFí+â� 2000�VQ��;z'mvWED2004����y;z'm)XB�BD

2011�L��3�Fí+â� 691,937+(6-1) A¯ºABCÞ¢FíBCp)Ls3FQm)X 

fL�.0HABCDwÙ¬.¶�%A'12)lÉ)n�e�D�ûD�£USd.&LD

puÎ)�ºSdEÞ¢>ª�Cp)X�L�A�¦.Ñ@Qm)'sÐu�µD�jQ�6

³¬.�ºSdLÆ½��E.�gCp.pX 

 
;l<X<õ ���)�ºSd4ï	+
QLg� 

f�QDx./Q�D]ab�LSdjG>l\�)	+
QABCDô 6-3-1 '(�(i.

hóa	+
Q>��BD�g'sA¡¢]ab�LSd���^_©>��BCp)X�L(

i.	+
Q>©°A�)�AQ]ab�cLÏN£e�Ðõ>BD��3�>�º'Æ½�)

�AE®¯Qm)Aqr�g)X���)	+
Q�Dô 6-3-1 '(�(i'DlÉ'kéLç

Ëhóa>õ�BD]ab��kAlÉ�L[\�M>ï��)XFront Camera�lÉ)n>Ñ

�BD¶�[\Li�)nnz'°��)e¤�¿R�ÍÒ>�ï�)XùnDInside Camera�

]ab�L�>Ñ�BDr�£¤¥nzLï�>�pD]ab��kL#vñA�)X�g�k

éLhóa��¨�g)�M'sA¡RD�îLÐ|K£�kLþ'K>l\BCD]ab�L

Sd���Low>�iLEx	+
QLg�Qm)X 
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�gVQ'DSd���Lwñ}1(T^_Y©'opC./>~�CRWXùnQDl�L

[\t}E]ab�LSd��'ø����s(£�gCRC1UD]ab�Le¤�kL^_

'�rCDU�²�'()l�[\Lwñ^_©E�ÊA.vCRCp)X�¤Q�D�LlÉ

)nU�LÇ�n©'opC�¿)X 

',(Hý���/0Hý�
ö÷�

x./·L�gVQL./Q�Dt�LÒ�>�µ�)W�'DÑ�[\L3!¬*+>]Ú

üLw�'7wBDlÉ)nU�L²�A]ab�ESd�'e¤�¿R¶�[\�L�ÍÒL

Q¦�¼üDe¤�ÍQ¦�L�ï>�vCpWX�g'�BDx./Q�De¤�ÍQ¦>�

ï�)W�LÓ�.U�Ç�;L+�ÒL�â>�î)AAs'DÚQ.&L3!¬.Ñ�[\

t}'#"�g.pU�Ç�Y©>6��)X�g'(UD�ÍÒ´Ljl��LÚÛD��«

�>�ï�)	+
QL�F>K¬ABWX 

ùnDÑ�[\L�MABC�DUAL]j£lÉ;»-Ò.&LjlÉ÷´LÒ´L�MsD

¶�AAs't}�)X#'UA]j�ùðUQ�Þ�.��£ÕÓ>c�;D¹º.&LUA

¼�L�MEÞñ'cVg)XfLW�Dx./Q�UA[\L��.t}Ey.¢D¹º.&

L÷´Û§ÒL+;]jEÑ�'Ëw�gW{«UAQL¶�>�ÍABWX 

.1D�ïLW�LU�Ç�;U���	+
QL�F'�DC�Ôab-a�Qm)OpenCV

>ðâ�)X 

'6(	
�Ã	U�ÜÝ	%&�

UA°�>���A�)DlÉ)nU���L[\�ML�ï'�+L#v>âp)XfLW

�Ñ�[\Et}BCsÈaó��L�Et}B'¢p+�Ò>0K�)�AQD3!¬Ñ�[

\Lt}'��)ÕøKLz;Eû°�)Xf�QD_r¬. 3oL+�ÒD�.u� RGB+

�ÒDHSV+�ÒDLab+�Ò'opC��°�DÏÖ°�D©(°�fg�g>�Í'45>

�vWXô 6-3-2'4¬'ðâBWU�LùD>(�X 

                       

'a(E�U�      'b(�U�     'c(TûU� 

;l<X<S�	
�	%�-.Hý�

VµD��°�'Ð�)Ñ�[\t}'hi+ÕûL4¬��>ô 6-3-3'(�X�L��(

UDHSV+�ÒQ×�E{p�AA+�Lt}Ey.p�AEÕ�)XB�BDHSV+�Ò�

+�EÂ+> 0ABÕ+���+fBCÂ+cAz÷nz't}�)XfLW�D��°�>�

'À��)Õ+>�ï�)W�'�D;7L�QLØ�Ç�Aü7L�QLØ�Ç�>BDÙ·

LS�6>ïð�)�ÊEmUDÇ�^ÒL��Ey/�g)XVWDLab+�ÒQst}Ey

.p�AEûC`g)ED;7Dü7LØ�Ç�AS�6Lïð>+� aD+� bLfg�gQ

�i�ÊEmUD+�An�'Ç�^ÒL��Ey/�g)XBWEvCD1JLØ�Ç�QÕ
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XE®¯.DRGB+�ÒL RAHSV+�ÒL S>âpCD��°�L�ï>�î)X 

 
�a� HSV data           �b�RGB data                     �c�Lab data 

;l<X<X�E�U�����	
�%�×$ 

�'DÏÖ°�'Ð�)Ñ�[\t}'hi+ÕûL4¬��>ô 6-3-4'(�X�Li� HSV 

+�Ò'1pC×�E{¢+�L�Lt}E��p�AEûC`g)XùnDRGB+�Ò'op

C�é�oRER¢D{4ïEÞ¢.)�AEDVWDLab+�Ò'opC�Dé�oR�y

.psLLD+� a '1pCØ�Ç� 2 JAS�6Lïð>Ê�)�A��Ç�^ÒL��ED

fg�gy/�g)X(vCDÏÖ°�L+#vL�ï�HSV +�Ò>âp)X 

�

�a� HSV data           �b�RGB data                     �c�Lab data 

;l<X<e��U�����	
�%�×$ 

Ó�'D©(°�'Ð�)Ñ�[\t}'hi+ÕûL4¬��>ô 6Ô3Ô5'(�X�Li

�DLab+�Ò'1pC�Lt}E��p�AEûC`g)XùnDfLtL+�Ò'opC�D

é�oRER¢ÚQL��>Þ¢=2)�AEy/�g)X(vCD©(°�L+#vL�ï

'� Lab+�Ò>âp)X 

 

�a� HSV data           �b�RGB data                     �c�Lab data 

;l<X<k�TûU�����	
�%�×$ 

'A(�þ-.	�U�

]ab��DUA°�£jlÉ¼�LlÉApvW9:£¶�'Ð�)Ò´�M'�BC¤¥

EÜkB£�pX(vCD�J�ï�)�Í�Ù¥AUA°�D��lÉA�)X��Q�ÍA
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�)°�'opC�D]j£+ApvWËsEUA©£UA��©'(Ur 6-3-1L(i'w�

�gCp)(6-9)X�g'�rCD)¤Q�vW+�ÒL45��>¸VrDlÉ)nU���L�

ïn©>¼üL�UJ�L°�£Ù¥D��lÉ.&Le¤�ÍÒ'opC45BCp¢X 

�l<X<õ��'U�	Z��¡ 

 ��°� ÏÖ°� ©(°� 

+ Õ Ú Â VW�� 

]j ��] ,B] z] 

fLt Ù�Ç ÛÙ·>c�  

 

� E�U��

��°��r 6-3-1'(BW 3oL#v>âpDô 6-3-6�a�'(�Y`��]�['(UÇ

�>�iXVµD{«UAL��°��Ü£�.+Qm)W�+�D×�DÑ�L 3oL�Õ�

�.) HSV +�Ò'teBD×�L{pÙ·>�ï�)XVWD°�L¬ì'ÑÒEmvWÖ

ÙD°�AAs'ÑÒÙ·E�ï�g)�A>Ì2)W�'DùÝDÂ+�ÕEy.pÙ·>�

ïBC��Õ+LÙ·>�ï�)X��Q�ï�gWÙ·EUA°�QmgéDÙ�ÇQ�ME

i��gCp)�A>Yw�U'D�ïBWÕ+Ù·An�Ù·�Q�ÎU�L 2 �}>�pD

�Ç�>�ï�)XÓ�'D�ïBWÕ+Ù·A�Ç�LS�!>ðï�)XS�!>þ�C¨

�gWÙ·(UDfLÙ·LÞ->�¥Qd¨BDë�,�L������°�L]jAl\B

WÙ·>UAÙ·ABC�ï�)Xô 6-3-6�b�'fL�ï��>(�X 

     

'a( E�U��U	�Núf�úO           'b(E�U�	�U×$ 

;l<X<l�E�U������U�
�û	×$ 

# TûU��

©(°��r 6-3-1'(BW 3oL#v>âpDô 6-3-7�a�'(�Y`��]�['(UÇ

�>�iXVµD©(°�L#vQm)+>�ï�)W�'D�ÎU�> RGB +�Ò��Ñ�

A 2oL+���.) Lab+�Ò'te�)XfL�D2oL+�>âpCÂ+A�+LÙ·>

- 94 -



�ïBDfL 2oLÙ·>Ù��)XfL�D°�L]j#vQm)z]>sA'D"ô��U

�Ç�Qâp�g)#v�ï©Qm)Houghte>âpCz>�ï�)Xô 6-3-7�b�'©(°

�L�ï��>(�X 

    
'a( TûU��U	�Núf�úO           'b(TûU�	�U×$ 

;l<X<¸�TûU������U�
�û	×$ 

S �U��

ÏÖ°��r 6-3-1'(BW 3oL#v>âpDô 6-3-8�a�'(�Y`��]�['(UÇ

�>�iXVµDÏÖ°�L#vQm)D×�E{pÚ+>�ï�)W�' RGB+�Ò��HSV

+�Ò'teBD+�E6pÙ·A×�E{pÙ·>�ï�)X�'D�ïBWÚ+Ù·>äi

ß]Ù·>w�BD�LÙ·'LKBCÇ�>�iX�LARß]L�à'TÕ.¬Ù·Ec

Vg)W�Dñ'�)Ù·> 45[deg]Jd��C	á�)XfL�DnÙ·�LÛ+Ù·>â��

)�AQDÚ+;Û+LÄ��)ÏÖ°�>�ï�)Xô 6-3-8�b�'©(°�L�ï��>(

�X 

    
'a( �U��U	�Núf�úO           'b(�U�	�U×$ 

;l<X<.��U������U�
�û	×$ 

� ��	�U�

)nt��'1pCDUA;LÙ¥;¶�l¥�DjlÉL¶�è§D)nlÉALÚÛD�

�lÉLâ�Ù·.&D�V0V.Ò´L4ïLdÏABC]âQm)X�Q'Fâ}�gW	

+
QQ�DjlÉLãx4ï£UA]jL��.&'s�â�gCp)X 
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�LÙ¥L4ï'opCsDxY©Q�tL°��ïAn�'+#v'LKBW�ï>�î)X

UALÙ¥� gray+Æ��U�'1pC�DË$��LUAL+'�BCDÒ�E{¢DVWù

wL¤>]BC�¥cLd¨E®¯Api#vEm)XVµD+L�����DRGB+�Ò��

gray+Æ��U�'teBDÙ+LÙ·>�ï�)�AQ4ïEQR)XVWfL¤�M>¸â

BD@�nz'm)Á�L¤>]�)sL'���)Y���>�â�)�AQDÙ¥LQ¦E

0ïQR)XWbBDUA;'jlÉL¶�l¥¼�'lÉE°��)ÖÙD�LÙ¥Q¦L�

ME\f}�gD{4ïL0HA.Ui)XfLW��a+���Ë>�pDU��<'Ósd

psL>�ï�)�A'(UÙ¥>0ï�)XfL�DRANdom SAmple Consensus�¼üD

RANSAC�'()�¥d¨>�i�AQD¶�l¥LÉPLÙ¥>�ïBDC�te�8>þ�

)X��'DjlÉL¶�l¥¼�Ll¥>�ï�)W�'D�'d¨BW�¥'óvWÒ�L

Õ�>þ�)XÓ�¬'�D¶�l¥L1Õ¥Qm)l¥\�¥�ä¥�AD¶�l¥AAPô

L1Õ¥Qm)lU�P¥��¥�A>ÕXBDl¥\�¥LÖÙ'�ý��)l¥Em)Al

\BDC�te�8>sA'Ù¥L©�>�i�AQDlÉ)nU��LÙ¥L�ï>ïå�)X

ô 6-3-9 'Ù¥�ï��>(�X)�L(i'jlÉL¶�~A>�<'Dl¥\�¥��·'D

ÕDÚ+DÂD�AlU�P¥VQ�ïEQRCp)�AEu�)X 

 

;l<X<7�� x�Hý&	���U�
	×$ 

¯ � 	�U�

n�'UA;LÜkÒ´ABCDtlÉL�ïn©'opCs¼üL�U45BWX 

VµD�'�¿WÙ¥L�ï��>sA'lÉ)nU��LUAìLÙ·�UAÙ·�>�ï

BDUAÙ·;'°��)�>�$�)XWbBDUAÙ·�¿Í*+'(UfLÑ�E�.)X

fLW�DlÉ)nLUAÙ·LÑ�>`¨B�F�>ðïBDfLÑ�(U6p�>A)Ù·

>lÉL�ABC�ï�)XVWDlÉ>�$�)l\ä»ABCDjlÉAL��«��ME

]âQm)XfLW�D�g>`¨�)W�'&�
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