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ê � é�

£ú�
 

����ãè>ñ¿�

� 2011 ȟ 3 ʱ 11 ʙ�ʾʙʺǍѺ̜���ͪȉͼïŹǙŠ͌ѹɞ�ʈǸξ̔ Ăʊk̸͌

u}. ̴Ƴ�Ⱥʚ˿ŧkϗ¢ �f�ïʖ, ƕбƴƺ�аĠ̩�ŧˍ̩��ʈǸξ�ќʶ

͍�ȱҀkɘɃt �f�[1, 2, 3]. ̪�, ͪȉͼïŹǙŠ͌ѹɞj�ƕб 30 ¯éƯņ�ˌ

˂ƴƺ��, ʈǸξ˳˄���̸ɓ΋�ȱҀkɘɃt �i�ќʶ͍�Ђ˅kȿϣ�t 

�f�. ˌ˂ƴƺ�ip�ї̸ŧ̩�Ђ˅ɟ˺�u�, Ђ˅ƛkˌ˂ƴƺ£ȏƧuŧ̩�

Ί;£ɵƀu�̸ɓ΋�ȱҀ£ɸǦw�ɟ˺kïφ͍�ϗ¢ �f�. гȟ��ɍƽлĬ

ɡϘ�͌ȁ�Ęf, »ëµî�ɍƽлĬ˛Ƥ���ѿǆ•ʣĹ•ϗŧХО•˯Ў���̶ǂ

ɍƽ£ƀȸu, ˌ˂ƴƺ�̸ɓ΋Ђ˅�Ȳ͸}y�f�. ŅĞ͍��, �o��̱фčг�

ÏÃ¬�Ú§°£ϴΫuŧ̩Ϫǲ£ϗgɟ˺�, ŧ̩� GPS é®î£ϝ͚ty�̟Π˛Ƥ

������̶ǂɍƽ£ƀȸw�ɟ˺k̺f� �f�. uju, óϳ�ɯq}Ђ˅ɟ˺

�Ĉɟ�҇�ѓōkǍln, ǵЎ�ˌ˂ƴƺkȢ΅ƫ�ż�}�ǌn�Ђ˅ƛkȿϣ��

�ƾƋ�,Ι̒ŸɎͲҤ§æ¬ÞÂàÚÉ³;ҥ�ɭǦt �f�īŁͲ�̢���ŸѪ•

ʲǬŧ̩�ɷϭw�ŸѪɆkǚƳu, Ђ˅ƛ�̶ǂЂ˅�ip�ЏϏkǍlf. Ţh�, ʈ

Ǹξ˳˄ƴƺ��Ђ˅ƛ�͸ŀ�kƪѸ�e�, ȷʽ�ї̸ŧ̩�Ђ˅ɟ˺��Ŧ˃͍�

Ϫ̍�Ѹuf. Ĉɟ�҇��fʖ˺�̶ǂЂ˅£Ŧ̳͍j�ќʶ͍�ϗgɟ˺k˲�� 

�f�.  

�  

���� áà<±Ô>Íõ�

� Ĉ�͸ŀ�kƪѸ�ˌ˂ƴƺ�ip�̶ǂЂ˅£ϗg}�, Ľϗ͠͵��ŧ̩џÚç¿

×ÀÓЧзʖȩkɺˊt �f�[18][20]. bŧ̩ɭƏ°å¨ÅÉÀÄêî°c�Ɨ� �, 

ŧ̩�ƀ�čp}ґЭ�ŧ̩Ƽƴ (�o�í̱ф) �̸ɓѿſѴÚ§°�æÞîÄ»ëµ£

ϴΫu, ŧ̩�ĮĞџɷϭ�ѴƩϗŧ�αɆ£Ŕ̺w�bŧ̩џÉÀÄêî°c���ˌŁ

ƺ�̸ɓí̶ǂɍƽ�ƀȸ£ϸ��f�. ȷʽ�Ђ˅ɟ˺�͆��, ŧ̩�αɆϗŧ£Ŕ̺

w�r��Ŧ˃͍�̶ǂЂ˅kƄξ���. ˌ˂ƴƺ�Ђ˅ƛkϗ��f}»ë·ë±�
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Ãî½тɿ�Ȳŝ£ŧ̩�ͯ΃ty�r��, ќʶ͍�̶ǂЂ˅�ЏϏ£Щ̊w�Ăk�

l�.  

� ʺ͠͵��, ŧ̩џÚç¿×ÀÓЧзʖȩ���Ђ˅ɟ˺�bŧ̩џÉÀÄêî°c�Ǩ

̴�}��, ŧ̩�ĮĞџъсʦ�Ãî½тɿ�͚͒w�. ȷʽ�ɟ˺�ɡϘ͍�Ё҈£

ʑ̵u, ŧ̩�αɆϗŧ£иŔ̺u}Ŧ̳͍j�ќʶ͍�Ђ˅kƄξ�Ãî½тɿɟ˺�

ɺˊ£ϗg. ŅĞ͍��, ŧ̩ƍǅkɷгu}ѯ�̸v�αɆϗŧ£ 3ШŢмȥ»ëµî�

Ϭˁu, ŧ̩џлĬ�Ȫlљ�w�r��ŧ̩�αɆ£Ŕ̺u}Ãî½Чз£Ǩ̴w�. 

r ���лĬʦџ�͕ѹŠū£ϗf, ͸ŀ �fˌ˂ƴƺ�ќʶ͍�̶ǂЂ˅£Ǩ̴t

y�r�£͍͒�w�. 

 

��	� Âúº>Î¯�

� ʺЄʒ�˓ə�Ɗ͹�˒ϣ�ďô�л��e�ҧ 

 

ͼ 1 ͹bȤЄc��ʺ͠͵£ϗg�e}���μʩ£е�Ҧʺ͠͵�͍͒£ͦwҧ 

ͼ 2 ͹bˌ˂ƴƺ�ip�̶ǂЂ˅�̴̬c��Ѡо͠͵ōї��f����Ҧʺ͠͵�

ɐΰ��f�ʠ�j�w�ҧ 

ͼ 3 ͹bʺ͠͵�͍͒c��, 2 ͹�е��l}͠͵μʩ, Ѡо͠͵ōї�Ƽ�f}Ё҈£

е�, ʺ͠͵�͍͒£ʠ͢�Ǧ��ҧ 

ͼ 3 ͹bŧ̩�αɆ£иŔ̺u}Ãî½Чзɟ˺c��Ҧʺ͠͵�ɺˊw�·¹ÂÜ��

f�ͦwҧ 

ͼ 4 ͹b̶ǂϷĦǨҗc��, 3 ͹�ɺˊu}ɟ˺�ʲ̺Ɇ��f�Ȁǋ��ϡʐ�§È£

̺f}Ǩҗ��ˎ϶w�ҧ 

ͼ 5 ͹bβǲc��ϷĦǨҗj�ȸ� �͝ϥ��f�βǲw�ҧ 

ͼ 6 ͹bˌ˂ƴƺ�ip�̶ǂЂ˅�ɪȬc��, ʺ͠͵�ȸ� }͝ϥ£Ƽ�ˌ˂ƴƺ�

ip�̶ǂЂ˅�ɪȬɆ��f�е��ҧ 

ͼ 7 ͹bΖЄc��ʺ͠͵�ȸ� }͝ϥ��f�����ҧ 
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ê � é�

ÊÅ��=03CÜ�ùÈ>ÛÙ�

�

���� ÊÅ���

� ʺ΄��, ˌ˂ƴƺ�ip�ͪȉͼïŹǙŠ͌ѹɞĂʊ�ȱҀ�, ̖Ƴ͍�ǚƳw�ŧ

ˍ̩�Ͳ�īŁ�ʲǬҚ̱ҋ�Ё҈��f�е��ҧ 

 

������ å êj���ßď°m¸>¨Ē�

� 2011 ȟ 3 ʱ 11 ʙ�ʾʙʺǍѺ̜���ͪȉͼïŹǙŠ͌ѹɞ�ʈǸξ̔ Ăʊk̸͌

u}. ̴Ƴ�Ⱥʚ˿ŧkϗ¢ �f�ïʖ, юѸɭͦŮƺ�˒ɃƬҤFig2.1.1ҥ�ͦw�g

�ƕб 20 ¯éƯņ�юѸɭͦϬѧ̑ķŮƺ;�ɭǦt �i�, ǿĜ�͸ŀ��Ŗѥkt

 �f�[1]. ̪�,Ăʊȶ6ȟџ£Εуu��ȟџʹ΂Πјk20Ûæ·îÕçÄ£ôƧ��

fƴƺ�e�bȚǟƪѸŮƺc�ʸ~�ƕб 30 ¯éƯņƴƺņ�ǚƳu�i�, ʐŰ¯é

ͱȥ�Ȣ΅ƫj�ʐȟďó�¢}�ќʶ͍�ȱҀkϥв� �f�. а˂˰̹͕�ˌ˂ņ

�ʈǸɆ̩Еōȗ̬˸ż�ōˁΖ˃[2]�� �, ͪȉŹ͌ƕб� 3 ­ɞ�ˌ˂ƴƺ�ip

�ʈǸξ˳˄Ђ˅£ϗ�}ѯ� ͌ѹɞƕб�ǍŲ£ŷ��ˌ˂ƴƺ�Ǎј�ʈǸɆ̩Е

kѤôu, Ȣ΅ƫ�¢}�˳˄�ƄξɆkɭʂt �f�.  

� ˌ˂ƴƺ��, ŧˍ̩�{�ƕбƴƺ£Ɠ�}̸ɓ΋�Ȼ̶kϗ�¢ �f�ïʖ�, 

Ĉџ�ǵu�˰, ҍʓ, ̤ʓ;�ĤΗ̐�u�іϣ�Ȳŝ£˃}u�f�. ʈǸΠůǝΞƋ

͠͵ɞ�ʈǸɆ̩Е�ˌ˂̸ɓ΋��ŧɓ�Ѡw�Ђ˅͠͵[3]����, ɚkƮ�ƮƱ�

΍ 60ңďó£ˌ˂kŷ�, ͪȉ͖�{�΍ 71ңkˌ˂�Ϥ¢ �i�, ʈǸξ˳˄�ȱҀ

Ђ˅£ϗ�g}���, ͪȉ͖�ˌ˂ƴƺ�ȱҀЂ˅�õƄ˜����u�f� ˌ˂ƴƺ

�̸ɓ΋�ǵw�ʈǸξ˳˄�ȱҀ£ɢɼw�}���, Ľ�е�}�g�ˌ˂ƴƺ��

̸ɓ΋�Ȼ̶kϗ¢ �f�}�, Ͷџ͍~p��nʦџ͍¹²îç£βɕu}Ŧ˃͍�

ʈǸξ˳˄�Ђ˅kʛɅ�˲�� �f�. ~k, ͪȉͼïŹǙŠ͌ѹɞƕб 20~30 ¯é

Ưņ�ƴƺ��Ĉ�͸ŀ�kŖѥt �i�, ̴̬��ƕб�ˌ˂ƴƺ�͸ŀ�πĞkƪ

Ѹ����f�r��Аʉ͍�̵̼�}��, ͬǝ͍�іϣ��Ѡ¢�xɥʺ͍�̸ɓ΋

�ȱҀЂ˅�пȁu�f�f.�  
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 ?=�������ͪȉͼïŹǙŠ͌ѹɞƕб�юѸɭͦŮƺ�˒ɃƬ�4�5�

������ ćÝ�Ë×>ç>y�<À�ĘÚĕ�

� ˌ˂ƴƺ£ƀ�ȕn̶ǂ��, r ��˔a�Ё҈kǚƳu�l}. ģh�, ǌ˔Ɇ£Μ

ɬw�}��Ι̒ŸɎͲ;�ŧˍ̩�Ͳ�īŁ�, Ĉ̓�аĠ̩;�ϜǬ£öhĮĞʐ�

Ђʑkȿϣ�ʲǬҚ̱;�Ё҈kǚƳu�f�. ŧˍ̩�Ͳ�īŁ�Ďϛ͍�ģ�u�, 

Ϣϛȉ�̸ɉw�§æ¬ÞÂàÚÉ³kɯq� �. Ι̒ŸɎͲ�u�ɭǦt �f�k, 

Ŧ̳͍�Ϫ̍ʖ˺k�nˠ͢�ĮĞʐ�ɢɼ��t �f�f. ̵̼�u�, Δ�в�Ʒ 

Linux £̺f}§æ¬ÞÂàÚÉ³Ϫǲɟ˺�ў͌[4]�е�� �f��g�, ̸ɉƴ�

źuf˯ЎʼĒҤҙ̌Yҙ̎ȥ̶ǂҥ�}�Ђ˅ƛ��ЏϏkҙnѽŦ̳�e�r�kɯq

� �. �}, Ђ˅ƛkˌ˂ƴƺ;�̸ɉƴ�͸ŀ�Ă����̸ɓ΋�ȱҀ£öh�Ƅ

ξɆke�}�, Ϫ̍ʶџ�Ђ˅ƛ�ʐ�ѥǦw�ȿϣɆke�. 

� ïʖ, ʵʙʕζ� 2007 ȟ 3 ʱ 30 ʙ�ϳĂ[5]��ʲǬҚ̱�Ѡu�, Қ̱īЋ˺ŧ̩�

��аĠ̩ϜǬ�̸ɓ΋��ȱҀ£Ѣo}�, Қ̱�ɱ̲��f�̪œ�ϵƄt �f�

                              避難指示区域の概念図  
平成25年8月8日時点  

 

広野町 

伊達市 

いわき市 

飯舘村 
（2012/7/17~） 

 

楢葉町 
（2012/8/10~） 

川内村 
（2012/4/1~） 

田村市 
（2012/4/1~） 

帰還困難区域 
居住制限区域 
避難指示解除準備区域 
 

凡例 

福島第一 
原子力発電所 

福島第二 
原子力発電所 

大熊町 
（2012/12/10~） 

南相馬市 
（2012/4/16~） 

富岡町 
（2013/3/25~） 

葛尾村
（2013/3/22~） 

双葉町 
（2013/5/28~） 

20km 

浪江町 
（2013/4/1~） 

※ カッコ内の日付は区域見直しの施行日 

川俣町 
（2013/8/8~） 
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�е�� �f�. ńȦ͖ˌ˂ŧ̩͠͵»ë½î�ϗʉθƛ̺��gs¥å§±Úɱ̲ɡ

ϘÚÇá¥ç[6]��g�ǋʽͲ�e�¥å§±Ú�ɱ̲ʖ˺��f�, ͖ŵĚ�ƀ�Δ�

kϗ�¢ �f�. ʲǬҚ̱�u�, [6]�¥å§±Ú�ôϳ��g�е�� �f�. 

 

“ɚkƮ�if�ї̸ūu}¥å§±Ú�ōȗ�, ŁƮϦ˗�ɪǍ£Λp�i�, Ɗƴ�а

Ġ̩ϜǬ�ǭȀħŀ, ȘǼ�Ƴʽ̸̩��ϜǬ��, ʙʺƭʲ�̸ɓ΋��ȱҀkƽƔt

 �f�w. rgu}Ÿ˛͍�̬˸£Ɓp�, Ȟə 17 ȟ 6 ʱ�ʗϗt }b̪Ǧǋʽ̸̩

���̸ɓ΋�ĩ�ϜǬ�Ѣ˟�Ѡw�˺ȵc(ďôbǋʽ̸̩˺c�fg.)��, ¥å§±

Ú���ǋʽ̸̩�g�, ̸ɓ΋�а˂˰̹ː, Ĉ�̸ƘíУĞ�ϜǬ£ż�u�f���

�ż�wi{ �e���ǵЎ�u�, {�Юŀ�ƀɠ£ϦŖu, їǋ��ʕ}�ħŀ£

Ѣo����,  ȿϣ�ɂv�Ѣѧ;�ɹΫ£Іx�r����ϜǬ£Ѣ˟w�r�£͍͒

�u�f�w.”ҤȪ̺ҥ 

 

� ˌ˂ƴƺ�ip�Ё҈�u�, Ι̒ŸɎͲ��g�ŧˍ̩�Ͳ�īŁ�Ђ˅����, 

ȘǼ�Ƴʽ̸̩��ϜǬ�аĠ̩ϜǬ£�}�wʲǬҚ̱�̸ɓЂ˅;kǚƳw�. r 

�£Ϭ˶w�}�, Ĉ�͸ŀ�kƪѸ�ƴƺ��Ŧ̳͍�̶ǂЂ˅ɟ˺k˲�� �f�. 

���� Ü�ùÈ�

� ʺ΄��, ˌ˂ƴƺ�Ǩʗt �f�̶ǂЂ˅�̴̬£е���Ń�, {rj�Ǻj 

�Ё҈£ͦw. 

 

������ ½�±Ô>ÛÙ�

� ʘǚɟ˺�̴̬�u�, ɍƽлĬ˛Ƥ�Ŕ̺�ƒj���ăͲҋ�ōp�ĂkƄξ�e

�. 

� ɍƽлĬ˛Ƥ£̺f�fɟ˺�u�, ̶ǂЂ˅�˔ǙҤFig2.2.1ҥ��ōj��g�, Ђ

˅ƛkˌ˂ƴƺ�͸ŀ�, ͒ϧ���ŧˍ̩�ϳњ�ŧ̩�Ί�ɵƀ, �}˰ЕЂ˅��

�џɷ͍�Ђ˅;kϗ�¢ �f�. ŅĞ͍��, ȖˮØåëÂ¦¥���ҙȄ̸ɓ΋ќ

ʶÞÇ½æë±Ђ˅[7]��g�ÓéÀÄ�̸ɉw�ҙȄˍ̩ўω̬˸��f�, ȖˮØå

ëÂ¦¥�Ђ˅ƛ����̴ƴ��͒ϧЂ˅£ϗ���f�͠͵Ăģke�. �}, ŬǍ

ùȍƴʖ̕α˂ҚҋЂ˅ƽƔ[8]��Ŭ̄ф�ˌ˂ɆҚҋ�̸ɉƺ�Ђ˅�}��͒ϧ�Ҝ

lǆ�Ђ˅ɟ˺k̺f� �f�r�j�, 1970 ȟҁj�óϳ�е�}�g�Ђ˅ƛkˌ

˂ƴƺ�͸ŀ�, Ђ˅ƛkŧˍ̩�ɷϭu�͒ϧ���Ϫǲɟ˺k̴Ƴ��̺f� �f

��Ϯh�. 
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� ïʖ, гȟ�ɍƽлĬɡϘōї�Ʌм�͌ȁ���, ̶ǂЂ˅���Ŧ̳͍j� 

ǩϪ͍�Ãî½£ſѴw�ɟ˺�u�ɍƽлĬ˛Ƥ£̺f}Ђ˅ɟ˺kϸ�� �f�. 

ŅĞ͍��, Ѡо͠͵�ï̶�u�ʾćǍǝ̥ͮ̕α˂�ϴΫu}˛ƤҤFig2.2.2ҥ��g

�˯Ў»ëµî�ϴΫ���̶ǂɍƽ�ƀȸ, ЗǋΠ­Ýå���ŧ̩ϗŧ�Ϫǲ£ϗ�

gr�kƄξ�e�. ї̸ŧ̩ϝ͚Ʒ»ëµÊîÅ�ėʮқɭƏ�Ͷџɍƽ»ë·ë±˛

˓�͠͵[9]��ʾćǍǝ̥ͮ̕α˂��óϳ�»ëµî�Ţh�, Ѽѹ˯Ǯј��ŧ̩�

ˎ͝£ϗ�g}�ÂçÛë˛Ƥ�ϴΫ£ϗ��}. 

� �}, лĬ˛Ƥ�ǻƷūYÙî½Òçū���, ŧ̩πУ�˛Ƥ£ϝ͚ty�̸ɓϗŧ£

ɢɼw�ϸ�k�t �f�ҤFig2.2.3ҥ. PHS ���ї̸ŧ̩�Ěɶΐ�͠͵[9]��`­

å¹�νƧ�� PHS ͺʹ£ϝ͚ty�­å¹�ͯŧ£жОw�ϸ�£ϗ���f�.�

 

 ?=�������Ǩѯ�̶ǂЂ˅�˔Ǚ�

�

 ?=�������ʾćǍǝ̥ͮ̕α˂�ϴΫu�f�ЗǋΠ­Ýå�˯̌»ëµî�
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{�Č�ѩ̸Ɲþҋ��, ³éåÅȎ� National Wildlife Research Center � Raccoon 

Rabies Research Using Remote Download GPS Collars in an Urban Environment [10]�

� �¥å§±Ú�ґЭ� GPS ͌ĬƤ£ϝ͚ty, ̸ɓϗŧ�ɢɼ�ϗŧƺ;�Ђ˅£ϗ

���f�.  

� Ľ�е�}л�, ˌ˂ƴƺ�̶ǂЂ˅�̴̬��f�ȷʽ�Ђ˅ƛk̴ƴ�Йl͒ϧ�

��Ϫǲ;kϗ�¢ �l}k, ʰг��ɍƽлĬɡϘ£̺f}ɟ˺k͠͵t ��e�. 

 

������ ½�±Ô>øĔ�

� 2.2.1 �ʘǚɟ˺�̴̬£е��l}. r ��Ё҈£ďô�ò̝�ōҋ�l�. 

 

! Ђ˅ƛ�ЏϏ 

īŁͲ��ъсYɷϭ���̸ɓ΋�ȱҀkβh� �ïʖ�,  °Ú;�ŸѪŧ̩��ɷ

ϭkβh� �}�Ђ˅ƛ�ЏϏkǍlf. Ȣ΅ƫ�Ђ˅�}��Ђ˅ƛ�ʐ£ǃ�wƄ 

ξɆkɏǦt �.  

 

! ѹŠ, лĬ�§ëÑå 

ˌ˂ƴƺ��Ĉk̸˿u�f�f}�, ѹŠ�лĬ§ëÑåkţɌjǚƳu�f�fƄξ

Ɇkҙf. {�}�, ̶ǂɍƽƀȸ�}��˯Ў»ëµî;�»ëµîϴΫ�Ȣ΅ƫ�e

���Ѹuf.  

 

�

�

�

�

�

�

�

�

 ?=�������!*, é®î£ґЭ�ϝ͚u�f�¥å§±Ú�˔Ǚ�4��5��
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! ÌÀÂæîǮј 

ŧ̩ĳ̵ó�ʹЫ�l�˛Ƥіј�Ğі�΍ 5%�Ŗѥ[20]ke�, ǻƷŧ̩�e���Ì

ÀÂæî�Ǯј�Ŗѥkjj�}�, ̶ǂɍƽƀȸ�}��»ë·ë±ʦџkŖѥt �.  

 

� r ��ʘǚɟ˺�Ё҈£е��l}. ˌ˂ƴƺ�єȖѓ��g�Ĉak̸˿w�̶ǂ

��͆��}�, ̪�ɍƽлĬ˛Ƥ�єȖѓ��Ŕ̺£βɕt }ϴϰkǌn, ɏǦǋ�

Ё҈kǚƳw�ˌ˂ƴƺ��˿̺�Ѹuf. ̪�, ʺ͠͵�ɏǦu�f�ͪȉŹǙŠ͌ѹ

ɞƕб�ˌ˂ƴƺ�Ђ˅£ϗgƾƋ, Ţh�ďô�Ё҈kǚƳw�.  

 

! Ђ˅ƛ�͸ŀ�kõƄ 

 

� е��l}ʘǚɟ˺��Ђ˅ƛ�͸ŀ�kȿϣ���}�, ͪȉŹǙŠ͌ѹɞƕб�ˌ

˂ƴƺ�̶ǂЂ˅ɟ˺�u�щu�f�f. {�}�, Ђ˅ƛ�͸ŀ�£ȿϣ�u�f̶

ǂЂ˅�ɟ˺k˲�� �f�.  

 

��	� �"& -�+)&"* (+�("+,)*%$(# ²ó�

� ʺ΄��Ђ˅ƛ�͸ŀ�£ȿϣ�u�f̶ǂЂ˅ɟ˺£Ǩ̴w�w}�� , 

Delay-tolerant networkingɡϘ�˒ϣ�{�Ľϗ͠͵�, ʺ͠͵�ʖƏɆ�Ǧΰ£е��. 

 

��	����"& -�+)&"* (+�("+,)*%$(# ²ó>Íõ�

� �  Delay-tolerant networking (ďô DTN) ��, Ǎl�ėзрȨk̸v}�w�WţɌ

�XлĬ̶ǂ��, Ĭ҇Ɇ�e�Ãî½Чз£Ǩ̴w�лĬʖȩ�e�. Ãî½Чз�u�

¹Ä¥¥ëÅÑ«êîÅʖȩ£̺f�f�.  ŅĞ͍�� Delay-tolerant networking ��

�Ãî½ėɿ�ƬҤFig2.3.1ҥ��g�, ÊîÅ A �лĬƄξ΅ƫ�ÊîÅ B kлуu}ƾ

Ƌ, ÊîÅ A �πУkīɬw�Ãî½£ÊîÅ B �Чзw�. ˝�, ÊîÅ B �лĬƄξ

΅ƫ�ÊîÅ C kлуu}ƾƋ, ÊîÅ B �īɬu�f}Ãî½£ÊîÅ C �Чзw�. 

Ì²Áæèî��g�ÊîÅ£Ċu�Ãî½Чзw�Ă�ǧĽ�Ãî½Чз£Ǩ̴w�ɟ

˺�e�. r� DTN ɡϘk̺f� �f�Ăģ�u�, ǍϦ˗̜Ǭʦ�ƼƴǾkİǄuʁ

șѹϺ�ѹ˻kŔ̺Ōʽ�fƾƋ�Ďʯ�лĬʖȩ, �}лĬ§ëÑåʑķkļō��f

͌ȁкóƮ��лĬʖ˺�u�ʶȴt �f�. ģh�, ǍϦ˗̜Ǭʦ�Ǣƒ͢Ͼ·¹Â

Ü�Ȣƺ̟ΠΝŔ̺Ƅξªæ¥�� DTN �Ƽ�f}ÝÀ»î¸ùΚ˺[13]�͠͵Ăģ��, 

¹ÚîÄÑ«ëŔ̺γk”MONAC”�Ɨ� � Android[14];�¹ÚîÄÑ«ëƏp¥Óæ 
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²î·ãë£Ŕ̺w�Ă�, ǍϦ˗̜Ǭʦ�Ãî½Чз�Ǩ̴£͒ɭu�f�. Ŕ̺γ�, 

¹ÚîÄÑ«ë�ʀЫt �f� Bluetooth � NFC ;�ͺʹƍǅ�гɷџлĬ�

Twitter[15]£̺f�Ă�, ģh�ǍϦ˗̜Ǭʦ�̷ͥ�ô�Ƹ���f}ƾƋ�πУ�Ǣ

ƒɍƽčlÁ§îÄ£гɷɒлĬ���Čγ�ͺʹ£Ċu�Á§îÄ£Чзu, §ë½î

ÉÀÄkΧk�ͺʹ�Чзt }ƾƋ�§ë½îÉÀÄó�µîÌ�з� , ïφŔ̺γ

k͢ϾŌʽ�ċΔ�����f�(Fig 2.3.2). 

� r��g�, DTN ɡϘ�ǍϦ˗�̜Ǭʦ;�лĬ§ëÑåkţɌ�e�̶ǂô��лĬ

ʖȩ�u�Ľϗ͠͵kп�� �i�, ʺ͠͵�ɏǦu�f�ˌ˂ƴƺ��ƍ˔�лĬ§

ëÑå�ţɌ�e�}�̶ǂЂ˅ɟ˺�u�щ̺Ōʽ�ƄξɆke�.  

 

 
 
 
 
 
 
 
 
 
 
 ?=�������Delay-tolerant networking ���Ãî½ėɿ�˔ǙҤNode A j� Node Cҥ�

�

 ?=��������-( ɡϘ£Ŕ̺u}ǍϦ˗̜Ǭʦ�Ǣƒ͢Ͼ·¹ÂÜ�4��5�
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��	���aVSiP\Iei¼¥=BCùÈ±Ô  
� DTN ɡϘ��Ƞ�jʖȩke�k, ̶ǂЂ˅ɟ˺�͚͒u}ÝÀ»î¸Ñ©æîʖȩ

[55]���Ђ˅ɟ˺�Ľϗ͠͵£е��. DTN ɡϘ£Ŕ̺u}ї̸ҟ�Ђ˅�̶ǂɍƽƀ

ȸ�ɟ˺[16]��, Ʈ͸łư�ȢǍ�ƴƺ�Ŧ̳χnї̸ҟ�̬ɓ£ɢɼw�}��, ї̸

ҟ�̟Π»ëµî£ϝ͚ty, ϴǦu}ʦџ�лĬ˛Ƥ£ʀЫu}πŧФ�Ôæ³Ó½î

kƕбƴƺ£ȏƧu, Ɗ̟Π»ëµîj�Фø�ʀЫt �f�лĬ˛Ƥ�ƀȸÃî½£

зĬw�r��Ãî½ƀȸ£ϗgɟ˺kɺˊt �f�(Fig2.3.3). r�ɟ˺�ȷʽ�̶ǂ

Ђ˅�˭��, Ђ˅ƛ�ʐ�Ś̊�ŧˍ̩�ɷϭ£̊�wĂ�Ђ˅ƛ�ЏϏ�ě̊kƄξ

�e�, Ɗ̟Π»ëµîj�лĬ˛Ƥ�Ãî½ƀȸw�}��лĬ½§Ûë±£ϴǦw�

r��ѹŠ̅Вј£̊�wr�kƄξ���. ~k, Ãî½Ƨſ�}��Ђ˅ƛkƕбƴ

ƺ�ȏƧ£w�ȿϣɆk˦�, ɏǦu�f�͸ŀ�kƪѸ�ˌ˂ƴƺ�ƾƋ��ƍɟ˺�

щ̺�Ѹuf. 

 

��	�	�_fU^V]ÿā¼¥=BCùÈ±Ô  
� ïʖ, ŧ̩ɭƏ°å¨ÅÉÀÄêî°�ϴϰ�Ё҈[24]��ŧ̩πУ�»ë·ë±£ϗ

f, ŧ̩£¯ßæ¥�u�Ãî½£тɿYæèîw�Ă�Ȣƺ�ˌ˂̶ǂ��Ŧ̳͍�Ãî

½£ƀȸw�ɟ˺kɺˊt �f�(Fig.2.3.4). r�ɟ˺�͍͒�, Ђ˅ƛ���ˌ˂ƴƺ

�͸ŀ�Ġː£ϗ�¢x�ќʶ�̶ǂЂ˅£ϗgĂ�e�, »ëµÉÀÄêî°� DTN �

�g�рȨδɆÉÀÄêî°ɡϘ£ɂ̺u}ŧ̩ɭƏ°å¨ÅÉÀÄêî°�˓Ά£͒ɭ

u�f�.ŧ̩�ƀ�čp}ґЭ�ŧ̩Ƽƴ (�o�í̱ ф) �̸ɓѿſѴÚ§°�æÞîÄ

»ëµ£ϴΫu, ŧ̩�ĮĞџɷϭ�ѴƩϗŧ�αɆ£Ŕ̺w�bŧ̩џÉÀÄêî°c�

��ˌŁƺ�̸ɓí̶ǂɍƽ�ƀȸ£ϸ��f�. ȷʽ�Ђ˅ɟ˺�͆��, ŁĞ�·¹Â

Üϴϰ�ŧ̩�αɆϗŧ£Ŕ̺w�r��Ŧ˃͍�̶ǂЂ˅kƄξ���. ˌ˂ƴƺ�Ђ 

�

�

�

�

�

�

 ?=�������DTN ɡϘ£Ŕ̺u}ї̸ҟ�Ђ˅�̶ǂɍƽƀȸɟ˺�
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˅ƛkϗ��f}»ë·ë±�Ãî½тɿYƧſ�Ȳŝ£ŧ̩�ͯ΃ty�r��, ќʶ͍

�̸ɓ΋Ђ˅�ЏϏ£Щ̊w�Ăk�l�. ŅĞ͍��, bŵ̭ϗŧc�bѴƩϗŧcʦ�

αɆϗŧ£Ŕ̺w�.  

� ŵ̭ϗŧʦ`¥å§±Ú�ϥ� ��g�ɱҍ˿ŧ�ΣȬ��ϥƧ��}��πУ�ϗ

ŧƺ[18]£ŧlƧ�αɆ£Ŕ̺u, ϝ͚u}̸ɓѿſѴÚ§°�æÞîÄ»ëµ�Ãî½

ſѴw�Ă�ˌ˂ƴƺņ�ŧˍ̩�̸ɓ΋Ђ˅£ϗ�g. ˌ˂̶ǂ�̸ɓѿ�Ƽ�f}̸

ɓ΋Ђ˅�͠͵[17]�� �, ʦ΋ŐYͶџ¹²îç���̸ɓѿ�Ɠ� �ŧ̩�Ҝlǆ

�ǈū����{�ƴƺ�ip�̸ɓ΋Ђ˅�ɸǦkƄξ���. {�Č�, Fig2.3.5 �ϛ

��g�, ̶ǂɍƽŁφ�, ŧ̩ͯŧÍ½îë, ɷϭ(w цf), Φ˧˿ŧ, ̸ǚɍƽ��

 
 
 
 
 
 
 
 
 
 

 ?=�������ŧ̩џÚç¿×ÀÓЧзʖȩ���Ђ˅ɟ˺�§Ýî¸Ƭ�

 
 
 
 
 
 
 
 
 
 

 ?=�������¥å§±Ú�Ãî½¥ÀÓéîÅ�˔ǙҤ§Ýî¸Ƭҥ�4��5�
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�»ëµî���ƀȸ, ɸǦkƄξ�e�.  

 ѴƩϗŧʦ��, ϝ͚t }ґЭ˛Ƥ���ŧ̩џлĬ�ŧ̩U�o�џлĬkɏǦt 

�f�.ґЭ���ŧ̩џлĬ�, ŧ̩πУ�ΣȬ�£Лh�ƀȸu�Ãî½£Чзw�r

�£͍͒�u�f�. ŧ̩ƍǅ�ɷϭʦ(w цf)�, ŧ̩πУkīɬw�Ãî½£iĄf

�Чзw�r��Ãî½тɿ£Ǩ̴ty�. їȝˌ˂łưƴƺ�ip�¥å§±Ú�ϗŧ

Ư�͠͵[18]�е��e��g�, ŧ̩�ϗŧƺ�Í½îëkǚƳu�i�, ȟҢ�ĮĞµ

§º, Ѳѵ�ĮĞȓ, ˯̌̎ȥ�ǜ΄ǈŧ����ϗŧƯ�ȓkǚƳw�}�, r �£Ŧ

̳͍�Ãî½Чз�Ǩ̴�}�βɕw�ȿϣke�. ŧ̩U�o�џлĬ��, �o�Ƽƴ

Ǿ�Ɨ� �, ̶ǂɍƽ�ÞÇ½æë±�Ãî½�зĬíЧз£ϗgÉÀÄêî°»ëµÃ

Ì§¹£ŧ̩�̸˿ɩ̝čг�ƭǦ͍�ϴΫw�. �o�ƼƴǾ�̶ǂɍƽ£ƀȸw�»

ëµî� GPS £̺f}ĚΫƼ̑Ǿ�˛ξ£ɬ}y�. Ϫ̍ǵЎ���ˌ˂҄ƺ�ǋ́�ǂ

́ƺ�e��o�ƼƴǾ��ǋѓÉÀÄêî°��Ǧț͍�ɷΛɆ£͢īu, ˌ˂ƴƺņ

ѓ�ϴΫw��o�ƼƴǾ�ǋѓ��Ǧț͍ÉÀÄêî°£͢īu�f. �}, ї̸ŧ̩

£̺f}Ͷџɍƽ»ë·ë±�Ѡw�͠͵[19]�� ¥̀å§±Ú£ɏǦu}�o�ƼƴǾ� 

�ʦџƍʶ�Ãî½¥ÀÓéîÅɟ˺kɺˊt �f�(Fig.2.3.5). ¥å§±Ú�ɱ̲̺�

Ϊ£̺f�, Ϊ�ɴj�}ѯ�Ãî½£гНѷлĬ�ÃÌ§¹£̺f�Ãî½�¥ÀÓé

îÅ£Ǩ̴ty�. 

� ďój�, Fig2.3.4 �ŧ̩џÚç¿×ÀÓЧзʖȩ���Ђ˅ɟ˺�Ƭ��g�ǋѓÉÀ

Äêî°�ſѴu}Ãî½£Чзw�}���, ǂ́ƺ��o�ƼƴǾ��Ãî½�Чз

kȿϣ�e�}�, Ĭ҇Ɇ�ҙfŧ̩ƍǅ�ɷϭʦ(w цf)�ŧ̩џлĬ£Ǩ̴w�ɟ˺

k˲�� �. ̪�, ɺˊɟ˺��ˌ˂ƴƺņѓ��o�ƼƴǾ�ϴΫk·¹ÂÜ�ï�

�̪Ƚ�u�е�� �f�k, ʺ͠͵�ɏǦ̶ǂ�e�Ђ˅ƛ�͸ŀ�kŌʽ�fˌ˂

ƴƺ�r ��ƭǦϴΫ�Ѹuf}�, ŧ̩~p�ǣΖu}̶ǂЂ˅ɟ˺£Ǩ̴w�Ăk

˲�� �.  

�  
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ê 	 é�

Âãè>áà�

	��� �×ĊĂz>²óõp� �

� r ��е��l}Úç¿×ÀÓЧзʖȩ���Ђ˅ɟ˺�ip�bŧ̩џÉÀÄêî

°c�Ǩ̴�}��, ŧ̩ƍǅ�ɷϭʦ(w цf)�ŧ̩џлĬ�ɟ˺£ɺˊw�.  

� ŧ̩ɭƏ°å¨ÅÉÀÄêî°�ϴϰ�Ё҈[24]��, »ëµî�ƀȸu}ɍƽ£ėз

w�лĬ˛Ƥ��ďô��g�ɡϘϣĒkȿϣ����е�� �f�. 

 

! Ãî½�зƁĬ˛ξ�  

! δрȨ̪Ɇ 

! Ŧ̳͍�çîÂ¦ë±�ǻƷЩј�  

! ě̅ВѹŠ�  

! ќǶƘ 

�  

� ɏǦu�f�ˌ˂̶ǂ��, ѹ˵�Ćɻ�Ãî½ſѴ�}��ŧ̩£Ňɱ̲u�ϝ͚u

}ґЭ˛Ƥ£Ƨſw�r��ƪѸ�e�, ŧ̩џлĬ�ɟ˺�Ǩ̴�}��óϳ�ʼĒ£

̏}wĂk˲�� �. ʺ͠͵��, ďô�Ҫ̝�ɡϘϣĒ�͚͒u, ŧ̩�αɆϗŧ£Ŕ

̺u}·¹ÂÜϴϰ£ϗ�gĂ���Ђ˅ɟ˺�Ǩ̴£͍͒�u�f�.  

 

! Ãî½�зƁĬ˛ξ�  

! ě̅ВѹŠ�  

 

� bÃî½�зƁĬ˛ξc��, Fig.3.1.1 ��g�r ���µîÌY°å§¥ëÄƷ�л

Ĭ��͆��, Peer to Peer (P2P)�Ɨ� �ŽʖƏлĬ�˛ξkȿϣ���. ̪�bě̅В

ѹŠc�bǻƷЩјc�Ѡu�, ŧ̩�ϝ͚�l�ґЭ˛Ƥ�іј�ŧ̩ĳ̵�Ϫ̝���

Ğі� 5%ďô[20]�Ŗѥt �i�, ϝ͚Ōʽ�ÌÀÂæîǮј�ѥ� �}�ѹŠ̅В

£ɣh}ʖ˺k˲�� �.  
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� {�}��ʘǚ͠͵[24]��, ŧ̩ϗŧ£βɕu}ʦџƍʶ���џ˜лĬ£ɺˊu�

f�. лĬ£ϗ�¢�fџ�лĬ˛Ƥ£ Sleep w�Ҥџ˜лĬw�ҥr��̅ВѹŠ£ě̊

w�˛ξ£̺f}лĬɟ˺�e�. лĬ˛Ƥ� Sleep ʦџ£ќnϴǦw �ѹŠ̅В£ɣ

h˛Ƥ�Ҕŧʦџ£Ȩ�wĂkŌʽ�kÃî½�зƁĬk�l�f}�, Č�ŧ̩ĮĞ�

�ъсʦ�ȿϣ�Ãî½ƀȸkŌʽ�n��ƄξɆke�. щŎ� Sleep ʦџ, Wake ʦџ

£ϴǦw�ȿϣke�, [24]��̸ɓϗŧ�ï��e�ǵЎŧ̩�Φ˧˿ŧ£Ŕ̺w�Ă�, 

лĬ˛Ƥ� Sleep џѮ�ϴǦ£ϸ��f�. ŅĞ͍��, Ćǽʦ�ŧ̩�ͯŧмȥ�Ćǽj

j�ʦџj�лĬ˛Ƥ� Sleep џѮ�ϴǦ£ϗ���f�. �}, óϳ���ϴǦt }

Sleep/Wake џѮ£Ąf�ƍʶw�r��, ͔Ą�лĬƄξ�̬ɓ�ī�r�£śɺ�u�

f�. ~k, ƍʶ�ѯ� Sleep/Wake џѮ�Ƽ̑���ʦŘ�ϟˠ�ˌ˂̶ǂj�ŧ̩�ϝ 

͚˛Ƥ��Ѹuf. ˯ı;�ɌʼĒ���ȟŵĚ�ļō�ʦŘϿȓ£ɣh�r�k�lx, 

ѹ˻ʦϰ���ϟˠ˛ξ£ɬ�æ¥ç½§Ü°éÀ° LSI ;£ʀЫw�Ă���ʦџƍʶ 

£w�ɟ˺�βh� �k, ї̸ŧ̩�ϗŧw�ˌ˂ņƴóʐŰ»ë¿�f�}̪˥�̶

ǂ�˖̑ѹ˻�Ŕ̶̺ǂ�u��ɏǦt �f�f. 

� ďó�ɟ˺�, ͕ѹŠɆ£βɕu}ŧ̩џлĬ�ɺˊ�e�. uju, Φ˧˿ŧ£Ŕ̺u

}лĬ˛Ƥ� Sleep џѮ�ϴǦ�, ŧ̩����͆��kȟџ��Ƨʐ�ѥ� �. �}, 

Ãî½ЧзĽk̪Ǧ�ŧ̩�ѥ� �}�Ãî½тɿkкΙh�ƄξɆkβh� �. 

Sleep/Wake џѮ�ƍʶ�Ѡu�, ʦџƍʶkϗ�¢  Sleep џѮkiĄf�ƍʶŌʽ}ƾ

Ƌ��, Č�ŧ̩ĮĞ��ъс�åë¾Ü�e�ʦџƍʶ���ŧ̩џлĬ�ʲ̺Ɇ�ě

f�Ϯh�.  

� ïʖ, ʺ͠͵��ƀ�ɠ¢�fďô�ɡϘϣĒ��f�, ˒ϣ�̵̼£е��fn.  

 

! δрȨ̪Ɇ 

! Ŧ̳͍�çîÂ¦ë±�ǻƷЩј�  

 
 ?=�������µîÌY°å§¥ëÄƷҤȒҥ� Peer to Peer ƷҤƇҥ�
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! ќǶƘ 

 

� δрȨ̪Ɇ�Ŧ̳͍�çîÂ¦ë±�ɡϘϣĒ��, Ľϗ͠͵�ʘ�ǌn�ˎϱk�t

 �f�}�, ƍɟ˺�Ǩ̴�if�ʺ͠͵�іϣ�Ё҈�u�ƀ�ɠ¢�f. ģh�, 

Epidemic Routing ʖȩ[51]� Spray nd Wait ʖȩ[52]��ɪʎƷ¥ç´æºÜ�, ĚΫɍ

ƽ�Ƽ�lНѷ£ϰ̍u�Ŧ̳͍�çîÂ¦ë±£ϗ�gGeocast Routingʖȩ[53], ƊÊ

îÅ��ъсȃˣ�§ë½îÉÀÄƄξªæ¥ŕхƧʐ�ƊÍåÝî½�Ƽ�f}çîÂ

¦ë±ʖȩ[13]��, ʘ�Ƽ͍ͤ�ʖȩj�Ŕ̺̬˸�ƾѾ�ɂv}ƊδрȨ̪Ɇ£ɬ�

}çîÂ¦ë±ɟ˺k͠͵t �f�.  

� �}, ÃÌ§¹ǻƷЩјū��, ʺ͠͵��ě̅ВѹŠ�ÓéÄ³çў͌���ÌÀÂ

æîǶƘ£ќɬ�ty�ȑǏ£ϗ���f�k, ÌÀÂæîπĞ�ˎϱ�ʺ͠͵�Ё҈�

u�ɠ¢�f. ̵̼�u�, ÌÀÂæî�æ¿¨Üѹ˵j�¼îåîȩļѹ˵��Ģ̺̺

к�ɂv�ʘ�ǌn�ͲҋkǚƳu�f�}�, ŧ̩��ϝ͚˛Ƥ���̪˥Ɇ�Č�ɡ

ϘϣĒ�˭��βɕw�ȥƋfkěf�fh�.  

� ќǶƘ�̝£βɕu}ŧ̩�эǦ��, ŧ̩�Ͳ�цf�˺͍�̵̼� 2 ��ĵѾj�

βh�fnȿϣke�. ˌ˂ƴƺ�ip�Ãî½�»ë·ë±�Ƨſ�}��, ŧ̩πУ

�ǶƘkĽϗ͠͵j�΂Ōt �f�Ĳ���ќ̸lw�Ͳ£э��Ϭ˶t �. uju, 

ї̸ŧ̩�˛Ƥ£ϝ͚w�Ă�, ̶ǂȡπ̠īЋǾ���ʲǬҚ̱ďǋ�Қ̱�īЋǵЎ

�Ǧ�� �i�[48], ïφ͍�ї̸ŧ̩��˛Ƥϝ͚�Ѹuf. ʺ͠͵��, ͼ 3 ͹�ϻ

unе��fnk, ʲǬҚ̱�e�¥å§±Ú£ʺЂ˅ɟ˺�ǵЎŧ̩�ĐǦu�i�, 

ŅĞ͍�Č�ŧ̩ĮĞ��˭ЪЂ˅���ʺ͠͵�ǵЎ�u�Ɠ��f.  

� ɡϘϣĒ£ʆ��ʑ̵w��, ŧ̩�αɆ£Ŕ̺u}ŧ̩џ�Ãî½зƁĬ�, ȿϣ�

�fлĬʦџ�Ś̊���ě̅ВѹŠ�Ǩ̴£͠͵ǵЎ�u�f�. ģh�, [49]��ҝ�

Ğ̌£Ãî½зĬ�Äæ®î�u�, ҙ̣ʦ�ĞЂÃî½£ǻȀ�ϴΫt }ƁĬĵ�л

Ĭ˛Ƥ�зĬw�r��ě̅ВѹŠɆ£Ǩ̴ty�, Ŧ̳͍�ǭ̓΃̵ɟ˺�u�ɺˊt

 �f�. r�ɟ˺�, ƁĬĵ�лĬ˛Ƥ�зĬĵ�ҝ�џ� Fig.3.1.1 �µîÌ°å§¥

ëÄƷ�Ƽ�f}лĬɟ˺kϗ�¢ �i�, ʺ͠͵�ŧ̩џ�� Peer to Peer Ʒ�лĬ

ʖ˺��͆��. �}, [50]�� Peer to Peer Ʒ£̺f�, ·Ú¨Ú�̸ɓ΋Ђ˅�}��

·Ú¨Úџ�Ãî½зƁĬ£ϸ��f�k, ɭǦu}ʦџņҤ1 ʙ� 5 ʦџҥ�Ǧʶ͍�Ã

î½Чз£ϗ�gʖ˺�͂���f�. ďó�Ľϗ͠͵j�, ŧ̩џ�Úç¿×ÀÓЧз

~p�ǣΖw�, ŧ̩�αɆϗŧ£Ŕ̺u}Ãî½зƁĬ˛ξ�͠͵��t �f�f. 

�z��, ŧ̩�ŧĠ�Ϧř͍��f}�πŧФ��g�ÞÏæÂ¦ÞÃç�u�ïφū

t �i�x, ̪�ŧ̩£ѴƩ�ɰh}ƾƋ�ŧ̩ĮĞ�ŧl�͝ϥ�, ŧ̩ϗŧǝōї 
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��ǩϪ͍�Ãî½�Ƽ�f}Ϭʠk�t �f�f}��e�. ďó�μʩj�, Ľϗ

͠͵�ʸ~�Űō�͝ϥk�f҄ƺ�e�, ŧ̩�αɆ£Ŕ̺u}ŧ̩џ�Ãî½зƁĬ 

˛ξ£ʺ͠͵�ǵЎ�u�f�. 

 

	��� Âãè>Î¯�

� {r�, ʺ͠͵��ŧ̩ƍǅ�ɷϭʦ(w цf)�͚͒u}. ŧ̩ƍǅkɷгu}ѯ�̸

v�αɆϗŧ�̪Ƚј£3ШŢмȥ»ëµî�Ϭˁu, лĬ˛Ƥ�Wake�Ȫlљ�u�ŧ

̩џ�џ˜лĬ£Ǩ̴ty�ҤFig.3.2.1ҥ. �}, ŧ̩ƍǅ�ъсȃˣ£̺f�r��, л

Ĭ˛ƤWakeȶ�ŽʖƏ�Ãî½зƁĬ£ě̅ВѹŠ͍�Ǩ̴w�. r ���, Úç¿×

ÀÓЧзʖȩ���Ђ˅ɟ˺£̺f}bŧ̩џÉÀÄêî°c£Ǩ̴ty, ˌ˂ƴƺҤ̪�

Ђ˅ƛ�͸ŀ�kŌʽ�fҥ��̶ǂЂ˅ЏϏ£ě̊ty�. 

� rr��, ʘǚ͠͵£ΒĊu, ʺ͠͵�͍͒��f�βǲ£ϗ��}. rr���βǲ£

�����, ʺ͠͵�˓ə�, 

 

! 3 ШŢмȥ»ëµî���, ŧ̩ƍǅ�ɷϭʦ(w цf)�αɆϗŧ�ōˁ 

 

! αɆϗŧ£̺f}лĬ˛Ƥ� Wake Ŗȹ 

 
�

�

�

�

�

�

�

�

�

 ?=�������ŧ̩ƍǅ�ɷϭʦ(w цf)�ip�, αɆϗŧ£Ŕ̺u}Ãî½Чз�˒ϣ�
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! ѽƍʶɟ˺���Ãî½�зƁĬ 

 

! ŧ̩ƍǅ�ъсȃˣ£̺f}ƁĬі�čp 

 

���. �}, ʘǚ͠͵£С�h}, ͠͵ōї�ǵw�ʺ͠͵�Б̰�u��, 

 

 

! ŧ̩�αɆϗŧ£Ŕ̺u}, ŧ̩џ��Ãî½Чзɟ˺�ɺˊ 

 

! óϳɟ˺�Ǩϝ�̶ǂ��ϷĦǨҗ 

 

�f�}̝kɯq� �.  

� ˝͹ďѤ�, r�͍͒£хəw�}��ɟ˺�ɺˊ, ¥ç´æºÜ�ϴϰ, ϷĦǨҗ, β

ǲ��f�е��fn. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 18 
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 é�

�×>ï¬E�Þ47WiTÿā±Ô>µÉ 
 


��� ĂzÐ�> � %" �©�

� ͼ � ͹��
�ŧ̩ĮĞџ�Ãî½тɿɟ˺kЁ҈�e�r�£е�}��{r�
�ʺ͹�

� � ШŢмȥ»ëµî£Ŕ̺u}ĮĞџлĬ�ɟ˺�ɺˊ�ˎϱ£ϗg��

�


����� 	 Ā�ă¤ShNi=BCò��Ä�

� ŧ̩ĮĞџ�ъсʦ�ip�̪Ƚј£ � ШŢмȥ»ëµî�ƋəŢмȥ�u�ƀȸu
�

ѡĲ���лĬ˛Ƥ� 07A; Ŗȹ£ϗ�gĂ���Ŧ̳͍�Ãî½тɿ£Ǩ̴ty���{�

}��
�Č�ŧ̩ĮĞ��ъсʦ�̲̩�͌ϥʦ�ip�ŧ̩�αɆϗŧ�ï��e�
�

˝�ŧĠŒʔ£ϗg}��Ѽ˟̬ɓ�Ѽ˟ʦџ�͚͒u}4��5��ģh�
� ?=������ �§È

�ʎˢʦ�ip�Č�§ÈĮĞ�ъсʦ� � ШŢмȥ»ëµî�Ãî½�e���r�Ãî�

½j�ōj��g�
�Č�§ÈĮĞ��ъсʦ�ϾЈw�}��Ѽ˟ʦџkǚƳw���{

�ȶ
�u��nп¤~ȶ�͔ɟ�ʎˢù�§È�ǵu�Ƒh�f�r�kÃî½��Œʔ

Ōʽ���r��g�
�ƀȸu} � ШŢмȥ»ëµî�Ãî½���̪Ƚј£΂Ōu
�Ѽ˟

�ˢϗ;�ŧ̩�ip�ŵΏ�ϗŧ£ɢɼw�ĂkƄξ�e����

� �}
�Č�ĮĞ��ъсʦ�ǵЎĮĞ�ǵw�σƖ�Ƽ�f}ŧĠŒǦk
��ШŢмȥ»

ëµî�ƋəŢмȥ�̪Ƚј���ɸǦƄξ����� ?=������ ��
�Øîç£ɬ�óq�

ϾЈty
�гn�{�Øîç£ɤq�ŧĠ£ϗ��}ѯ�§È�ŧl�ƋəŢмȥ�̪Ƚ

ј�e���ǵЎĮĞ�ϾЈ�}��Ѽ˟̬ɓ�Ѽ˟ʦџkǚƳu�f�Ăkōj�
�{�

ȶ
�ǵЎĮĞ�ǵw�σƖ�Ƽ�lŧĠ�цfkǚƳu�f���

�


����� � %" �©>¦1ĉ�

� ďó� � ШŢмȥ»ëµî���ϗŧōˁj�
�лĬ˛Ƥ 07A; Ŗȹ�̬ɓьͯƬ£

 ?=������ �ͦw��r�̬ɓьͯƬ��
�ˌ˂ƴƺ�̪Ǧ�ĮĞkČ�ĮĞ�ъсu}ѯ
�

{�ĮĞkȪlКrwϾЈ
�Œʔ
�ϗŧ�ïоŧĠ�ōҋ£ϗ��f���ďô�ɟ҂�ŧ

Ġ�̪Ƚј£ɧŌw���
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����Ѽ˟ŒǦ�

����Ѽ˟ʦџ�ŒǦ�

����σƖ�Ƽ�nŧĠŒǦ�

�

� ъсu}ǵЎĮĞ���ŧĠ�цfkɏǦt �r�j�
�σƖ�ѠȾ�Ƽ�nϾЈϗ

ŧ�ƾƋōp£ϗ�}��ǵЎĮĞ�ǵw�σƖ�ѠȾ�ȓ���Ѽ˟ȶ��ϾЈȶ���ŧĠ

�цf£Јœw�Ă���
�ˌ˂ƴƺ�ъсʦ�ip�ǵЎĮĞ�ɸǦ£Ƅξ�ty���

�

 ?=�������Č�§ÈĮĞ�ъсu}ѯ�ŧĠ� �ШŢмȥ»ëµî�Ãî½˭Ъ�

 
 
 
 
 
 
 
 
 
 

�

 ?=�������ǵЎĮĞ�σƖ���͆��ŧĠ˭Ъ�



 20 

���
�ΣȬ�ȏƧʦ�đџ�ί �ǵw�žɂ�ʸ͝�ŧ̩ĮĞ�ǵw�žɂ;
�ǵЎ

ĮĞ£ōҋu}ŧ̩ĮĞџ�лĬkƄξ���лĬ�Ĭ҇ɆkƏów�r�kɏǦt 

����

 


���	� � %" �©FfMeR`�

� 3 ШŢмȥ»ëµî�ƋəŢмȥ�̪Ƚј£̺f}лĬ˛Ƥ 07A; Ŗȹ£Ǩ̴w�}�, 

ŧ̩�αɆϗŧ�Ƽ�n¥ç´æºÜ£ў͌u} (Fig.4.1.4) . �x, 20Hz �҆ȥ[22]� 3

ШŢмȥ»ëµîj�ƊĲ£ƀȸu, 3 ШŢмȥ»ëµîj�ȸ� } x,  y,  z Ш�Ĳ£ 

!! ,!! ,!!j�Ţмȥ� L2 ÊçÜ ! £΂Ōu�Ǧ��[4].  

 

(4.1)  

L2 ÊçÜ !  £, Ѽ˟ŒǦ�ŧĠŒǦ�ѡĲ !! �u�Ǧ��. Fig 4.1.2 �е�}�g

�, ğ�j�ǋ͍ϣƨ�ъсu}ƾƋ, ˝�ϗŧ�ͯ�ś�Œʔw�}��Ѽ˟ʦџ (ϾЈ

ʦџ) kǚƳw�. �x, ƀȸt } L2 ÊçÜ ! �ѡĲ !! £˭Ъu, ̴Ƴ�ŧĠ�Ѽ

˟ (ϾЈ) ŒǦ£ϗg. r�ŒǦ£ 20Hz ˬ�ϗf, Ѽ˟�ŒǦt }ƾƋ�ő��Ѽ˟�

Œʔt �j��Εуʦџ ! £΂Ōw�. Ѽ˟ʦџ�ѡĲ�ôѥ !!, óѥ !! £ôϳ�

�g�Ǧ�,ŧĠŒǦ�}�� ! �˭Ъ£ϗg.  

 

!! < ! < ! !! 

 
�

�

�

�

�

�

�

�

�

 ?=�������лĬ˛Ƥ 07A; Ŗȹ�̬ɓьͯƬ�

|| A ||= ax
2 + ay

2 + az
2

(4.2)  
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! �Ѽ˟ʦџŒǦ� (4.2) �ʼĒk̏}t �ƾƋ, ! ȶ�L2ÊçÜ !  �ŧĠŒǦ�

ѡĲ !! �˭Ъ£ϗg. ŧĠŒǦ��ϗŧўǕkŒǦt }ƾƋ, лĬ˛Ƥ�ѹ̐£ŀ 

�Č�ĮĞ�ǵu�лĬ£ўǕw�. �}, лĬʦџ�зĬw�Ãî½ј�ĥǚw�.  

� Č�ĮĞ��ъсʦ, ĮĞ�αɆ, ̸ɉ̶ǂ�ǵЎĮĞ�ǵw�σƖ�ѠȾ�ɂv�Ƌ

əŢмȥ�̪Ƚј�e� L2 ÊçÜ !  �цfk̸v�}�, { ��ɂv�ƊѡĲ�ǵ

u�ʰщ�Ĳ£ϴǦw�ȿϣke�.  

 


��� ąĄ�ÓEÞ/7WiTÿā�

� ʺ΄��, лĬ˛Ƥ�Wakeȶ�ip�ŧ̩�ĮĞџ�ip�Ãî½Чз�}��, ъс

ȃˣ£Ŕ̺u}Ãî½зƁĬ�ɟ˺��f�е��fn.  

 

����� �Á.đ�ÁQKPciehJ±Ô>Íõ�

� ɺˊɟ˺�e�лĬ˛Ƥ� Wake ȶ�ip�Ãî½зƁĬ��f�е��}�, ̑ķ�

u�ƍʶYѽƍʶ¹²¸áîæë±ɟ˺�˒ϣ��f�Ѐʠ£ϗ�g. 

� гȟ, ɍƽлĬǝōї��, ê§àè¹»ëµÉÀÄêî°�Ɨ� �̟Π»ëµî£

̟ΠÉÀÄêî°�ɷΛty�ųЂty�Ă�, ͶџŖȹj�̶ǂɍƽ�ƀȸ, Ĉ�̀ 

�ɢɼ;�͠͵k͐¤�ϗ�¢ �f�. ê§àè¹»ëµÉÀÄêî°�ōї��, ǻ

Ʒ»ëµî£Ǎј�Ģ̺w�}�, ÌÀÂæî�Ǯј�Ŗѥ�ÝëÂÆë¹³¹Ä�Ś̊

;�̵̼j�ě̅ВѹŠ�ŧĠ�βɕkіϣ�Ё҈�u�ϾЈt �f�[25]. ě̅Вѹ

Š£Ǩ̴ty�}��, IEEE kǦ�� OSI Ż̡ÞÃç� MAC Ȃ��лĬŖȹk˼͒t 

 
�

�

�

�

�

�

�

 ?=�������лĬ˛Ƥ 07A; Ŗȹ¥ç´æºÜ�
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�i�, ÊîÅƍǅ�̟ғ�лĬʦџ£̊�w}��ďô�Ãî½зƁĬ�ɟ˺k͠͵t

 �f�. 

 

! ¹²¸áîæë±�ƍʶ���Ãî½зƁĬ 

� ƊÊîÅkÃî½зƁĬ�}��¹²¸áîç£īɬu�f�. Ǧʶ͍�ÊîÅƍǅk

¹²¸áîçƍʶ£ϗ�gĂ�, ÊîÅџ�Ãî½зƁĬ�½§Ûë±£Μɬu, Ĭ˛Ƥ

 
 
 
 
 
 
 
 
 
 
 
 
 

 ?=�������¹²¸áîæë±�ƍʶ���Ãî½зƁĬģҤS-MACҥ�

 
 
 
 
 
 
 
 
 
 

 ?=�������¹²¸áîæë±�ѽƍʶ���Ãî½зƁĬģҤB-MACҥ�
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� Sleep ʦџ£Ȩ�wĂ�͕ѹŠɆ£Ǩ̴u�f�. ʘǚÓéÄ³ç�u��,  

 S-MAC[26]� T-MAC[27]kɯq� �. RTS/CTS �Ɨ� �, Ãî½зƁĬ�ś�зĬ

ĵÊîÅkзĬϣ˲£ƁĬĵÊîÅ�з�, Ãî½зƁĬ�½§Ûë±£Ђʑu�Ãî½ 

Чз£Ǩ̴ty�f�ҤFig.4.2.1ҥ.  

 

! ¹²¸áîæë±�ѽƍʶ���Ãî½зƁĬ 

� ƊÊîÅ�Ãî½зƁĬ�}��¹²¸áîç£īɬu�f�f. Ďϛ͍�ÓéÄ³ç

��B-MAC[28]kɯq� , зĬĵkÃî½зĬś�Preamble�Ɨ� �Ãî½Ñèî

Ü�ÔÀ¾£зĬu, ƁĬĵÊîÅ� Preamble £ˎ͝u}ƾƋ�{�ȶз� �n�Ã

î½ƁĬ£ϗg. ƁĬĵÊîÅ� Clear Channel Assessment �Ɨ� � Preamble ˎ͝

£Ǧʶ͍�ϗf, лĬ˛Ƥ�Sleepʦџ£Ȩ�wĂ�͕ѹŠɆ£Ǩ̴u�f�ҤFig.4.2.2ҥ.  

 

� ͼ 2 ͹�е��l}ÝÀ»î¸Ñ©æîʖȩ�, ¹²¸áîæë±�ƍʶ����̟Π

»ëµîƍǅ�Ãî½зƁĬ, ̟Π»ëµî�ùΚÊîÅџ�Ãî½зƁĬ£ϗ���f

�. �}, Úç¿×ÀÓЧзʖȩ�ʘǚɟ˺�ƍ˔�¹²¸áîæë±�ƍʶɟ˺£̺f

�, ě̅ВѹŠ�Ãî½Чз�Ǩ̴£ϸ��f�. 

 


����� đ�ÁQKPciehJ±Ô=BCWiTā�z�

� 4.1 �е�}лĬ˛Ƥ Wake Ŗȹ¥ç´æºÜҤFig.4.1.4ҥ£̺f�, лĬ˛Ƥ Wake ȶ

�Ãî½Чз£Ǩ̴w�}���
�ďô�ɡϘϣĒk˲�� ����

�

! лĬ˛Ƥ Wake �x �βɕҤŧ̩џ�αɆϗŧ�½§Ûë±�цf���ҥ 

 

! зĬĵ�ƁĬĵ�҂Ȥ˶ǦҤÃî½зƁĬ�ip�ҥ 

 

! Ãî½Чз�ΚΛɆ 

��

� ŧ̩ƍǅ�ъсʦ
�αɆϗŧ�½§Ûë±�ŧ̩ĮĞ����͆��ƄξɆke���{�

}�
�αɆϗŧ�½§Ûë±k͆��ƾƋ�ŧ̩џ�лĬ˛Ƥ Wake �x k̸v���
�

x k̸v}ƾƋ��Ãî½Чз£ϗ�gɟ˺kȿϣ�e���Úç¿×ÀÓЧзʖȩ��
�

ŧ̩џ�iĄf�īɬÃî½�ЧзҤ³Ðîҥ£ϗ�gr�k˲�� ���{ �h�
�Ɗ

ŧ̩ĮĞ�Ãî½зĬĵ�ƁĬĵ�øʖ�Ȳŝ£ɨg}�
�ŧ̩џ�{�҂Ȥ£˶Ǧu�p

 �Ãî½Чз£ϗ�gĂ��l�f���}
�ŧ̩ƍǅ�ъс�Ķ͍͌�e�, Ƨʐ�ѥ�
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 �f�. ǵЎ�w�ŧ̩����͆��k, ΣȬ��ȏƧ, ɱҍ˿ŧ, Φ˧˿ŧ;kɏǦ 

t �}�, ʰě��ȟ 1 Ƨďó�Č�ŧ̩ĮĞ��ъс˛Ėkβh� �[6]. ѥ� }

ъс˛Ė£ʰǍѥ̸jw}��, ČĮĞ��ъсu}ƾƋ�͢Ǩ�Ãî½зƁĬ£ϗ�f, 

j�лĬ΅ƫǋ�����ŵ̭ϗŧ�»ë·ë±u}̶ǂɍƽ�īɬÃî½£ŧ̩џ�Ч 

зuΛp�r�k˲�� �. �

� ďó�ʼĒ£хəw�}�, ŧ̩ƍǅ�ɷϭʦ(w цf)�αɆϗŧ£Ŕ̺u}Ãî½з

ƁĬ��, ¹²¸áîæë±�ѽƍʶɟ˺£̺f�, ě̅ВѹŠ�Ãî½Чз£Ǩ̴w�

ҤFig.4.2.3ҥ . лĬ˛Ƥ Wake �x £βɕw�}� , Ɗŧ̩ĮĞ�Ãî½зĬś�

Preamble £зĬw�r��, ŧ̩џ�αɆϗŧ�цf�Ђʑ£ϗ�gr�kƄξ�e�. 

ŧ̩џ��зĬĵ�ƁĬĵ�҂Ȥ˶Ǧʖ˺�u�, Ãî½зĬĵk Preamble зĬȶ, Ãî

½ƁĬĵj�дͿҤACKҥk�fƾƋ�Ãî½ƁĬĵ�Ȳŝ£ǈh�ïǦʦџ Preamble

�ˎ͝ҤCarrier Senseҥ£ϸ��. Ãî½ƁĬĵ� Carrier Sense � Preamble £ˎ͝u

}ƾƋ, Ãî½зĬĵ� ACK £дu�Ãî½�ƁĬ£ўǕw�. ƁĬkǣĀu}Ãî½Ɓ

Ĭĵ�ŧ̩ĮĞ�, зĬĵ� ACK £дu, зĬĵ�ƁĬĵ�Ȳŝ£ŀ ʯh�Ãî½Чз

£Ω�дw. Ɗŧ̩ĮĞkлĬ΅ƫņj�ǋ �, �un�iĄf�īɬÃî½�Чзk

ǣĀu}ƾƋ�лĬ˛Ƥ� Sleep t � . �} , Ãî½ƁĬĵ� Carrier Sense �

Preamble £ˎ͝�l�j�}ƾƋ, лĬ˛Ƥ� Sleep ̬ɓ�ͯϗw�.  

� ďó�ɟ҂���, ě̅ВѹŠɆ£βɕu}лĬ˛Ƥ Wake ȶ�Ãî½зƁĬ£Ǩ̴w

�r�kƄξ�e�.  

 


���	� kí[iY>Í«<Ć@o3�

� ʺ΄��, óϳ�ѽƍʶ¹²¸áîæë±ɟ˺���Ãî½зƁĬ�Ţh�, ŧ̩џ�

ip�ŧ̩ĮĞȓ£βɕu, ��Ŧ̳͍�Ãî½тɿ£Ǩ̴w�}��ùΚÊîÅ�і�

čp�˒Ƀ£е��fn.  

 
 
 
 
 
 
 

 ?=�������ŧ̩ƍǅ�ɷϭʦ(w цf)�αɆϗŧ£Ŕ̺u}Ãî½зƁĬ�
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� ŧ̩џ��ĮĞȓkǚƳw�. ÎÄ�ƍ˔�, ƍvͲ�e�}ƾƋ��, Ğі, Ğҙ, ȟ

Ң, Ɇœ, ̸ɉ̶ǂ��k͆��}�, ĮĞ����ΣȬ��΅ƫ�ʰǍϗŧƺk͆��

[18]. r�ɆЕ£Ŕ̺u�, ʰǍϗŧƺ�Ȣfŧ̩ĮĞ�ǵu�ùΚÊîÅҤæèîÊîÅҥ

�Ȳŝ£ϴǦu}ҤFig.4.2.4ҥ. ʰǍϗŧƺ�ȢfĮĞͱ`Č�ŧ̩ĮĞ��ъсƄξɆk

ҙn��Ăj�, ʰǍϗŧƺ�ȢfĮĞ£ъсƧʐ�ǌfŧ̩ĮĞ£�u�Ǧΰu, ʰǍ 

ϗŧƺ�Ȣfŧ̩ĮĞ�ǵu�ùΚÊîÅ�і�čp£щ̺w�. ģh�, ϡʐ�¥å§

±Ú� GPS £ϝ͚u�ϗŧƺ£Ϫǲu}ģ��, ʰǍϗŧƺkĮĞ���� 1.5had

344.5ha �цfkǚƳu, 3d10 ʱkʰ�ϗŧk˿͌�e��fgΖ˃kƽƔt �f�. 

�}, ¥å§±Ú�̸ɉ̶ǂ����Ǎl�ȓkϥ� , єȖѓ�� 5ha ͱȥdѐǋ�а

ƴYȄ˂ƴș�� 2500ha ͱȥ�f�}Ζ˃����f�.  

� ͼ 2 ͹�е��l}Úç¿×ÀÓЧзʖȩ���Ђ˅ɟ˺��, Ɗŧ̩ĮĞk»ë·ë

±u}Ãî½£Ƨſw�}��, юѸɭͦŮƺ�ǂ́Πó�ѱɷw��o�ƼƴǾ��Ŧ

 
 
 
 
 
 
 
 
 

 ?=�������ʰǍϗŧƺ�Ȣfŧ̩ĮĞ�ǵu�ùΚÊîÅҤæèîÊîÅҥ�Ȳŝ£ϴǦ�

 
 
 
 
 
 
 
 

 ?=�������ъсƧʐ�ǌfŧ̩ĮĞ�ùΚÊîÅҤæèîÊîÅҥ�і�čp�
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̳͍�Ãî½£тɿw�ċΔ�kȿϣ���. {r�, Fig.4.2.4�ʰǍϗŧƺ�Ȣfŧ̩Į

ĞҤùΚÊîÅҥ�Ɗŧ̩ĮĞ��ъсƄξɆkҙf��, 4.2.2 �е�}Ãî½зƁĬ˛

ξ�ǵu�Ãî½ƁĬĵ����wfċΔ�£ƀ�ŀ �ҤFig.4.2.5ҥ. ŅĞ͍��, ъс

Ƨʐkǌfͱ, Carrier Sense �Ƨʐ£ǃ�w·¹ÂÜ£ƀ�ŀ �f�. r�ċΔ��� 

 
 ?=�������Ѱ ÊîÅƟ҈k̸v�˓ə�

�

 
 

 
 
 
 
 
 
 
 

 ?=�������єȖƴƺ�ˌ˂ƴƺ�ip�ÊîÅ�ǯȥ�˭Ъ�
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��, ъсʦ�Ãî½Чзʦџk͞fƾƋ��, Ɗŧ̩ĮĞ�īɬÃî½£ùΚÊîÅ� 

³Ðîw�r�kƄξ���. ʕ}�ŧ̩ĮĞ�ъсu}ƾƋ�ļō�Ãî½Чзʦџ£

͢īŌʽ}ƾƋ�, ��ǌn�»ë·ë±Ãî½£Č�ŧ̩ĮĞ�Чзw�ĂkƄξ��

�. 

� ďó�ŧ̩�ĮĞȓ£Ŕ̺u}ùΚÊîÅ�і�čp���, Ŧ̳͍�Ãî½тɿkǨ

̴�l�r���o�ƼƴǾ��Ãî½ŕхƄξɆkҙ��. 

 


���
� ĎD[iY�Ĕ�

� ʺ΄��, ̟ΠÉÀÄêî°�іϣ�Ё҈�e�, bѰ ÊîÅƟ҈c�ip�ʺ͠͵�

ɺˊɟ˺�ĚΫ�p£е��fn.  

� ̟ΠÉÀÄêî°��, ʲΠÉÀÄêî°�͆��, Č�ÊîÅkлĬ£ϗ��f�r

�kˎ͝�lx�ÑèîÜ£зĬw�Ă�, ÑèîÜ�Ϛͷk̸͌uлĬ�¹çîÓÀÄ

kěôw�Ɵ҈ke�[29]. Fig.2.4.6 �Ƭ��, ƊÊîÅk¥°»¹Ù§ëÄ�Ãî½зĬ

£ϸ��f�k, ƊÊîÅ�iĄf�ǚƳ£ɢɼŌʽ�f�f}�¥°»¹Ù§ëÄĵ�

Ãî½ÑèîÜ�Ϛͷk̸͌w�ƄξɆke�. r�Ɵ҈�, bѰ ÊîÅҤͺʹҥƟ҈c

�Ɨ� �i�, ̴Ƴ�ƞ̺�̟ΠÉÀÄêî°�� CSMA/CA ʖȩ[30]���șƺ�Ñ

èîÜk̀ �f�fjˎ͝£ϗ�gĂ�ÑèîÜ�Ϛͷ£Ƨюu, åë¾Üʦџ�Ňз

Ĭw�ċΔ�kŔ̺t �f�. ̟Π»ëµÉÀÄêî°��ƍ˔�ċΔ�£ɬ��i�, 

4.2.1 �е�} RTS/CTS �bѰ ÊîÅƟ҈c£юp�}��, ÊîÅџ�ip�зƁĬ

�¹²¸áîæë±�Ȳŝ£˃}u�f�.  

� ʺ͠͵�ɺˊɟ˺��, bѰ ÊîÅƟ҈c�ǵu� RTS/CTS �ċΔ�£ƀ�ŀ �f. 

�z���, ˌ˂ƴƺ�єȖƴƺ�˭��ôϳ�̪Ƚ£ɬ��i�, ˌ˂ƴƺ��ŧ̩џ

лĬ£ɏǦw�ƾƋ�� RTS/CTS �ċΔ��ȿϣ�u�f. 

 

! ÊîÅҤŧ̩ҥ�ΣȬ�£��}�Ͷџ�ip�ǯȥkěf 

 

! ϡѶ�ƴȯ�ˌ˂;�ыʔ̩kǌf}�, лĬƄξ΅ƫk̮�� 

 

! Ɗŧ̩ĮĞ�ъс�Ͱ�e�, Ƽʺ͍� 1 ǵҩлĬkɏǦt � 

 

� Fig.2.4.7 �єȖƴƺ�ˌ˂ƴƺ£˭Ъu}§Ýî¸Ƭ�e�. bѰ ÊîÅƟ҈c�є

Ȗƴƺ�Ǎј�̟Π»ëµî£т̺w�ƾƋ�ɏǦt �Ɵ҈�e�, ʺ͠͵�ɏǦw�

ˌ˂ƴƺ��ŧ̩џ�Ãî½зƁĬ��, Ͷџ�ip�ǯȥ�цf�ŧ̩џ�лĬ˛Ė£
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βɕw��ȿϣ�u�f. �u¡, ŧ̩ƍǅ�ъсʦ��, ͢Ǩ�ъс£ˎ͝u�Ǎј�Ã

î½зƁĬw�r�k˲�� �.  
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ê � é�

\GifY;>÷w�Ė�

 

���� ?5A=�

� ʺ͹��, ͼ 4͹�е�}ɺˊɟ˺�·¹ÂÜϴϰ£ĺ�, лĬ˛Ƥ�Ǩϝʖ˺�Ñ¦î

çÅ��ϷĦǨҗʖ˺£е��fn.  

 
������ �ü�×=8/:�FdHJ_<HZ��

� ŧ̩�˛Ƥ£ϝ͚w�ƾƋ, ɡϘ͍Ѹʡȥ�УĞµ§º�ѠоɆke�ҤFig5.1.1ҥ. ї

̸ŧ̩�ʀЫƄξ�·¹ÂÜΞіј�΍ 5%ďô[20]�Ǧ�� �i�, ģh�Ў���Ǎ

Ʒȥ̩�� 100kg ͱȥ�·¹ÂÜkʀЫƄξ�e�k, ïʖ�Қҋ���� 30g ďô�Ŗ

ѥt �[32]. ʺ͠͵�ɺˊɟ˺�ǵЎ�w�ї̸ŧ̩�, ¥å§±Ú£ɏǦu�f�

ҤFig.5.1.2ҥ. ̶ǂ͕k͌ϗw�¥å§±ÚѢѧ�ɟȪl[31]��, ¥å§±Ú�̶ǂ͕�

� 1994ȟj�ʲǬҚ̱�u�ɭǦt ɱ̲kϗ�¢ �l}k, 2005ȟ��̪Ǧǋʽ̸̩

�ɭǦt }��ɱ̲ʖ˺�ȜkȢk�, ɜ͍̈́�Ѣѧkϰ̀t �f�. ̴Ƴ, ¥å§±

Ú���ŁƮ�̸ɉƴ£ɪǍu��e�. ɱ̲ʐ� 2006 ȟȥ�� 1 ñ҅£Лh�f�. ï

φ͍�ї̸ŧ̩�ɱ̲�Źř͍�ͩ˟t �i�˛Ƥϝ͚�ËîÅç�ҙfk, ľϵke

 �¥å§±Ú�óϳ�̵̼���ɱ̲kƄξ�e�, ʘ� GPS é®î£ϝ͚u}Ľϗ͠

͵�ǚƳw�[10][18]. rgu}μʩj�, ʺ͠͵��ŧ̩џ�Úç¿×ÀÓЧзʖȩ��

�Ђ˅ɟ˺�u�, ˛Ƥϝ͚w�ї̸ŧ̩£¥å§±Ú�ϴǦw�Ă�Ǩ̴ƄξɆ£ҙ�

�f�. 

� {r�, ʺ͠͵��ƍvѩ̸Ɲþҋj�¥å§±Ú�ę}Ğі�Ğҙ�̪Ƚ£ɬ�, У

г�f�ŧ̩�e�§È£Ñ¦îçÅϷĦ�Ǩҗ�u�Ģ̺u}. ¥å§±Ú�Ğі�4d

10kg, Ğҙ� 23cmd30cm, ї̸ô��ǶƘ�΍ 10 ȟkïφ͍�e�[34], §È�̫Ͳ�

��kǻƷ̫j�ùƷ̫�Ğі 6kgd24kg �e�ę}̪Ƚ£ɬ��f�[35]. ďó�̵̼

���, ŧ̩kʺʽķh�f�αɆϗŧ£Ŕ̺w�Ϫ̝j�, ƍvѩ̸Ɲþҋ�e�УĞ

µ§º�гf§È£Ŕ̺w�Ă�ϷĦǨҗ�u�щȮ�e��Ϯh�.  

� Ñ¦îçÅϷĦǨҗ�}��Ǩҗ̫£ 5 ŭ̺ɐu, {�̪Ƚ£ Table.5.1.1 �ͦu�f�.  

ƊǨҗ̫�ip�̪Ƚ�u�, ̫Ͳ�цf, Ğі 5.8kgd53.0kg, Ğҙ 26cmd74cm, Ѳѵ

�{ | Ǎl�ĮĞȓkǚƳw�. Ǩѯ�ˌ˂ƴƺ��т̺�ϡʐ�ї̸�¥å§±Ú 
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�Ŕ̺£ɏǦu�f�k, ʘǚ͠͵��¥å§±Ú� 3 ШŢмȥ»ëµî£ϝ͚u�ŧl

£ɢɼu�f�ģk�nɏǦ΅ƫǋ�Ζ˃k̸͌w�ƄξɆke�}�, ʺǨҗ�§Èƍ

ǅ� 

ĮĞȓ£Ǎlnu�Ǩҗ£ϗ���f�.  

  

 
 ?=�������ɡϘ͍Ѹʡȥ`УĞµ§º�ѠоɆ [32]�

�

 ?=�������˰Р£л��˃˙ư�пŀw�¥å§±Ú�ί  [34] 
�
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������ ôâsî>Ìö  

 
 
 
 
 
 
 
 
 
 
 

-78B;�������Ǩҗ̫�ÓéÑ¦îç�

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ?=�������ƊǨҗ̫�̀Ĺ�
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� ʺ΄��, ŧ̩ĮĞ�˛Ƥ£ϝ͚w�ѯ�, αɆϗŧ£ǢǦu�ˎ͝w�}��˛Ƥ£

ƀ�čp�ϝ͚ĚΫ��f�ˎϱ£ϗ�g. 

� Cat@Log[36]��, ̯�ip�˛Ƥϝ͚ĚΫ�ˎϱҤ̯¨©¥åÒçϴϰҥ£ϗ��f�. 

(a)d(d)�½§Ó� 4 ��½§Ój�ˎϱ£ϗ���i�(Fig.5.1.4ҥ, GPS �ĬƈƁĬ�Ǣ

ǦɆ, ̯�±çîÛë±�αɆ£βɕu}ˎϱ£ϗ���f�. ̯¨©¥åÒçϴϰ�ģ

j��ōj��g�, ˛Ƥ�ȿϣϣĒ�ŧ̩�αɆϗŧ£βɕu}˛Ƥϝ͚kȿϣ���.  

� ¥å§±Ú�§È�̯�˭���, УĞµ§ºkǍlnĞіkіf}�, ʀЫ�l�˛

Ƥ�іјkǍln��. �}, 3 ШŢмȥ»ëµî�Ŕ̺kȿ҃�}�, ϝ͚ȶ�˛Ƥ�x

 kǼ�n, ǢǦj�ɬΛ͍�ƋəŢмȥ�Ãî½£ƀȸuΛp� �r�k˲�� �. 

αɆϗŧ�Ϫ̝��, ̯�ϥ� ��g�ҙfƿ�Ҍ�ͯ��g�οŠ��n, Ƽʺ͍�

�ƴó��ͯŧkβh� �. ïʖ�, ˰б�̎ȥ�ҙfƾɞ��̸˿, ώ���̮fф�

�ͯŧkɏǦt �}�, Ѣ˰, δûɆ£βɕu��, УĞ�˛Ƥkǯ͚u}ϝ͚kȿϣ�

t �.   

� ďó�ʼĒ£̏}w˛Ƥ�ϝ͚ĚΫ�, ʰ�щȮ�ϝ͚ĚΫ� Fig.5.1.4 �(d)�ґЭ�ï

ĞƷ����f�ȯ���. Úç¿×ÀÓЧзʖȩ���Ђ˅ɟ˺��ʘ�е�� �f

�k, ґЭ�ïĞƷ�˛Ƥ�ϝ͚���, óϳ�ɯq}�g�̚ufтŧ�̮fф��˛

Ƥ͡ɾ, αɆϗŧ�öh�˛Ƥ�ȱҀ���ǵu�хəŌʽ�ƄξɆkҙf. Ţh�, ˌ˂

ƴƺ��Ђ˅�}��ʐȟŵĚ�˛Ƥ�ќʶт̺k˲�� �k, r ��е��l}ʼ

Ē£хəw�Ă�ќʶ͍т̺kƄξ�e��βh� �.  

� ʺ͠͵��, ґЭƷÃÌ§¹���nϝ͚ĚΫ�u�μù�μЏgȯ�Ǩҗ£ϗ���

f�ҤFig.5.1.5ҥ. �~ƼͤǨҗkǌfr��, 3 Ţмȥ»ëµî�ƋəŢмȥ£Ŕ̺u}

ɺˊɟ˺�ϷĦ�}�, ǢǦj�ɬΛ͍�ƋəŢмȥ�Ãî½£ƀȸuΛp� �r�k

ȿϣʼĒ���. ďó�̵̼j�, Fig.5.1.6 �μù�μЏgæáÀ°Ʒ£ɵ̺u}.   

 

����	� vÞÐ�>Ìö�

� 5.1.2 �е��l}�g�, ˌ˂ƴƺ�ŧ̩�˛Ƥ£ϝ͚w�ƾƋ�Ģ̺ʼĒ�, ÎÄk

Ŕ̺w�ƾƋ�ʼĒk͆��̪ʲ�ʼĒkǚƳw�. ̪�ˌ˂ƴƺ��ќʶт̺�}��, 

˛Ƥ�ʀЫǮј�Ŗѥke���, Ģ̺˛Ƥ�u�ě̅ВѹŠɆ£βɕu�ˎϱw�r�

kіϣ�e�.  

� ̟Π»ëµÊîÅ�ip�Ţмȥ»ëµî�̅ВѹŠ�, »ëµîџлĬ�ȿϣ�ѹŠ

��ȶγ�ʖk 10~100 į�ѹŠ̅ВkǍlf[38]. {r�, ŧ̩џлĬ�̅ВѹŠ£̊�

w}��, r ���ɺˊɟ˺�Ţh�ʰщ�лĬϦˉY˛Ƥ£эǦw�ȿϣke�. Ďϛ 
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͍�лĬϦˉ�u�, Bluetooth, UWB, ZigBee, Wi-Fi kɯq� �. ƊлĬϦˉ�Ãî½

Чзмȥ, ѹŠ̅Вј, лĬ΅ƫ���, [37]�ϛ�t �i�rr�Ȫ̺w�ҤFig.5.1.6ҥ. 

óϳ�е�}ƊлĬϦˉ£˭Ъu}͠͵[37]��, Bluetooth�ZigBee�Č�лĬϦˉ�˭

��΍7ō�1ͱȥ�ě̅ВѹŠɆ£Ǩ̴u�i�, ʁșͺʹ���ÌÀÂæîǮј�Ŗѥ

ke�ƾƋ�щu�f��ϷĦt �f�. �}, Bluetooth � ZigBee £˭Ъu}ƾƋ�,  

 
 ?=�������̯¨©¥åÒçϴϰ [32]�

�

 ?=��������E=�� �ϝ͚ʦ�˔ǙҤæáÀ°Ʒҥ 
�
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лĬ΅ƫ�Ǎl�ȓkǚƳw�. Bluetooth�лĬ΅ƫ� 10mͱȥ~k, ZigBee�лĬ΅ƫ

� 10d100m ͱȥ� Bluetooth�˭��Ȣ΅ƫ���. ʘ�е��l}�g�, ˌ˂ƴƺ�

�ʷa��лĬыʔ̩kǚƳw�ƄξɆkҙn̵ЄĲ���лĬ΅ƫk̮n��ƄξɆk

e�r�, ъс£ˎ͝u�Ãî½Чз£ϗ�gƾƋ�Ãî½Чз£ΚΛw�ȿϣke�r

�j�, ȢfлĬƄξ΅ƫ£��лĬϦˉkщu�f�. ďó�̵̼j�, ZigBee �лĬϦ

ˉ£ɵ̺u}.  

 3 ШŢмȥ»ëµî�ŧ̩џлĬ� ZigBee[39]£Ģ̺w�}��, Arduino UNO R3 £Ƽ

͑˛Ƥ�u�Ģ̺u�f�ҤFig.5.1.7ҥ. Arduino[40]�÷͍́�ʨżu�f�ĦˉѾ�Ж

ŀËîÅçkěfÚ§°é³ëÄéîåîҤÚ§³ëҥ�e�, ǌͲǌ˔�»ëµîҤ3 Ш

Ţмȥ»ëµî�̌ȥ»ëµî`̎ȥ»ëµî`Ú§°éÑ«ë��ҥ�ǵw�ɪȬɆk

ҙn, ZigBee Ϧˉ�e� XBee kŔ̺uʡfϪ̝j�ɵ̺u}. �}Ţмȥ»ëµî�

Arduino �·æîº�e� Lily Pad � 3 ШŢмȥ»ëµîҤADXL335ҥ£Ģ̺u�f�. л

Ĭ˛Ƥ�ʘ�е�}л� ZigBeeϦˉ� XBee£ Arduino�Ƿ̺·îçÅ�ʀЫu�Ģ̺u

�f�. 3 ШŢмȥ»ëµî�é±Ãî½, ŧ̩џлĬ��зƁĬÃî½�Ƿ̺·îçÅ�

ʀЫt �f� Micro SD ��Ãî½£īǚu�f�. �}, ŧ̩џлĬ�ip�Ãî½з

ƁĬ�αɆϗŧ�ˠ͢�ϷĦ£ϗ�g}��, ʦŘ�Ͽȓ£̊�uϰ̍w�ĂkƄξ�æ 

�

 ?=�������Bluetooth, UWB, ZigBee, Wi-Fi �˛ξ˭Ъ [37]�
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¥ç½§Ü°éÀ°ҤDS1307ҥ£Ģ̺u�f�. ѹ̐�u�, Sony Ϡ� 9V ϫȯ¥ç­æ

ÿѹ˵£Ģ̺u�f�. r ��˛Ƥ£{ |  5 ƅx�̺ɐuƊæáÀ°�ʀЫu}

ҤFig.5.1.8ҥ. r ��ÃÌ§¹Ξіј� 250g �e�, ƊǨҗ̫�Ğі� 5%ďô[18]��

�ϦǦņ�ſ���i�, ŧ̩�αɆϗŧ�ϝ͚˛Ƥ���ȱҀ£öh�f. �}, ¥å§

±Ú�Ğі� 4d10 ¯éͱȥ�Ϯ¢ �f���, ĉȶ�ÃÌ§¹�ǻƷū£Ɠ� �Ű

ō�ϝ͚Ƅξ�Ϯh�. ʺ͠͵�Ǩҗ��, Ǩѯ�αɆϗŧ��˭Ъ�}�� Canon 

 
 ?=�������Arduino UNO R3�

�

 
 ?=�������Ģ̺u}Ɗ˛Ƥ�
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Power Shot SX200 IS £Ģ̺u�ÏÃ¬ʄȱ£ϗ��f�. 

���� ĂzÐ�> � %" �©>l~�Ė�

� ʺ΄��, лĬ˛Ƥ Wake Ŗȹ�ʲŦɆ£ˎ϶w�}�, Dog A £̺f}āķǨҗ�˒ϣ

�{�Ζ˃��f�е��fn.  

 

������ l~�Ė>Íõ�

� ˌ˂ƴƺ��ї̸ŧ̩�гf̬ɓ£Ň̴w�}�, ƕб̶ǂkˌ˂�e� 3mS3m �ψ

̸� Dog A kπ̼�ŧp�̬ɓ�Ǩҗ£ϗ�}ҤFig.5.2.1ҥ. лĬ˛Ƥ Wake Ŗȹ�ʲŦ

Ɇ£ˎ϶w�ʖ˺�u�, ĮĞџ�ъсʦ£Ň̴w�}��Øîç£Č�ĮĞ�ϥ͸��

ˎ϶£ϗ�}. �x, π̼�ŧlƧ��f� Dog A �ǵu�Øîç£ͷ̠ɬ�óq�Ͼ͝

ty, {�ȶØîç£ Dog A �гn�ɤq�Ǩҗ£ϗ�}. ǵЎ�ĮĞkØîç�§È�

e�}ƾƋ��, Ͼ͝, Œʔ, ϗŧw�}��Ѽ˟ʦџ�ƍ˔�Кl�r�j�, лĬ˛Ƥ

Wake Ŗȹ�ʲŦɆ�e�ˎ϶ʖ˺�u�̺f�f�. �}, Ň̴Ɇ£ˎ϶w�}��, 

[42]£Żβ�r�Ǩҗ£ 30 ͭˬ� 1 Ƨ, 1 »ÀÄ 3 ōS5 Ƨϗ�} (Ƌϰ 30 Ƨ) . ƧЧΈ˺

���ŧ̩ϗŧ�Ϫ̍ [41]��ƧЧΈ�åÀÄ�˿ŧј£ 26ʙџ�̋��ϰ̍u, ʙˬ�

˭Ъu�Єv�f�Ăj�, ʺǨҗ�͍͒�e�Øîç£ɤq}ѯ�žɂ£ˎŌw�ϷĦ

�u�, 30 ƧØîç£ɤq�˭Ъw�ɟ˺�ǒȮ�Ϯh�. Ǩҗù�ÏÃ¬­Ýå£òο

�ƭǦu, ŧ̀ʄȱ��� Dog A �ϾЈϗŧ� 3 ШŢмȥ»ëµî�̪Ƚј�ˠ͢�ɢɼ

£ϸ�}. 

 

������ � %" �©>÷w�

� ʺǨҗ��, Ѽ˟ʦџ�ѡĲ£ 1.0s< t < 10.0s �ĐǦu�ϷĦ£ϗ��}.  Table 5.1.1

�Ň̴̳�, Øîç�ɤq}Ƨʐ�ņ, лĬ˛ƤWakeŖȹ¥ç´æºÜ����ˎŌ�ə

šu}ŝƋ£ͦu�f�. ƋəŢмȥ�ѡĲҤѼ˟̬ɓ�ŒǦҥk 0.2 ��lØîç�ˎŌ

əš̳�΍ 89%�e� 70%£Лh�f�r�j�, ҙfŇ̴Ɇke��Ϯh�[21]. Č�

əš̳£ϷĦw��, ƋəŢмȥ�ѡĲҤѼ˟̬ɓ�ŒǦҥkҙf��ˎŌəš̳�óʞw

�k, ѡĲkҙn���� �Ѽ˟ʦџ�ќn��, Øîç�žɂu� Dog A kѼ˟̬ɓ

���}ƾƋ��, лĬ˛ƤWakeŖȹ¥ç´æºÜ��Ѽ˟ʦџk 10.0s£Лh}}��

ˎŌ�ǐʌw�ƾƋk�� }.  

� Table 5.1.1 �щƋ̳�, 15 ōџ�ip�лĬ˛Ƥ Wake Ŗȹ¥ç´æºÜ���ˎŌƧ

ʐ�ņ, Ǩѯ�Øîç£ˎŌ�l}Ƨʐ�ŝƋ£ͦu�f�. ƋəŢмȥ�ѡĲҤѼ˟̬ɓ 
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�ŒǦҥkҙf��, ˎŌƧʐkǃŢw�}�Ͽ�ˎŌ�ŝƋkǃh�i�, ѡĲ 0.03 �

ѡĲ 0.3 £˭Ъw��щƋ̳k΍ 9.3%ěôu�f�r�kōj�.  

 

��	� WiTÿā±Ô>÷w�Ė�

� ʺ΄��, ъсȃˣ£̺f}Ãî½Чз�ʲŦɆ£ˎ϶w�}�, Dog B, Dog C-1, Dog 

C-2, Dog C-3 £̺f}ϷĦǨҗ�˒ϣ, ɺˊÓéÄ³ç�ϻΑ, {�Ζ˃��f�е��

fn.  

 

 
 
 
 
 
 
 
 
 
 

 ?=�������лĬ˛Ƥ Wake Ŗȹ�āķǨҗ̶ǂ�

-78B;�������лĬ˛Ƥ Wake Ŗȹ�ǨҗΖ˃ (Ƌϰ 15 ō� 30 Ƨ)�
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��	��� ÷w�Ė>Íõ�

� ϡʐ�§È£̺f�§Èƍǅ�ъс˛Ė£Ĉ̞͍�Ġ�, ъсȃˣ£̺f}Ãî½Чз

ÓéÄ³ç�ʲŦɆ�ϷĦǨҗ£ϗ��}. ʺǨҗ��, 4 ŭ�§ÈҤDog B, Dog C-1, Dog 

C-2, Dog C-3ҥ� 5 Ǝ�ǨҗŻŢγҤ4 Ĉk§È�ʎˢ, 1 Ĉ�ŧ̀ʄȱҥ£̺f� Fig.5.3.1

�ͦw 60 mS40 m �ҕФƾ��, ƊǨҗŻŢγk§È£о �Ο�̝Π£π̼�ŧlƧ

�ʖ˺�Ǩҗ£ϗ���f�. ǨҗŻŢγ�§È£о �π̼�ŧlƧ�, Č�§È£о

 }ŻŢγ�ъсu}ƾƋ��, ъсu}§È�Ǝś, ъсʦŘ, ъсƾɞ£ϳњu}ȶ, 

§Èƍǅ�Ͼ͝�{ �ĘgϗŧkΓ¢�}˨ѭ�Ň�π̼�ŧlƧ�ŧĠ£ 20ōџΩ�

дu}. �}, ъсʦ�αɆϗŧ£ˠ͢�ōˁw�}�, Dog B �ʎˢ£ϗ�gŻŢγ��

œ�ŧ̀ʄȱ£ϗ�gŻŢγkčl̈f, Dog B �ŧ̀ʄȱ£ 20 ōџϗ��}. 5.3.2 ďѤ

�Ѐʠw�ƊÓéÄ³ç£Ǩϝu}˛Ƥ£ϝ͚u, Ƌϰ 3 Ƨ�Ǩҗ£ϗ��}. 5.2 �е�

}āķǨҗ��˭Ъ£ϗ�g}�, Dog B � 1 Ƨ�Ǩҗ�Č�§È��ъсƧʐ£ϰ 30 Ƨ

�Ǧ�}. Dog C-1, Dog C-2, Dog C-3 ��f��ъсƧʐ£Ǧ��f�n, ƊÓéÄ³ç

�Ǩҗˬ�Č�§È��ъсƧʐ�ƋϰĲ�͆��.  

� ʺǨҗ��, §Èƍǅ�ъсʦ�αɆϗŧ�Ƽ�f}Ãî½зƁĬkϗ�¢ �r�£

ɏǦu�f�ҤFig.5.3.2ҥ. Ãî½�зƁĬ�ɟ҂�, Z��§È�π̼�ʎˢt �f�

̬ɓ�e�, [�§Èƍǅkъсu�˝�ϗŧ�}��Ѽ˟̬ɓ�ŀ�. ˝�, \�iĄf

kǘƥ�г�n;�ŧĠk̸v�Ă�, ]лĬ˛Ƥ Wake Ŗȹ¥ç´æºÜ���лĬ˛

Ƥk Wake t �. {�ȶ, ^�� 4.2 �е�}ъсȃˣ�Ƽ�nÃî½ЧзÓéÄ³ç�

�� Preamble ÑèîÜ�зƁĬkϗ�¢ , _ΓĀȶ�лĬ˛Ƥ�Ň� Sleep t �ċΔ

����.  

� ʺǨҗ�ϷĦǵЎ�ďô���. 

   

! ϡʐ�§È£̺f}, ъсʦ�лĬ˛Ƥ Wake Ŗȹ¥ç´æºÜ�ϷĦ 

 

! ƊÓéÄ³ç�� Preamble ÑèîÜ�зƁĬ̳͢�ϷĦҤÃî½Чз�}��ҥ 

 

! ƊÓéÄ³ç��лĬʦџ�Ƽ�ně̅ВѹŠɆ�ϷĦ 

 

� ʺǨҗ��, 5.2 �āķǨҗ�ƍ˔� 20Hz �µëÓæë±џѮ� 3 ШŢмȥ»ëµîj

�ƋəŢмȥÃî½£ƀȸu, ďô�˔ȩ� micro SD �īǚ£ϗ��}. XYZ kƋəŢм

ȥ£ͦu�f�.  
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2013/12/24 15:2:28 224 ,XG=-1.82 ,YG=-1.77 ,ZG=-0.87 ,XYZ=2.68 

 

224�20Hzˬ�ƀȸu}µëÓæë±èîÄ�ƋϰĲ£ͦu�i�, ˝�Ĳ�274���.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 ?=�������ϡʐ�§È£̺f}Ǩҗ̶ǂ�

�

 
�

 ?=�������§Èƍǅ�ъсʦ�αɆϗŧ�Ƽ�f}Ãî½зƁĬ�˒ϣ�
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 ˝� Preamble ÑèîÜ��f�е��fn . ďô�¾Òç°¬îÂ¦·ãëņ�

Preamble ÑèîÜҤ10byteҥk, ƊÓéÄ³ç���§È-§Èџ�зƁĬt �Ãî½�

��.  

 
Data = “SBBBBBBBBL” 

 
r�ģ��, Dog B kзĬw�ÑèîÜ�ņǮ£ͦu�f�. Dog C-1Ҥ�un� C-2, C-3ҥ

kĽ���Ãî½£ƁĬu}ƾƋ, ďô�˔ȩ�ƁĬÃî½�u� micro SD �īǚt 

�.  

 

GET, Success, 2013/12/24 15:25:10, Ent = 1, Data= SBBBBBBBBL 
 

½§Ü¹½ëÓ�, Dog C-1Ҥ�un� C-2, C-3ҥ�æ¥ç½§Ü°éÀ°j�ƀȸu}ʦ

Ř���. Ent �Ãî½ƁĬƧʐ£ϛu�i�, ó�Ãî½ƁĬȶ�� Ent = 2 ���, з

Ĭʦ� Carrier Sense � Preamble �Ƨʐkǈūw�. r�̝��f��, 5.3.2 ďѤ�Óé

Ä³çˬ�ϻunе��fn.  

� Dog B � Preamble ÑèîÜ�зĬu}é±�u�, ďô�Ãî½£ micro SD �īǚw

�. 

 

SEND, 2013/12/24 15:25:10, SBBBBBBBBL 
 

ďó, ǨҗŻŢγ�ϳњ, е��l}Ãî½, ʄȱŧ̀£˭Ъu�, ŧ̩�αɆϗŧ���

ŧ̩џлĬkϗ�¢ }j�Œœ£ϗ�g. 

� CSMA/CA £̺f}ÓéÄ³ç� 2 ��ɺˊÓéÄ³ç��˭Ъ�}��, CSMA/CA £

̺f}ÓéÄ³ç�� Arduino ÓåÀÄÑ«îÜkɺĤu�f� XBee å§Òåæ[39]£

Ģ̺u�Ǩϝ£ϗ���f�. XBee �лĬϦˉ�e� ZigBee �̟Π»ëµÉÀÄêî°

£ɏǦu�˓ət �i�, ̪Ƚ�u� Fig.5.3.3 �ͦw�g�¹½îƷ�ÝÀ·áƷ, Á

æîƷ���1ǵǌ�Ƽ�f}лĬϴϰ����f�. ŅĞ͍��, ZigBee�ÉÀÄêî°

˓ə£w�}��³îÃ¦Éî½î�Ɨ� �ÊîÅkȿxï�ȿϣ���[40][41]. çî

½�ªëÅÊîÅ�, ÉÀÄêî°�ÄÙé¸î�Ƌ¢y�Δ�Ƌ¢ykƄξ�e�, Ƭ

��g�˔a�Δ�Ƌ¢ykβh� �. ³îÃ¦Éî½î�çî½�Ãî½зƁĬ˛ξ

£ɬ�, ªëÅÊîÅ�Ãî½зĬ˛ξ��ɬ��f�ïʖ�˛Ƥ� Sleep Ŗȹk¬Ó·

ãë���Ƅξ���. �}, API ÞîÅ�� CSMA/CA £̺f�r�kƄξ�e�. 4.2.4
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�ɭʂu}bѰ ÊîÅƟ҈c��g�, ϡʐ�ÊîÅke�ÊîÅ�Ãî½зĬ£ϗ�� 

}ƾƋ��, WiFi ��̺f� �f� CSMA/CA ʖȩ���Ãî½зĬś�Ĭƈˎ͝£ϗ

f, ¹çîÓÀÄkěôu�f�g�Ãî½зĬџѮ�Ђʑ£ϗ���f�. CSMA/CA ʖ

ȩ� ZigBee �˖̑�Ǩϝt �i�, XBee � API ÞîÅ�ƍå§Òåæ£Ģ̺w�Ă�

Ŕ̺Ƅξ���. rr�� CSMA/CA £̺f}ÓéÄ³ç��f�е��l}k,   

Fig.5.3.3 �� 1 ǵǌƷ£ɏǦu}ƾƋ, ǧĽ�³îÃ¦Éî½î;�ʰΓ͍�ƁĬĵÊî 

Å�¥Åè¹�ɭǦw�ȿϣke�k, ʺ͠͵�Úç¿×ÀÓЧзʖȩ��џ˜лĬj�, 

��ÊîÅ�ъсu��ÊîÅkʰΓ͍��o�ƼƴǾ�ŕхw�jōj��f}�, ˖

̑�̺ɐt �f� 1ǵǌƷ�лĬ�ϴϰ�щt�f�Ϯh�. { �h�, ɺˊÓéÄ³

ç�� AT ÞîÅ�Ɨ� � 1 ǵ 1 лĬ�щu}ʖ˺�̭π�лĬÓéÄ³ç£ў͌u}. 

5.3.2, 5.3.3, 5.3.4 �ƊǨҗ�� Dog B £³îÃ¦Éî½î, Dog C-1, C-2, C-3 £çî½�

u�ϴǦu�f�. 

�

��	��� ������� EÞ/7ÏÖ]gXLf�

� ʺ΄��, ɺˊɟ˺��˭Ъ�̺f} CSMA/CA £Ŕ̺u}˖̑ÓéÄ³ç�ϴϰ��

f�е��fn.  

� CSMA/CAʖȩ���Ãî½Ϛͷ£Ƨюu}лĬkƄξ�e�k, Ƽʺϴϰk1ǵǌ�л

 
 ?=�������̟Π»ëµÉÀÄêî°�ϥ� � 1 ǵǌÊîÅ�лĬ [41] 



 42 

Ĭ�e�}�зĬĽ£Ăś�˶��inȿϣke�r��, Ãî½�ƁĬĵ�зĬĵ£Ă 

ś�˶��inȿϣke�. ŧ̩џ�Úç¿×ÀÓЧзʖȩ�Ђ˅ɟ˺�˲�� �ɡϘ 

ϣĒ�, Ɗŧ̩ĮĞkÃî½зƁĬ�øʖ�˛ξ£ɬ�r��e�, �}зĬĽkĂś�

˶ǦŌʽ�f}�Ƽʺ͍�ÒéîÅ¯ß¹Ä���Ãî½зĬ���r�j�, ƍʖȩ�

Ƌ¢y}ʺÓéÄ³ç�Ǩϝ�щt�f�βh� �. uju, CSMA/CA �̟Π»ëµÉ

ÀÄêî°�ïφ͍�̺f� �f�ɟ˺�e�r�j�ϷĦƼ̑�u�ɵ̺u}.   

� ʺǨҗ��ʺÓéÄ³ç£̺f�, Dog B £ƁĬĵÊîÅ�u, Dog C-1, C-2, C-3 £зĬ

ĵÊîÅ�u�f�ҤFig.5.3.4ҥ. Dog B�Dog C-1, C-2, C-3�џ��лĬƄξ�e�k, ċ

˔ó Dog C-1, C-2, C-3 �џ��лĬk�l�fϴϰ����f�. Ɗ§È�ϝ͚u�f�

лĬ˛ƤҤXBeeҥ�Ǩҗù� 20 ōџ�ț�¬ë����i�, лĬ΅ƫņ�e �Ãî½

зƁĬkϗ�¢ �. �}, Ãî½зĬś�ƁĬĵ�ŧ̩ĮĞ�зĬĵ�ŧ̩ĮĞ�зĬ

ϣ˲�дͿkϗ�¢ �. 5.3.2 � 5.3.3 �е��fnɺˊÓéÄ³ç��, Ł��ŧ̩ĮĞ

kÃî½зƁĬ˛ξ£ɬ�, ÒéîÅ¯ß¹ÄлĬ£ϗ���f���зĬ͔ɟ�Ѡ¢�

xлĬkƄξ�e�. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ?=������ CSMA/CA £Ŕ̺u}˖̑ÓéÄ³ç�ÉÀÄêî°ÄÙé¸î 
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��	�	� ąĄ¹=�92 �*" '!&" ā�z]gXLf�

� лĬ˛ƤWakeȶ�Ãî½зƁĬ�ɺˊɟ˺�e�, ъсʐ�Ƽ�nPreambleзƁĬÓ

éÄ³ç��f�е��fn. 5.3.3 � 5.3.4 ��, Preamble ÑèîÜ�ƁĬƧʐ�Č�ŧ

̩ĮĞ��ъс£ˎ͝u�Ãî½Чз£хəu}Ƨʐ�ïςw���, 5.3.1 �е�}�g

� Encounter (Ent)�Ǧΰu�{�ʐ£ϳњw�. �}, CSMA/CA £̺f}ÓéÄ³ç�

� XBee � API ÞîÅ£Ŕ̺u�f}��ǵu�, ɺˊw� 2 ��ÓéÄ³ç�� AT Þî

Å£Ŕ̺w�. AT ÞîÅ�� CSMA/CA ʖȩ�βɕt �fk, ÒéîÅ¯ß¹ÄлĬ�

��зĬ͔ɟ£э��f 1 ǵ 1 лĬkƄξ�e�ҤFig.5.3.5ҥ. 

� ʺÓéÄ³ç�, Ãî½зƁĬ˛ξ�øʖ�Ȳŝ�, Preamble ÑèîÜ�ƁĬƧʐ�ɂ

v� Preamble�зƁĬƧʐ£ǈūty�ɟ˺£̺f�f�. Fig.5.3.6��ŧ̩ A�ŧ̩ B

kъсu, ъсʐ�Ƽ�n Preamble зƁĬÓéÄ³ç��� Preamble �зƁĬ£ϗ��

�f�Ƭ�e�. ŧ̩ B kαɆϗŧ���Ľ�лĬ˛Ƥ£ Wake ty, Arduino �ѹ̐k¬

ë����j�r ��� Preamble ÑèîÜ�ƁĬʐ�ɂv�, Preamble �зƁĬƧʐ

£Ǧ��f�. Fig.5.3.6 �Ƭ��ŧ̩ B �ʘ� 3 Ƨ� Preamble ÑèîÜ£ƁĬu�i�, 

Preamble �зƁĬƧʐ�Ƌϰ 4 Ƨϗ�¢ �ҤőʶĲ� 1 Ƨҥ. ïʖ�ŧ̩ A �, Preamble

ÑèîÜ�ƁĬƧʐ� 0 Ƨ�e�, őʶĲ� 1 Ƨ�� Preamble �зƁĬkϗ�¢ �. Ƭ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ?=�������ɺˊÓéÄ³ç�ÉÀÄêî°ÄÙé¸î�
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��, ŧ̩ B � 3 Ƨ͒� Carrier Sense ���, ŧ̩ A � Preamble ÑèîÜkˎŌt �

i�, Preamble ÑèîÜ£ƁĬu}ŧ̩ B �ƁĬƧʐ� 4 �ǈʭt �. ˝�лĬ˛Ƥ 

WakeŖȹ¥ç´æºÜ���ъсkˎ͝t }ƾƋ, ŧ̩ B � PreambleÑèîÜ�зƁ

ĬƧʐ� 5 Ƨϗ�¢ �. Preamble ÑèîÜ�зƁĬȶ�лĬ˛Ƥ£ Sleep ty�.  

� rr�,  Ta £лĬʦџ, m £ Preamble ÑèîÜ�ƁĬƧʐҤEncounterҥ, c £ Carrier 

Sense � Idle ʦџ, f £ Preamble ÑèîÜ�зĬʦџ�u}ƾƋ�ďô�ȩkə�͸�. 

 

!" = (! + 1)(! + !) 
(5.1)ȩ���, лĬ˛Ƥ Wake Ŗȹ¥ç´æºÜ���ъсkˎ͝t }ƾƋ�лĬʦџ

 
 
 
 
 
 
 
 
 
 
 
 

 ?=�������ъсʐ�Ƽ�n Preamble зƁĬÓéÄ³ç 

�

�

 
�

 ?=������ ъсʐ�Ƽ�n Preamble ƁĬÓéÄ³ç 

(5.1)  
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k˶Ǧt �.  

 

��	�
� ąĄ¹=�92 �*" '!&" �z]gXLf�

� лĬ˛ƤWakeȶ�Ãî½зƁĬ�ɺˊɟ˺�e�, ъсʐ�Ƽ�nPreambleƁĬÓé

Ä³ç��f�е��fn.  

� ʺÓéÄ³ç�, Ãî½зƁĬ˛ξ�øʖ�Ȳŝ�, Preamble ÑèîÜ�ƁĬƧʐ�ɂ

v�Ãî½зƁĬś�Preamble�ƁĬƧʐ£ǈūty�ɟ˺£̺f�f�. ʘ�е�}ъ

сʐ�Ƽ�nPreambleзƁĬÓéÄ³ç�˭Ъu}ƾƋ�̪Ƚ�u�, Ãî½зĬś�Ɓ 

ĬƧʐ~p£ǈūty�Ă�ŁĞ�лĬʦџ£Ś̊u�f�. �}, ʺÓéÄ³ç���

Preamble ÑèîÜ�ƁĬƧʐkǌfŧ̩ĮĞ�� Preamble ÑèîÜ£ƁĬw�̳͢kҙ

n, 4.2.3 �е�}ùΚÊîÅ�і�čp£ϗ���f�. 

� Fig.5.3.7 ��ŧ̩ A �ŧ̩ B kъсu, ъсʐ�Ƽ�n Preamble ƁĬÓéÄ³ç��

� Preamble �зƁĬ£ϗ���f�Ƭ�e�. ŧ̩ B kαɆϗŧ���Ľ�лĬ˛Ƥ£

Wake ty, Arduino �ѹ̐k¬ë����j�r ��� Preamble ÑèîÜ�ƁĬʐ�

ɂv�, Preamble �ƁĬƧʐ£Ǧ��f�. Fig.5.3.7 �Ƭ��ŧ̩ B �ʘ� 3 Ƨ�

Preamble ÑèîÜ£ƁĬu�i�, Preamble �ƁĬƧʐ�Ƌϰ 4 Ƨϗ�¢ �ҤőʶĲ�

1 Ƨҥ. ïʖ�ŧ̩ A �, Preamble ÑèîÜ�ƁĬƧʐ� 0 Ƨ�e�, őʶĲ� 1 Ƨ��

Preamble �зƁĬkϗ�¢ �. Ƭ��, ŧ̩ B � 4 Ƨ͒� Carrier Sense ���, ŧ̩

A � Preamble ÑèîÜkˎŌt �i�, Preamble ÑèîÜ£ƁĬu}ŧ̩ B �ƁĬƧ

ʐ� 4 �ǈʭt �. ˝�лĬ˛Ƥ Wake Ŗȹ¥ç´æºÜ���ъсkˎ͝t }ƾƋ, 

ŧ̩ B � Preamble ÑèîÜ�ƁĬƧʐ� 5 Ƨϗ�¢ �. Preamble ÑèîÜ�зƁĬȶ

�лĬ˛Ƥ£ Sleep ty�. 

� rr�,  Tb £лĬʦџ, m £ Preamble ÑèîÜ�ƁĬƧʐҤEncounterҥ, c £ Carrier 

Sense � Idle ʦџ, f £ Preamble ÑèîÜ�зĬʦџ�u}ƾƋ�ďô�ȩkə�͸�. 

 

!" = (! + 1)! + ! 
(5.2)ȩ���, лĬ˛Ƥ Wake Ŗȹ¥ç´æºÜ���ъсkˎ͝t }ƾƋ�лĬʦџ

k˶Ǧt �.  

 

��	��� WiTÿā>÷w�

� CSMA/CA £Ŕ̺u}˖̑ÓéÄ³ç�ɺˊÓéÄ³ç�˭ЪϷĦ�}��, лĬʦџ

�ϷĦƼ̑�u� CSMA/CA £Ŕ̺u}˖̑ÓéÄ³ç� Dog C-1, C-2, C-3 �лĬʦџ�

Ȟƶ£ƀ�}Ĳ� Dog B �лĬʦџ£Мu}Ĳ£Ŕ̺u�f�. �}ɺˊÓéÄ³ç��,  

(5.2)  
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лĬ˛Ƥ Wake Ŗȹ¥ç´æºÜ�ip�Ѽ˟ʦџ�ѡĲ£ 1.0s< t < 10.0s, Ѽ˟YŧĠŒ

Ǧ�ƋəŢмȥ�ѡĲ!! = 0.2�ĐǦu�ϷĦ£ϗ���f�. лĬʦџ�Ѡu� c = 220 

ms, f = 1,000ms �u�Ǧ�, ʺǨҗ��Ĉ̞͍�ъс˛Ė£Ġ�Ăj�ǨҗņǮ�щu}

ďô�лĬʦџ�ʰǍĲ£Ǧ��in. 

 

!" = !"! ≤ 25,000!" 
ɺˊÓéÄ³ç�� Preamble ÑèîÜ�ƁĬƧʐ�ɂv�, Preamble ÑèîÜ�зƁĬ

�}�ƁĬƧʐkǃŢw�. лĬƄξ΅ƫk 10 m d100 m �ǵu�ʺǨҗ̶ǂ� 60 mS

40 m �̮f}�, iĄfkъсu�f�fƾƋ��Ãî½зƁĬ�ƄξɆke�, ɏǦ£

Лh�лĬʦџkќn��ƄξɆkβh� �. (5.3)�ʰǍĲ£ϴǦw�Ă�, ʺǨҗ̶ǂ

�Ƌ¢y�̟ғ�лĬʦџ£ɣŖw�͍͒ke�. 

� rr�, ŇȥʺǨҗ�ϷĦǵЎ£ďô�ϳw. 

   

! ϡʐ�§È£̺f}, ъсʦ�лĬ˛Ƥ Wake Ŗȹ¥ç´æºÜ�ϷĦ 

 

-78B;�������лĬ˛Ƥ 07A; Ŗȹ¥ç´æºÜ���ˎŌəš�ŝƋ�

�

�

�

�

�

�

�

�

-78B;�������§Èƍǅ�ъсʦ� Preamble ÑèîÜ�зƁĬ�əš̳�

(5.3)  

T0
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! ƊÓéÄ³ç�� Preamble ÑèîÜ�зƁĬ̳͢�ϷĦ 

 

! ƊÓéÄ³ç��лĬʦџ�Ƽ�ně̅ВѹŠɆ�ϷĦ 

 

� �x, ϡʐ�§È£̺f}ъсʦ�лĬ˛Ƥ Wake Ŗȹ¥ç´æºÜ�ϷĦ��f�е

��fn. Table.5.3.1 �Ň̴̳�u� Dog B � Dog C-1, Dog C-2, Dog C-3 �ъсʦ, л

Ĭ˛Ƥ Wake Ŗȹ¥ç´æºÜ���ˎŌəš�ŝƋ£ͦu�i�, 5.2 �ǨҗΖ˃�ïѓ

£Ƽ̑�u�ϳЫu}. ϛj�ōj��g�, §Èƍǅ�ъсʦ��΍ 70%ďó�əš̳

£ͦu�i�, ҙfŇ̴Ɇke��Ϯh�[21]. 

� ˝�, ƊÓéÄ³ç�� Preamble ÑèîÜ�зƁĬ̳͢�ϷĦ£ϗ�g. Table.5.3.2 �

�, Dog B � Dog C-1, Dog C-2, Dog C-3 �ъсʦ�ip�ƊÓéÄ³ç��� Preamble

ÑèîÜ�зƁĬ�əš̳£ͦu�f�. Standard � CSMA/CA £̺f}˖̑ÓéÄ³ç, 

PreSR-P �ъсʐ�Ƽ�n Preamble зƁĬÓéÄ³ç , PreR-P �ъсʐ�Ƽ�n

Preamble ƁĬÓéÄ³ç£ͦu�f�. Standard �if��, Dog C-1, Dog C-2, Dog C-3 

�
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��зĬĵÊîÅ���ƁĬĵÊîÅ�e� Dog B ���Ζ˃���}�µëÓçʐkČ

�ÓéÄ³ç�˭��Ǽ�n, ϷĦʖ˺�u�щŎ��f�βh� �}�ϳЫu�f�

f. Table 5.3.2 �ϛ��, Dog BdDog C-3 �{ |  23.5%j� 66.7%�зƁĬ̳͢�Į

Ğˬ����lke�r�kōj�. Dog C-3 ��, øʖ�ɺˊÓéÄ³ç� 64.8%, 66.7%

�, Ň̴Ɇke��Ϯh�ͱ�ҙfəš̳£ͦu�f�.  

� ˝�, ƊÓéÄ³ç��лĬʦџ�Ƽ�ně̅ВѹŠɆ�ϷĦ£е��fn. Fig 5.3.8�

�, ƊÓéÄ³ç��лĬʦџ�Ζ˃�ǵu� CSMA/CA £̺f}˖̑ÓéÄ³ç�лĬ

�

�

�

�
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ʦџҤ0.239 hҥ£ 100.0%�u}±åÑ���˭Ъu�f�. �x Dog C-2 �Ζ˃£ϥ��, 

ɺˊÓéÄ³ç���лĬʦџ£΍ 86.9%ďóŚ̊Ōʽ�f�Ăkōj�, ҙfě̅Вѹ

ŠɆ£Ǩ̴Ōʽ�f��Ϯh�. ïʖ�, ÓéÄ³çˬ�Ζ˃£ϥ��, ъсʐ�Ƽ�n

Preamble зƁĬÓéÄ³çҤPreSR-Pҥ�� DogC-1 � 108.9%, Dog C-3 � 111.5%�

CSMA/CA £̺f}˖̑ÓéÄ³çҤStandardҥ�˭��лĬʦџkǃŢu�f�. ъс

ʐ�Ƽ�n Preamble ƁĬÓéÄ³çҤPreR-Pҥ��, Ɗ§ÈĮĞ�лĬʦџk΍ 13.1%

d91.1%�e�, §ÈĮĞˬ�Ǎl�ȓkǚƳw�kŁĞ�u�лĬʦџ�Ś̊�əšu

�f�Ăkōj�.  

� ʰȶ�, е��l}ÓéÄ³çˬ�лĬʦџ�˭Ъj�, 20 ōџ�ip�Ǩѯ�̅Вѹ

Š�Ѡu� Table.5.3.3 �ϛ�ϳu}Ɗ˛Ƥ�ċ˔j�΂Ōu}. Table.5.3.3 �ϛ��, 

Radio Idle � XBee �лțʦ�̅ВѹŠ, Radio TX � XBee �Ãî½зĬʦ�̅ВѹŠ, 

Radio RX � XBee �Ãî½ƁĬʦ�̅ВѹŠ, æ¥ç½§Ü°éÀ°�̅ВѹŠ, 3 ШŢм

ȥ»ëµî�̅ВѹŠ£ͦu�f�. r�ϛj�ōj�g�, лĬ˛Ƥ�e� XBee �зƁ

Ĭʦ�ѹŠ̅Вј� 3 Ţмȥ»ëµîҤADXL335ҥ�΍ 114 į�e�, ̅ВѹŠ�ȓkǍ

lf. Fig 5.3.3 ��, ÓéÄ³çˬ�̅ВѹŠј�˭Ъ£ϗ���f�. Fig 5.3.9 �лĬʦ

џ�˭Ъ�ę}�g�Ζ˃k̴ �i�, лĬʦџ�̅ВѹŠј�͔Ѡke�r�kōj

�. Dog C-2 ��, Idle ʦ�ѹŠ̅Вј�Ɠ�� �}� Fig 5.3.2 �˭��ǃŢu�f��

g�ϥh�k, ΍ 56.5%�ě̅ВѹŠɆ£Ǩ̴u�f�. �}, ъсʐ�Ƽ�n Preamble

ƁĬÓéÄ³çҤPreR-Pҥ��, CSMA/CA £̺f}˖̑ÓéÄ³çҤStandardҥ�˭�

� Dog BdDog C-3 �Ł��ŧ̩ĮĞ�ě̅ВѹŠ£Ǩ̴Ōʽ�f�Ăj�, ъсʐ�Ƽ

�n Preamble ƁĬÓéÄ³çkъсȃˣ£̺f}Ãî½Чзʖ˺�u�ʲŦɆke��

ˎ϶t }.  

� ďó�Ζ˃j�, r ��е��l}Úç¿×ÀÓЧзʖȩ���Ђ˅ɟ˺�ip�bŧ

̩џÉÀÄêî°c�Ǩ̴�}��, ŧ̩�αɆ£Ŕ̺u}̶ǂЂ˅�}��͕ѹŠÃî½

ЧзÓéÄ³ç�u�ʲŦɆke��Ϯh�.  
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ê � é�

ð��
 

���� ÷w�Ė±Ô=ċ6Cð��

� ʺ΄��, r ��е��l}Ñ¦îçÅ��ϷĦǨҗ�Ѡu�, Ǩҗ̶ǂ�Ǩҗ̫�

Ǩҗ̶ǂ�·Ææ¬�ǝα��f�, { | ŅĞ͍�βǲ£ϗ���fn. 

 

������ �ĖÜ�>ð®�

� ʺǨҗ��, ŧ̩�αɆϗŧ£ȪlŌw}��Ǩҗ̶ǂ�u�Ȁǋ£э¤�f�. r 

���ŧ̩ϗŧǝōї��, ŧ̩�ϗŧϬˁ£ϗg}���[45][46]��g�Ȁņ�̪˥̶

ǂ��Ǩҗʖ˺kïφ͍�e�}. uju, ʺǨҗ�͍͒��ˌ˂ƴƺ��̶ǂЂ˅�}

��ɟ˺�u�ŧ̩�αɆϗŧ£·¹ÂÜūw�}�, ɏǦ̶ǂ��αɆϗŧ�Ň̴Ɇk

ϣ˲t �. {�}�, āķǨҗ��Ȁǋj�ƕбkˌ˂гn�e�ƾҤFig 5.1.7ҥ£э�

r����, ɏǦt �π̶̠ǂ�гf̶ǂ£Ň̴u}. Ǩѯ, Ǩҗù�ǵЎĮĞkʝϖ£

͌ϥu�жfjp�ϗŧ�, Қ�Ҝlǆ�žɂu�ε£̘�y�ϗŧ£ϥjp�ƾѾ�ǚ

Ƴu}. ŧ̩�αɆϗŧ£ɟ˺�u�Ŕ̺w�ƾƋ, π̶̠ǂ�ϗ¢ �f�ʨ˨�αɆ

ϗŧ£ɢɼw�ȿϣke�. {�}�, ŧ̩�αɆϗŧ£ˠ͢�ϷĦw�}��Ǩҗ̶ǂ

£βɕw�Ă�іϣ�e��Ϯh�. 

 

������ �ï�Æ>�Ĕ�

� ʺǨҗ£лu�, Ǩҗ̫kǨҗ̶ǂ�ɔ , ǝαu�fn˔ǙkǨҗ£і��ˬ�ϥ�

 }. ϡʐ�§È£̺f}Ǩҗ��, Dog C-1dDog C-3 �ǻtfҁj�ƍvѓȀ�λ�,  

iĄf�҉ϥ͝��e�. ïʖ, Dog B� Dog C-1dDog C-3���őǵѾ�̬ɓ�, PreSR`

PreR, Standard �҂ͅ�ʺǨҗ£ϗ�}. 1 Ƨ͒�Ǩҗ��, ъсʦ�͸�˟���iĄf

�˔Ǚ£ϥ��, {�ȶσƖ£ͦu�г�l§È̪ʲ�αɆ�e�ƢmƋgϗŧkϥ� 

}. uju, 1 Ƨ͒�Ǩҗ�кùj�Ǩҗ̶ǂ�ɔ Ǖ�, őʶ�ҁ�ϥy}�g�ЉɛȾ

£Ę�}Ǎl�ŧĠ�̊Ǽu�f�}. 2Ƨ͒, 3Ƨ͒�ъсƧʐ£і��ˬ�{�ĸƏ�ȭ

��, Dog B k Dog C-1dDog C-3 �҉ϥ͝����}r�£Ɠ��, ъсu��σƖ£ͦ

t�f̬ɓ�̟ϧ�f�}ʠ�j�Ǩҗ̶ǂ�ɔ �f�˔ǙkϥƁp� }.  

 ďó��g�ŧ̩�Ǩҗ̶ǂ�ǝα�, Ĉџ�¹ÚîÄÑ«ë£ɬ}y}Ǩҗ��͆��, 
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ŧ̩̪ʲ�Ǩҗ�ƾƋ��βɕw�ȿϣke�. Ñ¦îçÅ��Ǩҗ��, ɺˊɟ˺�Ϸ

Ħ�}��ϴǦt }·Ææ¬ke�, {�ʲŦɆ£ͦw}��Ω�дuϗ�¢ ��k

ïφ͍�e�. Ĉџ�ƾƋ��, ·Ææ¬�Ƌ¢y}ŧl£ϗ�gĂkǮʡ�e�k, ŧ̩

�ƾƋ, ̪�ʺ͠͵��g�ŧ̩πУkɬ�αɆϗŧ£ȪlŌwĂ�r ���е��l

}̵̼j�Ǯʡ���j�}.  

� ŧ̩£̺f}Ǩҗ�ǩϪ͍�Ãî½£ƀȸw�}��, Ōʽ�~pǨҗ̶ǂ�ǝα£Ѣ

oʖ˺kȿϣ���. ģh�, ʺǨҗ��g�αɆϗŧ£Ŕ̺w��g�ƾƋ��, Ǩҗ�

џѮ£щȥ�Ͷp�, Ɗ§ÈĮĞ£Ǩҗś�ïǦʶџ�Įœ�Ѯѷu�inʖ˺��k, 

ŧ̩ƍǅ�ъсʦ�Ň̴Ɇ£ϷĦw�ʖ˺�u�βh� �. r��g�͝ϥ�ʘ�ŧ̩

ϗŧǝ͠͵ōї[46][47]���Єv� �i�, ɍƽлĬǝōї��ŧ̩£̺f}Ǩҗ£ϗ

�gƾƋ��Żβ�w�ȿϣke�~¡g.  

 

���� ĂzÐ�> � %" �©=ċ6Cð��

� ʺ΄��, r ��е��l}лĬ˛Ƥ�WakeŖȹ��ϷĦǨҗ�Ѡu�, αɆϗŧ�

Ň̴Ɇ�ƊƋəŢмȥ�ѡĲ��f�, { | ŅĞ͍�βǲ£ϗ���fn. 

 
������ �×>ï¬>�Û¬�

� 6.1.2 �е�}�g�, Ǩҗ̫�Ǩҗ̶ǂ�ǝα���, ϧϨ͍�ŒʔŌʽ�αɆϗŧk

ǈūu�f�}. uju, Ǩҗj�ȸ� }Ãî½��лĬ˛ƤWakeŖȹ¥ç´æºÜ�

��΍ 70%ďó�Ĭ҇Ɇ�ҙfŇ̴Ɇkͦt �f�. ̵̼�u�, ϧϨ͍�ŒʔŌʽ�

fΑj�αɆϗŧ£ 3 ШŢмȥ»ëµî���ƀȸu, ¥ç´æºÜ�ˎ͝u�f�r�

�ƄξɆke�. r ���ŧ̩ϗŧǝōї��ÏÃ¬ŧ̀��˭Ъk̺f� �l}

[56]ϷĦʖ˺�e�, ϧϨ͍��ɰhl �fŧl£ 3ШŢмȥ»ëµî�лĬ˛Ƥ£̺f

�Ă�, ŧ̩�αɆϗŧ�ϷĦ�}��ʕ}�Ƽ̑�u�Ŕ̺ĦĲk̸� �. 

� ŧ̩�αɆϗŧ�Ň̴Ɇ�Ѡu�, π̼�ŧp�̶ǂ�Ύ�Χq��g�ŧl�Ŗѥ£

Ţh�f�ƾƋ��αɆϗŧ�Ň̴Ɇ�ȓ͆kǚƳw�. āķǨҗ��π̼�ŧlƧ �

̶ǂ�Ǩҗ£ϗ���i�, §Èkʺʽɬ��f�αɆϗŧ�Ň̴Ɇ£ϷĦw�ɟ˺�u

�ʴ�uf. ïʖ, Ãî½Чзɟ˺�ip�Ǩҗ��, Ĉk§È£æîÅ�ŧl�Нѷ�Ŗ

ѥ£öh}̬ɓ�Ǩҗ£ϗ���f�}�, §Èkʺʽɬ�αɆϗŧ£ˠ͢�ϷĦw��

�Űō��Ϯh�f. Ǩѯ�ʺ͠͵�ip�Ñ¦îçÅϷĦ�Ǩҗ��, §Èkπ̼�ŧ

lƧ �̬ɓ�āķǨҗ�Ŗѥ£öh}̬ɓ��Ǩҗ�˭��΍ 19%ďóŇ̴̳kҙn

(Table.5.3.1), Ǩҗ̶ǂk§È�αɆϗŧ�Ň̴Ɇ�ȱҀ£öh�ƄξɆke��fh�. 
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ϡʐ�§È£̺f}Ǩҗ�ʆơ΀�u�, ģh�ÅÀ±åë£Ŕ̺u�Ǩҗ£ϗ�gĂ�, 

§Èʺʽkɬ�αɆϗŧ�ϷĦ£ϗ�gĂkƄξ����βh� �.  

 
������ ĐÒ¾Ċ<�u��=03CČ}>Ìö��

� ʺǨҗ��, Ѽ˟YŧĠŒǦ�Ѽ˟ʦџ£{ | Ăś�ϴǦu�ϗ���f�. Ѽ˟ʦ

џ�ѡĲ�, лĬ˛ƤWakeŖȹ�āķǨҗ�Ãî½Чзɟ˺�ϷĦǨҗ� 1.0s< t < 10.0s

�ϴǦu�f�. r�Ĳ�, r ���е��l}�g�Ľϗ͠͵��Űō�͝ϥk�n, 

Dog A �Č�ĮĞʦ�Ѽ˟ʦџ£ϧϨ͍�Œʔu�ϴǦ£ϗ���f�. ʺ͠͵��Ѽ˟

ʦџ�ѡĲ�Ѡu�ϷĦǨҗ£ϗ���f�fk, ĉȶʰщĲ�}��ЊЄkȿϣ���

�Ϯh�. 

� Ãî½Чзɟ˺�ϷĦǨҗ�ip�ŧĠŒǦ��, Dog A�āķǨҗ�ȸ� }ǨҗΖ˃

j�ƋəŢмȥ�ѡĲ 0.2 £ϴǦu�f�. āķǨҗ��ŧĠŒǦ�ƋəŢмȥ�ѡĲ£, 

0.3, 0.2, 0.1, 0.05, 0.03 � 5 Ͳҋ�ōp�ϷĦ£ϗ���i�, { ��Ĳj�ʰщĲ£΂

Ōu�f�. �}, Ãî½Чзɟ˺�ϷĦǨҗ��Dog A�ƀȸÃî½�ʰщĲ£Ƽ�, Į

Ğȓke� Dog B, Dog C-1, Dog C-2, Dog C-3 �ϴǦ£ϗ���f�. uju, Ǩѯ��ϝ

͚ǵЎ�ŧ̩ĮĞˬ�, Ͳ, Ǎlt, Ğі, Ɇœ���Ƽ�nāķǨҗ�ϷĦ£ϗ�gr�

�Ãî½зƁĬ�əš̳Əó�}��ʰщ�ŧĠŒǦ�ѡĲϴǦkȿϣ�e��Ϯh�.  

 

��	� WiTÿā±Ô=ċ6Cð��

� ʺ΄��, Ãî½Чзɟ˺�Ѡw�ϷĦǨҗ�Ѡu�, ÓéÄ³ç�Ɇξ�Ƽ�f}, Ã

î½ѕз̳, ̅ВѹŠ, Ğҙ��ѠĩɆ��f�е��fn. 

 
��	��� WiTr¶¬�

� 4.2.3 ��Ŧ̳͍�Ãî½тɿ£Ǩ̴w�}��ùΚÊîÅ�і�čp�˒Ƀ£е�}. 

rr��ƊÓéÄ³ç�ip�Ãî½ѕз̳�ėɿɆ��f�βǲ£ϗ�g. Fig.6.3.1, 

Fig.6.3.2 ��, ǨҗΖ˃j�ŧ̩џ��Ãî½Чз£ĐǦu�i�, ʺǨҗ�ʦŘ�Ƽ�

f}, ÓéÄ³çˬ�§È-§Èџ�Ãî½ėɿɆ£ͦu�f�. ģh�, Dog B � Dog C-1

�ъсʦ� Dog B k Dog C-1 �� Preamble ÑèîÜ£ƁĬu}ƾƋ, ŧ̩џ�͔Ą�Ã

î½Чзkϗ�¢ ��ĐǦu�f�. Ϯfɻh��, Ãî½зĬś� Dog B �īɬÃî

½”B”� Dog C-1 �īɬÃî½”C1”�̬ɓj�, ъсʦ�Ãî½ЧзǣĀȶ��{ | �

īɬÃî½k”BC1”�ʮlɻh� , ͔Ą�Ãî½kėɿu}�ϥ�u�f�. ʺǨҗ�ś

ɺ��, ŧ̩џ�Ãî½Чз�}��PreambleÑèîÜзƁĬ£ϷĦǵЎ�u�f�}�, 
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Fig.6.3.1, Fig.6.3.2 �ip�ŧ̩џ�Ãî½ėɿ�ϷĦ�Ѡu�ʲ̺Ɇke��Ϯh�.  

� ďó��, ŧ̩ĮĞџ�ip�Ãî½ЧзkŁĞ�ǣĀu}ʦŘҤƊǨҗ̫k”BC1C2C3”

�Ãî½£īɬҥ£˭Ъw�� , ùΚÊîÅ�і�čp£ϗ��}ъсʐ�Ƽ�n

Preamble ƁĬÓéÄ³çҤPreR-Pҥk, ŧ̩џ�Ŧ̳͍�Ãî½ėɿ£Ǩ̴Ōʽ�f�Ă

kōj�. ъсʐ�Ƽ�n Preamble зƁĬÓéÄ³ç��΍ 14 ō 7 ͭjj�}��ǵu

�, ъсʐ�Ƽ�n Preamble ƁĬÓéÄ³ç��΍ 5 ō 3 ͭ�e�, ΍ 9 ōҬͭ͞fĂk

ͦt �f�. ̵̼�u�, ъсʐ�Ƽ�n Preamble ƁĬÓéÄ³ç�Ǩҗ�� Dog C-2

�ъсƧʐ�˫ʐπĞkҙfr��ҤFig.5.3.2ҥ, Preable ÑèîÜ�ƁĬƧʐ��£ǃ�

wĂ�Ãî½Ƨſ̳£Əóty�Ãî½зƁĬ�əš̳£ŁĞ�ҙ��f�r�kϣƨ�

u�βh� �.   

 

�

�

�

�

�

�

�

�

�

 ?=�������ъсʐ�Ƽ�n *H;7C8B; зƁĬÓéÄ³çҤ*H;,+�*ҥ�Ãî½ėɿɆ 
 
 
 
 
 
 
 
 
 
 

 ?=�������ъсʐ�Ƽ�n *H;7C8B; ƁĬÓéÄ³çҤ*H;+�*ҥ�Ãî½ėɿɆ�
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�

�

�

�

�

�

 ?=�������̫Ͳ�ˢϗ, Иϗ�ōҋu}ʖ˺�ȸ}ƋəŢмȥÃî½�ǨҗΖ˃�4��5�

 
 ?=�������ъсʐ�Ƽ�n *H;7C8B; ƁĬÓéÄ³çҤ*H;+�*ҥ�Ãî½ėɿɆ�
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��	��� tė<Õýď�Ĉ>ċx¬�

� Ǩҗ̫�ĞҙҤFig.5.1.3ҥ�̅ВѹŠ�ѠĩɆ��f�, Ľϗ͠͵£С�h}ó�ǨҗΖ

˃��˭Ъ���ѠĩɆ£е��fn. 

� ҠȗǍǝĘĨŧ̩͠͵Ǫ[54]��, 3 ШŢмȥ»ëµî£̫Ͳ, ĮĞµ§ºkцg§È�

ϝ͚ty�, ˢϗ, Иϗ� 2 ��ŧĠōҋu}ʖ˺�, ƋəŢмȥÃî½�ǨҗΖ˃£ȸ�

f�ҤFig.6.3.3ҥ. Y Шk !"#
!"!#$ =

!
!" , X ШkĞҙҤcmҥ����f�. ǨҗΖ˃����, 

§È�Ğҙ� 3 ШŢмȥ»ëµî�µëÓæë±èîÄҤHzҥ�͔ѠѠĩkϥ� �r�

kōj��f�. ���, ĞҙkǻtfĮĞ��, ĞҙkǍlfĮĞ�˭��ŧĠ�ǻtn

��}�, µëÓæë±èîÄҤHzҥ�Ǎln��. Ğі�κ̏������ĮĞȓkǚƳ

w�k, Ğҙ�̫Ͳ, ȟҢ���ii�{�ҙt£Ǧ��Ăk�l�.  

� Fig.6.3.4 ��, Y Шk Standard £ 100%�u} PreSR-P � PreR-P �ƋϰлĬʦџ�ŝ

Ƌ, XШkʺǨҗ�̺f}§È�Ğҙ�e�. ƊÓéÄ³ç�ċ˔�͆��k, Dog C-1£ѧ

n�ʺÓéÄ³ç£̺f}лĬʦџ�Ğҙ��ii�{͔ѠѠĩke�r�j�, §È�

Ğҙ�Ƌ¢y�ƊĮĞ�̅ВѹŠјkɸǦƄξ���h�. Dog B�Dog C-1�Ğі�Ğҙ

£˭Ъw��, Fig.6.3.5 j� Dog C-1 �Ğҙ� Dog B �Ğҙ���΍ 5cm ěfk, Ğі�

΍ 2 ¯éǌf. ���, Ğҙ�̅ВѹŠј�Ѡĩ�ǵu�, ĞіkȱҀ£öh�f�ƄξɆ

ke�. ƋəŢмȥ��ȸ� �Ãî½�{�§ÈπУ�˿ŧј�e�, ŧĠ�ǵu�ȱ

Ҁ£öh�ƄξɆ�βh� �. �}, r ��е�l}k Fig.6.3.4 ��ōj��g�ŧ

̩џ�ƍvͲ��ĮĞȓkǚƳw�}�, µëÓçʐ�§Èk 4 ŭ�Ǽ�f̵̼£Ɠ�ź

ǯ�͔ѠѠĩ��f�rr��βɕu�f.  

� 5.1.1 �е��l}�g�, ƍvѩ̸Ɲþҋ�e�ę}̪Ƚ£��¥å§±Ú�ǵu��, 

¥å§±Ú�Ğҙ�Ƌ¢y�ƊĮĞ�̅ВѹŠјkɸǦƄξ���h�. 

 

��
� ÷w�Ė>ìÆ=�92�¥��

� ʺ΄��, Ñ¦îçÅ��ϷĦǨҗ�Ζ˃�Ƽ�l, §È-§ÈџлĬ�ip�, Ãî½

ėɿɆ�ĮĞȓ£βɕu}̅ВѹŠј�Ǧȩū£ϗ�g. 

 

��
��� WiTr¶¬>�¥��

� 6.3.1 �е�}, PreR-P �ip�Ãî½ėɿɆ�Ǧȩū£ϸ��. ʺǨҗ��, ǨҗўǕ

j�΍ 5 ō 3 ͭ� 4 ŭ�§È-§Èџ�Ãî½ЧзkǣĀw��΂Ōt }. rr�, §È- 

§Èџ�ŁÃî½ЧзkǣĀw����ƊǨҗ̫�ip�ъсƧʐ£, Table.6.4.1 �ͦu

�f�.  
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� ϛ��, ƊǨҗ̫�ȿϣ�u}ъсƧʐ�Ȟƶ£΂Ōw�� 8Ƨ�e�, ʺǨҗ��ȿϣ

�w�ʦџ���гę�Ѡĩ�e�. 

� ďô���, µëÓçĮĞʐ£ 4 ŭ�ϴǦu, ъсʐ�Ƽ�n Preamble ƁĬÓéÄ³ç

ҤPreR-Pҥ£Ǩϝu}ƾƋ, Ãî½ėɿ�}��ii�{�ȿϣ���ʦџ�ďô�ȩ�

��ɸǦƄξ�e�.  

 

!! = !!!! ! 
!!�§ÈĮĞџ�ȿϣ���Ãî½ėɿ�ʦџ
�!�ŁĞ�Ǩҗʦџ
�!!�Ãî½ėɿ�

}��ȿϣ�ъсŝƋ�e����

� ďô�ȩ���, !£Ǩҗ��ŁĞ�ъсƧʐҤʺǨҗ�� 30 Ƨҥ, !′£Ɗ§ÈĮĞ�Ã�

�
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�

�

�

 ?=�������ƊǨҗ̫�ip�Ğҙ�Ğі�Ѡĩ�
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î½ėɿ�}��ȿϣ�ъсƧʐ�ȞƶĲ�ĐǦu}ƾƋ, 

 

!! = !!
!  

���.  

� Pre-R-P ��, !! = 0.266 ���r�j� !! = 5.33�΂Ōt �. Ǩѯ�Ζ˃��, 

!! = 5.05�����, Ͽȓ£Ɠ�kÃî½ėɿ�}��ȿϣ�ʦџɸǦ�гęȩ�u�ʲ

ŦɆke��Ϯh�. ̪�ˌ˂ƴƺ��̶ǂЂ˅�}��Ãî½ėɿ£ɏǦu}ƾƋ, ʱ

џ�ȟџ¹²îç��ɸǦ���r�j�, Űō�ʲŦɆke��Ϯh�. 

 

��
��� |t¡Eð®47Õýď�Ĉ>�¥��

� 6.3.2 �е�}, Ǩҗ�̺f}§È�Ğҙ�лĬʦџ�ŝƋ�͔ѠѠĩ��f�, Πȯг

ęΠ£̺f� Fig.6.4.1�ͦu�f�. r�Ƭ��, ! =!��������������͔Ѡke�r�

kōj�k, Dog C-1 �Ãî½£ƀ�ѧf}ƾƋ�, ! =!��	����	������ȭf͔Ѡke

�. Ǧȩū�}��, 6.3.2 �е�}Ğҙ�Ğі�Ѡĩj� Dog C-2 �Ãî½£ƀ�ѧf}

PreSR-P � PreR-P �Ğҙ�ѹŠ̅Вј�͔ѠѠĩҤFig.6.4.2ҥj�лĬʦџ�̅ВѹŠ

ј�Ǧȩū£ϸ��. ʺʽ�e �, PreR-P �Ãî½j�Ǧȩū£ϗ�g�l~k, µë

ÓçʐkǼ�f}�Ĭ҇Ɇ�e�ǦȩūkŌʽ�f. Ͽȓ΅ƫ�ɏǦu, rr��

PreSR-P � PreR-P �Ãî½j�Ǧȩū£ϗ�g.  

� ʺǨҗ�ƍ˔�ʼĒϴǦ�e�, ŧĠŒǦ�ƋəŢмȥ�ѡĲ£ 0.2, Ѽ˟ʦџ£ 1.0s < 

t < 10.0s �w�. ͔Ѡ�e� Fig.6.4.2 �Πȯгęȩ£̺f��, 5.3.1 �Ãî½ЧзϷĦj

� CSMA/CA £Ŕ̺u}˖̑ÓéÄ³ç�лĬʦџ�ŝƋ£̺f�, ɏǦt �лĬʦџ

�ŝƋ !! !�ǵu�ďô�Ѡĩȩkə�͸�.  

 

!! = !0.022!!− !0.6666 
���. x �ĞҙҤcmҥ�e�.  

 ���(6.3)��, ̅ВѹŠ�΂Ō�}��,!T �Ǩҗʦџ(20min), I �зƁĬʦ�ѹ̀

ҤmAҥ, I’�ȴ˛ù�ѹ̀ҤmAҥ�w��, ô�Ѡĩȩ��˲��.  

 

!"ℎ = !!(!!!! !+ !!!(1− !!)) 
� ďó�ȩ£̺f�, ͼ 7 ͹�ˌ˂ƴƺ��̶ǂЂ˅�ЊЄ£ϗ�g.�

(6.4)  

(6.3)  

(6.2)  
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ê 
 é�

ûú�
 


��� ÊÅ��=03CÜ�ùÈ>³§�

� ʺ͹��, ͼ 2 ͹��е��l}ͪȉͼïŹǙŠ͌ѹɞƕб�ʈǸξ˳˄t }ˌ˂ƴ

ƺ�ǵu�, ʺ͠͵�ɺˊɟ˺�e�ŧ̩џÚç¿×ÀÓЧзʖȩ���Ђ˅ɟ˺�Ǩҗ

Ζ˃£Ƽ�u}ȩ£ƍƴƺ�̶ǂЂ˅�ɪȬty�.  ̴Ƴȸ� �ɍƽj�, ƍƕбƴƺ

�ip�ˌ˂ƴƺ�̸ɓ΋Ђ˅�ɸǦ£ϗf, Ǩ̺ƄξɆ�}��ˎϱ�ЊЄ£ϗ�g. 


��� ÊÅ��>Ü�ùÈ=03Cªõõp>Ìö�

� rr��̑ķ�u�, ͪȉͼïŹǙŠ͌ѹɞƕб� 20~30 ¯éƯņ�ip�ʈǸξ˳˄

���͸ŀ�ͩ˟�ˌ˂ƴƺ�, ŧˍ̩�̸ɓ΋Ђ˅�}��ȿϣϣĒ£ʆ��ʑ̵w�. 

ƕбƴƺ�ȿϣɍƽ, ɡϘϣĒ, ¥å§±Ú�̸ɓϗŧ� 3 ��ōҋ£ϗf,  

� �x, ƍƴƺ�̸ɓ΋Ђ˅�ɸǦ£ϗ�g�e}�, ƕбƴƺ�ɍƽ�u�ȿϣ���

ϣĒ�ďô���.  

 

! Ђ˅kȿϣ�ˌ˂Ѿʹ 

! лĬƄξYõƄƴƺ�Ђ˅ 

  

� �x, ˌ˂ƴƺ�ip�Ђ˅�}��ȿϣѾʹ�, ͪȉ͖а˂˰̹ѓk͌ϗw�Ȟə 22

ȟͪȉ͖ˌ˂Y˂ːΘϰʮ[57]�ɍƽ��ˮʲ˂£ѧf}86,646ha=866.46!!!�ĐǦu}. 

 ?=��������ͪȉͼïŹǙŠ͌ѹɞƕб�юѸɭͦŮƺ�˒ɃƬ��
�ȚǟƪѸŮƺ
�ǿĜ

ͯĜŖѥŮƺ
�юѸɭͦϬѧ̑ķŮƺ£ǵЎ�u�f���ͪȉ͖ˌ˂Y˂ːΘϰʮ4��5��
�

ͣƹ�ˌ˂΃̵ά��
�f¢lȖ`Ŵ͔ҒȖ`͔ҒȖ
�ŽϑђҤȢї̿`ˏϑ̿`ǰȆ̿`

ȍņʻ`Ǎ̢̿`Žϑ̿`ϒǽʻ`̃˴̿ҥ
�͔ҒђҤʕƴ̿`Ҏτʻҥ£΃̵u�i�
�ʺ

͠͵�ǵЎ�u�f�ƴƺk��Νέt �f���{�Ѿʹ�
�ˌ˂Ѿʹ�Ʈʲ˂їk

��
���>7
�łʲ˂ї;ǥłн˂ƴ�Ѿʹ� ���>7 �ͦt �i�ʲŦ�ʐĲ�Ϯh���Ǩѯ

�ˌ˂Ѿʹ�
�ǵЎǋ�Ȗ̿ʻҤf¢lȖ��ҥkƓ� �}�ˌ˂Ѿʹ�̮nϥʹ�� 

�k
�ʺ͠͵�͍͒��ŧ̩џÚç¿×ÀÓЧзʖȩ���Ђ˅ɟ˺�ϷĦ��� 
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}�źǯ�ѾʹɸǦ�ϗ�¢�f��ďó��
�ʺ͠͵�� 86,646ha �ˌ˂Ѿʹ£Ђ˅ǵЎ

�w�. 

� Ãî½Ƨſ�}���o�ƼƴǾҤFig.2.3.5ҥ�ϴΫ�}��, лĬƄξYõƄƴƺ�Ђ

˅£ϗ�gȿϣke�. �o�ƼƴǾ�µîÌ£ϴΫu�il, {�µîÌj�§ë½î

ÉÀÄΕ̼�Ãî½ſѴ£ϗ�g}��e�. ѹ̐ĤΗ�Ɵ҈�βɕw�ȿϣke�k, 

͌ѹ˛�ǍƷÌÀÂæî, ¼îåîѹ˵��Ďʯɟ˨kǚƳu, { �£ϴΫw�r��

Ϭ˶Ƅξ�e�}�rr��ɠ¢�f. лĬƄξYõƄƴƺ�Ђ˅£ϗ�gʖ˺�u�, ʁ

șѹϺƊͨ�Öî¸��лĬƄξªæ¥�͢ϾkƄξ���4��54��54��5. ģh� , 

Fig.7.2.1 � 2014 ȟ 1 ʱʦ̝�ͪȉͼïŹǙŠ͌ѹɞƕб�µîÏ¹ǵɂªæ¥£Ȫ̺u

�f�. ҡǀ�ҤʾʙʺǍѺ̜���µîÏ¹ùʔªæ¥ҥ�ğ�ǀ� �f�f΁ɞďǋ

� 3G ƧΠ�e� FOMA kŔ̺Ƅξ�e�. �}, NTT Å³Þ��, 2011 ȟ 4 ʱ 15 ʙʦ̝

�ͪȉͼïŹǙŠ͌ѹɞ 30 ¯éƯņ� 68 ƼƴǾ�g� 51 ǾkȺʚu�f�[61]. r �

�ɍƽj�, ͸ŀ�ͩ˟�ˌ˂ƴƺ�ǂ́гn�ǵu�лĬƄξªæ¥£Ȯ����r�

�, �o�ƼƴǾkϴΫƄξ�e�.  

� ˝�, ɺˊɟ˺�ˌ˂ƴƺ�щ̺�ǵu�, ȿϣ���¥å§±Ú�ɍƽ£ʑ̵w�. 

 

! ȟџ�ъсƧʐ 

! 1 ʙ�ϗŧÍ½îë 

! ¥å§±Ú�Ҕŧʶџ 

 

� ȟџ�ъсƧʐ�, 4.2.2 �е�}�g�ȟ 1 Ƨďó�ъсƧʐkɏǦt �. Ǩѯ, Ñ¦

îçÅǨҗ��ъсƧʐ£Єv}Ľϗ͠͵��f}�, ʺ͠͵�ĉȶ�āķǨҗ�u�Ϭ

ʠw�ȿϣke�.   

� 1ʙ�ϗŧÍ½îë�, �������������
��	�ϗŧƯ4��5�� �
�Ǌ

Řj�˿ŧ£ўǕu˿ŧјkǃh�
��ʦďѤ�ʙù�˿ŧј�Ǽ�fr�kɭʂt �f

�Ҥ ?=������ҥ��r�Ζ˃j�
�� ʦj� �� ʦ���ʙù�ʶџҤ� ʦџҥ£͙̬͛ɓ�

u
�� ʦj� � ʦ���ʶџҤ�� ʦџҥ£˿ŧ̬ɓ�u�ĐǦu�f������
�ŵ̭ϗ

ŧʦ�̶ǂѿ�»ë·ë±�˿ŧʦџ���ϗ�¢ ��gϴǦw����

� ¥å§±Ú�Ҕŧʶџ�ǶƘ�ȒƇt ���¥å§±Ú�
�΍ � ȟ�ə̱���ǶƘ�

΍ �� ȟ�Ϯ¢ �f�4��5
�ʺ͠͵��
�ʀЫÃÌ§¹�Ǯј�}��ə̱�¥å§±Ú

£ǵЎŧ̩�u�эǦu
�ȞƶǶƘ���Ҕŧ£βɕw��΍ �d� ȟ�ҔŧkƄξ��

����

� ˝�, ̶ǂЂ˅�}��βɕw�lɡϘϣĒ�ďô���.  
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! »ë·ë±Ãî½�īǚǮј 

! ʀЫÌÀÂæîǮј 

! ъсʦ�Ãî½Чзʦџ 

 

� ͼ 2 ͹�е�}�g�, ˌ˂ƴƺ�̶ǂѿ£»ë·ë±Ãî½�u�ƀȸw�r�£ɏ

Ǧu�f�. ѿÃî½£ƀȸw�}��, Ƞ�jƲΤʖ˺ke�k AAC ³îÃ¦À°�ѿ

Ãî½£īǚw�r�ɏǦw�. CD �ѿЕ� 1 ō�ʬ£њѿu}ƾƋ, ΍ 10MB �Ãî½

µ§º���k, ƴóÃ¸½çʈз� iPod ;�Ŕ̺t �f� AAC ³îÃ¦À°£̺f

�r�� 0.05MB/1min �īǚkƄξ���. ���, ȟџ� 26,280MB �Ãî½µ§º�

��r�kāɏt �. ïʖ, micro SD ­îÅ�ʘ� microSDXC �� 128GB �ÝÞæǮ

ј�͌Ǉkt �i�, Ϧˉó�� 2Tbyte ��ɺĤƄξ�e���Ãî½�īǚǮј�Ɵ

҈��f.  

� ʀЫÌÀÂæî��, ¥å§±Ú�Ğі�ʰǍ 10kg ͱȥ�e�, ʀЫŌʽ�ÃÌ§¹�

µ§º� 500g �ϦǦt �. ʺǨҗ�̺f}ÌÀÂæî£Ɠ�ÃÌ§¹іј� 250g �e

�, ˦�� 250g £ÌÀÂæîʀЫ�ŝ�Ȯ��r�kƄξ�e�. ̴Ƴ, Č�Ƿѝōї�

�ǻƷū�ɬΛŠ�ҙfѹ˵�͠͵ў͌kϗ�¢ �i�, ʺ͠͵�ɺˊɟ˺�e�ě̅

ВѹŠɆ£Ƌ¢y�Ŕ̺w�r��, ȟŵĚ��ÌÀÂæîҔŧ£Ǩ̴ty}f.  

� ¥å§±Úƍǅ�ъсʦ�, ʺ͠͵�ɺˊɟ˺£̺f�Ãî½Чз£ϗ�g. {�ѯ�, 

ʰǍÃî½Чзʦџ£��n�f͢īŌʽ�jkɘɃt �. ʺǨҗ��лĬϦˉ�u�

Zigbee £̺f�i�, Ãî½Чз̳�ʰǍ 250kbit/s �e�r�j� byte �ǈɻw�� 1

ōџ�ʰǍ 1.875MByte ���.  

� ʺ͠͵�ɺˊɟ˺��, ŧ̩џлĬ�}��ъсʦ�αɆϗŧ£Ŕ̺u�f���, ͼ 2

͹�Ľϗ͠͵�е�}Φ˧˿ŧ�ip�¬¹YÝ¹�ъсʦ��ʲ̺Ɇ�ҙf. Φ˧˿ŧ�

if�, ѨύҘ�ќt�Ćǽ�ʦџ�͔ѠѠĩke��t �i�, §È��� 10 ōd1

ʦџ�t �f�[62]. ¥å§±Ú�Ȯ���}ƾƋ, 1 ʦџ�ĐǦw�� 112.5MB/h �Ã

î½ЧзkƄξ���. �}, Zigbee �лĬŲȳ�ʰǍ 100m �e�, ъсȶ�Ãî½Чз

�ϗ�gr�kƄξ�e�r�j�Ãî½Чзʦџ�Ȩ�wr�kŌʽ�. �}, Φ˧ʶ

џ� 1d3 ʱ� 90 ʙџ�e�r��, ïǏǌǔŖ�, ¬¹YÝ¹�ŵ̭ϗŧ�̸˿£u, ͌

ɍʶ��Ö¥kȯət �[6]r�kϬʠt �f�. ���, Φ˧ʶџ�΍ 90 ʙџÖ¥�

ϗŧ£���u}ƾƋ, 1 ʦџȮ}� 12.16MB/h �Ãî½ЧзkƄξ�e���, ʰǍÃî

½ЧзǮј� 112.5MB/h ņ�ſ���f�r�j�, Ãî½Чз�Ǩ̴ƄξɆkҙf. ʺ

͠͵�ɺˊɟ˺���, Φ˧˿ŧʶ�ъс, {�ʶџďǋ�ъсҤΣȬ�ȏƧʦ��ҥ�ø
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ʖ�Ãî½Чз£Ǩ̴u�fnr�kіϣ�e��Ϯh�.  

� ďó�, ˌ˂ƴƺ�ip�, ƕбƴƺ�ȿϣɍƽ, ɡϘϣĒ, ¥å§±Ú�̸ɓϗŧ� 3

��̑ķϣĒ£ϗ��}. ˝΄��, ʺ͠͵�ǨҗΖ˃£̺f}»ë·ë±Ãî½�ėɿ

ʦџ�ɸǦ�̅ВѹŠј�ɸǦ£ϗ���fn.  


�	� ShOhJWiT>r¶¾Ċ>´��

� ͪȉͼïŹǙŠ͌ѹɞƕб� 20~30 ¯éƯņ�ip�ˌ˂ƴƺ�ʺɺˊɟ˺£щ̺u}

ƾƋ�»ë·ë±Ãî½ƀȸʦџ�ɸǦ£е��fn.  

� ¥å§±Ú�ʰǍϗŧƯ�, ˌ˂ƴƺ�ƮņÃî½�� 2048ha/ʱ�Ϯ¢ �f�[18]. 

���, ȟџ�ʰǍ 24,576ha/ȟ�ͯŧkβh� �. ¥å§±Ú� 1 ȟ�ϗŧƯ£ïȏw

��ĐǦu}ƾƋ, ȟџ�ʰǍϗŧƯ�Ãî½�ͪȉͼïŹǙŠ͌ѹɞƕб�ˌ˂Ѿʹ£

̺f�ȿϣ�¥å§±Ú�҅ʐ£΂Ōw��ďô���. 

!",!"!
!",!"# = 3.525 ≤ 4 

� ���, 4҅�¥å§±Ú���, ɏǦu�f�ˌ˂ƴƺ 86,646ha£ 1ȟџ�»ë·ë±

w�r�kƄξ�e�. ďô��, 4 ҅�¥å§±Ú�˛Ƥϝ͚ty, Ɗ¥å§±Úkīɬ

w�»ë·ë±Ãî½��f�, Ł��¥å§±Ú�ėɿkǣĀw�ʦџ�ɸǦ£ϗ�g. 

� ˛Ƥ£ϝ͚ty}¥å§±Ú£Φ˧ʶџΓĀȶ� 4 ʱ�ˌ˂ƴƺ�ѷu, Ɗ¥å§±Ú

�Ɗ¥å§±Ú�ȟџ�Ƌϰ 30 Ƨъсw��ĐǦu}. ɺˊɟ˺�ÓéÄ³ç£̺f�, 

!£ 365ʙ�u�, ʺǨҗ�ƍvµëÓçʐ�e�r�j� !!£ 0.266�w��, (6.1)��,  

 
!! = !!!! = 97.09 ≤ 98 

���, ΍ 98 ʙџ� 4 ҅�¥å§±Úџ�Ãî½ėɿkǣĀw�r�kɸǦt �. r�

Ĳ��f�, 7.5 �ɒ˄ÞÃç�ˎϱ£ϗ���fn. 

 


�
� ÊÅ��;>Õýď�Ĉ>´��

� 7.3 �ʼĒ�˷��, ˌ˂ƴƺ��ѹŠ̅Вј�ɸǦ£ϗ�g. 

6.4.2 �е�}ĮĞȓ£βɕu}̅ВѹŠј�Ǧȩū��(6.3)�ȩ£̺f�k, ƊǨҗ̫�

¥å§±Ú�Ğҙ�ȓkǍlf}� Fig.6.4.1 �гęȩ£̺f�.  

 

!! = 0.0213x!− !0.5094 
7.3 ��, 5.1.1 �е�}¥å§±Ú�̪Ƚ��Ɗ¥å§±Ú�Ğҙ£ 30cm �ĐǦw��,  

(7.1)  

(7.2)  

(7.3)  



 64 

 

!! =!0.1296 
���(6.4)��, лĬʦџ�ip�̅ВѹŠ�˒΂�}��, V £ 3.3 V, I �зƁĬʦ�ѹ

̀ҤmAҥ�u� 40mA, I’�ȴ˛ù�ѹ̀ҤmAҥ�u� 15mA �w��, (6.4)��ô�Ѡ

ĩȩ��˲��. 

 

!!ℎ = 19.8!!" 
(7.5)ȩ�ʺǨҗ�ƍ˔�, æ¥ç½§Ü°éÀ°� 3 ШŢмȥ»ëµî�̅ВѹŠ£Ƌ¢

y�� 22.65mW ���. ���, CSMA/CA ˖̑ÓéÄ³ç£Ģ̺u}ƾƋ���, ΍

58.5%�ě̅ВѹŠ�ŧĠkƄξ���. 

 �}, 1 ʙ�̅ВѹŠј�˭Ъu}ƾƋ, 7.2 �е�}�g�¥å§±Ú� 1 ʙ΍ 6 ʦџ�

͙͛ʦџkǚƳw�. r £βɕ�ŀ �, ɺˊɟ˺�ÓéÄ³ç�ȴ˛ʦџ£ 6 ʦџ/ʙ

�ĐǦw��, CSMA/CA ˖̑ÓéÄ³ç�˭��΍ 52.4%/ʙ�ě̅ВѹŠkǨ̴Ƅξ�

ɸǦŌʽ�.  

 


��� �×|tĊ>­ÇëþØ�bWf�

� ̴Ƴ, ŧ̩џ�ÎÄ-ŧ̩џ�ė˄͉�¨¦ç¹ɒ˄���ėɿ�, ·Ûáèî·ãë�

���ā̍�t �f�k, Ǩ̍Ĳ�Ƽ�l��ĮĞj���ĮĞ��f�}ŅĞ͍�ɒ

˄ΕР£̪Ǧw�ɟ˨��~͠͵k�t �f�f. ŧ̩џ, ŧ̩-ÎÄџ�f�}Ͳ£Л

h}ɒ˄ΕР�̪Ǧ�}��, ʺ͠͵�� Fig.7.5.1 �ŧ̩�Ͳ£Лh}лĬÞÃçҤɒ˄

ΕР̪ǦÞÃçҥ�ϴϰ£ɏǦu�i�, ʺ͠͵���ƍͲџ�лĬɟ˨�u�͢͸�l}. �

�}, ʺɺˊɟ˺��ъсʦ�ŧ̩kɬ�αɆϗŧ£Ŕ̺u�i�, ƍͲџ~p��n¥

å§±Ú-·­, ·­-Қ���џ��ƍ˔�αɆϗŧk̸͌w�r�kϥ� �r�j�, 

ŧ̩�Ͳ£Лh}ŧ̩џлĬkƄξ�ɸǦt �.  

� ʺ͹� 7.3 ��, ΍ 98 ʙџ� 4 ҅�¥å§±Úџ�Ãî½ėɿkǣĀw��е�}. ̴

Ǩ�ŧ̩џ�ėɿģ�u�, 2010 ȟ�ǫȋ͖�̸͌u}ƂТ͇�̀ϗkɯq� �. 2010

ȟʤj�ǉ�jp�, ǫȋ͖Ŵѓ£ùȾ�ƂТ͇k̀ϗu}[62]. 2010 ȟ 4 ʱҁ�̸͌u}

ƂТ͇�, 2010 ȟ 7 ʱ 4 ʙ�Γɉ͢Ͼ���ɒ˄u}�}�ɒ˄ƄξɆ�e�̨, Ѝ, ˰̨

�΍ 28 ñ 8 ű҅£˩ŋōu}. ͖ņ�ҏλ҅ʐ�ņ, ˩ŋōt }̨�΍ 22%, Ѝ�΍

24%����, ͞ʶџ�e�}k¨¦ç¹�ėɿ���ϜǬ�ǍlnɪǍu}. ƂТ͇¨

¦ç¹�ǭ̓�ė˄͉�ù��ʰ�ė˄Š�ȭf͈͉��e�, ɒ˄u�fїҚ`̫`̯`

ÉºÛ, {u�ÎÄk¨¦ç¹£т�b¯ßæ¥c���ɇ ke�}�, ̸͌ƴƺ��ͯ 

(7.4)  

(7.5)  
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ŧ�Ŗѥ£Ɓp�. ȷ��ъсʦ�ip�, ̨-̨, Ѝ-Ѝ~p��n, ̨-ÎÄ, Ѝ-̫џ��, 

ŧ̩�Ͳ£Лh}¨¦ç¹ė˄k͒�ϥh�f�r¡�̸͌u�f�. {u�, {�ėɿ

Ɇ� 7.3 �ɸǦt }ƍͲџ~p��ėɿ¹ÐîÅ£шj�ŊҖu, ��ƍvʶџ� 3 ìʱ

ͱȥ�΍ 28 ñ 8 ű҅�ż¤�f�. ���, ̴Ǩ͍�ɒ˄ΕР�̪Ǧ�}��� Fig.7.5.1

�ͦt �, Ͳ£Лh}ŧ̩џлĬÞÃçkȿϣ�t �f�.  

� ʺ͠͵�ʘ�е��l}�g�, ŧ̩џлĬkƄξ�e�}�u��Ğі�ǵw�ʀЫ

ÃÌ§¹Ǯј�Ŗѥke�}�, Fig.7.5.1�ќНѷ�ҌϗkƄξ�Қҋ�ĞіkЩn, ÌÀ

ÂæîŖѥ���ѹ˵�ǶƘkƪѸ�ɡϘϣĒ���. Fig.7.5.1 ��қ��g�ȚȐʺξ

£ɬ�Қҋ£Ŕ̺u, Қҋk¥å§±Ú, ·­£Ε̼u�ſѴu}Ãî½�Ƨſ£ϗ�g

r�£ɏǦu�f�. қ�ƃnj�лĬɟ˨�ï�Ҥėʮқҥ�u�, �}ͼï˝÷́Ǎɜ

ʦù��Ц̺қ�u�Ŕ̺t }ǨΥke�r�[64]j�, ėʮқ�u�ϲ΢w�r��

��Ãî½ƧſƄξɆkҙ���Ϯh�. ėʮқ�ɍƽлĬōї�ňЃ˓ɏ~�Ʉ¢ �

f}[65]k, 2009 ȟ 9 ʱ 9 ʙ�Ŵ¥Ñæ­� IT Ĕː��kėʮқ���Ãî½ėз£ϗ�

�}Ζ˃,80km Ľ� 4GB �Ãî½Чз£ϗ��}Ζ˃, §ë½îÉÀÄΕ̼�лĬ� 4%

ͱȥ�Чзʦџ�Ãî½Чз£Ǩ̴u�f�[66]. 

� Ǩ̺Ɇ£ҙ��}���, ѹŠ̅Вј�ǌfлĬʦџ�Ś̊kіϣ�Ё҈���. ȷ�

�, ʺ͠͵�ɺˊɟ˺£̺f�r����ŧ̩џлĬ£Ǩ̴ty��ѹŠ̅Вј£ɣh�

r��, Ͳ£Лh}ŧ̩џлĬ�Ǩ̴ƄξɆkҙ��. r ��õƄξ�e�}ĮĞџ�

ɒ˄ΕР�̪Ǧ���, Ŧ̳͍�ė˄Ɇ�ҙfė˄͉�¨¦ç¹ɒ˄�āѢYǵ΀kƄξ�

���Ϯh�~¡g.  

�  

� �  

  

 

�

 

 

 

 

 

 

 ?=�������ŧ̩�Ͳ£Лh}ŧ̩џлĬ�§Ýî¸Ƭ�
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ê � é�

ìú�
�

�  

� ʺ͹��, ʺ͠͵���ȸ� }ə˃£Ξɫu, ĉȶ�Ё҈��f�е��. 

� ͼ 2 ͹�ϭ }�g�, ˌ˂̶ǂ�ip�̶ǂЂ˅�ȿϣɆ£е��l}. ̪� 2011 ȟ

3 ʱ 11 ʙ�̸͌u}ͪȉͼïŹǙŠ͌ѹɞ�ʈǸξ̔ Ăʊ���, Ĉa��͓ɷ͍�ȱ

Ҁ����xˌ˂̶ǂ�ip�̸ɓ΋�ȱҀЂ˅k˲�� �f�. uju, ʘǚ�̶ǂ

Ђ˅�ɟ˺��Źř͍�Ђ˅ƛ�͸ŀ�kȿϣ���, ȢƺЂ˅�}��Ĉʐ�ЏϏ, Ĉ

�͸ŀ����̸ɓ΋��ȱҀ, ʲǬҚ̱��ъс�ŸѪɆke�Ђ˅ЏϏkҙj�}. 

�}, ͪȉͼïŹǙŠ͌ѹɞƕб 20~30 ¯éƯņ�юѸɭͦŮƺ��Ђ˅ƛ�͸ŀ�πĞ

kƪѸ�e�}�, ˌ˂̶ǂ�ip�̸ɓ΋�ȱҀЂ˅�пȁu�f�j�}.  

� {r�ʺЄʒ��, DTN ɡϘ£Ŕ̺u}ŧ̩џ�Úç¿×ÀÓЧзʖȩ���Ђ˅ɟ˺

�͚͒u, Ǩ̴�}��ɡϘ͍�Ё҈�ʑ̵, Ϭ˶�}��ɺˊɟ˺, ɺˊɟ˺£̺f}Ϸ

ĦǨҗ�βǲ£ͦu}.  

� ʘǚ�Ђ˅ɟ˺�Ё҈�e�}bŧ̩ĮĞџ�Ãî½тɿɟ˺c�ǵu�
�Ǩ̴�}�

�bлĬ˛Ƥ� 07A; Ŗȹc�bÃî½зƁĬ˛ξc� � ��ɟ˺�ɺˊ�ϷĦ£ϗ��}
�

ŧ̩ĮĞџ�ъсʦ�ip�̪Ƚј£ � ШŢмȥ»ëµî�ƋəŢмȥ�u�ƀȸu
�ѡ

Ĳ���лĬ˛Ƥ�07A;Ŗȹ£ϗ�gĂ�
�΍ ���ďó�Ň̴̳�лĬ˛Ƥ�07A;Ŗȹ£

Ǩ̴ty}��ïʖ
�bÃî½зƁĬ˛ξc��ˌ˂̶ǂ��Ǩϝ£ɏǦu
�лĬ˛Ƥ� 07A;

�½§Ûë±£βɕu}ѽƍʶ���Ãî½зƁĬ�
�ʰǍϗŧƺ�ɂv}ùΚÊîÅ�

і�čp�ў͌£ϗ��}��Ğі
�̫Ͳ�͆�� � ŭ�§È£̺f}ǨҗΖ˃��
�ъс

ʦ��Ãî½Чз̳�΍ �����d΍ ������e�
�ĮĞ����Ãî½Чз̳����lk

ǍlfĂj�
�лĬ˛Ƥ 07A; �ѡĲ£ĮĞ����щŎ�ϴǦw�ȿϣɆke�r�k¢

j�}���}
�̅ВѹŠ�u�Ǎl�ŝƋ£ŷ��Ãî½Чз�лĬʦџ��
�ĮĞȓ�

e����ʰǍ ������лĬʦџ£Ś̊kŌʽ�Ăkōj�
�ҙf͕ѹŠɆ£ͦwr�k

�l}��лĬʦџ�ĮĞ�Ğҙ�ѠĩɆkϥ� �Ăj�
ĮĞ�Ğҙ����лĬ˛Ƥ

07A; �ѡĲҤƋəŢмȥҥ£щŎ�ϴǦw�Ă�
�лĬʦџҤлĬʦџҥ£ɸǦ�l�Ƅ

ξɆke�r�k¢j�}��

� ďó�ɺˊɟ˺�ǨҗΖ˃j�
�DTN ɡϘ£Ŕ̺u}ŧ̩џ�Úç¿×ÀÓЧзʖȩ�

��Ђ˅ɟ˺�ǵu�, ŧ̩ƍǅ�ɷϭʦ(w цfʦ)�Ŧ̳͍�Ãî½Чз£ͦu}Ă�
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��, ƍɟ˺�Ǩ̴ƄξɆ£ҙ�}. ĉȶ�Ё҈�u�, Ãî½Чз̳�Əó�Ǩѯ�ˌ˂

̶ǂū��̅ВѹŠ�΂Ōkȿϣ����βh� �. Ĭ҇Ɇ�e�Ãî½Чз̳�Ƽ̑

�u�, Ň̴Ɇk΍ 70%ďóȿϣ���. лĬ΅ƫ£Лh}Ȣfƾɞj�ˌ˂̶ǂ�гf

̶ǂ��ŇǨҗ, ĮĞ�Ğҙ�Ƌ¢y}лĬ˛Ƥ 07A; �ѡĲҤƋəŢмȥҥ�ϷĦǨҗ
�§

È�µëÓçʐ£ǃ�u}ϷĦǨҗ���
���Ήȥ�ҙfϷĦkȸ� �~¡g� 

� ͪȉͼïŹǙŠ͌ѹɞ�ʈǸξ̔ Ăʊ�ȱҀ�, ʐŰȟŵĚ�ќʶ͍�Ɵ҈�u�÷

́j�ɰh� �f�. ʺЄʒ�ə˃�, ͪȉͼïŹǙŠ͌ѹɞƕб�͸ŀ �fˌ˂ƴ

ƺ�ip�̶ǂЂ˅ɟ˺�u�, ƍɟ˺�Ǩ̴ƄξɆkҙ��}Ă�̸ɓ΋�ќʶ͍�ȱ

ҀЂ˅kƄξ���ʙkг�f}r��e�.  

� гȟ�ɍƽлĬɡϘ�Ʌм�͌ȁ���, ŧ̩�̸ɓϗŧǝōї��ɍƽлĬɡϘ�͠

͵Ŕ̺k˼͒t �f�. ǩϪ͍�Ãî½�Ƽ�nŧ̩�αɆϗŧ�̸ɓϗŧ�ϬʠkƄ

ξ�����e�, ĉȶ�ōї£Пf~͔Ą͠͵YŃƍ͠͵k͌ȁu�fn~¡g. ʺЄʒ

���, ɍƽлĬǝōї�ŧ̩�̸ɓϗŧǝōї£Χo˚̋u���r�£Ҋg.  
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ЇЯ  
 

 

� ʺЄʒ�, ʾćǍǝǍǝѦ ʕ҄ƺŞəͬǝ͠͵ͬ ͨĖʒū̶ǂǝǷʇ ĭǅЁͱ�if
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