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Study on Development  of Track Condit ion  Monitor ing System  
 

Using In-service Railway Vehicles 
 

Hirotaka  Mori 
 

 

Condit ion  monitor ing of r a ilway t racks a re essen t ia l in  ensur ing the safety of ra ilways. 

In -service veh icles equ ipped with  sensors and GPS system s can  act  a s probes to detect  and 

ana lyze veh icle vibra t ion . They may a lso drama t ica lly change the cur ren t  style of ra il 

main tenance, thus con t r ibu t ing to the est ablishment  of sa fer  t ranspor t  system s. Such  t r a ins 

a re known as probe veh icles. The probe veh icle can  change the cur ren t  main tenance style to 

a  focus on  loca t ions regarded as essen t ia l main tenance a reas, u t ilizing da ta  acqu ired by 

h igh  frequency monitor ing of actua l vibra t ion  together  with  posit iona l in form at ion  obta ined 

by GPS. For  th is purpose, condit ion  monitor ing system of ra ilway t rack u sing in -service 

ra ilway veh icles has developed. Monitor ing based on  in format ion  obta ined by developed 

system m ay enable the detect ion  of t rack fau lt s a t  an  ear ly st age, thus con t r ibu t ing to the 

revita liza t ion  of loca l ra ilways by making ma in tenance tasks more efficien t .  

In  th is paper, the development  of t rack condit ion  monitor ing system  usin g in -service 

ra ilway veh icles from ca r-body vibra t ion  is descr ibed. Th is paper  a lso in t roduces our  long 

term exper ience in  J apanese ra ilway t r ack condit ion  monitor ing using in -service ra ilway 

veh icles. 

Chapter1 descr ibes problems of t rack ma in tenance and the background of th e condit ion  

monitor ing of ra ilway t racks. 

Chapter  2 descr ibes detect ion  methods of t rack fau lt s from ca r-body accelera t ion  using 

root  mean  square (RMS) va lue and wavelet  t ransform. It  is shown tha t  the RMS va lue of the 

car-body accelera t ion  and roll r a te a re usefu l for  the detect ion  of t rack fau lt s. The wavelet  

t ransform tha t  changes t ime-frequency window size au tomat ica lly is employed for  obta in ing 

deta il in format ion  of the t rack fau lt s. An  inverse an a lysis is a lso proposed to est im ate t rack 

ir regu lar ity from car-body accelera t ion . 

Chapter  3 descr ibes a  newly developed on-board sensing device for  the t rack condit ion  

monitor ing system. 

Chapter  4 descr ibes field test  resu lt s of the developed t rack condit ion  monitor ing system 

a t  differen t  ra ilway company. 

In  Chapter  5, conclusions of th is study and fu tu re works a re summar ized. 



ୈ1ষ ং

1.1 ަ௨ؔػͱͯ͠ͷమಓͱͦͷಛ

1.1.1 ঢ়ݱమಓͷࠃ

మಓɼେྔੑɼߴੑɼ҆ఆੑͳͲʹ༏ΕΔަ௨ؔػͰ͋Γɼैདྷ
͔Β্ަ௨ʹ͓͍ͯɼॏཁͳׂΛՌ͍ͨͯ͠Δɽྫ͑ɼେݍࢢ
ʹ͓͍ͯɼమಓ௨ۈ௨ֶ༌ૹΛ͡Ίओཁͳަ௨खஈͱͳΓɼࢢ
ʹͱͬͯඞཁෆՄܽͰ͋Δɽ·ͨɼۭߓͱࢢ෦Λ݁ͿΞΫηεަ௨ͱ
ͯ͠ɼమಓॏཁͳׂΛՌ͍ͨͯ͠Δɽ
ɹ૯߹తͳަ௨ମܥమಓ͚ͩͰͳ͘ɼࣗಈंɼۭߤͷަ௨͕ؔػ
૬ޓʹ࿈͠ܞɼར༻ऀʹͱͬͯΑΓ͍͍͢ަ௨Λఏ͢ڙΔ͜ͱ͕ॏ
ཁͰ͋Δ͕ɼۙͰɼమಓ༌ૹೋࢎԽૉͷഉग़͕গͳ͘ɼলΤω
ϧΪʔʹݙߩͰ͖Δަ௨ؔػͰ͋Δ͜ͱ͔ΒɼڥͷղܾʹݙߩͰ
͖Δަ௨खஈͱͯ͠ͷظ͕ߴ·͍ͬͯΔ [1]ɽ
ɹຊࠃʹ͓͚ΔమಓʢيಓؚΉʣެަڞ௨ؔػͱͯ͠ɼ௨ۈ௨ֶ
ͱ͍ͬͨਓʑͷੜ׆ͷͱͯ͠ॏཁͳׂΛՌ͓ͨͯ͠Γɼͦͷར༻ऀ
ʮమಓ༌ૹ౷ܭௐࠪʯʢਤ 1.1.1ɼࠃަ௨ল [2]ʣʹΑΔͱɼ1993
ΛϐʔΫʢ 227ԯਓʣʹݮগʹ͕͋ͬͨɼ2002ࠒΛڥͱͯ͠࠶
ͼ૿Ճʹస͡ɼ2014Ͱ 236ԯਓʢԆʣʹͷ΅Δɽ
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ਤ 1.1.1: మಓɾيಓར༻ऀͷਪҠ [2]

͔͠͠ͳ͕Βɼզ͕ࠃʹ͓͚Δమಓɼେྔ༌ૹɾ҆ఆ༌ૹͱ͍ͬͨ
ಛ͔Βɼࢢٴͼؒࢢʹ͓͍ͯओཁͳަ௨खஈͱͳ͍ͬͯΔ໘ɼ
େࢢͷԼమɼۙ߫ઢʹ͍ͭͯ༌ૹྗͷ໘͔ΒɼଞʹΘΓಘΔ༌
ૹ͕ؔػͳ͍ɽͦͷͨΊɼԆӡٳʹΑΔࣾձతͳӨڹେ͖͘ɼ2011

 3݄ 11ʹൃੜͨ͠౦ຊେࡂͷࡍʹɼटݍʹ͓͍֤ͯ࿏ઢ
͕ӡٳͱͳΓɼ 10ສਓͷؼࠔऀ͕ग़ΔͳͲࣾձͱͳ͍ͬͯΔɽ
ɹ·ͨɼํమಓऀۀࣄʢதখຽమٴͼୈࡾηΫλʔమಓʣʹ͍ͭͯɼ
͜ΕΒͷమಓऀۀࣄͷܦӦঢ়ଶඞͣ͠๕͘͠ͳ͘ɼଟ͘ͷ࿏ઢ͕
ഇ͞ࢭΕ͍ͯΔɽBRTʢbus rapid transitʣͷҠߦʹΑΓɼެަڞ௨
ΑΓަ௨ऑऀʢҠಈ੍ऀʣΛʹࢭଘଓ͞Εͨྫ͋Δͷͷɼഇ͕ؔػ
ੜΈग़͢έʔεগͳ͘ͳ͍ɽ
ɹྸߴԽ͕ʑ૿Ճ͍ͯ͠Δຊʹ͓͍ͯɼࣗՈ༻ंΛอ༗ɾӡ
స͕ࠔͳަ௨ऑऀͷׂ߹૿ޙࠓେ͢Δ͜ͱ͕༧͞ΕɼమಓΛؚΉ
.Δ͜ͱ͕ॏཁͰ͋Δ࣋͢Λҡؔػ௨ަڞެ
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1.1.2 మಓަ௨ͷಛ

మಓɼʮఆੑ࣌ʯɼʮେྔ༌ૹੑʯɼʮলΤωϧΪʔʯɼʮੑڥʯ,ʮ҆શ
ੑʯͳͲʹ༏Εͨަ௨ɾ༌ૹؔػͰ͋Γɼ͔͘ݹΒ্༌ૹʹ͓͍ͯװج
తͳ༌ૹؔػͱͯ͠ɼͦͯ͠ɼզʑͷۙͳަ௨ؔػͱͯ͠ɼॏཁͳ
ׂΛ୲͍ͬͯΔɽ·ͨɼํʹ͓͍ͯɼమಓ௨ۈɾ௨ֶɼ௨Ӄɼങ͍
ͳͲͷԊઢҬॅຽͷަ௨खஈͰ͋Δͱͱʹɼޫ؍ৼڵʹΑΔҬ
ͷൃలΛ͑ࢧɼࡁܦɾࣾձతศӹΛҬʹͨΒׂ͢୲͍ͬͯΔɽ
ɹఆٴੑ࣌ͼେྔ༌ૹੑ͕༏ΕΔཁҼͱͯ͠ɼೋͭͷंྠ͕మྠ࣠ʹ݁
߹͞Εɼઐ༻يಓΛϨʔϧͰҊ͞Εͳ͕Β͢ߦΔͱ͍ͬͨಛ͕ڍ
͛ΒΕΔɽϨʔϧͰҊ͞Ε͍ͯΔͨΊɼେͳྻंΛฤ͢Δ͜ͱ͕
Ͱ͖େྔ༌ૹ͕ՄͰ͋Δɽಛʹͷ༗໘ੵ͋ͨΓͷ༌ૹྗ͕ଞͷ
ަ௨ؔػʹൺֱͯ͠େ͖͍ɽେࢢͷԼమɼۙ߫ઢɼ༌ૹྗɾͳ
Ͳ͔ΒɼଞʹΘΓಘΔ༌ૹ͕ؔػͳ͍ͷ͕ݱঢ়Ͱ͋Δɽ·ͨɼઐ༻ي
ಓΛ༗͢ΔͨΊɼอ҆ઃඋΛඋ͢Δ͜ͱͰߴӡస͕ՄͰ͋Γɼࣗ
ಈंಓ࿏ͷौʹΑΓɼඈػߦఱީʹࠨӈ͞Ε͍͕͢ɼమಓ
ઐ༻يಓΛ͢ߦΔ͜ͱͰఆ੍࣌ӡߦͷ৴པ͕ଞͷަ௨ؔػͱൺΔ
ͱൺֱత͍ߴͱ͍ͬͨॴ͕͋Δɽ
ɹলΤωϧΪʔڥ໘ͱ͍ͬͨ؍ʹ͓͍ͯɼమಓ༏ΕͨಛΛ
༗͍ͯ͠Δ.మंྠ͕మϨʔϧͷ্Λ͢ߦΔͨΊߦ͕߅গͳ͘ɼଞ
ͷ༌ૹؔػʹൺͯΤωϧΪʔޮ͕͍ߴɽཱྀ٬༌ૹͱ՟༌ૹʹ͓͍
ͯɼ2014ͷ֤༌ૹ͔ؔػΒഉग़͞ΕΔೋࢎԽૉʢCO2ʣͷഉग़ྔ
Λ༌ૹྔʢਓΩϩɿ༌ૹͨ͠ਓʹ༌ૹͨ͠ڑΛͨ͡ͷɼτϯΩ
ϩɿ༌ૹͨ͠՟ͷॏྔʹ༌ૹͨ͠ڑΛͨ͡ͷʣͰׂΓɼ୯Ґ༌ૹ
ྔͨΓͷೋࢎԽૉͷഉग़ྔΛ͢ࢉࢼΔͱਤ 1.1.2[3]ͷΑ͏ʹͳΔɽਤ
ΑΓɼమಓଞͷ༌ૹؔػͱൺֱͯ͠ɼCO2 ͷ୯Ґ༌ૹྔͨΓͷഉग़
ྔ͕ඇৗʹগͳ͘ɼੑڥʹ༏Εͨ༌ૹؔػͰ͋Δ͜ͱ͕͔Δɽ
ɹ·ͨɼՍઢ͔ΒిؾΛ͞څڙΕΔͨΊಈྗޮͷ༏Εͨిؾӡస͕Մ
Ͱ͋ΓɼࣗಈंτϥοΫͷΑ͏ʹഉؾΨεʹΑΔେؾԚછͷͳͲެ
֎྆ंؾΊͯ༏Ε͍ͯΔɽ·ͨɼిۃͷ໘ͰڥΛট͘͜ͱ͕ͳ͘ɼ
෦͔ΒిྗΛ͞څڙΕͯɼిؾϞʔλʔʹΑΓ͍ͯ͠ߦΔͷͰɼσΟʔ
θϧं྆ʹൺͯେ෯ͳܰྔԽɼੑߴԽ͕ՄͰ͋Δɽ
ɹ҆શ໘ʹ͍ͭͯɼమಓࣗಈंΛ͡Ίͱ͢Δಓ࿏ަ௨ͱൺֱͯ͠
୯Ґ༌ૹྔͨΓͷނࣄ͕ඇৗʹ͘ɼ҆શੑ͕ަ͍ߴ௨ؔػͰ͋Δɽ
·ͨɼزଟͷݧܦނࣄઃܭɾɾอकٕज़ͷ։ൃɼٕज़ج४ӡӦن
ఆͷඋͳͲɼ҆શจԽͷৢʹΑΓɼࡏݱͷຊͷమಓੈքͰ

3



Δɽ͍ͯ͠ݱਫ४ͷ҆શੑΛ࣮͍ߴ

ਤ 1.1.2: ༌ૹྔͨΓͷೋࢎԽૉͷഉग़ྔ [3]
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1.1.3 మಓʹ͓͚Δނࣄ

మಓʹ͓͚Δނࣄଞͷަ௨Ϟʔυͱަࠩ͢Δ౿ނࣄϓϥοτϑ
ΥʔϜ্Ͱͷ͕ނࣄେ෦Ͱ͋Γɼंதͷ҆શੑࣗಈंඈػߦʹൺ
ͯɼඇৗʹ͍ߴͳͲͷॴ͕͛ڍΒΕΔɽ
ɹమಓͷӡసނࣄશମͷൃੜ݅ʹ͍ͭͯɼަ௨҆શനॻʢਤ 1.1.3ɼࠃ
ަ௨ল [4]ʣʹΑΔͱظతʹݮগʹ͋ΔͷͷɼۙͰԼ͛
Δɽ͍ͯͤݟΛΓͷ·ࢭ
ɹਤ 1.1.4ʹฏ 26ͷނࣄछྨผͷൃੜঢ়گʹ͍ͭͯࣔ͢ɽͦͷ
༁ΛΈΔͱɼ౿োɼಓ࿏োɼਓোͱ͍ͬͨଞͷϞʔυͱަΘ
Δ໘Ͱͷ͕ނࣄશମͷ 97.4ˋͱେΛΊΔͷͷɼॏେނࣄʢຊ
จʹ͓͍ͯɼࢮইऀ͕ 10໊Ҏ্ຢઢ͕྆ 10྆Ҏ্ੜͨ͡ނࣄ
Λ͍͏ʣʹ͕ܨΔՄੑ͕େ͖͍ྻंނࣄʢྻंিಥɼྻंઢɼྻं
ՐࡂʣͷதͰɼྻंઢʹ͍ͭͯؒ 15݅ͷൃੜ͕֬ೝ͞Ε͍ͯΔɽ
ɹલઅ·Ͱʹड़ͨమಓͷॴɼൃ͕ނࣄੜͨ͠߹ॴͱͳΓ
ಘΔ.ϨʔϧͰҊ͞Ε͍ͯΔͨΊʹɼӡస࢜લํʹҟৗΛࢹೝͨ͠
߹ͰࣗಈंͷΑ͏ʹϋϯυϧૢ࡞ʹΑΔճආߦಈΛͱΔ͜ͱग़དྷͳ
͍.Ճ͑ͯॴͰͨ͛ڍߦ͕߅গͳ͍͜ͱʹΑΓɼϒϨʔΩΛ͔͚Δ
͕ࣗಈंʹൺͯഒڑখ͍ͨ͞ΊʹɼϒϨʔΩͷ੍ಈ͕ࡲຎʹࡍ
͘ͳΓɼϒϨʔΩΛૢͯ͠࡞҆શʹఀࢭͰ͖ͳ͍Մੑ͕͛ڍΒΕ
Δɽ
ɹಛʹɼϨʔϧʹ੍ܽؕݶաʹΑΓమಓं͕྆Ϩʔϧ͔Βҳ
ͨ͠߹ɼ͍ߴΛอͨ࣋͠··ઢɾస෴ͱ͍ͬͨେࢸʹނࣄΔ
Մੑ͕͋Δ.࣮ࡍɼաڈʹଟ͘ͷࢮইऀΛग़͢େނࣄΛ͖ͯͯ͠ݧܦ
͍Δ.

ɹ͜ͷΑ͏ʹɼమಓॏେނࣄͷ݅ͱͯ͠ଞͷަ௨ؔػͱൺܻͯ
ҧ͍ʹখ͍͞ͱ͍͏࣮͕͋Δͷͷɼమಓ༌ૹେྔੑɾߴੑͱ͍ͬ
ͨಛੑΛͨͭ࣋ΊɼҰઢɾస෴ͱ͍ͬͨൃ͕ނࣄੜ͢Δͱେنʹ
ͳΔੑ࣭͕͋Δ͜ͱ͔Βɼখ͞ͳҟৗΛૣ͠ݟൃʹظɼରԠ͢Δ͜ͱ͕
ඇৗʹॏཁͱͳΔɽ·ͨɼେنͳނࣄͱͳΒͳ͍߹ɼҰઢ͕
ੜͨ͡ࡍҰఆؒظͷӡ͕ٳੜ͡ɼར༻ऀͷརศੑΛஶ͘͠ଛͳ͏ͳͲɼ
ࣾձతͳӨ͕ڹେ͖͍ͨΊɼ҆શੑͷ֬อ͕ٻΊΒΕ͍ͯΔɽ
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ਤ 1.1.3: ӡసނࣄͷ݅ͱࢮইऀͷਪҠ [4]

ਤ 1.1.4: گͷൃੜঢ়ނࣄछྨผͷӡసނࣄ [4]
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1.2 ಓอकي๏ͱํࠪݕಓيͷࡏݱ

1.2.1 ಓอकͷ֓ཁي

మಓͷྺ࢙ʹ͓͍ͯɼॳظͷอकۀ࡞ɼյΕͨͷΛ͢ɼਵิ࣌
मͷϝϯςφϯεํࣜͰอकߦ͕ۀ࡞ΘΕ͍ͯͨɽઢ࿏ຖา͍ͯ
ɼҟৗ͕͋Εɼͦͷमཧ͢ʹ࣌ɼҟৗ͕ͳ͍͔ΛௐΔͱಉ͠ݕ
Δͱ͍͏ͷ͕อઢۀ࡞ͷయܕతͳܗଶͰ͋ͬͨɽͦͷޙɼʮ༧อશʯͷ
ࠪ͠ݕݕઃඋΛثػతʹରͱͳΔظͰɼఆࠓੜ·Εɼ͕ํ͑ߟ
ͯҟৗͷ༗ແػͷྑ͠ѱ͠Λஅ͢Δͱಉ࣍ʹ࣌ͷݕ·Ͱҟৗͳ
ΘΕ͍ͯΔɽߦըతʹอશ͕ܭΔ͔Ͳ͏͔Λஅͯ͑͘͠
ɹيಓओʹϨʔϧɼ·͘Βɼಓচͱͦͷଐٴͼ͜ΕΒΛ͑ࢧΔ
࿏൫͔ΒͳΓɼຖͷྻंͷߦʹΑΓେ͖ͳྗΛड͚ɼ؇ΜͩΓɼյΕ
ͨΓ͢ΔɽͦͷͨΊɼيಓͷࠪݕͱอશɼं྆ͷΓ৺ͱ҆શΛ֬
อ͢ΔͨΊʹඇৗʹॏཁͰ͋Δɽ
ɹيಓࠪݕͷతɼيಓͷ࣮ଶΛత֬ʹѲ͠ɼͦͷ݁Ռʹ͍ͯͮج
ޮతͳอकΛ͍ߦɼيಓͷػΛҡ࣋҆͠ߦશΛ֬อ͢Δ͜ͱͰ͋
Δɽيಓࠪݕͷମܥɼ߲ࠪݕɼํࠪݕ๏ٴͼࠪݕपظɼమಓձࣾʹ
ΑͬͯҟͳΔɽࠪݕͷछผيಓอकࠪݕɼيಓࡐྉࠪݕɼ८ճࠪݕʹ
ྨ͞ΕΔɽيಓอकࠪݕɼྻंͷ҆ߦશͱΓ৺Λҡ࣋͢Δͨ
ΊఆظతʹيಓશൠʹΘͨΓɼอकঢ়ଶɼྻंͷಈ༳ͳͲΛνΣοΫ͢Δ
ݕΕ͍ͯΔ͕ɼͦͷ͞ࢪ࣮͕ࠪݕྻंಈ༳ࠪݕಓෆيͰ͋Γɼࠪݕ
ࠪසऀۀࣄʹΑΓ༷ʑͰ͋ΔɽيಓࡐྉࠪݕɼϨʔϧɼ·͘Βɼ
ಓচɼثذͳͲͯ͢ͷࡐྉͷଛইɼຎɼ৯ͳͲͷঢ়ଶʹ͍ͭͯ
ࠪݕΕΔɽ·ͨɼ८ճ͞ࢪһͷ८ճʹΑ࣮ͬͯͰɼओʹอकࠪݕ͏ߦ
ɼెา·ͨྻंʹΑΓ८ճ͠ɼيಓͷอकঢ়ଶٴͼྼԽͳͲɼઢ࿏
શൠʹΘͨΓɼྻंͷ҆શΛ֬ೝ͢ΔࠪݕͰ͋Δɽ
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1.2.2 ߏಓي

ಓͷҰछͰيಓͱলྗԽيҰൠతͳόϥετ࠷ͱͯ͠ɼߏಓͷي
͋Δεϥϒيಓͷߏʹ͍ͭͯҎԼʹड़Δɽ
ɹ
ʢ̍ʣόϥετيಓ
ɹόϥετيಓɼమಓʹ͓͍͔ͯ͘ݹΒ༻͍ΒΕ͍ͯΔيಓͰ͋Γɼమ
ಓશମͱͯ͠όϥετيಓ͕ͦͷଟ͘ΛΊ͍ͯΔɽਤ 1.2.1ʹࣔ͢௨
ΓɼόϥετيಓɼϨʔϧɼϨʔϧక݁ஔɼ·͘Β͗ɼόϥετಓচ
Ͱߏ͞ΕΔɽປ͔ΒͷՙॏΛޮΑͤ͘͞ࢄ࿏൫ʹ͑ΔͷͰ
ৼಈɾ૽ԻͰ͋ΓΓ৺͕Α͍ɽ·ͨɼݐઃඅ͕͍҆͜ͱ͔Βɼ
ຊ͚ͩͰͳ͘ੈքதͰ࠾༻͞Ε͍ͯΔɽ
ɹ͔͠͠ɼڧ͕͘ɼྻंͷߦʹΑΔ܁Γฦ͠ՙॏʹΑΓɼϨʔϧ
ͷΈʢيಓෆʣΛੜ͍ͨ͢͡ΊɼఆظతͳอकΛ܁Γฦ͠ͳ͕Β
ҡ࣋ཧ͢Δඞཁ͕͋Δɽيಓෆͷਖ਼ɼόϥετͷ;Δ͍͚ߋ
৽ͷۀ࡞ਓखΛཁ͢ΔͨΊɼόϥετيಓʹؔΘΔอकίετͷݮ
ۃΊͯॏཁͳ՝ͱͳ͍ͬͯΔ [5]ɽ

ਤ 1.2.1: όϥετيಓ

ɹ
ʢ̎ʣεϥϒيಓ
ɹεϥϒيಓɼ࿏൫ίϯΫϦʔτ্ʹيಓεϥϒͱݺΕΔίϯΫϦʔ
τͷ൘Λઃஔ͠ɼͦͷ্ʹϨʔϧΛෑ͘ߏΛيͭ࣋ಓͰ͋Δɽεϥ
ϒيಓɼϨʔϧɼϨʔϧక݁ஔɼيಓεϥϒɼͯΜॆɼಥىɼίϯ
ΫϦʔτ൛ʢ࿏൫ίϯΫϦʔτʣͰߏ͞ΕͯΔɽόϥετيಓఆظ
తͳอकΛલఏͱͨ͠ߏମͰ͋ΔҰํͰɼεϥϒيಓίϯΫϦʔτ
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൘ͱͯΜॆͰϨʔϧΛ࣋͢ࢧʹݻڧΔͨΊɼϨʔϧʹΈ͕ੜ͡ʹ͘
͘ɼৗతͳϝϯςφϯεΛඞཁͱ͠ͳ͍লྗԽيಓͰ͋Δ [6]ɽεϥϒ
ಓϝϯςφϯε͕গͳ͘ɼϨʔϧʹΈ͕ੜ͡ʹ͍͘͜ͱʹΑΓ҆ي
ఆͨ͠ྻंͷߴدʹߦ༩͢Δ͜ͱ͔Βɼ৽ઃ͞ΕΔ৽װઢͷ 9ׂ
ΛΊΔओཁͳيಓͱͳ͍ͬͯΔɽ
ɹ
ɹҎ্ͷΑ͏ʹɼόϥετيಓͷอकۀ࡞Λൈຊతʹܰ͢ݮΔͨΊʹε
ϥϒيಓͳͲͷলྗԽيಓ͕։ൃ͞ΕɼͦͷෑઃԆ૿Ճ͍ͯ͠Δɽ͠
͔͠ɼطʹόϥετيಓ͕ෑઃ͞Ε͍ͯΔ࿏ઢʹ͓͍ͯɼؒظͷӡٳ
Λ͏େنͳվमࣄ্࣮ࣄෆՄͰ͋Γɼશମͱͯ͠όϥετ
ಓ͕·ͩͦͷଟ͘ΛΊ͍ͯΔɽي

9



1.2.3 ಓෆي

Λͭɽ໋Δͤ͞ߦʹɾҊ͠ɼྻंΛԁ࣋ࢧಓྻंՙॏΛي
ͦͷيಓɼྻंͷ܁Γฦ͠௨աࣗવݱʹΑΓঃʑʹมঢ়Λ͖ͨ͠ɼ
ं྆ͷߦ࿏໘Ͱ͋ΔϨʔϧͷखํͷܗঢ়͕มԽͯ͘͠Δɽ͜ΕΛ
শݺಓෆͱيͱ͍͏ɽʢຊจͰ͍ڰಓيಓมҐɼيಓෆ·ͨي
͢Δʣ
ɹදతͳيಓෆͷੜɾաఔͱͯ͠ɼಓচʢόϥετʣྻं
͕௨ա͢Δ܁ʹࡍΓฦ͠ՙॏΛड͚ɼঃʑʹ઼ੑม͢ܗΔɽͦͷ݁Ռɼಓ
চ͕͑ࢧΔ·͘Β͗ɼ͞ΒʹϨʔϧʹཹมҐ͕ੜ͡Δɽͦͷଞɼ߱Ӎ
ͳͲͷࣗવݱʹΑΔيಓߏͷมঢ়ʹΑΔيಓมҐͷ
ൃੜ͋Δɽ
ɹ·ͨɼϨʔϧͷຎٴͼ઼ੑมܗʹΑΔԜತيಓෆͷҰͭͰ͋Δɽ
ɼं྆ͷಈ༳ʹΑΔΓ৺ͷѱԽ͠Λ્ߦͳಓෆྻंͷԁي
ԣѹͷ૿େͱͱʹྠॏൈ͚ݱʹΑΔઢͷੑݥةΛൃੜͤ͞ɼ·
ͨஶେྠॏٴͼԣѹʹΑΓيಓࡐྉΛྼԽͤ͞ΔͷͰɼيಓΛఆظతʹ
ͱ͜͏ߦΛۀ࡞ಓਖ਼يಓෆΛఆৗతʹѲ͠ɼඞཁͳيɼͯࠪ͠ݕ
͕ඞཁͰ͋Δɽ
ɹيಓෆʹ্Լํʹ͍ͭͯɼਫ४ෆɼฏ໘ੑෆɼࠨӈํ
ʹ͍ͭͯ௨Γෆͱؒيෆ͕͋ΔɽৄࡉΛҎԼʹࣔ͢ [7]ɽ
ɹ
ෆʢLongitudinalߴ.1 level irregularityʣ
ɹߴෆͱϨʔϧ಄໘ͷ͞ํͷԜತΛ͍͍ɼߴෆͷଌఆ
ɼҰൠతʹ 10mͷࢳͱͷਨڑʹΑͬͯද͢ɽ
ɹϨʔϧ಄໘ͷखํͷ্ԼͷԜತΛ͍͏ɽ༗ಓচيಓͰɼओʹ
ಓচόϥετͷԼʹΑͬͯͨΒ͞ΕΔɽߴෆंମ্Լಈʹͭ
ͳ͕Δͱͱʹɼྠॏมಈͷ૿ՃʹΑͬͯߴෆ͕͞Βʹ͢Δɽ
ɹ
2.௨ΓෆʢAlignment irregularityʣ
ɹ௨ΓෆͱϨʔϧଆ໘ͷ͞ํͷԜತΛ͍͍ɼͦͷଌఆҰൠత
ʹ 10mͷࢳΛϨʔϧଆ໘ʹுΓɼͦͷதԝ෦ʹ͓͚ΔϨʔϧͱࢳͱͷਫ
ฏڑʹΑͬͯද͢ɽۂઢ෦ʹ͓͍ͯۂઢܘʹΑΔਖ਼ྔΛଌఆ
͔Βࠩ͠Ҿ͘ɽ
ɹ
3.ਫ४ෆʢCross level irregularityʣ
ɹؒيͷجຊੇ๏ʢͨͱ͑يڱઢͰ 1067mmʣͨΓͷࠨӈϨʔϧͷ
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ͷࠩɽͨ͞ߴ ͩ͠ɼ৽װઢʢඪ४يʣͰंྠִؒ࣋ࢧʹ૬͢Δ1500mm

ͨΓͷࠨӈϨʔϧ͞ߴͷࠩΛਫ४ͱ͍ͯ͠ΔɽۂઢΛ͢ߦΔं྆ʹ
ԕ৺ྗ͕࡞༻͠ɼΓ৺ͷѱԽసͷ૿͕ੑݥةେ͢ΔͨΊɼۂ
ઢ෦ͰΧϯτΛઃఆ͍ͯ͠Δɽۂઢ෦ΛߧۉҟৗͰ͢ߦΔ߹
ʹɼաԕ৺ྗͷӨڹͰ֎يଆͷྠॏ͕يଆʹൺͯେ͖͘ͳΔͨΊ
ਫ४ෆ͕ੜ͍͢͡ɽ
ɹ
ෆʢGaugeؒي.4 irregularityʣ
ɹؒيͷ֦େɼॖখͳͲͷมԽΛ͍͏ɽ֦ؒيେؒيઢɼॖؒي
খԣѹͷ૿େ͔ΒΓ͕͋ΓઢʹࢸΔ͓ͦΕ͕͋Δɽۂٸઢ෦
ΔͨΊͷεϥοΫ͕ઃఆ͞Ε͍ͯΔͨ͢ʹΛԁߦ෦Ͱɼं྆ثذ
Ίɼؒي͜ΕΛྀͯ͠ߟཧ͞ΕΔɽ
ɹ
5.ฏ໘ੑෆʢTwist irregularityʣ
ɹҰఆڑؒͷਫ४ͷมԽྔͷ͜ͱͰ͋Γɼيಓͷฏ໘ʹର͢ΔͶ͡Ε
ͷঢ়ଶΛද͢ɽమಓं྆Ұൠʹंମ·ͨंʹෳͷं͕࣠ݻఆ͞
Ε͓ͯΓɼฏ໘ੑෆ͕େ͖͍ͱྠॏൈ͚͕͖ى͘͢ͳΔͨΊɼߦ
҆શੑͷ໘͔Βॏཁͳيಓෆཧ߲Ͱ͋Δɽฏ໘ੑͷج४ɼ৽
ରԠͨ͠ʹڑఆ࣠ݻઢͰंװ 2.5mɼࡏདྷઢͰೋ࣠՟ंͷݻఆ࣠ڑ
Λఆͨ͠ 5.0m͕༻͍ΒΕ͍ͯΔɽ؇ۂઢ෦ͰΧϯτมԽʹ͏
ي֎ઢ෦Ͱंલ࣠ۂଆͷ؇ޱతͳฏ໘ੑෆ͕͋Γɼಛʹग़ߏ
ଆͷྠॏݮগ͕ੜ͘͢͡ͳΔͨΊɼཧ্ҙ͕ඞཁͰ͋Δɽ
ɹ
ɹͦͷଞɼ՟ंͷڝ߹ઢΛ͢ࢭΔతͰɼ௨Γෆͱਫ४ෆΛΈ
߹Θͤͨෳ߹มҐ͕͋Δɽ͜ΕΒͷ߲͝ͱʹɼيಓඋج४্
͕Γج४͕మಓऀۀࣄʹΑΓఆΊΒΕ͍ͯΔɽيಓෆͷࠪݕΛيಓ
يଌͷ΄͔ʹɼݕήʔδͳͲʹΑΔ੩తͳखؒيுΓࢳଌͱ͍͍ɼݕ
ಓݕଌंʹΑΔಈతͳݕଌ͕ߦΘΕ͍ͯΔ [7]ɽ

ਤ 1.2.2: ෆߴ
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ਤ 1.2.3: ௨Γෆ

ਤ 1.2.4: ਫ४ෆ

ਤ 1.2.5: ෆؒي

ਤ 1.2.6: ฏ໘ੑෆ
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1.2.4 ಓෆͷଌఆي

మಓऀۀࣄɼ҆શੑɾ৴པੑɾշదੑͷ֬อɾ্ͷͨΊɼيಓෆ
ͷଌఆʢమಓऀۀࣄࠪݕଌఆɼݕଌͱݺΜͰ͍ΔʣΛఆظతʹͯͬߦ
͍Δɽ5߲͋Δيಓෆͷ͏ͪɼਫ४ෆɼؒيෆɼฏ໘ੑෆɼ
͋Δʹ͓͚ΔࠨӈϨʔϧͷ૬ରҐஔͰ͋ΔͨΊɼଌఆൺֱత༰қ
Ͱ͋ΔɽҰํɼߴෆͱ௨Γෆيಓͷ͞ํʹ࿈ଓతʹଌఆ͢
Δඞཁ͔Βɼ10mͷݭΛϨʔϧʹுΓɼͦͷݭͷதԝҐஔͰϨʔϧͱͷ
্ԼɾࠨӈΕΛଌఆ͢Δʮ10mݭਖ਼๏ʯ͕͘༻͍ΒΕ͍ͯΔ [7]ɽ
ɹ
ʢ̍ʣيಓݕଌंʹΑΔଌఆ
ɹيಓݕଌंʹ͓͚Δيಓෆͷଌఆɼ૯߹ݕଌंͷฤͷதʹΈ
ʹଌंʹΑΓ݄ݕಓيΕ͍ͯΔ·ࠐ 3ճఔͷසͰଌఆ͞Ε͍ͯΔ [8]ɽ
ଌํ๏ɼ2ंʹΑΔภ৺ݕଌंͷओྲྀͱͳ͍ͬͯΔݕಓي࢈ࠃͷࡏݱ
๏ʢਤ 1.13ʣͰ͋ΔɽӦंۀͱಉ͡ंஔͰɼंʹͨ͠ࡌϨʔ
ϧมҐݕग़ஔ͔ΒɼϨʔϧଆ໘ʹϨʔβʔϏʔϜΛরࣹ͢Δɽͦͷࣹ
ޫͷେখ͔ΒɼηϯαͱيಓͱͷڑΛԋ͠ࢉɼ3ͭͷ࣠ͷҐஔͰϨʔϧ
มҐΛݕग़͢Δɽ͜ΕʹΑͬͯภ৺๏ʹΑΔيಓෆ͕ܗಘΒΕΔɽ
ภ৺๏ͷଌఆ͔ܗΒσδλϧϑΟϧλॲཧΛ༻͍ͯɼيಓอकͷ࣮
ʹ༻͢Δ 10mݭਖ਼ʹΑΔيಓෆͳͲΛࢉग़͍ͯ͠Δ [9, 10, 11]ɽ
ɹ͜ͷํ๏ޫࣜͷඇ৮ͷηϯαͰͨ͏ߦΊɼ͜ͷஔΛ͍ͯ͠ࡌ
Δ౦ւಓɾࢁཅ৽װઢͷ৽װઢిيؾಓ૯߹ंݧࢼʢ௨শʮυΫλʔΠ
Τϩʔʯʣʢਤ 1.14ʣ࣌ߴ࠷ 270km/hɼ౦ຊཱྀ٬మಓࣜגձࣾ৽װ
ઢͷ৽װઢిؾɾيಓ૯߹ݕଌंʢ௨শʮEast.iʯʣʢਤ 1.15ʣߴ࠷
࣌ 275km/hͰߦͰ͖ΔͨΊɼӦۀઢͰͷμΠϠฤ͕Մͱͳͬͯ
͍Δɽ·ͨɼࡏདྷઢҰ෦ํమಓʹ͓͍ͯɼ৽װઢͱಉ༷ͳيಓݕ
ଌंʹΑΔيಓෆͷଌఆ͕ఆظతʹߦΘΕ͍ͯΔɽ
ɹ
ʢ̎ʣอઢһͷ८ճʹΑΔଌఆ
ɹيಓݕଌंΛอ༗͠ͳ͍మಓऀۀࣄอઢһ͕يಓΛ८͠ࢹɼओͱ
ͯ͠खଌఆखԡ͠ʹΑΓ࿈ଓతʹଌఆͰ͖ΔଌఆثػΛ༻͍ͯɼيಓ
ෆͷଌఆΛ͍ͯͬߦΔ [12]ɽيಓݕଌंͷΑ͏ͳ͍ߴίετͷ͔͔Δઃ
උΛඞཁͱ͠ͳ͍͕ɼอઢһ͕શઢΛ८ճ͠ɼيಓෆΛଌఆ͢Δʹ
େͳਓखͱؒ࣌Λཁ͢Δɽ
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5m 5m 

ਤ 1.2.7: 10mݭਖ਼๏

2.5m 17.5m 

ਤ 1.2.8: ภ৺๏
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ਤ 1.2.9: ଌंʢυΫλʔΠΤϩʔʣݕಓي

ਤ 1.2.10: ଌंʢEast.iʣݕಓي
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1.2.5 ๏ͷํࠪݕಓي

మಓΛத৺ͱͨ͠ެަڞ௨ؔػɼڥٿෛՙݮόϦΞϑϦʔ
ͷ؍͔Βޙࠓ·͢·͢ॏཁ͕૿͢ͷͱ͑ߟΒΕΔɽ͔͠͠ɼݱ
࣮ͷమಓΛސΈΕɼ৽װઢҰ෦װઢͷΑ͏ʹɼઌతઃඋಋೖͱे
ͳอશମ੍ʹΑΓ҆ఆతʹҡ࣋͞Ε͍ͯΔઢ͕۠͋ΔҰํɼઃඋͷ
Ϳ·ΕΔઢ۠ةӦίετ૿େʹଘଓ͢ΒܦԽ͕ਐΈɼอશඅͷ૿େٺ
গͳ͘ͳ͍ɽ
ɹيಓͷࠪݕʹ͍ͭͯɼނࣄΛະવʹ͙ͨΊʹɼϨʔϧ͕ഁଛʹࢸ
Δલʹɼ͖྾ͳͲͷ༧ஹΛૣ͍ஈ֊Ͱݕ͢Δ͜ͱ͕ٻΊΒΕΔ.ͦͷͨ
ΊʹɼߴසͰيಓࠪݕΛ࣮͢ࢪΔ͜ͱ͕·͍͕͠ɼࡏݱͷيಓݕ
ࠪํ๏Ͱࠔͳঢ়گͰ͋Γɼͦͷස੍͞ݶΕ͍ͯΔ.ओͳཁҼΛԼ
.ࣔ͢ʹه

ɹ
ʢ̍ʣਓखɾҡ࣋අ
ɹమಓͷيಓͷอશΛɼอकһͷखݕଌࢹʹΑΓ͏ߦ߹Ͱɼอ
कһ͕શઢΛ८ճ͢Δʹେͳؒ࣌Λཁ͢ΔɽҰํɼઐ༻ͷيಓݕଌ
ंಛผͳंݧࢼΛ༻͍Δ߹ɼؒ࣌Ͱଌఆ͕ՄͰ͋Δ͕ɼଌఆػ
Δ͢ࢪཧ͕͘͠ɼଟ͘ͷखؒඅ༻Λཁ͠ɼ࣮࣋ͷऔΓѻ͍ҡث
සඇৗʹݶΒΕΔɽ͜Εɼతͱ͢Δ৴߸Λଌఆ͢Δ͜ͱΛ
ҙਤ͢ΔͨΊɼंྠۙͳͲͷ͕ڥѱ͍ҐஔʹηϯαΛஔ͢Δͷ͕
ҰൠతͰɼ͞Βʹਫ਼ີͳଌఆͷͨΊʹੑٱΑΓਫ਼͕༏ઌ͞ΕΔͨ
Ίʹɼηϯαͷण໋͘ͳ͍߹͕ଟ͍ɽઢ҆શੑʹؔͷਂ͍ɼं
ྠɾϨʔϧؒͷঢ়ଶΛද͢ྠॏɼԣѹΛଌఆ͢Δʹɼઐ༻ͷߴՁͳྠ
࣠ϨʔϧͳͲ͕ඞཁͰɼಛผͳ߹͔͠ଌఆ͞Ε͍ͯͳ͍ɽ
ɹ
ʢ̎ʣӡߦμΠϠ
ɹࡏདྷઢͰ͘༻͞Ε͍ͯͨيಓݕଌंɼଌఆ࣌ͷߦ͕ 20ʙ
30km/hఔͱ͍ͨΊɼيಓݕଌӦۀઢӡసऴྃޙͷਂʹߦΘΕͯ
͖ͨɽۙ࠷ͰɼӦंྻۀͱಉͷͰଌఆ͕Մͳߴيಓݕଌं
ͷಋೖ͕૿͑ɼனؒ࣌ʹ͠ߦͳ͕Βݕଌۀ࡞Λ͜͏ߦͱ͕Մʹͳͬ
͕ͨɼيಓݕଌं͍ͣΕܭըతͳ͕ߦલఏͰ͋Γɼܦ࿏ؒ࣌ʹ
͍ͭͯॊೈͳରԠͰ͖ͳ͍ঢ়ଶʹ͋Δɽಛʹӡసִ࣌ͷ͍ࢢమಓ
ʹ͓͍ͯͰ͋Δɽ
ɹ
ɹҎ্ͷΑ͏ͳഎ͔ܠΒɼҰൠతͳࠪݕपظද 1.1ʹࣔͨ͠ఔͰ͋Δ
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͕ɼํమಓΛத৺ͱͨ͠يಓݕଌंΛ༗͞ͳ͍ઢ۠ʹ͓͍ͯɼ͞Β
ݕಓෆيΘΕΔߦΓɼ௨ৗ݄ʹճ͋ʹ͘ͳΔ͕ؒظपࠪݕʹ
ࠪྻंಈ༳ࠪݕʹ͍ͭͯɼʹճͱ͍ͬͨऀۀࣄগͳ͘ͳ͍.

1.2.6 ํమಓͷݱঢ়

ํమಓͱɼҰൠʹ৽װઢɼࡏདྷװઢɼࢢమಓʹ֘͢Δ࿏ઢҎ
֎ͷమಓ࿏ઢͷ͜ͱΛ͍͍ɼͦͷӡӦओମɼJRɼҰ෦ͷେखຽమɼத
খຽమٴͼࠃچమͷಛఆํަ௨ઢඋ৽װઢͷฒࡏߦདྷઢͳͲΛҾ
ηΫλʔ͕ओͰ͋Δɽࡾୈ͍ͩܧ͖
ɹํమಓɼҬॅຽͷ௨ֶɾ௨ۈͳͲͷͱͯ͠ॏཁͳׂΛ୲͏
ͱͱʹɼҬͷ׆ࡁܦಈͷج൫Ͱ͋ΓɼҠಈखஈͷ֬อɼগྸߴࢠԽ
ڥٿͷରԠɼ·ͪͮ͘Γͱ࿈ಈͨ͠Ҭࡁܦͷཱࣗɾੑ׆
Խͷ؍͔Βɼͦͷੑ׆Խ͕ٻΊΒΕ͍ͯΔॏཁͳࣾձΠϯϑϥͰ͋
Δ [13]ɽ
ɹమಓऀۀࣄͷࢧग़߲ʹ͍ͭͯɼమಓۀࣄձنܭଇʹΑΓද 1.2ͷΑ
͏ʹఆΊΒΕ͍ͯΔɽฏ 24మಓ౷ܭใΛͱʹమಓऀۀࣄͷࢧ
ग़ߏΛඅผʹࣔͨ͠ͷ͕ਤ 1.18Ͱ͋Δɽӡసඅʢं྆ͷӡసʹ
Δඅ༻ɼӡసऀਓ݅අɼಈྗඅͳͲʣɼӡ༌අʢӺඅͳͲʣʹΔඅ༻
ͷΣΠτ͕߹ܭ 4ׂΛΊΔ΄͔ɼઢ࿏ɼి࿏ɼं྆ͷ֤อଘඅ͕߹
Θͤͯ 2ׂલޙɼ·ͨݮՁঈ٫අ͕ 2ׂఔʢԼమେࢢమಓ 3ׂ
ఔʣΛΊ͍ͯΔ͜ͱ͕Θ͔Δɽ
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ද 1.2.1: మಓऀۀࣄͷඅ༻ߏ

మಓۀࣄӦۀඅ
ӡૹඅ
ઢ࿏อଘඅ ༗ݻܗఆ࢈ࢿӡૹதɼి࿏ɼं྆ʢઢ࿏อଘ༻ಛघं

྆Λআ͘ʣٴͼࣗಈվࡳஔͷӦػ༺ۀցஔΛআ
͍ͨҰͷݻఆ࢈ࢿͷҡิ࣋मʹཁ͢Δۀ࡞අɼอઢ
۠ɼӦસ۠ɼݐங۠ެؔͷۀैۀݱһʹؔΘΔ
ਓ݅අ

ి࿏อଘඅ ༗ݻܗఆ࢈ࢿӡૹࢪઃதి࿏ɼมిॴػցɼ௨৴ػցٴ
ͼి࿏อଘ༻ಛघं྆ͷҡิ࣋मʹཁ͢Δۀ࡞අɼి
ྗ۠ɼ௨৴۠ɼ৴߸۠ɼมి۠ిؔؾͷۀैۀݱ
һʹؔΘΔਓ݅අ

ं྆อଘඅ ༗ݻܗఆ࢈ࢿӡૹࢪઃதं྆ʢઢ࿏อଘ༻ಛघं྆ٴ
ͼి࿏อଘ༻ಛघं྆Λআ͘ʣͷҡิ࣋मʹཁ͢Δ࡞
ۀݱͷं྆ؔݿɼंɼं྆मཧ۠ंݕඅɼۀ
һʹؔΘΔਓ݅අۀै

ӡసඅ ྻंͷӡసʹཁ͢Δۀ࡞අɼ۠ؔػɼిं۠ɼंঠ۠
ӡసؔͷۀैۀݱһʹؔΘΔਓ݅අ

ӡ༌අ ͼं྆ٴͼ՟ͷऔΓѻ͍ͳΒͼʹྻंͷٴ٬ཱྀ
ͷೖ͑ʹཁ͢Δۀ࡞අɼఀंɼӦۀॴٴͼ৴߸
ͷۀʹै͢ࣄΔऀʹΔਓ݅අ

อकཧඅ ༗ݻܗఆ࢈ࢿӡૹࢪઃͷอकͷۀ࡞ཧʹཁ͢Δඅ༻ɼ
ຊࣾͷɼిٴؾͼं྆ؔͷैࣄһʹ͔͔Δਓ݅
අ

༌ૹཧඅ ӡసٴͼӡ༌ͷۀ࡞ཧʹཁ͢Δඅ༻ɼຊࣾͷӡసٴ
ͼӡ༌ؔͷैࣄһʹΔਓ݅අ

ͦͷଞඅ༻
Ҋએඅ ࣗઢͷཱྀ٬༠கʹؔ͢Δاըɼࠂએʹཁ͢Δ

අ༻ɼຊࣾ·ཱྀͨ٬Ҋॴͷاըɼࠂએඅʹ
Δਓ݅අ

ްੜརࢪઃඅ ॅࢪઃɼҩྍࢪઃɼڅ৯ࢪઃɼڭशॴްੜརࢪ
ઃʹΔඅ༻ɼްੜརࢪઃͷۀʹै͢ࣄΔऀ
Δਓ݅අʹһࣄͼ͜ΕΒͷཧ෦ͷैٴ

Ұൠཧඅ మಓۀࣄͷӡӦͷશൠʹؔ࿈͢Δ૯ׅతۀʹΔඅ
༻ɼһٴͼॸɼਓࣄɼձܭɼࡐࢿɼاըҰൠ
ཧ৬ͷۀʹै͢ࣄΔऀʹ͔͔Δਓ݅අ

ॾ੫
Ձঈ٫අݮ
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ํమಓͰɼమಓࢪઃͷٺԽ͕ຊ֤ͰਐΜͰ͓Γɼ্ઃඋ
ͷϝϯςφϯεʹ͔͔Δඅ༻૿Ճ͢Δʹ͋Δ.ಛʹɼ·ͨɼํమ
ಓ։ޙۀ 70Ҏ্Λܦա͍ͯ͠Δͷ͕ 7ׂҎ্ΛΊɼيಓτ
ϯωϧͷࢪઃं྆ͷܦྼԽ͕҆શ֬อ্ॏཁͳ՝ͱͳ͍ͬͯΔɽ
·ͨɼ༌ૹधཁͷ৳ͼΉํమಓͰɼϞʔλϦθʔγϣϯͷਐల
աૄԽɼྸߴԽࣾձͷಥೖʹΑΓɼమಓͷ༏Ґੑ͕ൃشͰ͖ͣɼమ
ಓͷҡ࣋ɾଘଓࣗମ͕՝ͱͳ͍ͬͯΔ࿏ઢগͳ͘ͳ͍ [14]ɽ
ɹమಓऀۀࣄɼଞͷަ௨ؔػͱҟͳΓɼΠϯϑϥઃඋʢɼઢ࿏ɼӺ
ʣΛηοτͰࣗΒ͕อ༗͢Δ͜ͱ͕௨ྫͰ͋Δͱ͍͏ಛ৭Λ͍ͯͬ࣋
Δɽํమಓʹ͓͚Δܦඅʢਤ 1.19ʣΛݟΔͱɼࢪઃอ༗ʹΔܦඅ
શମͷ 45ˋΛΊɼ͜ͷൺɼమಓ͕ऀۀࣄऔΓΜͰ͖ͨϫϯϚ
ϯԽɾແਓԽͷ߹ཧԽʹΑΓɼۙ૿Ճʹ͋Δɽ
ɹલड़ͷ௨ΓɼమಓऀۀࣄͰ༧อશͷ͑ߟͷͱɼอकһͷ८ճɼ
ʹతظಓͷঢ়ଶΛఆيΑΓɼʹߦઐ༻ͷं྆ͷࠪݕଌंͳͲͷݕಓي
Ҽݪಓͷϝϯςφϯεෆ͕يΛ༧͍ͯ͠Δɽ͔͠͠ɼނࣄɼࠪ͠ݕ
ͱਪఆ͞ΕΔమಓނࣄͷൃੜۙͰগͳ͘ͳ͍ɽӡ༌҆શҕһձͷ
ެදࢿྉ [15]ʹΑΔͱɼѱఱީʹΑΔ࠭ࡂτϥοΫ͕ਐೖ͢Δ
౿ইʹ͏ઢނࣄใ͞ࠂΕ͍ͯΔ͕ɼيಓཧঢ়ଶʹݪҼ͕͋
Δͱਪఆ͞ΕΔઢ͞ݟࢄ͕ނࣄΕɼͦͷํమಓʹ͓͍ͯಛʹ
.ஶͰ͋Δݦ

ɹͦͷͨΊɼيಓอकΛΑΓ࣮֬ʹ࣮͢ࢪΔ͜ͱ͕·ΕΔ͕ɼํమ
ಓͷऩࢧঢ়گશମͷ 7ׂ͕ӦۀࣈͰ͋Γɼࢪઃอ༗ʹΔܦඅΛ
আ͘ͱɼશମͷ 9ׂͷࣈࠇ͕ऀۀࣄʹస͡Δͱ͞Εͨௐࠪใ͞ࠂΕ
͓ͯΓɼࢪઃอ༗ʹ͔͔Δܦඅ͕ίετߏ্ͷܦӦѹഭཁҼͱͳͬͯ
͍Δ͜ͱ͕͔Δ.

ɹՃ͑ͯɼࢪઃɼं྆ͷอक໘ʹ͓͍ͯɼগͳ͍ࣾһͰӡӦ͍ͯ͠
ΔதͰɼਓ֬ࡐอͱਓࡐҭ͕ࠔͳ෬͕گΈΒΕΔɽ·ͨɼอकۀ࡞
Λ֎ʹཔΒ͟ΔΛಘͳ͍͜ͱ͔Βɼٕज़ྗͷۭಎԽʹΑΔอकཧ͕
దਖ਼ʹػ͠ͳ͘ͳΔ͓ͦΕ͕͋Δɽ͞Βʹɼཧ৬ੈ͕গਓͰ৬
Λ͍݉ͯ͠Δ͜ͱͳͲ͋Γɼٕज़ͷҡ࣋ɾܧঝΛ͜͏ߦͱ͕͠
͍ঢ়گͱͳ͖͍ͬͯͯΔɽ
ɹ͜ͷΑ͏ͳঢ়͔گΒɼਓؒͷݧܦߴͳٕज़Λඞཁͱͤͣɼ͔ͭ
ίετͰ࣮ݱՄͳيಓࠪݕͷํ๏͕ٻΊΒΕ͍ͯΔ [16]ɽ
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1.3 ಈڀݚͷࢹಓͷঢ়ଶي

1.3.1 ͷඞཁੑࢹಓͷঢ়ଶي

Ε͍ͯΔɽࠪ͠͞ݕͰظͷͱɼҰఆͷप͑ߟಓঢ়ଶɼ༧อશͷي
มԽ͍ͯ͠ΔͷͰɼຊͷ༧อ࣌ͷঢ়ଶৗܥಓيɼंྠɾࡍ࣮͔͠
શͷͨΊɼϨʔϧຎɼيಓෆɼຎࡲɼઢͳͲɼيಓঢ়
ଶंྠɾϨʔϧڥքͷঢ়ଶΛৗ࣌·ͨߴසʹ͢ࢹΔඞཁ͕͋Δɽ
ಓيͰؒ࣌ΑΓ͍ظपࠪݕϨʔϧഁஅ͕ൃੜ͍ͯ͠Δ͜ͱɼʹࡍ࣮
ঢ়ଶ͕มԽ͍ͯ͠Δ͜ͱΛ͍ࣔࠦͯ͠Δɽ·ͨɼԼమൺ୩ઢઢࣄ
ͱ͕ཁҼͷҰͭͱͨ͜͠૿ٸʹੜൃނࣄ͕ࡲɼϨʔϧͷຎނ
͞Ε͓ͯΓɼఆظతͳཧͷΈͰͳ͘ߴසͳيಓࢹͷॏཁੑ͕໌Β
͔Ͱ͋ΔɽۙͰɼଌఆσʔλʹيͮ͘جಓอશʹ͍ͭͯண͞Εͭ
ͭ͋ΔɽSchenkendorfΒ [25]ɼيಓͷঢ়ଶࢹʹ͓͍ͯҩྍʹ͓
͚ΔPHMʢPopulation Health Managementʣͷ͑ߟͷͱɼ༧͔Β༧
σʔλΛԽ͠ɼΠϯϑϥͷ࿈ଓతͳཧͷॏཁੑΛड़ͯࢹͷޙ
͍Δɽ
ɹ͜ͷΑ͏ͳʹରͯ͠ɼ͠ɼ؆ศͳํ๏ʹΑΓيಓঢ়ଶ͕ࢹՄ
ʹͳΓɼҟৗΛૣݕʹظͰ͖ΕɼదͳيಓอશΛߦͰ͖ɼΑ
Γ࣮֬ͳނࣄࢭͷ࣮ظ͕ݱͰ͖Δɽ͜ΕΛ࣮͢ݱΔҰͭͷํ๏ͱ͠
ͯɼҰൠͷӦ྆ंۀΛ༻͍ͯيಓࠪݕΛํ͏ߦ๏͕͑ߟΒΕΔɽ
ɹӦंྻۀΛيͯ͠༺׆ಓͷঢ়ଶࢹΛ͏ߦҰ൪ͷϝϦοτߴසଌ
ఆ͕ՄͱͳΔ͜ͱͰ͋ΔɽӦंྻۀΛ׆༻ͨ͜͠Ε·Ͱͷڀݚಈͱ
ͯ͠ɼيಓݕଌंͱಉҎ্ͷஅਫ਼Λҡͨ࣋͠··ɼ͍͔ʹଌఆ
සΛߴΊ͍͔ͯ͘ͱ͍ͬͨΞϓϩʔν͕த৺Ͱ͋Γɼࠤ౻ΒʹΑΔৗ
ͬࢸԽ༺࣮ʹطΛଌఆՄͳ̥̦ϞχλϦϯάंͳͲɼઢ࣌
֬ೝ͞ΕΔɽ͔͠͠ͳ͕Βɼ͜ͷΑ͏ͳΞϓϩʔνͰֵ৽తڀݚͨ
ͳίετݮʹ͕ܨΒͣɼ࠷يಓͷঢ়ଶࢹΛඞཁͱ͢Δํమಓ
ʹ͓͚ΔීٴࠔͰ͋ΔɽͦͷͨΊɼํమಓͷීٴΛ೦಄ʹஔ͘
ͷͰ͋ΕɼߴසͰࢹՄ͔ͭίετͰ͋Δ͜ͱΛલఏʹɼ͍͔
ʹஅਫ਼Λ্ͤ͞Δ͔ͱ͍ͬͨ৽ͨͳΞϓϩʔν͕ඞཁͰ͋Δͱߟ
͑Δɽ
ɹيಓͷঢ়ଶࢹख๏ʹ͍ͭͯɼίετͱܭଌසͷΛཧͨ͠
ͷΛਤ 1.3.1ʹࣔ͢ɽߴසଌఆͷͨΊʹӦंྻۀΛ׆༻͢Δ͜ͱ͕
·͘͠ɼίετΛ࣮͢ݱΔͨΊʹϝϯςφϯείετΛ౿·͑ɼଌ
ఆ͕ڥൺֱతྑͳҐஔͰͷଌఆ͕·ΕΔɽ
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ਤ 1.3.1: ଌසܭख๏ͷίετͱࠪݕಓي

1.3.2 ӦंྻۀʹΑΔঢ়ଶࢹ

Ӧंྻۀʹ͓͍ͯอकһ͕يͯʹࢹಓͷঢ়ଶࢹΛ͜͏ߦͱɼଟ
͘ͷమಓऀۀࣄͰ࣮͞ࢪΕ͍ͯΔɽ͜Εอकһͷओ؍తͳධՁͰ͋
Γɼͦͷਫ਼ख़࿅ʹେ͖͘ࠨӈ͞ΕΔɽͦ͜Ͱɼ؍٬తɾఆྔతͳ
ධՁΛͨ͏ߦΊʹɼӦ྆ंۀʹηϯαΛ༻͍ͯيಓͷঢ়ଶΛਪఆ͢Δݚ
ΘΕ͍ͯΔɽਢӬΒߦ͔͍ͭ͘ʹطɼڀ [17, 18]ɼ࣠ശ্ԼՃʹ
ϩʔύεϑΟϧλΣʔϒϨοτมΛద༻͠ɼු͖·͘Βͷ
ͷߴෆΛݕग़͍ͯ͠ΔɽWastonΒ [19, 20, 21]ɼंͷϐον
֯Ϥʔ֯Λ༻͍Δ͜ͱʹΑΓɼيಓෆͷਪఆΛՄʹͯ͠
͍Δɽ͞Βʹਫ਼ີͳيಓݕଌΛඪͱͨ͠ੑ׳ਖ਼๏يಓݕଌஔͷ։
ൃ [22, ɼδϟܭɼϨʔβʔมҐܭΘΕ͍ͯΔ.͜ͷஔɼՃߦ͕[23
ΠϩͳͲΛඋ͑ͨݕग़ϢχοτΛंʹऔΓ͚ͯيಓΛߴਫ਼ʹଌఆ
͢ΔͷͰ͋Δɽ
ɹ͍ͣΕɼंʹηϯαΛऔΓ͚Δํ๏Ͱ͋Δ͕ɼӦंྻۀΛ༻͍
ͷ໘͔ΒंͰଌఆͰ͖Δ͜ͱੑٱɼʹ͏ߦΛࢹಓͷঢ়ଶيͯ
͕·͍͠ɽ·ͨɼंͰͷଌఆʹΑΔڀݚͱͯ͠ɼਫΒ [24]ʹΑΔݚ
ఆ͢Δඞཁ͕͋ݻʹӡస੮চ໘ʹݸΔ͕ɼଌఆ͢Δηϯαྨผ͕͋ڀ
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Γɼ·ͨଌఆͷઢσʔλه༻̥̘Λଓ͢Δඞཁ͕͋ΔɽΑ
ΓߴසʹଌఆΛ࣮͢ࢪΔͨΊʹɼཱྀ٬͕ं͍ͯ͠ΔதͰଌఆ͕
ՄͰɼ͔ͭઐͷଌఆһ͕ෆࡏͰ͋ͬͯଌఆग़དྷΔ͜ͱ͕·͍͠.

ɹอकһʹΑΔࠪݕͰيಓશઢΛৄࡉʹνΣοΫ͢Δ߹ెาʹ
ΑΔ८ճͱͳΓɼߴසͷيಓࢹཁһ֬อͷͰࠔͰ͋Δɽ·ͨɼ
ͱ࣋ͳ͕Βਫ਼ີͳଌఆ͕ՄͰ͋Δ͕ɼಋೖɾҡ͠ߦଌंɼݕಓي
͍ͬͨίετʹ͕͋Γɼಛʹํమಓʹ͓͚Δߴසͷࢹ࣮࣭
తʹෆՄͰ͋Δɽͦ͜ͰɼӦंྻۀͷंͰଌఆ͕͑ߦΕɼ؆қͰɼ
ಓͷใ͕يੑٱՄʹ͋Δ͕ɼଌఆηϯαͷ͕ࢹසͳߴ͔ͭ
ଞͷϊΠζʹຒΕΔͱ͍ͬͨ՝͕͋Δɽ͔͠͠ͳ͕ΒɼंͰଌఆ
͞ΕΔঢ়ଶྔ͔ΒيಓͷใΛநग़͢Δ͜ͱ͕Ͱ͖ΕɼӦंྻۀʹΑ
Δيಓͷঢ়ଶࢹඇৗʹ༗ޮͳํ๏ͱͳΓಘΔɽ
ɹ 1.2.6અʹ͓͍ͯɼࡏݱͷيಓࠪݕͷҰ൪ͷࠪݕසͷগͳ͞
ʹ͋Δͱड़͕ͨɼيಓؒࠪݕʹ͓͍ͯӦंྻۀʹΑΔيಓͷߴසͳ
ঢ়ଶͨ͠ݱ࣮͕ࢹ߹ɼيಓࠪݕɼيಓอकܭըͷࡦఆɼيಓิमͱ
͍ͬͨҰ࿈ͷيಓอकͷྲྀΕਤ 1.3.2ͷΑ͏ʹมԽ͠ɼҎԼͷՌ͕ظ
͞ΕΔɽ

• ͜Ε·ͰԽ͕ͳ͞Εͳ͔ͬͨيಓิमޙىಈؒࠪݕͷيಓ
ঢ়ଶ͕ՄࢹԽ͞Εɼيಓิम݁ՌͷධՁيಓҟৗͷલஹΛൃݟΛ
௨ͨ҆͡શੑͷ্

• يͷઃఆແବͷແ͍ؒظࠪݕظมԽΛଊ͑ɼదͳఆܦಓͷي
ಓิमΛ௨ͯ͡ɼϝϯςφϯείετ͕͞ݮΕΔɽ
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ਤ 1.3.2: ಓอकͷྲྀΕي
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1.4 ϓϩʔϒं྆ʹΑΔ৽ͨͳيಓอकܗଶͷఏ
Ҋ

1.4.1 ࣗಈंʹ͓͚ΔϓϩʔϒΧʔ

ಓ࿏ަ௨ͷͰɼϓϩʔϒΧʔγεςϜͷ͕ڀݚਐΜͰ͍Δ [26]ɽ
ࣗಈंΛ୳ʢϓϩʔϒɿProbeʣͱΈͳͨ͠ϓϩʔϒΧʔ͔Β͞·͟·
ͳใΛऩू͢ΔγεςϜͰ͋Δɽं྆ͷσʔλΛ͡ΊɼϫΠύʔ
ͷεΠονΞϯνϩοΫϒϨʔΩγεςϜʢABSʣͳͲͷઌਐ҆શγ
εςϜɼΤΞόοάͳͲͷ֤γεςϜͷ࡞ಈঢ়گΛGPSͷҐஔใͱͱ
ʹ௨৴ϞδϡʔϧΛͯͬηϯλʔʹૹ৴͠ɼηϯλʔଆͰͦͷऩ
ूσʔλΛ͑Δ͜ͱͰ༷ʑͳใͱͯ͠ར༻͢ΔͷͰ͋ΔɽۙͰ
ɼҰൠʹීͨ͠ٴεϚʔτϗϯΛ׆༻ͨ͠ϓϩʔϒΧʔͷ࣮ݱՄੑ
ʹ͍ͭͯͷݕ౼ͳͲɼଟ͘ͷ͕ڀݚਐΊΒΕ͍ͯΔɽ
ɹ͜ͷΑ͏ʹɼଟ͘ͷαʔϏεͷظ͕༺׆͞Ε͍ͯΔϓϩʔϒΧʔ
ʹ͍ͭͯɼ͍͔ͭ͘ͷྫΛԼهʹࣔ͢ɽ

• ઃఆ͞Εͨಓ࿏۠ؒΛ͢ߦΔͷʹ͔͔ͬͨؒ࣌ߦΛηϯλʔʹ
ू͠ɼौͷ༧ଌਫ਼Λେ෯ʹߴΊΔɽ

• ଟͷंͷߦϧʔτΛྻܥ࣌ຖʹ·ͱΊɼ௨ߦෆՄͱͳ͍ͬͯΔ
ಓ࿏৽͘͠։௨ͨ͠ಓ࿏Λݕग़͠ɼ࠷৽ͷΧʔφϏϚοϓใΛ
৽͢Δิॿπʔϧͱ͢Δɽߋ

• ࣗಈंͷϫΠύʔͷಈ࡞ঢ়گΛऩू͠ɼ͖ΘΊͯਫ਼ີͳ߱Ӎใ
ϚοϓΛ࡞͢Δɽ

• ABSͷ࡞ಈঢ়͔گΒ࿏໘ౚ݁ͷใͳͲΛ৴͢Δɽ

ଞʹɼंମʹऔΓ͚ΒΕͨՃηϯα͔Βɼߦ࿏໘ͷஈࠩධ
ՁΛڀݚͨͬߦɼՃηϯαɼδϟΠϩɼGPSͳͲͷใ͔Βౙق
ͷ࿏໘ঢ়ଶΛྨ͢Δͱ͍ͬͨใࠂͳͲɼंମใ͔Β࿏໘ͷঢ়ଶΛ
ಈंʹ͓͍ͯਐΊΒΕ͍ͯΔɽ͕ࣗڀݚΔ͢ࢹ
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1.4.2 మಓʹ͓͚Δϓϩʔϒं྆

μΠϠʹैͬͯӡ͞ߦΕΔమಓͳͲͷيಓަ௨γεςϜʹ͓͍ͯɼަ
௨ྲྀใΛऩू͢ΔΑ͏ͳతͰͷϓϩʔϒෆཁͰ͋Δ͕ɼӦ྆ंۀ
ʹઃஔ͕༰қͳηϯαྨGPSΛऔΓ͚ɼࣗΒ͕ͯ͠ߦಘΒΕΔं
྆ಈ༳ͳͲͷঢ়ଶΛϦΞϧλΠϜͰݕग़ɼੳ͢Δ͜ͱ͕ՄͱͳΔͱɼ
ݱଶ͕େ෯ʹม͢Δ͔ΓͰͳ҆͘શͳ༌ૹγεςϜ࣮ܗଘͷอશط
ʹد༩Ͱ͖ΔՄੑ͕͋Δɽ͜ͷΑ͏ͳं྆Λϓϩʔϒं྆ͱݺΜͰ
͍Δʢਤ 1.4.1ʣ[27, 29]ɽϓϩʔϒं྆ʹ͍ͭͯɼيಓ͚ͩͰͳ͘ɼं
྆ɼӡస࢜ɼ৴߸อ҆ઃඋΛؚΉమಓγεςϜશମΛରͱ͢Δ֓೦
Ͱ͋ΓɼଙΒ [28]ʹΑΔيಓճ࿏อશʹ׆༻͢Δݕ౼ɼখౡΒ [30]ʹ
ΑΔं૽ԻΛ׆༻ͨ͠ঢ়ຎͷݕग़ͱ͍ͬͨɼϓϩʔϒं྆Λར༻
.Ε͍ͯΔ͞ࠂใ͕ڀݚͨ͠

ɹ
ɹϓϩʔϒं྆ʹΑΔঢ়ଶي͍ͯͭʹࢹಓࠪݕΛҰྫͱ͢ΔͱɼҰൠ
ͷं྆ʹηϯαྨΛऔΓ͚ϓϩʔϒं྆ͱ͢ΕɼӦۀӡసΛ͍ߦͳ
͕Βيಓͷঢ়ଶஅ͕ՄʹͳΔɽ͔͠͠ͳ͕Βɼϓϩʔϒं྆Λಛʹ
ඞཁͱ͢Δํమಓʹ͓͍ͯɼઃஔ͞ΕΔηϯαྨͷॳظίετϝϯ
ςφϯεඅ༻͕ஶେͱͳΔΑ͏Ͱɼಋೖٴͼීࠔ͕ٴͱͳΔɽͦͷ
ͨΊɼํమಓʹ͓͚Δϓϩʔϒं྆ʹ͍ͭͯɼଌఆஔΛӍคਖ
ͷӨ͕ڹগͳ͘ɼৼಈͷଌఆྑ͕ڥͳंࣨʹઃஔ͞ΕΔ͜ͱ
͕·͍͠ɽ
ɹंମͷՃηϯαʹΑΔيಓஅʹ͓͍ͯɼंମ-ंؒͷ ࣍2
ͶʹΑͬͯݮਰ͞ΕͨৼಈՃΛଌఆ͢ΔͨΊɼं·ͨ࣠ശ
ʹηϯαΛઃஔͯ͠ɼੑ׳ଌఆ๏ʹΑΓঢ়ଶࢹΛ͏ߦख๏ʹରͯ͠
ଌఆਫ਼͕ྼΔҰํͰɼৗ࣌·ͨߴසʹঢ়ଶࢹΛ͜͏ߦͱʹΑΓ
ଟ͘ͷଌఆσʔλΛ౷ܭॲཧ͠يಓঢ়ଶͷؒ࣌తͳมಈΛஅʹ׆༻͢
Δͱ͍͏ɼ৽ͨͳΞϓϩʔν͕ՄʹͳΔɽ
ɹલड़ͷΑ͏ʹɼӦंྻۀΛيͨ͠༺׆ಓͷঢ়ଶࢹʹؔ͢Δڀݚ
ଟ࣮͘͞ࢪΕ͍ͯΔͷͷɼϓϩʔϒं྆ͷ͑ߟΛ͍ͪૣ͘మಓʹऔΓ
ೖΕͯଌఆஔΛ͠࡞ɼํమಓͷӦंྻۀΑΓಘΒΕͨंମͷঢ়ଶ
͕ੑنͷ༏Ґੑɾ৽ڀݚΔ͜ͱʹɼຊ͍ͯ͠ࢪ࣮ʹطಓஅΛيͯʹྔ
͋Δͱ͑ߟΔɽ
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ਤ 1.4.1: ϓϩʔϒं྆
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1.5 ຊจͷత
మಓɼंྠ͕يಓͰҊ͞Εͯ͢ߦΔͨΊɼమಓं྆Λ҆શ͔ͭ

շదʹͤ͞ߦΔͨΊʹɼيಓͷࠪݕͱิमʹΑΔҡ࣋ཧ͕ඞཁෆ
ՄܽͰ͋Δ.͔͠͠ͳ͕Βɼيಓͷҡ࣋ཧෆʹىҼͨ͠మಓނࣄগ
ͳ͔Βͣൃੜ͍ͯ͠Δ.ͦͷͨΊɼނࣄΛະવʹ͙ͨΊʹɼϨʔϧ͕ഁ
ଛʹࢸΔલʹɼيಓෆ͖྾ͳͲͷ༧ஹΛૣ͍ஈ֊Ͱݕ͢Δ͜ͱ͕
ͱ͕·͍͠ɽ͜͏ߦසͰߴࠪݕಓͷيΊΒΕɼٻ
ɹࡏݱɼيಓෆيಓݕଌंͱอઢһͷ८ճʹΑΓଌఆ͕ߦΘΕͯ
͍Δ͕ɼӡ༻ίετਓһͳͲͷ͔Βɼଌఆස੍͕͞ݶΕ͍ͯΔɽ
ΑͬͯɼߋͳΔ҆શੑ্ͷͨΊʹɼߴසͰيಓෆΛ͢ࢹΔي
ಓঢ়ଶ͕ࢹඞཁෆՄܽͰ͋Δɽ
ɹͦ͜Ͱɼ؆ศͳํ๏ʹΑΓيಓͷঢ়ଶ͕ࢹՄʹͳΓɼҟৗΛૣظ
ͷ࣮ࢭނࣄͰ͖ɼΑΓ࣮֬ͳߦಓอશΛيͰ͖Εɼదͳݕʹ
Ͱ͖Δɽظ͕ݱ
ɹ͜ͷΑ͏ͳيಓঢ়ଶࢹΛলίετͰ࣮͢ݱΔͨΊͷखஈͱͯ͠ϓϩʔ
ϒं྆ʹண͢Δɽϓϩʔϒं྆ʹΑΓ༧҆શΛ࣮͢ݱΔʹɼ·ͣɼ
ंମʹઃஔ͞ΕͨηϯαʹͯɼيಓͷҟৗΛత֬ʹݕग़͢Δ͜ͱ͕ॏཁ
Ͱ͋ΔɽͦͷͨΊʹɼಘΒΕΔใ͔ΒಛΛநग़ɼҟৗΛධՁ͢Δ
ํ๏͕ඞཁͱͳΔɽ
ɹ·ͨɼيಓҟৗΛݕՄͳंମใ͕ཧ͞Εͨͱͯ͠ɼলίε
τͰଌఆՄͳଌఆஔ͕ඞཁͱͳΔɽ͔ͭيಓͷอकʹ׆༻Մͳ
ใʹม͞ΕΔඞཁ͕͋Γɼطʹਓһతͳ༨༟ͷͳ͍ํమಓʹ͓͍ͯ
ɼՄͳݶΓࣗಈతʹيಓҟৗΛݕग़͢ΔγεςϜͰ͋Δ͜ͱ͕·
͍͠.

ɹ
ɹҎ্ͷ͜ͱ͔ΒɼຊڀݚͷతΛҎԼʹࣔ͢ɽ
ɹ
ʢ̍ʣंࣨʹͯൺֱత༰қʹଌఆՄͳঢ়ଶྔ͔Βɼత֬ʹيಓҟৗ
Λݕग़͠ɼ࣮ڥʹ͓͚Δيಓอकʹ׆༻ՄͳيಓͷධՁख๏ΛఏҊ
͢Δɽ
ɹ
ʢ̎ʣيಓҟৗΛݕ͢ΔͨΊʹඞཁͳंମͷঢ়ଶྔΛత͔֬ͭɼ؆қ
ʹଌఆՄͳଌఆஔͷ༷Λཧ͠ɼ࣮༻ԽٴͼҬͷීٴΛࢦ
ͨ͠ଌఆஔΛ։ൃ͢Δɽ
ɹ
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ʢ̏ʣ։ൃͨ͠ଌఆஔΛ࣮ي͍͓ͯʹڥಓอकʹ׆༻Մ͔͠ূݕɼ
మಓऀۀࣄ࿈ܞͷͱ࣋ଓՄͳيಓঢ়ଶࢹγεςϜͷߏஙΛ͏ߦ.

ɹ
ɹຊจʹ͓͍ͯɼৼಈՃ֯ͱ͍ͬͨ҆ՁͰ༰қʹଌఆՄ
ͳঢ়ଶྔ͔Βɼํమಓʹ͓͚Δيಓอकͷχʔζͱద߹͢ΔධՁํ
๏ʹ͍ͭͯఏҊ͠ɼࢢʹೖͰ͖Δਫ४Λຬͨ͢͜ͱΛલఏͱ͠
ͯɼ৽ͨʹ։ൃͨ͠ଌఆஔΛ༻͍ͯɼమಓྗڠऀۀࣄͷԼɼӦۀ࿏ઢ
ʹ͓͍ͯؒظͷيಓ͕ࢹՄͱ͢ΔγεςϜΛ࣮͢ݱΔɽ
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1.6 Ӧ྆ंۀΛيͨ͠༺׆ಓஅαΠΫϧͷશମ
ߏ

ຊڀݚʹ͓͍ͯతͱ͢Δɼيಓঢ়ଶஅαΠΫϧͷશମߏΛਤ1.6.1

ʹࣔ͢ɽيಓঢ়ଶஅαΠΫϧͰɼ·ͣӦ྆ंۀʹઃஔͨ͠ं্ଌఆ
ஔʹΑΓଌఆ͕ߦΘΕΔɽ࣍ʹɼଌఆσʔλղੳΛ࣮͢ࢪΔͨΊͷσʔ
ληϯλͷαʔόʹੵ͞Εɼσʔληϯλʹ͓͍ͯੵ͞Εͨσʔλ
Λղੳ͠يಓஅΛ͏ߦɽͦͷஅ݁Ռʹ͍ͯͮجɼమಓऀۀࣄيಓ
อकΛ࣮͠ࢪɼอक݁ՌΛ֬ೝ͢Δ͜ͱ͕ՄͰ͋Δɽ
ɹࡏݱͷيಓอकʹؔ͢Δϊϋɼ֤మಓ͋ऀۀࣄΔ͍อઢ୲
ऀͷதͰด͍ͯ͡Δ͕ɼσʔλΛੵ͢Δσʔληϯλ͕࣮͞ݱΕΕɼ
அαΠΫϧΛԿपճ͢தͰࣝͷڞ༗Խ͕ਐΈɼಉ͡ධՁࢦඪΛ
༻͢Δ͜ͱͰɼଞͷమಓऀۀࣄͱͷٕज़ަྲྀͷੑ׆Խɼख़࿅ऀͷݧܦ
Λ؍٬తʹࣔͨ͠৽ਓڭҭͷࢿྉʹͳΔͱ͍ͬͨޮՌظͰ͖Δɽ
ɹͦͷஅαΠΫϧΛ࣮͢ݱΔͨΊʹɼଌఆσʔλΛେྔʹऔಘ͠ɼ
σʔλϕʔεʹੵɼੵ͞Εͨσʔλ͔Βيಓঢ়ଶΛධՁ͢Δͱ͍ͬ
γεςϜ͕ඞཁͱͳΔɽࢹಓঢ়ଶͷيͨ
ɹيಓঢ়ଶࢹγεςϜʹ͓͍ͯɼେͳσʔλΛऔΓѻ͏͜ͱʹͳ
ΔͨΊɼলྗԽɼࣗಈԽ͕ඞཁͰ͋Δɽํమಓʹ͓͍ͯϫϯϚϯӡ
స͕࠾༻͞Ε͍ͯΔऀۀࣄଟ͍ͨΊɼӦ྆ंۀΛ׆༻͢ΔͷͰ͋Εɼ
ࣗಈతʹଌఆ͕ߦΘΕɼଌఆσʔλʹ͍ͭͯࣗಈతʹσʔλαʔό
సૹ͞ΕΕɼݱ͔͔Δਓతͳෛՙ࠷খݶͱͳΔɽ
ɹ͜ͷΑ͏ͳيಓஅαΠΫϧ͕ߏங͞ΕΕɼమಓऀۀࣄඞཁͳ࣌
ʹσʔλϕʔεΞΫηε͠ɼఆظతͳيಓ͞ࢪ࣮͕ࠪݕΕ͍ͯͳ͍࣌
ՌΛ͍ͭͰೖखՄͱͳΓɼ͜ͷ݁ࢹಓي৽ͷ࠷Ͱ͋ͬͯɼظ
ใΛͱʹيಓอकͷ༏ઌॱҐΛܾΊɼޮతͳอकۀ࡞Λ࣮ͨ͠ࢪΓɼ
దͳอकܭըΛཱͯͨΓ͢Δ͜ͱ͕ՄʹͳΔɽ·ͨɼӦۀӡస࣌ʹɼ
ϦΞϧλΠϜͰंମಈ༳Λଌఆ͢Δ͜ͱʹΑΓɼཧج४ʹରͯ͠ҟ
ৗʹେ͖͍ंମಈ༳͕؍ଌ͞Εͨ߹ɼيʹٸۓಓͷݕɼอकΛ͏ߦ
ͳͲͷૣظͷରԠ͕ظ͞ΕΔ.
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ਤ 1.6.1: ಓஅαΠΫϧي
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1.7 ຊจͷߏ
ຊจશ 5ষ͔Βߏ͞Εɼͦͷ֓ཁΛਤ 1.7.1ʹࣔ͢ͱͱʹɼҎ

Լʹ·ͱΊΔ.

ɹ
ɹୈ 1ষͰɼమಓͷಛͱيಓཧͷॏཁੑΛ֓આ্ͨ͠Ͱɼݱঢ়҆
શҡ࣋ཧʹ͍ͭͯड़ɼͦͷΛఏ͠ىɼຊڀݚͷతͱҐஔͮ
͚Λࣔ͢.

ɹୈ 2ষͰɼஅͷରͱͳΔيಓҟৗͱͦͷධՁख๏ʹ͍ͭͯड़
Δ.ධՁʹ༻͢ΔධՁࢦඪͱͯ͠ɼೋฏۉฏํࠜ (RMSɿRoot Mean

SquareʣͷʹΑΔධՁɼΣʔϒϨοτมʹΑΔධՁɼΧϧϚϯϑΟ
ϧλΛ༻͍ͨٯղੳʹΑΔධՁʹ͍ͭͯݕ౼͢Δ.·ͨɼ͜ΕΒͷஅख
๏ΛΈࠐΜͩஅιϑτΛ։ൃ͢Δ.

ɹୈ 3ষͰɼӦ྆ंۀͰͷؒظͷଌఆΛલఏͱ͠ɼं྆ͷେ෯ͳվ
ΛΘͣ؆қʹઃஔͰ͖ɼίετͰيಓͷঢ়ଶࢹΛ࣮͢ࢪΔͨΊ
ͷଌఆஔΛ։ൃ͢Δɽ·ͨɼ։ൃ͞Εͨଌఆஔ͕লίετ͔ͭࢢ
ʹೖͰ͖Δͱͯ͠ͷਫ४Λຬ͍ͨͯ͠Δ͔ূݕΛ͏ߦɽ
ɹୈ 4ষͰɼୈ 2ষٴͼୈ 3ষʹ͓͚ΔՌΛ౷߹͠ɼߏங͞Εͨيಓ
ঢ়ଶࢹγεςϜʹ͍ͭͯड़Δͱڞʹɼ࣮ࡍͷӦۀ࿏ઢʹ͓͍ͯɼي
ಓอकʹ׆༻ͨ݁͠Ռʹ͍ͭͯධՁ͢Δɽ
ɹୈ 5ষͰɼຊจʹΑͬͯಘΒΕͨݟΛ݁ͱͯࣔ͢͠ͱͱʹɼ
Δɽ͢ىͷ՝Λఏޙࠓ
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ਤ 1.7.1: ຊจͷߏ
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ୈ2ষ ඪͷఏҊͱࢦಓධՁي
அιϑτͷ։ൃ

2.1 ͡Ίʹ
ंͰಘΒΕΔใͷதͰɼيಓ͔ΒͷӨ͕ڹେ͖͍ͱ͑ߟΒΕΔ

ͷʹɼंମͷৼಈ͕͋ΔɽৼಈɼՃηϯαδϟΠϩʹΑͬͯൺֱ
త༰қʹଌఆ͢Δ͜ͱ͕Ͱ͖Δɽ͔͠͠ͳ͕ΒɼंମͱϨʔϧͱͷؒɼ
ंྠɼं͕ͶɾμϯύʹΑͬͯଓ͞Ε͓ͯΓɼيಓෆͷใɼ
ଞͷใʹཚ͞ΕͯಘΔ͜ͱͰ͖ͳ͍ɽ
ɹ؍ଌͰ͖ͳ͍ঢ়ଶྔΛಘΔํ๏ʹɼΦϒβʔόʹΑΔঢ়ଶਪఆ͕
͋Δɽं྆ͷಈతγεςϜΛֶϞσϧͰهड़͠ɼͦΕʹͱ͍ͮͯ؍ଌ
Ͱ͖ͳ͍ঢ়ଶΛਪఆ͢Δ͜ͱ͕Ͱ͖ΔɽΦϒβʔόΛϕʔεͱͨ͠ํ๏
Λమಓं྆ͷҟৗݕग़ʹద༻ͨ͠ྫଟ͍ɽं྆γεςϜͷ֎ཚͱͳΔ
ΒΕΔɽ͑͠ߟ͕༺ಓೖྗΛਪఆ͢Δ߹ʹɼ֎ཚΦϒβʔόͷదي
͔͠ɼं྆Ϟσϧ͕࣮ࡍͷγεςϜΛਖ਼֬ʹهड़͍ͯ͠ͳ͍ͱਪఆʹ
େ͖ͳ͕ࠩޡੜͣΔ͜ͱ͕͋ΔͨΊɼਫ਼Λ্͛ΔͨΊʹं྆ϞσϧΛ
ௐ͢Δඞཁ͕͋Δɽ·ͨɼيಓશઢΛධՁ͢ΔͨΊʹԋ͕ྔࢉେ
ʹͳΔͳͲɼ࣮༻Խͷ໘Ͱ՝͕͋Δɽ
ɹͦ͜Ͱɼୈ̍ষͰड़ͨΑ͏ʹɼ͜Ε·Ͱं·ͨ࣠ശʹՃ
ηϯαΛઃஔͯ͠ঢ়ଶࢹΛ͏ߦख๏͕يಓෆΛࢉग़͢Δ͜
ͱʹର͠ɼຊষͰߴසʹঢ়ଶࢹΛ͜͏ߦͱΛલఏͱ͠ɼيಓ
ෆΛࢉग़͢ΔͷͰͳ͘ɼيಓݕଌंอकһͷ८ճͱ͍ͬͨఆݕظ
ࠪؒͷܦมԽΛଊ͑ɼఆ݁ࠪݕظՌͱͷซ༻ʹΑΔ৽ͨͳΞϓϩʔν
ʹΑΔධՁࢦඪΛఏҊ͢Δɽ
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2.2 ධՁࢦඪͱఆ͞ΕΔيಓҟৗ
ಓิमΛ͖͢Օॴͷಛఆيʹతٸۓඪͱͯ͠ɼࢦಓෆͷධՁي

ΔతͰRMSʹΑΔධՁɼपใΛ͢؍มԽΛܦಓͷيͼٴ
֬͘ೝ͠ͲͷΑ͏ͳيಓҟৗ͕ൃੜ͍ͯ͠Δ͔Λಛఆ͢ΔతͰΣʔ
ϒϨοτมʹΑΔධՁʹ͍ͭͯఏҊ͢Δɽ·ͨɼٯղੳʹΑΔيಓͷ
ධՁ๏ʹ͍ͭͯఏҊ͠ɼํమಓʹ͓͍ͯద༻͢ΔͨΊͷཁ݅ʹ͍ͭ
Ռʹ͍ͭͯड़Δɽ݁ͨ͠౼ݕͯ
ɹͳ͓ɼରͱ͢Δيಓҟৗʹ͍ͭͯɼंମಈ༳ͷपྖҬʹӨڹ
Λ༩͑Δيಓෆ͔Βɼঢ়ຎஈࠩͱ͍ͬͨंମಈ༳ͷߴपྖҬ
ʹӨڹΛ༩͑Δͷ·Ͱɼ෯ي͍ಓҟৗΛରͱ͠શͯͷධՁΦϑ
ϥΠϯॲཧʹΑ࣮ͬͯ͞ࢪΕΔɽຊڀݚʹͯධՁΛ࣮͢ࢪΔख๏ͱର
ͱͳΔيಓෆΛද 2.2.1ʹࣔ͢ɽ֘͢ΔධՁख๏ʹͯʮ˓ʯيಓҟ
ৗͷݕग़͕ՄͰ͋Δͱఆ͞ΕΔͷɼʮ˚ʯ౷ܭతղੳͱΈ߹
ΘͤΔ͜ͱͰݕग़Մͱఆ͞ΕΔͷɼʮʷʯيಓҟৗͷݕग़͕ࠔ
Ͱ͋Δͱఆ͞ΕΔͷͱ͍ͯ͠ΔɽຊจͰɼʮ˓ʯͱఆͨ͠Έ
߹Θͤʹ͍ͭͯূݕΛਐΊΔɽ

ද 2.2.1: ಓෆͱධՁख๏ي

2.2.1 RMSʹΑΔղੳ

·૬͕ؔ͋Γɼ͍ڧಓෆʹ͍ͭͯɼंମͷ্ԼৼಈՃʹي
ͨɼ௨ΓมҐࠨӈՃͱɼਫ४มҐͱฏ໘ੑࠨӈՃͱϩʔ
ϧ֯ͳͲʹӨڹΛ༩͑Δͱ͍ΘΕ͍ͯΔ [31, 32]ɽ͕ͨͬͯ͠ɼं্
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Ͱंମͷ্ԼৼಈՃɼࠨӈৼಈՃɼϩʔϧ֯Λଌఆ͢Εɼ
ଟ͘ͷيಓҟৗΛൃ͢ݟΔ͜ͱ͕Ͱ͖Δͱ͑ߟΒΕΔɽ
ɹंମৼಈʹΑΔيಓΛධՁ͢Δࢦඪɼࡏདྷઢͷ্Λ࣮͢ࢪΔ
Ε͓ͯΓɼ͞ࡌهϚχϡΞϧʯʹݧࢼ্དྷమಓӡసࡏͷʮࡍ
ޙ্ͷंମ্ԼՃ p-pʢpeak to peakʣ 3.5m/s2Ҏɼंମ
ӈՃࠨ p-p 2.5m/s2 ҎʹೲΊΔΑ͏ɼيಓඋΛ͜͏ߦͱ͕
ਪ͞Ε͍ͯΔɽ
ɹશ۠ؒதͷp-p͕ಛʹ͍ߴΛॠఆ͢ΔͨΊʹRMSΛ׆༻͢Δɽ
৴߸͔Βݪ p-pΛࢉग़͜ͱ͕ࠔͰ͋ΔͷͰɼஶେͳৼ෯Λڧௐ
͔ͭ͠ҠಈฏۉʹΑΔߴपϊΠζআڈΛతͱͯ͠ंମಈ༳ͷRMS
Λࢉग़͢Δɽͦͷޙɼ࿏ઢશମͷRMSΑΓదͳᮢΛઃఆ͢Δ͜ͱ
Ͱɼ༏ઌతʹيಓิमΛ͏ߦ͖ p-pͷஶେՕॴΛಛఆ͢Δ͜ͱ͕Մ
ͱͳΔɽ·ͨɼಉҰՕॴͰंମಈ༳Λଌఆ͢Δ͜ͱͰɼଌఆσʔλͷ
ಓʹԿΒ͔ͷมಈ͕͋ͬيΒ͔ྔݮೝ͞ΕΕɼRMSͷ૿͕֬ੑݱ࠶
ͨ͜ͱΛଊ͑ɼيಓؒࠪݕʹ͓͚ΔٸมيಓෆͷਐలΛ༧ଌ͢Δ͜
ͱͰɼيಓҟৗͷධՁ͕ՄʹͳΔͱ͑ߟΔɽ
ɹ͜ͷΑ͏ʹيಓҟৗΛଊ͑ͨ۠ؒΛʮཁҙ۠ؒʯຢʮཁܯռ۠ؒʯ
ͱͯ͠ઃఆ͢Δ͜ͱͰɼଞͷيಓධՁΛ࣮͢ࢪΔɼ͋Δ͍อक
һ͕ݱௐࠪʹ͏͔ͱ͍ͬͨใͱͯ͠༗༻Ͱ͋Δɽ

2.2.2 ΣʔϒϨοτมʹΑΔղੳ

RMSΛ༻͍ͨղੳ [33]ʹ͓͍ͯɼपใ͕ܽམ͢ΔͨΊɼ༷ʑ
ͳيಓҟৗΛผ͢Δ͜ͱࠔͰ͋ΔɽҰํɼϑʔϦΤมʹද͞
ΕΔपղੳͰؒ࣌ใ͕ࣦΘΕΔͨΊɼيಓҟৗͷൃੜҐஔΛಛ
ఆ͢Δ͜ͱ͕ࠔͱͳΔɽͦͷͨΊɼيಓҟৗͷछผΛผ͠ൃੜҐஔ
Λಛఆ͢Δʹؒ࣌ʵपղੳ͕ඞཁͱͳΔɽ
ɹҰൠతʹɼؒ࣌ʵपղੳʹ͓͍ͯϑʔϦΤมΛԠ༻ͨ࣌͠
ؒϑʔϦΤม͕ଟ͘༻͍ΒΕΔɽཧ༝ͷҰͭͱͯ͠ɼߴϑʔϦΤม
ͰղੳͰ͖Δͱ͍ͬͨॴ༗͍ͯ͠Δɽؒ࣌Λ༻͍Δ͜ͱʹΑΓɼ
͔͠͠ͳ͕Βɼपͷ૭෯͕ҰఆͷͨΊɼ͍पҬΛҰʹղੳ
͢Δ͜ͱ͍͠ɽ
ɹΣʔϒϨοτมʹ͍ͭͯɼ࿈ଓΣʔϒϨοτมͱࢄΣʔ
ϒϨοτมͰͦͷಛ͕ҟͳΔɽ࿈ଓΣʔϒϨοτมɼ૭෯͕प
ʹΑͬͯมԽ͢ΔͷͰɼ͍पҬΛݟΔ͜ͱ͕ՄͰ͋Δɽप
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ͷִؒΛ͔͘ࡉઃఆͰ͖Δ͕ɼใ͕ॏෳ͠ɼଟ͘ͷؒ࣌ࢉܭΛཁ
͢Δ͜ͱ͔ΒɼղੳΦϑϥΠϯࢉܭͱͳΔɽࢄΣʔϒϨοτม
ɼ৴߸Λඞཁ࠷খݶͷجఈͰද͢ݱΔͷͰɼ৴߸ͷޮతͳղɼ࠶
͕ՄͰ͋Δ͕ɼपͷִؒߏ 2ͷྦྷʹݻఆ͞ΕΔ [33]ɽ
ɹ͜ͷ͜ͱ͔Βɼ৴߸ͷੑ࣭༻్ʹԠͯ͡దͳղੳํ๏Λબ͢Δ
ඞཁ͕͋Δɽ

2.2.3 ΧϧϚϯϑΟϧλΛ༻͍ͨٯղੳ

RMS͓ΑͼΣʔϒϨοτมʹΑΔղੳͰɼيಓෆͷมಈΛั
Β͑ɼيಓอकظ࣌ͷ༧ଌΛཱͯΔ͜ͱՄͰ͋Δͷͷɼมಈ෯Λ
ಓอकيಓཧͷ୯ҐͰ͋Δmmͱͯ͠ѻ͏͜ͱग़དྷͳ͍ɽଟ͘ͷي
४جಓཧيɼࣗࣾͷࡍఆ͢ΔࡦըΛܭಓͷอकيһʹͱͬͯɼ
mmʹཱ͖ͮجҊ͢ΔɽͦͷͨΊɼ͜Ε·ͰʹഓΘΕͨيಓอकͷϊ
ϋΛ࠷େ׆ʹݶ༻͢ΔͨΊʹɼఆظతͳيಓݕଌͷ݁Ռͱซͤͯ
Δ͜ͱ͕·͍͠ɽ͢ڙಓෆྔΛఏيͷࡏݱ
ɹӦ྆ंۀͷंମಈ༳͔ΒيಓෆྔΛࢉग़͢Δڀݚͱͯ͠ɼӬপΒ
ͷ৽װઢʹ͓͚Δݕ౼ྫ [34]͕͋Δɽ͔͠͠ͳ͕Βɼࡏདྷઢํమಓ
ʹ͓͍ͯɼ৽װઢͱൺֱͯ͠ߦͷมಈ͕ܹ͍ͨ͠ΊɼචऀΒ
ํమಓʹ׆༻ՄͳɼΧϧϚϯϑΟϧλʹΑΔيಓෆਪఆख๏Λ
ఏҊ͠ɼຊষʹ͓͍ͯγϛϡϨʔγϣϯʹΑΓͦͷ༗ޮੑΛ֬ೝ͠ɼୈ
̐ষʹ͓͍࣮ͯଌσʔλʹదԠͨ͠ྫΛհ͢Δɽ
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2.3 RMSʹΑΔධՁ

2.3.1 ධՁͷࢉग़ํ๏

ΊΔඞٻͷRMSΛؒ࣌ΛಘΔͨΊʹɼಓঢ়ଶͱҐஔͱͷؔي
ཁ͕͋Δɽଌఆx(τ)ͷ͏ͪͷ͍ؒ۠ؒ࣌ʹ͓͚ΔRMSΛ ʢࣜ2.3.1ʣ
Ͱఆٛ͢Δɽ

RMS(t) =

√√√√ 1

N

t+N−1∑

τ=1

x(τ)2 (2.3.1)

ෆɼ௨Γෆɼਫ४ෆߴΒΕΔ߲ͷ͏ͪͷ͛ڍಓෆͱͯ͠ي
ΛධՁ͢ΔͨΊʹɼंମͰଌఆ্ͨ͠ԼɾࠨӈՃɼϩʔϧ֯ͷ
RMSΛٻΊΔɽঢ়ຎͱ͍ͬͨߴपଳҬʹӨڹΛي͢΅ٴಓҟ
ৗͷݕग़ʹ͍ͭͯݕ౼͢ΔͨΊɼαϯϓϦϯάؒ࣌ tΛ 0.0012sͱͯ͠
RMSΛࢉग़͢Δɽຊจʹ͓͍ͯաʹߴपใΛࣦΘ͵Α͏
N = 26ͱઃఆ͠ 0.0318sͷҠಈฏۉͱͨ͠ɽN ͷʹ͍ͭͯɼଌఆ
ஔͷαϯϓϦϯάؒ࣌ंମɾंߏʹΑΓదͳ͕มߋͱͳΔ
Δඞཁ͕͋Δɽ͢౼ݕ࠶ʹΕ͕͋ΔͨΊɼ࿏ઢຖڪ

2.3.2 γϛϡϨʔγϣϯʹΑΔূݕ

ʢ̍ʣं྆Ϟσϧ
ɹγϛϡϨʔγϣϯʹ༻͍ͨं྆ϞσϧΛਤ 2.3.1ʹࣔ͢ɽं྆Ϟσϧɼ
̍ं྆ͷઢܗϞσϧͱ͠ɼंମ̎ࣗ༝ʢ্Լಈɼϐονʣɼ֤ं̎ࣗ
༝ʢ্Լಈɼϐονʣͷ߹ࣗ̒ܭ༝Λྀ͠ߟɼ 50km/hͰ 300m

ͷ۠ؒΛઢͨͤ͞ߦɽं྆ϞσϧͷύϥϝʔλΛTable.2.3.1ʹࣔ͢ɽ
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mtmt It Itθt2 θt1Zt2
kp cp kp cpkp kpcp cp

ks cs ks cs

mb 2lb
Ib

θb Zb

2lt

Zt1

ν

ਤ 2.3.1: ্Լ 6ࣗ༝Ϟσϧ

ද 2.3.1: ্Լ 6ࣗ༝Ϟσϧύϥϝʔλ

Symbol Description Unit Value

mb Car-body mass kg 14600

mt Truck mass kg 2400

Ib Car-body inertia kgm2 500452

It Truck pitch inertia kgm2 2773.5

2lb Car-body base m 14.1

2lt Wheel base m 2.15

kp Primary suspension vertical stiffness kN/m 1090

ks Secondary suspension vertical stiffness kN/m 329

cp Primary suspension vertical damping kNs/m 19.6

cs Secondary suspension vertical damping kNs/m 27.2

v Vehicle speed km/h 50
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ʢ̎ʣيಓܗঢ়ͷੜͱيಓҟৗ
ɹҰ࣍ͷܗϑΟϧλʢࣜ 2.3.2ʣʹਖ਼نཚΛೖྗ͢Δ͜ͱͰෆنଇ
ͨ͠࡞Λܗ [35]ɽ͜ͷͱ͖A1 = 3ʷ 10−5ɼТ1 = 6.7ɼV = 13.9m/sͱ
͠ɼࢄ 1ͷਖ਼نཚΛೖྗͨ݁͠ՌΛਤ 2.3.2ʹࣔ͠ɼ͜ΕΛجຊͷي
ಓܗঢ়ͱͨ͠ɽ࡞ͨ͠جຊͱͳΔيಓܗঢ়ܗʹɼߴෆঢ়ຎ
ɼϨʔϧ͗ܧʹ͓͚Δஈࠩͱ͍ͬͨҟৗΛਓతʹՃͨ͠ɽͦΕ
ͧΕͷҟৗɼߴෆ 40m͔Β 60mͷҐஔʹ͓͚Δৼ෯Λɼج४ͷ
ঢ়ͷܗಓي 2ഒͷେ͖͞ʹ͠ɼঢ়ຎ 145m͔Β 155mͷؒʹ 10mͷ
ൣғͰશৼ෯ 1mmɼप 175Hzͷਖ਼ݭͰදͨ͠ݱɽ͜ͷͱ͖ͷ
 0.08mͱͳΔɽ250mͷҐஔʹɼ2mmͷεςοϓঢ়ͷஈࠩΛઃఆ͠
ͨɽ͜ͷΑ͏ʹͯ͠ઃఆͨ͠يಓෆΛਤ 2.3.3ʹࣔ͢ɽ

G(s) =
2π

√
A1V

s+Т1
(2.3.2)
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ਤ 2.3.2: ঢ়ܗಓيຊͷج
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ਤ 2.3.3: ঢ়ܗಓيಓෆΛೖྗͨ͠ي
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ʢ̏ʣंମ্ԼՃͷࢉग़
ɹ࡞ͨ͠ҟৗΛؚΜͩيಓܗঢ়ΛҰं྆Ϟσϧʢਤ 2.3.1ʣʹೖྗ͠ɼલ
ंத৺্ͰंମৼಈՃʢԖํʣΛࢉग़ͨ͠ɽαϯϓϦϯά
पɼଌఆஔʹ༻͢Δηϯαͱಉ͡ 820[Hz]ͱͨ͠ɽࢉग़ͨ͠Ճ
ʹ؍ଌϊΠζͱͯ͠ന৭ϊΠζΛՃ͑ͨͷΛৼಈՃσʔλͱ
ͨ͠ʢਤ 2.3.4ʣɽ؍ଌϊΠζͷඪ४ภࠩ 1× 10−3m/s2ͱͨ͠ɽ
ৼಈՃͷݪ͔ܗΒɼٖͨ͠ҟৗͷӨڹҰ෦֬ೝͰ͖Δ͕ɼ

ͦͷଞͷҟৗʹ͍ͭͯࠩҟ͕֬ೝͰ͖ͳ͍ɽ
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ਤ 2.3.4: γϛϡϨʔγϣϯ݁Ռ

ʢ̐ʣRMSʹΑΔධՁ
ɹࢉग़ͨ͠Ճ͔Βيಓҟৗͷݕग़Λ͏ߦɽਤ 2.3.5ʹࣜʢ2.3.1ʣΛ
ͱʹࢉग़্ͨ͠ԼՃͷRMSΛࣔ͢ɽਤ 2.3.5͔Β 50mʹ͓
͍͕ͯஶେͳͷͱͳ͍ͬͯΔ͜ͱ͕͔Δɽ50mʹߴෆ
Λٖ͍ͯ͠Δ͜ͱ͔ΒɼRMS͔ΒߴෆஶେՕॴΛݕग़Ͱ͖ͯ
͍Δͱ͍͑Δɽ͔͠͠ɼঢ়ຎஈࠩͱ͍ͬͨҟৗΛ͜ͷղੳ݁Ռ͔
Βݕग़͢ΔͷࠔͰ͋Δ͜ͱ͕Θ͔Δɽ

ਤ 2.3.5: ্ԼՃͷRMS
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2.4 ΣʔϒϨοτมʹΑΔධՁ

2.4.1 ࿈ଓΣʔϒϨοτม

࿈ଓΣʔϒϨοτมͱɼରܗ x(t)ʹϚβʔΣʔϒϨοτ
ψ(t)Λֻ͚߹ΘͤΔ͜ͱͰɼͦͷܗͷಛఆ෦Λڧௐ͠ଞͷ෦Λ
੍͢Δมํ๏Ͱ͋ΔɽಥൃతͳมԽΛ͢Δඇఆৗ৴߸ͷղੳʹదͯ͠
͓Γɼࣜʢ2.4.1ʣͰఆٛ͞ΕΔɽ

(Wψx)(a, b) =

∫ ∞

−∞

1√
a
ψ

(
t− b

a

)
x(t)dt (2.4.1)

ύϥϝʔλʔ aͱ bͦΕͧΕεέʔϧύϥϝʔλɼγϑτύϥϝʔλ
ͱݺΕɼϚβʔΣʔϒϨοτψ(x)ͷؒ࣌ʢҐ૬ʣΛ b͚ͩͣΒ͠ɼप
Λ 1/aʹ͍ͯ͠ΔɽΣʔϒϨοτม (Wψf)(b, a)ͷΛɼbΛԣ
࣠ɼ1/aΛॎ࣠ͱͨ͠ͷ͕ΣʔϒϨοτมͷ৴߸ฏ໘Ͱ͋Δɽ

2.4.2 ࢄΣʔϒϨοτม

࿈ଓΣʔϒϨοτมͷߴઢਤʹΑΔղੳ݁Ռͷఏࣔɼ৴߸ͷ
ੑ࣭ΛΔͷʹศརͳදࣔ๏Ͱ͋Δɽ͔͠͠ɼԋࢉΛͯ͠ࢪ৴߸ॲཧΛ
͜ͷදࣔ๏ɼଟ͘ͷใ͕ॏෳ͢ΔͨΊඞͣ͠ޮతͰͳʹ͏ߦ
͍ɽͦ͜Ͱɼࣜʢ2.4.1ʣͷ aͱ bΛࢄԽͯࣜ͠ 2.4.2ͷΑ͏ʹ༩͑ͨ
ͷΛࢄΣʔϒϨοτมͱ͍͏ɽɹɹ

Dm,n =

∫ ∞

−∞
x(t)ψm,n(t)dt (2.4.2)

͜͜Ͱ

ψm,n(t) = 2−m/2ψ(2−mt− n) (2.4.3)

͜ͷࢄΣʔϒϨοτมΛ༻͍ͯଟॏղ૾ղੳΛ͏ߦɽଟॏղ
૾ղੳͱରͷ৴߸ x(t)Λۙࣅʢपʣͱෳͷৄࡉ
ʢߴपʣʹղ͢Δ͜ͱͰ͋ΔɽࢄΣʔϒϨοτมʹΑ
Γɼ৴߸ x(t)࣍ͷΑ͏ʹදݱͰ͖Δɽ
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x(t) =
∞∑

n=−∞
Am0,nφm0,n(t)

+
m0∑

m=−∞

∞∑

n=−∞
Dm,nψm,n(t) (2.4.4)

φm,n(t)εέʔϦϯάؔͰ͋Γɼࣜ࣍Ͱఆٛ͞ΕΔɽ

φm,n(t) = 2−m/2φ(2−mt− n) (2.4.5)

ɼͷࣅۙ

Am,n =

∫ ∞

−∞
x(t)φm,n(t)dt (2.4.6)

ʹΑΓ͞ࢉܭΕΔɽϨϕϧmʹ͓͚Δ৴߸ͷৄࡉ

dm(t) =
∞∑

n=−∞
Dm,nψm,n(t) (2.4.7)

ͱͳΔͷͰɼݪ৴߸ x(t)ɼ࣍ͷΑ͏ʹදݱͰ͖Δɽ

x(t) = xm0(t) +
m0∑

m=−∞
dm(t) (2.4.8)

2.4.3 γϛϡϨʔγϣϯʹΑΔূݕ

ຊઅͰɼRMSʹΑΔূݕͰݕग़ग़དྷͳ͔ͬͨيಓҟৗʹ͍ͭͯɼ
ͦͷछผΛఆͰ͖Δ͔Λ͢ূݕΔɽͦͷͨΊɼγϛϡϨʔγϣϯʹ
༻͢Δं྆Ϟσϧਤ 2.3.1ͷϞσϧɼيಓܗঢ়ਤ 2.3.2Ͱೖྗͨ͠ɼ
ंମ্ԼՃʹ͍ͭͯਤ 2.3.4Ͱग़ྗ͞ΕͨΛͦΕͧΕ༻͍Δɽ
ɹ
ʢ̍ʣ࿈ଓΣʔϒϨοτมʹΑΔධՁ

ɹؒ࣌पղੳͷҰͭͰ͋Δ࿈ଓΣʔϒϨοτมͷػΛ༻͍ͯ
ղੳͨ݁͠ՌΛਤ 2.4.1ʹࣔ͢ɽਤதͷ্͔ΒԼʹ͔ͯͬ৴߸ฏ໘ͷप
ଳҬখ͞ͳͷͱͳ͍ͬͯΔɽ·ͨɼ৴߸ฏ໘ͷ৭͕ʹ͍ۙ΄
ͲͦͷଳҬͷपΛେؚ͘ΜͰ͍Δ͜ͱʹͳΔɽΣʔϒϨοτ
มʹ༻͍ΔϚβʔΣʔϒϨοτMorlet ͱͨ͠ɽ
ɹਤ 2.4.1(a)ΑΓɼ150mۙʹ 174HzલޙͷपͰ৴߸͕͘ڧදΕͯ
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͍Δɽ 0.08mͷঢ়ຎΛ 50km/hͰͨ͠ߦ߹ɼঢ়ຎ
ͷप 174HzͱͳΓɼͦͷҐஔͱप͔Β͜ͷ৴߸ฏ໘ʹ
͔Βঢ়ຎͷӨڹΛݕग़Ͱ͖͍ͯΔͱ͑ߟΒΕΔɽ
ɹਤ 2.4.1(b)͔Βɼ250mͷҐஔʹ͍ଳҬʹ৴߸ڧ͕͘ڧͳ͍ͬͯ
Δ͜ͱ͕Θ͔Δɽ͜ΕɼஈࠩͳͲͷৼಈԠεςοϓೖྗͰ͋Δͨ
Ίप͕ੑࡏہѱ͘ͳΓɼ෯͍ଳҬʹදΕΔͱ͍͏ಛͱҰகͯ͠
͍Δ͜ͱ͔ΒஈࠩͷӨͩڹͱ͑ߟΒΕΔɽ
ɹ·ͨɼਤ 2.4.1(c)ʹ͓͍ͯɼҰൠతͳं྆ͷݻ༗ৼಈۙͱ͞ΕΔ
1Hzۙ [36]Ͱ৴߸ڧ͕ӽ͍ͯ͠Δɽಛʹ 50mۙͰݦஶͱͳͬͯ
͓ΓɼߴෆͷӨڹͰ͋Δͱ͑ߟΒΕΔɽ
ɹ࿈ଓΣʔϒϨοτมΛ༻͍Δ͜ͱͰंମৼಈՃ͔Βߴෆɼ
ঢ়ຎɼஈࠩΛͦΕͧΕݕग़͢Δ͜ͱ͕Ͱ͖ͨɽ
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ਤ 2.4.1: ࿈ଓΣʔϒϨοτมʹΑΔ݁Ռ
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ʢ̎ʣࢄΣʔϒϨοτมʹΑΔධՁ
ɹಉ༷ʹɼࢄΣʔϒϨοτมΛ༻͍ͨଟॏղ૾ղੳͷ݁ՌΛਤ
2.4.2ʹࣔ͢ɽ
ɹ͜ͷͱ͖ͷϚβʔΣʔϒϨοτDaubechiesͷੜࢦΛ 8ͱͨ͠
ͷΛ༻ [37]͠ɼղϨϕϧm0 = 6ͱͨ͠ɽ
ɹपଳҬຖʹղͨ͠ंମৼಈՃͷղʢਤ 2.4.2ʣΛݟΔ
ͱɼঢ়ຎͷӨڹ d1ɼd2 ɼϨʔϧ͗ܧ෦ͷஈࠩͷӨڹ d3ɼ
d4ɼߴෆͷӨڹ a6ʹͦΕͧΕදΕ͍ͯΔ͜ͱ͕֬ೝͰ͖
Δɽͦ͜ͰɼҟৗʹରԠͨ͠प͝ͱʹΛͨͬߦʢਤ 2.4.3ʣɽ
ɹߴपͷߏ࠶ܗʢਤ 2.4.3(a)ʣͷ 150m͔Βঢ়ຎͷ
ӨڹΛ֬ೝ͢Δ͜ͱ͕Ͱ͖ɼd3ɼd4 ͷߏ࠶ʢਤ 2.4.3(b)ʣͷ
250m͔ΒஈࠩͷӨڹΛ֬ೝ͢Δ͜ͱ͕Ͱ͖Δɽ·ͨɼपଳҬ
ͷ d3 ͷߏ࠶ʢਤ 2.4.3(c)ʣͷ 50m͔ΒߴෆΛݕग़
Ͱ͖͍ͯΔ͜ͱ͕Θ͔Δɽ
ɹ·ͨɼߴෆΛج४ͷيಓܗঢ়ͷ 2ഒͷେ͖͞ʹͨ۠ؒ͠Ͱɼ
ଓ෦ͷมԽ͕ෆ࿈ଓʹͳΔ͜ͱ͔ΒɼܗͷมԽͷෆ࿈ଓੑΛݕ
ग़͍ͯ͠Δʢਤ 2.4.3(a)(b)ʣɽ
ɹ͜ΕΑΓɼंମৼಈՃܗʹରͯ͠ɼRMS͔Βݕग़͢Δ͜ͱ
ΣʔϒϨοࢄɼಓҟৗ͕ɼ࿈ଓΣʔϒϨοτมيͰ͋ͬͨࠔ͕
τมʹΑΔଟॏղ૾ղੳΛซ༻͢Δ͜ͱʹΑΓݕग़Ͱ͖ΔՄੑ͕
͋Δͱ͑ߟΒΕΔɽ
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ਤ 2.4.2: ࢄΣʔϒϨοτมʹΑΔ݁Ռ
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(a)Reconstructed signal (d1 + d2: 410Hz - 103Hz)

(b)Reconstructed signal(d3 + d4: 51.3Hz - 25.6Hz)

(c)Reconstructed signal((a6: 6.4Hz - )

ਤ 2.4.3: ܗߏ࠶
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2.5 ౼ݕಓෆਪఆͷيղੳʹΑΔٯ
ຊઅͰɼදతͳঢ়ଶਪఆख๏Ͱ͋ΔΧϧϚϯϑΟϧλΛ༻͍ͯɼं

ମͷೖྗͰ͋ΔߴෆΛԖํͷंମৼಈ͔Βਪఆ͢Δํ๏ʹͭ
ड़͢Δɽه͍ͯ

2.5.1 Ϟσϧͷߏங

ΧϧϚϯϑΟϧλΛ༻͍ͨيಓෆͷਪఆͷͨΊʹɼమಓं྆ͷԖํ
Δं྆ϞσϧΛਤ͢༺ϞσϧΛ༻͍Δɽ྆ंͨ͠ݱͷӡಈΛද 2.5.1

ʹࣔ͢ɽຊϞσϧɼઢߦΛఆͨ͠ 1ं྆ͷઢܗϞσϧͱ͠ɼं
ମ 2ࣗ༝ʢ্Լಈɼϐονʣɼ֤ं 2ࣗ༝ʢ্ԼಈɼϐονʣΛߟ
ྀͨ͠ 6ࣗ༝ͷ 1ं྆ϞσϧͰ͋Δɽ͜͜ͰɼZcंମͷ্ԼಈɼZt1

લंɼZt2ޙंͷ্ԼಈΛද͢ɽ·ͨɼθcंମͷϐον֯ɼθt1
લंɼθt2ޙंͷϐον֯Λද͢ɽr1aɼr1bɼr2aɼr2b֤ྠ࣠ʹ
༩͑ΒΕΔԖํͷߴෆʹΑΔ੍ڧೖྗͰ͋Δɽ

ਤ 2.5.1: ্Լ 6ࣗ༝Ϟσϧ
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͜͜ͰɼຊষͰ༻͢Δه߸ΛҎԼͷ௨Γʹఆٛ͢Δɽ
Z̈c ɿ ंମ্ԼՃ
Z̈t1 ɿ લं্ԼՃ
Z̈t2 ɿ ं্ԼՃޙ
Żc ɿ ंମ্Լ
Żt1 ɿ લं্Լ
Żt2 ɿ ं্Լޙ
Zc ɿ ंମ্ԼมҐ
Zt1 ɿ લं্ԼมҐ
Zt2 ɿ ं্ԼมҐޙ
θ̈c ɿ ंମϐον֯Ճ
θ̈t1 ɿ લंϐον֯Ճ
θ̈t2 ɿ ंϐον֯Ճޙ
θ̇c ɿ ंମϐον֯
θ̇t1 ɿ લंϐον֯
θ̇t2 ɿ ंϐον֯ޙ
θc ɿ ंମϐον֯
θt1 ɿ લंϐον֯
θt2 ɿ ंϐον֯ޙ
r1a ɿ ୈ 1ྠ࣠ͷ੍ڧมҐ
r1b ɿ ୈ 2ྠ࣠ͷ੍ڧมҐ
r2a ɿ ୈ 3ྠ࣠ͷ੍ڧมҐ
r2b ɿ ୈ 4ྠ࣠ͷ੍ڧมҐ
Ic ɿ ंମϐονੑ׳Ϟʔϝϯτ
It ɿ ंϐονੑ׳Ϟʔϝϯτ
mc ɿ ंମ࣭ྔ
mt ɿ ं࣭ྔ
lc ɿ ंத৺ؒڑ
lt ɿ ڑؒ࣠
ks ɿ ੑ߶Ͷͷ্Լؾۭ
cs ɿ ਰݮͶͷ্Լؾۭ
kp ɿ ࣠Ͷͷ্Լ߶ੑ
cp ɿ ࣠Ͷͷ্Լݮਰ
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ઢيಓΛ࣌ߦͷӡಈํఔࣜɼҎԼͷΑ͏ʹද͞ΕΔɽ

ंମ্Լӡಈ

Z̈c = 1
mc

{
csŻt1 + csŻt2 − 2csŻc + ksZt1 + ksZt2 − 2ksZc

}
(2.5.1)

ंମϐονӡಈ

θ̈c =
1

Ic

{
−cslcŻt1 + cslcŻt2 − 2csl

2
c θ̇c − kslcZt1 + kslcZt2 − 2ksl

2
cθc

}

(2.5.2)

લं্Լӡಈ

Z̈t1 =
1
mt

{(−cs − 2cp)Żt1 + csŻc + cslcθ̇c + (−ks − 2kp)Zt1

+ksZc + kslcθc + cpṙ1a + cpṙ1b + kpr1a + kpr1b (2.5.3)

લंϐονӡಈ

θ̈t1 =
1

It

{
−cpltṙ1a + cpltṙ1b − 2cpl

2
t θ̇t1 − kpltr1a + kpltr1b − 2kpl

2
t θt1

}

(2.5.4)

ं্Լӡಈޙ

Z̈t2 =
1

mt
{(−cs − 2cp)Żt2 + csŻc − cslcθ̇c + (−ks − 2kp)Zt2

+ksZc − kslcθc + cpṙ2a + cpṙ2b + kpr2a + kpr2b (2.5.5)

ंϐονӡಈޙ

θ̈t2 =
1

It

{
−cpltṙ2a + cpltṙ2b − 2cpl

2
t θ̇t2 − kpltr2a + kpltr2b − 2kpl

2
t θt2

}

(2.5.6)
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ࣜ (2.5.1)∼ࣜ (2.5.6)ΛMCKํܗఔࣜͰද͢ͱࣜ (2.5.7)ͱͳΔɽ

MZ̈(t) +CŻ(t) +KZ(t) = Dṙ(t) +Er(t) (2.5.7)

ɹ͜͜ͰɼMɼCɼK࣭ྔྻߦɼݮਰྻߦɼ߶ੑྻߦͰ͋ΓɼZ̈ɼŻɼ
ZɼṙɼrՃϕΫτϧɼϕΫτϧɼมҐϕΫτϧɼ֎ྗϕΫτ
ϧͷඍɼ֎ྗϕΫτϧͱͳΔɽ্ࣜͷ֤ྻߦҎԼͷ௨ΓͰ͋Δɽ

M = diag
(
mc Ic/l

2
c mt It/l

2
t mt It/l

2
t

)
(2.5.8)

C =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎣

2cs 0 −cs 0 −cs 0

0 2cs −cs 0 cs 0

−cs −cs 2cp + cs 0 0 0

0 0 0 2cp 0 0

−cs cs 0 0 2cp + cs 0

0 0 0 0 0 2cp

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎦

(2.5.9)

K =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎣

2ks 0 −ks 0 −ks 0

0 2ks −ks 0 ks 0

−ks −ks 2kp + ks 0 0 0

0 0 0 2kp 0 0

−ks ks 0 0 2kp + ks 0

0 0 0 0 0 2kp

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎦

(2.5.10)

D =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎣

0 0 0 0

0 0 0 0

cp cp 0 0

cp −cp 0 0

0 0 cp cp
0 0 cp −cp

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎦

(2.5.11)

E =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎣

0 0 0 0

0 0 0 0

kp kp 0 0

kp −kp 0 0

0 0 kp kp
0 0 kp −kp

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎦

(2.5.12)

͜͜ͰɼZT (t) =
[
Zc lcθc Zt1 ltθt1 Zt2 ltθt2

]
ɼrT (t) =

[
r1a r1b r2a r2b

]

ͱͳΔɽ
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ं྆ӡಈγϛϡϨʔγϣϯͳͲͷྻܥ࣌ղੳͷɼӡಈํఔࣜΛ
܁ɼଟճͷ͍ͯͮجʹ͢Δඞཁ͕͋Δɽ͜Εɼඍํఔࣜੵؒ࣌
Γฦ͠ࢉܭʹΑΓं྆ͷྺࠁ࣌ԠΛٻΊΔख๏Ͱ͋ΔɽҰൠతͳ
ੵͷํ๏ͱͯ͠ɼΦΠϥʔ๏ϧϯήɾΫολ๏͕͛ڍΒΕΔɽ͔͠
͠ɼ͜ΕΒͷํ๏ɼ1֊ඍํܗఔࣜͷͨΊঢ়ଶྔʹՃΛؚΜͰ
͍ͳ͍ɽͭ·ΓɼيಓෆΛೖྗͱͯ͠༩͑ͨࡍͷंମৼಈՃΛಘ
ΔͨΊʹɼΛඍ͢Δඞཁ͕͋ΔɽͦͷͨΊɼं྆ϞσϧΛMCK

ɼ2֊ඍํఔࣜͷࡍఔࣜͰද͠ɼՃΛঢ়ଶྔͱͯ͠औΓѻ͏ํܗ
Newmark β๏Λ༻͍ͨ΄͏͕ྑ͍ͱ͞ΕΔ [38][39]ɽ·ͨɼNewmark β

๏ߴपΛআ͢ڈΔݮਰޮՌΛͨͭ࣋ΊɼղͷൃࢄΛ͙͜ͱ͕
Ͱ͖Δɽ
ɹͦ͜ͰຊڀݚͰɼ2֊ඍܗ༻ͷNewmark β๏Λੵؒ࣌ͷख๏ͱ
ͯ͠༻͍Δɽਤ 2.5.2ͷΑ͏ʹɼঢ়ଶྔ yΛඍখؒ࣌ hִؒʹ۠ͯ͠ߟ
͑Δͱɼࠁ࣌ k + 1εςοϓʹ͓͚Δӡಈํఔࣜࣜ࣍ͷΑ͏ʹͳΔɽ

MZ̈k+1 +CŻk+1 +KZk+1 = Dṙk+1 +Erk+1 (2.5.13)

ɹਤ ࠁ͍͓࣌ͯʹ2.5.2 tk ͔Β tk+1 ·ͰՃ͕ઢతʹมԽ͢ΔͱԾ
ఆͨ͠ͱ͖ͷɼਤ 2.5.3(a)ʹࣔ͢ τ ʹ͓͚ΔՃ Z̈τ ɼ

Z̈τ = Z̈k +
τ

h

(
Z̈k+1 − Z̈k

)
(2.5.14)

ͱͳΓɼ ŻτɼมҐZτ ্ࣜΛ τ ʹ͍ͭͯੵ͢Δͱࣜ࣍ͱͳΔɽ

Żτ = Żk + Z̈kτ +
1

2h

(
Z̈k+1 − Z̈k

)
τ 2 (2.5.15)

Zτ = Zk + Żkτ +
1

2
Z̈kτ

2 +
1

6h

(
Z̈k+1 − Z̈k

)
τ 3 (2.5.16)

ɹ͜͜Ͱɼτ = hͷͱ͖ɼZ̈τ = Z̈k+1ɼŻτ = Żk+1ɼZτ = Zk+1 Ͱ͋Δ
͔Βɼ

Żk+1 = Żk +
1

2
h
(
Z̈k + Z̈k+1

)
(2.5.17)

Zk+1 = Zk + hŻk +
1

3
h2Z̈k +

1

6
h2Z̈k+1 (2.5.18)
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ͱͳΔɽ
ɹ Newmark β ๏ɼִؒؒ࣌ͷՃมԽΛද͢ β Λ༻͍ͯɼࠁ࣌
tk+1Ͱͷ Żk+1ɼมҐZk+1Λࣜ࣍ͷΑ͏ʹԾఆ͍ͯ͠Δɽ

Żk+1 = Żk +
1

2
h
(
Z̈k + Z̈k+1

)
ɹ

Zk+1 = Zk + hŻk +

(
1

2
− β

)
h2Z̈k + βh2Z̈k+1 (2.5.19)

ɹࣜ (2.5.17)ͱࣜ (2.5.19)Λࣜ (2.5.13)ʹೖ͠ɼՃϕΫτϧ Z̈k+1

ʹ͍ͭͯཧ͢Δͱɼ࣍ͷΑ͏ͳ͕ࣜٻΊΒΕΔɽ

Z̈k+1 =

(
M +

1

2
hC + βh2K

)−1

{
Dṙk+1 +Erk+1 −C

(
Żk +

1

2
hZ̈k

)

−K

[
Zk + hŻk +

(
1

2
− β

)
h2Z̈k

]}
(2.5.20)

ɹࣜ (2.5.20)Λ͢ࢉܭΔࡍʹɼࠁ࣌ tk Ͱͷ֎ྗͱมҐɼɼՃ
ࠁ࣌ͷͱͳΔɽΑͬͯɼطΔͨΊɼӈล߲͍ͯͯͬ͢·ٻ͕ tk+1

ʹ͓͚ΔՃ͕ٻΊΒΕɼະདྷͷԠΛஞ͢ࢉܭ࣍Δ͜ͱ͕Մͱͳ
Δɽ
ɹࣜ (2.5.7)ΛNewmark β๏ʢγ = 1/2ɼβ = 1/6ʣΛ༻͍ͯσʔλִؒ
hͰࢄԽ͢ΕɼҎԼͷঢ়ଶํఔࣜͱ؍ଌํఔ͕ࣜಘΒΕΔɽ

ɹ xk = Fxk−1 + Guk−1 +wk−1 (2.5.21)

yk = Hxk + vk (2.5.22)

ɹ͜͜Ͱɼxk ঢ়ଶϕΫτϧɼuk ೖྗϕΫτϧɼyk ग़ྗϕΫτϧ
Ͱ͋ΓɼwkγεςϜϊΠζɼvk؍ଌϊΠζͰ͋Δɽ·ͨɼF ঢ়ଶ
ભҠྻߦɼGೖྗྻߦɼH؍ଌྻߦͰ͋Δɽঢ়ଶભҠྻߦF ͱೖྗ
͍ͯ༺AɼBɼCΛྻߦGɼҎԼͷྻߦ F = A−1BɼG = A−1Cͱ
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ͳΔɽ

ɹA =

⎡

⎢⎣
I O −βh2I

O I −0.5hI

K C M

⎤

⎥⎦ (2.5.23)

B =

⎡

⎢⎣
I h (0.5− β)h2I

O I 0.5hI

O O O

⎤

⎥⎦ (2.5.24)

C =

⎡

⎢⎣
O O

O O

E D

⎤

⎥⎦ (2.5.25)
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ਤ 2.5.2: ͷ֓ཁੵؒ࣌
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kt 1kt

kZ

1kZ

h

A
c
c
e
le
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Time

(a) Acceleration

kt 1kt

kZ

1kZ

h
V

e
lo

c
it

y

Time

(b) Velocity

kt 1kt

kZ

1kZ

Time

h

D
is

p
la

c
e
m

e
n

t

(c) Displacement

ਤ 2.5.3: Newmark β๏ʢβ = 1/6ʣ
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2.5.2 ΧϧϚϯϑΟϧλͷߏங

ʢ̍ʣঢ়ଶۭؒϞσϧ
ɹΧϧϚϯϑΟϧλΛ༻͍ͯߴෆΛਪఆ͢ΔͨΊͷɼঢ়ଶํఔࣜʢࣜ
ʢ2.5.21ʣʣͷঢ়ଶભҠྻߦFͱೖྗྻߦG͓Αͼɼ؍ଌํఔ ʢࣜ ʢࣜ2.5.22ʣʣ
ͷ؍ଌྻߦHΛҎԼͷΑ͏ʹఆٛ͢Δɽ

ঢ়ଶํఔࣜ

⎡

⎢⎢⎢⎢⎢⎢⎣

xk

xk−1
...
...

xk−L+1

⎤

⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
xk

=

⎡

⎢⎢⎢⎢⎢⎢⎢⎣

0 · · · · · · · · · 0

1
. . . . . . . . .

...

0
. . . . . . . . .

...
...

. . . . . . . . .
...

0 · · · 0 1 0

⎤

⎥⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
F

⎡

⎢⎢⎢⎢⎢⎢⎣

xk−1

xk−2
...
...

xk−L

⎤

⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
xk−1

+

⎡

⎢⎢⎢⎢⎢⎢⎣

1

0
...
...

0

⎤

⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
G

(uk−1 + wk−1)︸ ︷︷ ︸
uk−1

(2.5.26)

ଌํఔࣜ؍

⎡

⎢⎢⎢⎢⎢⎢⎣

yk
yk−1
...
...

yk−L+1

⎤

⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
yk

=
[
h(0) h(1) · · · · · · h(L)

]

︸ ︷︷ ︸
H

⎡

⎢⎢⎢⎢⎢⎢⎣

xk

xk−1
...
...

xk−L+1

⎤

⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
xk

+vk (2.5.27)

ɹ
ɹ͜͜Ͱɼxkيಓܗঢ়ɼykंମৼಈՃɼvk؍ଌϊΠζͰ͋Δɽ
௨ৗɼ֎෦ೖྗͰ͋Δيಓܗঢ় ukطͷ֬ఆೖྗͱͯ͠ѻΘΕΔͷͰɼ
͜ΕΛٻΊΔ͜ͱͰ͖ͳ͍ɽͦ͜Ͱɼࣜ (2.5.26)ͷΑ͏ʹيಓܗঢ়Λ
ukͱγεςϜϊΠζwkΛՃͯ͠ࢉϥϯμϜΥʔΫͰදͨ͠ݱɽं྆Ϟ
σϧɼࣜ (2.5.27)ͷΑ͏ʹΠϯύϧεԠΛ༻͍ͨΈࠐΈੵΛ؍ଌ
ํఔࣜͰද͢ݱΔɽHதͷ hيಓܗঢ়ʹର͢ΔंମৼಈՃͷ୯Ґ
ΠϯύϧεԠɼLͦͷ૯Ͱ͋ΔɽҎ্ͷঢ়ଶۭؒϞσϧʹΑͬͯɼ
ΧϧϚϯϑΟϧλΛ༻͍ͨߴෆͷਪఆ͕ՄͱͳΓɼंମৼಈՃ
͔Βيಓܗঢ়Λະͷঢ়ଶมͷҰͱͯ͠ஞ࣍ਪఆ͢Δɽ
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ʢ̎ʣߦͷมԽͷରԠ
ɹ؍ଌྻߦʹ༻͍ΔंମৼಈՃͷΠϯύϧεԠߦʹΑͬ
ͯมԽ͢ΔɽߦͷมԽͷʹΠϯύϧεԠΛ͢ࢉܭ࠶Δ͜ͱͰ
త࣮ݱΔͱ͑ߟෛՙޮΛࢉܭཧతʹมԽʹରԠͰ͖Δ͕ɼݪ
Ͱͳ͍ɽͦ͜Ͱຊख๏Ͱɼ༧ΊΠϯύϧεԠΛҰఆִؒຖʹ
ͷࠁ࣌ਪఆʹ͓͍ͯɼͦͷ࣍ɼΧϧϚϯϑΟϧλʹΑΔஞ͖͓ͯ͠ࢉܭ
ใΛ༻͍ͯΓସ͑Δʢਤ 2.5.4ʣ[40]ɽຊڀݚͰɼं྆ϞσϧΛ
༻͍ͯΠϯύϧεԠΛ͠ࢉܭɼγϛϡϨʔγϣϯʹ༻͍ͨɽ

ਤ 2.5.4: ΠϯύϧεԠͷସ͑
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ຊڀݚͰऔΓѻ͏Α͏ͳઢܗγεςϜͷ߹ɼं྆Ϟσϧͷྺࠁ࣌Ԡ
FIRʢFinite Impulse ResponseʣϑΟϧλΛ༻͍Δ͜ͱʹΑͬͯࢉܭ
͢Δ͜ͱ͕Ͱ͖Δɽͭ·Γɼं྆ϞσϧͷΠϯύϧεԠ g(τ)͕طͰ
͋Εɼೖྗʢيಓܗঢ়ʣʹର͢Δग़ྗʢंମৼಈՃʣΈࠐΈ
ੵʹΑͬͯࢉܭͰ͖ɼࣜ (2.5.27)ͷΑ͏ʹ؍ଌํఔࣜͰं྆ϞσϧΛද
Δ͜ͱ͕Ͱ͖Δ͢ݱ [41]ɽΈࠐΈੵɼΠϯύϧεԠ g(τ)ͷؒ࣌
ΛͣΒ͠ͳ͕Βɼೖྗ x(t)ͷେ͖͞ΛॏΈͱֻ͚ͯ͠߹Θͤͯɼશ
ͯͷԠΛॏͶ߹ΘͤΔ͜ͱͰɼೖྗ x(t)ʹର͢Δग़ྗ y(t)ΛٻΊΔख
๏Ͱ͋ΔɽҎԼʹΈࠐΈੵͷࣜΛࣔ͢ɽ

ɹɹɹ y(t) =

∫ t

0

g(τ)x(t− τ)dτɹ (2.5.28)

= g(t) ∗ x(t) (2.5.29)

ࣜ (2.5.29)ɼࣜ (2.5.28)ͷੵΛ؆ૉԽͯ͠දܗͨ͠ݱͰ͋Δɽ
ɹंମৼಈՃͷ୯ҐΠϯύϧεԠɼं྆Ϟσϧʹ୯ҐΠϯύϧ
ε৴߸ʢਤ 2.5.5ʣΛೖྗ͢Δ͜ͱͰࢉܭͰ͖Δɽྫͱͯ͠ɼํమಓं
྆Λఆͨ͠ߦ 60km/h࣌ͷΠϯύϧεԠΛਤ 2.5.6ʹࣔ͢ɽ৽
ઢͰɼӬপΒװ [42]ͷઌڀݚߦʹ͓͍ͯɼ৽װઢӦंྻۀͷޙ෦ं
্ͰंମৼಈՃͷଌఆΛ͍ͯͬߦΔ͜ͱ͔ΒɼΠϯύϧεԠͷ
ݧं্ͱ͍ͯ͠ΔɽҰํɼຊจͰɼ࣮ं࣮ޙଌҐஔΛಉҰͷ؍
ଌఆஔΛઌ಄ं྆ͷӡసࣨԣͷۭ͖εϖʔεઃஔ͢Δ͜ͱΛʹ࣌
ఆ͠ɼΠϯύϧεԠͷ؍ଌҐஔΛલं্ͱͨ͠ɽ
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ਤ 2.5.5: Πϯύϧεೖྗ

ਤ 2.5.6: ΠϯύϧεԠ (60km/h)
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ʢ̏ʣΧϧϚϯϑΟϧλ
ɹΧϧϚϯϑΟϧλɼ࣌ʑࠁʑ༩͑ΒΕΔ؍ଌσʔλΛ༻͍ͯɼγες
Ϝͷঢ়ଶΛஞ࣍తʹਪఆ͢ΔΦϯϥΠϯΞϧΰϦζϜͰ͋Δɽ௨ৗɼη
ϯα͔ΒಘΒΕΔ؍ଌσʔλࡶԻʹཚ͞Ε͓ͯΓɼ·͍͔ͨͭ͘ͷঢ়
ଶ؍ଌ͞Εͳ͍͜ͱଟ͍ɽ͜ͷΑ͏ͳঢ়گԼͰɼ؍ଌσʔλ͔
ΒγεςϜͷঢ়ଶʹؔ͢ΔใΛநग़ʢਪఆʣ͢Δ͜ͱ͕ඞཁͱͳΔɽ
ຊڀݚͰɼΧϧϚϯϑΟϧλΛԠ༻ͯ͠ɼंମৼಈՃ͔Βߴෆ
ͷਪఆΛ͏ߦɽ

Ұظઌ༧ଌ

ɹ xk|k−1 = Fxk−1|k−1 + Guk−1 (2.5.30)

ɹ

Pk|k−1 = FP k−1|k−1F
T +GQGT (2.5.31)

ɹ

ϑΟϧλ

ɹKk = Pk|k−1H
T
(
HP k|k−1H

T +R
)−1

(2.5.32)

ɹ

xk|k = xk|k−1 +Kk

(
yk −Hx̂k|k−1

)
(2.5.33)

ɹ

Pk|k = Pk|k−1 −KkHP k|k−1 (2.5.34)

ɹ
͜͜Ͱɼঢ়ଶભҠྻߦF ͱೖྗྻߦG͓Αͼ؍ଌྻߦH ʢࣜ2.5.26ʣɼ

ࣜʢ2.5.27ʣʹࣔ͢௨ΓͰ͋Δɽ·ͨɼP ڞࠩޡྻߦࢄɼKΧϧϚ
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ϯήΠϯɼQϓϩηεϊΠζͷڞྻߦࢄɼR؍ଌϊΠζͷڞࢄ
ঢ়xkܗಓيΕͨ͞ࢉܭΛද͢ɽ্ࣜͷΞϧΰϦζϜʹΑͬͯྻߦ ɼະ
ͷঢ়ଶมͷਪఆͷҰͱͯ͠ஞ࣍త͔ͭ҆ఆతʹ༩͑ΒΕΔɽ
ɹ
ʢ̐ʣيಓෆͷධՁํ๏
ɹيಓͷঢ়ଶࢹΛ্͏ߦͰͷత͔Β͑ߟΔͱɼඞͣ͠શͳيಓ
ͷ࣮ܗঢ়͕ಘΒΕͳͯ͘ɼओʹ҆ߦશੑʹӨڹΛ༩͑ΔଳҬʹ
͍ͭͯɼਪఆ͢Δ͜ͱ͕Ͱ͖ΕɼେྔɾߴසσʔλͷऔಘΛલఏͱ
ΒΕΔɽ͑ߟͷతेୡͤΒΕΔͱࢹಓঢ়ଶيͨ͠
ɹҰൠʹɼߴෆ 10mݭਖ਼ͷৼ෯ʹΑΓଌఆɾཧ͞Ε͍ͯΔ
[43][44]ɽͦ͜ͰຊڀݚͰɼيಓܗঢ়Λਪఆͨ͠ޙɼ10mݭਖ਼ʹΑΔ
ෆΛߴঢ়͔Βܗಓيɽͨͬߦਪఆ݁ՌͷධՁΛͯ͠ࢉʹෆߴ
ΔࣜΛҎԼʹࣔ͢ɽ͢ࢉܭ

a ( x ) = b ( x )− b ( x+ 5 ) + b ( x− 5 )

2
(2.5.35)

ɹ
͜͜Ͱɼa(x) 10mݭਖ਼ʹΑΔߴෆɼb(x)يಓܗঢ়Ͱ͋Δɽ
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2.5.3 ߦγϛϡϨʔγϣϯ

ຊ߲ͰɼఏҊͨ͠يಓෆͷਪఆख๏ͷ༗ޮੑΛ֬ೝ͢ΔͨΊʹɼ
ํమಓΛఆٖͯ͠σʔλΛ࡞͠ɼيಓෆͷਪఆγϛϡϨʔγϣ
ϯΛ݁ͨͬߦՌʹ͍ͭͯهड़͢Δɽ
ɹ͜ͷγϛϡϨʔγϣϯͰɼຊདྷɼӦंྻۀʹͨ͠ࡌηϯαͰଌఆ
͢ΔंମৼಈՃʹं྆Ϟσϧʹيಓܗঢ়ͱۂઢΛೖྗ͠ɼܭ
ಓෆͷਪఆيɼ͠༺ମৼಈՃʹϊΠζΛՃ͑ͨͷΛंͨ͠ࢉ
Λ͏ߦɽγϛϡϨʔγϣϯҎԼʹࣔ͢खॱͰͨͬߦɽ·ͨɼਤ 2.5.7ʹ
γϛϡϨʔγϣϯͷϑϩʔΛࣔ͢ɽɹ

(I) 2֊ͷඍํఔࣜͰද͞ΕΔं྆ϞσϧͷӡಈํఔࣜΛࢄԽ͠ɼ
ঢ়ଶํఔࣜΛٻΊΔɽ

(II) ঢ়σʔλʢܗಓيಓͷपಛੑΛٖͨ͠يͷࡍ࣮ 6.00mҎ
্ʣΛ࡞͢Δɽ·ͨɼͦΕͧΕͷྻंͷӡసΛٖͨ͠σʔ
λΛઃఆ͢Δɽ

(III) (II)ͷيಓܗঢ়σʔλͱσʔλΛ (I)ͷं྆Ϟσϧʹೖྗ͠ɼલ
ं·ͨޙं্ʹ͓͚ΔԖํͷंମৼಈՃΛ͢ࢉܭ
Δɽ͜ͷंମৼಈՃʹਖ਼نϊΠζΛՃ͑ɼ؍ଌͱ͢Δɽ

(IV) ΧϧϚϯϑΟϧλΛ༻͍ͯɼ(III)Ͱ؍ଌͱͨ͠ंମৼಈՃͱɼ
(II)Ͱઃఆͨ͠σʔλ͔Βيಓܗঢ়Λਪఆ͢Δɽ

(V) (II)ͷيಓܗঢ়ͱ (IV)Ͱਪఆͨ͠يಓܗঢ়ΛͦΕͧΕ 10mݭਖ਼ʹ
ΑΔߴෆʹ͠ࢉɼਪఆࠩޡΛٻΊΔɽ֤ਪఆ݁Ռʹ͓͚Δਪ
ఆਫ਼ͷධՁΛ͍ߦɼຊڀݚʹ͓͚Δਪఆख๏ͷ༗ޮੑΛ֬ೝ͢Δɽ

ɹɹ
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ਤ 2.5.7: γϛϡϨʔγϣϯϑϩʔ
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ʢ̍ʣيಓܗঢ়ͱӡసۂઢσʔλͷ࡞
ɹਤ 2.5.8ʹं྆Ϟσϧʹೖྗͨ͠يಓܗঢ়ɼਤ 2.5.9ʹंମৼಈՃ
ͷ࣌ࢉܭʹ͓͚ΔߦΛࣔ͢ɽيಓܗঢ়ɼཚΛൃੜͤ͞Δ͜ͱ
Ͱ࣮ࡍͷيಓͷपಛੑΛٖͨ͠يಓܗঢ়σʔλʢ 6.00mҎ্ʣ
Λ࡞ͨ͠ɽ·ͨɼۂઢࡏདྷઢํమಓͷ 1Ӻ۠ؒΛఆ͠
ઃఆͨ͠ɽ

ਤ 2.5.8: ঢ়ܗಓي

ਤ 2.5.9: ۂઢ

ʢ̎ʣंମৼಈՃͷࢉܭ
ɹं྆Ϟσϧʹيಓܗঢ়σʔλͱσʔλΛೖྗ͠ɼͨ͠ࢉܭલं
্ʹ͓͚ΔԖํͷंମৼಈՃΛਤ 2.5.10ʹࣔ͢ɽࢉܭʹ༻͍ͨ
ं྆Ϟσϧͷ֤ύϥϝʔλʢද 2.5.1ʣํమಓΛఆ͠ઃఆͨ͠ɽܭ
ϊΠنଌͱͯ͠༻͍ΔͨΊʹՃ͑Δਖ਼؍ମৼಈՃΛंͨ͠ࢉ
ζͷඪ४ภࠩ 1.00× 10−3m/s2ͱͨ͠ɽ
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ਤ 2.5.10: ंମৼಈՃ

ද 2.5.1: మಓं྆ύϥϝʔλ

Symbol Description Unit Value

mc Car-body mass kg 25000

mt Truck mass kg 3100

Ic Car-body pitch inertia kgm2 856940

It Truck pitch inertia kgm2 3417.8

2lc Car-body base m 14.1

2lt Wheel base m 2.1

kp Primary suspension vertical stiffness kN/m 2120

ks Secondary suspension vertical stiffness kN/m 400

cp Primary suspension vertical damping kNs/m 39.2

cs Secondary suspension vertical damping kNs/m 96
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ʢ̏ʣيಓෆͷਪఆ
ɹΧϧϚϯϑΟϧλΛ༻͍ͯंମৼಈՃ͔Βيಓܗঢ়ͱߴෆΛਪ
ఆͨ݁͠ՌΛਤ2.5.11ʹࣔ͢ɽਪఆʹ͓͚ΔγεςϜϊΠζwn͓Αͼ؍ଌ
ϊΠζ vnͷࢄͦΕͧΕσ2

w = 1.00×10−1m2ɼσ2
v = 5.00×10−3(m/s2)2

ͱͨ͠ɽਤ 2.5.11ΑΓɼيಓܗঢ়͕ਪఆͰ͖ͳ͍͜ͱʹΑ
Δࠩҟ͕ݟΒΕ͕ͨɼ͜ΕํమಓΛఆ͠ɼઃఆͨ͠ߦͰɼ
ঢ়·Ͱਪఆ͢ΔͨΊͷؚ͕ܗಓيʹମৼಈՃंͨ͠ࢉܭ
·Εͳ͍ͨΊͰ͋Δͱ͑ߟΒΕΔɽҰํͰɼيಓͷཧʹ༻͍ΒΕ͍ͯ
Δ 10mݭਖ਼ͷৼ෯ʹΑΔߴෆਪఆ͕ࠩޡ 2.00mmҎԼͰ͋Γɼ
ͳਫ਼ͷਪఆ݁Ռ͕ಘΒΕͨɽྑ ͜ͷ݁ՌʹΑΓɼΧϧϚϯϑΟϧλ
Λ༻͍ͨਪఆख๏ͷيಓঢ়ଶࢹͷ༗ޮੑ͕֬ೝ͞Εͨɽ
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ਤ 2.5.11: ಓෆͷਪఆ݁Ռي
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2.6 ϨʔϧஅιϑτΣΞ
খܕϨʔϧஅஔΛيಓঢ়ଶͷஅʹ׆༻͢ΔͨΊʹɼੵ͞Ε

ͨେྔͷଌఆσʔλͷޮతͳऔΓѻ͍ɼ֮ࢹԽʹΑΔஅ݁Ռͷఏࣔɼ
ଌఆ͔Βஅ·ͰͷؒظॖͳͲɼஔͱ࿈ܞՄͳιϑτ໘ͰͷΠϯ
λʔϑΣʔεͷ։ൃ͕ඞཁͰ͋Δɽͦ͜Ͱɼଌఆσʔλͷ৴߸ॲཧͷૢ
ɼ݁ՌͷఏࣔΛGUI(Graphical࡞ User Interface)Ͱද͢͜ͱͱͨ͠ɽ৴
߸ॲཧɼGUIԽʹMATLAB(MathWorks)Λ༻͍ͨɽ
ɹຊஅιϑτͰɼৼಈՃͷৼ෯͕يಓҟৗΛࣔ͢ࢦඪͷҰͭͱ
ͯ͠հͨ͠ɼRMSʹΑΔيಓঢ়ଶͷධՁΛΈࠐΉɽͨͩ͠ɼRMS

ʹΑΔධՁͷΈͰपใ͕ܽ͢ΔͨΊɼΑΓৄࡉͳஅΛߦ
͏ͨΊʹɼ࿈ଓΣʔϒϨοτมɼࢄΣʔϒϨοτมʹΑΔ࣌
ؒपղੳซͤͯΈࠐΉ͜ͱͱ͢Δɽɹ

2.6.1 RMSͷղੳը໘

ϨʔϧஅιϑτͷϝΠϯը໘Λਤ 2.6.1ʹࣔ͢ɽϝΠϯը໘Ͱɼࣜ
(2.3.1)ʹΑΓࢉग़͞ΕΔৼಈՃͷ RMSΛيʹݩಓঢ়ଶΛධՁ͢
ΔɽλϒΛม͢ߋΔ͜ͱͰɼࢉग़ʹ༻͍ΔৼಈՃΛࠪ͢ݕΔيಓෆ
ʹ߹Θͤͯɼม͢ߋΔ͜ͱ͕Ͱ͖Δɽਤ 2.6.1্෦ͷ࿏ઢਤӺؒ͝ͱ
ඪʹɼৼಈՃࢦಓͷঢ়ଶΛ৭͚ධՁͨ͠ͷͰ͋Δɽ৭͚ͷيʹ
ͷ RMSΛ༻͍͓ͯΓɼઃఆ͖͍ͨ͠͠Λج४ʹͯ͠ɼɼԫɼ
੨Ͱද͍ࣔͯ͠Δɽ·ͨɼਤ 2.6.2ɼબͨ͠Ӻؒͷߦͱ RMS

ͷ࣮ଌΛද͍ࣔͯ͠ΔɽRMSஶେՕॴΛݟΔ͜ͱͰيಓҟৗͷൃ
ੜҐஔΛ໌Β͔ʹ͢Δ͜ͱ͕Ͱ͖Δɽ
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ਤ 2.6.1: ϨʔϧஅιϑτͷϝΠϯը໘

ਤ 2.6.2: RMSͷղੳ݁Ռ
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ਤ 2.6.3্ਤɼಛఆͷӺؒͷෳճͷߦσʔλΛൺֱͨ͠ͷͰ͋
Δɻઃఆͨ͠ᮢʢ2.0m/s2ʣΛ͑ΔՕॴ͕ϓϩοτ͞ΕΔɽRMSʹ
ΑΔيಓධՁͰRMS͕ஶେͰ͋Δ΄Ͳɼيಓঢ়ଶ͕ѱԽ͍ͯ͠Δͱ
ධՁ͞ΕΔɽͦͷͨΊɼᮢΛ͑ͯϓϩοτ͞Εͨճ͕ଟ͍ 5260m

ʹ͓͍ͯɼيಓͷҟৗ͕ൃੜ͍ͯ͠ΔՄੑ͕͋Δɽਤ 2.6.3Լਤɼ
্ਤͷഁઢ෦ͷRMSʢ࠷େʣΛߦ࣌͝ͱʹදࣔͨ͠ͷͰ͋Δɽ
2012 9݄͔Β 2013 2݄ͷؒͰͷิमۀ࡞ͷӨ͕ڹRMSͷԼͱ
ͯ͠දΕ͍ͯΔɽ͜ͷΑ͏ʹಛఆՕॴΛཁؒ۠ࢹͱͯ͠ɼظతͳي
ಓอकͷϞχλϦϯάΛ͜͏ߦͱՄͰ͋Δɽ
ߦͷӨڹʹΑΓɼਤ 2.6.2ͷΑ͏ͳҰߦͷσʔλͰɼਖ਼

֬ͳيಓঢ়ଶͷධՁ͕͑ߦͳ͍߹͕͋Δ͕ɼෳճͷߦσʔλʹΑ
ΔධՁʢਤ 2.6.3)Ͱɼܦؒ࣌աʹΑΔӨڹɼϊΠζؚ͕·ΕΔଌఆ
σʔλΛഉআ͢Δ͜ͱͰɼΑΓਖ਼֬ͳيಓஅΛ͜͏ߦͱ͕ՄͰ͋Γɼ
ຊιϑτΣΞʹ͓͍ͯɼྻܥ࣌σʔλΛҰׅͯ͠දࣔ͢Δػ͕
Γࠐ·Ε͍ͯΔɽ

+ +
+ +

[m]

20120921 20130201 20130531

ਤ 2.6.3: RMSਪҠͷදࣔը໘
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2.6.2 ΣʔϒϨοτมͷղੳը໘

࿈ଓΣʔϒϨοτมʹΑΔղੳ݁ՌΛදࣔͨ͠ը໘͕ਤ 2.6.4Ͱ͋
ΔɽRMSʹΑΔϝΠϯը໘ͱಉ༷ʹɼӺؒΛબ͢Δ͜ͱͰɼରͱ
͢ΔৼಈՃܗͱ࿈ଓΣʔϒϨοτมʹΑΔ݁ՌΛฒͯදࣔ
͢Δɽ࿈ଓΣʔϒϨοτมͷ৴߸ฏ໘ߴઢͰදΘ͞Ε͓ͯΓɼ
ʹۙͮ͘΄Ͳৼ෯͕େ͖͍͜ͱΛදΘ͠ɼରԠ͢ΔपΛଟؚ͘
ΜͰ͍Δɽߴઢਤͷॎ࣠εέʔϧ͔Βٖࣅपʹมͨ͠ͷ
Λදࣔ͢Δɽ

ਤ 2.6.4: ࿈ଓΣʔϒϨοτมʹΑΔղੳ݁Ռ
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·ͨɼஅιϑτͰࢄΣʔϒϨοτมʹΑΔଟॏղ૾ղੳΛ
ͷ͕ਤͨͬߦ 2.6.5Ͱ͋Δɽ͜ͷػͰӺؒ͝ͱͷंମৼಈΛҙͷ
ׂͰपղͰ͖Δɽ·ͨɼෳͷपଳʹيಓҟৗΛݪҼͱ
ͨ͠ं྆ৼಈ͕֬ೝ͞ΕΔ͜ͱ͔ΒɼҙͷपΛબ͠ɼߏ࠶
͢ΔػΛ༗͍ͯ͠Δɽ͜ΕʹΑΓɼಛఆͷΛݟΔ͜ͱͰͦͷ
ʹيͨͬ߹ݟಓҟৗΛૉૣ͘அ͢Δ͜ͱ͕ՄͱͳΔɽͳ͓ɼղ
Ϩϕϧm0ɼαϯϓϦϯάपಛͷநग़Λ͏ߦपଳҬ͔Βద
ʹઃఆ͢Δඞཁ͕͋Δɽ

ਤ 2.6.5: ࢄΣʔϒϨοτมʹΑΔղੳ݁Ռ
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2.7 ·ͱΊ
ंࣨʹͯൺֱత༰қʹଌఆՄͳঢ়ଶྔ͔Βɼݕग़Մͳيಓҟৗ

ʹ͍ͭͯཧ͠ɼ࣮ڥʹ͓͚Δيಓอकʹ׆༻Մͳσʔλม͢
ΔͨΊͷيಓධՁࢦඪΛఏҊ͢Δɽ(1)RMSʢRoot Mean Squareʣʹ
ΑΔيಓҟৗͷݕग़ɼؒ࣌ʵपղੳͷதͰ͍पଳΛ؍ଌ͢
Δ͜ͱʹ༏ҐੑΛͭ࣋ (2)ΣʔϒϨοτมʹΑΔيಓҟৗछผͷఆ
ʹ͍ͭͯɼͦͷධՁख๏ͷུ֓ʹ͍ͭͯड़ͨޙʹɼγϛϡϨʔγϣϯ
ʹΑΔূݕΛ࣮ͨ͠ࢪɽ·ͨɼ৽װઢΛରʹ࣮ͷ͋Δɼ(3)ٯղੳʹ
ΑΔيಓෆਪఆख๏ʹ͍ͭͯɼํమಓʹద༻͢ΔͨΊͷΞϧΰϦζ
Ϝͷมߋʹ͍ͭͯड़ɼγϛϡϨʔγϣϯʹ͓͍ͯͦͷਫ਼Λͨ͠ূݕɽ
ͦͷ݁ՌɼҎԼͷ݁Λಘͨɽ
ɹ
(1)ɹRMSʹΑΔيಓҟৗͷݕग़
ɹஶେͳߴෆɼঢ়ຎɼϨʔϧܧ෦ͷஈࠩͱ͍ͬͨيಓҟৗΛ
ఆͨ͠يಓೖྗΛ༩͑ͨγϛϡϨʔγϣϯ݁Ռʹ͓͍ͯɼߴෆʹ
͍ͭͯRMSʹΑΔݕग़ेʹՄͰ͋Δ͜ͱ͕֬ೝ͞Εͨɽ͔͠͠
ͳ͕Βɼঢ়ຎஈࠩͱ͍ͬͨيಓҟৗʹ͍ͭͯݕग़ࠔͰ͋Δ͜
ͱ͕໌ͨ͠ɽ
ɹ
(2)ɹΣʔϒϨοτมʹΑΔيಓҟৗछผͷఆ
ɹ (1)ͱಉ༷ͷ݅Ͱ࣮͞ࢪΕͨγϛϡϨʔγϣϯʹ͓͍ͯɼ࿈ଓΣʔ
ϒϨοτมٴͼࢄΣʔϒϨοτมΛ༻͍ͯղੳΛ࣮݁ͨ͠ࢪՌɼ
ͲͪΒͷ݁Ռʹ͓͍ͯɼஶେͳߴෆɼঢ়ຎɼϨʔϧܧ෦ͷ
ஈࠩͱ͍ͬͨيಓҟৗ͕ɼͦΕͧΕಛఆՄͰ͋Δ͜ͱΛ֬ೝ͠ɼRMS

ʹΑΔධՁͰผ͕ࠔͰ͋Δيಓҟৗʹ͍ͭͯผՄͰ͋Δ
͜ͱΛࣔͨ͠ɽ
ɹ
(3)ɹٯղੳʹΑΔيಓෆਪఆ
ɹํమಓΛఆͨ͠ߦγϛϡϨʔγϣϯʹ͓͍ͯɼఏҊ͢ΔΞϧΰ
ϦζϜͷਪఆਫ਼Λͨ͠ূݕɽͦͷ݁Ռɼيಓཧͷࢦඪͱ͞ΕΔ 10m

େͰ࠷ࠩޡಓෆʹ͓͍ͯɼਪఆيਖ਼๏ʹ͓͚Δݭ 2mmҎԼͱɼ
Δσʔλͱͯ͠ͷ༗༻ੑΛࣔͨ͠ɽ͢༺׆ʹಓอकي
ɹ
ɹ·ͨɼຊଌఆஔʹ͓͍ͯେͳଌఆσʔλ͕ੵ͞ΕΔҰํɼϏο
άσʔλΛѻ͏ͨΊखಈʹΑΔղੳۀ࡞ʹݶք͕͋Δɽͦ͜Ͱɼଌఆ
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σʔλΛޮతʹऔΓѻ͏ͨΊGraphical User InterfaceΛ׆༻ͨ͠Ϩʔ
ϧஅιϑτΛ։ൃͨ͠ɽͦͷ݁ՌɼRMSٴͼΣʔϒϨοτมʹ
ΑΔධՁʹ͍ͭͯɼෳଌఆͷσʔλΛҰʹऔΓѻ͏͜ͱ͕ՄͰ͋
Δ͜ͱΛ֬ೝ͠ɼيಓ݁ࢹՌΛ͔ʹɼ͔֮ͭࢹతʹ͔Γ͘͢
మಓϑΟʔυόοΫͰ͖ΔஅιϑτͰ͋Δ͜ͱΛࣔͨ͠ɽ

76



ୈ3ষ ଌఆஔͷ։ൃ

3.1 ͡Ίʹ
ୈ̎ষʹ͓͍ͯɼंମՃٴͼंମ͔֯Βيಓҟৗͷݕग़͢Δ

ͨΊͷධՁࢦඪʹ͍ͭͯड़ͨɽຊষͰɼ͜ΕΒͷंମঢ়ଶྔΛଌఆ
͢ΔͨΊͷଌఆஔʹ͍ͭͯɼٻΊΒΕΔݕ͍༷ͯͭ౼͠ɼݕ౼݁Ռ
.։ൃ͞Εͨଌఆஔʹ͍ͭͯհ͢Δ͖ͮجʹ

3.2 ઌڀݚߦʹ͓͚Δ࡞ࢼଌఆஔ
খౡΒ [45, 46, 47]ʹΑΔઌڀݚߦʹ͓͍ͯɼγϛϡϨʔγϣϯʹ͓

͍ͯंମঢ়ଶྔ͔ΒيಓҟৗΛݕग़͢Δख๏ʹ͍ͭͯ͠ূݕɼଌఆஔ
Λ͠࡞ࢼӦۀ࿏ઢͰͷ࣮ূݧࢼ [48]Λ࣮͍ͯ͠ࢪΔ.͔͠͠ͳ͕Βɼଌఆ
σʔλʹΑΔيಓঢ়ଶͷධՁݕ্ص౼ʹͱͲ·Γɼݕग़͞Εͨيಓҟ
ৗʹอक͕ඞཁ͔ͱ͍ͬͨධՁʹ͍ͯͬࢸͳ͍.·ͨɼيಓঢ়ଶҰൠత
ʹؒظͰભҠ͠ͳ͍͜ͱ͕ΒΕ͓ͯΓɼগͳ͘ͱ୯ҐͰͷঢ়ଶ
.ඞཁͱͳΔ͕ࢹ

ɹͦ͜ͰɼઌڀݚߦʹΑΓ࡞ࢼͨ͠࡞ଌఆஔΛ༻͍ͯଌఆσʔλΛ
ؒظʹΘͨΓऩू͠يಓঢ়ଶΛධՁ͢ΔͱͱʹɼݱௐࠪΛ௨ͯ͡
.ͨͬߦՄͳଌఆஔͰ͋Δ͔֬ೝΛ༺׆ʹಓอकيͷࡍ࣮

3.2.1 ߏଌఆஔͷશମ࡞ࢼ

ਤ ग़͢ΔͨΊͷՃݕಓมҐΛيਤΛࣔ͢ɽߏଌఆஔͷ࡞ࢼʹ3.2.1
ηϯα͓ΑͼϨʔτδϟΠϩɼҐஔΛݕग़͢ΔͨΊͷ GPSड৴ػɼ
ঢ়ຎΛݕग़͢ΔͨΊͷ૽Իܭɼ֤ηϯαͷ৴߸Λίϯϐϡʔλʹೖ
ྗ͢ΔͨΊͷΞφϩάೖྗλʔϛφϧ, ղੳ༻ͷίϯϐϡʔλͰߏ͞Ε
Δɽ
ɹ֤ηϯα͔Βग़ྗ͞ΕΔ৴߸ɼΞφϩάೖྗλʔϛφϧʹΑΓσδ
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λϧ৴߸ʹม͞Εɼίϯϐϡʔλʹೖྗ͞ΕΔɽ·ͨɼGPSड৴ػʹ
ΑΓٻΊΒΕΔҐஔใ͕ίϯϐϡʔλʹೖྗ͞ΕΔɽίϯϐϡʔλʹ
Έࠐ·ΕͨҐஔਪఆɾϚοϓදࣔιϑτɼGPSड৴ػʹΑΔҐஔ
ใʹͱ͍ͮͯɼ࿏ઢ্ͷҐஔΛٻΊɼը໘ͷਤ্ͷࡏݱҐஔΛஞ࣍
දࣔ͢Δɽيಓҟৗݕग़ιϑτɼҐஔਪఆɾϚοϓදࣔιϑτʹΑΔҐ
ஔͱGPSड৴ػʹΑΔใʹରͯ͠ɼՃηϯαʹΑΔՃ৴
߸Λ༻͍ͯิਖ਼Λ͏ߦͱͱʹɼ֤ηϯα͔Βͷ৴߸Λ৴߸ॲཧ͢Δ͜
ͱʹΑΓيಓঢ়ଶΛஞ࣍ਪఆ͢ΔɽҐஔਪఆɾϚοϓදࣔιϑτɼيಓ
ҟৗݕग़ιϑτʹΑΔيಓঢ়ଶΛը໘ͷਤ্ʹࣔ͢ɽ৴߸ॲཧ͞Εͨ
σʔλɼΦϑϥΠϯʹΑΓղੳͰ͖ΔΑ͏ʹ͢ΔͨΊʹɼϋʔυσΟ
εΫυϥΠϒʹه͞ΕΔɽ
ɹيಓෆͷଌఆʹ༻͢ΔՃηϯαɼྲྀͷଌఆ͕ՄͰɼ
औΓѻ͍͕༰қͳͻͣΈήʔδܕΛ༻͍͍ͯΔɽδϟΠϩɼඅ༻ରޮ
ՌΛؑΈৼಈδϟΠϩ͕࠾༻͞Ε͍ͯΔ.ϚΠΫϩϗϯɼͦͷมࣜํ
ͷҧ͍ʹΑΓಈిܕʢμΠφϛοΫϚΠΫʣͱ੩ిܕʢίϯσϯαϚΠ
Ϋʣʹେผ͞ΕΔ͕ɼ૽Ի͔Βঢ়ຎͷఔΛਪఆ͢ΔͨΊʹɼϑϥο
τͳपಛੑΛͭ࣋੩ిܕϚΠΫϩϗϯ͕࠾༻͞Ε͍ͯΔɽ
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ਤ 3.2.1: ઌڀݚߦʹ͓͚Δ࡞ࢼଌఆஔ

79



3.2.2 ྻंҐஔɾͷݕग़

يదʹϑΟʔυόοΫ͢ΔͨΊʹɼʹऀۀࣄಓҟৗͷใΛమಓي
ಓҟৗͷൃੜՕॴΛΑΓਖ਼֬ʹ௫Ήඞཁ͕͋ΔɽͦͷͨΊɼซͤͯं྆
ҐஔΛಛఆ͢Δඞཁ͕͋Δ͕ɼӦۀӡసதͷं྆ҐஔΛਖ਼֬ʹଌ
ఆ͢Δ߹ɼҰൠతʹं࣠ʹઃஔ͞ΕͨൃిػʹΑͬͯଌఆ͞
ΕΔɽ͔͠͠ͳ͕ΒɼͦͷใΛಘΔͨΊʹثػശͱͷଓ͕ඞཁͰ
͋Γɼ·ͨɼਖ਼֬ͳҐஔใΛಘΔͨΊʹີݫͳंྠܘͷཧ͕ඞཁ
ͳͲɼطଘͷஔʹΑΔं྆Ґஔͷଌఆʹɼಛʹํమಓʹ͓͍ͯଟ
͘ͷ՝͕͋ΔɽͦͷͨΊʹɼं྆ͱͷଓΛඞཁͱͤͣɼ४ఱӴ
ʹΑΓޙࠓҐஔਫ਼ظ্͕͞ΕΔӴଌҐٕज़ [49]Λ׆༻͢Δ͜
ͱͰɼΦʔϧΠϯϫϯͷଌఆஔ͕ߏஙՄͰ͋Δ.

ɹ࡞ࢼଌఆஔʹ͍ͭͯɼൺֱత҆ՁͳGPSड৴ػΛ࠾༻͍ͯ͠Δͨ
ΊɼGPSͷଌҐσʔλͷۭؒతิਖ਼ٴͼؒ࣌తิਖ਼͕ඞਢͰ͋Δɽ
ɹ
ʢ̍ʣۭؒతิਖ਼
ɹGPSʹΑΔଌҐσʔλࠩޡΛੜ͍ͯ͡ΔͨΊɼϚοϓϚονϯάิ
ਖ਼Λ͏ߦɽਤ 3.2ʹࣔ͢Α͏ʹɼ͋Β͔͡Ί࿏ઢܗঢ়ͷσʔλઢΛ࡞
͓͖ͯ͠ɼGPSͷଌҐ࠲ඪʢҹʣ͔Βۙͷ࿏ઢ্ʹิਖ਼͢Δʢ੨ҹʣɽ
ิਖ਼ͨ͠࠲ඪΛɼ࿏ઢͷج͔Βͷڑʹ͢ࢉΔɽ
ɹGPSͷଌҐɼ1ඵִؒͰߦΘΕΔͨΊɼͦͷؒͷҐஔΛɼ v(t)

ͷੵΛ༻͍ͯਪఆ͢Δɽࠁ࣌ t = tGͰGPSʹΑΓٻΊͨڑ xG͔
Βࠁ࣌ࡏݱ t = τ ͷڑ x(τ)Λࣜ࣍ΑΓٻΊΔɽ
ɹ

x(τ) = xG +

∫ τ

tG

v(t)dt (t ≤ τ) (3.2.1)

ɹ
ɹ͜͜Ͱɼ v(t)ಉ༷ʹ༧ଌ͢Δඞཁ͕͋ΔɽGPS͔Βใ
1ඵִؒͰಘΒΕΔͨΊɼͦͷؒͷΛɼՃηϯαʹΑΔલޙՃ
 a(t)ͷੵΛ༻͍ͯਪఆ͢Δɽͨͩ͠ɼGPSͷใ 2ඵఔ
ͷؒ࣌ΕΛͨͭ࣋Ίɼࠁ࣌ t = tG ͰGPSʹΑΓಘΒΕͨ vG ͔Β
ࠁ࣌ࡏݱ t = τ ͷ v(τ)Λࣜ࣍ΑΓٻΊΔɽ
ɹ

v(τ) = vG +

∫ τ

tG−2

a(t)dt (t ≤ τ) (3.2.2)
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ɹ

ਤ 3.2.2: ϚοϓϚονϯάิਖ਼
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3.2.3 ग़ݕಓҟৗͷيଌఆஔʹΑΔ࡞ࢼ

ͱ෦ΛͦΕͧΕਤ؍֎ଌఆஔͷ࡞ࢼ 3.2.3ɼਤ 3.2.4ʹࣔ͢ɽߏங͠
ͨϓϩʔϒγεςϜΛһࣨͷӡసͷۙ͘ʹઃஔɼGPSड৴ػΛ
ं૭ʹݻఆ͠Ӧۀ࿏ઢΛͨ͠ߦɽਤ Λࣔ͢ɽگͷঢ়ݧ࣮ʹ3.2.5

ਤ 3.2.3: ؍֎ଌఆஔͷ࡞ࢼ

ਤ 3.2.4: ଌఆஔͷ෦࡞ࢼ
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ਤ 3.2.5: Ӧۀ࿏ઢʹ͓͚Δଌఆͷ༷ࢠʢ࡞ࢼଌఆஔʣ
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Ռʹ͍ͭͯࣔ͢ɽൺֱతେ͖ͳंମ্ԼՃ݁ݧࢼଌఆஔʹΑΔ࡞ࢼ
RMSΛଌఆͨ۠ؒ͠Λਤ 3.2.6ʹࣔ͢ɽॎ࣠ंମ্ԼՃRMS

Ͱɼԣ࣠GPSͷଌҐσʔλ͔Βิਖ਼͞ΕͨΩϩఔͰ͋Δɽंମ্Լ
ՃRMS͕ஶେͰ͋Δ΄Ͳɼيಓঢ়ଶ͕ѱԽ͍ͯ͠Δͱ͑ߟΒΕΔ.

ɹͦ͜ͰɼಛʹRMS͕ஶେͰ͋ΔՕॴ (ਤ 3.2.6ͷ˓ͰғΘΕͨ෦)

ʹెาʹΑΔݱௐࠪΛͨͬߦɽͦͷ݁Ռɼಓচࡅੴʹ͕ࠞೖ͠ɼಓ
চͱϨʔϧͷؒʹ͕ܺؒෳՕॴͰൃੜ͍ͯͨ͠ʢਤ 3.2.7ʣɽ͜ͷΑ͏
ͳঢ়ଶΛු͖·͘Β͗ʢਤ 3.2.8ʣͱݺͼɼු͖·͘Β͕͗ൃੜ͢Δͱं
͕྆௨ա͢ΔࡍɼϨʔϧͷԼʹΑΓͨΘΈ͕ൃੜ͠ϨʔϧΛ௧ΊΔͨ
Ίɼ҆શ্େ͖ͳͱͳΔɽ
ɹݱௐࠪͷ݁Ռɼंମ্ԼՃRMS͕ஶେͳՕॴͰيಓҟৗ͕ൃ
ಓҟৗͷيΕͨ.͜ͷ͜ͱ͔Βɼंମৼಈͷৼ෯Λࣔ͢RMSʹΑΓ͞ݟ
ൃੜՕॴΛಛఆͰ͖Δ͜ͱ͕Ͱ͖ɼيಓҟৗ͕ൃੜ͍ͯ͠ΔใΛ
మಓऀۀࣄϑΟʔυόοΫ͢Δ͜ͱ͕Ͱ͖ͨ.

ਤ 3.2.6: ্ԼՃRMS
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ਤ 3.2.7: ු͖·͘Β͗

ਤ 3.2.8: ු͖·͘Β͗ͷ֓ཁ
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3.2.4 ֬ೝ͞Εͨ՝

Εɼ͞࡞ʹͯߏΕͨଌఆஔʹ͓͍ͯɼΦʔϧΠϯϫϯͷ͞࡞ࢼ
ΛݟతͳૅجΔ͚͓ʹڀݚͰ͖ͨ͜ͱ͔ΒɼຊݕಓҟৗΛيஶͳݦ
ಘΔͱ͍͏ͰҰఆͷՌΛͨ͛ڍɽ͔͠͠ͳ͕ΒɼӦۀ࿏ઢʹ͓͍ͯ
ϑΟʔऀۀࣄϨʔϧஅͷ݁ՌΛమಓ͍ߴසͰଌఆ͠ɼ৴པੑͷߴ
υόοΫ͢ΔͨΊʹ՝͕ೝΊΒΕͨɽϋʔυΣΞʹىҼ͢Δ՝
ͱιϑτΣΞʹىҼ͢Δ՝ʹ͚ͯɼҎԼʹཧ͢Δ.

ɹ
ʻᝑମϋʔυΣΞʹىҼ͢Δ՝ʼ
(1)ઃஔՄՕॴͷݶఆ
ɹӦ྆ंۀͰଌఆ͢Δஔͱͯ͠େ͖͘ɼଌఆं྆ʹΑͬͯଌఆՄ
ͳҐஔ͕ӡస࢜ͷՙۙʹݶఆ͞ΕΔͳͲɼ٬͕৮ΕΒΕΔҐ
ஔͷઃஔΛ༨ّͳ͘͞Εɼࢹཁһ͕ඞཁͱͳΔɽ
ɹ
(2)࿈ଓଌఆ͕͍ؒ࣌
ɹϊʔτ̥̘ͷόοςϦʔΛ֤छηϯαஔͷిݯͱ͍ͯͨͨ͠Ίɼฏ
அݯఔͰ͋ͬͨɽ·ͨɼిؒ࣌େͰ̎࠷ఔɼ͕ؒ࣌̍ؒ࣌ଌఆۉ
ͱͳͬͨࡍʹɼଌఆσʔλͷഁଛ͕֬ೝ͞Εͨɽ

(3)ੑٱ
ɹճ࿏ج൘ͱηϯα෦͕ີด͞Ε͓ͯΒͣɼܦྼԽʹΑΔ৮ෆ
ྑͳͲʹΑΓɼଌఆதʹιϑτΣΞ͕ҟৗऴྃ͢Δ͜ͱ͕֬ೝ͞Εͨɽ
ɹ
(4)ଌఆσʔλͷ৴པੑ
ɹճ࿏ઃܭʹ͓͍ͯɼηϯαͷθϩిѹΛ̥̘όοςϦʔͷిిݯѹ
ͷத৺ిѹʢ2.5Vʣͱ͍ͯͨͨ͠ΊɼిిݯѹͷมಈʹىҼ͢Δͱਪ
͞ΕΔଌఆσʔλͷυϦϑτ͕֬ೝ͞Εͨ.

ɹ
ʻଌఆػιϑτΣΞʹىҼ͢Δ՝ʼ
(1)ଌఆૢ࡞ʹख़ͨ͠ΦϖϨʔλ͕ඞཁ
ɹΦϖϨʔλىಈɼଌఆɼσʔλͷอଘͷૢ࡞Λ͏ߦඞཁ͕͋Γɼૢ
ͱ͕͜͏ߦʢंঠɼอकһʣ͕୯ಠͰӡ༻ΛऀۀࣄΕͳమಓ׳ෆʹ࡞
Ͱ͋Δɽࠔ
ɹ
(2)ଌఆσʔλͷճऩ͕ࡶ
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ɹଌఆσʔλͷอଘઌΛ̝̙̙ͷΈʹݶఆ͍ͯͨͨ͠ΊɼଌఆσʔλΛ
ճऩ͢ΔͨΊʹɼϊʔτ̥̘Λ্ཱͪ͛ͯ֎෦ϝσΟΞʹҠ͠ม͑Δ
ճऩΛґཔͨ͠ऀۀࣄ͠ɼమಓ࡞ඞਢͰ͋ͬͨ.ϚχϡΞϧΛ͕ۀ࡞
͕ɼෛ୲͕େ͖͍ͱͷࢦఠ͕͋ͬͨ.

ɹ
(3)ଌఆσʔλͷഁଛ
ɹిݯஅʹΑΔଌఆσʔλͷഁଛͱผʹɼيಓҟৗݕग़ιϑτͱྻं
ҐஔਪఆɾϚοϓϚονϯάιϑτؒͷ௨৴ΤϥʔʹΑΔഁଛ͕֬ೝ͞
Εͨ.͜ΕɼΦϖϨʔλͷ௨৴ઃఆޡΓͷଞɼఆ͍ͯ͠ͳ͍৴߸͕ૹ
৴͞Ε͖ͯͨࡍͷྫ֎ॲཧ࿙ΕʹىҼ͢Δͱਪఆ͞ΕΔ.
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3.2.5 ՝ͷରࡦ

લड़ͷΛ౿·͑ɼࢢʹೖͰ͖Δͱͯ͠৽ͨʹઃܭ࡞
͢Δʹ͋ͨͬͯɼԼهͷରࡦΛຬͨ͢͜ͱΛجຊͱͯ͠ɼ߲࣍Ҏ߱Ͱ
ϋʔυΣΞٴͼιϑτΣΞͷݕ࠶౼Λ͏ߦɽ
ɹ
ʻϋʔυΣΞʹؔ͢Δରࡦʼ
(1)ଌఆஔͷখܕԽ
ɹ࠲੮ԼثػശͷઃஔΛతͱͯ͠ଌఆஔͷখܕԽΛਤΔɽಛʹ
ೝϥϯ֬࡞େ͖͍ϞχλஔΛΦϓγϣϯͱ͠ɼಈ͕ڹͷӨํ͞ߴ
ϓͷಋೖอଘ͞ΕͨσʔλΛ༰қʹऔΓग़͢खஈΛݕ౼͢Δɽ
ɹ
(2)ফඅిྗͷٴݮͼ֎෦ిڅͷՃ
ɹফඅిྗͷ࠷େ͖͍Ϟχλஔɼଌఆݶ͕ऀۀࣄΒΕΔ૽Իܭ
ΛΦϓγϣϯͱ͢Δ͜ͱͰɼ௨ৗଌఆ࣌ͷলిྗԽΛਤΔɽ·ͨɼશ
ͳΦʔϧΠϯϫϯͰͳ͘ͳΔ͕ɼं͔྆ΒిڅΛड͚ΒΕΔέʔε͕
Δɽ͢౼ݕΛड͚ΔํࣜΛిڅड͚ΒΕͨͨΊɼ֎෦͔Βͷݟ
ɹ
(3)ੑٱͷ্
ɹճ࿏ج൘ηϯαΛີด͞Εͨᝑମͷ෦ऩೲ͢Δɽͨͩ͠ɼൃ
ʹ͍ͭͯेʹݕ౼Λ͏ߦɽ
ɹ
(4)ճ࿏ઃܭ
ɹؒظͷ҆ఆͨ͠ଌఆΛ࣮͢ݱΔͨΊɼڥ༺Λྀͨ͠ߟઃܭΛݕ
౼͢Δ.

ɹ
ʻιϑτΣΞʹؔ͢Δରࡦʼ
(1)ࣗಈຢ؆୯ͳεΠονૢ࡞Ͱͷଌఆ
ɹΦϖϨʔλͷૢ࡞Λলུ͢ΔͨΊɼଌఆஔిݯΛೖ͞Εͨ߹ɼ
ࣗಈతʹଌఆΛ։࢝͢ΔͱͱʹɼిݯஅΛݕͨ͠ࡍσʔλΛഁଛ
ͤͣʹଌఆΛऴྃ͢Δ͜ͱͱ͢ΔɽεΠονૢ࡞ʹΑΔଌఆͷ߹ɼి
༰͢ΔɽڐΛ࡞ͷ̤̣ɾ̛̛̤ͷΈεΠονૢݯ
ɹ
(2)ଌఆσʔλͷࣗಈసૹ
ɹϋʔυΣΞʹؔ͢Δରࡦ (1)Ͱࣔͨ͠ɼσʔλΛ༰қʹऔΓग़͢खஈ
ͷଞɼܞଳిճઢΛར༻ͯ͠ଌఆσʔλΛࣗಈͰ֎෦ͷσʔλαʔό
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సૹ͢ΔػͷՃΛݕ౼͢Δ.

ɹ
(3)ଌఆ༻ιϑτΣΞͷ౷߹
ɹيಓҟৗݕग़ιϑτͱྻंҐஔਪఆɾϚοϓϚονϯάιϑτʹ͍ͭ
ͯଌఆ߲Λཧ͠ɼιϑτΣΞΛҰຊԽ͢Δ.

3.3 ϋʔυΣΞͷݕ౼

3.3.1 ᝑମઃܭͱجຊ༷

ᝑମʹ͍ͭͯஔશମͷখܕԽͷͨΊɼճ࿏ج൘ͷີߴԽʹΑΔ
খܕԽΛجຊʹɼόοςϦʔͳͲͷඞཁ෦ࡐΛີߴʹ࣮͢Δ͜ͱͱ
ͨ͠ɽ͜ͷ߹ɼճ࿏ͷൃ͢Δ͕ͱͳΔ͕ɼᝑମશମΛ์ثʢΞ
ϧϛᝑମʣͱͯ͠ར༻͢Δ͜ͱͰղܾͨ͠ɽ
ɹ·ͨɼᝑମΛं྆ʹݻఆ͠ͳ͍߹ɼ͕͖ͨͭᝑମ͕Ҡಈͯ͠͠·
͏͜ͱʹΑΓଌఆσʔλӨڹΛ༩͑Δ͜ͱ͕ݒ೦͞ΕΔɽͦ͜Ͱɼᝑ
ମͷ෦ʹ͞ߴௐɾ͖ௐΛՃɼஔશମͷॏ৺Λ͘ઃܭɼं
྆ͱͷઃஔ໘ΓࢭΊͱ͍ͬͨରࡦΛ͍ߦɼᝑମΛݻఆ͠ͳ͘ͱଌ
ఆϊΠζ͕૿େ͠ͳ͍ઃܭͱͨ͠ɽ
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ਤ 3.3.1: ᝑମੇ๏ਤʢ্໘ʣ
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ਤ 3.3.2: ᝑମੇ๏ਤʢԣ໘ʣ
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ճ࿏ઃܭɼ֎དྷϊΠζɼԹɼৼಈͳͲɼڥ༺Λेྀͯ͠ߟ
ɼηϯ༺࠾CPUͷੑߴɽ·ͨɼͨͬߦʹͰ͖ΔΑ͏ݱΛ࣮࡞ఆಈ҆ظ
αΛผج൘ͱͯ͠ϩʔϊΠζԽ͠ɼجຊੑͷ্Λͨͬߦɽ·ͨɼ
༻෦ɼ҆ظఆڅڙͰ͖ΔͷΛબఆͨ͠ɽ

ਤ 3.3.3: ճ࿏ઃܭ
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3.3.2 ଌఆ༻ηϯα

ଌఆ༻ηϯαʹ͍ͭͯɼMEMSʢMicro Electro Mechanical Systemsʣ
ٕज़ʹΑΔՃηϯαٴͼδϟΠϩ͕Ұମܕͷੑ׳ηϯαΛ࠾༻͠ɼখ
ΛΦϓγϣϯͱܭఆ͞ΕΔ૽Իݶ్͕༺༺ԽΛਤ͍ͬͯΔɽ·ͨɼܕ
ͯ͠֎෦ଓͱ͢Δ͜ͱͰɼᝑମͷ͞ΒͳΔখܕԽʹޭͨ͠ɽද 3.3.1

ʹຊจʹ͓͍ͯ࠾༻ͨ͠ 6ࣗ༝ੑ׳ηϯαͷಛੑΛࣔ͢ɽੑ׳ηϯ
α͕ނোʢਖ਼͍͠Λग़ྗ͠ͳ͍ɼͦͦग़ྗ͕ͳ͍ʣͨ͠߹ɼي
ಓҟৗ͕ෆݕग़ͱͳΔ͜ͱ͕࠷ѱࣄͱͯ͛͠ڍΒΕΔɽຊڀݚʹ͓͍
ͯɼৗʹଌఆσʔλΛϞχλϦϯά͠લճଌఆσʔλͱͷൺֱ͢Δ͜
ͱͰɼيಓҟৗͱݕޡग़͢Δͷͷɼηϯαނোݕग़ՄͰ͋Δɽͨ
ͩ͠ɼ؇͔ʹηϯαग़ྗ͕ݮগ͢Δɼނোݕग़͕ࠔͰ͋Δέʔ
ε͕͑ߟΒΕΔͨΊɼෳͷηϯαʹͯग़ྗΛ૬ޓʹνΣοΫ͢ΔͳͲ
ͷର͕ࡦඞཁͰ͋Δɽ
ɹGPSʹ͍ͭͯɼޙࠓͷ։ൃ͕ࠐݟ·ΕΔͨΊɼಛఆͷड৴ػΛ
Ͱ͖ΔΑ͏ʹɼରԠ͢Δ౼ݕΛػΔͷͰͳ͘ɼ༷ʑͳड৴͢༺࠾ I/FΛ
༗͢Δઃܭͱͨ͠ɽද 3.3.2ʹຊจʹ͓͍ͯ࠾༻ͨ͠GPSड৴ػͷಛ
ੑΛࣔ͢ɽ

ද 3.3.1: ̒ࣗ༝ੑ׳ηϯαʢADIS16362ʣ

ACCELEROMETERS GYROSCOPES

Dynamic Range ʶ 1.7 G ʶ 75 ˃

Offset error ʶ 0.003 G ʶ 0.114 ˃

Gain error model ʶ 0.009 G ʶ 0.375 ˃

Sampling frequency 0.4Hzʙ820Hz 0.4Hzʙ820Hz
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ද 3.3.2: GPSड৴ػʢFV25RSʣ

GPS receiver

Receiving sensitivity -149dBm

Sampling frequency 4Hzɼ1Hz

3.3.3 ݯి

࠷ಈʢDC12VɼۦͷϦνϜΠΦϯόοςϦʔܕɼՄൖ͍ͯͭʹݯి
େ ʢACిڅͷं྆ܕʣʹΑΔଌఆํࣜͱɼৗઃؒ࣌6 100Vʙ200Vʣ
Λड͚ͯଌఆ͢Δํ͕ࣜબՄͱͨ͠.όοςϦʔۦಈʹ͍ͭͯɼࢼ
Λड͚ΔํిڅશʹඇଓͰՔಇ͢Δɽं྆ΑΓͱಉ༷ʹं྆ͱػ࡞
ࣜͰɼ͞ిڅΕͨ࣌Ͱஔ͕ىಈ͠ɼࣗಈͰଌఆ͕։࢝͞ΕΔɽ

3.3.4 อଘϝσΟΞ

ଌఆ͞Εͨଌఆσʔλʹ͍ͭͯɼιϦουεςʔτυϥΠϒʢSSDʣ
͞ΕɼmicroSDΧʔυʹΑΓ༰қʹऔΓग़͕͠ՄͰ͋Δ.·ͨɼهʹ
microSDΧʔυʹอଘ͢Δ͜ͱՄͰɼΦϓγϣϯͱͨ͠Ϟχλ
Λଓ͠ͳ͘ͱσʔλͷൈ͖औΓ͕ՄͰ͋Δɽ

3.3.5 ಈ֬࡞ೝ༻̡̙̚ϥϯϓ

ιϑτΣΞ͕ਖ਼ৗʹಈ࡞ɼه͍ͯ͠Δ͜ͱΛ֬ೝ͢Δ LEDϥϯϓ
Λᝑମଆ໘ʹஔ͢Δ͜ͱͰɼϞχλʹΑΔ֬ೝΛෆཁͱͨ͠ɽ
ɹ
ʢग़ྗ༰ʣ
ɹ্ࠨɿOSىಈ
ɹࠨԼɿΞΫηεϥϯϓ
ɹத্ɿిݯཧ
ɹதԼɿηϯαใऔಘ
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ɹӈ্ɿGPSऔಘ
ɹӈԼɿιϑτΣΞىಈ
ɹ
ɹਖ਼ৗʹಈ͍ͯ͠࡞Δͱ͖ͷ LEDͷ༷ࢠΛਤ 3.3.4ʹࣔ͢ɽ

ਤ 3.3.4: LEDϥϯϓͷ֎؍

3.4 ιϑτΣΞͷݕ౼
ຊڀݚͰඪͱ͢ΔيಓஅαΠΫϧΛ࣮͢ݱΔͨΊʹɼલड़ͷΑ

͏ͳଌఆஔͷখܕԽ৴པੑ্ͳͲͷϋʔυର͚ͩࡦͰແ͘ɼଌఆ
ͷࣗಈԽʢແਓԽʣσʔλసૹͷࣗಈԽΛ࣮͢ݱΔඞཁ͕͋Δɽ
ɹຊ߲ͰɼӦ྆ंۀʹ͓͚Δं্ଌఆΛࣗಈԽ͢ΔͨΊʹɼଌఆஔ
ʹඞཁͱͳΔιϑτΣΞػʹ͍ͭͯݕ౼͢Δͱڞʹɼଌఆஔͷ
өঢ়گʹ͍ͭͯड़Δɽ

3.4.1 ଌఆσʔλ༰ྔͷݮ

ଌఆஔͷॳઃܭʹ͓͍ͯɼ1ؒͷଌఆσʔλ͕ 8MBͱɼϑΝ
Πϧ༰ྔ͕େʢ1ϲ݄ͷଌఆͰ 200GBҎ্ʣͰ͋Γɼσʔλసૹٴͼ
σʔλճऩؒظԆͷোͱͳ͍ͬͯͨɽ
ɹͦ͜Ͱɼอશ͢Δଌఆ߲Λબ੍ͱ͠ɼඞཁͷແ͍߲ഁ͢غΔ
͜ͱͰଌఆσʔλͷϑΝΠϧ༰ྔΛ͠ݮɼղੳʹඞཁͳ߲ͷΈΛه
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͢ΔػΛՃͨ͠ɽ
ɹ·ͨɼं͔྆ΒిڅΛड͚Δৗઃܕʹ͍ͭͯશࣗಈଌఆΛ࣮͠ݱ
͕ͨɼىಈͱಉ࣌ʹଌఆΛ։ݯి࢝͠அ·Ͱ࿈ଓͯ͠ଌఆΛ͏ߦͱɼྻ
ं͕ӦۀߦΛ͓ͯ͠ΒͣɼंݿϗʔϜͰ͍ͯ͠ػΔؒଌఆ͕ߦ
ΘΕΔɽͦ͜ͰɼλΠϜεέδϡʔϧػΛՃ͠ɼଌఆ։ٴࠁ࣌࢝ͼ
ऴྃࠁ࣌ΛઃఆͰ͖ΔΑ͏ʹͨ͠ɽ

3.4.2 σʔλసૹػ

ηΩϡϦςΟ֬อͷͨΊઐ༻ճઢΛܖ͢ΔͳͲɼएׯͷΠϯϑϥઃ
උ͕ඞཁͰ͋Δ͕ɼσʔλసૹϞδϡʔϧΛΈࠐΈɼܞଳిճઢΛ
௨ͯ͡ଌఆσʔλΛԕִͷσʔλαʔόసૹ͢Δ͜ͱΛՄͱͨ͠ɽ
·ͨɼղੳ͢ΔيಓҟৗपྖҬʹݶఆ ΕΔͷͷɼ͞(ಓෆي)
αϯϓϦϯάपΛ 820Hz͔Β 82Hz·ͰμϯαϯϓϦϯά͢Δ͜
ͱͰɼσʔλసૹͷෛՙΛ͢ݮΔ͜ͱՄͰ͋Δɽۙɼٸʹൃ
ୡ͍ͯ͠ΔΫϥυٕज़ʹ͍ͭͯɼηΩϡϦςΟͷݒ೦ͷ͕͋Δ
ͷͷɼஅσʔλͷڞ༗ԽͳͲيಓஅαΠΫϧ࣮ݱͷͨΊͷπʔϧ
ͱͯ͠༗ޮͰ͋ΔͱࢥΘΕΔɽ
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3.5 ৽͘͠։ൃͨ͠ଌఆஔ

3.5.1 ஔ֎؍

Λਤߏங͞Εͨଌఆஔͷߏ 3.5.1ɼஔͷ֎؍Λਤ 3.5.2ʹࣔ͢ɽൺ
ֱͷͨΊ࡞ࢼଌఆஔͷੇ๏Λਤ 3.5.3ʹࣔ͢.ଌఆஔιϑτΣΞ
ηϯαྨΛ౷߹͠ɼػ࡞ࢼʹର͠ઃஔ໘ੵൺͰ 40ˋఔ͠ݮɼA4༻
͞ߴΑΓҰճΓখ͍͞େ͖͞ͱͳͬͨ.·ͨɼେ͖ͳ՝ͱͳ͍ͬͯͨࢴ
ͷੇ๏ํ 180mm͔Β 72mmͱҎԼʹͳΓɼେ෯ͳখܕԽΛ࣮ݱ
ͨ͠.

ɹਤ 3.5.4ʹࣔ͢ՄൖܕஔɼόοςϦʔۦಈͰ࠷େ ࿈ଓଌఆΛؒ࣌6
͢Δ͜ͱ͕Ͱ͖ΔͨΊɼंʹஔ͚ͩ͘ͰແਓͰं྆ͷಈ༳ଌఆ͕Մ
Ͱ͋Δ.͞ΒʹɼిݯϢχοτͷަʹΑΓৗઃܕʢਤ 3.5.5ʣͷ͕
ՄͰɼं͔྆ΒిݯͷڅڙΛड͚Δ͜ͱͰɼৗ࣌ଌఆՄͰ͋Δ.

ɹଌఆσʔλͷऩूʹؔͯ͠ɼmicroSDΧʔυͳͲͷهϝσΟΞ
ॻ͖ग़͢ػɼܞଳిճઢΛར༻ͯࣗ͠ಈతʹαʔόʹૹ͢Δػ
Λ༗͍ͯ͠Δ.

ɹΦϓγϣϯͱͯ͠ϞχλɼΧϝϥٴͼ૽ԻܭΛऔΓ͚Δ͜ͱ͕ՄͰ
͋Γɼ·ͨɼं૽Ի͔Βঢ়ຎͷঢ়ଶΛஅ͢Δ͜ͱՄͰ͋Δɽ
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ਤ 3.5.1: ଌఆஔͷߏ
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ਤ 3.5.2: ଌఆஔͷ֎ٴ؍ͼੇ๏

ਤ 3.5.3: ๏ੇܭஔͷઃ࡞ࢼ
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ਤ 3.5.4: ՄൖܕʢόοςϦʔۦಈʣ

ਤ 3.5.5: ৗઃܕʢं྆ిڅʣ
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3.5.2 Ճৼػݧࢼʹ͓͚Δূݕ

ଌఆஔͷऔಘσʔλΛ͢ূݕΔͨΊɼަ௨҆શڀݚڥॴʢަ௨ݚʣ
ͷॴ༗͢ΔՃৼػݧࢼʢ̏࣠ํʹҙͷৼ෯ɼपͰՃৼՄʣʹ
ͯɼࠓճͷଌఆஔͱߍਖ਼࣠̏ࡁՃܭʹͯɼଌఆ݁ՌͷൺֱΛ͏ߦ
Λਤࢠͷ༷ػݧࢼɽՃৼͨͬߦΛݧࢼ 3.5.6ʹࣔ͢ɽՃৼػݧࢼυϥΠ
ϏϯάγϛϡϨʔλʹ༻͍ΒΕΔ̒࣠ΞΫνϡΤʔλํࣜͷՃৼػݧࢼ
Λ༻ͨ͠ɽ

ਤ 3.5.6: Ճৼػݧࢼͷ֎؍

ਤ 3.5.7: Ճৼػݧࢼͷઃஔঢ়گ
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ʢyํಓͷঢ়ଶஅʹ༻͍Δԣํي݅ͱͯ͠ɼՃৼํݧࢼ
ʣͱͨ͠ɽՃৼৼ෯ʢzํʣͱॎํ 50mmɼप 0.7Hzͷਖ਼ݭ
ͱઃఆͨ͠ɽ
ɹਤ 3.5.8ʹ্ԼՃଌఆσʔλͷൺֱ݁ՌΛɼਤ ӈՃࠨʹ3.5.9
ଌఆσʔλͷൺֱ݁ՌΛࣔ͢ɽߍਖ਼࣠̏ࡁՃܭͷଌఆσʔλΞφ
ϩάͰग़ྗ͞ΕΔɽଌఆ݁ՌΛݟΔͱɼೖྗͨ͠ 0.7Hzఔͷਖ਼ݭ
ʹՃ͑ͯɼ্ԼͰपظతͳΠϯύϧεݟ͕ܗΒΕɼࠨӈͰߴप
ৼಈ͕ΈΒΕΔ͕ɼ͜ΕՃৼػݧࢼͷಛੑͰ͋Δͱ͑ߟΒΕΔɽ
ɹߍਖ਼ࡁՃܭͱ৽نଌఆஔͷଌఆ݁ՌΛൺֱ͢Δͱɼଌఆஔͷ
্ԼՃʹ͓͍ͯɼएׯϊΠζ͕େ͖͘ͳ͍ͬͯΔ͕ɼৼ෯ɼप
ڙʹྑ͘Ұக͍ͯ͠Δ͜ͱ͕͔Δɽ
ɹҎ্ͷ͜ͱ͔Βɼଌఆஔʹ࠾༻ͨ͠Ճηϯαͷਫ਼͕֬ೝ͞Εͨɽ
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ਤ 3.5.8: ্ԼՃͷൺֱ

ਤ 3.5.9: ӈՃͷൺֱࠨ

103



3.6 ·ͱΊ
ຊষͰɼઌػ࡞ࢼͨ͠༺͍͓ͯʹڀݚߦΛ༻͍ͯɼӦۀ࿏ઢʹ͓

͍ͯଌఆΛ࣮͠ࢪɼஔͷΛநग़ͨ͠ɽ࣍ʹΛղܾ͢Δͨ
Ίʹɼ৽͘͠։ൃ͢Δஔͷجຊ༷Λݕ౼͠ɼ࡞Λͨͬߦɽ
ɹ։ൃͨ͠ஔͷධՁΛ݁ͨͬߦՌɼ։ൃ͞ΕͨଌఆஔҎԼͷੑ
Λ༗͠ɼ࣮༻ԽٴͼҬͷීٴΛͨ͠ࢦਫ४ʹ౸ୡ͍ͯ͠Δ͜
ͱΛ֬ೝͨ͠ɽ
ɹ
(1) খܕͷଌఆஔͰɼӡస੮Լͷεϖʔεثػശͷத༷ʑͳॴ
ઃஔՄ
ɹ
(2) ࣗಈ·ͨ؆୯ͳεΠονૢ࡞ʹͯଌఆ͕։࢝͞Εɼઐͷଌఆһ͕
ෆཁ
ɹ
(3) ଌఆσʔλΛܞଳిճઢʹΑΔࣗಈసૹ·ͨmicroSDʹΑΓճ
ऩ͢Δ͜ͱ͕Մ
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ୈ4ষ γεςϜͷࢹಓঢ়ଶي
࿏ઢʹ͓͚ΔۀஙͱӦߏ
ධՁ

4.1 ͡Ίʹ
ୈ 2ষʹ͓͍ͯɼंମৼಈ͔Βيಓҟৗ͕ݕग़Ͱ͖Δ͜ͱΛ֬ೝͨ͠ɽ

·ͨɼୈ 3ষʹ͓͍ͯيಓஅʹඞཁͳใΛଌఆ͢ΔଌఆஔΛ৽ͨ
ʹ։ൃͨ͠ɽຊষͰɼͦΕΒͷ݁Ռͷ౷߹తͳূݕΛͨ͏ߦΊʹɼߏ
ஙͨ͠يಓঢ়ଶࢹγεςϜΛӦ྆ंۀʹ͓͍ͯద༻͠ɼيಓҟৗݕग़
ͷ࣮ূݧࢼΛ࣮࿏ઢʹ͓͍ͯ͏ߦɽ
ɹ·ͨɼྗڠऀۀࣄͷͱيಓඋΛͨͬߦલي͍͓ͯʹޙಓධՁΛ࣮
ͭʹมԽͷ༧ଌख๏ܦಓͷيɼʹڞΔͱ͢ࠂͷ݁Ռʹ͍ͭͯใͦ͠ࢪ
ɽ͏ߦΛ౼ݕ͍ͯ

4.2 γεςϜࢹಓঢ়ଶي
ଌఆ෦Ͱंମͷঢ়ଶྔΛಘΔͨΊʹɼຊจͷୈ 3ষʹ͓͍ͯ৽ͨʹ

ଌఆஔΛ։ൃͨ͠ɽ։ൃͨ͠ଌఆஔʹ͍ͭͯɼࣗಈͰσʔλͷऩ
͕ՄͰ͋ΓɼଌఆσʔλΛܞଳిճઢʹΑΓૹ͢Δػ༗͠
͓ͯΓɼୈ̍ষͰઃఆͨ͠جຊػΛ༗͍ͯ͠Δɽ࣍ʹɼղੳ෦ʹ͍ͭͯ
ɼୈ 2ষʹ͓͍ͯيಓෆΛंମಈ༳͔ΒධՁ͢Δख๏ͷఏҊΛ͍ߦɼ
͜ΕΒͷධՁख๏ΛΈࠐΜͩيಓஅιϑτʹ͍ͭͯઆ໌ͨ͠ɽຊষ
·Ͱʹߏங͞Εͨيಓঢ়ଶࢹγεςϜΛөͤͨ͞ɼيಓஅαΠΫ
ϧʹ͍ͭͯਤ 4.2.1ʹࣔ͢ɽ
ɹ։ൃͨ͠يಓঢ়ଶࢹγεςϜͷ༗ޮੑʹ͍ͭͯɼධՁ݁Ռ͕يಓ
อकܭըʹө͞Εɼదͳيಓิमʹ͍͕ͯͬܨΔ͔ɼؒظଟ͘
ͷଌఆΛ࣮͠ࢪɼଌఆˠղੳˠҟৗൃݟˠอकˠଌఆʜͱ͍ͬͨيಓ
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அͷαΠΫϧ͕࣮ͯ͠ݱॳΊͯࣔ͢͜ͱ͕Ͱ͖Δɽ
ɹຊষͰɼమಓྗڠऀۀࣄͷͱɼߏஙͨ͠يಓঢ়ଶࢹγεςϜΛ
يͼٴݟಓҟৗͷൃي࿏ઢʹ͓͍ͯੵͨ͠σʔλ͔ΒɼۀӦͯ͠༺
ಓอकޮՌධՁΛͨͬߦɽ

ਤ 4.2.1: ಓஅαΠΫϧي
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4.3 ࿏ઢ̖ʹ͓͚ΔධՁྫࣄ
ؔ౦۠ʹ͓͍ͯيಓঢ়ଶࢹγεςϜΛಋೖ݁ͨ͠͠ূݕՌʹ͍ͭ

ͯड़ΔɽӦंྻۀʹ͓͚Δଌఆݧࢼ 2015 2݄ 21͔Βಉ 3݄
24ͷؒ·Ͱ 1ϲ݄ؒ࿈ଓͯͨͬ͠ߦɽ࿏ઢ̖ʹ͓͍ͯं͔྆Βͷ
ఆ͠ɼं྆ͷ௨ݻʹΛӡసࣨͷচ໘ܕՄͰ͋ͬͨͨΊɼৗઃ͕ిڅ
ిͱಉ࣌ʹࣗಈͰଌఆ͕։࢝͞ΕΔΑ͏ઃఆͨ͠ɽଌఆஔͷઃஔঢ়گ
Λਤ 4.3.1ʹࣔ͢ɽ࿏ઢ̖ʹ͓͚ΔҰͷଌఆͰɼฏۉ 8ԟ෮ఔͷଌ
ఆσʔλΛಘΔ͜ͱ͕Ͱ͖ɼ̎िؒʹҰͷंݿೖͨ͠ݿλΠϛϯά
ͰଌఆσʔλΛճऩͨ͠ɽ
ɹຊ߲ͰଌఆσʔλͷධՁྫࣄΛࣔͨ͢ΊʹɼԼΓߦͷ݁Ռʹ͍ͭ
ͯ·ͱΊΔ.

ਤ 4.3.1: ଌఆஔઃஔঢ়گʢ࿏ઢ̖ʣ
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4.3.1 ଌఆσʔλͷੑݱ࠶

ଌఆσʔλͷ͏ͪं྆ಈ༳ʢंମ্ԼՃɼंମࠨӈՃɼϩʔ
ϧϨΠτʣʹ͍ͭͯɼͦͷଌఆʹ͕֬ੑݱ࠶ೝ͞ΕΔ͔ূݕΛ͏ߦɽҰ
ൠతʹيಓҰϲ݄ఔͰେ͖͘มಈ͠ͳ͍ͱ͑ߟΒΕɼ·ͨɼӦۀ
ྻंӡసۂઢʹैͬͯ͢ߦΔͨΊɼ֤ϙΠϯτʹ͓͚Δ௨ա
֓ͶҰக͍ͯ͠Δ͕ɼஶ͍͕ࠩ֬͠ೝ͞Εͨଌఆআ֎͍ͯ͠Δɽ
ɹॅ֗Λ͢ߦΔͨΊଟ͘ͷۂઢΛ௨ա͢Δ̖۠ؒʹ͍ͭͯɼଌఆ݁Ռ
ͷத͔Βද͠ 2݄ 22ɼ3݄ 8ɼ3݄ 21ʹଌఆͨ݁͠ՌΛਤ 4.3.2

ʹɼଌఆ݁ՌͷRMSΛࢉग़ͨ݁͠Ռʹ͍ͭͯਤ 4.3.3ʹࣔ͢ɽ
ɹंମ্ԼՃٴͼRMSʹ͍ͭͯɼϐʔΫҐஔʹ͍ͭͯݱ࠶͍ߴ
ੑΛ֬ೝͰ͖Δɽ·ͨɼՃͷେ͖͞ʹ͍ͭͯएׯͷࠩҟ֬ೝͰ͖
ΔͷͷɼRMSʹண͢ΔͱશͯͷέʔεͰཁҙՕॴ͕ಛఆग़དྷΔɽ
ɹंମࠨӈՃٴͼRMSʹ͍ͭͯൺֱ͢ΔͱɼϐʔΫҐஔͣΕɼ
্Լಈͱಉ࣌ʹଌఆͨ݁͠ՌͰ͋ΔʹΘΒͣɼੑݱ࠶ൺֱత͍
݁ՌͱͳͬͨɽಛʹӺपลͷҬʹ͓͍ͯͦͷݦஶͰ͋Δɽ
ɹ·ͨɼࠨӈՃͰۂઢํͷใ͕ಡΈऔΕΔͷͷɼRMS
ΛݟΔͱมԽͷஶେ༰қʹ୳͕ࡧՄͱͳΔ͕ɼۂઢͷࠨӈํͱ
͍ͬͨใ͕ࣦΘΕΔ͜ͱʹҙ͕ඞཁͰ͋Δɽ
ɹंମϩʔϧϨΠτٴͼRMSʹ͍ͭͯɼܗྑ͘Ұக͍ͯ͠Δ
ͷͷɼϐʔΫʹ͍ͭͯΒ͖͕ͭେ͖͍ɽ͜ͷΒ͖͕ͭେ͖
͍Օॴ 4070m 4220mͱ͍ͬͨࠨӈՃ͕ஶେͱͳΔՕॴ
ͱҰக͓ͯ͠Γɼࠨӈಈ͕ϩʔϧϨΠτ͍ڧӨڹΛ༩͍͑ͯΔ͜ͱ͕
໌ͨ͠ɽͦͷͨΊɼϩʔϧϨΠτΛղੳ͢ΔࡍʹࠨӈՃʹ͍ͭ
ͯซͤͯ͢ߟΔඞཁ͕͋Δɽ
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ਤ 4.3.2: ंମಈ༳ͷଌఆ݁Ռʢ̖۠ؒʣ
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ਤ 4.3.3: ंମಈ༳ͷRMSଌఆ݁Ռʢ̖۠ؒʣ
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ओʹઢ۠ؒΛ͢ߦΔ̗۠ؒʹ͍ͭͯɼ̖۠ؒͱಉ༷ʹ 2݄ 22ɼ3

݄ 8ɼ3݄ 21ʹଌఆͨ݁͠ՌΛਤ 4.3.4ʹɼଌఆ݁ՌͷRMSΛࢉ
ग़ͨ݁͠Ռʹ͍ͭͯਤ 4.3.5ʹࣔ͢ɽ
ɹंମ্ԼՃٴͼRMSʹ͍ͭͯɼ̖۠ؒϐʔΫҐஔʹ͍ͭͯߴ
Λ֬ೝͰ͖ΔɽRMSʹண͢Δ͜ͱͰཁҙՕॴ͕ಛఆग़དྷੑݱ࠶͍
Δ͜ͱҰக͍ͯ͠Δɽ
ɹंମࠨӈՃٴͼRMSʹ͍ͭͯɼઢΛ͍ͯ͠ߦΔ 9300mʙ
9600mͷ۠ؒͱۂٸઢ͕֬ೝ͞Ε͍ͯΔ 9700mͷԿΕͣΕ͕֬ೝ
͞Εɼ্ԼՃͱൺֱ͢Δͱ͕ੑݱ࠶͍݁Ռͱͳ͍ͬͯΔɽ͔͠͠
ͳ͕ΒɼଌఆճΛଟॏͶΔ͜ͱʹΑΓɼ༳Εͷ࠷େͷਪҠΛଊ͑
Δ͜ͱՄͰ͋Δɽͨͩ͠ɼΩϩఔͷͣΕ͕֬ೝ͞ΕΔͨΊɼيಓҟ
ৗΛಛఆ͢ΔͨΊʹݱௐࠪΛࡍ͏ߦɼ50mఔपғͷঢ়گΛ֬ೝ͢
Δඞཁ͕͋Δɽ
ɹंମϩʔϧϨΠτٴͼRMSʹ͍ͭͯɼ3ճͷଌఆʹ͓͍͕ͯܗ
ྑ͘Ұக͓ͯ͠Γɼ͞Βʹ̗۠ؒʹ͓͍ͯϐʔΫʹ͍͕ͭͯੑݱ࠶
ڧͱ͕֬ೝ͞ΕΔɽ9330m͓͍ͯ౿͕֬ೝ͞Ε͓ͯΓɼ͍͜ߴ
͍ϩʔϧϨΠτ͕֬ೝ͞ΕΔͷͷɼຊஔͷઃஔҐஔͰࠨӈಈʹ͞
΄ͲӨڹΛ༩͓͑ͯΒͣɼ̖۠ؒʹ͓͚ΔࠨӈಈͱϩʔϧϨΠτͱͷؔ
࿈ͱҟͳΓɼϩʔϧϨΠτͷൃੜ͕ࠨӈಈ͘ڧӨ͠ڹͳ͍͜ͱ͕֬
ೝͰ͖Δɽ
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ਤ 4.3.4: ंମಈ༳ͷଌఆ݁Ռʢ̗۠ؒʣ
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ਤ 4.3.5: ंମಈ༳ͷRMSଌఆ݁Ռʢ̗۠ؒʣ
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4.3.2 ཁҙ۠ؒͷݱௐࠪ

લઅͷ݁Ռ͔Β্ԼՃͷRMSʹ͍ͭͯɼͦͷ͔ੑݱ࠶͍ߴΒ
ཁҙ۠ؒͷಛఆ͕Ͱ͖ΔՄੑΛࣔͨ͠ɽͦ͜ͰɼຊઅͰ্ԼՃ
RMS͕͍ؒ۠ߴΛݱௐࠪ͠ɼيಓҟৗͷಛఆ͕ՄͰ͋Δ͔Ͳ͏
ɽ͏ߦΛ౼ݕ͔
ɹҰϲ݄ؒͷଌఆ݁Ռ͔ΒҰྫͱͯ͠ಉʹଌఆͨ͠ 4ߦͷंମ্
ԼՃΛਤ 4.3.6ʹࣔ͢ɽਤதͷAʙOӺͷҐஔΛ͓ࣔͯ͠Γԣ࣠
ͱͳͬͨӺ͔ΒͷΩϩఔͰ͋Δɽج
ɹਤ 4.3.6ΑΓɼಉʹଌఆͨ͠ंମ্ԼՃͷʹେ͖ͳࠩҟ֬
ೝͰ͖͕ͣஶେͱͳ͍ͬͯΔҰக͍ͯ͠Δ͜ͱ͔Βଌఆʹ࠶
Δ͜ͱ͕֬ೝͰ͖Δɽ͕͋ੑݱ
ɹݧࢼΑΓಘΒΕͨंମ্ԼՃͷ݁Ռʹରͯ͠ɼ৴߸ॲཧΛ࣮͠ࢪɼ
ɽਤ͏ߦग़Λݕಓҟৗͷي 4.3.7ʹଌఆ݁Ռͷத͔Βදͯ͠ 2݄ 22ɼ
3݄ 8ɼ3݄ 21ʹଌఆͨ͠ंମ্ԼՃΛࣔ͠ɼͦͷRMSΛਤ
4.3.8ʹࣔ͢ɽ
ɹਤ 4.3.8ʹ͓͍ͯɼ্ԼՃ RMSͷᮢΛ 1.0m/s2 ͱͨ͠߹ɼ
C-DӺؒɼG-HӺؒɼN-OӺؒʹ͓͍ͯᮢΛա͍ͯ͠Δ͜ͱ͕Θ͔
Δɽͦ͜Ͱɼ͜ΕΒͷ 3۠ؒΛຊ࿏ઢʹ͓͚Δཁҙ۠ؒͱઃఆ͠ɼ
ௐࠪΛ࣮ݱಓঢ়ଶΛਪఆ͠ɼيΣʔϒϨοτʹΑΔධՁΛؚΊͯࢄ
Δɽ͢ࢪ
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ਤ 4.3.7: ंମ্ԼՃͷਪҠʢA-O Ӻؒʣ

ਤ 4.3.8: ंମ্ԼՃRMSͷਪҠʢA-O Ӻؒʣ
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ཁҙӺؒʢC-DӺؒɼG-HӺؒɼN-OӺؒʣͷଌఆͰ͋Δंମ্
ԼՃͱͦͷRMSɼҟৗ͕֬ೝ͞ΕͨͷۭࣸߤਅΛͦΕͧΕਤ
4.3.9ɼਤ 4.3.10ɼਤ 4.3.11ʹࣔ͢ɽ
ɹ·ͣɼC-DӺؒΛৄݟʹࡉΔͱਤ 4.3.9 (b)ͷRMS͔ΒC-DӺؒͰ
ᮢΛա͍ͯͨ͠ 1.7kmͰ͋Δ͜ͱ͕Θ͔ΔɽDӺ͔Β
150mखલͷ͜ͷΛۭࣸߤਅʢਤ 4.3.9 (c)ʣٴͼݱௐࠪͰ֬ೝͨ͠
ͱ͜Ζɼ౿ઃஔՕॴͰ͋Δ͜ͱ͕Θ͔ͬͨɽ౿ߏʹ͍ͭͯɼࣗ
ಈंͷ௨աʹΑΔՙॏʹ͑ΔͨΊɼൺֱత͍ߗͯ͘ڧૉߏͯʹࡐ͞
ΕΔ͜ͱ͔Βɼेʹিܸ͕ಓচʹٵऩ͞Εͣɼ্͍ߴԼՃ͕֬ೝ
͞ΕΔʹ͋Δ.·ͨɼࣗಈं͕සൟʹ௨ա͢Δ౿ʹ͓͍ͯɼيಓ
ʹஅଓతͳՙॏ͕͔͔ΔͨΊదͳϝϯςφϯε͕ॏཁͰ͋Δ.

ɹਤ 4.3.8ʹࣔͨ͠Α͏ʹɼଞͷ౿۠ؒͱൺֱͯ͠ஶେͳंମ্ԼՃ
RMS͕֬ೝ͞Ε͍ͯΔ͜ͱ͔Βɼຊ౿ʹอक্ͷҙ͕ඞཁ
Ͱ͋Δɽ
ɹਤ 4.3.10ʹࣔͨ͠ RMS͔ΒG-HӺؒͷᮢΛա͍ͯͨ͠
4.4kmۙͰ͋Δ͜ͱ͕Θ͔Δɽۭࣸߤਅʢਤ 4.3.10 (c)ʣٴͼݱ
ௐࠪʹͯHӺ͔Β 200mखલͷΛ֬ೝ͢Δͱ౿ͳͲيಓߏͷҧ
͍ݟΒΕͳ͔ͬͨɽࢹʹΑΔௐࠪͰಛஈͷҟৗݟΒΕͳ͔ͬͨ.

ͦͷͨΊɼຊʹ͍ͭͯಈతՙॏ͕͔͔ͬͨࡍʹΈࠐΈ͕ൃੜ͢
Δɼ͗ܧམͪු͖·͘Β͗ͱ͍ͬͨيಓҟৗ͕ൃੜ͍ͯ͠ΔՄੑ
.ΒΕΔ͑ߟ͕

ɹཁҙ۠ؒͱͯ͠ઃఆͨ͠ޙ࠷ͷN-OӺؒʹ͍ͭͯɼंମ্ԼՃ
ͷRMSͰ͋Δਤ 4.3.11 (b)͔ΒRMSஶେՕॴ 9.4km͔Β
9.5kmͷؒʹ 2͋Δ͜ͱ͕֬ೝͰ͖Δɽۭࣸߤਅʢਤ 4.3.10 (c)ʣ
͔ΒɼC-DӺؒͱಉ༷ʹҰͭ౿௨աͷӨڹͰ͋Δ͜ͱ͕໌ͨ͠.

ɹ͔͠͠ɼRMS͔Β͜ΕΒͷͷҟৗͷछྨΛݟ͚Δ͜ͱࠔ
Ͱ͋ΔͨΊɼGPSʹΑΔଌఆࠩޡΛྀͨ͠ߟ߹ɼͲͪΒͷ RMSஶ
େ͕౿ΈΓΛݪҼͱ͍ͯ͠Δͷ͔ɼRMSʹΑΔධՁͷΈͰஅ
͕͍͠.

116



2015/02/22 3down 2015/03/08 2down 2015/03/21 4down

1.1 1.2 1.7 1.91.3 1.4 1.5 1.6 1.8

2

0

-2C
ar

-b
od

y 
ve

rti
ca

l 
ac

ce
le

ra
tio

n 
[m

/s
2 ]

Distance [km]

DC

bo
dy

 
[m

/s
]

(a)Car-body vertical acceleration

(b)RMS of car-body vertical acceleration
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ਤ 4.3.9: C-DӺؒͷղੳ݁Ռ
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ਤ 4.3.10: G-HӺؒͷղੳ݁Ռ
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(a)Car-body vertical acceleration

(b)RMS of car-body vertical acceleration
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(c)Aerial photograph

ਤ 4.3.11: N-OӺؒͷղੳ݁Ռ
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ͦ͜ͰɼࢄΣʔϒϨοτมʹΑΔଟॏղ૾ղੳʹΑΔيಓҟ
ৗͷ͢Δݕ౼Λ͏ߦʢਤ 4.3.12ʣɽଟॏղ૾ղੳͷ݁ՌʢղϨϕ
ϧm0 = 6ʣ͔Βɼ9.4kmʙ9.5kmͷؒʹ͢Δͱɼ9.4kmա͗ͷ
Ͱ d2ɼd3ͷपΛଟؚ͘ΜͰ͓Γɼ9.5kmखલͰ d1, d2, d3, d4
ͷपΛଟؚ͘ΜͰ͍Δ͜ͱ͕Θ͔Δɽd2ɼd3 ͱ͍ͬͨपͷ
पଳҬंମͷݻ༗ৼಈͱ͞ΕΔ 1HzલޙͷपଳҬͱ͍ۙ͜
ͱ͔Βɼ9.4kmա͗ͷͰߴෆͷӨ͕ڹओͰ͋Δ͜ͱ͕͑ߟΒ
ΕΔɽ9.5kmखલͷ۠ؒʹண͢Δͱɼd1 ͱ͍͍ͬͨߴप͕؍
ଌ͞Εɼ͜ͷपଳ͗ܧམͪஈࠩͱ͍ͬͨཁҼʹΑΔӨݱ͕ڹ
ΕΔ͜ͱ͕ɼୈ 2ষʹ͓͚Δݕ౼͔Β໌Β͔ʹͳ͍ͬͯΔ.

ɹ͜ͷ۠ؒʹ͓͍ͯࢹʹΑΔݱௐࠪΛ࣮ͨ͠ࢪͱ͜Ζ 9.4kmա͗
ͷʹ౿͕͋Γ࿈يಓ͕༻͍ΒΕ͍ͯͨʢਤ 4.3.11 (c)ʣɽ࿈
ͷৼಈେ͖͍࣌Ίྻं௨ա͍ͨߴ͕ੑ߶ಓ௨ৗͷ౿ͱൺΔͱي
ௐࠪͷ݁Ռɼ౿Λࣗಈं͕௨ա͢ΔʹϨʔϧ͕ৼݱΔɽ͋ʹ
ಈ͍ͯ͠Δ͜ͱ͕؍ଌ͞Ε͕ͨɼ͗ܧམͪͱ͍ͬͨྻं͕େ͖͘Έ
.Ήҟৗ֬ೝ͞Εͳ͔ͬͨࠐ

ɹҎ্ͷ݁Ռ͔Βɼ9.4kmա͗ͷRMSϐʔΫيಓʹΑΔӨڹͰ͋Γɼ
9.5kmखલͷRMSϐʔΫ౿௨աޙͷ͗ܧۙͰൃੜ͍ͯ͠Δ͜
ͱ͕໌ͨ͠.

ɹ͜ͷ͜ͱ͔Βɼd1 ʹண͢Δ͜ͱͰɼ௨ৗͷيಓෆͱ͗ܧམ
ͪͱ͍ͬͨيಓҟৗʹ͍ͭͯɼࢄΣʔϒϨοτมΛ༻͍Δ͜ͱͰɼ
.ಓҟৗͷཁҼ͕Ͱ͖ΔՄੑΛࣔͨ͠ي
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ਤ 4.3.12: N-OӺؒͷࢄΣʔϒϨοτม݁Ռ
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4.3.3 ཁҙ۠ؒʹ͓͚Δيಓࢹͱ༧ଌ

ɼཁҙ۠ؒͱͨͦ͠ΕͧΕͷӺؒʢC-DӺؒɼG-HӺؒɼN-Oʹޙ࠷

Ӻؒʣʹ͍ͭͯɼ1ͷRMSͷ࠷େͷฏۉͷਪҠΛਤ 4.3.13ʹࣔ
͢.ઢ֤ฏۉͷۙࣅઢͰ͋Δ.ͲͷӺؒʹ͓͍ͯRMSͷฏۉ
ͷਪҠ؇͔Ͱ͋Δ͕ɼ૿Ճʹ͋Δ͜ͱ͕Θ͔Δɽ͜ͷۙࣅ
ઢΛ͢ࢹΔ͜ͱͰɼదͳϝϯςφϯεظ࣌ʢྫ͑ 1.3m/s2 ʹ౸
ୡ͢ΔيʹࠒಓิमΛ࣮͢ࢪΔʣΛఆΊͨΓɼઢͷܹٸ͕͖ʹม
Խͨ͠ࡍʹٸۓϝϯςφϯεΛ࣮ͨ͠ࢪΓͱ͍ͬͨର͕ࡦՄͱͳΔ.

ɹ͜ͷΑ͏ʹɼظతʹ͔ͭߴසͰ࿈ଓతʹيಓঢ়ଶͷܦաΛ͢ࢹ
Δ͜ͱ͕ɼيಓঢ়ଶ͕ѱԽ͢ΔલͷજࡏతϦεΫΛ༧ଌ͢Δ͜ͱʹͭͳ
͕Δͱ͍͑Δ.ͨͩ͠ɼيಓঢ়ଶΛ༧ଌ͢ΔͨΊͷదͳᮢΛઃఆ͢Δ
ͨΊʹɼΑΓؒظͷଌఆͱ࣮يಓͷ؍ଌΛซ࣮ͤͯ͢ࢪΔ͜ͱ͕ඞ
ཁͰ͋Δɽ
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ਤ 4.3.13: G-HӺؒͷ্ԼՃRMSͷਪҠ
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4.4 ࿏ઢ̗ʹ͓͚ΔධՁྫࣄ
ຊ߲Ͱ౦۠ʹ͓͍ͯɼيಓঢ়ଶࢹγεςϜΛಋೖͨ͠͠ূݕ

݁Ռʹ͍ͭͯड़Δɽຊ࿏ઢɼൺֱతઢ͕۠ؒଟ͘ɼۂઢʹ͍ͭͯ
؇͔ͳۂઢ͕த৺Ͱ͋Δ.ຊ࿏ઢͰ 2015य़ʹيಓݕଌ͕࣮͞ࢪ
Εͨޙʹ 2015ͷ 5݄͔Β .Ε͍ͯΔ͞ࢪಓඋ͕࣮ي͚͔ͯʹ6݄

ɹيಓݕଌيಓݕଌंʹΑ࣮ͬͯ͞ࢪΕɼߴෆɼ௨Γෆɼਫ४
ෆɼؒيෆɼฏ໘ੑෆͷ 5छྨʹ͍ͭͯௐࠪΛ.ͨͬߦཧج४
Λ͑ΔͳͲيಓอक͕ඞཁ·ͨཁ؍ͱஅ͞Εͨيಓෆʹ͍ͭ
ͯɼਤ 4.4.1ʹͦͷछྨͱׂ߹Λࣔ͢.

ɹ͖͢ɼيಓෆͷ ߹ෆͱؒيෆͰ͋Γɼߴ͕ˋ86.3
ΘͤΔͱ 97.3ˋͱେ෦ΛΊΔ.ؒيෆʹ͍ͭͯɼंମಈ༳͔Βݕ
ग़͢Δ͜ͱࠔͰ͋ΔͨΊɼຊ߲ʹ͓͍ͯɼߴෆʹணͯ͠ݕ
౼ΛਐΊΔ.

ਤ 4.4.1: ࿏ઢ̗ʹ͓͚Δيಓෆͷछྨͱׂ߹
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4.4.1 RMSʹΑΔيಓධՁ

ຊઅͰ 2015 5݄ʙ12݄ͷؒʹ࣮͞ࢪΕͨ 5ճͷଌఆ݁Ռʹ͍ͭͯ
ड़Δͱڞʹɼيಓอकલޙͷं্ଌఆσʔλͱيಓอकʹண͠ɼي
ಓอकͷ݁Ռ͕ं྆ৼಈө͞ΕΔ͜ͱΛ֬ೝ͠ɼंମՃRMS
ʹΑΔيಓධՁ͕༗ޮͰ͋Δ͜ͱΛ͢ূݕΔ.

ɹ࿏ઢ̗ʹ͓͚Δଌఆஔͷઃஔঢ়گΛਤ 4.4.2ʹࣔ͢ɽ༻ͨ͠ଌఆ
ஔՄൖܕͰ͋Δ͕ɼଌఆं྆ٴͼଌఆॴΛه͠ɼৗʹಉҰं྆Λ
.Δ͍ͯ͠ࢪಉҰͷҐஔͰଌఆΛ࣮ͯ͠༺

ɹ࿏ઢ̗ʹ͓͚ΔશઢͷԼΓߦͷଌఆ݁ՌΛਤ 4.4.3ʢA-QͦΕͧΕ
ӺҐஔΛද͢ʣʹࣔ͢.Ҏޙಛஈͷද͕هແ͍߹ԼΓߦͷ݁ݧࢼՌ
ͱͳΔ.͜͜Ͱߴෆʹண͢ΔͨΊɼं྆ɼंମ্ԼՃɼ
ंମ্ԼՃRMSΛͦΕͧΕͨ͠ࡌه.

ɹंମ্ԼՃʹ͍ͭͯண͢ΔͱෳͷӺؒͰେ͖ͳϚΠφεΛ
͍ࣔͯ͠Δ͜ͱ͕͔Δ.͜Εɼंମॏྔ͕يಓʹෛՙ͞Εͨيʹࡍಓ
ͱं͕྆ΈɼϚΠφεํՃ͕ൃੜ͢ΔయྫܕͰ͋Δ.͜ͷΑ͏
ͳΈࠐΈ͕ൃੜ͢Δͱɼ܁Γฦ͠Ϩʔϧ͕͛ۂΒΕɼঃʑʹيಓෆ
͕֦େ͢Δ͜ͱ͕ΒΕ͍ͯΔ.

ɹͦ͜Ͱɼ࿏ઢ̗ʹ͓͍ͯ 2.0m/s2Λେ͖͑͘ΔRMSΛ؍ଌͨ͠ɼ
D-EӺؒٴͼL-MӺؒΛରͱͯ͠يಓอकલޙͷଌఆΛൺֱ͢Δ.·
ͨɼ2015 12݄ 27ͷଌఆʹ͓͍ͯ 2.0m/s2Λ͑ΔRMSΛ؍ଌ͠
ͨG-HӺؒʹ͍ͭͯཁҙ۠ؒͱͯ͠ઃఆ͠ɼͦͷʹ͍ͭͯమಓ
.Ռʹ͍ͭͯड़Δ݁ͨ͠ࠂใऀۀࣄ

125



ਤ 4.4.2: ଌఆஔઃஔঢ়گʢ࿏ઢ̗ʣ
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ਤ 4.4.3: ଌఆ݁Ռʢ࿏ઢ̗ʣ
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D-EӺؒͷ 2015 5݄ 8ٴͼ 6݄ 19ͷଌఆ݁ՌΛਤ 4.4.4ʹࣔ
͢.4500̼ۙٴͼ 6000̼ʹ͓͍ͯɼൺֱతେ͖ͳRMS͕
֬ೝ͞Ε͍ͯΔ͕ɼ1ϲ݄ޙʹRMS͕͠ݮɼيಓอक͕࣮͞ࢪΕͨ
ͱਪଌ͞Εͨ.࣮ࡍʹ 4530̼ʙ4650̼۠ؒٴͼ 6030̼Λத৺ͱ͠
Ε͍ͯ͞ࢪಓิम͕࣮يෆ͕֬ೝ͞Ε͓ͯΓɼ5݄த०ʹۙͷߴͯ
Δ.يಓอक͕ඞཁͰ͋Δͱஅ͞Εͨ۠ؒͱRMS͕ஶେͳ͕۠ؒҰ
கͨ͜͠ͱ͔Βɼंମ্ԼՃRMSيಓอकΛ࣮͢ࢪ͖ՕॴΛ
ಛఆ͢ΔͨΊͷ༗ޮͳࢦඪͱͳΔ͜ͱ͕ࣔ͞Εͨ.

ɹ·ͨɼࠓճ RMSͷᮢΛ 2.0m/s2 ͱͯ͠ཁҙ۠ؒΛઃఆ͕ͨ͠ɼ
͍ͣΕͷيಓอक۠ؒيಓอक͕࣮͞ࢪΕͨ࣌ͷRMS 1.6m/s2ʙ
1.8m/s2ʢp-pͰ 3.5 m/s2ʙ4.0m/s2ʣΛ͑ͨ߹ʹ࣮͞ࢪΕɼيಓอ
कޙ 1.5m/s2ҎԼʹ͑ΒΕ͍ͯΔ͜ͱ͕͔Δ.ͨͩ͠ɼ্هͷஅ
४ʹΑΕɼ5500̼ۙͰج 2.5m/s2Λ͑ΔRMS͕؍ଌ͞Ε͓ͯ
ΓɼيಓอकΛ࣮͢ࢪΔඞཁ͕͋Δɽ
ɹ 6݄ 19ٴͼ 7݄ 30ͷଌఆ݁ՌΛਤ ಓอकي.ࣔ͢ʹ4.4.5 6݄
ʹ࣮͞ࢪΕ͓ͯΓɼஶେͳRMS͕֬ೝ͞Ε͍ͯͨ 5500̼ۙي
ಓอकʢ5550̼ʙ5580̼Λத৺ʣ͕࣮͞ࢪΕ͓ͯΓɼ7݄ 30࣌ͷଌ
ఆʹ͓͍ͯRMS͕ 1.0m/s2ҎԼʹ͑ΒΕ͓ͯΓɼอकͷޮՌ͕֬ೝ
Ͱ͖ͨɽ
ɹ͔͠͠ͳ͕Βɼਤ 4.4.5ͷ 4500̼ۙʹண͢ΔͱɼҰيಓอक
ʹΑΓ RMS͕ͨ͠ݮͷͷɼ2.0m/s2 ۙ·Ͱ RMS͕࠶ͼ্ঢ
͍ͯ͠Δ͜ͱ͕͔Δ.͜ͷΑ͏ͳͰɼيಓෆΛमਖ਼ͯ͠ಓচ
͕ऑ͍ͨΊʹ࠶ͼيಓෆ͕ٸਐ͠ɼஶେͳRMS͕؍ଌ͞Ε͍ͯΔͱ
அऀۀࣄͱͯ͠ɼమಓؒ۠ࢹΒΕΔ.ͦͷͨΊɼ֘۠ؒΛཁ͑ߟ
݁ՌͷϑΟʔυόοΫΛ࣮ͨ͠ࢪ.͜ͷ༷ͳ۠ؒͰಓচͷվળΛతͱ
ͨ͠อक͕ඞཁͰ͋Δ.

ɹҎ্ͷ͜ͱ͔ΒɼؒظʹΘͨͬͯRMSͱيಓอकͷؔ࿈ੑʹ͍ͭ
ͯͷσʔλΛੵ͢Δ͜ͱͰɼ࿏ઢ̗ʹ͓͚Δ࠷దͳϝϯςφϯεظ࣌
ͷܾఆɼ࣮͞ࢪΕͨيಓอकͷධՁɼ࠷దͳอकํ๏ͷఏҊͷ࣮ݱͷ
ͨΊʹɼيಓঢ়ଶࢹγεςϜ͕༗༻Ͱ͋Δ͜ͱ͕ࣔ͞Εͨ.
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ਤ 4.4.4: 2015 5݄ͷيಓิमલޙͷଌఆ݁ՌʢD-EӺؒʣ
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ਤ 4.4.5: 2015 6݄ͷيಓิमલޙͷଌఆ݁ՌʢD-EӺؒʣ
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͍͓ͯʹɼL-MӺؒʹ࣍ 5݄ͷيಓอकલޙʹଌఆͨ݁͠Ռʹ͍ͭͯɼ
ਤ 4.4.6ʹࣔ͢. ଌͷ݁Ռ͔Βݕಓي 21300̼ʙ21700̼۠ؒɼ22000̼ʙ
ͼٴ22100̼۠ؒ 23110̼ʹ͓͍ͯߴෆ͕֬ೝ͞Εɼ5݄ʹيಓ
උ͕࣮͞ࢪΕɼ্ԼՃRMSͷݮগ͕֬ೝ͞Εͨ.

ɹҰํͰɼ22600̼ʙ22700̼۠ؒʹ͓͍ͯ 2.3m/s2Λ͑ΔஶେͳRMS

Λ؍ଌ͍ͯ͠Δ͕ɼيಓݕଌंʹΑΔଌఆ݁ՌͰҟৗ͕֬ೝ͞Ε͓ͯ
Βͣɼيಓอक࣮͞ࢪΕ͍ͯͳ͍.L-MӺؒాാ͕पғʹ͕ΔӺؒ
Ͱ͋Δ͕ɼ֘Օॴʹ͍ͭͯɼൺֱతަ௨ྲྀ͕ଟ͍ͱࢥΘΕΔݝಓͱ
ަࠩ͢Δ౿͕ଘ͢ࡏΔ͜ͱ͕֬ೝ͞Εɼ্ԼෆҎ֎ͷཁҼʹΑͬͯ
RMS͕ஶେͱͳ͍ͬͯΔՄੑ͕͋Δͱ͑ߟΒΕΔ.֘۠ؒͦͷ
ଞͷ౿ಓͱൺֱͯ͠ݦஶͳͰ͋ΔͨΊɼమಓऀۀࣄʹཁҙ۠ؒ
ͱͯ͠ใͨ͠ࠂ.

ɹޙ࠷ʹɼશͯͷଌఆʹ͓͍ͯ 2.0m/s2Λ͑ΔஶେͳRMSΛ؍ଌ͠
ͨG-HӺؒͷଌఆ݁Ռʹ͍ͭͯਤ 4.4.7ʹࣔ͢.͓͍֘۠ؒͯɼيಓݕ
ଌͷ݁ՌͰಛஈͷҟৗݕग़͞Ε͍ͯͳ͍͕ɼమಓऀۀࣄͱͨٞ͠ڠ
݁Ռɼ֘Տ্Λ௨ա͢ΔڮྊۙͰ͋Γɼڮྊͷલޙ൫
͕ೈऑͰɼట͕සग़͢Δ۠ؒͰ͋Δ͜ͱ͕໌ͨ͠.࣮ࡍʹɼ14220̼
ͼٴ 14550̼पลͰيಓඋ͕ॱ͞ࢪ࣮࣍Ε͓ͯΓɼRMSͷݮগ͕
֬ೝ͞Ε͍ͯΔ.
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ਤ 4.4.6: 2015 5݄ͷيಓิमલޙͷଌఆ݁ՌʢL-MӺؒʣ
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ਤ 4.4.7: ଌఆ݁ՌʢG-HӺؒʣ
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4.4.2 ౼ݕಓෆਪఆͷيղੳʹΑΔٯ

2ষͰड़ͨΧϧϚϯϑΟϧλΛ༻͍ͨٯղੳʹΑΔيಓෆͷਪఆ
Λɼ࿏ઢ̗ͷҰ۠ؒʹ͓͍࣮ͯͨ͠ࢪɽຊઅͰਪఆ݁Ռʹ͍ͭͯઆ໌
͢Δ.

ɹਪఆʹ༻͢ΔͨΊͷं྆ϞσϧύϥϝʔλͷઃఆΛҎԼʹࣔ͢खॱ
Ͱͨͬߦɽ
ɹ
1. ଌఆͨ͠σʔλͷத͔Βઢ۠ؒͷҰ෦ंମৼಈՃͱߦΛ
நग़͢Δɽ
2. ࣮ंݧࢼߦΛ͏ߦ࿏ઢͷ࣮ଌͷيಓܗঢ়ٖ͢ΔͨΊɼཚΛൃੜ
ͤ͞Δ͜ͱͰɼ10mݭਖ਼ʹΑΔߴෆʹͨ͠ࢉͱ͖ʹ࣮ଌͷيಓ
ෆʹ͍ۙৼ෯Λيͭ࣋ಓܗঢ়σʔλʢ 6mҎ্ʣΛ࡞͢Δɽ
3. 2.ͷيಓܗঢ়σʔλͱ 1.ͷσʔλΛं྆Ϟσϧʹೖྗ͠ɼԖํ
Δɽ͢ࢉܭͷंମৼಈՃΛ
4. 1.ͷंମৼಈՃͱ 3.Ͱंͨ͠ࢉܭମৼಈՃͷৼ෯ಛੑΛٻΊ
Δɽ
5. ं྆Ϟσϧͷ֤ύϥϝʔλΛม͑ͳ͕Β 3.ͱ 4.Λ܁Γฦ͠ɼޡࡨߦࢼ
తʹ࠷पಛੑ͕͍ۙύϥϝʔλΛٻΊΔɽ
ɹ
ɹ্هϑϩʔʹܾͯఆ֤ͨ͠ύϥϝʔλΛ༻͍ͯंͨ͠ࢉܭମৼಈՃ
ͷৼ෯ಛੑΛਤ 4.4.8ʹɼܾఆͨ͠ं྆Ϟσϧͷ֤ύϥϝʔλΛද 4.4.1

ʹࣔ͢ɽ

ਤ 4.4.8: ৼ෯ಛੑ
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ද 4.4.1: ं྆Ϟσϧύϥϝʔλ

Symbol Description Unit Value

mc Car-body mass kg 24900

mt Truck mass kg 2800

Ic Car-body pitch inertia kgm2 567520

It Truck pitch inertia kgm2 2268

2lc Car-body base m 13.0

2lt Wheel base m 1.8

kp Primary suspension vertical stiffness kN/m 16960

ks Secondary suspension vertical stiffness kN/m 600

cp Primary suspension vertical damping kNs/m 39.2

cs Secondary suspension vertical damping kNs/m 12
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ਤ4.4.9ʹਪఆʹ༻͍ͨंମৼಈՃɼਤ4.4.10ʹߦΛࣔ͢ɽ
༻ͨ͠ଌఆσʔλઢ۠ؒ500mΛ༻͍ͨɽΧϧϚϯϑΟϧλΛ༻͍࣮ͯ
ଌͷंମৼಈՃ͔Βਪఆͨ͠ߴෆΛਪఆͨ݁͠ՌΛਤ 4.4.11ʹࣔ
͢ɽਤ 4.4.11(a)͕ਪఆͨ͠ߴෆʢࠨӈϨʔϧͷฏۉʣɼਤ 4.4.11(b)

͕࣮ଌͷ 10mݭਖ਼ʹΑΔߴෆͰ͋Δɽਪఆʹ͓͚ΔγεςϜϊ
Πζ wn ͓Αͼ؍ଌϊΠζ vn ͷࢄͦΕͧΕ σ2

w = 1.00 × 10−1m2ɼ
σ2
v = 5.00× 10−3(m/s2)2ͱͨ͠ɽ
ɹ JRͷ ४Λجಓඋيઢͷڃ4 1ͭͷ҆ͱ͢Δͱɼߴෆͷඋ
४੩తͰج 22mm[50]Ͱ͋Γɼߴෆ͕ͦͷۙͷΛࣔ͢Օॴ
͕ཁҙՕॴͰ͋Δɽਤ 4.4.10ΑΓɼਪఆͨ͠ߴෆ࣮ଌͷߴෆ
ͱൺֱͯࠩ͠ҟݟΒΕΔ͕ɼ࣮ଌͷߴෆʹ͓͍͍ͯߴΛࣔ͢
Օॴ͓͓ΑͦਪఆͰ͖͍ͯΔͱ͑ߟΒΕΔɽ
ɹӦंྻۀΛ༻͍ͨߴසଌఆʹΑΓɼ͜ͷΑ͏ͳཁҙՕॴͷߴෆ
ͷมԽΛ͢ࢹΔ͜ͱΛ͑ߟΔͱɼ࣮ଌσʔλʹ͓͍ͯ༗ޮͰ͋Δ
͜ͱ͕ظͰ͖Δɽ
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ਤ 4.4.9: ଌఆ͞Εͨंମ্ԼՃ

ਤ 4.4.10: ଌఆ͞Εͨྻं
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(a) Estimated track irregularity

(b) Measured track irregularity

ਤ 4.4.11: ΧϧϚϯϑΟϧλʹΑΔيಓෆਪఆ
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4.5 ࿏ઢ̘ʹ͓͚ΔධՁྫࣄ
ؔ౦۠ͷ࿏ઢ̘ʹ͓͍ͯيಓঢ়ଶࢹγεςϜΛಋೖ͠ଌఆͨ݁͠

Ռʹ͍ͭͯड़Δɽຊ࿏ઢʹ͍ͭͯɼୈ̍ষͰհͨ͠ํమಓͷయ
ಓҟৗ͕֬ೝ͞Εيతͳઢ۠Ͱ͋Γɼલड़ͷ̎࿏ઢͱൺֱ༷ͯ͠ʑͳܕ
͍ͯΔ.

ɹͦ͜Ͱຊ߲Ͱɼيಓঢ়ଶࢹγεςϜʹΑΓൃ͞ݟΕͨيಓҟৗʹ
ڹಓҟৗ͕ͲͷΑ͏ͳंମಈ༳ʹӨيΔͱͱʹɼछʑͷ͢ূݕ͍ͯͭ
Λ༩͍͑ͯΔͷ͔ɼݱௐࠪͷ݁ՌͱଌఆσʔλΛൺֱ͢Δ͜ͱʹΑΓ
.Δ͢ߟ

ਤ 4.5.1: ଌఆஔͷઃஔঢ়گʢ࿏ઢ̘ʣ
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4.5.1 ͍ͯͭʹಓอकྫيͱݟಓҟৗͷൃي

࿏ઢ̘ʹ͓͚Δଌఆஔͷઃஔঢ়گΛਤ 4.5.1ʹࣔ͢ɽՄൖܕͷଌఆ
ஔΛ༻͠ɼʹΔؒظଌఆΛ࣮͍ͯ͠ࢪΔ.

ɹଌఆ݁ՌͷҰྫͱͯ͠ɼ2013 2݄ 1ͷଌఆ݁Ռ͍ͭͯਤ 4.5.2ʹࣔ
͢.ຊ࿏ઢʹ͓͍ͯɼ2.0m/s2 Λ͑Δ RMSΛ؍ଌͨ۠ؒ͠Λཁ
ҙ۠ؒͱͯ͠ใ͢ࠂΔͱͱʹɼRMSͷάϥϑΛࣔͯ͠يಓอकܭը
ʹؔͯ͠ͷٞڠΛ࣮͍ͯ͠ࢪΔ.

ɹRMS͕ 2.0m/s2Λ͑Δ۠ؒʹ͓͍ͯݱௐࠪΛ͍ߦɼݱʹ͓͍
ΛਤࢠӨ༷ͨ͠ࡱͯ 4.5.3ʙਤ 4.5.6ʹࣔ͢. ਤ 4.5.3ʹࣔ͢Α͏ͳঢ়ଶΛ
ʮු͖·͘Β͗ʯͱݺͼɼු͖·͘Β͕͗ൃੜ͢Δͱं͕྆௨ա͢Δࡍɼ
ϨʔϧͷԼʹΑΓͨΘΈ͕ൃੜɼϨʔϧΛ௧ΊΔͨΊ҆શ্େ͖ͳ
ͱͳΔɽ·͘Β͗ͱϨʔϧ௨ৗࡅੴʹ͑ࢧΒΕ͍ͯΔ͕ɼ͕ࠞೖ͠ɼ
ಓচͱϨʔϧͷؒʹ͕ܺؒൃੜ͢Δ.ࡅੴ෦ʹ͕ࠞೖ͢ΔཁҼͱͯ͠
ɼਤ 4.5.4ʹࣔ͢Α͏ʹ͕࠭෩߽ӍʹΑΓྲྀೖͯ͘͠Δέʔε
ͱɼਤ 4.5.5ͷΑ͏ʹࡅੴ͕ྲྀग़ͨ͠Օॴʹ͓͍ͯɼ߱ӍʹΑΔట͕ൃ
ੜ͠ɼ໘ͷ͕ු্͖͕ͬͯ͘Δέʔε͕֬ೝ͞Εͨ.

ɹ͍ͣΕͷέʔεɼͷਫ͚Λྑ͘͢ΔΑ͏ͳൈຊతͳࣄ
ϝϯςφϯείεظΔʹؒظΕΔ͜ͱ͕·͍͕͠ɼ͞ࢪ࣮͕
τͷΑΓɼؒظͰͷվળ͍͠ঢ়گʹ͋Δ.

ਤ 4.5.2: ্ԼՃRMSͷଌఆ݁Ռʢ2013 2݄ 1ʣ

140



ਤ 4.5.3: ු͖·͘Β͗

ਤ 4.5.4: ઢ࿏ΑΓྲྀೖ͢Δ࠭
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ਤ 4.5.5: ಓ্ʹཷ·ΔӍਫʢట۠ؒʣي

ਤ 4.5.6: ࢹՄͳيಓෆ
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͜ͷΑ͏ͳ۠ؒʹରͯ͠ɼࡅੴΛेʹิॆ͠ಥ͖ݻΊΔۀ࡞ʹͯ
Δ͜ͱ͕ҰൠతͰ͋Δʢਤ͢ࢪಓอकΛ࣮ي 4.5.7ʣ.ͨͩ͠ɼաڈʹ͓͍
ͯϚϧνϓϧλΠλϯύΛ༻͍ͯશ۠ؒͷيಓิमΛҰʹ࣮ͨ͜͠ࢪ
ͱ͋Δ͕ɼࡅੴͷิॆ͕ेͰͳ͘ఔͰอकޮՌ͕ࣦΘΕͨࣄ
ྫ͕֬ೝ͞Ε͍ͯΔ [51].

ɹͦ͜ͰɼRMS͕ஶେͳ͔ΒूதతʹࡅੴΛิॆ͠ɼಥ͖ݻΊΔ
ͳͲɼيಓอकͷ༏ઌॱҐΛమಓऀۀࣄͱٞڠͷ্ܾఆ͠ɼ̍ؒͷي
ಓอकΛ࣮ͨ͠ࢪ.ਤ 4.5.2ʹର͠,يಓอकޙͷଌఆ݁ՌΛॏͶͨάϥϑ
Λਤ 4.5.8ʹࣔ͢.

ɹҰ෦ະ࣮ࢪͷ͕۠ؒ 4.0kmۙʹ֬ೝ͞ΕΔ͕ɼRMS͕ 2.0m/s2Λ
͑Δ۠ؒʹରͯ͠ूதతʹيಓอकΛ݁ͨͬߦՌɼશઢͷRMSͷ
ಓيɼ͕ͨ͠ࢪ࣮࣍ಓอकҰؒΛ͔͚ͯॱيೝ͞Εͨ.·ͨɼ͕֬ݮ
อकޙʹRMS͕͢૿ٸΔ۠ؒ֬ೝ͞Ε͓ͯΒͣɼޮՌతͳيಓอक
.ΘΕ͍ͯΔͱஅͰ͖Δߦ͕

ɹҰํͰɼͷ͕͋ڥ·Γྑ͍ͱ͍͑ͳ͍͕۠ؒશઢʹΘͨΓଘ
ͷͷɼͨ͠ࢪੴͷूதิॆ࣮ࡅ.ௐࠪͷ݁Ռ໌ͨ͠ݱΔ͜ͱ͕͢ࡏ
ൈຊతͳվળ͕͍ͯ͑ߦͳ͍۠ؒଟ͍ͨΊɼҾ͖ଓ͖RMSͷਪҠΛ
ؚΊيಓঢ়ଶΛ͢ࢹΔඞཁ͕͋Δͱ͑ߟΔ.
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ਤ 4.5.7: ۠ؒ͗ܧੴ͕ेʹ֬ೝ͞ΕΔࡅ

ਤ 4.5.8: ্ԼՃRMSͷൺֱ
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4.5.2 ಓҟৗيΛ༩͑ΔڹӈৼಈʹӨࠨ

ंମͷࠨӈৼಈʹӨڹΛ༩͑Δيಓҟৗ͍ͭͯɼ4.4߲Ͱ֬ೝͨ͠Α
͕߹ଌͰҟৗશମʹର͢Δׂݕಓيઢͷগͳ͍ํమಓͰۂٸʹ͏
͘ɼيಓอकͷ࣮ྫࢪগͳ͍.͔͠͠ͳ͕Βɼ͍पଳͰɼ্
ԼৼಈΑΓΓ৺ͷѱԽʹଟେͳӨڹΛ༩͑Δ͜ͱ͕ΒΕ͍ͯΔɽ
ͦ͜Ͱɼ̘࿏ઢʹ͓͍ͯଌఆݧࢼͰࠨӈৼಈΛͨ͡ײӺؒʹ͍ͭͯɼي
ಓঢ়ଶࢹγεςϜʹΑΓଌఆ͞Εͨ݁ՌΛਤ 4.5.9ʹࣔ͢.ଌఆσʔλ
ۙͷ 2ճͷσʔλΛൺֱͨ͠.

ɹ֘Ӻؒʹ͓͍ͯɼ࠷ࠨ͍ߴӈՃRMSͱϩʔϧϨΠτRMS

Λ؍ଌͨ͠Օॴʢ1100̼ʙ1200̼ʣͷଌఆσʔλΛݟΔͱɼ1100̼
Λ௨աޙʹɼࠨӈՃɼϩʔϧϨΠτ͕ͱʹ૿ՃΛ࢝Ίɼ1200̼
લʹͦΕͧΕͷRMS͕ϐʔΫΛܴ͍͑ͯΔ͜ͱ͕͔Δ.

ɹమಓऀۀࣄͱٞڠͷ্ݱௐࠪΛ࣮݁ͨ͠ࢪՌɼ1100̼ʙ1200̼
ʹ͓͍ͯɼϨʔϧ͕ࠨӈํʹগ͠ંΕΔݱ (֯ંΕ)Λ֬ೝͨ͠.֘
ՕॴͷࣸਅΛਤ 4.5.10ʹࣔ͢.

ɹ֘۠ؒͰۂઢ෦ʹ౿ΈΓ͕ଘ͓ͯ͠ࡏΓɼ౿ͷલ͗ܧʹޙ
͕ଘ͍ͯ͠ࡏΔ.౿෦ͷϨʔϧ౿ߏΛߋ৽͢ΔࡍʹऔΓସ͑Β
Ε͍ͯΔ͕ɼྡ͢ΔϨʔϧಉߋʹ࣌৽͞Ε͍ͯͳ͍.ͦͷͨΊɼ͗ܧ
ͷ߹෦ʹ͍ͭͯɼۂʹҙΛ͏ඞཁ͕͋ΔͳͲɼ͍͠ߋ
৽ۀ࡞ʹͳΔ͜ͱ͕ΒΕ͍ͯΔ [52, 53, 54].

ɹݱͷ֯ંΕ෦Λ͢؍Δͱɼ͗ܧΛ͑ͨޙʹൃੜ͓ͯ͠Γɼ
ͱਪ͕ͨͬܨʹΓ͕ۂͷෆҰக͔Βେ͖ͳՙॏ͕͔͔ΓɼϨʔϧͷۂ
ଌͰ͖Δ.ྻंʹ͍ͭͯɼӺपลͷ౿۠ؒͰ͋Γɼൺֱత͍
Ͱ௨ա͢Δͷͷɼ์ஔ͞ΕΕϨʔϧͷׂΕഁଛʹਐల͢ΔՄ
ੑ͋Γɼܧଓͯ͢͠ࢹΔ͜ͱ͕ॏཁͰ͋Δ.

ɹ
ɹ
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ਤ 4.5.9: ӈՃͱϩʔϧϨΠτͷଌఆ݁Ռࠨ
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ਤ 4.5.10: ֯ંΕͱ౿ͷҐஔؔ
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ਤ 4.5.11: ֯ંΕͷঢ়گ
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4.6 ·ͱΊ
ຊষͰɼୈ 2ষɼୈ 3ষʹ͓͍ͯɼंମಈ༳ͱGPS৴߸ͳͲͷঢ়ଶ

ྔΛऔಘ͢ΔͨΊʹɼӦ྆ंۀʹઃஔ͢ΔଌఆஔΛߏங͠ɼيಓҟৗ
ΛධՁ͢ΔࢦඪΛఏҊͨ͠ɽͦͷ݁ՌΛ౷߹ͨ͠يಓঢ়ଶࢹγεςϜ
Λ׆༻͠ɼӦۀ࿏ઢʹ͓͚ΔيಓஅΛ࣮݁ͨ͠ࢪՌɼҎԼͷ݁Λಘ
ͨɽ
ɹ
1.ୈ 3ষʹ͓͍ͯઆ໌ͨ͠ଌఆஔͱɼୈ 2ষʹ͓͍ͯઆ໌ͨ͠அι
ϑτΣΞΛ༻͍ͨيಓঢ়ଶࢹγεςϜΛߏங͠ɼͦͷ༗༻ੑূݕͷ
ͨΊɼෳͷӦۀ࿏ઢʹ͓͚ΔධՁ࣮ݧΛͨͬߦɽ
ɹ
2. ंମ্ԼՃɼंମࠨӈՃɼϩʔϧϨΠτʹରͯ͠ RMSʹΑ
ΔධՁΛ࣮͢ࢪΔ͜ͱͰɼ࣮͢ࡏΔيಓҟৗΛత֬ʹଊ͑ΒΕΔ͜ͱΛ
֬ೝͨ͠ɽ
ɹ
3. ंମ্ԼՃʹରͯ͠ΣʔϒϨοτมʹΑΔධՁΛߦͳͬͨ݁
Ռɼ౿ɼيಓෆɼܧམͪͷيಓҟৗ͕पଳҬʹΑͬͯҟͳ
ΔಛΛ༗͍ͯ͠Δ͜ͱΛ֬ೝ͠ɼيಓҟৗͷछྨΛಛఆՄͰ͋Δ͜
ͱΛࣔͨ͠ɽ
ɹ
4. ΧϧϚϯϑΟϧλΛ༻͍ͨٯղੳʹΑΔيಓෆਪఆʹ͍ͭͯɼ࣮
ଌͱൺֱ͢ΔͱmmͷࠩҟݟΒΕΔͷͷɼ͍ߴΛࣔ͢ϐʔΫՕ
ॴಛఆՄͰ͋Γɼ࣮ڥʹ͓͍ͯيಓঢ়ଶࢹʹ༗༻Ͱ͋Δ͜ͱ
Λࣔͨ͠ɽ
ɹ
ɹҰํͰɼୈ 2ষʹ͓͍ͯఆͨ͠يಓෆͷ͏ͪɼ࣮࿏ઢʹ͓͍ͯݕ
ূ͕ͳ͞ΕͨͷΛਤ 4.6.1ʹࣔ͢ɽਤ 4.6.1ΑΓ͕ূݕͳ͞Εͨͷ্
Լෆ͕த৺Ͱ͋Δ͜ͱ͍͏͜ͱ͕Θ͔Δɽ͜Εɼ͜Ε·Ͱʹௐࠪ͠
ݪஶͰ͋ͬͨ͜ͱ͕ݦಓҟৗ͕يͷಓҟৗʹภΓ͕͋Γɼ্Լํيͨ
ҼͰ͋ΔɽͦͷͨΊɼଞͷيಓҟৗʹ͍ͭͯ͢ূݕΔͨΊʹɼ࣮࿏ઢʹ
͓͚ΔଌఆσʔλΛҾ͖ଓ͖ऩू͢Δඞཁ͕͋Δɽ
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ਤ 4.6.1: Ռ݁ূݕಓҟৗͷي

150



ୈ5ষ ݁

ຊจͰӦ྆ंۀʹ͓͍ͯൺֱత༰қʹଌఆՄͳंମͷঢ়ଶྔ͔
Βɼత֬ʹيಓҟৗΛݕग़͢Δ 3ͭͷධՁख๏ʹ͍ͭͯఏҊ͠ɼ࣮࿏ઢ
ʹ͓͍ͯఏҊͨ͠ධՁख๏͕༗༻Ͱ͋Δ͜ͱΛࣔͨ͢Ίɼඞཁͳंମঢ়
ଶྔΛత͔֬ͭ؆қʹଌఆՄͳখܕͷଌఆஔΛ։ൃɼͦͷՌΛ౷
ʹஙͨ͠γεςϜΛํమಓߏஙͨ͠ɽߏγεςϜΛࢹಓঢ়ଶي͠߹
͓͚ΔؒظଌఆʹΑΓධՁͨ݁͠Ռɼ࣮࿏ઢʹ͓͍ͯيಓҟৗΛಛఆɼ
֘۠ؒͷܦมԽσʔλΛమಓऀۀࣄϑΟʔυόοΫ͠อकܭը
өͤ͞ΔͳͲɼͦͷ༗༻ੑΛݕ౼͠ɼҎԼͷ݁Λಘͨɽ
ɹɹ
ɹ 2ষͰɼंࣨʹͯൺֱత༰қʹଌఆՄͳঢ়ଶྔ͔Βɼݕग़Մ
ͳيಓҟৗʹ͍ͭͯཧ͠ɼ࣮ڥʹ͓͚Δيಓอकʹ׆༻Մͳσʔ
λม͢ΔͨΊͷيಓධՁࢦඪΛఏҊͨ͠ɽ
ɹ·ͣɼRMSʢRoot Mean SquareʣʹΑΔيಓҟৗͷݕग़ٴͼɼؒ࣌ʵ
पղੳͷதͰ͍पଳΛ؍ଌ͢Δ͜ͱʹ༏ҐੑΛͭ࣋Σʔ
ϒϨοτมʹΑΔيಓҟৗछผͷఆʹ͍ͭͯɼͦͷධՁख๏ͷུ֓
ʹ͍ͭͯड़ͨޙʹɼγϛϡϨʔγϣϯʹΑΔূݕΛ࣮ͨ͠ࢪɽ·ͨɼΧ
ϧϚϯϑΟϧλΛ༻͍ͨٯղੳʹΑΔيಓෆਪఆख๏ʹ͍ͭͯɼΞϧ
ΰϦζϜʹ͍ͭͯड़ɼγϛϡϨʔγϣϯʹ͓͍ͯͦͷਫ਼Λͨ͠ূݕɽ
ͦͷ݁ՌɼҎԼͷ݁Λಘͨɽ
ɹ
(1) RMSʹΑΔيಓҟৗͷݕग़
ɹஶେͳߴෆɼঢ়ຎɼϨʔϧܧ෦ͷஈࠩͱ͍ͬͨيಓҟৗΛ
ఆͨ͠يಓೖྗΛ༩͑ͨγϛϡϨʔγϣϯ݁Ռʹ͓͍ͯɼߴෆʹ
͍ͭͯRMSʹΑΔݕग़ेʹՄͰ͋Δ͜ͱ͕֬ೝ͞Εͨɽ͔͠͠
ͳ͕Βɼঢ়ຎஈࠩͱ͍ͬͨيಓҟৗʹ͍ͭͯݕग़ࠔͰ͋Δ͜
ͱ͕໌ͨ͠ɽ
(2) ΣʔϒϨοτมʹΑΔيಓҟৗछผͷఆ
ɹ (1)ͱಉ༷ͷ݅Ͱ࣮͞ࢪΕͨγϛϡϨʔγϣϯʹ͓͍ͯɼ࿈ଓΣʔ
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ϒϨοτมٴͼࢄΣʔϒϨοτมΛ༻͍ͯղੳΛ࣮݁ͨ͠ࢪՌɼ
ͲͪΒͷ݁Ռʹ͓͍ͯɼஶେͳߴෆɼঢ়ຎɼϨʔϧܧ෦ͷ
ஈࠩͱ͍ͬͨيಓҟৗ͕ɼͦΕͧΕಛఆՄͰ͋Δ͜ͱΛ֬ೝ͠ɼRMS

ʹΑΔධՁͰผ͕ࠔͰ͋Δيಓҟৗʹ͍ͭͯผՄͰ͋Δ
͜ͱΛࣔͨ͠ɽ
(3) ಓෆਪఆيϞσϧղੳʹΑΔٯ
ɹํమಓΛఆͨ͠ߦγϛϡϨʔγϣϯʹ͓͍ͯɼఏҊ͢ΔΞϧΰ
ϦζϜͷਪఆਫ਼Λͨ͠ূݕɽͦͷ݁Ռɼيಓཧͷࢦඪͱ͞ΕΔ 10m

େͰ࠷ࠩޡಓෆʹ͓͍ͯɼਪఆيਖ਼๏ʹ͓͚Δݭ 2mmҎԼͱɼ
Δσʔλͱͯ͠ͷ༗༻ੑΛࣔͨ͠ɽ͢༺׆ʹಓอकي

ɹ·ͨɼຊଌఆஔʹ͓͍ͯେͳଌఆσʔλ͕ੵ͞ΕΔҰํɼϏο
άσʔλΛѻ͏ͨΊखಈʹΑΔղੳۀ࡞ʹݶք͕͋Δɽͦ͜Ͱɼଌఆ
σʔλΛޮతʹऔΓѻ͏ͨΊGraphical User InterfaceΛ׆༻ͨ͠Ϩʔ
ϧஅιϑτΛ։ൃͨ͠ɽͦͷ݁ՌɼRMSٴͼΣʔϒϨοτมʹ
ΑΔධՁʹ͍ͭͯɼෳଌఆͷσʔλΛҰʹऔΓѻ͏͜ͱ͕ՄͰ͋
Δ͜ͱΛ֬ೝ͠ɼيಓ݁ࢹՌΛ͔ʹɼ͔֮ͭࢹతʹ͔Γ͘͢
మಓϑΟʔυόοΫͰ͖ΔஅιϑτͰ͋Δ͜ͱΛࣔͨ͠ɽ
ɹ
ɹ 3ষͰɼӦ྆ंۀͰͷؒظͷଌఆΛલఏͱ͠ɼं྆ͷେ෯ͳվ
ΛΘͣ؆қʹઃஔͰ͖ɼίετͰيಓͷঢ়ଶࢹΛ࣮͢ࢪΔͨΊͷ
ଌఆஔΛ։ൃͨ͠ɽ։ൃ͞Εͨଌఆஔʹ͓͍ͯҎԼͷੑΛ༗͠ɼ
࣮༻ԽٴͼҬͷීٴΛͨ͠ࢦਫ४ʹ౸ୡ͍ͯ͠Δ͜ͱΛ֬ೝ
ͨ͠ɽ
ɹ
(1) খܕͷଌఆஔͰɼӡస੮ԼͷεϖʔεثػശͷதͳͲ༷ʑͳॴ
ઃஔՄ
(2) ࣗಈ·ͨ؆୯ͳεΠονૢ࡞ʹͯଌఆ͕։࢝͞Εɼઐͷଌఆһ͕
ෆཁ
(3) ଌఆσʔλ͕ࣗಈసૹ·ͨmicroSDͷճऩʹͯՄ
ɹ
ɹ 4ষͰɼ2ষʹ͓͚Δيಓঢ়ଶͷධՁࢦඪͱ 3ষͰ։ൃ͞Εͨଌఆ
ஔΛ౷߹͠ɼيಓঢ়ଶࢹγεςϜΛߏங͠ɼమಓྗڠऀۀࣄͷͱ 3࿏
ઢʹ͓͍ͯӦंྻۀʹ͓͚ΔఆظଌఆΛ࣮ͨ͠ࢪɽͦͷ݁ՌҎԼͷ݁
Λಘͨɽ
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ɹ
(1) ंମ্ԼՃʹ͍ͭͯɼؒظଌఆʹ͓͍ͯੑݱ࠶͍ߴΛ֬ೝ
͠ɼ࣮࿏ઢʹ͓͚Δߴෆͷஶେ۠ؒɼܧམͪʢ͏͖·͘Β͗ʣൃ
ੜՕॴͱ͍ͬͨيಓҟৗΛݕग़ՄͰ͋Δ
(2) ಓঢ়ଶ͕ѱԽͨ۠ؒ͠Ͱيগ͢ΔɼݮRMS͕ʹޙࢪಓอकΛ࣮ي
RMS͕૿େ͢Δͱ͍ͬͨ૬͕ؔؔ֬ೝ͞ΕɼRMSʹΑΔيಓঢ়
ଶͷධՁ͕ՄͰ͋Δ͜ͱΛࣔͨ͠ɽ
(3) ΣʔϒϨοτมʹΑΔධՁʹ͓͍ͯɼ౿ɼيಓෆɼܧམͪ
ͳͲͷيಓҟৗ͕ҟͳΔपଳʹಛ͕͋Δ͜ͱΛઆ໌͠ɼيಓҟৗ
ͷಛఆख๏ͱͯ͠༗༻Ͱ͋Δ͜ͱΛ֬ೝͨ͠ɽ
(4) ͍ͯ༺ෆͷਪఆʹ͍ͭͯɼ࣮࿏ઢσʔλΛߴϞσϧղੳʹΑΔٯ
Λࣔ͢Օॴʹ͍ͭͯਪఆ͕ՄͰ͍͋ߴෆ͕ߴՌɼ݁ͨ͠ূݕ
Γɼݱঢ়ͷيಓݕଌͱͷൺֱʹΑΓيಓอकʹ׆༻͢Δɼيಓอक
ʹ༗༻ͳσʔλͱͳΔՄੑΛࣔͨ͠ɽ
ɹ
ɹҎ্ɼຊจɼيಓঢ়ଶࢹγεςϜΛߏங͠ɼͦͷ༗ޮੑΛ۩ମ
తͳద༻ྫࣄʹ͓͍ͯࣔͨ͠ͷͰ͋ΓɼమಓيಓͷదͳอकΛ௨͡
ͯమಓͷ҆શੑ্ʹେ͖͘͢ݙߩΔͷͰ͋Δͱ͑ߟΔɽ
ɹҰํͰɼຊจͷՌ͔Β͑ߟΒΕΔɼޙࠓͷ՝ΛҎԼʹࣔ͢ɽ
ɹ
(1) ͍ͯͭʹग़ਫ਼ݕग़ൣғɾݕಓҟৗͷي
ɹୈ̐ষʹ͓͍ͯɼ࣮ࡍͷӦۀ࿏ઢʹ͓͚Δ༷ʑͳيಓҟৗΛݕग़͢Δ
Βɼ͔ٞڠͱͷऀۀࣄՄͰ͋Δ͜ͱΛࣔͨ͠ɽ͔͠͠ͳ͕Βɼమಓ͕ࣄ
ΑΓ༏ઌͷي͍ߴಓҟৗ͔ΒূݕΛ࣮͍ͯ͠ࢪΔͨΊɼيಓอकΛ͢
͖શͯͷҟৗཏ͞Ε͍ͯͳ͍ɽͦͷͨΊɼيಓঢ়ଶࢹγεςϜ
ͷߏஙʹΑΓʑੵ͞ΕΔσʔλΛղੳ͠ɼݕग़Մͳيಓҟৗͷൣ
ғ֦େٴͼݕग़ਫ਼ͷ্ʹ͍ͭͯɼҾ͖ଓ͖ݕ౼Λ͏ߦඞཁ͕͋Δɽ
·ͨɼيࡏݱಓҟৗͷݕग़ʹ༻͍ͯ͠Δ 3ͭͷख๏ʹ͍͕ͭͯূݕ
ਐΜͰ͍Δͷͷɼଞͷղੳख๏ʹΑΔҟৗݕग़ʹ͍ͭͯेʹ͕ূݕ
ͳ͞Ε͍ͯΔͱ͍͑ͳ͍ɽͦͷͨΊɼΑΓΑ͍يಓҟৗͷݕग़ख๏͕
ଘ͍ͯ͠ࡏͳ͍͔ൺֱূݕΛ࣮͢ࢪ͖Ͱ͋Δɽ
(2) ྻंҐஔݕग़ਫ਼ͷ্ʹ͍ͭͯ
ɹຊจʹ͓͚ΔྻंҐஔͷಛఆGPSʹΑΔҐஔใΛجຊͱ͍ͯ͠
Δɽ͔͠͠ͳ͕Βɼַࢁ෦ͳͲΛ௨ա͢Δ࿏ઢʹ͓͍ͯɼτϯωϧ
Λ௨ա͢ΔࡍʹGPSใ͕ܽམ͢Δ͜ͱ͕֬ೝ͞Ε͍ͯΔɽҰํɼͦͷ
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Α͏ͳGPSͷܽམ۠ؒʹ͓͍ͯंମಈ༳͔Β౿ɼ͗ܧɼۂઢɼӺ
ͱ্͍ͬͨใ͕ಡΈऔΕΔ͜ͱ͕֬ೝ͞Ε͍ͯΔɽ͜ͷΑ͏ͳใ
Λ׆༻͢Δ͜ͱͰɼΑΓيಓঢ়ଶࢹγεςϜͷ׆༻Մͳ࿏ઢ͕͕
ΔͱͱʹɼيಓҟৗͷൃੜҐஔಛఆਫ਼͕ΑΓ্͢ΔՄੑ͕͋Δɽ
(3) ͍ͯͭʹͷ֦େؔػΔަ௨͢ࢪΛ࣮ࢹಓي
ɹຊจʹ͓͍ͯɼమيಓ࿏ઢΛத৺ʹݕ౼Λ࣮͍ͯ͠ࢪΔ͕ɼ࿏໘
ಓ৽ަ௨γεςϜͱ͍ͬͨަ௨Ϟʔυʹ͓͍ͯຊγεςϜ༗ޮي
Ͱ͋Δͱ͑ߟΒΕΔɽ͔͠͠ͳ͕Βɼيಓҟৗ͕ंମಈ༳ʹ༩͑ΔӨڹ
మيಓͱҟͳΔ͜ͱ͕༧ଌ͞ΕΔͨΊɼ༗ޮੑͷݕ౼ʹ࣮࿏ઢʹ
͓͚Δ͕ূݕඞཁͰ͋Δɽ
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ँࣙ

ຊจΛ·ͱΊΔʹ͋ͨΓɼଟ͘ͷօ༷ʹଟେͳΔ͝ࢧԉɼ͝ࢦಋΛ
तʹɼֶ෦ɼେڭۉౡߝ෦ֶ࢈Γ·ͨ͠ɽओࠪͰ͋Δຊେֶੜࣀ
ֶӃത࢜લظɼظޙ՝ఔͷؒɼֶज़໘ͷ͝ࢦಋɼ͝ॿݴͷΈͳΒͣɼࠃ
ձΛػՃ͢Δଟ͘ͷࢀʹతۃੵڀݚಉڞɼߘձٞͰͷൃදจࡍ
༩͍͖͑ͯͨͩɼͦΕΛ௨ͯ͡ऀڀݚͱͯ͠ͷجຊతͳߟࢥɼߦಈΛ͝
Ͱ͋Γɼվࣀͷݴಋɼ͝ॿࢦಋ͍͖ͨͩ·ͨ͠ɽຊจɼͦͷ͝ࢦ
Ίͯ͜͜ʹਂ͘ँײͷҙΛද͠·͢ɽ
෭ࠪͰ͋Δ౦ژେֶͷོؔݹষڭतɼຊେֶੜֶ࢈෦ڮߴਐڭतɼ

ଜڭ࢘ߒतʹɼຊจͷ৹ࠪʹ͠ࡍɼ͝ଟʹ͔͔ΘΒͣؒ࣌Λ
ׂ͍͍͖ͯͨͩɼຊจΛ·ͱΊΔͨΊͷ͝ࢦಋͱ͝ॿݴΛࣀΓ·ͨ͠ɽ
৽ͨͳଌఆஔͷڞಉ։ൃʹ͋ͨΓɼ͝ॿݴͱଟେͳΔ͝ྗڠΛ͍ͨ

͍ͩͨɼࡾژ࡞ॴͷᴡ౻Յ༷ٱɼઙ༷ߊɼ٠ຑ༷߳Λ͡Ίͱ͠
ͨօ༷ʹਂ͍ͨ͘͠ँײ·͢ɽ
ଌఆ༻ιϑτΣΞͷ։ൃʹ͓͍ͯɼٱอྑ༷ɼѨ෦༟༷Λ͡

Ίͱͨ͠ηϯτϥϧΤϯδχΞϦϯάࣜגձࣾͷօ༷ʹେม͓ੈʹ
ͳΓ·ͨ͠ɽ৺ΑΓ͓ྱਃ্͛͠·͢ɽ
ӦंྻۀʹΑΔଌఆɼమಓ༷ऀۀࣄͷ͝ྗڠʹΑΓ࣮͢ࢪΔ͜ͱ͕

Ͱ͖·ͨ͠ɽ֤ऀۀࣄͷօ༷ʹɼమಓऀۀࣄͱͯ͠ͷوॏͳ͝ҙݟɼ͝
ॿݴΛࣀΓँײਃ্͛͠·͢ɽ
ͦͯ͠ɼ࣮ݧ͝ྗڠ͖ɼͦͯ͠ଟ͘ͷ͝ࢦఠΛԼ͍͞·ͨ͠ߝౡ

Λ͖·ͨ͠ަ௨ྗڠ՝ఔʹ͝ཧղͱଟେͳ͝ظޙ࢜ͷօ༷ɼതࣨڀݚ
҆શڀݚڥॴͷօ༷ʹ͍ͨ͠ँײ·͢ɽ
ຊจɼ͜ͷଞʹଟ͘ͷօ༷ʹ͝ࢧԉɼ͝ࢦಋΛͯͬࣀ·ͱΊͨ

ͷͰ͋Γ·͢ɽޙ࠷ʹɼେֶɼେֶӃത࢜લظɼظޙ՝ఔͷؒΛஆ͔
ͷҙΛද͠ɼँࣙͱ͍͖ͤͯͨͩ͞·͢ɽँײʹकͬͯ͘Εͨ྆ݟ͘
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