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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 ঢ়ݱ಺మಓͷࠃ

మಓ͸ɼେྔੑɼߴ଎ੑɼ҆ఆੑͳͲʹ༏ΕΔަ௨ؔػͰ͋Γɼैདྷ
͔Β཮্ަ௨ʹ͓͍ͯɼॏཁͳ໾ׂΛՌ͍ͨͯ͠Δɽྫ͑͹ɼେ౎ݍࢢ
ʹ͓͍ͯ͸ɼమಓ͸௨ۈ௨ֶ༌ૹΛ͸͡Ίओཁͳަ௨खஈͱͳΓɼ౎ࢢ
ʹͱͬͯඞཁෆՄܽͰ͋Δɽ·ͨɼۭߓͱ౎ࢢ෦Λ݁ͿΞΫηεަ௨ͱ
ͯ͠΋ɼమಓ͸ॏཁͳ໾ׂΛՌ͍ͨͯ͠Δɽ
ɹ૯߹తͳަ௨ମܥ͸మಓ͚ͩͰ͸ͳ͘ɼࣗಈंɼۭߤ౳ͷަ௨͕ؔػ
૬ޓʹ࿈͠ܞɼར༻ऀʹͱͬͯΑΓ͍࢖΍͍͢ަ௨Λఏ͢ڙΔ͜ͱ͕ॏ
ཁͰ͋Δ͕ɼۙ೥Ͱ͸ɼమಓ༌ૹ͸ೋࢎԽ୸ૉͷഉग़͕গͳ͘ɼলΤω
ϧΪʔʹݙߩͰ͖Δަ௨ؔػͰ͋Δ͜ͱ͔Βɼڥ؀໰୊ͷղܾʹݙߩͰ
͖Δަ௨खஈͱͯ͠ͷظ଴͕ߴ·͍ͬͯΔ [1]ɽ
ɹ೔ຊࠃ಺ʹ͓͚ΔమಓʢيಓؚΉʣ͸ެަڞ௨ؔػͱͯ͠ɼ௨ۈ௨ֶ
ͱ͍ͬͨਓʑͷੜ׆ͷ଍ͱͯ͠ॏཁͳ໾ׂΛՌ͓ͨͯ͠Γɼͦͷར༻ऀ
਺͸ʮమಓ༌ૹ౷ܭௐࠪʯʢਤ 1.1.1ɼࠃ౔ަ௨ল [2]ʣʹΑΔͱɼ1993೥
ΛϐʔΫʢ໿ 227ԯਓʣʹݮগ޲܏ʹ͕͋ͬͨɼ2002೥ࠒΛڥͱͯ͠࠶
ͼ૿Ճ޲܏ʹస͡ɼ2014೥౓Ͱ͸ 236ԯਓʢԆ΂਺ʣʹͷ΅Δɽ
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ਤ 1.1.1: మಓɾيಓར༻ऀ਺ͷਪҠ [2]

͔͠͠ͳ͕Βɼզ͕ࠃʹ͓͚Δమಓ͸ɼେྔ༌ૹɾ҆ఆ༌ૹͱ͍ͬͨ
ಛ௃͔Βɼ౎ࢢ಺ٴͼ౎ؒࢢʹ͓͍ͯओཁͳަ௨खஈͱͳ͍ͬͯΔ൓໘ɼ
େ౎ࢢͷ஍Լమɼۙ߫ઢʹ͍ͭͯ͸༌ૹྗͷ໘͔Βɼଞʹ୅ΘΓಘΔ༌
ૹ͕ؔػͳ͍ɽͦͷͨΊɼ஗Ԇ΍ӡٳʹΑΔࣾձతͳӨڹ͸େ͖͘ɼ2011

೥ 3݄ 11೔ʹൃੜͨ͠౦೔ຊେ਒ࡂͷࡍʹ͸ɼट౎ݍʹ͓͍ͯ΋֤࿏ઢ
͕ӡٳͱͳΓɼ໿ 10ສਓͷؼ୐ࠔ೉ऀ͕ग़ΔͳͲࣾձ໰୊ͱͳ͍ͬͯΔɽ
ɹ·ͨɼ஍ํమಓऀۀࣄʢதখຽమٴͼୈࡾηΫλʔమಓʣʹ͍ͭͯ͸ɼ
͜ΕΒͷమಓऀۀࣄͷܦӦঢ়ଶ͸ඞͣ͠΋๕͘͠ͳ͘ɼ਺ଟ͘ͷ࿏ઢ͕
ഇ͞ࢭΕ͍ͯΔɽBRTʢbus rapid transitʣ౳΁ͷҠߦʹΑΓɼެަڞ௨
ΑΓަ௨ऑऀʢҠಈ੍໿ऀʣΛʹࢭଘଓ͞Εͨྫ͸͋Δ΋ͷͷɼഇ͕ؔػ
ੜΈग़͢έʔε΋গͳ͘ͳ͍ɽ
ɹྸߴԽ཰͕೥ʑ૿Ճ͍ͯ͠Δ೔ຊʹ͓͍ͯ͸ɼࣗՈ༻ं౳Λอ༗ɾӡ
స͕ࠔ೉ͳަ௨ऑऀͷׂ߹͸૿ޙࠓେ͢Δ͜ͱ͕༧૝͞ΕɼమಓΛؚΉ
.Λҡ࣋͢Δ͜ͱ͕ॏཁͰ͋Δؔػ௨ަڞެ
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1.1.2 మಓަ௨ͷಛ௃

మಓ͸ɼʮఆ࣌ੑʯɼʮେྔ༌ૹੑʯɼʮলΤωϧΪʔʯɼʮੑڥ؀ʯ,ʮ҆શ
ੑʯͳͲʹ༏Εͨަ௨ɾ༌ૹؔػͰ͋Γɼ͔͘ݹΒ཮্༌ૹʹ͓͍ͯװج
తͳ༌ૹؔػͱͯ͠ɼͦͯ͠ɼզʑͷ਎ۙͳަ௨ؔػͱͯ͠ɼॏཁͳ໾
ׂΛ୲͍ͬͯΔɽ·ͨɼ஍ํʹ͓͍ͯ΋ɼమಓ͸௨ۈɾ௨ֶɼ௨Ӄɼങ͍
෺ͳͲͷԊઢ஍Ҭॅຽͷަ௨खஈͰ͋Δͱͱ΋ʹɼޫ؍ৼڵʹΑΔ஍Ҭ
ͷൃలΛ͑ࢧɼࡁܦɾࣾձతศӹΛ஍Ҭʹ΋ͨΒ͢໾ׂ΋୲͍ͬͯΔɽ
ɹఆ࣌ੑٴͼେྔ༌ૹੑ͕༏ΕΔཁҼͱͯ͠ɼೋͭͷंྠ͕మྠ࣠ʹ݁
߹͞Εɼઐ༻يಓΛϨʔϧͰҊ಺͞Εͳ͕Β૸͢ߦΔͱ͍ͬͨಛ௃͕ڍ
͛ΒΕΔɽϨʔϧͰҊ಺͞Ε͍ͯΔͨΊɼ௕େͳྻंΛฤ੒͢Δ͜ͱ͕
Ͱ͖େྔ༌ૹ͕ՄೳͰ͋Δɽಛʹ౔஍ͷ઎༗໘ੵ͋ͨΓͷ༌ૹྗ͕ଞͷ
ަ௨ؔػʹൺֱͯ͠େ͖͍ɽେ౎ࢢͷ஍Լమɼۙ߫ઢ͸ɼ༌ૹྗɾ଎౓ͳ
Ͳ͔Βɼଞʹ୅ΘΓಘΔ༌ૹ͕ؔػͳ͍ͷ͕ݱঢ়Ͱ͋Δɽ·ͨɼઐ༻ي
ಓΛ༗͢ΔͨΊɼอ҆ઃඋΛ׬උ͢Δ͜ͱͰߴ଎ӡస͕ՄೳͰ͋Γɼࣗ
ಈं͸ಓ࿏ͷौ଺ʹΑΓɼඈػߦ͸ఱީ౳ʹࠨӈ͞Ε΍͍͕͢ɼమಓ͸
ઐ༻يಓΛ૸͢ߦΔ͜ͱͰఆ੍࣌ӡߦͷ৴པ౓͕ଞͷަ௨ؔػͱൺ΂Δ
ͱൺֱత͍ߴͱ͍ͬͨ௕ॴ͕͋Δɽ
ɹলΤωϧΪʔ΍ڥ؀໘ͱ͍ͬͨ؍఺ʹ͓͍ͯ΋ɼమಓ͸༏Εͨಛ௃Λ
༗͍ͯ͠Δ.మंྠ͕మϨʔϧͷ্Λ૸͢ߦΔͨΊ૸ߦ఍͕߅গͳ͘ɼଞ
ͷ༌ૹؔػʹൺ΂ͯΤωϧΪʔޮ཰͕͍ߴɽཱྀ٬༌ૹͱ՟෺༌ૹʹ͓͍
ͯɼ2014೥౓ͷ֤༌ૹ͔ؔػΒഉग़͞ΕΔೋࢎԽ୸ૉʢCO2ʣͷഉग़ྔ
Λ༌ૹྔʢਓΩϩɿ༌ૹͨ͠ਓ਺ʹ༌ૹͨ͠ڑ཭Λ৐ͨ͡΋ͷɼτϯΩ
ϩɿ༌ૹͨ͠՟෺ͷॏྔʹ༌ૹͨ͠ڑ཭Λ৐ͨ͡΋ͷʣͰׂΓɼ୯Ґ༌ૹ
ྔ౰ͨΓͷೋࢎԽ୸ૉͷഉग़ྔΛ͢ࢉࢼΔͱਤ 1.1.2[3]ͷΑ͏ʹͳΔɽਤ
ΑΓɼమಓ͸ଞͷ༌ૹؔػͱൺֱͯ͠ɼCO2 ͷ୯Ґ༌ૹྔ౰ͨΓͷഉग़
ྔ͕ඇৗʹগͳ͘ɼੑڥ؀ʹ༏Εͨ༌ૹؔػͰ͋Δ͜ͱ͕෼͔Δɽ
ɹ·ͨɼՍઢ͔ΒిؾΛ͞څڙΕΔͨΊಈྗޮ཰ͷ༏Εͨిؾӡస͕Մ
ೳͰ͋Γɼࣗಈं΍τϥοΫͷΑ͏ʹഉؾΨεʹΑΔେؾԚછͷͳͲެ
֎͸྆ंؾΊͯ༏Ε͍ͯΔɽ·ͨɼిۃͷ໘ͰڥΛট͘͜ͱ͕ͳ͘ɼ؀֐
෦͔ΒిྗΛ͞څڙΕͯɼిؾϞʔλʔʹΑΓ૸͍ͯ͠ߦΔͷͰɼσΟʔ
θϧं྆ʹൺ΂ͯେ෯ͳܰྔԽɼੑߴೳԽ͕ՄೳͰ͋Δɽ
ɹ҆શ໘ʹ͍ͭͯ͸ɼమಓ͸ࣗಈंΛ͸͡Ίͱ͢Δಓ࿏ަ௨ͱൺֱͯ͠
୯Ґ༌ૹྔ౰ͨΓͷނࣄ཰͕ඇৗʹ௿͘ɼ҆શੑ͕ަ͍ߴ௨ؔػͰ͋Δɽ
·ͨɼزଟͷݧܦނࣄ΍ઃܭɾ੡଄ɾอकٕज़ͷ։ൃɼٕज़ج४΍ӡӦن
ఆͷ੔උͳͲɼ҆શจԽͷৢ੒౳ʹΑΓɼࡏݱͷ೔ຊͷమಓ͸ੈքͰ΋
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Δɽ͍ͯ͠ݱਫ४ͷ҆શੑΛ࣮͍ߴ

ਤ 1.1.2: ༌ૹྔ౰ͨΓͷೋࢎԽ୸ૉͷഉग़ྔ [3]
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1.1.3 మಓʹ͓͚Δނࣄ

మಓʹ͓͚Δނࣄ͸ଞͷަ௨Ϟʔυͱަࠩ͢Δ౿੾ނࣄ΍ϓϥοτϑ
ΥʔϜ্Ͱͷ͕ނࣄେ෦෼Ͱ͋Γɼ৐ंதͷ҆શੑ͸ࣗಈं΍ඈػߦʹൺ
΂ͯɼඇৗʹ͍ߴͳͲͷ௕ॴ͕͛ڍΒΕΔɽ
ɹమಓͷӡసނࣄશମͷൃੜ݅਺ʹ͍ͭͯ͸ɼަ௨҆શനॻʢਤ 1.1.3ɼࠃ
౔ަ௨ল [4]ʣʹΑΔͱ௕ظతʹ͸ݮগ޲܏ʹ͋Δ΋ͷͷɼۙ೥Ͱ͸Լ͛
Δɽ͍ͯͤݟΛ޲܏Γͷ·ࢭ
ɹਤ 1.1.4ʹฏ੒ 26೥౓ͷނࣄछྨผͷൃੜঢ়گʹ͍ͭͯࣔ͢ɽͦͷ಺
༁ΛΈΔͱɼ౿੾ো֐ɼಓ࿏ো֐ɼਓ਎ো֐ͱ͍ͬͨଞͷϞʔυͱަΘ
Δ৔໘Ͱͷ͕ނࣄશମͷ 97.4ˋͱେ੎Λ઎ΊΔ΋ͷͷɼॏେނࣄʢຊ࿦
จʹ͓͍ͯ͸ɼࢮইऀ͕ 10໊Ҏ্ຢ͸୤ઢ྆਺͕ 10྆Ҏ্ੜͨ͡ނࣄ
Λ͍͏ʣʹ͕ܨΔՄೳੑ͕େ͖͍ྻंނࣄʢྻंিಥɼྻं୤ઢɼྻं
ՐࡂʣͷதͰ΋ɼྻं୤ઢʹ͍ͭͯ͸೥ؒ 15݅ͷൃੜ͕֬ೝ͞Ε͍ͯΔɽ
ɹલઅ·Ͱʹड़΂ͨమಓͷ௕ॴ͸ɼൃ͕ނࣄੜͨ͠৔߹͸୹ॴͱ΋ͳΓ
ಘΔ.ϨʔϧͰҊ಺͞Ε͍ͯΔͨΊʹɼӡస࢜͸લํʹҟৗΛࢹೝͨ͠৔
߹Ͱ΋ࣗಈंͷΑ͏ʹϋϯυϧૢ࡞ʹΑΔճආߦಈΛͱΔ͜ͱ͸ग़དྷͳ
͍.Ճ͑ͯ௕ॴͰͨ͛ڍ૸ߦ఍͕߅গͳ͍͜ͱʹΑΓɼϒϨʔΩΛ͔͚Δ
཭͕ࣗಈंʹൺ΂ͯ਺ഒڑখ͍ͨ͞ΊʹɼϒϨʔΩͷ੍ಈ͕ࡲ͸ຎʹࡍ
௕͘ͳΓɼϒϨʔΩΛૢͯ͠࡞΋҆શʹఀࢭͰ͖ͳ͍Մೳੑ͕͛ڍΒΕ
Δɽ
ɹಛʹɼϨʔϧʹܽؕ΍੍ݶ଎౓௒աʹΑΓమಓं͕྆Ϩʔϧ͔Βҳ୤
ͨ͠৔߹͸ɼ͍ߴ଎౓Λอ࣋ͨ͠··୤ઢɾస෴ͱ͍ͬͨେࢸʹނࣄΔ
Մೳੑ͕͋Δ.࣮ࡍɼաڈʹ͸ଟ͘ͷࢮইऀΛग़͢େނࣄΛ͖ͯͯ͠ݧܦ
͍Δ.

ɹ͜ͷΑ͏ʹɼమಓ͸ॏେނࣄͷ݅਺ͱͯ͠͸ଞͷަ௨ؔػͱൺ΂ܻͯ
ҧ͍ʹখ͍͞ͱ͍͏࣮੷͕͋Δ΋ͷͷɼమಓ༌ૹ͸େྔੑɾߴ଎ੑͱ͍ͬ
ͨಛੑΛ࣋ͭͨΊɼҰ౓୤ઢɾస෴ͱ͍ͬͨൃ͕ނࣄੜ͢Δͱେن໛ʹ
ͳΔੑ࣭͕͋Δ͜ͱ͔Βɼখ͞ͳҟৗΛૣ͠ݟൃʹظɼରԠ͢Δ͜ͱ͕
ඇৗʹॏཁͱͳΔɽ·ͨɼେن໛ͳނࣄͱͳΒͳ͍৔߹΋ɼҰ౓୤ઢ͕
ੜͨ͡ࡍ͸Ұఆؒظͷӡ͕ٳੜ͡ɼར༻ऀͷརศੑΛஶ͘͠ଛͳ͏ͳͲɼ
ࣾձతͳӨ͕ڹେ͖͍ͨΊɼ҆શੑͷ֬อ͕ٻΊΒΕ͍ͯΔɽ
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ਤ 1.1.3: ӡసނࣄͷ݅਺ͱࢮইऀͷਪҠ [4]

ਤ 1.1.4: گͷൃੜঢ়ނࣄछྨผͷӡసނࣄ [4]
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1.2 ಓอकي๏ͱํࠪݕಓيͷࡏݱ

1.2.1 ಓอकͷ֓ཁي

మಓͷྺ࢙ʹ͓͍ͯɼॳظͷอकۀ࡞͸ɼյΕͨ΋ͷΛ௚͢ɼਵ࣌ิ
मͷϝϯςφϯεํࣜͰอकߦ͕ۀ࡞ΘΕ͍ͯͨɽઢ࿏͸ຖ೔า͍ͯ఺
ɼҟৗ͕ͳ͍͔Λௐ΂Δͱಉ࣌ʹɼҟৗ͕͋Ε͹ɼͦͷ౎౓मཧ͢͠ݕ
Δͱ͍͏ͷ͕อઢۀ࡞ͷయܕతͳܗଶͰ͋ͬͨɽͦͷޙɼʮ༧๷อશʯͷ
ࠪ͠ݕݕ΍ઃඋΛ఺ثػతʹର৅ͱͳΔظͰ͸ɼఆࠓੜ·Εɼ͕ํ͑ߟ
ͯҟৗͷ༗ແ΍ػೳͷྑ͠ѱ͠Λ൑அ͢Δͱಉ࣌ʹ࣍ͷ఺ݕ·Ͱҟৗͳ
ΘΕ͍ͯΔɽߦըతʹอશ͕ܭΔ͔Ͳ͏͔Λ൑அͯ͑͠࢖͘
ɹيಓ͸ओʹϨʔϧɼ·͘Β໦ɼಓচͱͦͷ෇ଐ඼ٴͼ͜ΕΒΛ͑ࢧΔ
࿏൫͔ΒͳΓɼຖ೔ͷྻंͷ૸ߦʹΑΓେ͖ͳྗΛड͚ɼ؇ΜͩΓɼյΕ
ͨΓ͢ΔɽͦͷͨΊɼيಓͷࠪݕͱอશ͸ɼं྆ͷ৐Γ৺஍ͱ҆શΛ֬
อ͢ΔͨΊʹඇৗʹॏཁͰ͋Δɽ
ɹيಓࠪݕͷ໨త͸ɼيಓͷ࣮ଶΛత֬ʹ೺Ѳ͠ɼͦͷ݁Ռʹ͍ͯͮج
ޮ཰తͳอकΛ͍ߦɼيಓͷػೳΛҡ࣋͠૸҆ߦશΛ֬อ͢Δ͜ͱͰ͋
Δɽيಓࠪݕͷମܥɼ߲ࠪݕ໨ɼํࠪݕ๏ٴͼࠪݕपظ͸ɼమಓձࣾʹ
Αͬͯ΋ҟͳΔɽࠪݕͷछผ͸يಓอकࠪݕɼيಓࡐྉࠪݕɼ८ճࠪݕʹ
෼ྨ͞ΕΔɽيಓอकࠪݕ͸ɼྻंͷ૸҆ߦશͱ৐Γ৺஍Λҡ࣋͢Δͨ
ΊఆظతʹيಓશൠʹΘͨΓɼอकঢ়ଶɼྻंͷಈ༳ͳͲΛνΣοΫ͢Δ
ݕΕ͍ͯΔ͕ɼͦͷ͞ࢪ࣮͕ࠪݕ΍ྻंಈ༳ࠪݕಓෆ੔يͰ͋Γɼࠪݕ
ࠪස౓͸ऀۀࣄʹΑΓ༷ʑͰ͋Δɽيಓࡐྉࠪݕ͸ɼϨʔϧɼ·͘Β໦ɼ
ಓচɼ෼ثذͳͲ͢΂ͯͷࡐྉͷଛইɼຎ໣ɼ෗৯ͳͲͷঢ়ଶʹ͍ͭͯ
ࠪݕΕΔɽ·ͨɼ८ճ͞ࢪһͷ८ճʹΑ࣮ͬͯ܎Ͱɼओʹอकࠪݕ͏ߦ
͸ɼెา·ͨ͸ྻंʹΑΓ८ճ͠ɼيಓͷอकঢ়ଶٴͼྼԽͳͲɼઢ࿏
શൠʹΘͨΓɼྻंͷ҆શΛ֬ೝ͢ΔࠪݕͰ͋Δɽ
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1.2.2 ଄ߏಓي

ಓͷҰछͰيಓͱলྗԽي΋Ұൠతͳόϥετ࠷଄ͱͯ͠ɼߏಓͷي
͋Δεϥϒيಓͷߏ଄ʹ͍ͭͯҎԼʹड़΂Δɽ
ɹ
ʢ̍ʣόϥετيಓ
ɹόϥετيಓ͸ɼమಓʹ͓͍͔ͯ͘ݹΒ༻͍ΒΕ͍ͯΔيಓͰ͋Γɼమ
ಓશମͱͯ͠͸όϥετيಓ͕ͦͷଟ͘Λ઎Ί͍ͯΔɽਤ 1.2.1ʹࣔ͢௨
Γɼόϥετيಓ͸ɼϨʔϧɼϨʔϧక݁૷ஔɼ·͘Β͗ɼόϥετಓচ
Ͱߏ੒͞ΕΔɽປ໦͔ΒͷՙॏΛޮ཰Α͘෼ͤ͞ࢄ࿏൫ʹ఻͑ΔͷͰ௿
ৼಈɾ௿૽ԻͰ͋Γ৐Γ৺஍͕Α͍ɽ·ͨɼݐઃඅ͕͍҆͜ͱ͔Βɼ೔
ຊ͚ͩͰͳ͘ੈքதͰ࠾༻͞Ε͍ͯΔɽ
ɹ͔͠͠ɼڧ౓͕௿͘ɼྻंͷ૸ߦʹΑΔ܁Γฦ͠ՙॏʹΑΓɼϨʔϧ
ͷ࿪Έʢيಓෆ੔ʣΛੜ͡΍͍ͨ͢ΊɼఆظతͳอकΛ܁Γฦ͠ͳ͕Β
ҡ࣋؅ཧ͢Δඞཁ͕͋Δɽيಓෆ੔ͷ੔ਖ਼ɼόϥετͷ;Δ͍෼͚΍ߋ
৽ͷۀ࡞͸ਓखΛཁ͢ΔͨΊɼόϥετيಓʹؔΘΔอकίετͷݮ࡟
͸ۃΊͯॏཁͳ՝୊ͱͳ͍ͬͯΔ [5]ɽ

ਤ 1.2.1: όϥετيಓ

ɹ
ʢ̎ʣεϥϒيಓ
ɹεϥϒيಓ͸ɼ࿏൫ίϯΫϦʔτ্ʹيಓεϥϒͱݺ͹ΕΔίϯΫϦʔ
τ੡ͷ൘Λઃஔ͠ɼͦͷ্ʹϨʔϧΛෑ͘ߏ଄Λ࣋ͭيಓͰ͋Δɽεϥ
ϒيಓ͸ɼϨʔϧɼϨʔϧక݁૷ஔɼيಓεϥϒɼͯΜॆ૚ɼಥىɼίϯ
ΫϦʔτ൛ʢ࿏൫ίϯΫϦʔτʣͰߏ੒͞ΕͯΔɽόϥετيಓ͸ఆظ
తͳอकΛલఏͱͨ͠ߏ଄ମͰ͋ΔҰํͰɼεϥϒيಓ͸ίϯΫϦʔτ
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൘ͱͯΜॆ૚ͰϨʔϧΛ࣋͢ࢧʹݻڧΔͨΊɼϨʔϧʹ࿪Έ͕ੜ͡ʹ͘
͘ɼ೔ৗతͳϝϯςφϯεΛඞཁͱ͠ͳ͍লྗԽيಓͰ͋Δ [6]ɽεϥϒ
ಓ͸ϝϯςφϯε͕গͳ͘ɼϨʔϧʹ࿪Έ͕ੜ͡ʹ͍͘͜ͱʹΑΓ҆ي
ఆͨ͠ྻंͷߴ଎૸دʹߦ༩͢Δ͜ͱ͔Βɼ৽ઃ͞ΕΔ৽װઢͷ໿ 9ׂ
Λ઎ΊΔओཁͳيಓͱͳ͍ͬͯΔɽ
ɹ
ɹҎ্ͷΑ͏ʹɼόϥετيಓͷอकۀ࡞Λൈຊతʹܰ͢ݮΔͨΊʹε
ϥϒيಓͳͲͷলྗԽيಓ͕։ൃ͞ΕɼͦͷෑઃԆ௕΋૿Ճ͍ͯ͠Δɽ͠
͔͠ɼطʹόϥετيಓ͕ෑઃ͞Ε͍ͯΔ࿏ઢʹ͓͍ͯɼ௕ؒظͷӡٳ
Λ൐͏େن໛ͳվमࣄ޻͸্࣮ࣄෆՄೳͰ͋Γɼશମͱͯ͠͸όϥετ
ಓ͕·ͩͦͷଟ͘Λ઎Ί͍ͯΔɽي
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1.2.3 ಓෆ੔ي

Λ΋ͭɽ໋࢖Δͤ͞ߦ૸ʹ׈ɾҊ಺͠ɼྻंΛԁ࣋ࢧಓ͸ྻंՙॏΛي
ͦͷيಓ͸ɼྻंͷ܁Γฦ͠௨ա΍ࣗવݱ৅ʹΑΓঃʑʹมঢ়Λ͖ͨ͠ɼ
ं྆ͷ૸ߦ࿏໘Ͱ͋ΔϨʔϧͷ௕खํ޲ͷܗঢ়͕มԽͯ͘͠Δɽ͜ΕΛ
শݺಓෆ੔ͱيͱ͍͏ɽʢຊ࿦จͰ͸͍ڰಓيಓมҐɼيಓෆ੔·ͨ͸ي
͢Δʣ
ɹ୅දతͳيಓෆ੔ͷੜ੒ɾ੒௕աఔͱͯ͠ɼಓচʢόϥετʣ͸ྻं
͕௨ա͢Δ܁ʹࡍΓฦ͠ՙॏΛड͚ɼঃʑʹ઼ੑม͢ܗΔɽͦͷ݁Ռɼಓ
চ͕͑ࢧΔ·͘Β͗ɼ͞ΒʹϨʔϧʹཹ࢒มҐ͕ੜ͡Δɽͦͷଞɼ߱Ӎ
΍஍਒ͳͲͷࣗવݱ৅ʹΑΔيಓ΍౔໦ߏ଄෺ͷมঢ়ʹΑΔيಓมҐͷ
ൃੜ΋͋Δɽ
ɹ·ͨɼϨʔϧͷຎ໣ٴͼ઼ੑมܗʹΑΔԜತ΋يಓෆ੔ͷҰͭͰ͋Δɽ
ɼं྆ͷಈ༳ʹΑΔ৐Γ৺஍ͷѱԽ͠֐Λ્ߦͳ૸׈ಓෆ੔͸ྻंͷԁي
΍ԣѹͷ૿େͱͱ΋ʹྠॏൈ͚ݱ৅ʹΑΔ୤ઢͷੑݥةΛൃੜͤ͞ɼ·
ͨஶେྠॏٴͼԣѹʹΑΓيಓࡐྉΛྼԽͤ͞ΔͷͰɼيಓΛఆظతʹ
ͱ͜͏ߦΛۀ࡞ಓ੔ਖ਼يಓෆ੔Λఆৗతʹ೺Ѳ͠ɼඞཁͳيɼͯࠪ͠ݕ
͕ඞཁͰ͋Δɽ
ɹيಓෆ੔ʹ͸্Լํ޲ʹ͍ͭͯ͸ɼਫ४ෆ੔ɼฏ໘ੑෆ੔ɼࠨӈํ޲
ʹ͍ͭͯ͸௨Γෆ੔ͱؒيෆ੔͕͋ΔɽৄࡉΛҎԼʹࣔ͢ [7]ɽ
ɹ
௿ෆ੔ʢLongitudinalߴ.1 level irregularityʣ
ɹߴ௿ෆ੔ͱ͸Ϩʔϧ಄௖໘ͷ௕͞ํ޲ͷԜತΛ͍͍ɼߴ௿ෆ੔ͷଌఆ
͸ɼҰൠతʹ 10mͷࢳͱͷਨ௚ڑ཭ʹΑͬͯද͢ɽ
ɹϨʔϧ಄௖໘ͷ௕खํ޲ͷ্ԼͷԜತΛ͍͏ɽ༗ಓচيಓͰ͸ɼओʹ
ಓচόϥετͷ௜ԼʹΑͬͯ΋ͨΒ͞ΕΔɽߴ௿ෆ੔͸ंମ্Լಈʹͭ
ͳ͕Δͱͱ΋ʹɼྠॏมಈͷ૿ՃʹΑͬͯߴ௿ෆ੔͕͞Βʹ੒௕͢Δɽ
ɹ
2.௨Γෆ੔ʢAlignment irregularityʣ
ɹ௨Γෆ੔ͱ͸Ϩʔϧଆ໘ͷ௕͞ํ޲ͷԜತΛ͍͍ɼͦͷଌఆ͸Ұൠత
ʹ 10mͷࢳΛϨʔϧଆ໘ʹுΓɼͦͷதԝ෦ʹ͓͚ΔϨʔϧͱࢳͱͷਫ
ฏڑ཭ʹΑͬͯද͢ɽۂઢ෦ʹ͓͍ͯ͸ۂઢ൒ܘʹΑΔਖ਼໼ྔΛଌఆ஋
͔Βࠩ͠Ҿ͘ɽ
ɹ
3.ਫ४ෆ੔ʢCross level irregularityʣ
ɹؒيͷجຊੇ๏ʢͨͱ͑͹يڱઢͰ͸ 1067mmʣ౰ͨΓͷࠨӈϨʔϧͷ
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ͷࠩɽͨ͞ߴ ͩ͠ɼ৽װઢʢඪ४يʣͰ͸ंྠִؒ࣋ࢧʹ૬౰͢Δ1500mm

౰ͨΓͷࠨӈϨʔϧ͞ߴͷࠩΛਫ४ͱ͍ͯ͠ΔɽۂઢΛ૸͢ߦΔं྆ʹ
͸ԕ৺ྗ͕࡞༻͠ɼ৐Γ৺஍ͷѱԽ΍స౗ͷ૿͕ੑݥةେ͢ΔͨΊɼۂ
ઢ෦Ͱ͸ΧϯτΛઃఆ͍ͯ͠Δɽۂઢ෦Λߧۉ଎౓ҟৗͰ૸͢ߦΔ৔߹
ʹɼ௒աԕ৺ྗͷӨڹͰ֎يଆͷྠॏ͕಺يଆʹൺ΂ͯେ͖͘ͳΔͨΊ
ਫ४ෆ੔͕ੜ͡΍͍͢ɽ
ɹ
ෆ੔ʢGaugeؒي.4 irregularityʣ
ɹؒيͷ֦େɼॖখͳͲͷมԽΛ͍͏ɽ֦ؒيେ͸ؒي಺୤ઢɼॖؒي
খ͸ԣѹͷ૿େ͔Β৐Γ͕͋Γ୤ઢʹࢸΔ͓ͦΕ͕͋Δɽۂٸઢ෦΍෼
ΔͨΊͷεϥοΫ͕ઃఆ͞Ε͍ͯΔͨ͢ʹ׈Λԁߦ෦Ͱ͸ɼं྆૸ثذ
Ίɼؒي͸͜ΕΛ؅ྀͯ͠ߟཧ͞ΕΔɽ
ɹ
5.ฏ໘ੑෆ੔ʢTwist irregularityʣ
ɹҰఆڑ཭ؒͷਫ४ͷมԽྔͷ͜ͱͰ͋Γɼيಓͷฏ໘ʹର͢ΔͶ͡Ε
ͷঢ়ଶΛද͢ɽమಓं྆͸Ұൠʹंମ·ͨ͸୆ंʹෳ਺ͷं͕࣠ݻఆ͞
Ε͓ͯΓɼฏ໘ੑෆ੔͕େ͖͍ͱྠॏൈ͚͕͖ى΍͘͢ͳΔͨΊɼ૸ߦ
҆શੑͷ໘͔Βॏཁͳيಓෆ੔؅ཧ߲໨Ͱ͋Δɽฏ໘ੑͷج४௕͸ɼ৽
ରԠͨ͠ʹڑఆ࣠ݻઢͰ͸୆ंװ 2.5mɼࡏདྷઢͰ͸ೋ࣠՟ंͷݻఆ࣠ڑ
཭Λ૝ఆͨ͠ 5.0m͕༻͍ΒΕ͍ͯΔɽ؇࿨ۂઢ෦Ͱ͸ΧϯτมԽʹ൐͏
ي֎ઢ෦Ͱ͸୆ंલ࣠ۂଆͷ؇࿨ޱ଄తͳฏ໘ੑෆ੔͕͋Γɼಛʹग़ߏ
ଆͷྠॏݮগ͕ੜ͡΍͘͢ͳΔͨΊɼ؅ཧ্஫ҙ͕ඞཁͰ͋Δɽ
ɹ
ɹͦͷଞɼ՟ंͷڝ߹୤ઢΛ๷͢ࢭΔ໨తͰɼ௨Γෆ੔ͱਫ४ෆ੔Λ૊Έ
߹Θͤͨෳ߹มҐ͕͋Δɽ͜ΕΒͷ߲໨͝ͱʹɼيಓ੔උج४஋΍্࢓
͕Γج४஋͕మಓऀۀࣄʹΑΓఆΊΒΕ͍ͯΔɽيಓෆ੔ͷࠪݕΛيಓ
يଌͷ΄͔ʹɼݕήʔδͳͲʹΑΔ੩తͳखؒيுΓ΍ࢳଌͱ͍͍ɼݕ
ಓݕଌंʹΑΔಈతͳݕଌ͕ߦΘΕ͍ͯΔ [7]ɽ

ਤ 1.2.2: ௿ෆ੔ߴ

11



ਤ 1.2.3: ௨Γෆ੔

ਤ 1.2.4: ਫ४ෆ੔

ਤ 1.2.5: ෆ੔ؒي

ਤ 1.2.6: ฏ໘ੑෆ੔

12



1.2.4 ಓෆ੔ͷଌఆي

మಓऀۀࣄ͸ɼ҆શੑɾ৴པੑɾշదੑͷ֬อɾ্޲ͷͨΊɼيಓෆ੔
ͷଌఆʢమಓऀۀࣄ͸ࠪݕଌఆɼݕଌͱݺΜͰ͍ΔʣΛఆظతʹͯͬߦ
͍Δɽ5߲໨͋Δيಓෆ੔ͷ͏ͪɼਫ४ෆ੔ɼؒيෆ੔ɼฏ໘ੑෆ੔͸ɼ
͋Δ஍఺ʹ͓͚ΔࠨӈϨʔϧͷ૬ରҐஔͰ͋ΔͨΊɼଌఆ͸ൺֱత༰қ
Ͱ͋ΔɽҰํɼߴ௿ෆ੔ͱ௨Γෆ੔͸يಓͷ௕͞ํ޲ʹ࿈ଓతʹଌఆ͢
Δඞཁ͔Βɼ10mͷݭΛϨʔϧʹுΓɼͦͷݭͷதԝҐஔͰϨʔϧͱͷ
্Լɾࠨӈ཭ΕΛଌఆ͢Δʮ10mݭਖ਼໼๏ʯ͕͘޿༻͍ΒΕ͍ͯΔ [7]ɽ
ɹ
ʢ̍ʣيಓݕଌंʹΑΔଌఆ
ɹيಓݕଌंʹ͓͚Δيಓෆ੔ͷଌఆ͸ɼ૯߹ݕଌंͷฤ੒ͷதʹ૊Έ
ʹଌंʹΑΓ݄ݕಓيΕ͍ͯΔ·ࠐ 3ճఔ౓ͷස౓Ͱଌఆ͞Ε͍ͯΔ [8]ɽ
ଌํ๏͸ɼ2୆ंʹΑΔภ৺ݕଌंͷओྲྀͱͳ͍ͬͯΔݕಓي࢈ࠃͷࡏݱ
໼๏ʢਤ 1.13ʣͰ͋ΔɽӦंۀͱಉ͡୆ं഑ஔͰɼ୆ं୺ʹ౥ͨ͠ࡌϨʔ
ϧมҐݕग़૷ஔ͔ΒɼϨʔϧଆ໘ʹϨʔβʔϏʔϜΛরࣹ͢Δɽͦͷ൓ࣹ
ޫͷେখ͔Βɼηϯαͱيಓͱͷڑ཭Λԋ͠ࢉɼ3ͭͷ࣠ͷҐஔͰϨʔϧ
มҐΛݕग़͢Δɽ͜ΕʹΑͬͯภ৺໼๏ʹΑΔيಓෆ੔೾͕ܗಘΒΕΔɽ
ภ৺໼๏ͷଌఆ೾͔ܗΒσδλϧϑΟϧλॲཧΛ༻͍ͯɼيಓอकͷ࣮
຿ʹ࢖༻͢Δ 10mݭਖ਼໼ʹΑΔيಓෆ੔ͳͲΛࢉग़͍ͯ͠Δ [9, 10, 11]ɽ
ɹ͜ͷํ๏͸ޫࣜͷඇ઀৮ͷηϯαͰͨ͏ߦΊɼ͜ͷ૷ஔΛ౥͍ͯ͠ࡌ
Δ౦ւಓɾࢁཅ৽װઢͷ৽װઢిيؾಓ૯߹ंݧࢼʢ௨শʮυΫλʔΠ
Τϩʔʯʣʢਤ 1.14ʣ͸࣌ߴ࠷଎ 270km/hɼ౦೔ຊཱྀ٬మಓࣜגձࣾ৽װ
ઢ؅಺ͷ৽װઢిؾɾيಓ૯߹ݕଌंʢ௨শʮEast.iʯʣʢਤ 1.15ʣ͸ߴ࠷
࣌଎ 275km/hͰ૸ߦͰ͖ΔͨΊɼӦۀઢͰͷμΠϠฤ੒͕Մೳͱͳͬͯ
͍Δɽ·ͨɼࡏདྷઢ΍Ұ෦஍ํమಓʹ͓͍ͯ΋ɼ৽װઢͱಉ༷ͳيಓݕ
ଌंʹΑΔيಓෆ੔ͷଌఆ͕ఆظతʹߦΘΕ͍ͯΔɽ
ɹ
ʢ̎ʣอઢ܎һͷ८ճʹΑΔଌఆ
ɹيಓݕଌंΛอ༗͠ͳ͍మಓऀۀࣄ͸อઢ܎һ͕يಓΛ८͠ࢹɼओͱ
ͯ͠खଌఆ΍खԡ͠ʹΑΓ࿈ଓతʹଌఆͰ͖ΔଌఆثػΛ༻͍ͯɼيಓ
ෆ੔ͷଌఆΛ͍ͯͬߦΔ [12]ɽيಓݕଌंͷΑ͏ͳ͍ߴίετͷ͔͔Δઃ
උΛඞཁͱ͠ͳ͍͕ɼอઢ܎һ͕શઢΛ८ճ͠ɼيಓෆ੔Λଌఆ͢Δʹ
͸๲େͳਓखͱ࣌ؒΛཁ͢Δɽ
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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 ๏ͷ໰୊఺ํࠪݕಓي

మಓΛத৺ͱͨ͠ެަڞ௨ؔػ͸ɼ஍ڥ؀ٿෛՙ௿ݮ΍όϦΞϑϦʔ
ͷ؍఺͔Β΋ޙࠓ·͢·͢ॏཁ౓͕૿͢΋ͷͱ͑ߟΒΕΔɽ͔͠͠ɼݱ
࣮ͷమಓΛސΈΕ͹ɼ৽װઢ΍Ұ෦װઢͷΑ͏ʹɼઌ୺తઃඋಋೖͱे
෼ͳอશମ੍ʹΑΓ҆ఆతʹҡ࣋͞Ε͍ͯΔઢ͕۠͋ΔҰํɼઃඋͷ࿝
Ϳ·ΕΔઢ۠ةӦίετ૿େʹଘଓ͢ΒܦԽ͕ਐΈɼอશඅͷ૿େ΍ٺ
΋গͳ͘ͳ͍ɽ
ɹيಓͷࠪݕʹ͍ͭͯ͸ɼނࣄΛະવʹ๷͙ͨΊʹɼϨʔϧ͕ഁଛʹࢸ
Δલʹɼ͖྾ͳͲͷ༧ஹΛૣ͍ஈ֊Ͱݕ஌͢Δ͜ͱ͕ٻΊΒΕΔ.ͦͷͨ
Ίʹ͸ɼߴස౓ͰيಓࠪݕΛ࣮͢ࢪΔ͜ͱ͕๬·͍͕͠ɼࡏݱͷيಓݕ
ࠪํ๏Ͱ͸ࠔ೉ͳঢ়گͰ͋Γɼͦͷස౓͸੍͞ݶΕ͍ͯΔ.ओͳཁҼΛԼ
.ࣔ͢ʹه

ɹ
ʢ̍ʣਓखɾҡ࣋අ
ɹమಓͷيಓ౳ͷอશΛɼอकһͷखݕଌ΍໨ࢹʹΑΓ͏ߦ৔߹Ͱ͸ɼอ
कһ͕શઢΛ८ճ͢Δʹ͸๲େͳ࣌ؒΛཁ͢ΔɽҰํɼઐ༻ͷيಓݕଌ
ं΍ಛผͳंݧࢼΛ༻͍Δ৔߹ɼ୹࣌ؒͰଌఆ͕ՄೳͰ͋Δ͕ɼଌఆػ
Δ͢ࢪͷऔΓѻ͍΍ҡ࣋؅ཧ͕೉͘͠ɼଟ͘ͷखؒ΍අ༻Λཁ͠ɼ࣮ث
ස౓͸ඇৗʹݶΒΕΔɽ͜Ε͸ɼ໨తͱ͢Δ৴߸Λ௚઀ଌఆ͢Δ͜ͱΛ
ҙਤ͢ΔͨΊɼंྠۙ๣ͳͲͷ͕ڥ؀ѱ͍ҐஔʹηϯαΛ഑ஔ͢Δͷ͕
ҰൠతͰɼ͞Βʹਫ਼ີͳଌఆͷͨΊʹ଱ੑٱΑΓ΋ਫ਼౓͕༏ઌ͞ΕΔͨ
Ίʹɼηϯαͷण໋͸௕͘ͳ͍৔߹͕ଟ͍ɽ୤ઢ҆શੑʹؔ܎ͷਂ͍ɼं
ྠɾϨʔϧؒͷঢ়ଶΛද͢ྠॏɼԣѹΛଌఆ͢Δʹ͸ɼઐ༻ͷߴՁͳྠ
࣠΍ϨʔϧͳͲ͕ඞཁͰɼಛผͳ৔߹͔͠ଌఆ͞Ε͍ͯͳ͍ɽ
ɹ
ʢ̎ʣӡߦμΠϠ
ɹࡏདྷઢͰ࢖͘޿༻͞Ε͍ͯͨيಓݕଌं͸ɼଌఆ࣌ͷ૸ߦ଎౓͕ 20ʙ
30km/hఔ౓ͱ஗͍ͨΊɼيಓݕଌ͸Ӧۀઢӡసऴྃޙͷਂ໷ʹߦΘΕͯ
͖ͨɽۙ࠷Ͱ͸ɼӦंྻۀͱಉ౳ͷ଎౓Ͱଌఆ͕Մೳͳߴ଎يಓݕଌं
ͷಋೖ͕૿͑ɼனؒ࣌ʹ૸͠ߦͳ͕Βݕଌۀ࡞Λ͜͏ߦͱ͕Մೳʹͳͬ
͕ͨɼيಓݕଌं͸͍ͣΕ΋ܭըతͳ૸͕ߦલఏͰ͋Γɼܦ࿏΍࣌ؒʹ
͍ͭͯॊೈͳରԠ͸Ͱ͖ͳ͍ঢ়ଶʹ͋Δɽಛʹӡసִ࣌ͷ୹͍౎ࢢమಓ
ʹ͓͍ͯ͸೉఺Ͱ͋Δɽ
ɹ
ɹҎ্ͷΑ͏ͳഎ͔ܠΒɼҰൠతͳࠪݕपظ͸ද 1.1ʹࣔͨ͠ఔ౓Ͱ͋Δ
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͕ɼ஍ํమಓΛத৺ͱͨ͠يಓݕଌंΛ༗͞ͳ͍ઢ۠ʹ͓͍ͯ͸ɼ͞Β
ݕಓෆ੔يΘΕΔߦΓɼ௨ৗ݄ʹ਺ճ͋ʹ޲܏௕͘ͳΔ͕ؒظपࠪݕʹ
ࠪ΍ྻंಈ༳ࠪݕʹ͍ͭͯ΋ɼ೥ʹ਺ճͱ͍ͬͨऀۀࣄ΋গͳ͘ͳ͍.

1.2.6 ஍ํమಓͷݱঢ়

஍ํమಓͱ͸ɼҰൠʹ৽װઢɼࡏདྷװઢɼ౎ࢢమಓʹ֘౰͢Δ࿏ઢҎ
֎ͷమಓ࿏ઢͷ͜ͱΛ͍͍ɼͦͷӡӦओମ͸ɼJRɼҰ෦ͷେखຽమɼத
খຽమٴͼࠃچమͷಛఆ஍ํަ௨ઢ΍੔උ৽װઢͷฒࡏߦདྷઢͳͲΛҾ
ηΫλʔ͕ओͰ͋Δɽࡾୈ͍ͩܧ͖
ɹ஍ํమಓ͸ɼ஍Ҭॅຽͷ௨ֶɾ௨ۈͳͲͷ଍ͱͯ͠ॏཁͳ໾ׂΛ୲͏
ͱͱ΋ʹɼ஍Ҭͷ׆ࡁܦಈͷج൫Ͱ͋ΓɼҠಈखஈͷ֬อɼগྸߴࢠԽ
΍஍ڥ؀ٿ໰୊΁ͷରԠɼ·ͪͮ͘Γͱ࿈ಈͨ͠஍Ҭࡁܦͷཱࣗɾੑ׆
Խ౳ͷ؍఺͔Βɼͦͷੑ׆Խ͕ٻΊΒΕ͍ͯΔॏཁͳࣾձΠϯϑϥͰ͋
Δ [13]ɽ
ɹమಓऀۀࣄͷࢧग़߲໨ʹ͍ͭͯ͸ɼమಓۀࣄձنܭଇʹΑΓද 1.2ͷΑ
͏ʹఆΊΒΕ͍ͯΔɽฏ੒ 24೥౓మಓ౷ܭ೥ใΛ΋ͱʹమಓऀۀࣄͷࢧ
ग़ߏ੒Λඅ໨ผʹࣔͨ͠΋ͷ͕ਤ 1.18Ͱ͋Δɽӡసඅʢं྆ͷӡసʹ܎
Δඅ༻ɼӡసऀਓ݅අɼಈྗඅͳͲʣɼӡ༌අʢӺ຿අͳͲʣʹ܎Δඅ༻
ͷ΢ΣΠτ͕߹ܭ 4ׂΛ઎ΊΔ΄͔ɼઢ࿏ɼి࿏ɼं྆ͷ֤อଘඅ͕߹
Θͤͯ 2ׂલޙɼ·ͨݮՁঈ٫අ͕ 2ׂఔ౓ʢ஍Լమ΍େ౎ࢢమಓ͸ 3ׂ
ఔ౓ʣΛ઎Ί͍ͯΔ͜ͱ͕Θ͔Δɽ
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ද 1.2.1: మಓऀۀࣄͷඅ༻ߏ଄

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

྆Λআ͘ʣٴͼࣗಈվࡳ૷ஔ౳ͷӦػ༺ۀց૷ஔΛআ
͍ͨҰ੾ͷݻఆ࢈ࢿͷҡ࣋ิमʹཁ͢Δۀ࡞අɼอઢ
۠ɼӦસ۠ɼݐங۠౳ެ຿ؔ܎ͷۀैۀݱһʹؔΘΔ
ਓ݅අ

ి࿏อଘඅ ༗ݻܗఆ࢈ࢿӡૹࢪઃதి࿏ɼมిॴػցɼ௨৴ػցٴ
ͼి࿏อଘ༻ಛघं྆ͷҡ࣋ิमʹཁ͢Δۀ࡞අɼి
ྗ۠ɼ௨৴۠ɼ৴߸۠ɼมి۠౳ి܎ؔؾͷۀैۀݱ
һʹؔΘΔਓ݅අ

ं྆อଘඅ ༗ݻܗఆ࢈ࢿӡૹࢪઃதं྆ʢઢ࿏อଘ༻ಛघं྆ٴ
ͼి࿏อଘ༻ಛघं྆Λআ͘ʣͷҡ࣋ิमʹཁ͢Δ࡞
ۀݱͷ܎౳ं྆ؔݿ৔ɼं޻ɼं྆मཧ۠ंݕඅɼۀ
һʹؔΘΔਓ݅අۀै

ӡసඅ ྻंͷӡసʹཁ͢Δۀ࡞අɼ۠ؔػɼిं۠ɼंঠ۠
౳ӡసؔ܎ͷۀैۀݱһʹؔΘΔਓ݅අ

ӡ༌අ ͼं྆ٴͼ՟෺ͷऔΓѻ͍ͳΒͼʹྻंͷ૊੒ٴ٬ཱྀ
ͷೖ͑׵ʹཁ͢Δۀ࡞අɼఀं৔ɼӦۀॴٴͼ৴߸৔
ͷۀ຿ʹै͢ࣄΔऀʹ܎Δਓ݅අ

อक؅ཧඅ ༗ݻܗఆ࢈ࢿӡૹࢪઃͷอकͷ؅ۀ࡞ཧʹཁ͢Δඅ༻ɼ
ຊࣾͷ޻຿ɼిٴؾͼं྆ؔ܎ͷैࣄһʹ͔͔Δਓ݅
අ

༌ૹ؅ཧඅ ӡసٴͼӡ༌ͷ؅ۀ࡞ཧʹཁ͢Δඅ༻ɼຊࣾͷӡసٴ
ͼӡ༌ؔ܎ͷैࣄһʹ܎Δਓ݅අ

ͦͷଞඅ༻
Ҋ಺એ఻අ ࣗઢ΁ͷཱྀ٬༠கʹؔ͢Δاըɼࠂ޿એ఻౳ʹཁ͢Δ

අ༻ɼຊࣾ·ͨ͸ཱྀ٬Ҋ಺ॴͷاըɼࠂ޿એ఻අ౳ʹ
Δਓ݅අ܎

ްੜ෱རࢪઃඅ ॅ୐ࢪઃɼҩྍࢪઃɼڅ৯ࢪઃɼڭशॴ౳ްੜ෱རࢪ
ઃʹ܎Δඅ༻ɼްੜ෱རࢪઃͷۀ຿ʹ௚઀ै͢ࣄΔऀ
Δਓ݅අ܎ʹһࣄͼ͜ΕΒͷ؅ཧ෦໳ͷैٴ

Ұൠ؅ཧඅ మಓۀࣄͷӡӦͷશൠʹؔ࿈͢Δ૯ׅతۀ຿ʹ܎Δඅ
༻ɼ໾һٴͼॸ຿ɼਓࣄɼձܭɼࡐࢿɼاը౳Ұൠ؅
ཧ৬ͷۀ຿ʹै͢ࣄΔऀʹ͔͔Δਓ݅අ

ॾ੫
Ձঈ٫අݮ
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ਤ 1.2.11: మಓऀۀࣄͷӦۀඅͷࢧग़ߏ੒
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஍ํమಓͰ͸ɼమಓࢪઃͷ࿝ٺԽ͕೔ຊ֤஍ͰਐΜͰ͓Γɼ஍্ઃඋ
ͷϝϯςφϯεʹ͔͔Δඅ༻͸૿Ճ͢Δ޲܏ʹ͋Δ.ಛʹɼ·ͨɼ஍ํమ
ಓ͸։ޙۀ 70೥Ҏ্Λܦա͍ͯ͠Δ΋ͷ͕໿ 7ׂҎ্Λ઎Ίɼيಓ΍τ
ϯωϧ౳ͷࢪઃ΍ं྆ͷܦ೥ྼԽ͕҆શ֬อ্ॏཁͳ՝୊ͱͳ͍ͬͯΔɽ
·ͨɼ༌ૹधཁͷ৳ͼ೰Ή஍ํమಓͰ͸ɼϞʔλϦθʔγϣϯͷਐల΍
աૄԽɼ௒ྸߴԽࣾձ΁ͷಥೖʹΑΓɼమಓͷ༏Ґੑ͕ൃشͰ͖ͣɼమ
ಓͷҡ࣋ɾଘଓࣗମ͕՝୊ͱͳ͍ͬͯΔ࿏ઢ΋গͳ͘ͳ͍ [14]ɽ
ɹమಓऀۀࣄ͸ɼଞͷަ௨ؔػͱҟͳΓɼΠϯϑϥઃඋʢ౔஍ɼઢ࿏ɼӺ
౳ʣΛηοτͰࣗΒ͕อ༗͢Δ͜ͱ͕௨ྫͰ͋Δͱ͍͏ಛ৭Λ͍࣋ͬͯ
Δɽ஍ํమಓʹ͓͚Δܦඅʢਤ 1.19ʣΛݟΔͱɼࢪઃอ༗ʹ܎Δܦඅ͸
શମͷ໿ 45ˋΛ઎Ίɼ͜ͷൺ཰͸ɼమಓ͕ऀۀࣄऔΓ૊ΜͰ͖ͨϫϯϚ
ϯԽɾແਓԽ౳ͷ߹ཧԽʹΑΓɼۙ೥૿Ճ޲܏ʹ͋Δɽ
ɹલड़ͷ௨ΓɼమಓऀۀࣄͰ͸༧๷อશͷ͑ߟͷ΋ͱɼอकһͷ८ճ΍ɼ
ʹతظಓͷঢ়ଶΛఆيΑΓɼʹߦઐ༻ͷं྆ͷ૸ࠪݕଌंͳͲͷݕಓي
Ҽݪಓͷϝϯςφϯεෆ଍͕يΛ༧๷͍ͯ͠Δɽ͔͠͠ɼނࣄɼࠪ͠ݕ
ͱਪఆ͞ΕΔమಓނࣄͷൃੜ͸ۙ೥Ͱ΋গͳ͘ͳ͍ɽӡ༌҆શҕһձͷ
ެදࢿྉ [15]ʹΑΔͱɼѱఱީʹΑΔ౔࠭֐ࡂ΍τϥοΫ౳͕ਐೖ͢Δ
౿੾ই֐ʹ൐͏୤ઢނࣄ΋ใ͞ࠂΕ͍ͯΔ͕ɼيಓ؅ཧঢ়ଶʹݪҼ͕͋
Δͱਪఆ͞ΕΔ୤ઢ͞ݟࢄ͕ނࣄΕɼͦͷ޲܏͸஍ํమಓʹ͓͍ͯಛʹ
.ஶͰ͋Δݦ

ɹͦͷͨΊɼيಓอकΛΑΓ࣮֬ʹ࣮͢ࢪΔ͜ͱ͕๬·ΕΔ͕ɼ஍ํమ
ಓͷऩࢧঢ়گ͸શମͷ໿ 7ׂ͕Ӧۀ੺ࣈͰ͋Γɼࢪઃอ༗ʹ܎ΔܦඅΛ
আ͘ͱɼશମͷ໿ 9ׂͷࣈࠇ͕ऀۀࣄʹస͡Δͱ͞Εͨௐࠪ΋ใ͞ࠂΕ
͓ͯΓɼࢪઃอ༗ʹ͔͔Δܦඅ͕ίετߏ଄্ͷܦӦѹഭཁҼͱͳͬͯ
͍Δ͜ͱ͕෼͔Δ.

ɹՃ͑ͯɼࢪઃɼं྆ͷอक໘ʹ͓͍ͯ͸ɼগͳ͍ࣾһ਺ͰӡӦ͍ͯ͠
ΔதͰɼਓ֬ࡐอͱਓࡐҭ੒͕ࠔ೉ͳ෬͕گΈΒΕΔɽ·ͨɼอकۀ࡞
Λ֎஫ʹཔΒ͟ΔΛಘͳ͍͜ͱ͔Βɼٕज़ྗͷۭಎԽʹΑΔอक؅ཧ͕
దਖ਼ʹػೳ͠ͳ͘ͳΔ͓ͦΕ͕͋Δɽ͞Βʹɼ؅ཧ৬ੈ୅͕গਓ਺Ͱ৬
຿Λ݉຿͍ͯ͠Δ͜ͱͳͲ΋͋Γɼٕज़ͷҡ࣋ɾܧঝΛ͜͏ߦͱ͕೉͠
͍ঢ়گͱͳ͖͍ͬͯͯΔɽ
ɹ͜ͷΑ͏ͳঢ়͔گΒɼਓؒͷݧܦ΍ߴ౓ͳٕज़Λඞཁͱͤͣɼ͔ͭ௿
ίετͰ࣮ݱՄೳͳيಓࠪݕͷํ๏͕ٻΊΒΕ͍ͯΔ [16]ɽ
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1.3 ޲ಈڀݚͷࢹಓͷঢ়ଶ؂ي

1.3.1 ͷඞཁੑࢹಓͷঢ়ଶ؂ي

Ε͍ͯΔɽࠪ͠͞ݕͰظͷ΋ͱɼҰఆͷप͑ߟಓঢ়ଶ͸ɼ༧๷อશͷي
ͷঢ়ଶ͸ৗ࣌มԽ͍ͯ͠ΔͷͰɼຊ౰ͷ༧๷อܥಓيɼंྠɾࡍ࣮͔͠
શͷͨΊ͸ɼϨʔϧຎ໣ɼيಓෆ੔ɼຎ܎ࡲ਺ɼ୤ઢ܎਺ͳͲɼيಓঢ়
ଶ΍ंྠɾϨʔϧڥքͷঢ়ଶΛৗ࣌·ͨ͸ߴස౓ʹ͢ࢹ؂Δඞཁ͕͋Δɽ
ಓيΑΓ୹͍࣌ؒͰظपࠪݕϨʔϧഁஅ͕ൃੜ͍ͯ͠Δ͜ͱ͸ɼʹࡍ࣮
ঢ়ଶ͕มԽ͍ͯ͠Δ͜ͱΛ͍ࣔࠦͯ͠Δɽ·ͨɼ஍Լమ೔ൺ୩ઢ୤ઢࣄ
ͱ͕ཁҼͷҰͭͱͨ͜͠૿ٸʹੜ౰೔ൃނࣄ਺͕܎ࡲ͸ɼϨʔϧͷຎނ
͞Ε͓ͯΓɼఆظతͳ؅ཧͷΈͰͳ͘ߴස౓ͳيಓࢹ؂ͷॏཁੑ͕໌Β
͔Ͱ͋Δɽۙ೥Ͱ͸ɼଌఆσʔλʹيͮ͘جಓอશʹ͍ͭͯண໨͞Εͭ
ͭ͋ΔɽSchenkendorfΒ [25]͸ɼيಓͷঢ়ଶࢹ؂ʹ͓͍ͯҩྍ෼໺ʹ͓
͚ΔPHMʢPopulation Health Managementʣͷ͑ߟͷ΋ͱɼ༧๷͔Β༧
σʔλΛ਺஋Խ͠ɼΠϯϑϥͷ࿈ଓతͳ؅ཧͷॏཁੑΛड़΂ͯࢹͷ؂ޙ
͍Δɽ
ɹ͜ͷΑ͏ͳ໰୊ʹରͯ͠ɼ΋͠ɼ؆ศͳํ๏ʹΑΓيಓঢ়ଶ͕ࢹ؂Մ
ೳʹͳΓɼҟৗΛૣݕʹظ஌Ͱ͖Ε͹ɼద੾ͳيಓอશΛ਱ߦͰ͖ɼΑ
Γ࣮֬ͳނࣄ๷ࢭͷ࣮ظ͕ݱ଴Ͱ͖Δɽ͜ΕΛ࣮͢ݱΔҰͭͷํ๏ͱ͠
ͯɼҰൠͷӦ྆ंۀΛ༻͍ͯيಓࠪݕΛํ͏ߦ๏͕͑ߟΒΕΔɽ
ɹӦंྻۀΛيͯ͠༺׆ಓͷঢ়ଶࢹ؂Λ͏ߦҰ൪ͷϝϦοτ͸ߴස౓ଌ
ఆ͕ՄೳͱͳΔ͜ͱͰ͋ΔɽӦंྻۀΛ׆༻ͨ͜͠Ε·Ͱͷڀݚಈ޲ͱ
ͯ͠͸ɼيಓݕଌंͱಉ౳Ҏ্ͷ਍அਫ਼౓Λҡ࣋ͨ͠··ɼ͍͔ʹଌఆ
ස౓ΛߴΊ͍͔ͯ͘ͱ͍ͬͨΞϓϩʔν͕த৺Ͱ͋Γɼࠤ౻ΒʹΑΔৗ
࣌୤ઢ܎਺ΛଌఆՄೳͳ̥̦ϞχλϦϯά୆ंͳͲɼطʹ࣮༻Խ΁ͬࢸ
΋֬ೝ͞ΕΔɽ͔͠͠ͳ͕Βɼ͜ͷΑ͏ͳΞϓϩʔνͰ͸ֵ৽తڀݚͨ
ͳίετݮ࡟ʹ͸͕ܨΒͣɼ࠷΋يಓͷঢ়ଶࢹ؂Λඞཁͱ͢Δ஍ํమಓ
ʹ͓͚Δීٴ͸ࠔ೉Ͱ͋ΔɽͦͷͨΊɼ஍ํమಓ΁ͷීٴΛ೦಄ʹஔ͘
ͷͰ͋Ε͹ɼߴස౓Ͱࢹ؂Մೳ͔ͭ௿ίετͰ͋Δ͜ͱΛલఏʹɼ͍͔
ʹ਍அਫ਼౓Λ্ͤ͞޲Δ͔ͱ͍ͬͨ৽ͨͳΞϓϩʔν͕ඞཁͰ͋Δͱߟ
͑Δɽ
ɹيಓͷঢ়ଶࢹ؂ख๏ʹ͍ͭͯɼίετͱܭଌස౓ͷ޲܏Λ੔ཧͨ͠΋
ͷΛਤ 1.3.1ʹࣔ͢ɽߴස౓ଌఆͷͨΊʹ͸ӦंྻۀΛ׆༻͢Δ͜ͱ͕๬
·͘͠ɼ௿ίετΛ࣮͢ݱΔͨΊʹ͸ϝϯςφϯείετΛ౿·͑ɼଌ
ఆ͕ڥ؀ൺֱతྑ޷ͳҐஔͰͷଌఆ͕๬·ΕΔɽ
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ਤ 1.3.1: ଌස౓ܭख๏ͷίετͱࠪݕಓي

1.3.2 ӦंྻۀʹΑΔঢ়ଶࢹ؂

Ӧंྻۀʹ͓͍ͯอक܎һ͕໨يͯʹࢹಓͷঢ়ଶࢹ؂Λ͜͏ߦͱ͸ɼଟ
͘ͷమಓऀۀࣄͰ࣮͞ࢪΕ͍ͯΔɽ͜Ε͸อक܎һͷओ؍తͳධՁͰ͋
Γɼͦͷਫ਼౓͸ख़࿅౓ʹେ͖͘ࠨӈ͞ΕΔɽͦ͜Ͱɼ؍٬తɾఆྔతͳ
ධՁΛͨ͏ߦΊʹɼӦ྆ंۀʹηϯαΛ༻͍ͯيಓͷঢ়ଶΛਪఆ͢Δݚ
ΘΕ͍ͯΔɽਢӬΒߦ͔͍ͭ͘ʹط͸ɼڀ [17, 18]͸ɼ࣠ശ্ԼՃ଎౓ʹ
ϩʔύεϑΟϧλ΍΢ΣʔϒϨοτม׵Λద༻͠ɼු͖·͘Β໦౳ͷ୹೾
௕ͷߴ௿ෆ੔Λݕग़͍ͯ͠ΔɽWastonΒ [19, 20, 21]͸ɼ୆ं࿮ͷϐον
֯଎౓΍Ϥʔ֯଎౓Λ༻͍Δ͜ͱʹΑΓɼيಓෆ੔ͷਪఆΛՄೳʹͯ͠
͍Δɽ͞Βʹਫ਼ີͳيಓݕଌΛ໨ඪͱͨ͠ੑ׳ਖ਼໼๏يಓݕଌ૷ஔͷ։
ൃ [22, ɼδϟܭɼϨʔβʔมҐܭΘΕ͍ͯΔ.͜ͷ૷ஔ͸ɼՃ଎౓ߦ͕[23
ΠϩͳͲΛඋ͑ͨݕग़ϢχοτΛ୆ंʹऔΓ෇͚ͯيಓΛߴਫ਼౓ʹଌఆ
͢Δ΋ͷͰ͋Δɽ
ɹ͍ͣΕ΋ɼ୆ंʹηϯαΛऔΓ෇͚Δํ๏Ͱ͋Δ͕ɼӦंྻۀΛ༻͍
౳ͷ໘͔Βं಺ͰଌఆͰ͖Δ͜ͱੑٱ͸ɼ଱ʹ͏ߦΛࢹಓͷঢ়ଶ؂يͯ
͕๬·͍͠ɽ·ͨɼं಺ͰͷଌఆʹΑΔڀݚͱͯ͠ɼਫ໺Β [24]ʹΑΔݚ
ఆ͢Δඞཁ͕͋ݻʹӡస੮চ໘ʹݸΔ͕ɼଌఆ͢Δηϯαྨ͸ผ͕͋ڀ
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Γɼ·ͨଌఆͷ౎౓഑ઢ΍σʔλه࿥༻̥̘Λ઀ଓ͢Δඞཁ͕͋ΔɽΑ
Γߴස౓ʹଌఆΛ࣮͢ࢪΔͨΊʹ͸ɼཱྀ٬͕৐ं͍ͯ͠ΔதͰ΋ଌఆ͕
ՄೳͰɼ͔ͭઐ໳ͷଌఆһ͕ෆࡏͰ͋ͬͯ΋ଌఆग़དྷΔ͜ͱ͕๬·͍͠.

ɹอक܎һʹΑΔࠪݕͰ͸يಓશઢΛৄࡉʹνΣοΫ͢Δ৔߹͸ెาʹ
ΑΔ८ճͱͳΓɼߴස౓ͷيಓࢹ؂͸ཁһ֬อͷ఺Ͱࠔ೉Ͱ͋Δɽ·ͨɼ
ͳ͕Βਫ਼ີͳଌఆ͕ՄೳͰ͋Δ͕ɼಋೖɾҡ࣋ͱ͠ߦଌं͸ɼ૸ݕಓي
͍ͬͨίετʹ໰୊͕͋Γɼಛʹ஍ํమಓʹ͓͚Δߴස౓ͷࢹ؂͸࣮࣭
తʹෆՄೳͰ͋Δɽͦ͜ͰɼӦंྻۀͷं಺Ͱଌఆ͕͑ߦΕ͹ɼ؆қͰɼ
ಓͷ৘ใ͕ي΍ੑٱՄೳʹ͋Δ͕ɼଌఆηϯαͷ଱͕ࢹස౓ͳ؂ߴ͔ͭ
ଞͷϊΠζʹຒ΋ΕΔͱ͍ͬͨ՝୊͕͋Δɽ͔͠͠ͳ͕Βɼं಺Ͱଌఆ
͞ΕΔঢ়ଶྔ͔Βيಓͷ৘ใΛநग़͢Δ͜ͱ͕Ͱ͖Ε͹ɼӦंྻۀʹΑ
Δيಓͷঢ়ଶࢹ؂͸ඇৗʹ༗ޮͳํ๏ͱͳΓಘΔɽ
ɹ 1.2.6અʹ͓͍ͯɼࡏݱͷيಓࠪݕͷҰ൪ͷ໰୊఺͸ࠪݕස౓ͷগͳ͞
ʹ͋Δͱड़΂͕ͨɼيಓؒࠪݕʹ͓͍ͯӦंྻۀʹΑΔيಓͷߴස౓ͳ
ঢ়ଶͨ͠ݱ࣮͕ࢹ؂৔߹ɼيಓࠪݕɼيಓอकܭըͷࡦఆɼيಓิमͱ
͍ͬͨҰ࿈ͷيಓอकͷྲྀΕ͸ਤ 1.3.2ͷΑ͏ʹมԽ͠ɼҎԼͷ੒Ռ͕ظ
଴͞ΕΔɽ

• ͜Ε·Ͱ਺஋Խ͕ͳ͞Εͳ͔ͬͨيಓิम௚ޙ΍ىಈؒࠪݕͷيಓ
ঢ়ଶ͕ՄࢹԽ͞Εɼيಓิम݁ՌͷධՁ΍يಓҟৗͷલஹΛൃݟΛ
௨ͨ҆͡શੑͷ্޲

• يͷઃఆ΍ແବͷແ͍ؒظࠪݕظ೥มԽΛଊ͑ɼద੾ͳఆܦಓͷي
ಓิमΛ௨ͯ͡ɼϝϯςφϯείετ͕͞ݮ࡟ΕΔɽ

23



ਤ 1.3.2: ಓอकͷྲྀΕي
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1.4 ϓϩʔϒं྆ʹΑΔ৽ͨͳيಓอकܗଶͷఏ
Ҋ

1.4.1 ࣗಈंʹ͓͚ΔϓϩʔϒΧʔ

ಓ࿏ަ௨ͷ෼໺Ͱ͸ɼϓϩʔϒΧʔγεςϜͷ͕ڀݚਐΜͰ͍Δ [26]ɽ
ࣗಈंΛ୳਑ʢϓϩʔϒɿProbeʣͱΈͳͨ͠ϓϩʔϒΧʔ͔Β͞·͟·
ͳ৘ใΛऩू͢ΔγεςϜͰ͋Δɽं྆ͷ଎౓σʔλΛ͸͡ΊɼϫΠύʔ
ͷεΠον΍ΞϯνϩοΫϒϨʔΩγεςϜʢABSʣͳͲͷઌਐ҆શγ
εςϜɼΤΞόοάͳͲͷ֤γεςϜͷ࡞ಈঢ়گΛGPSͷҐஔ৘ใͱͱ
΋ʹ௨৴ϞδϡʔϧΛͯͬ࢖ηϯλʔʹૹ৴͠ɼηϯλʔଆͰ͸ͦͷऩ
ूσʔλΛ஝͑Δ͜ͱͰ༷ʑͳ৘ใͱͯ͠ར༻͢Δ΋ͷͰ͋Δɽۙ೥Ͱ
͸ɼҰൠʹීͨ͠ٴεϚʔτϗϯΛ׆༻ͨ͠ϓϩʔϒΧʔͷ࣮ݱՄೳੑ
ʹ͍ͭͯͷݕ౼ͳͲɼଟ͘ͷ͕ڀݚਐΊΒΕ͍ͯΔɽ
ɹ͜ͷΑ͏ʹɼଟ͘ͷαʔϏε΁ͷظ͕༺׆଴͞Ε͍ͯΔϓϩʔϒΧʔ
ʹ͍ͭͯɼ͍͔ͭ͘ͷྫΛԼهʹࣔ͢ɽ

• ઃఆ͞Εͨಓ࿏۠ؒΛ૸͢ߦΔͷʹ͔͔ͬͨ૸ؒ࣌ߦΛηϯλʔʹ
ू໿͠ɼौ଺ͷ༧ଌਫ਼౓Λେ෯ʹߴΊΔɽ

• ଟ਺ͷंͷ૸ߦϧʔτΛ࣌ྻܥຖʹ·ͱΊɼ௨ߦෆՄͱͳ͍ͬͯΔ
ಓ࿏΍৽͘͠։௨ͨ͠ಓ࿏Λݕग़͠ɼ࠷৽ͷΧʔφϏϚοϓ৘ใΛ
৽͢Δิॿπʔϧͱ͢Δɽߋ

• ࣗಈंͷϫΠύʔͷಈ࡞ঢ়گΛऩू͠ɼ͖ΘΊͯਫ਼ີͳ߱Ӎ৘ใ
ϚοϓΛ࡞੒͢Δɽ

• ABSͷ࡞ಈঢ়͔گΒ࿏໘ౚ݁ͷ৘ใͳͲΛ഑৴͢Δɽ

ଞʹ΋ɼंମʹऔΓ෇͚ΒΕͨՃ଎౓ηϯα͔Βɼ૸ߦ࿏໘ͷஈࠩධ
ՁΛڀݚͨͬߦ΍ɼՃ଎౓ηϯαɼδϟΠϩɼGPSͳͲͷ৘ใ͔Βౙق
ͷ࿏໘ঢ়ଶΛ෼ྨ͢Δͱ͍ͬͨใࠂͳͲɼंମ৘ใ͔Β࿏໘ͷঢ়ଶΛ؂
ಈं෼໺ʹ͓͍ͯਐΊΒΕ͍ͯΔɽ͕ࣗڀݚΔ͢ࢹ
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1.4.2 మಓʹ͓͚Δϓϩʔϒं྆

μΠϠʹैͬͯӡ͞ߦΕΔమಓͳͲͷيಓަ௨γεςϜʹ͓͍ͯ͸ɼަ
௨ྲྀ৘ใΛऩू͢ΔΑ͏ͳ໨తͰͷϓϩʔϒ͸ෆཁͰ͋Δ͕ɼӦ྆ंۀ
ʹઃஔ͕༰қͳηϯαྨ΍GPSΛऔΓ෇͚ɼࣗΒ͕૸ͯ͠ߦಘΒΕΔं
྆ಈ༳ͳͲͷঢ়ଶΛϦΞϧλΠϜͰݕग़ɼ෼ੳ͢Δ͜ͱ͕ՄೳͱͳΔͱɼ
ݱଶ͕େ෯ʹม๴͢Δ͹͔ΓͰͳ҆͘શͳ༌ૹγεςϜ࣮ܗଘͷอશط
ʹ΋د༩Ͱ͖ΔՄೳੑ͕͋Δɽ͜ͷΑ͏ͳं྆Λϓϩʔϒं྆ͱݺΜͰ
͍Δʢਤ 1.4.1ʣ[27, 29]ɽϓϩʔϒं྆ʹ͍ͭͯ͸ɼيಓ͚ͩͰͳ͘ɼं
྆ɼӡస࢜ɼ৴߸อ҆ઃඋ౳ΛؚΉమಓγεςϜશମΛର৅ͱ͢Δ֓೦
Ͱ͋ΓɼଙΒ [28]ʹΑΔيಓճ࿏อશʹ׆༻͢Δݕ౼΍ɼখౡΒ [30]ʹ
ΑΔं಺૽ԻΛ׆༻ͨ͠೾ঢ়ຎ໣ͷݕग़ͱ͍ͬͨɼϓϩʔϒं྆Λར༻
.Ε͍ͯΔ͞ࠂใ͕ڀݚͨ͠

ɹ
ɹϓϩʔϒं྆ʹΑΔঢ়ଶي͍ͯͭʹࢹ؂ಓࠪݕΛҰྫͱ͢ΔͱɼҰൠ
ͷं྆ʹηϯαྨΛऔΓ෇͚ϓϩʔϒं྆ͱ͢Ε͹ɼӦۀӡసΛ͍ߦͳ
͕Βيಓͷঢ়ଶ਍அ͕ՄೳʹͳΔɽ͔͠͠ͳ͕Βɼϓϩʔϒं྆Λಛʹ
ඞཁͱ͢Δ஍ํమಓʹ͓͍ͯɼઃஔ͞ΕΔηϯαྨͷॳظίετ΍ϝϯ
ςφϯεඅ༻͕ஶେͱͳΔΑ͏Ͱ͸ɼಋೖٴͼීࠔ͕ٴ೉ͱͳΔɽͦͷ
ͨΊɼ஍ํమಓʹ͓͚Δϓϩʔϒं྆ʹ͍ͭͯ͸ɼଌఆ૷ஔΛӍ΍คਖ
౳ͷӨ͕ڹগͳ͘ɼৼಈ౳ͷଌఆ޷ྑ͕ڥ؀ͳंࣨ಺ʹઃஔ͞ΕΔ͜ͱ
͕๬·͍͠ɽ
ɹंମ಺ͷՃ଎౓ηϯαʹΑΔيಓ਍அʹ͓͍ͯ͸ɼंମ-୆ंؒͷ 2࣍
͹ͶʹΑͬͯݮਰ͞ΕͨৼಈՃ଎౓Λଌఆ͢ΔͨΊɼ୆ं·ͨ͸࣠ശ౳
ʹηϯαΛઃஔͯ͠ɼੑ׳ଌఆ๏ʹΑΓঢ়ଶࢹ؂Λ͏ߦख๏ʹରͯ͠͸
ଌఆਫ਼౓͕ྼΔҰํͰɼৗ࣌·ͨ͸ߴස౓ʹঢ়ଶࢹ؂Λ͜͏ߦͱʹΑΓ
ଟ͘ͷଌఆσʔλΛ౷ܭॲཧ͠يಓঢ়ଶͷ࣌ؒతͳมಈΛ਍அʹ׆༻͢
Δͱ͍͏ɼ৽ͨͳΞϓϩʔν͕ՄೳʹͳΔɽ
ɹલड़ͷΑ͏ʹɼӦंྻۀΛيͨ͠༺׆ಓͷঢ়ଶࢹ؂ʹؔ͢Δڀݚ͸਺
ଟ࣮͘͞ࢪΕ͍ͯΔ΋ͷͷɼϓϩʔϒं྆ͷ͑ߟΛ͍ͪૣ͘మಓʹऔΓ
ೖΕͯଌఆ૷ஔΛ੡͠࡞ɼ஍ํమಓͷӦंྻۀΑΓಘΒΕͨंମͷঢ়ଶ
͕ੑنͷ༏Ґੑɾ৽ڀݚΔ͜ͱʹɼຊ͍ͯ͠ࢪ࣮ʹطಓ਍அΛيͯʹྔ
͋Δͱ͑ߟΔɽ
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ਤ 1.4.1: ϓϩʔϒं྆
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1.5 ຊ࿦จͷ໨త
మಓ͸ɼंྠ͕يಓͰҊ಺͞Εͯ૸͢ߦΔͨΊɼమಓं྆Λ҆શ͔ͭ

շదʹ૸ͤ͞ߦΔͨΊʹ͸ɼيಓͷࠪݕͱิमʹΑΔҡ࣋؅ཧ͕ඞཁෆ
ՄܽͰ͋Δ.͔͠͠ͳ͕Βɼيಓͷҡ࣋؅ཧෆ଍ʹىҼͨ͠మಓނࣄ͸গ
ͳ͔Βͣൃੜ͍ͯ͠Δ.ͦͷͨΊɼނࣄΛະવʹ๷͙ͨΊʹɼϨʔϧ͕ഁ
ଛʹࢸΔલʹɼيಓෆ੔΍͖྾ͳͲͷ༧ஹΛૣ͍ஈ֊Ͱݕ஌͢Δ͜ͱ͕
ͱ͕๬·͍͠ɽ͜͏ߦස౓Ͱߴ͸ࠪݕಓͷيΊΒΕɼٻ
ɹࡏݱɼيಓෆ੔͸يಓݕଌंͱอઢ܎һͷ८ճʹΑΓଌఆ͕ߦΘΕͯ
͍Δ͕ɼӡ༻ίετ΍ਓһͳͲͷ໰୊͔Βɼଌఆස౓੍͕͞ݶΕ͍ͯΔɽ
ΑͬͯɼߋͳΔ҆શੑ্޲ͷͨΊʹ͸ɼߴස౓Ͱيಓෆ੔Λ͢ࢹ؂Δي
ಓঢ়ଶ͕ࢹ؂ඞཁෆՄܽͰ͋Δɽ
ɹͦ͜Ͱɼ؆ศͳํ๏ʹΑΓيಓͷঢ়ଶ͕ࢹ؂ՄೳʹͳΓɼҟৗΛૣظ
ͷ࣮ࢭ๷ނࣄͰ͖ɼΑΓ࣮֬ͳߦಓอશΛ਱ي஌Ͱ͖Ε͹ɼద੾ͳݕʹ
଴Ͱ͖Δɽظ͕ݱ
ɹ͜ͷΑ͏ͳيಓঢ়ଶࢹ؂ΛলίετͰ࣮͢ݱΔͨΊͷखஈͱͯ͠ϓϩʔ
ϒं྆ʹண໨͢Δɽϓϩʔϒं྆ʹΑΓ༧๷҆શΛ࣮͢ݱΔʹ͸ɼ·ͣɼ
ंମʹઃஔ͞ΕͨηϯαʹͯɼيಓͷҟৗΛత֬ʹݕग़͢Δ͜ͱ͕ॏཁ
Ͱ͋ΔɽͦͷͨΊʹ͸ɼಘΒΕΔ৘ใ͔Βಛ௃Λநग़ɼҟৗΛධՁ͢Δ
ํ๏͕ඞཁͱͳΔɽ
ɹ·ͨɼيಓҟৗΛݕ஌Մೳͳंମ৘ใ͕੔ཧ͞Εͨͱͯ͠΋ɼলίε
τͰଌఆՄೳͳଌఆ૷ஔ͕ඞཁͱͳΔɽ͔ͭيಓͷอकʹ׆༻Մೳͳ৘
ใʹม͞׵ΕΔඞཁ͕͋Γɼطʹਓһతͳ༨༟ͷͳ͍஍ํమಓʹ͓͍ͯ
͸ɼՄೳͳݶΓࣗಈతʹيಓҟৗΛݕग़͢ΔγεςϜͰ͋Δ͜ͱ͕๬·
͍͠.

ɹ
ɹҎ্ͷ͜ͱ͔Βɼຊڀݚͷ໨తΛҎԼʹࣔ͢ɽ
ɹ
ʢ̍ʣंࣨ಺ʹͯൺֱత༰қʹଌఆՄೳͳঢ়ଶྔ͔Βɼత֬ʹيಓҟৗ
Λݕग़͠ɼ࣮ڥ؀ʹ͓͚Δيಓอकʹ׆༻ՄೳͳيಓͷධՁख๏ΛఏҊ
͢Δɽ
ɹ
ʢ̎ʣيಓҟৗΛݕ஌͢ΔͨΊʹඞཁͳंମͷঢ়ଶྔΛత͔֬ͭɼ؆қ
ʹଌఆՄೳͳଌఆ૷ஔͷ༷࢓Λ੔ཧ͠ɼ࣮༻Խٴͼ޿Ҭ΁ͷීٴΛ໨ࢦ
ͨ͠ଌఆ૷ஔΛ։ൃ͢Δɽ
ɹ
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ʢ̏ʣ։ൃͨ͠ଌఆ૷ஔΛ࣮ي͍͓ͯʹڥ؀ಓอकʹ׆༻Մೳ͔͠ূݕɼ
మಓऀۀࣄ࿈ܞͷ΋ͱ࣋ଓՄೳͳيಓঢ়ଶࢹ؂γεςϜͷߏஙΛ͏ߦ.

ɹ
ɹຊ࿦จʹ͓͍ͯ͸ɼৼಈՃ଎౓΍֯଎౓ͱ͍ͬͨ҆ՁͰ༰қʹଌఆՄ
ೳͳঢ়ଶྔ͔Βɼ஍ํమಓʹ͓͚Δيಓอकͷχʔζͱద߹͢ΔධՁํ
๏ʹ͍ͭͯఏҊ͠ɼࢢ৔ʹ౤ೖͰ͖Δ੡඼ਫ४Λຬͨ͢͜ͱΛલఏͱ͠
ͯɼ৽ͨʹ։ൃͨ͠ଌఆ૷ஔΛ༻͍ͯɼమಓྗڠऀۀࣄͷԼɼӦۀ࿏ઢ
ʹ͓͍ͯ௕ؒظͷيಓ͕ࢹ؂Մೳͱ͢ΔγεςϜΛ࣮͢ݱΔɽ
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1.6 Ӧ྆ंۀΛيͨ͠༺׆ಓ਍அαΠΫϧͷશମ
૝ߏ

ຊڀݚʹ͓͍ͯ໨తͱ͢Δɼيಓঢ়ଶ਍அαΠΫϧͷશମߏ૝Λਤ1.6.1

ʹࣔ͢ɽيಓঢ়ଶ਍அαΠΫϧͰ͸ɼ·ͣӦ྆ंۀʹઃஔͨ͠ं্ଌఆ૷
ஔʹΑΓଌఆ͕ߦΘΕΔɽ࣍ʹɼଌఆσʔλ͸ղੳΛ࣮͢ࢪΔͨΊͷσʔ
ληϯλͷαʔόʹ஝ੵ͞Εɼσʔληϯλʹ͓͍ͯ஝ੵ͞Εͨσʔλ
Λղੳ͠يಓ਍அΛ͏ߦɽͦͷ਍அ݁Ռʹ͍ͯͮجɼమಓऀۀࣄ͸يಓ
อकΛ࣮͠ࢪɼอक݁ՌΛ֬ೝ͢Δ͜ͱ͕ՄೳͰ͋Δɽ
ɹࡏݱͷيಓอकʹؔ͢Δϊ΢ϋ΢͸ɼ֤మಓ͋ऀۀࣄΔ͍͸อઢ୲౰
ऀͷதͰด͍ͯ͡Δ͕ɼσʔλΛ஝ੵ͢Δσʔληϯλ͕࣮͞ݱΕΕ͹ɼ
਍அαΠΫϧΛԿप΋ճ͢தͰ஌ࣝͷڞ༗Խ͕ਐΈɼಉ͡ධՁࢦඪΛ࢖
༻͢Δ͜ͱͰɼଞͷమಓऀۀࣄͱͷٕज़ަྲྀͷੑ׆Խ΍ɼख़࿅ऀͷݧܦ
Λ؍٬తʹࣔͨ͠৽ਓڭҭͷࢿྉʹͳΔͱ͍ͬͨޮՌ΋ظ଴Ͱ͖Δɽ
ɹͦͷ਍அαΠΫϧΛ࣮͢ݱΔͨΊʹ͸ɼଌఆσʔλΛେྔʹऔಘ͠ɼ
σʔλϕʔεʹ஝ੵɼ஝ੵ͞Εͨσʔλ͔Βيಓঢ়ଶΛධՁ͢Δͱ͍ͬ
γεςϜ͕ඞཁͱͳΔɽࢹಓঢ়ଶͷ؂يͨ
ɹيಓঢ়ଶࢹ؂γεςϜʹ͓͍ͯ͸ɼ๲େͳσʔλΛऔΓѻ͏͜ͱʹͳ
ΔͨΊɼলྗԽɼࣗಈԽ͕ඞཁͰ͋Δɽ஍ํమಓʹ͓͍ͯ͸ϫϯϚϯӡ
స͕࠾༻͞Ε͍ͯΔऀۀࣄ΋ଟ͍ͨΊɼӦ྆ंۀΛ׆༻͢ΔͷͰ͋Ε͹ɼ
ࣗಈతʹଌఆ͕ߦΘΕɼଌఆσʔλʹ͍ͭͯ΋ࣗಈతʹσʔλαʔό΁
సૹ͞ΕΕ͹ɼݱ৔΁͔͔Δਓతͳෛՙ͸࠷খݶͱͳΔɽ
ɹ͜ͷΑ͏ͳيಓ਍அαΠΫϧ͕ߏங͞ΕΕ͹ɼమಓऀۀࣄ͸ඞཁͳ࣌
ʹσʔλϕʔε΁ΞΫηε͠ɼఆظతͳيಓ͞ࢪ࣮͕ࠪݕΕ͍ͯͳ͍࣌
ՌΛ͍ͭͰ΋ೖखՄೳͱͳΓɼ͜ͷ৘݁ࢹಓ؂ي৽ͷ࠷Ͱ͋ͬͯ΋ɼظ
ใΛ΋ͱʹيಓอकͷ༏ઌॱҐΛܾΊɼޮ཰తͳอकۀ࡞Λ࣮ͨ͠ࢪΓɼ
ద੾ͳอकܭըΛཱͯͨΓ͢Δ͜ͱ͕ՄೳʹͳΔɽ·ͨɼӦۀӡస࣌ʹɼ
ϦΞϧλΠϜͰंମಈ༳Λଌఆ͢Δ͜ͱʹΑΓɼ؅ཧج४஋ʹରͯ͠ҟ
ৗʹେ͖͍ंମಈ༳͕؍ଌ͞Εͨ৔߹ɼيʹٸۓಓͷ఺ݕɼอकΛ͏ߦ
ͳͲͷૣظͷରԠ͕ظ଴͞ΕΔ.
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ਤ 1.6.1: ಓ਍அαΠΫϧي
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1.7 ຊ࿦จͷߏ੒
ຊ࿦จ͸શ 5ষ͔Βߏ੒͞Εɼͦͷ֓ཁΛਤ 1.7.1ʹࣔ͢ͱͱ΋ʹɼҎ

Լʹ·ͱΊΔ.

ɹ
ɹୈ 1ষͰ͸ɼమಓͷಛ௃ͱيಓ؅ཧͷॏཁੑΛ֓આ্ͨ͠Ͱɼݱঢ়҆
શҡ࣋؅ཧʹ͍ͭͯड़΂ɼͦͷ໰୊఺Λఏ͠ىɼຊڀݚͷ໨తͱҐஔͮ
͚Λࣔ͢.

ɹୈ 2ষͰ͸ɼ਍அͷର৅ͱͳΔيಓҟৗͱͦͷධՁख๏ʹ͍ͭͯड़΂
Δ.ධՁʹ࢖༻͢ΔධՁࢦඪͱͯ͠͸ɼೋ৐ฏۉฏํࠜ (RMSɿRoot Mean

Squareʣͷ஋ʹΑΔධՁɼ΢ΣʔϒϨοτม׵ʹΑΔධՁɼΧϧϚϯϑΟ
ϧλΛ༻͍ͨٯղੳʹΑΔධՁʹ͍ͭͯݕ౼͢Δ.·ͨɼ͜ΕΒͷ਍அख
๏Λ૊ΈࠐΜͩ਍அιϑτΛ։ൃ͢Δ.

ɹୈ 3ষͰ͸ɼӦ྆ंۀͰͷ௕ؒظͷଌఆΛલఏͱ͠ɼं྆ͷେ෯ͳվ
଄Λ൐Θͣ؆қʹઃஔͰ͖ɼ௿ίετͰيಓͷঢ়ଶࢹ؂Λ࣮͢ࢪΔͨΊ
ͷଌఆ૷ஔΛ։ൃ͢Δɽ·ͨɼ։ൃ͞Εͨଌఆ૷ஔ͕লίετ͔ͭࢢ৔
ʹ౤ೖͰ͖Δ੡඼ͱͯ͠ͷਫ४Λຬ͍ͨͯ͠Δ͔ূݕΛ͏ߦɽ
ɹୈ 4ষͰ͸ɼୈ 2ষٴͼୈ 3ষʹ͓͚Δ੒ՌΛ౷߹͠ɼߏங͞Εͨيಓ
ঢ়ଶࢹ؂γεςϜʹ͍ͭͯड़΂Δͱڞʹɼ࣮ࡍͷӦۀ࿏ઢʹ͓͍ͯɼي
ಓอकʹ׆༻ͨ݁͠Ռʹ͍ͭͯධՁ͢Δɽ
ɹୈ 5ষͰ͸ɼຊ࿦จʹΑͬͯಘΒΕͨ஌ݟΛ݁࿦ͱͯࣔ͢͠ͱͱ΋ʹɼ
Δɽ͢ىͷ՝୊Λఏޙࠓ
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ਤ 1.7.1: ຊ࿦จͷߏ੒
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ୈ2ষ ඪͷఏҊͱ਍ࢦಓධՁي
அιϑτͷ։ൃ

2.1 ͸͡Ίʹ
ं಺ͰಘΒΕΔ৘ใͷதͰɼيಓ͔ΒͷӨ͕ڹେ͖͍ͱ͑ߟΒΕΔ΋

ͷʹɼंମͷৼಈ͕͋Δɽৼಈ͸ɼՃ଎౓ηϯα΍δϟΠϩʹΑͬͯൺֱ
త༰қʹଌఆ͢Δ͜ͱ͕Ͱ͖Δɽ͔͠͠ͳ͕ΒɼंମͱϨʔϧͱͷؒ͸ɼ
ंྠɼ୆ं͕͹ͶɾμϯύʹΑͬͯ઀ଓ͞Ε͓ͯΓɼيಓෆ੔ͷ৘ใ͸ɼ
ଞͷ৘ใʹཚ͞Εͯ௚઀ಘΔ͜ͱ͸Ͱ͖ͳ͍ɽ
ɹ௚઀؍ଌͰ͖ͳ͍ঢ়ଶྔΛಘΔํ๏ʹɼΦϒβʔόʹΑΔঢ়ଶਪఆ͕
͋Δɽं྆ͷಈతγεςϜΛ਺ֶϞσϧͰهड़͠ɼͦΕʹ΋ͱ͍ͮͯ؍ଌ
Ͱ͖ͳ͍ঢ়ଶΛਪఆ͢Δ͜ͱ͕Ͱ͖ΔɽΦϒβʔόΛϕʔεͱͨ͠ํ๏
Λమಓं྆ͷҟৗݕग़ʹద༻ͨ͠ྫ͸ଟ͍ɽं྆γεςϜͷ֎ཚͱͳΔ
ΒΕΔɽ͑͠ߟ͕༺ಓೖྗΛਪఆ͢Δ৔߹ʹ͸ɼ֎ཚΦϒβʔόͷదي
͔͠ɼं྆Ϟσϧ͕࣮ࡍͷγεςϜΛਖ਼֬ʹهड़͍ͯ͠ͳ͍ͱਪఆ஋ʹ
େ͖ͳ͕ࠩޡੜͣΔ͜ͱ͕͋ΔͨΊɼਫ਼౓Λ্͛ΔͨΊʹं྆ϞσϧΛ
ௐ੔͢Δඞཁ͕͋Δɽ·ͨɼيಓશઢΛධՁ͢ΔͨΊʹ͸ԋ͕ྔࢉ๲େ
ʹͳΔͳͲɼ࣮༻Խͷ໘Ͱ՝୊͕͋Δɽ
ɹͦ͜Ͱɼୈ̍ষͰ΋ड़΂ͨΑ͏ʹɼ͜Ε·Ͱ୆ं·ͨ͸࣠ശ౳ʹՃ଎
౓ηϯα౳Λઃஔͯ͠ঢ়ଶࢹ؂Λ͏ߦख๏͕௚઀يಓෆ੔Λࢉग़͢Δ͜
ͱʹର͠ɼຊষͰ͸ߴස౓ʹঢ়ଶࢹ؂Λ͜͏ߦͱΛલఏͱ͠ɼ௚઀يಓ
ෆ੔Λࢉग़͢ΔͷͰ͸ͳ͘ɼيಓݕଌं΍อकһͷ८ճͱ͍ͬͨఆݕظ
ࠪؒͷܦ೥มԽΛଊ͑ɼఆ݁ࠪݕظՌͱͷซ༻ʹΑΔ৽ͨͳΞϓϩʔν
ʹΑΔධՁࢦඪΛఏҊ͢Δɽ
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2.2 ධՁࢦඪͱ૝ఆ͞ΕΔيಓҟৗ
ಓิमΛ͢΂͖Օॴͷಛఆيʹతٸۓඪͱͯ͠͸ɼࢦಓෆ੔ͷධՁي

޿Δ໨తͰRMSʹΑΔධՁɼप೾਺৘ใΛ͢࡯؍೥มԽΛܦಓͷيͼٴ
֬͘ೝ͠ͲͷΑ͏ͳيಓҟৗ͕ൃੜ͍ͯ͠Δ͔Λಛఆ͢Δ໨తͰ΢Σʔ
ϒϨοτม׵ʹΑΔධՁʹ͍ͭͯఏҊ͢Δɽ·ͨɼٯղੳʹΑΔيಓͷ
ධՁ๏ʹ͍ͭͯ΋ఏҊ͠ɼ஍ํమಓʹ͓͍ͯద༻͢ΔͨΊͷཁ݅ʹ͍ͭ
Ռʹ͍ͭͯड़΂Δɽ݁ͨ͠౼ݕͯ
ɹͳ͓ɼର৅ͱ͢Δيಓҟৗʹ͍ͭͯ͸ɼंମಈ༳ͷ௿प೾ྖҬʹӨڹ
Λ༩͑Δيಓෆ੔͔Βɼ೾ঢ়ຎ໣΍ஈࠩͱ͍ͬͨंମಈ༳ͷߴप೾ྖҬ
ʹӨڹΛ༩͑Δ΋ͷ·Ͱɼ෯ي͍޿ಓҟৗΛର৅ͱ͠શͯͷධՁ͸Φϑ
ϥΠϯॲཧʹΑ࣮ͬͯ͞ࢪΕΔɽຊڀݚʹͯධՁΛ࣮͢ࢪΔख๏ͱର৅
ͱͳΔيಓෆ੔Λද 2.2.1ʹࣔ͢ɽ֘౰͢ΔධՁख๏ʹͯʮ˓ʯ͸يಓҟ
ৗͷݕग़͕ՄೳͰ͋Δͱ૝ఆ͞ΕΔ΋ͷɼʮ˚ʯ͸౷ܭతղੳ౳ͱ૊Έ߹
ΘͤΔ͜ͱͰݕग़Մೳͱ૝ఆ͞ΕΔ΋ͷɼʮʷʯ͸يಓҟৗͷݕग़͕ࠔ೉
Ͱ͋Δͱ૝ఆ͞ΕΔ΋ͷͱ͍ͯ͠Δɽຊ࿦จͰ͸ɼʮ˓ʯͱ૝ఆͨ͠૊Έ
߹Θͤʹ͍ͭͯূݕΛਐΊΔɽ

ද 2.2.1: ಓෆ੔ͱධՁख๏ي

2.2.1 RMS஋ʹΑΔղੳ

·૬͕ؔ͋Γɼ͍ڧಓෆ੔ʹ͍ͭͯ͸ɼंମͷ্ԼৼಈՃ଎౓ʹ͸ي
ͨɼ௨ΓมҐ͸ࠨӈՃ଎౓ͱɼਫ४มҐͱฏ໘ੑ౳͸ࠨӈՃ଎౓ͱϩʔ
ϧ֯଎౓ͳͲʹӨڹΛ༩͑Δͱ͍ΘΕ͍ͯΔ [31, 32]ɽ͕ͨͬͯ͠ɼं্
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Ͱंମͷ্ԼৼಈՃ଎౓ɼࠨӈৼಈՃ଎౓ɼϩʔϧ֯଎౓Λଌఆ͢Ε͹ɼ
ଟ͘ͷيಓҟৗΛൃ͢ݟΔ͜ͱ͕Ͱ͖Δͱ͑ߟΒΕΔɽ
ɹंମৼಈʹΑΔيಓΛධՁ͢Δࢦඪ͸ɼࡏདྷઢͷ଎౓্޲Λ࣮͢ࢪΔ
Ε͓ͯΓɼ଎͞ࡌهϚχϡΞϧʯʹ΋ݧࢼ্޲དྷమಓӡస଎౓ࡏͷʮࡍ
౓ޙ্޲ͷंମ্ԼՃ଎౓ p-p஋ʢpeak to peakʣ͸ 3.5m/s2Ҏ಺ɼंମ
ӈՃ଎౓ࠨ p-p஋͸ 2.5m/s2 Ҏ಺ʹೲΊΔΑ͏ɼيಓ੔උΛ͜͏ߦͱ͕
ਪ঑͞Ε͍ͯΔɽ
ɹશ۠ؒதͷp-p஋͕ಛʹ͍ߴ஍఺Λॠఆ͢ΔͨΊʹRMS஋Λ׆༻͢Δɽ
৴߸͔Β௚઀ݪ p-p஋Λࢉग़͜ͱ͕ࠔ೉Ͱ͋ΔͷͰɼஶେͳৼ෯Λڧௐ
͔ͭ͠ҠಈฏۉʹΑΔߴप೾ϊΠζআڈΛ໨తͱͯ͠ंମಈ༳ͷRMS஋
Λࢉग़͢Δɽͦͷޙɼ࿏ઢશମͷRMS஋ΑΓద੾ͳᮢ஋Λઃఆ͢Δ͜ͱ
Ͱɼ༏ઌతʹيಓิमΛ͏ߦ΂͖ p-p஋ͷஶେՕॴΛಛఆ͢Δ͜ͱ͕Մ
ೳͱͳΔɽ·ͨɼಉҰՕॴͰंମಈ༳Λଌఆ͢Δ͜ͱͰɼଌఆσʔλͷ
ಓʹԿΒ͔ͷมಈ͕͋ͬيΒ͔ྔݮೝ͞ΕΕ͹ɼRMS஋ͷ૿͕֬ੑݱ࠶
ͨ͜ͱΛଊ͑ɼيಓؒࠪݕʹ͓͚Δٸม΍يಓෆ੔ͷਐలΛ༧ଌ͢Δ͜
ͱͰɼيಓҟৗͷධՁ͕ՄೳʹͳΔͱ͑ߟΔɽ
ɹ͜ͷΑ͏ʹيಓҟৗΛଊ͑ͨ۠ؒΛʮཁ஫ҙ۠ؒʯຢ͸ʮཁܯռ۠ؒʯ
ͱͯ͠ઃఆ͢Δ͜ͱͰɼଞͷيಓධՁΛ࣮͢ࢪΔɼ͋Δ͍͸௚઀อक܎
һ͕ݱ஍ௐࠪʹ͏͔޲ͱ͍ͬͨ৘ใͱͯ͠΋༗༻Ͱ͋Δɽ

2.2.2 ΢ΣʔϒϨοτม׵ʹΑΔղੳ

RMS஋Λ༻͍ͨղੳ [33]ʹ͓͍ͯ͸ɼप೾਺৘ใ͕ܽམ͢ΔͨΊɼ༷ʑ
ͳيಓҟৗΛ൑ผ͢Δ͜ͱ͸ࠔ೉Ͱ͋ΔɽҰํɼϑʔϦΤม׵ʹ୅ද͞
ΕΔप೾਺ղੳͰ͸࣌ؒ৘ใ͕ࣦΘΕΔͨΊɼيಓҟৗͷൃੜҐஔΛಛ
ఆ͢Δ͜ͱ͕ࠔ೉ͱͳΔɽͦͷͨΊɼيಓҟৗͷछผΛ൑ผ͠ൃੜҐஔ
Λಛఆ͢Δʹ͸࣌ؒʵप೾਺ղੳ͕ඞཁͱͳΔɽ
ɹҰൠతʹɼ࣌ؒʵप೾਺ղੳʹ͓͍ͯ΋ϑʔϦΤม׵ΛԠ༻ͨ͠୹࣌
ؒϑʔϦΤม͕׵ଟ͘༻͍ΒΕΔɽཧ༝ͷҰͭͱͯ͠ɼߴ଎ϑʔϦΤม
Λ༻͍Δ͜ͱʹΑΓɼ୹࣌ؒͰղੳͰ͖Δͱ͍ͬͨ௕ॴ΋༗͍ͯ͠Δɽ׵
͔͠͠ͳ͕Βɼप೾਺ͷ૭෯͕ҰఆͷͨΊɼ͍޿प೾਺ҬΛҰ౓ʹղੳ
͢Δ͜ͱ͸೉͍͠ɽ
ɹ΢ΣʔϒϨοτม׵ʹ͍ͭͯ͸ɼ࿈ଓ΢ΣʔϒϨοτม׵ͱ཭ࢄ΢Σʔ
ϒϨοτม׵Ͱͦͷಛ௃͕ҟͳΔɽ࿈ଓ΢ΣʔϒϨοτม׵͸ɼ૭෯͕प
೾਺ʹΑͬͯมԽ͢ΔͷͰɼ͍޿प೾਺ҬΛݟΔ͜ͱ͕ՄೳͰ͋Δɽप
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೾਺ͷִؒΛ͔͘ࡉઃఆͰ͖Δ͕ɼ৘ใ͕ॏෳ͠ɼଟ͘ͷؒ࣌ࢉܭΛཁ
͢Δ͜ͱ͔Βɼղੳ͸ΦϑϥΠϯࢉܭͱͳΔɽ཭ࢄ΢ΣʔϒϨοτม׵
͸ɼ৴߸Λඞཁ࠷খݶͷجఈͰද͢ݱΔͷͰɼ৴߸ͷޮ཰తͳ෼ղɼ࠶
੒͕ՄೳͰ͋Δ͕ɼप೾਺ͷִؒ͸ߏ 2ͷྦྷ৐ʹݻఆ͞ΕΔ [33]ɽ
ɹ͜ͷ͜ͱ͔Βɼ৴߸ͷੑ࣭΍༻్ʹԠͯ͡ద੾ͳղੳํ๏Λબ୒͢Δ
ඞཁ͕͋Δɽ

2.2.3 ΧϧϚϯϑΟϧλΛ༻͍ͨٯղੳ

RMS͓Αͼ΢ΣʔϒϨοτม׵ʹΑΔղੳͰ͸ɼيಓෆ੔ͷมಈΛั
Β͑ɼيಓอक࣌ظͷ༧ଌΛཱͯΔ͜ͱ͸ՄೳͰ͋Δ΋ͷͷɼมಈ෯Λ
ಓอकيಓ؅ཧͷ୯ҐͰ͋Δmmͱͯ͠ѻ͏͜ͱ͸ग़དྷͳ͍ɽଟ͘ͷي
४جಓ؅ཧي͸ɼࣗࣾ಺ͷࡍఆ͢ΔࡦըΛܭಓͷอकيһʹͱͬͯɼ܎
஋mmʹཱ͖ͮجҊ͢ΔɽͦͷͨΊɼ͜Ε·ͰʹഓΘΕͨيಓอकͷϊ
΢ϋ΢Λ࠷େ׆ʹݶ༻͢ΔͨΊʹ͸ɼఆظతͳيಓݕଌͷ݁Ռͱซͤͯ
Δ͜ͱ͕๬·͍͠ɽ͢ڙಓෆ੔ྔΛఏيͷࡏݱ
ɹӦ྆ंۀͷंମಈ༳͔Βيಓෆ੔ྔΛࢉग़͢Δڀݚͱͯ͠͸ɼӬপΒ
ͷ৽װઢʹ͓͚Δݕ౼ྫ [34]͕͋Δɽ͔͠͠ͳ͕Βɼࡏདྷઢ΍஍ํమಓ
ʹ͓͍ͯ͸ɼ৽װઢͱൺֱͯ͠૸ߦ଎౓ͷมಈ͕ܹ͍ͨ͠ΊɼචऀΒ͸
஍ํమಓ౳ʹ׆༻ՄೳͳɼΧϧϚϯϑΟϧλʹΑΔيಓෆ੔ਪఆख๏Λ
ఏҊ͠ɼຊষʹ͓͍ͯ͸γϛϡϨʔγϣϯʹΑΓͦͷ༗ޮੑΛ֬ೝ͠ɼୈ
̐ষʹ͓͍࣮ͯଌσʔλʹదԠͨ͠ྫΛ঺հ͢Δɽ
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2.3 RMSʹΑΔධՁ

2.3.1 ධՁ஋ͷࢉग़ํ๏

ΊΔඞٻΛಘΔͨΊʹ͸ɼ୹࣌ؒͷRMS஋Λ܎ಓঢ়ଶͱҐஔͱͷؔي
ཁ͕͋Δɽଌఆ஋x(τ)ͷ͏ͪͷ୹͍࣌ؒ۠ؒʹ͓͚ΔRMS஋Λ ʢࣜ2.3.1ʣ
Ͱఆٛ͢Δɽ

RMS(t) =

√√√√ 1

N

t+N−1∑

τ=1

x(τ)2 (2.3.1)

௿ෆ੔ɼ௨Γෆ੔ɼਫ४ෆߴΒΕΔ߲໨ͷ͏ͪͷ͛ڍಓෆ੔ͱͯ͠ي
੔ΛධՁ͢ΔͨΊʹɼंମͰଌఆ্ͨ͠ԼɾࠨӈՃ଎౓ɼϩʔϧ֯଎౓ͷ
RMS஋ΛٻΊΔɽ೾ঢ়ຎ໣ͱ͍ͬͨߴप೾਺ଳҬʹӨڹΛي͢΅ٴಓҟ
ৗͷݕग़ʹ͍ͭͯ΋ݕ౼͢ΔͨΊɼαϯϓϦϯά࣌ؒ tΛ 0.0012sͱͯ͠
RMS஋Λࢉग़͢Δɽຊ࿦จʹ͓͍ͯ͸ա౓ʹߴप೾਺৘ใΛࣦΘ͵Α͏
N = 26ͱઃఆ͠ 0.0318sͷҠಈฏۉͱͨ͠ɽN ͷ஋ʹ͍ͭͯ͸ɼଌఆ૷
ஔͷαϯϓϦϯά࣌ؒ΍ंମɾ୆ंߏ଄౳ʹΑΓద੾ͳ஋͕มߋͱͳΔ
Δඞཁ͕͋Δɽ͢౼ݕ࠶ʹΕ͕͋ΔͨΊɼ࿏ઢຖڪ

2.3.2 γϛϡϨʔγϣϯʹΑΔূݕ

ʢ̍ʣं྆Ϟσϧ
ɹγϛϡϨʔγϣϯʹ༻͍ͨं྆ϞσϧΛਤ 2.3.1ʹࣔ͢ɽं྆Ϟσϧ͸ɼ
̍ं྆ͷઢܗϞσϧͱ͠ɼंମ̎ࣗ༝౓ʢ্Լಈɼϐονʣɼ֤୆ं̎ࣗ
༝౓ʢ্Լಈɼϐονʣͷ߹ࣗ̒ܭ༝౓Λྀ͠ߟɼ଎౓ 50km/hͰ 300m

ͷ۠ؒΛ௚ઢ૸ͨͤ͞ߦɽं྆ϞσϧͷύϥϝʔλΛTable.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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ʢ̎ʣيಓܗঢ়ͷੜ੒ͱيಓҟৗ
ɹҰ࣍ͷ੒ܗϑΟϧλʢࣜ 2.3.2ʣʹਖ਼نཚ਺Λೖྗ͢Δ͜ͱͰෆنଇ೾
੒ͨ͠࡞Λܗ [35]ɽ͜ͷͱ͖A1 = 3ʷ 10−5ɼТ1 = 6.7ɼV = 13.9m/sͱ
͠ɼ෼ࢄ 1ͷਖ਼نཚ਺Λೖྗͨ݁͠ՌΛਤ 2.3.2ʹࣔ͠ɼ͜ΕΛجຊͷي
ಓܗঢ়ͱͨ͠ɽ࡞੒ͨ͠جຊͱͳΔيಓܗঢ়೾ܗʹɼߴ௿ෆ੔΍೾ঢ়ຎ
໣ɼϨʔϧ͗ܧ໨ʹ͓͚Δஈࠩͱ͍ͬͨҟৗΛਓ޻తʹ෇Ճͨ͠ɽͦΕ
ͧΕͷҟৗ͸ɼߴ௿ෆ੔͸ 40m͔Β 60mͷҐஔʹ͓͚Δৼ෯Λɼج४ͷ
ঢ়ͷܗಓي 2ഒͷେ͖͞ʹ͠ɼ೾ঢ়ຎ໣͸ 145m͔Β 155mͷؒʹ 10mͷ
ൣғͰશৼ෯ 1mmɼप೾਺ 175Hzͷਖ਼ݭ೾Ͱදͨ͠ݱɽ͜ͷͱ͖ͷ೾௕
͸ 0.08mͱͳΔɽ250mͷҐஔʹ͸ɼ2mmͷεςοϓঢ়ͷஈࠩΛઃఆ͠
ͨɽ͜ͷΑ͏ʹͯ͠ઃఆͨ͠يಓෆ੔Λਤ 2.3.3ʹࣔ͢ɽ

G(s) =
2π

√
A1V

s+Т1
(2.3.2)
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ਤ 2.3.2: ঢ়ܗಓيຊͷج

Tr
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ਤ 2.3.3: ঢ়ܗಓيಓෆ੔Λೖྗͨ͠ي
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ʢ̏ʣंମ্ԼՃ଎౓ͷࢉग़
ɹ࡞੒ͨ͠ҟৗΛؚΜͩيಓܗঢ়ΛҰं྆Ϟσϧʢਤ 2.3.1ʣʹೖྗ͠ɼલ
୆ंத৺௚্ͰंମৼಈՃ଎౓ʢԖ௚ํ޲ʣΛࢉग़ͨ͠ɽαϯϓϦϯά
प೾਺͸ɼଌఆ૷ஔʹ࢖༻͢Δηϯαͱಉ͡ 820[Hz]ͱͨ͠ɽࢉग़ͨ͠Ճ
଎౓ʹ؍ଌϊΠζͱͯ͠ന৭ϊΠζΛՃ͑ͨ΋ͷΛৼಈՃ଎౓σʔλͱ
ͨ͠ʢਤ 2.3.4ʣɽ؍ଌϊΠζͷඪ४ภࠩ͸ 1× 10−3m/s2ͱͨ͠ɽ
ৼಈՃ଎౓ͷݪ೾͔ܗΒ͸ɼ໛ٖͨ͠ҟৗͷӨڹ͸Ұ෦֬ೝͰ͖Δ͕ɼ

ͦͷଞͷҟৗʹ͍ͭͯ͸ࠩҟ͕֬ೝͰ͖ͳ͍ɽ
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ਤ 2.3.4: γϛϡϨʔγϣϯ݁Ռ

ʢ̐ʣRMS஋ʹΑΔධՁ
ɹࢉग़ͨ͠Ճ଎౓͔Βيಓҟৗͷݕग़Λ͏ߦɽਤ 2.3.5ʹࣜʢ2.3.1ʣΛ΋
ͱʹࢉग़্ͨ͠ԼՃ଎౓ͷRMS஋Λࣔ͢ɽਤ 2.3.5͔Β͸ 50m஍఺ʹ͓
͍ͯ஋͕ஶେͳ΋ͷͱͳ͍ͬͯΔ͜ͱ͕෼͔Δɽ50m஍఺ʹ͸ߴ௿ෆ੔
Λ໛ٖ͍ͯ͠Δ͜ͱ͔ΒɼRMS஋͔Β͸ߴ௿ෆ੔ஶେՕॴΛݕग़Ͱ͖ͯ
͍Δͱ͍͑Δɽ͔͠͠ɼ೾ঢ়ຎ໣΍ஈࠩͱ͍ͬͨҟৗΛ͜ͷղੳ݁Ռ͔
Βݕग़͢Δͷ͸ࠔ೉Ͱ͋Δ͜ͱ͕Θ͔Δɽ

ਤ 2.3.5: ্ԼՃ଎౓ͷRMS஋
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2.4 ΢ΣʔϒϨοτม׵ʹΑΔධՁ

2.4.1 ࿈ଓ΢ΣʔϒϨοτม׵

࿈ଓ΢ΣʔϒϨοτม׵ͱ͸ɼର৅೾ܗ x(t)ʹϚβʔ΢ΣʔϒϨοτ
ψ(t)Λֻ͚߹ΘͤΔ͜ͱͰɼͦͷ೾ܗͷಛఆ෦෼Λڧௐ͠ଞͷ෦෼Λ཈
੍͢Δมํ׵๏Ͱ͋ΔɽಥൃతͳมԽΛ͢Δඇఆৗ৴߸ͷղੳʹదͯ͠
͓Γɼࣜʢ2.4.1ʣͰఆٛ͞ΕΔɽ

(Wψx)(a, b) =

∫ ∞

−∞

1√
a
ψ

(
t− b

a

)
x(t)dt (2.4.1)

ύϥϝʔλʔ aͱ b͸ͦΕͧΕεέʔϧύϥϝʔλɼγϑτύϥϝʔλ
ͱݺ͹ΕɼϚβʔ΢ΣʔϒϨοτψ(x)ͷ࣌ؒʢҐ૬ʣΛ b͚ͩͣΒ͠ɼप
೾਺Λ 1/aʹ͍ͯ͠Δɽ΢ΣʔϒϨοτม׵ (Wψf)(b, a)ͷ஋ΛɼbΛԣ
࣠ɼ1/aΛॎ࣠ͱͨ͠΋ͷ͕΢ΣʔϒϨοτม׵ͷ৴߸ฏ໘Ͱ͋Δɽ

2.4.2 ཭ࢄ΢ΣʔϒϨοτม׵

࿈ଓ΢ΣʔϒϨοτม׵ͷ౳ߴઢਤʹΑΔղੳ݁Ռͷఏࣔ͸ɼ৴߸ͷ
ੑ࣭Λ஌Δͷʹศརͳදࣔ๏Ͱ͋Δɽ͔͠͠ɼԋࢉΛͯ͠ࢪ৴߸ॲཧΛ
͸͜ͷදࣔ๏͸ɼଟ͘ͷ৘ใ͕ॏෳ͢ΔͨΊඞͣ͠΋ޮ཰తͰͳʹ͏ߦ
͍ɽͦ͜Ͱɼࣜʢ2.4.1ʣͷ aͱ bΛ཭ࢄԽͯࣜ͠ 2.4.2ͷΑ͏ʹ༩͑ͨ΋
ͷΛ཭ࢄ΢ΣʔϒϨοτม׵ͱ͍͏ɽɹɹ

Dm,n =

∫ ∞

−∞
x(t)ψm,n(t)dt (2.4.2)

͜͜Ͱ

ψm,n(t) = 2−m/2ψ(2−mt− n) (2.4.3)

͜ͷ཭ࢄ΢ΣʔϒϨοτม׵Λ༻͍ͯଟॏղ૾౓ղੳΛ͏ߦɽଟॏղ
૾౓ղੳͱ͸ର৅ͷ৴߸ x(t)Λۙࣅ੒෼ʢ௿प೾੒෼ʣͱෳ਺ͷৄࡉ੒
෼ʢߴप೾੒෼ʣʹ෼ղ͢Δ͜ͱͰ͋Δɽ཭ࢄ΢ΣʔϒϨοτม׵ʹΑ
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)͸εέʔϦϯάؔ਺Ͱ͋Γɼ࣍ࣜͰఆٛ͞ΕΔɽ

φm,n(t) = 2−m/2φ(2−mt− n) (2.4.5)

਺͸ɼ܎੒෼ͷࣅۙ

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

ຊઅͰ͸ɼRMSʹΑΔূݕͰ͸ݕग़ग़དྷͳ͔ͬͨيಓҟৗʹ͍ͭͯɼ
ͦͷछผΛ൑ఆͰ͖Δ͔Λ͢ূݕΔɽͦͷͨΊɼγϛϡϨʔγϣϯʹ࢖
༻͢Δं྆Ϟσϧ͸ਤ 2.3.1ͷϞσϧɼيಓܗঢ়͸ਤ 2.3.2Ͱೖྗͨ͠஋ɼ
ंମ্ԼՃ଎౓ʹ͍ͭͯ͸ਤ 2.3.4Ͱग़ྗ͞Εͨ஋ΛͦΕͧΕ༻͍Δɽ
ɹ
ʢ̍ʣ࿈ଓ΢ΣʔϒϨοτม׵ʹΑΔධՁ

ɹ࣌ؒप೾਺ղੳͷҰͭͰ͋Δ࿈ଓ΢ΣʔϒϨοτม׵ͷػೳΛ༻͍ͯ
ղੳͨ݁͠ՌΛਤ 2.4.1ʹࣔ͢ɽਤதͷ্͔ΒԼʹ͔ͯͬ޲৴߸ฏ໘ͷप
೾਺ଳҬ͸খ͞ͳ΋ͷͱͳ͍ͬͯΔɽ·ͨɼ৴߸ฏ໘ͷ৭͕੺ʹ͍ۙ΄
ͲͦͷଳҬͷप೾਺੒෼Λେؚ͘ΜͰ͍Δ͜ͱʹͳΔɽ΢ΣʔϒϨοτ
ม׵ʹ༻͍ΔϚβʔ΢ΣʔϒϨοτ͸Morlet ͱͨ͠ɽ
ɹਤ 2.4.1(a)ΑΓɼ150m෇ۙʹ 174Hzલޙͷप೾਺Ͱ৴߸͕͘ڧදΕͯ
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͍Δɽ೾௕ 0.08mͷ೾ঢ়ຎ໣Λ଎౓ 50km/hͰ૸ͨ͠ߦ৔߹ɼ೾ঢ়ຎ໣
ͷप೾਺͸ 174HzͱͳΓɼͦͷҐஔͱप೾਺੒෼͔Β΋͜ͷ৴߸ฏ໘ʹ
͔Β͸೾ঢ়ຎ໣ͷӨڹΛݕग़Ͱ͖͍ͯΔͱ͑ߟΒΕΔɽ
ɹਤ 2.4.1(b)͔Β͸ɼ250mͷҐஔʹ͍޿ଳҬʹ৴߸ڧ౓͕͘ڧͳ͍ͬͯ
Δ͜ͱ͕Θ͔Δɽ͜Ε͸ɼஈࠩͳͲͷৼಈԠ౴͸εςοϓೖྗͰ͋Δͨ
Ίप೾਺͕ੑࡏہѱ͘ͳΓɼ෯͍޿ଳҬʹදΕΔͱ͍͏ಛ௃ͱҰகͯ͠
͍Δ͜ͱ͔Β΋ஈࠩͷӨͩڹͱ͑ߟΒΕΔɽ
ɹ·ͨɼਤ 2.4.1(c)ʹ͓͍ͯ͸ɼҰൠతͳं྆ͷݻ༗ৼಈ਺෇ۙͱ͞ΕΔ
1Hz෇ۙ [36]Ͱ৴߸ڧ౓͕୎ӽ͍ͯ͠Δɽಛʹ 50m෇ۙͰݦஶͱͳͬͯ
͓Γɼߴ௿ෆ੔ͷӨڹͰ͋Δͱ͑ߟΒΕΔɽ
ɹ࿈ଓ΢ΣʔϒϨοτม׵Λ༻͍Δ͜ͱͰंମৼಈՃ଎౓͔Βߴ௿ෆ੔ɼ
೾ঢ়ຎ໣ɼஈࠩΛͦΕͧΕݕग़͢Δ͜ͱ͕Ͱ͖ͨɽ
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ਤ 2.4.1: ࿈ଓ΢ΣʔϒϨοτม׵ʹΑΔ݁Ռ
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ʢ̎ʣ཭ࢄ΢ΣʔϒϨοτม׵ʹΑΔධՁ
ɹಉ༷ʹɼ཭ࢄ΢ΣʔϒϨοτม׵Λ༻͍ͨଟॏղ૾౓ղੳͷ݁ՌΛਤ
2.4.2ʹࣔ͢ɽ
ɹ͜ͷͱ͖ͷϚβʔ΢ΣʔϒϨοτ͸Daubechiesͷੜ੒ࢦ਺Λ 8ͱͨ͠
΋ͷΛ࢖༻ [37]͠ɼ෼ղϨϕϧ͸m0 = 6ͱͨ͠ɽ
ɹप೾਺ଳҬຖʹ෼ղͨ͠ंମৼಈՃ଎౓ͷ෼ղ੒෼ʢਤ 2.4.2ʣΛݟΔ
ͱɼ೾ঢ়ຎ໣ͷӨڹ͸ d1ɼd2 ੒෼ɼϨʔϧ͗ܧ໨෦ͷஈࠩͷӨڹ͸ d3ɼ
d4੒෼ɼߴ௿ෆ੔ͷӨڹ͸ a6੒෼ʹͦΕͧΕදΕ͍ͯΔ͜ͱ͕֬ೝͰ͖
Δɽͦ͜ͰɼҟৗʹରԠͨ͠प೾਺੒෼͝ͱʹΛͨͬߦʢਤ 2.4.3ʣɽ
ɹߴप೾੒෼ͷߏ࠶੒೾ܗʢਤ 2.4.3(a)ʣͷ 150m஍఺͔Β͸೾ঢ়ຎ໣ͷ
ӨڹΛ֬ೝ͢Δ͜ͱ͕Ͱ͖ɼd3ɼd4 ੒෼ͷߏ࠶੒੒෼ʢਤ 2.4.3(b)ʣͷ
250m஍఺͔Β͸ஈࠩͷӨڹΛ֬ೝ͢Δ͜ͱ͕Ͱ͖Δɽ·ͨɼ௿प೾ଳҬ
ͷ d3 ੒෼ͷߏ࠶੒੒෼ʢਤ 2.4.3(c)ʣͷ 50m஍఺͔Β͸ߴ௿ෆ੔Λݕग़
Ͱ͖͍ͯΔ͜ͱ͕Θ͔Δɽ
ɹ·ͨɼߴ௿ෆ੔Λج४ͷيಓܗঢ়ͷ 2ഒͷେ͖͞ʹͨ۠ؒ͠Ͱ͸ɼ઀
ଓ෦෼ͷมԽ཰͕ෆ࿈ଓʹͳΔ͜ͱ͔Βɼ೾ܗͷมԽ཰ͷෆ࿈ଓੑΛݕ
ग़͍ͯ͠Δʢਤ 2.4.3(a)(b)ʣɽ
ɹ͜ΕΑΓɼंମৼಈՃ଎౓೾ܗʹରͯ͠ɼRMS஋͔Β͸ݕग़͢Δ͜ͱ
΢ΣʔϒϨοࢄɼ཭׵ಓҟৗ͕ɼ࿈ଓ΢ΣʔϒϨοτมي೉Ͱ͋ͬͨࠔ͕
τม׵ʹΑΔଟॏղ૾౓ղੳΛซ༻͢Δ͜ͱʹΑΓݕग़Ͱ͖ΔՄೳੑ͕
͋Δͱ͑ߟΒΕΔɽ
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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: ܗ੒೾ߏ࠶
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2.5 ౼ݕಓෆ੔ਪఆͷيղੳʹΑΔٯ
ຊઅͰ͸ɼ୅දతͳঢ়ଶਪఆख๏Ͱ͋ΔΧϧϚϯϑΟϧλΛ༻͍ͯɼं

ମ΁ͷೖྗͰ͋Δߴ௿ෆ੔ΛԖ௚ํ޲ͷंମৼಈ͔Βਪఆ͢Δํ๏ʹͭ
ड़͢Δɽه͍ͯ

2.5.1 Ϟσϧͷߏங

ΧϧϚϯϑΟϧλΛ༻͍ͨيಓෆ੔ͷਪఆͷͨΊʹɼమಓं྆ͷԖ௚ํ
Δं྆ϞσϧΛਤ͢༺࢖ϞσϧΛ༻͍Δɽ྆ंͨ͠ݱͷӡಈΛද޲ 2.5.1

ʹࣔ͢ɽຊϞσϧ͸ɼ௚ઢ૸ߦΛ૝ఆͨ͠ 1ं྆ͷઢܗϞσϧͱ͠ɼं
ମ 2ࣗ༝౓ʢ্Լಈɼϐονʣɼ֤୆ं 2ࣗ༝౓ʢ্ԼಈɼϐονʣΛߟ
ྀͨ͠ 6ࣗ༝౓ͷ 1ं྆ϞσϧͰ͋Δɽ͜͜ͰɼZc͸ंମͷ্ԼಈɼZt1

͸લ୆ंɼZt2͸ޙ୆ंͷ্ԼಈΛද͢ɽ·ͨɼθc͸ंମͷϐον֯ɼθt1
͸લ୆ंɼθt2͸ޙ୆ंͷϐον֯Λද͢ɽr1aɼr1bɼr2aɼr2b͸֤ྠ࣠ʹ
༩͑ΒΕΔԖ௚ํ޲΁ͷߴ௿ෆ੔ʹΑΔ੍ڧೖྗͰ͋Δɽ

ਤ 2.5.1: ্Լ 6ࣗ༝౓Ϟσϧ
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͜͜ͰɼຊষͰ࢖༻͢Δه߸ΛҎԼͷ௨Γʹఆٛ͢Δɽ
Z̈c ɿ ंମ্ԼՃ଎౓
Z̈t1 ɿ લ୆ं্ԼՃ଎౓
Z̈t2 ɿ ୆ं্ԼՃ଎౓ޙ
Żc ɿ ंମ্Լ଎౓
Żt1 ɿ લ୆ं্Լ଎౓
Żt2 ɿ ୆ं্Լ଎౓ޙ
Zc ɿ ंମ্ԼมҐ
Zt1 ɿ લ୆ं্ԼมҐ
Zt2 ɿ ୆ं্ԼมҐޙ
θ̈c ɿ ंମϐον֯Ճ଎౓
θ̈t1 ɿ લ୆ंϐον֯Ճ଎౓
θ̈t2 ɿ ୆ंϐον֯Ճ଎౓ޙ
θ̇c ɿ ंମϐον֯଎౓
θ̇t1 ɿ લ୆ंϐον֯଎౓
θ̇t2 ɿ ୆ंϐον֯଎౓ޙ
θc ɿ ंମϐον֯
θt1 ɿ લ୆ंϐον֯
θt2 ɿ ୆ंϐον֯ޙ
r1a ɿ ୈ 1ྠ࣠΁ͷ੍ڧมҐ
r1b ɿ ୈ 2ྠ࣠΁ͷ੍ڧมҐ
r2a ɿ ୈ 3ྠ࣠΁ͷ੍ڧมҐ
r2b ɿ ୈ 4ྠ࣠΁ͷ੍ڧมҐ
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 ਺܎ਰݮ͹Ͷͷ্Լؾۭ
kp ɿ ࣠͹Ͷͷ্Լ߶ੑ
cp ɿ ࣠͹Ͷͷ্Լݮਰ܎਺

50



௚ઢيಓΛ૸࣌ߦͷӡಈํఔࣜ͸ɼҎԼͷΑ͏ʹද͞ΕΔɽ

ं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)

લ୆ं্Լӡಈ

Z̈t1 =
1
mt

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

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

લ୆ंϐονӡಈ

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)

ɹ͜͜ͰɼMɼCɼK͸࣭ྔྻߦɼݮਰྻߦɼ߶ੑྻߦͰ͋ΓɼZ̈ɼŻɼ
Zɼṙɼr͸Ճ଎౓ϕΫτϧɼ଎౓ϕΫτϧɼมҐϕΫτϧɼ֎ྗϕΫτ
ϧͷඍ෼஋ɼ֎ྗϕΫτϧͱͳΔɽ্ࣜͷ֤ྻߦ͸ҎԼͷ௨ΓͰ͋Δɽ

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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ं྆ӡಈγϛϡϨʔγϣϯͳͲͷ࣌ྻܥղੳͷ໰୊͸ɼӡಈํఔࣜΛ
࣌ؒੵ෼͢Δඞཁ͕͋Δɽ͜Ε͸ɼඍ෼ํఔࣜʹ͍ͯͮجɼଟ਺ճͷ܁
Γฦ͠ࢉܭʹΑΓं྆ͷ࣌ྺࠁԠ౴ΛٻΊΔख๏Ͱ͋ΔɽҰൠతͳ਺஋
ੵ෼ͷํ๏ͱͯ͠ɼΦΠϥʔ๏΍ϧϯήɾΫολ๏͕͛ڍΒΕΔɽ͔͠
͠ɼ͜ΕΒͷํ๏͸ɼ1֊ඍ෼ํܗఔࣜͷͨΊঢ়ଶྔʹՃ଎౓ΛؚΜͰ
͍ͳ͍ɽͭ·Γɼيಓෆ੔Λೖྗͱͯ͠༩͑ͨࡍͷंମৼಈՃ଎౓Λಘ
ΔͨΊʹ͸ɼ଎౓Λඍ෼͢Δඞཁ͕͋ΔɽͦͷͨΊɼं྆ϞσϧΛMCK

͸ɼ2֊ඍ෼ํఔࣜͷࡍఔࣜͰද͠ɼՃ଎౓Λঢ়ଶྔͱͯ͠औΓѻ͏ํܗ
Newmark β๏Λ༻͍ͨ΄͏͕ྑ͍ͱ͞ΕΔ [38][39]ɽ·ͨɼNewmark β

๏͸ߴप೾੒෼Λআ͢ڈΔݮਰޮՌΛ࣋ͭͨΊɼղͷൃࢄΛ๷͙͜ͱ͕
Ͱ͖Δɽ
ɹͦ͜ͰຊڀݚͰ͸ɼ2֊ඍ෼ܗ༻ͷNewmark β๏Λ࣌ؒੵ෼ͷख๏ͱ
ͯ͠༻͍Δɽਤ 2.5.2ͷΑ͏ʹɼঢ়ଶྔ yΛඍখ࣌ؒ hִؒʹ۠෼ͯ͠ߟ
͑Δͱɼ࣌ࠁ k + 1εςοϓʹ͓͚Δӡಈํఔࣜ͸࣍ࣜͷΑ͏ʹͳΔɽ

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

ɹਤ ࠁ͍͓࣌ͯʹ2.5.2 tk ͔Β tk+1 ·ͰՃ଎౓͕௚ઢతʹมԽ͢ΔͱԾ
ఆͨ͠ͱ͖ͷɼਤ 2.5.3(a)ʹࣔ͢ τ ʹ͓͚ΔՃ଎౓ Z̈τ ͸ɼ

Z̈τ = Z̈k +
τ

h

(
Z̈k+1 − Z̈k

)
(2.5.14)

ͱͳΓɼ଎౓ ŻτɼมҐZτ ͸্ࣜΛ τ ʹ͍ͭͯੵ෼͢Δͱ࣍ࣜͱͳΔɽ

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 ๏͸ɼִ࣌ؒؒ಺ͷՃ଎౓มԽΛද͢ β Λ༻͍ͯɼ࣌ࠁ
tk+1Ͱͷ଎౓ Żk+1ɼมҐZk+1Λ࣍ࣜͷΑ͏ʹԾఆ͍ͯ͠Δɽ

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)ʹ୅ೖ͠ɼՃ଎౓ϕΫτϧ Z̈k+1

ʹ͍ͭͯ੔ཧ͢Δͱɼ࣍ͷΑ͏ͳ͕ࣜٻΊΒΕΔɽ

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)Λ͢ࢉܭΔࡍʹ͸ɼ࣌ࠁ tk Ͱͷ֎ྗͱมҐɼ଎౓ɼՃ଎౓
ࠁ஌ͷ஋ͱͳΔɽΑͬͯɼ࣌طΔͨΊɼӈล߲͸͢΂͍ͯͯͬ·ٻ͕ tk+1

ʹ͓͚ΔՃ଎౓͕ٻΊΒΕɼະདྷͷԠ౴Λஞ࣍͢ࢉܭΔ͜ͱ͕Մೳͱͳ
Δɽ
ɹࣜ (2.5.7)ΛNewmark β๏ʢγ = 1/2ɼβ = 1/6ʣΛ༻͍ͯσʔλִؒ
hͰ཭ࢄԽ͢Ε͹ɼҎԼͷঢ়ଶํఔࣜͱ؍ଌํఔ͕ࣜಘΒΕΔɽ

ɹ xk = Fxk−1 + Guk−1 +wk−1 (2.5.21)

yk = Hxk + vk (2.5.22)

ɹ͜͜Ͱɼxk ͸ঢ়ଶϕΫτϧɼuk ͸ೖྗϕΫτϧɼyk ͸ग़ྗϕΫτϧ
Ͱ͋Γɼwk͸γεςϜϊΠζɼvk͸؍ଌϊΠζͰ͋Δɽ·ͨɼF ͸ঢ়ଶ
ભҠྻߦɼG͸ೖྗྻߦɼH͸؍ଌྻߦͰ͋Δɽঢ়ଶભҠྻߦF ͱೖྗ
͍ͯ༺AɼBɼCΛྻߦGɼ͸ҎԼͷྻߦ 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: ࣌ؒੵ෼ͷ֓ཁ
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(a) Acceleration

kt 1kt

kZ

1kZ

h
V

e
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c
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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༻͍ͯߴ௿ෆ੔Λਪఆ͢ΔͨΊͷɼঢ়ଶํఔࣜʢࣜ
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
ɹ͜͜Ͱɼxk͸يಓܗঢ়ɼyk͸ंମৼಈՃ଎౓ɼvk͸؍ଌϊΠζͰ͋Δɽ
௨ৗɼ֎෦ೖྗͰ͋Δيಓܗঢ় uk͸ط஌ͷ֬ఆೖྗͱͯ͠ѻΘΕΔͷͰɼ
͜ΕΛٻΊΔ͜ͱ͸Ͱ͖ͳ͍ɽͦ͜Ͱɼࣜ (2.5.26)ͷΑ͏ʹيಓܗঢ়Λ
ukͱγεςϜϊΠζwkΛՃͯ͠ࢉϥϯμϜ΢ΥʔΫͰදͨ͠ݱɽं྆Ϟ
σϧ͸ɼࣜ (2.5.27)ͷΑ͏ʹΠϯύϧεԠ౴Λ༻͍ͨ৞ΈࠐΈੵ෼Λ؍ଌ
ํఔࣜͰද͢ݱΔɽHதͷ h͸يಓܗঢ়ʹର͢ΔंମৼಈՃ଎౓ͷ୯Ґ
ΠϯύϧεԠ౴ɼL͸ͦͷ૯਺Ͱ͋ΔɽҎ্ͷঢ়ଶۭؒϞσϧʹΑͬͯɼ
ΧϧϚϯϑΟϧλΛ༻͍ͨߴ௿ෆ੔ͷਪఆ͕ՄೳͱͳΓɼंମৼಈՃ଎
౓͔Βيಓܗঢ়Λະ஌ͷঢ়ଶม਺ͷҰ੒෼ͱͯ͠ஞ࣍ਪఆ͢Δɽ
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ʢ̎ʣ૸ߦ଎౓ͷมԽ΁ͷରԠ
ɹ؍ଌྻߦʹ༻͍ΔंମৼಈՃ଎౓ͷΠϯύϧεԠ౴͸૸ߦ଎౓ʹΑͬ
ͯมԽ͢Δɽ૸ߦ଎౓ͷมԽͷ౓ʹΠϯύϧεԠ౴Λ͢ࢉܭ࠶Δ͜ͱͰ
త࣮ݱΔͱ͑ߟෛՙ΍ޮ཰Λࢉܭཧతʹ͸଎౓มԽʹରԠͰ͖Δ͕ɼݪ
Ͱ͸ͳ͍ɽͦ͜Ͱຊख๏Ͱ͸ɼ༧ΊΠϯύϧεԠ౴ΛҰఆ଎౓ִؒຖʹ
ͷࠁɼΧϧϚϯϑΟϧλʹΑΔஞ࣍ਪఆʹ͓͍ͯɼͦͷ͖͓࣌ͯ͠ࢉܭ
଎౓৘ใΛ༻͍ͯ੾Γସ͑Δʢਤ 2.5.4ʣ[40]ɽຊڀݚͰ͸ɼं྆ϞσϧΛ
༻͍ͯΠϯύϧεԠ౴Λ͠ࢉܭɼ਺஋γϛϡϨʔγϣϯʹ༻͍ͨɽ

ਤ 2.5.4: ΠϯύϧεԠ౴ͷ੾ସ͑
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ຊڀݚͰऔΓѻ͏Α͏ͳઢܗγεςϜͷ৔߹ɼं྆Ϟσϧͷ࣌ྺࠁԠ
౴͸FIRʢFinite Impulse ResponseʣϑΟϧλΛ༻͍Δ͜ͱʹΑͬͯࢉܭ
͢Δ͜ͱ͕Ͱ͖Δɽͭ·Γɼं྆ϞσϧͷΠϯύϧεԠ౴ g(τ)͕ط஌Ͱ
͋Ε͹ɼೖྗʢيಓܗঢ়ʣʹର͢Δग़ྗʢंମৼಈՃ଎౓ʣ͸৞ΈࠐΈ
ੵ෼ʹΑͬͯࢉܭͰ͖ɼࣜ (2.5.27)ͷΑ͏ʹ؍ଌํఔࣜͰं྆ϞσϧΛද
Δ͜ͱ͕Ͱ͖Δ͢ݱ [41]ɽ৞ΈࠐΈੵ෼͸ɼΠϯύϧεԠ౴ g(τ)ͷ࣌ؒ
ΛͣΒ͠ͳ͕Βɼೖྗ x(t)ͷେ͖͞ΛॏΈ܎਺ͱֻ͚ͯ͠߹Θͤͯɼશ
ͯͷԠ౴ΛॏͶ߹ΘͤΔ͜ͱͰɼೖྗ x(t)ʹର͢Δग़ྗ y(t)ΛٻΊΔख
๏Ͱ͋ΔɽҎԼʹ৞ΈࠐΈੵ෼ͷࣜΛࣔ͢ɽ

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)ͷੵ෼Λ؆ૉԽͯ͠දܗͨ͠ݱͰ͋Δɽ
ɹंମৼಈՃ଎౓ͷ୯ҐΠϯύϧεԠ౴͸ɼं྆Ϟσϧʹ୯ҐΠϯύϧ
ε৴߸ʢਤ 2.5.5ʣΛೖྗ͢Δ͜ͱͰࢉܭͰ͖Δɽྫͱͯ͠ɼ஍ํమಓं
྆Λ૝ఆͨ͠૸ߦ଎౓ 60km/h࣌ͷΠϯύϧεԠ౴Λਤ 2.5.6ʹࣔ͢ɽ৽
ઢͰ͸ɼӬপΒװ [42]ͷઌڀݚߦʹ͓͍ͯɼ৽װઢӦंྻۀͷޙ෦୆ं
௚্ͰंମৼಈՃ଎౓ͷଌఆΛ͍ͯͬߦΔ͜ͱ͔ΒɼΠϯύϧεԠ౴ͷ
ݧ୆ं௚্ͱ͍ͯ͠ΔɽҰํɼຊ࿦จͰ͸ɼ࣮ं࣮ޙଌҐஔΛಉҰͷ؍
࣌ʹଌఆ૷ஔΛઌ಄ं྆ͷӡసࣨԣͷۭ͖εϖʔε΁ઃஔ͢Δ͜ͱΛ૝
ఆ͠ɼΠϯύϧεԠ౴ͷ؍ଌҐஔΛલ୆ं௚্ͱͨ͠ɽ
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ਤ 2.5.5: Πϯύϧεೖྗ

ਤ 2.5.6: ΠϯύϧεԠ౴ (60km/h)
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ʢ̏ʣΧϧϚϯϑΟϧλ
ɹΧϧϚϯϑΟϧλ͸ɼ࣌ʑࠁʑ༩͑ΒΕΔ؍ଌσʔλΛ༻͍ͯɼγες
Ϝͷঢ়ଶΛஞ࣍తʹਪఆ͢ΔΦϯϥΠϯΞϧΰϦζϜͰ͋Δɽ௨ৗɼη
ϯα͔ΒಘΒΕΔ؍ଌσʔλ͸ࡶԻʹཚ͞Ε͓ͯΓɼ·͍͔ͨͭ͘ͷঢ়
ଶ͸௚઀؍ଌ͞Εͳ͍͜ͱ΋ଟ͍ɽ͜ͷΑ͏ͳঢ়گԼͰɼ؍ଌσʔλ͔
ΒγεςϜͷঢ়ଶʹؔ͢Δ৘ใΛநग़ʢਪఆʣ͢Δ͜ͱ͕ඞཁͱͳΔɽ
ຊڀݚͰ͸ɼΧϧϚϯϑΟϧλΛԠ༻ͯ͠ɼंମৼಈՃ଎౓͔Βߴ௿ෆ
੔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 ͸ڞࠩޡ෼ྻߦࢄɼK͸ΧϧϚ
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ϯήΠϯɼQ͸ϓϩηεϊΠζͷڞ෼ྻߦࢄɼR͸؍ଌϊΠζͷڞ෼ࢄ
ঢ়xkܗಓيΕͨ͞ࢉܭΛද͢ɽ্ࣜͷΞϧΰϦζϜʹΑͬͯྻߦ ͸ɼະ
஌ͷঢ়ଶม਺ͷਪఆ஋ͷҰ੒෼ͱͯ͠ஞ࣍త͔ͭ҆ఆతʹ༩͑ΒΕΔɽ
ɹ
ʢ̐ʣيಓෆ੔ͷධՁํ๏
ɹيಓͷঢ়ଶࢹ؂Λ্͏ߦͰͷ໨త͔Β͑ߟΔͱɼඞͣ͠΋׬શͳيಓ
ͷ࣮ܗঢ়͕ಘΒΕͳͯ͘΋ɼओʹ૸҆ߦશੑʹӨڹΛ༩͑Δ೾௕ଳҬʹ
͍ͭͯɼਪఆ͢Δ͜ͱ͕Ͱ͖Ε͹ɼେྔɾߴස౓σʔλͷऔಘΛલఏͱ
ΒΕΔɽ͑ߟͷ໨త͸े෼ୡͤΒΕΔͱࢹಓঢ়ଶ؂يͨ͠
ɹҰൠʹɼߴ௿ෆ੔͸ 10mݭਖ਼໼ͷৼ෯ʹΑΓଌఆɾ؅ཧ͞Ε͍ͯΔ
[43][44]ɽͦ͜ͰຊڀݚͰ͸ɼيಓܗঢ়Λਪఆͨ͠ޙɼ10mݭਖ਼໼ʹΑΔ
௿ෆ੔Λߴঢ়͔Βܗಓيɽͨͬߦਪఆ݁ՌͷධՁΛͯ͠ࢉ׵ʹ௿ෆ੔ߴ
ΔࣜΛҎԼʹࣔ͢ɽ͢ࢉܭ

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

2
(2.5.35)

ɹ
͜͜Ͱɼa(x)͸ 10mݭਖ਼໼ʹΑΔߴ௿ෆ੔ɼb(x)͸يಓܗঢ়Ͱ͋Δɽ
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2.5.3 ૸ߦγϛϡϨʔγϣϯ

ຊ߲Ͱ͸ɼఏҊͨ͠يಓෆ੔ͷਪఆख๏ͷ༗ޮੑΛ֬ೝ͢ΔͨΊʹɼ஍
ํమಓΛ૝ఆͯ͠໛ٖσʔλΛ࡞੒͠ɼيಓෆ੔ͷਪఆγϛϡϨʔγϣ
ϯΛ݁ͨͬߦՌʹ͍ͭͯهड़͢Δɽ
ɹ͜ͷγϛϡϨʔγϣϯͰ͸ɼຊདྷɼӦंྻۀʹ౥ͨ͠ࡌηϯαͰଌఆ
͢ΔंମৼಈՃ଎౓ʹ͸ं྆Ϟσϧʹيಓܗঢ়ͱ଎౓ۂઢΛೖྗ͠ɼܭ
ಓෆ੔ͷਪఆيɼ͠༺࢖ମৼಈՃ଎౓ʹϊΠζΛՃ͑ͨ΋ͷΛंͨ͠ࢉ
Λ͏ߦɽγϛϡϨʔγϣϯ͸ҎԼʹࣔ͢खॱͰͨͬߦɽ·ͨɼਤ 2.5.7ʹ
γϛϡϨʔγϣϯͷϑϩʔΛࣔ͢ɽɹ

(I) 2֊ͷඍ෼ํఔࣜͰද͞ΕΔं྆ϞσϧͷӡಈํఔࣜΛ཭ࢄԽ͠ɼ
ঢ়ଶํఔࣜΛٻΊΔɽ

(II) ঢ়σʔλʢ೾௕ܗಓيಓͷप೾਺ಛੑΛ໛ٖͨ͠يͷࡍ࣮ 6.00mҎ
্ʣΛ࡞੒͢Δɽ·ͨɼͦΕͧΕͷྻंͷӡసΛ໛ٖͨ͠଎౓σʔ
λΛઃఆ͢Δɽ

(III) (II)ͷيಓܗঢ়σʔλͱ଎౓σʔλΛ (I)ͷं྆Ϟσϧʹೖྗ͠ɼલ
୆ं·ͨ͸ޙ୆ं௚্ʹ͓͚ΔԖ௚ํ޲ͷंମৼಈՃ଎౓Λ͢ࢉܭ
Δɽ͜ͷंମৼಈՃ଎౓ʹਖ਼ن෼෍ϊΠζΛՃ͑ɼ؍ଌ஋ͱ͢Δɽ

(IV) ΧϧϚϯϑΟϧλΛ༻͍ͯɼ(III)Ͱ؍ଌ஋ͱͨ͠ंମৼಈՃ଎౓ͱɼ
(II)Ͱઃఆͨ͠଎౓σʔλ͔Βيಓܗঢ়Λਪఆ͢Δɽ

(V) (II)ͷيಓܗঢ়ͱ (IV)Ͱਪఆͨ͠يಓܗঢ়ΛͦΕͧΕ 10mݭਖ਼໼ʹ
ΑΔߴ௿ෆ੔ʹ͠ࢉ׵ɼਪఆࠩޡΛٻΊΔɽ֤ਪఆ݁Ռʹ͓͚Δਪ
ఆਫ਼౓ͷධՁΛ͍ߦɼຊڀݚʹ͓͚Δਪఆख๏ͷ༗ޮੑΛ֬ೝ͢Δɽ

ɹɹ
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ਤ 2.5.7: γϛϡϨʔγϣϯϑϩʔ
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ʢ̍ʣيಓܗঢ়ͱӡసۂઢσʔλͷ࡞੒
ɹਤ 2.5.8ʹं྆Ϟσϧʹೖྗͨ͠يಓܗঢ়ɼਤ 2.5.9ʹंମৼಈՃ଎౓
ͷ࣌ࢉܭʹ͓͚Δ૸ߦ଎౓Λࣔ͢ɽيಓܗঢ়͸ɼཚ਺Λൃੜͤ͞Δ͜ͱ
Ͱ࣮ࡍͷيಓͷप೾਺ಛੑΛ໛ٖͨ͠يಓܗঢ়σʔλʢ೾௕ 6.00mҎ্ʣ
Λ࡞੒ͨ͠ɽ·ͨɼ଎౓ۂઢ͸ࡏདྷઢ΍஍ํమಓͷ 1Ӻ۠ؒ෼Λ૝ఆ͠
ઃఆͨ͠ɽ

ਤ 2.5.8: ঢ়ܗಓي

ਤ 2.5.9: ଎౓ۂઢ

ʢ̎ʣंମৼಈՃ଎౓ͷࢉܭ
ɹं྆Ϟσϧʹيಓܗঢ়σʔλͱ଎౓σʔλΛೖྗ͠ɼͨ͠ࢉܭલ୆ं
௚্ʹ͓͚ΔԖ௚ํ޲ͷंମৼಈՃ଎౓Λਤ 2.5.10ʹࣔ͢ɽࢉܭʹ༻͍ͨ
ं྆Ϟσϧͷ֤ύϥϝʔλʢද 2.5.1ʣ͸஍ํమಓΛ૝ఆ͠ઃఆͨ͠ɽܭ
෼෍ϊΠنଌ஋ͱͯ͠༻͍ΔͨΊʹՃ͑Δਖ਼؍ମৼಈՃ଎౓Λंͨ͠ࢉ
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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ʢ̏ʣيಓෆ੔ͷਪఆ
ɹΧϧϚϯϑΟϧλΛ༻͍ͯंମৼಈՃ଎౓͔Βيಓܗঢ়ͱߴ௿ෆ੔Λਪ
ఆͨ݁͠ՌΛਤ2.5.11ʹࣔ͢ɽਪఆʹ͓͚ΔγεςϜϊΠζwn͓Αͼ؍ଌ
ϊΠζ vnͷ෼ࢄ͸ͦΕͧΕσ2

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

ͱͨ͠ɽਤ 2.5.11ΑΓɼيಓܗঢ়͸௕೾௕੒෼͕ਪఆͰ͖ͳ͍͜ͱʹΑ
Δࠩҟ͕ݟΒΕ͕ͨɼ͜Ε͸஍ํమಓΛ૝ఆ͠ɼઃఆͨ͠૸ߦ଎౓Ͱ͸ɼ
ঢ়·Ͱਪఆ͢ΔͨΊͷ௕೾௕੒෼ؚ͕ܗಓيʹମৼಈՃ଎౓ंͨ͠ࢉܭ
·Εͳ͍ͨΊͰ͋Δͱ͑ߟΒΕΔɽҰํͰɼيಓͷ؅ཧʹ༻͍ΒΕ͍ͯ
Δ 10mݭਖ਼໼ͷৼ෯ʹΑΔߴ௿ෆ੔͸ਪఆ͕ࠩޡ໿ 2.00mmҎԼͰ͋Γɼ
ͳਫ਼౓ͷਪఆ݁Ռ͕ಘΒΕͨɽ޷ྑ ͜ͷ݁ՌʹΑΓɼΧϧϚϯϑΟϧλ
Λ༻͍ͨਪఆख๏ͷيಓঢ়ଶࢹ؂΁ͷ༗ޮੑ͕֬ೝ͞Εͨɽ
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ਤ 2.5.11: ಓෆ੔ͷਪఆ݁Ռي
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2.6 Ϩʔϧ਍அιϑτ΢ΣΞ
খܕϨʔϧ਍அ૷ஔΛيಓঢ়ଶͷ਍அʹ׆༻͢ΔͨΊʹ͸ɼ஝ੵ͞Ε

ͨେྔͷଌఆσʔλͷޮ཰తͳऔΓѻ͍ɼ֮ࢹԽʹΑΔ਍அ݁Ռͷఏࣔɼ
ଌఆ͔Β਍அ·Ͱͷؒظ୹ॖͳͲɼ૷ஔͱ࿈ܞՄೳͳιϑτ໘ͰͷΠϯ
λʔϑΣʔεͷ։ൃ͕ඞཁͰ͋Δɽͦ͜Ͱɼଌఆσʔλͷ৴߸ॲཧͷૢ
ɼ݁ՌͷఏࣔΛGUI(Graphical࡞ User Interface)Ͱද͢͜ͱͱͨ͠ɽ৴
߸ॲཧɼGUIԽʹ͸MATLAB(MathWorks)Λ༻͍ͨɽ
ɹຊ਍அιϑτͰ͸ɼৼಈՃ଎౓ͷৼ෯͕يಓҟৗΛࣔ͢ࢦඪͷҰͭͱ
ͯ͠঺հͨ͠ɼRMS஋ʹΑΔيಓঢ়ଶͷධՁΛ૊ΈࠐΉɽͨͩ͠ɼRMS

஋ʹΑΔධՁͷΈͰ͸प೾਺৘ใ͕ܽ೗͢ΔͨΊɼΑΓৄࡉͳ਍அΛߦ
͏ͨΊʹɼ࿈ଓ΢ΣʔϒϨοτม׵ɼ཭ࢄ΢ΣʔϒϨοτม׵ʹΑΔ࣌
ؒप೾਺ղੳ΋ซͤͯ૊ΈࠐΉ͜ͱͱ͢Δɽɹ

2.6.1 RMS஋ͷղੳը໘

Ϩʔϧ਍அιϑτͷϝΠϯը໘Λਤ 2.6.1ʹࣔ͢ɽϝΠϯը໘Ͱ͸ɼࣜ
(2.3.1)ʹΑΓࢉग़͞ΕΔৼಈՃ଎౓ͷ RMS஋Λيʹݩಓঢ়ଶΛධՁ͢
ΔɽλϒΛม͢ߋΔ͜ͱͰɼࢉग़ʹ༻͍ΔৼಈՃ଎౓Λࠪ͢ݕΔيಓෆ
੔ʹ߹Θͤͯɼม͢ߋΔ͜ͱ͕Ͱ͖Δɽਤ 2.6.1্෦ͷ࿏ઢਤ͸Ӻؒ͝ͱ
ඪʹ͸ɼৼಈՃࢦಓͷঢ়ଶΛ৭෼͚ධՁͨ͠΋ͷͰ͋Δɽ৭෼͚ͷيʹ
଎౓ͷ RMS஋Λ༻͍͓ͯΓɼઃఆ͖͍ͨ͠͠஋Λج४ʹͯ͠ɼ੺ɼԫɼ
੨Ͱද͍ࣔͯ͠Δɽ·ͨɼਤ 2.6.2͸ɼબ୒ͨ͠Ӻؒͷ૸ߦ଎౓ͱ RMS

஋ͷ࣮ଌ஋Λද͍ࣔͯ͠ΔɽRMS஋ஶେՕॴΛݟΔ͜ͱͰيಓҟৗͷൃ
ੜҐஔΛ໌Β͔ʹ͢Δ͜ͱ͕Ͱ͖Δɽ
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ਤ 2.6.1: Ϩʔϧ਍அιϑτͷϝΠϯը໘

ਤ 2.6.2: RMS஋ͷղੳ݁Ռ
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ਤ 2.6.3্ਤ͸ɼಛఆͷӺؒͷෳ਺ճͷ૸ߦσʔλΛൺֱͨ͠΋ͷͰ͋
Δɻઃఆͨ͠ᮢ஋ʢ2.0m/s2ʣΛ௒͑ΔՕॴ͕ϓϩοτ͞ΕΔɽRMS஋ʹ
ΑΔيಓධՁͰ͸RMS஋͕ஶେͰ͋Δ΄Ͳɼيಓঢ়ଶ͕ѱԽ͍ͯ͠Δͱ
ධՁ͞ΕΔɽͦͷͨΊɼᮢ஋Λ௒͑ͯϓϩοτ͞Εͨճ਺͕ଟ͍ 5260m

஍఺ʹ͓͍ͯɼيಓͷҟৗ͕ൃੜ͍ͯ͠ΔՄೳੑ͕͋Δɽਤ 2.6.3Լਤ͸ɼ
্ਤͷഁઢ෦ͷRMS஋ʢ࠷େ஋ʣΛ૸ߦ೔࣌͝ͱʹදࣔͨ͠΋ͷͰ͋Δɽ
2012೥ 9݄͔Β 2013೥ 2݄ͷؒͰͷิमۀ࡞ͷӨ͕ڹRMS஋ͷ௿Լͱ
ͯ͠දΕ͍ͯΔɽ͜ͷΑ͏ʹಛఆՕॴΛཁؒ۠ࢹ؂ͱͯ͠ɼ௕ظతͳي
ಓอकͷϞχλϦϯάΛ͜͏ߦͱ΋ՄೳͰ͋Δɽ
૸ߦ଎౓౳ͷӨڹʹΑΓɼਤ 2.6.2ͷΑ͏ͳҰ૸ߦ෼ͷσʔλͰ͸ɼਖ਼

֬ͳيಓঢ়ଶͷධՁ͕͑ߦͳ͍৔߹͕͋Δ͕ɼෳ਺ճͷ૸ߦσʔλʹΑ
ΔධՁʢਤ 2.6.3)Ͱ͸ɼ࣌ؒܦաʹΑΔӨڹ΍ɼϊΠζؚ͕·ΕΔଌఆ
σʔλΛഉআ͢Δ͜ͱͰɼΑΓਖ਼֬ͳيಓ਍அΛ͜͏ߦͱ͕ՄೳͰ͋Γɼ
ຊιϑτ΢ΣΞʹ͓͍ͯ͸ɼ࣌ྻܥσʔλΛҰׅͯ͠දࣔ͢Δػೳ͕੝
Γࠐ·Ε͍ͯΔɽ

+ +
+ +

[m]

20120921 20130201 20130531

ਤ 2.6.3: RMS஋ਪҠͷදࣔը໘
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2.6.2 ΢ΣʔϒϨοτม׵ͷղੳը໘

࿈ଓ΢ΣʔϒϨοτม׵ʹΑΔղੳ݁ՌΛදࣔͨ͠ը໘͕ਤ 2.6.4Ͱ͋
ΔɽRMS஋ʹΑΔϝΠϯը໘ͱಉ༷ʹɼӺؒΛબ୒͢Δ͜ͱͰɼର৅ͱ
͢ΔৼಈՃ଎౓೾ܗͱ࿈ଓ΢ΣʔϒϨοτม׵ʹΑΔ݁ՌΛฒ΂ͯදࣔ
͢Δɽ࿈ଓ΢ΣʔϒϨοτม׵ͷ৴߸ฏ໘͸౳ߴઢͰදΘ͞Ε͓ͯΓɼ੺
ʹۙͮ͘΄Ͳৼ෯͕େ͖͍͜ͱΛදΘ͠ɼରԠ͢Δप೾਺੒෼Λଟؚ͘
ΜͰ͍Δɽ౳ߴઢਤͷॎ࣠͸εέʔϧ஋͔Βٖࣅप೾਺ʹมͨ͠׵΋ͷ
Λදࣔ͢Δɽ

ਤ 2.6.4: ࿈ଓ΢ΣʔϒϨοτม׵ʹΑΔղੳ݁Ռ
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·ͨɼ਍அιϑτͰ཭ࢄ΢ΣʔϒϨοτม׵ʹΑΔଟॏղ૾౓ղੳΛ
΋ͷ͕ਤͨͬߦ 2.6.5Ͱ͋Δɽ͜ͷػೳͰ͸Ӻؒ͝ͱͷंମৼಈΛ೚ҙͷ
෼ׂ਺Ͱप೾਺෼ղͰ͖Δɽ·ͨɼෳ਺ͷप೾਺ଳʹيಓҟৗΛݪҼͱ
ͨ͠ं྆ৼಈ͕֬ೝ͞ΕΔ͜ͱ͔Βɼ೚ҙͷप೾਺੒෼Λબ୒͠ɼߏ࠶
੒͢ΔػೳΛ༗͍ͯ͠Δɽ͜ΕʹΑΓɼಛఆͷ੒෼ΛݟΔ͜ͱͰͦͷ੒
෼ʹيͨͬ߹ݟಓҟৗΛૉૣ͘਍அ͢Δ͜ͱ͕ՄೳͱͳΔɽͳ͓ɼ෼ղ
Ϩϕϧm0͸ɼαϯϓϦϯάप೾਺΍ಛ௃ͷநग़Λ͏ߦप೾਺ଳҬ͔Βద
੾ʹઃఆ͢Δඞཁ͕͋Δɽ

ਤ 2.6.5: ཭ࢄ΢ΣʔϒϨοτม׵ʹΑΔղੳ݁Ռ
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2.7 ·ͱΊ
ंࣨ಺ʹͯൺֱత༰қʹଌఆՄೳͳঢ়ଶྔ͔Βɼݕग़Մೳͳيಓҟৗ

ʹ͍ͭͯ੔ཧ͠ɼ࣮ڥ؀ʹ͓͚Δيಓอकʹ׆༻Մೳͳσʔλ΁ม͢׵
ΔͨΊͷيಓධՁࢦඪΛఏҊ͢Δɽ(1)RMSʢRoot Mean Squareʣ஋ʹ
ΑΔيಓҟৗͷݕग़ɼ࣌ؒʵप೾਺ղੳͷதͰ΋͍޿प೾਺ଳΛ؍ଌ͢
Δ͜ͱʹ༏ҐੑΛ࣋ͭ (2)΢ΣʔϒϨοτม׵ʹΑΔيಓҟৗछผͷ൑ఆ
ʹ͍ͭͯɼͦͷධՁख๏ͷུ֓ʹ͍ͭͯड़΂ͨޙʹɼγϛϡϨʔγϣϯ
ʹΑΔূݕΛ࣮ͨ͠ࢪɽ·ͨɼ৽װઢΛର৅ʹ࣮੷ͷ͋Δɼ(3)ٯղੳʹ
ΑΔيಓෆ੔ਪఆख๏ʹ͍ͭͯɼ஍ํమಓʹద༻͢ΔͨΊͷΞϧΰϦζ
Ϝͷมߋʹ͍ͭͯड़΂ɼγϛϡϨʔγϣϯʹ͓͍ͯͦͷਫ਼౓Λͨ͠ূݕɽ
ͦͷ݁ՌɼҎԼͷ݁࿦Λಘͨɽ
ɹ
(1)ɹRMS஋ʹΑΔيಓҟৗͷݕग़
ɹஶେͳߴ௿ෆ੔ɼ೾ঢ়ຎ໣ɼϨʔϧܧ໨෦ͷஈࠩͱ͍ͬͨيಓҟৗΛ
૝ఆͨ͠يಓೖྗΛ༩͑ͨγϛϡϨʔγϣϯ݁Ռʹ͓͍ͯɼߴ௿ෆ੔ʹ
͍ͭͯRMS஋ʹΑΔݕग़͸े෼ʹՄೳͰ͋Δ͜ͱ͕֬ೝ͞Εͨɽ͔͠͠
ͳ͕Βɼ೾ঢ়ຎ໣΍ஈࠩͱ͍ͬͨيಓҟৗʹ͍ͭͯ͸ݕग़ࠔ೉Ͱ͋Δ͜
ͱ͕൑໌ͨ͠ɽ
ɹ
(2)ɹ΢ΣʔϒϨοτม׵ʹΑΔيಓҟৗछผͷ൑ఆ
ɹ (1)ͱಉ༷ͷ৚݅Ͱ࣮͞ࢪΕͨγϛϡϨʔγϣϯʹ͓͍ͯɼ࿈ଓ΢Σʔ
ϒϨοτมٴ׵ͼ཭ࢄ΢ΣʔϒϨοτม׵Λ༻͍ͯղੳΛ࣮݁ͨ͠ࢪՌɼ
ͲͪΒͷ݁Ռʹ͓͍ͯ΋ɼஶେͳߴ௿ෆ੔ɼ೾ঢ়ຎ໣ɼϨʔϧܧ໨෦ͷ
ஈࠩͱ͍ͬͨيಓҟৗ͕ɼͦΕͧΕಛఆՄೳͰ͋Δ͜ͱΛ֬ೝ͠ɼRMS

஋ʹΑΔධՁͰ͸൑ผ͕ࠔ೉Ͱ͋Δيಓҟৗʹ͍ͭͯ΋൑ผՄೳͰ͋Δ
͜ͱΛࣔͨ͠ɽ
ɹ
(3)ɹٯղੳʹΑΔيಓෆ੔ਪఆ
ɹ஍ํమಓΛ૝ఆͨ͠૸ߦγϛϡϨʔγϣϯʹ͓͍ͯɼఏҊ͢ΔΞϧΰ
ϦζϜͷਪఆਫ਼౓Λͨ͠ূݕɽͦͷ݁Ռɼيಓ؅ཧͷࢦඪͱ͞ΕΔ 10m

େͰ࠷͸ࠩޡಓෆ੔ʹ͓͍ͯ͸ɼਪఆيਖ਼໼๏ʹ͓͚Δݭ 2mmҎԼͱɼ
Δσʔλͱͯ͠ͷ༗༻ੑΛࣔͨ͠ɽ͢༺׆ʹಓอकي
ɹ
ɹ·ͨɼຊଌఆ૷ஔʹ͓͍ͯ͸๲େͳଌఆσʔλ͕஝ੵ͞ΕΔҰํɼϏο
άσʔλΛѻ͏ͨΊखಈʹΑΔղੳۀ࡞ʹ͸ݶք͕͋Δɽͦ͜Ͱɼଌఆ
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σʔλΛޮ཰తʹऔΓѻ͏ͨΊGraphical User InterfaceΛ׆༻ͨ͠Ϩʔ
ϧ਍அιϑτΛ։ൃͨ͠ɽͦͷ݁ՌɼRMS஋ٴͼ΢ΣʔϒϨοτม׵ʹ
ΑΔධՁʹ͍ͭͯɼෳ਺ଌఆͷσʔλΛҰ౓ʹऔΓѻ͏͜ͱ͕ՄೳͰ͋
Δ͜ͱΛ֬ೝ͠ɼيಓ݁ࢹ؂ՌΛ଎΍͔ʹɼ͔֮ͭࢹతʹ෼͔Γ΍͘͢
మಓ΁ϑΟʔυόοΫͰ͖Δ਍அιϑτͰ͋Δ͜ͱΛࣔͨ͠ɽ
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ୈ3ষ ଌఆ૷ஔͷ։ൃ

3.1 ͸͡Ίʹ
ୈ̎ষʹ͓͍ͯɼंମՃ଎౓ٴͼंମ֯଎౓͔Βيಓҟৗͷݕग़͢Δ

ͨΊͷධՁࢦඪʹ͍ͭͯड़΂ͨɽຊষͰ͸ɼ͜ΕΒͷंମঢ়ଶྔΛଌఆ
͢ΔͨΊͷଌఆ૷ஔʹ͍ͭͯɼٻΊΒΕΔݕ͍༷ͯͭ࢓౼͠ɼݕ౼݁Ռ
.։ൃ͞Εͨଌఆ૷ஔʹ͍ͭͯ঺հ͢Δ͖ͮجʹ

3.2 ઌڀݚߦʹ͓͚Δ࡞ࢼଌఆ૷ஔ
খౡΒ [45, 46, 47]ʹΑΔઌڀݚߦʹ͓͍ͯ͸ɼγϛϡϨʔγϣϯʹ͓

͍ͯंମঢ়ଶྔ͔ΒيಓҟৗΛݕग़͢Δख๏ʹ͍ͭͯ͠ূݕɼଌఆ૷ஔ
Λ͠࡞ࢼӦۀ࿏ઢͰͷ࣮ূݧࢼ [48]Λ࣮͍ͯ͠ࢪΔ.͔͠͠ͳ͕Βɼଌఆ
σʔλʹΑΔيಓঢ়ଶͷධՁ͸ݕ্ص౼ʹͱͲ·Γɼݕग़͞Εͨيಓҟ
ৗʹอक͕ඞཁ͔ͱ͍ͬͨධՁʹ͍ͯͬࢸͳ͍.·ͨɼيಓঢ়ଶ͸Ұൠత
ʹ୹ؒظͰભҠ͠ͳ͍͜ͱ͕஌ΒΕ͓ͯΓɼগͳ͘ͱ΋೥୯ҐͰͷঢ়ଶ
.ඞཁͱͳΔ͕ࢹ؂

ɹͦ͜ͰɼઌڀݚߦʹΑΓ੡࡞ࢼͨ͠࡞ଌఆ૷ஔΛ༻͍ͯଌఆσʔλΛ
௕ؒظʹΘͨΓऩू͠يಓঢ়ଶΛධՁ͢Δͱͱ΋ʹɼݱ஍ௐࠪΛ௨ͯ͡
.ͨͬߦՄೳͳଌఆ૷ஔͰ͋Δ͔֬ೝΛ༺׆ʹಓอकيͷࡍ࣮

3.2.1 ੒ߏଌఆ૷ஔͷશମ࡞ࢼ

ਤ ग़͢ΔͨΊͷՃݕಓมҐΛي੒ਤΛࣔ͢ɽߏଌఆ૷ஔͷ࡞ࢼʹ3.2.1
଎౓ηϯα͓ΑͼϨʔτδϟΠϩɼҐஔΛݕग़͢ΔͨΊͷ GPSड৴ػɼ
೾ঢ়ຎ໣Λݕग़͢ΔͨΊͷ૽Իܭɼ֤ηϯαͷ৴߸Λίϯϐϡʔλʹೖ
ྗ͢ΔͨΊͷΞφϩάೖྗλʔϛφϧ, ղੳ༻ͷίϯϐϡʔλͰߏ੒͞Ε
Δɽ
ɹ֤ηϯα͔Βग़ྗ͞ΕΔ৴߸͸ɼΞφϩάೖྗλʔϛφϧʹΑΓσδ
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λϧ৴߸ʹม͞׵Εɼίϯϐϡʔλʹೖྗ͞ΕΔɽ·ͨɼGPSड৴ػʹ
ΑΓٻΊΒΕΔҐஔ৘ใ͕ίϯϐϡʔλʹೖྗ͞ΕΔɽίϯϐϡʔλʹ
૊Έࠐ·ΕͨҐஔਪఆɾϚοϓදࣔιϑτ͸ɼGPSड৴ػʹΑΔҐஔ৘
ใʹ΋ͱ͍ͮͯɼ࿏ઢ্ͷҐஔΛٻΊɼը໘ͷ஍ਤ্ͷࡏݱҐஔΛஞ࣍
දࣔ͢Δɽيಓҟৗݕग़ιϑτ͸ɼҐஔਪఆɾϚοϓදࣔιϑτʹΑΔҐ
ஔͱGPSड৴ػʹΑΔ଎౓৘ใʹରͯ͠ɼՃ଎౓ηϯαʹΑΔՃ଎౓৴
߸Λ༻͍ͯิਖ਼Λ͏ߦͱͱ΋ʹɼ֤ηϯα͔Βͷ৴߸Λ৴߸ॲཧ͢Δ͜
ͱʹΑΓيಓঢ়ଶΛஞ࣍ਪఆ͢ΔɽҐஔਪఆɾϚοϓදࣔιϑτ͸ɼيಓ
ҟৗݕग़ιϑτʹΑΔيಓঢ়ଶΛը໘ͷ஍ਤ্ʹࣔ͢ɽ৴߸ॲཧ͞Εͨ
σʔλ͸ɼΦϑϥΠϯʹΑΓղੳͰ͖ΔΑ͏ʹ͢ΔͨΊʹɼϋʔυσΟ
εΫυϥΠϒʹه࿥͞ΕΔɽ
ɹيಓෆ੔ͷଌఆʹ࢖༻͢ΔՃ଎౓ηϯα͸ɼ௚ྲྀ੒෼ͷଌఆ͕ՄೳͰɼ
औΓѻ͍͕༰қͳͻͣΈήʔδܕΛ༻͍͍ͯΔɽδϟΠϩ͸ɼඅ༻ରޮ
ՌΛؑΈৼಈδϟΠϩ͕࠾༻͞Ε͍ͯΔ.ϚΠΫϩϗϯ͸ɼͦͷมࣜํ׵
ͷҧ͍ʹΑΓಈిܕʢμΠφϛοΫϚΠΫʣͱ੩ిܕʢίϯσϯαϚΠ
Ϋʣʹେผ͞ΕΔ͕ɼ૽Ի͔Β೾ঢ়ຎ໣ͷఔ౓Λਪఆ͢ΔͨΊʹɼϑϥο
τͳप೾਺ಛੑΛ࣋ͭ੩ిܕϚΠΫϩϗϯ͕࠾༻͞Ε͍ͯΔɽ
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ਤ 3.2.1: ઌڀݚߦʹ͓͚Δ࡞ࢼଌఆ૷ஔ

79



3.2.2 ྻंҐஔɾ଎౓ͷݕग़

يద੾ʹϑΟʔυόοΫ͢ΔͨΊʹ͸ɼʹऀۀࣄಓҟৗͷ৘ใΛమಓي
ಓҟৗͷൃੜՕॴΛΑΓਖ਼֬ʹ௫Ήඞཁ͕͋ΔɽͦͷͨΊɼซͤͯं྆
ҐஔΛಛఆ͢Δඞཁ͕͋Δ͕ɼӦۀӡసதͷं྆଎౓΍ҐஔΛਖ਼֬ʹଌ
ఆ͢Δ৔߹ɼҰൠతʹ͸ं࣠୺ʹઃஔ͞Εͨ଎౓ൃిػʹΑͬͯଌఆ͞
ΕΔɽ͔͠͠ͳ͕Βɼͦͷ৘ใΛಘΔͨΊʹ͸ثػശͱͷ઀ଓ͕ඞཁͰ
͋Γɼ·ͨɼਖ਼֬ͳҐஔ৘ใΛಘΔͨΊʹ͸ີݫͳंྠܘͷ؅ཧ͕ඞཁ
ͳͲɼطଘͷ૷ஔʹΑΔं྆Ґஔͷଌఆʹ͸ɼಛʹ஍ํమಓʹ͓͍ͯଟ
͘ͷ՝୊͕͋ΔɽͦͷͨΊʹɼं྆ͱͷ઀ଓΛඞཁͱͤͣɼ४ఱ௖Ӵ੕
౳ʹΑΓޙࠓҐஔਫ਼౓ظ্͕޲଴͞ΕΔӴ੕ଌҐٕज़ [49]Λ׆༻͢Δ͜
ͱͰɼΦʔϧΠϯϫϯͷଌఆ૷ஔ͕ߏஙՄೳͰ͋Δ.

ɹ࡞ࢼଌఆ૷ஔʹ͍ͭͯ͸ɼൺֱత҆ՁͳGPSड৴ػΛ࠾༻͍ͯ͠Δͨ
ΊɼGPSͷଌҐσʔλͷۭؒతิਖ਼ٴͼ࣌ؒతิਖ਼͕ඞਢͰ͋Δɽ
ɹ
ʢ̍ʣۭؒతิਖ਼
ɹGPSʹΑΔଌҐσʔλ͸ࠩޡΛੜ͍ͯ͡ΔͨΊɼϚοϓϚονϯάิ
ਖ਼Λ͏ߦɽਤ 3.2ʹࣔ͢Α͏ʹɼ͋Β͔͡Ί࿏ઢܗঢ়ͷσʔλ྘ઢΛ࡞੒
͓͖ͯ͠ɼGPSͷଌҐ࠲ඪʢ੺ҹʣ͔Β௚ۙͷ࿏ઢ্ʹิਖ਼͢Δʢ੨ҹʣɽ
ิਖ਼ͨ͠࠲ඪΛɼ࿏ઢͷج఺͔Βͷڑ཭ʹ͢ࢉ׵Δɽ
ɹGPSͷଌҐ͸ɼ1ඵִؒͰߦΘΕΔͨΊɼͦͷؒͷҐஔΛɼ଎౓ v(t)

ͷੵ෼஋Λ༻͍ͯਪఆ͢Δɽ࣌ࠁ t = tGͰGPSʹΑΓٻΊͨڑ཭ xG͔
Βࠁ࣌ࡏݱ t = τ ͷڑ཭ x(τ)Λ࣍ࣜΑΓٻΊΔɽ
ɹ

x(τ) = xG +

∫ τ

tG

v(t)dt (t ≤ τ) (3.2.1)

ɹ
ɹ͜͜Ͱɼ଎౓ v(t)΋ಉ༷ʹ༧ଌ͢Δඞཁ͕͋ΔɽGPS͔Β଎౓৘ใ΋
1ඵִؒͰಘΒΕΔͨΊɼͦͷؒͷ଎౓ΛɼՃ଎౓ηϯαʹΑΔલޙՃ଎
౓ a(t)ͷੵ෼஋Λ༻͍ͯਪఆ͢Δɽͨͩ͠ɼGPSͷ଎౓৘ใ͸ 2ඵఔ౓
ͷ࣌ؒ஗ΕΛ࣋ͭͨΊɼ࣌ࠁ t = tG ͰGPSʹΑΓಘΒΕͨ଎౓ vG ͔Β
ࠁ࣌ࡏݱ t = τ ͷ଎౓ v(τ)Λ࣍ࣜΑΓٻΊΔɽ
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 ग़ݕಓҟৗͷيଌఆ૷ஔʹΑΔ࡞ࢼ

ͱ಺෦ΛͦΕͧΕਤ؍֎ଌఆ૷ஔͷ࡞ࢼ 3.2.3ɼਤ 3.2.4ʹࣔ͢ɽߏங͠
ͨϓϩʔϒγεςϜΛ৐຿һࣨ಺ͷӡస୆ͷۙ͘ʹઃஔɼGPSड৴ػΛ
ं಺૭࿮ʹݻఆ͠Ӧۀ࿏ઢΛ૸ͨ͠ߦɽਤ Λࣔ͢ɽگͷঢ়ݧ࣮ʹ3.2.5

ਤ 3.2.3: ؍֎ଌఆ૷ஔͷ࡞ࢼ

ਤ 3.2.4: ଌఆ૷ஔͷ಺෦࡞ࢼ
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ਤ 3.2.5: Ӧۀ࿏ઢʹ͓͚Δଌఆͷ༷ࢠʢ࡞ࢼଌఆ૷ஔʣ
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Ռʹ͍ͭͯࣔ͢ɽൺֱతେ͖ͳंମ্ԼՃ଎݁ݧࢼଌఆ૷ஔʹΑΔ࡞ࢼ
౓RMS஋Λଌఆͨ۠ؒ͠Λਤ 3.2.6ʹࣔ͢ɽॎ࣠͸ंମ্ԼՃ଎౓RMS

஋Ͱɼԣ࣠͸GPSͷଌҐσʔλ͔Βิਖ਼͞ΕͨΩϩఔͰ͋Δɽंମ্Լ
Ճ଎౓RMS஋͕ஶେͰ͋Δ΄Ͳɼيಓঢ়ଶ͕ѱԽ͍ͯ͠Δͱ͑ߟΒΕΔ.

ɹͦ͜ͰɼಛʹRMS஋͕ஶେͰ͋ΔՕॴ (ਤ 3.2.6ͷ˓ͰғΘΕͨ෦෼)

ʹెาʹΑΔݱ஍ௐࠪΛͨͬߦɽͦͷ݁Ռɼಓচࡅੴʹ౔͕ࠞೖ͠ɼಓ
চͱϨʔϧͷؒʹ͕ܺؒෳ਺ՕॴͰൃੜ͍ͯͨ͠ʢਤ 3.2.7ʣɽ͜ͷΑ͏
ͳঢ়ଶΛු͖·͘Β͗ʢਤ 3.2.8ʣͱݺͼɼු͖·͘Β͕͗ൃੜ͢Δͱं
͕྆௨ա͢ΔࡍɼϨʔϧͷ௜ԼʹΑΓͨΘΈ͕ൃੜ͠ϨʔϧΛ௧ΊΔͨ
Ίɼ҆શ্େ͖ͳ໰୊ͱͳΔɽ
ɹݱ஍ௐࠪͷ݁Ռɼंମ্ԼՃ଎౓RMS஋͕ஶେͳՕॴͰيಓҟৗ͕ൃ
ಓҟৗͷيΕͨ.͜ͷ͜ͱ͔Βɼंମৼಈͷৼ෯Λࣔ͢RMSʹΑΓ͞ݟ
ൃੜՕॴΛಛఆͰ͖Δ͜ͱ͕Ͱ͖ɼيಓҟৗ͕ൃੜ͍ͯ͠Δ஍఺৘ใΛ
మಓऀۀࣄ΁ϑΟʔυόοΫ͢Δ͜ͱ͕Ͱ͖ͨ.

ਤ 3.2.6: ্ԼՃ଎౓RMS஋
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ਤ 3.2.7: ු͖·͘Β͗

ਤ 3.2.8: ු͖·͘Β͗ͷ֓ཁ
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3.2.4 ֬ೝ͞Εͨ՝୊

Εɼ͞࡞૝ʹͯ੡ߏΕͨଌఆ૷ஔʹ͓͍ͯ͸ɼΦʔϧΠϯϫϯͷ͞࡞ࢼ
Λݟతͳ஌ૅجΔ͚͓ʹڀݚ஌Ͱ͖ͨ͜ͱ͔ΒɼຊݕಓҟৗΛيஶͳݦ
ಘΔͱ͍͏఺ͰҰఆͷ੒ՌΛͨ͛ڍɽ͔͠͠ͳ͕ΒɼӦۀ࿏ઢʹ͓͍ͯ
΁ϑΟʔऀۀࣄϨʔϧ਍அͷ݁ՌΛమಓ͍ߴස౓Ͱଌఆ͠ɼ৴པੑͷߴ
υόοΫ͢ΔͨΊʹ͸՝୊͕ೝΊΒΕͨɽϋʔυ΢ΣΞʹىҼ͢Δ՝୊
ͱιϑτ΢ΣΞʹىҼ͢Δ՝୊ʹ෼͚ͯɼҎԼʹ੔ཧ͢Δ.

ɹ
ʻᝑମ౳ϋʔυ΢ΣΞʹىҼ͢Δ՝୊ʼ
(1)ઃஔՄೳՕॴͷݶఆ
ɹӦ྆ंۀͰଌఆ͢Δ૷ஔͱͯ͠͸େ͖͘ɼଌఆं྆ʹΑͬͯ͸ଌఆՄ
ೳͳҐஔ͕ӡస࢜ͷՙ෺୆෇ۙʹݶఆ͞ΕΔͳͲɼ৐٬͕৮ΕΒΕΔҐ
ஔ΁ͷઃஔΛ༨ّͳ͘͞Εɼࢹ؂ཁһ͕ඞཁͱͳΔɽ
ɹ
(2)࿈ଓଌఆ͕࣌ؒ୹͍
ɹϊʔτ̥̘ͷόοςϦʔΛ֤छηϯα૷ஔͷిݯͱ͍ͯͨͨ͠Ίɼฏ
அݯେͰ΋̎࣌ؒఔ౓Ͱ͋ͬͨɽ·ͨɼి࠷ଌఆ͕࣌ؒ̍࣌ؒఔ౓ɼۉ
ͱͳͬͨࡍʹɼଌఆσʔλͷഁଛ͕֬ೝ͞Εͨɽ

(3)௿଱ੑٱ
ɹճ࿏ج൘ͱηϯα෦෼͕ີด͞Ε͓ͯΒͣɼܦ೥ྼԽ౳ʹΑΔ઀৮ෆ
ྑͳͲʹΑΓɼଌఆதʹιϑτ΢ΣΞ͕ҟৗऴྃ͢Δ͜ͱ͕֬ೝ͞Εͨɽ
ɹ
(4)ଌఆσʔλͷ৴པੑ
ɹճ࿏ઃܭʹ͓͍ͯɼηϯαͷθϩ఺ిѹΛ̥̘όοςϦʔͷిిݯѹ
ͷத৺ిѹʢ2.5Vʣͱ͍ͯͨͨ͠ΊɼిిݯѹͷมಈʹىҼ͢Δͱਪ࡯
͞ΕΔଌఆσʔλͷυϦϑτ͕֬ೝ͞Εͨ.

ɹ
ʻଌఆػೳ౳ιϑτ΢ΣΞʹىҼ͢Δ՝୊ʼ
(1)ଌఆૢ࡞ʹख़஌ͨ͠ΦϖϨʔλ͕ඞཁ
ɹΦϖϨʔλ͸ىಈɼଌఆɼσʔλͷอଘ౳ͷૢ࡞Λ͏ߦඞཁ͕͋Γɼૢ
ͱ͕͜͏ߦʢंঠɼอकһ౳ʣ͕୯ಠͰӡ༻ΛऀۀࣄΕͳమಓ׳ෆʹ࡞
೉Ͱ͋Δɽࠔ
ɹ
(2)ଌఆσʔλͷճऩ͕൥ࡶ
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ɹଌఆσʔλͷอଘઌΛ̝̙̙ͷΈʹݶఆ͍ͯͨͨ͠ΊɼଌఆσʔλΛ
ճऩ͢ΔͨΊʹ͸ɼϊʔτ̥̘Λ্ཱͪ͛ͯ֎෦ϝσΟΞʹҠ͠ม͑Δ
΁ճऩΛґཔͨ͠ऀۀࣄ੒͠ɼమಓ࡞ඞਢͰ͋ͬͨ.ϚχϡΞϧΛ͕ۀ࡞
͕ɼෛ୲͕େ͖͍ͱͷࢦఠ͕͋ͬͨ.

ɹ
(3)ଌఆσʔλͷഁଛ
ɹిݯஅʹΑΔଌఆσʔλͷഁଛͱ͸ผʹɼيಓҟৗݕग़ιϑτͱྻं
ҐஔਪఆɾϚοϓϚονϯάιϑτؒͷ௨৴ΤϥʔʹΑΔഁଛ͕֬ೝ͞
Εͨ.͜Ε͸ɼΦϖϨʔλͷ௨৴ઃఆޡΓͷଞɼ૝ఆ͍ͯ͠ͳ͍৴߸͕ૹ
৴͞Ε͖ͯͨࡍͷྫ֎ॲཧ࿙ΕʹىҼ͢Δͱਪఆ͞ΕΔ.
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3.2.5 ՝୊΁ͷରࡦ

લड़ͷ໰୊఺Λ౿·͑ɼࢢ৔ʹ౤ೖͰ͖Δ੡඼ͱͯ͠৽ͨʹઃܭ੡࡞
͢Δʹ͋ͨͬͯ͸ɼԼهͷରࡦΛຬͨ͢͜ͱΛجຊͱͯ͠ɼ߲࣍Ҏ߱Ͱ
ϋʔυ΢ΣΞٴͼιϑτ΢ΣΞͷݕ࠶౼Λ͏ߦɽ
ɹ
ʻϋʔυ΢ΣΞʹؔ͢Δରࡦʼ
(1)ଌఆ૷ஔͷখܕԽ
ɹ࠲੮Լ΍ثػശ΁ͷઃஔΛ໨తͱͯ͠ଌఆ૷ஔͷখܕԽΛਤΔɽಛʹ
ೝϥϯ֬࡞େ͖͍Ϟχλ૷ஔΛΦϓγϣϯͱ͠ɼಈ͕ڹ΁ͷӨ޲ํ͞ߴ
ϓͷಋೖ΍อଘ͞ΕͨσʔλΛ༰қʹऔΓग़͢खஈΛݕ౼͢Δɽ
ɹ
(2)ফඅిྗͷ௿ٴݮͼ֎෦ిڅͷ௥Ճ
ɹফඅిྗͷ࠷΋େ͖͍Ϟχλ૷ஔ΍ɼଌఆݶ͕ऀۀࣄΒΕΔ૽Իܭ౳
ΛΦϓγϣϯͱ͢Δ͜ͱͰɼ௨ৗଌఆ࣌ͷলిྗԽΛਤΔɽ·ͨɼ׬શ
ͳΦʔϧΠϯϫϯͰ͸ͳ͘ͳΔ͕ɼं͔྆ΒిڅΛड͚ΒΕΔέʔε͕
Δɽ͢౼ݕΛड͚ΔํࣜΛిڅड͚ΒΕͨͨΊɼ֎෦͔Βͷݟ
ɹ
(3)଱ੑٱͷ্޲
ɹճ࿏ج൘΍ηϯαΛີด͞Εͨᝑମͷ಺෦΁ऩೲ͢Δɽͨͩ͠ɼൃ೤
ʹ͍ͭͯ͸े෼ʹݕ౼Λ͏ߦɽ
ɹ
(4)ճ࿏ઃܭ
ɹ௕ؒظͷ҆ఆͨ͠ଌఆΛ࣮͢ݱΔͨΊɼڥ؀༺࢖Λྀͨ͠ߟઃܭΛݕ
౼͢Δ.

ɹ
ʻιϑτ΢ΣΞʹؔ͢Δରࡦʼ
(1)ࣗಈຢ͸؆୯ͳεΠονૢ࡞Ͱͷଌఆ
ɹΦϖϨʔλͷૢ࡞Λলུ͢ΔͨΊɼଌఆ૷ஔ͸ిݯΛ౤ೖ͞Εͨ৔߹ɼ
ࣗಈతʹଌఆΛ։࢝͢Δͱͱ΋ʹɼిݯஅΛݕ஌ͨ͠ࡍ΋σʔλΛഁଛ
ͤͣʹଌఆΛऴྃ͢Δ͜ͱͱ͢ΔɽεΠονૢ࡞ʹΑΔଌఆͷ৔߹͸ɼి
༰͢ΔɽڐΛ࡞ͷ̤̣ɾ̛̛̤ͷΈεΠονૢݯ
ɹ
(2)ଌఆσʔλͷࣗಈసૹ
ɹϋʔυ΢ΣΞʹؔ͢Δରࡦ (1)Ͱࣔͨ͠ɼσʔλΛ༰қʹऔΓग़͢खஈ
ͷଞɼܞଳి࿩ճઢΛར༻ͯ͠ଌఆσʔλΛࣗಈͰ֎෦ͷσʔλαʔό
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౳΁సૹ͢Δػೳͷ௥ՃΛݕ౼͢Δ.

ɹ
(3)ଌఆ༻ιϑτ΢ΣΞͷ౷߹
ɹيಓҟৗݕग़ιϑτͱྻंҐஔਪఆɾϚοϓϚονϯάιϑτʹ͍ͭ
ͯ͸ଌఆ߲໨Λ੔ཧ͠ɼιϑτ΢ΣΞΛҰຊԽ͢Δ.

3.3 ϋʔυ΢ΣΞͷݕ౼

3.3.1 ᝑମઃܭͱجຊ༷࢓

ᝑମʹ͍ͭͯ͸૷ஔશମͷখܕԽͷͨΊɼճ࿏ج൘ͷີߴ౓ԽʹΑΔ
খܕԽΛجຊʹɼόοςϦʔͳͲͷඞཁ෦ࡐΛີߴ౓ʹ࣮૷͢Δ͜ͱͱ
ͨ͠ɽ͜ͷ৔߹ɼճ࿏ͷൃ͢Δ೤͕໰୊ͱͳΔ͕ɼᝑମશମΛ์೤ثʢΞ
ϧϛᝑମʣͱͯ͠ར༻͢Δ͜ͱͰղܾͨ͠ɽ
ɹ·ͨɼᝑମΛं྆ʹݻఆ͠ͳ͍৔߹ɼ͕͖ͨͭ΍ᝑମ͕Ҡಈͯ͠͠·
͏͜ͱʹΑΓଌఆσʔλ΁ӨڹΛ༩͑Δ͜ͱ͕ݒ೦͞ΕΔɽͦ͜Ͱɼᝑ
ମͷ଍෦෼ʹ͞ߴௐ੔ɾ͖܏ௐ੔Λ෇Ճɼ૷ஔશମͷॏ৺Λ௿͘ઃܭɼं
྆ͱͷઃஔ໘΁׈ΓࢭΊͱ͍ͬͨରࡦΛ͍ߦɼᝑମΛݻఆ͠ͳ͘ͱ΋ଌ
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࿏ઃܭ͸ɼ֎དྷϊΠζɼԹ౓ɼৼಈͳͲɼڥ؀༺࢖Λे෼ྀͯ͠ߟ௕
ɼηϯ༺࠾ೳCPUͷੑߴɽ·ͨɼͨͬߦʹͰ͖ΔΑ͏ݱΛ࣮࡞ఆಈ҆ظ
αΛผج൘ͱͯ͠ϩʔϊΠζԽ͠ɼجຊੑೳͷ্޲Λͨͬߦɽ·ͨɼ࢖
༻෦඼͸ɼ௕҆ظఆڅڙͰ͖Δ΋ͷΛબఆͨ͠ɽ

ਤ 3.3.3: ճ࿏ઃܭ
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3.3.2 ଌఆ༻ηϯα

ଌఆ༻ηϯαʹ͍ͭͯ͸ɼMEMSʢMicro Electro Mechanical Systemsʣ
ٕज़ʹΑΔՃ଎౓ηϯαٴͼδϟΠϩ͕Ұମܕͷੑ׳ηϯαΛ࠾༻͠ɼখ
ΛΦϓγϣϯͱܭఆ͞ΕΔ૽Իݶ్͕༺༺࢖ԽΛਤ͍ͬͯΔɽ·ͨɼܕ
ͯ͠֎෦઀ଓͱ͢Δ͜ͱͰɼᝑମͷ͞ΒͳΔখܕԽʹ੒ޭͨ͠ɽද 3.3.1

ʹຊ࿦จʹ͓͍ͯ࠾༻ͨ͠ 6ࣗ༝౓ੑ׳ηϯαͷಛੑΛࣔ͢ɽੑ׳ηϯ
α͕ނোʢਖ਼͍͠஋Λग़ྗ͠ͳ͍ɼͦ΋ͦ΋ग़ྗ͕ͳ͍౳ʣͨ͠৔߹ɼي
ಓҟৗ͕ෆݕग़ͱͳΔ͜ͱ͕࠷ѱࣄ৅ͱͯ͛͠ڍΒΕΔɽຊڀݚʹ͓͍
ͯ͸ɼৗʹଌఆσʔλΛϞχλϦϯά͠લճଌఆσʔλͱͷൺֱ͢Δ͜
ͱͰɼيಓҟৗͱݕޡग़͢Δ΋ͷͷɼηϯαނো͸ݕग़ՄೳͰ͋Δɽͨ
ͩ͠ɼ؇΍͔ʹηϯαग़ྗ஋͕ݮগ͢Δ౳ɼނোݕग़͕ࠔ೉Ͱ͋Δέʔ
ε͕͑ߟΒΕΔͨΊɼෳ਺ͷηϯαʹͯग़ྗ஋Λ૬ޓʹνΣοΫ͢ΔͳͲ
ͷର͕ࡦඞཁͰ͋Δɽ
ɹGPSʹ͍ͭͯ͸ɼޙࠓͷ঎඼։ൃ͕ࠐݟ·ΕΔͨΊɼಛఆͷड৴ػΛ
Ͱ͖ΔΑ͏ʹɼରԠ͢Δ౼ݕΛػΔͷͰ͸ͳ͘ɼ༷ʑͳड৴͢༺࠾ I/FΛ
༗͢Δઃܭͱͨ͠ɽද 3.3.2ʹຊ࿦จʹ͓͍ͯ࠾༻ͨ͠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

࠷ಈʢDC12VɼۦͷϦν΢ϜΠΦϯόοςϦʔܕ͸ɼՄൖ͍ͯͭʹݯి
େ໿ 6࣌ؒʣʹΑΔଌఆํࣜͱɼৗઃܕͷं྆ిڅʢAC 100Vʙ200Vʣ
Λड͚ͯଌఆ͢Δํ͕ࣜબ୒Մೳͱͨ͠.όοςϦʔۦಈʹ͍ͭͯ͸ɼࢼ
Λड͚Δํిڅશʹඇ઀ଓͰՔಇ͢Δɽं྆ΑΓ׬ͱಉ༷ʹं྆ͱػ࡞
ࣜͰ͸ɼ͞ిڅΕͨ࣌఺Ͱ૷ஔ͕ىಈ͠ɼࣗಈͰଌఆ͕։࢝͞ΕΔɽ

3.3.4 อଘϝσΟΞ

ଌఆ͞Εͨଌఆσʔλʹ͍ͭͯ͸ɼιϦουεςʔτυϥΠϒʢSSDʣ
࿥͞ΕɼmicroSDΧʔυ౳ʹΑΓ༰қʹऔΓग़͕͠ՄೳͰ͋Δ.·ͨɼهʹ
microSDΧʔυʹ௚઀อଘ͢Δ͜ͱ΋ՄೳͰɼΦϓγϣϯͱͨ͠Ϟχλ
Λ઀ଓ͠ͳ͘ͱ΋σʔλͷൈ͖औΓ͕ՄೳͰ͋Δɽ

3.3.5 ಈ֬࡞ೝ༻̡̙̚ϥϯϓ

ιϑτ΢ΣΞ͕ਖ਼ৗʹಈ࡞ɼه࿥͍ͯ͠Δ͜ͱΛ֬ೝ͢Δ LEDϥϯϓ
Λᝑମଆ໘ʹ഑ஔ͢Δ͜ͱͰɼϞχλʹΑΔ֬ೝΛෆཁͱͨ͠ɽ
ɹ
ʢग़ྗ಺༰ʣ
ɹ্ࠨɿOSىಈ
ɹࠨԼɿΞΫηεϥϯϓ
ɹத্ɿి؅ݯཧ
ɹதԼɿηϯα৘ใऔಘ
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ɹӈ্ɿGPSऔಘ
ɹӈԼɿιϑτ΢ΣΞىಈ
ɹ
ɹਖ਼ৗʹಈ͍ͯ͠࡞Δͱ͖ͷ LEDͷ༷ࢠΛਤ 3.3.4ʹࣔ͢ɽ

ਤ 3.3.4: LEDϥϯϓͷ֎؍

3.4 ιϑτ΢ΣΞͷݕ౼
ຊڀݚͰ໨ඪͱ͢Δيಓ਍அαΠΫϧΛ࣮͢ݱΔͨΊʹ͸ɼલड़ͷΑ

͏ͳଌఆ૷ஔͷখܕԽ΍৴པੑ্޲ͳͲͷϋʔυର͚ͩࡦͰແ͘ɼଌఆ
ͷࣗಈԽʢແਓԽʣ΍σʔλసૹͷࣗಈԽΛ࣮͢ݱΔඞཁ͕͋Δɽ
ɹຊ߲Ͱ͸ɼӦ྆ंۀʹ͓͚Δं্ଌఆΛࣗಈԽ͢ΔͨΊʹɼଌఆ૷ஔ
ʹඞཁͱͳΔιϑτ΢ΣΞػೳʹ͍ͭͯݕ౼͢Δͱڞʹɼଌఆ૷ஔ΁ͷ
൓өঢ়گʹ͍ͭͯड़΂Δɽ

3.4.1 ଌఆσʔλ༰ྔͷݮ࡟

ଌఆ૷ஔͷ౰ॳઃܭʹ͓͍ͯ͸ɼ1෼ؒͷଌఆσʔλ͕໿ 8MBͱɼϑΝ
Πϧ༰ྔ͕๲େʢ1ϲ݄ͷଌఆͰ 200GBҎ্ʣͰ͋Γɼσʔλసૹٴͼ
σʔλճऩؒظԆ௕ͷো֐ͱͳ͍ͬͯͨɽ
ɹͦ͜Ͱɼอશ͢Δଌఆ߲໨Λબ୒੍ͱ͠ɼඞཁͷແ͍߲໨͸ഁ͢غΔ
͜ͱͰଌఆσʔλͷϑΝΠϧ༰ྔΛ͠ݮ࡟ɼղੳʹඞཁͳ߲໨ͷΈΛه
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࿥͢ΔػೳΛ௥Ճͨ͠ɽ
ɹ·ͨɼं͔྆ΒిڅΛड͚Δৗઃܕʹ͍ͭͯ͸׬શࣗಈଌఆΛ࣮͠ݱ
͕ͨɼىಈͱಉ࣌ʹଌఆΛ։࢝͠ిݯஅ·Ͱ࿈ଓͯ͠ଌఆΛ͏ߦͱɼྻ
ं͕Ӧۀ૸ߦΛ͓ͯ͠Βͣɼंݿ΍ϗʔϜͰ଴͍ͯ͠ػΔؒ΋ଌఆ͕ߦ
ΘΕΔɽͦ͜ͰɼλΠϜεέδϡʔϧػೳΛ௥Ճ͠ɼଌఆ։࢝࣌ٴࠁͼ
ऴྃ࣌ࠁΛઃఆͰ͖ΔΑ͏ʹͨ͠ɽ

3.4.2 σʔλసૹػೳ

ηΩϡϦςΟ֬อͷͨΊઐ༻ճઢΛܖ໿͢ΔͳͲɼएׯͷΠϯϑϥઃ
උ͕ඞཁͰ͋Δ͕ɼσʔλసૹϞδϡʔϧΛ૊ΈࠐΈɼܞଳి࿩ճઢΛ
௨ͯ͡ଌఆσʔλΛԕִ஍ͷσʔλαʔό΁సૹ͢Δ͜ͱΛՄೳͱͨ͠ɽ
·ͨɼղੳ͢Δيಓҟৗ͸௿प೾ྖҬʹݶఆ ΕΔ΋ͷͷɼ͞(ಓෆ੔౳ي)
αϯϓϦϯάप೾਺Λ 820Hz͔Β 82Hz·Ͱμ΢ϯαϯϓϦϯά͢Δ͜
ͱͰɼσʔλసૹͷෛՙΛ௿͢ݮΔ͜ͱ΋ՄೳͰ͋Δɽۙ೥ɼٸ଎ʹൃ
ୡ͍ͯ͠ΔΫϥ΢υٕज़ʹ͍ͭͯ͸ɼηΩϡϦςΟ΁ͷݒ೦ͷ੠͕͋Δ
΋ͷͷɼ਍அσʔλͷڞ༗ԽͳͲيಓ਍அαΠΫϧ࣮ݱͷͨΊͷπʔϧ
ͱͯ͠༗ޮͰ͋ΔͱࢥΘΕΔɽ

96



3.5 ৽͘͠։ൃͨ͠ଌఆ૷ஔ

3.5.1 ૷ஔ֎؍

੒Λਤߏங͞Εͨଌఆ૷ஔͷߏ 3.5.1ɼ૷ஔͷ֎؍Λਤ 3.5.2ʹࣔ͢ɽൺ
ֱͷͨΊ࡞ࢼଌఆ૷ஔͷੇ๏Λਤ 3.5.3ʹࣔ͢.ଌఆ૷ஔ͸ιϑτ΢ΣΞ
΍ηϯαྨΛ౷߹͠ɼػ࡞ࢼʹର͠ઃஔ໘ੵൺͰ 40ˋఔ౓௿͠ݮɼA4༻
͞ߴΑΓҰճΓখ͍͞େ͖͞ͱͳͬͨ.·ͨɼେ͖ͳ՝୊ͱͳ͍ͬͯͨࢴ
ͷੇ๏΋޲ํ 180mm͔Β 72mmͱ൒෼ҎԼʹͳΓɼେ෯ͳখܕԽΛ࣮ݱ
ͨ͠.

ɹਤ 3.5.4ʹࣔ͢Մൖܕ૷ஔ͸ɼόοςϦʔۦಈͰ࠷େ 6࣌ؒ࿈ଓଌఆΛ
͢Δ͜ͱ͕Ͱ͖ΔͨΊɼं಺ʹஔ͚ͩ͘ͰແਓͰं྆ͷಈ༳ଌఆ͕Մೳ
Ͱ͋Δ.͞ΒʹɼిݯϢχοτͷަ׵ʹΑΓৗઃܕʢਤ 3.5.5ʣ΁ͷ׵૷͕
ՄೳͰɼं͔྆ΒిݯͷڅڙΛड͚Δ͜ͱͰɼৗ࣌ଌఆ΋ՄೳͰ͋Δ.

ɹଌఆσʔλͷऩूʹؔͯ͠΋ɼmicroSDΧʔυͳͲͷه࿥ϝσΟΞ΁
ॻ͖ग़͢ػೳ΍ɼܞଳి࿩ճઢΛར༻ͯࣗ͠ಈతʹαʔόʹ఻ૹ͢Δػ
ೳΛ༗͍ͯ͠Δ.

ɹΦϓγϣϯͱͯ͠ϞχλɼΧϝϥٴͼ૽ԻܭΛऔΓ෇͚Δ͜ͱ͕ՄೳͰ
͋Γɼ·ͨɼं಺૽Ի͔Β೾ঢ়ຎ໣ͷঢ়ଶΛ਍அ͢Δ͜ͱ΋ՄೳͰ͋Δɽ
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ਤ 3.5.1: ଌఆ૷ஔͷߏ੒
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ਤ 3.5.2: ଌఆ૷ஔͷ֎ٴ؍ͼੇ๏

ਤ 3.5.3: ๏ੇܭ૷ஔͷઃ࡞ࢼ
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ਤ 3.5.4: ՄൖܕʢόοςϦʔۦಈʣ

ਤ 3.5.5: ৗઃܕʢं྆ిڅʣ
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3.5.2 Ճৼػݧࢼʹ͓͚Δূݕ

ଌఆ૷ஔͷऔಘσʔλΛ͢ূݕΔͨΊɼަ௨҆શڀݚڥ؀ॴʢަ௨ݚʣ
ͷॴ༗͢ΔՃৼػݧࢼʢ̏࣠ํ޲ʹ೚ҙͷৼ෯ɼप೾਺ͰՃৼՄೳʣʹ
ͯɼࠓճͷଌఆ૷ஔͱߍਖ਼࣠̏ࡁՃ଎౓ܭʹͯɼଌఆ݁ՌͷൺֱΛ͏ߦ
Λਤࢠͷ༷ػݧࢼɽՃৼͨͬߦΛݧࢼ 3.5.6ʹࣔ͢ɽՃৼػݧࢼ͸υϥΠ
ϏϯάγϛϡϨʔλʹ༻͍ΒΕΔ̒࣠ΞΫνϡΤʔλํࣜͷՃৼػݧࢼ
Λ࢖༻ͨ͠ɽ

ਤ 3.5.6: Ճৼػݧࢼͷ֎؍

ਤ 3.5.7: Ճৼػݧࢼ΁ͷઃஔঢ়گ
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ʢyํ޲ಓͷঢ়ଶ਍அʹ༻͍Δԣํي͸޲৚݅ͱͯ͠͸ɼՃৼํݧࢼ
ʣͱͨ͠ɽՃৼ͸ৼ෯޲ʢzํ޲ʣͱॎํ޲ 50mmɼप೾਺ 0.7Hzͷਖ਼ݭ
೾ͱઃఆͨ͠ɽ
ɹਤ 3.5.8ʹ্ԼՃ଎౓ଌఆσʔλͷൺֱ݁ՌΛɼਤ ӈՃ଎౓ࠨʹ3.5.9
ଌఆσʔλͷൺֱ݁ՌΛࣔ͢ɽߍਖ਼࣠̏ࡁՃ଎౓ܭͷଌఆσʔλ͸Ξφ
ϩά஋Ͱग़ྗ͞ΕΔɽଌఆ݁ՌΛݟΔͱɼೖྗͨ͠ 0.7Hzఔ౓ͷਖ਼ݭ೾
ʹՃ͑ͯɼ্ԼͰ͸पظతͳΠϯύϧε೾ݟ͕ܗΒΕɼࠨӈͰ͸ߴप೾
ৼಈ͕ΈΒΕΔ͕ɼ͜Ε͸ՃৼػݧࢼͷಛੑͰ͋Δͱ͑ߟΒΕΔɽ
ɹߍਖ਼ࡁՃ଎౓ܭͱ৽نଌఆ૷ஔͷଌఆ݁ՌΛൺֱ͢Δͱɼଌఆ૷ஔͷ
্ԼՃ଎౓ʹ͓͍ͯɼएׯϊΠζ͕େ͖͘͸ͳ͍ͬͯΔ͕ɼৼ෯ɼप೾
਺ڙʹྑ͘Ұக͍ͯ͠Δ͜ͱ͕෼͔Δɽ
ɹҎ্ͷ͜ͱ͔Βɼଌఆ૷ஔʹ࠾༻ͨ͠Ճ଎౓ηϯαͷਫ਼౓͕֬ೝ͞Εͨɽ
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ਤ 3.5.8: ্ԼՃ଎౓ͷൺֱ

ਤ 3.5.9: ӈՃ଎౓ͷൺֱࠨ
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3.6 ·ͱΊ
ຊষͰ͸ɼઌػ࡞ࢼͨ͠༺࢖͍͓ͯʹڀݚߦΛ༻͍ͯɼӦۀ࿏ઢʹ͓

͍ͯଌఆΛ࣮͠ࢪɼ૷ஔͷ໰୊఺Λநग़ͨ͠ɽ࣍ʹ໰୊఺Λղܾ͢Δͨ
Ίʹɼ৽͘͠։ൃ͢Δ૷ஔͷجຊ༷࢓Λݕ౼͠ɼ੡࡞Λͨͬߦɽ
ɹ։ൃͨ͠૷ஔͷධՁΛ݁ͨͬߦՌɼ։ൃ͞Εͨଌఆ૷ஔ͸ҎԼͷੑೳ
Λ༗͠ɼ࣮༻Խٴͼ޿Ҭ΁ͷීٴΛ໨ͨ͠ࢦ੡඼ਫ४ʹ౸ୡ͍ͯ͠Δ͜
ͱΛ֬ೝͨ͠ɽ
ɹ
(1) খܕͷଌఆ૷ஔͰɼӡస੮Լͷεϖʔε΍ثػശͷத౳༷ʑͳ৔ॴ΁
ઃஔՄೳ
ɹ
(2) ࣗಈ·ͨ͸؆୯ͳεΠονૢ࡞ʹͯଌఆ͕։࢝͞Εɼઐ໳ͷଌఆһ͕
ෆཁ
ɹ
(3) ଌఆσʔλΛܞଳి࿩ճઢʹΑΔࣗಈసૹ·ͨ͸microSDʹΑΓճ
ऩ͢Δ͜ͱ͕Մೳ
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ୈ4ষ γεςϜͷࢹಓঢ়ଶ؂ي
࿏ઢʹ͓͚ΔۀஙͱӦߏ
ධՁ

4.1 ͸͡Ίʹ
ୈ 2ষʹ͓͍ͯɼंମৼಈ͔Βيಓҟৗ͕ݕग़Ͱ͖Δ͜ͱΛ֬ೝͨ͠ɽ

·ͨɼୈ 3ষʹ͓͍ͯيಓ਍அʹඞཁͳ৘ใΛଌఆ͢Δଌఆ૷ஔΛ৽ͨ
ʹ։ൃͨ͠ɽຊষͰ͸ɼͦΕΒͷ݁Ռͷ౷߹తͳূݕΛͨ͏ߦΊʹɼߏ
ஙͨ͠يಓঢ়ଶࢹ؂γεςϜΛӦ྆ंۀʹ͓͍ͯద༻͠ɼيಓҟৗݕग़
ͷ࣮ূݧࢼΛ࣮࿏ઢʹ͓͍ͯ͏ߦɽ
ɹ·ͨɼྗڠऀۀࣄͷ΋ͱيಓ੔උΛͨͬߦલي͍͓ͯʹޙಓධՁΛ࣮
ͭʹ೥มԽͷ༧ଌख๏ܦಓͷيɼʹڞΔͱ͢ࠂͷ݁Ռʹ͍ͭͯใͦ͠ࢪ
ɽ͏ߦΛ౼ݕ͍ͯ

4.2 γεςϜࢹಓঢ়ଶ؂ي
ଌఆ෦Ͱंମͷঢ়ଶྔΛಘΔͨΊʹɼຊ࿦จͷୈ 3ষʹ͓͍ͯ৽ͨʹ

ଌఆ૷ஔΛ։ൃͨ͠ɽ։ൃͨ͠ଌఆ૷ஔʹ͍ͭͯ͸ɼࣗಈͰσʔλͷऩ
࿥͕ՄೳͰ͋ΓɼଌఆσʔλΛܞଳి࿩ճઢʹΑΓ఻ૹ͢Δػೳ΋༗͠
͓ͯΓɼୈ̍ষͰઃఆͨ͠جຊػೳΛ༗͍ͯ͠Δɽ࣍ʹɼղੳ෦ʹ͍ͭͯ
͸ɼୈ 2ষʹ͓͍ͯيಓෆ੔Λंମಈ༳͔ΒධՁ͢Δख๏ͷఏҊΛ͍ߦɼ
͜ΕΒͷධՁख๏Λ૊ΈࠐΜͩيಓ਍அιϑτʹ͍ͭͯઆ໌ͨ͠ɽຊষ
·Ͱʹߏங͞Εͨيಓঢ়ଶࢹ؂γεςϜΛ൓өͤͨ͞ɼيಓ਍அαΠΫ
ϧʹ͍ͭͯਤ 4.2.1ʹࣔ͢ɽ
ɹ։ൃͨ͠يಓঢ়ଶࢹ؂γεςϜͷ༗ޮੑʹ͍ͭͯ͸ɼධՁ݁Ռ͕يಓ
อकܭըʹ൓ө͞Εɼద੾ͳيಓิमʹ͍͕ͯͬܨΔ͔ɼ௕ؒظ਺ଟ͘
ͷଌఆΛ࣮͠ࢪɼଌఆˠղੳˠҟৗൃݟˠอकˠଌఆʜͱ͍ͬͨيಓ਍
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அͷαΠΫϧ͕࣮ͯ͠ݱॳΊͯࣔ͢͜ͱ͕Ͱ͖Δɽ
ɹຊষͰ͸ɼమಓྗڠऀۀࣄͷ΋ͱɼߏஙͨ͠يಓঢ়ଶࢹ؂γεςϜΛ
يͼٴݟಓҟৗͷൃي࿏ઢʹ͓͍ͯ஝ੵͨ͠σʔλ͔ΒɼۀӦͯ͠༺࢖
ಓอकޮՌධՁΛͨͬߦɽ

ਤ 4.2.1: ಓ਍அαΠΫϧي
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4.3 ࿏ઢ̖ʹ͓͚ΔධՁྫࣄ
ؔ౦஍۠ʹ͓͍ͯيಓঢ়ଶࢹ؂γεςϜΛಋೖ݁ͨ͠͠ূݕՌʹ͍ͭ

ͯड़΂ΔɽӦंྻۀʹ͓͚Δଌఆݧࢼ͸ 2015೥ 2݄ 21೔͔Βಉ೥ 3݄
24೔ͷؒ·Ͱ໿ 1ϲ݄ؒ࿈ଓͯͨͬ͠ߦɽ࿏ઢ̖ʹ͓͍ͯ͸ं͔྆Βͷ
ఆ͠ɼं྆ͷ௨ݻʹΛӡసࣨ಺ͷচ໘ܕՄೳͰ͋ͬͨͨΊɼৗઃ͕ిڅ
ిͱಉ࣌ʹࣗಈͰଌఆ͕։࢝͞ΕΔΑ͏ઃఆͨ͠ɽଌఆ૷ஔͷઃஔঢ়گ
Λਤ 4.3.1ʹࣔ͢ɽ࿏ઢ̖ʹ͓͚ΔҰ೔ͷଌఆͰ͸ɼฏۉ 8ԟ෮ఔ౓ͷଌ
ఆσʔλΛಘΔ͜ͱ͕Ͱ͖ɼ̎िؒʹҰ౓ͷंݿ΁ೖͨ͠ݿλΠϛϯά
ͰଌఆσʔλΛճऩͨ͠ɽ
ɹຊ߲Ͱ͸ଌఆσʔλͷධՁྫࣄΛࣔͨ͢ΊʹɼԼΓ૸ߦͷ݁Ռʹ͍ͭ
ͯ·ͱΊΔ.

ਤ 4.3.1: ଌఆ૷ஔઃஔঢ়گʢ࿏ઢ̖ʣ
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4.3.1 ଌఆσʔλͷੑݱ࠶

ଌఆσʔλͷ͏ͪं྆ಈ༳ʢंମ্ԼՃ଎౓ɼंମࠨӈՃ଎౓ɼϩʔ
ϧϨΠτʣʹ͍ͭͯɼͦͷଌఆ஋ʹ͕֬ੑݱ࠶ೝ͞ΕΔ͔ূݕΛ͏ߦɽҰ
ൠతʹيಓ͸Ұϲ݄ఔ౓Ͱ͸େ͖͘มಈ͠ͳ͍ͱ͑ߟΒΕɼ·ͨɼӦۀ
ྻं͸ӡసۂઢʹैͬͯ૸͢ߦΔͨΊɼ֤ϙΠϯτʹ͓͚Δ௨ա଎౓͸
֓ͶҰக͍ͯ͠Δ͕ɼஶ͍͠଎౓͕ࠩ֬ೝ͞Εͨଌఆ஋͸আ֎͍ͯ͠Δɽ
ɹॅ୐֗Λ૸͢ߦΔͨΊଟ͘ͷۂઢΛ௨ա͢Δ̖۠ؒʹ͍ͭͯɼଌఆ݁Ռ
ͷத͔Β୅ද͠ 2݄ 22೔ɼ3݄ 8೔ɼ3݄ 21೔ʹଌఆͨ݁͠ՌΛਤ 4.3.2

ʹɼଌఆ݁ՌͷRMS஋Λࢉग़ͨ݁͠Ռʹ͍ͭͯਤ 4.3.3ʹࣔ͢ɽ
ɹंମ্ԼՃ଎౓ٴͼRMS஋ʹ͍ͭͯ͸ɼϐʔΫҐஔʹ͍ͭͯݱ࠶͍ߴ
ੑΛ֬ೝͰ͖Δɽ·ͨɼՃ଎౓ͷେ͖͞ʹ͍ͭͯएׯͷࠩҟ͸֬ೝͰ͖
Δ΋ͷͷɼRMS஋ʹண໨͢ΔͱશͯͷέʔεͰཁ஫ҙՕॴ͕ಛఆग़དྷΔɽ
ɹंମࠨӈՃ଎౓ٴͼRMS஋ʹ͍ͭͯൺֱ͢ΔͱɼϐʔΫҐஔ͸ͣΕɼ
্Լಈͱಉ࣌ʹଌఆͨ݁͠ՌͰ͋Δʹ΋܎ΘΒͣɼੑݱ࠶͸ൺֱత௿͍
݁ՌͱͳͬͨɽಛʹӺपลͷ௿଎Ҭʹ͓͍ͯͦͷ޲܏͸ݦஶͰ͋Δɽ
ɹ·ͨɼࠨӈՃ଎౓Ͱ͸ۂઢํ޲౳ͷ৘ใ͕ಡΈऔΕΔ΋ͷͷɼRMS஋
ΛݟΔͱมԽͷஶେ஋͸༰қʹ୳͕ࡧՄೳͱͳΔ͕ɼۂઢͷࠨӈํ޲ͱ
͍ͬͨ৘ใ͕ࣦΘΕΔ͜ͱʹ஫ҙ͕ඞཁͰ͋Δɽ
ɹंମϩʔϧϨΠτٴͼRMS஋ʹ͍ͭͯ͸ɼ೾ܗ͸ྑ͘Ұக͍ͯ͠Δ΋
ͷͷɼϐʔΫ஋ʹ͍ͭͯ͸΍΍͹Β͖͕ͭେ͖͍ɽ͜ͷ͹Β͖͕ͭେ͖
͍Օॴ͸ 4070m஍఺΍ 4220m஍఺ͱ͍ͬͨࠨӈՃ଎౓͕ஶେͱͳΔՕॴ
ͱҰக͓ͯ͠Γɼࠨӈಈ͕ϩʔϧϨΠτ΁͍ڧӨڹΛ༩͍͑ͯΔ͜ͱ͕
൑໌ͨ͠ɽͦͷͨΊɼϩʔϧϨΠτΛղੳ͢Δࡍʹ͸ࠨӈՃ଎౓ʹ͍ͭ
ͯ΋ซͤͯ͢࡯ߟΔඞཁ͕͋Δɽ
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ਤ 4.3.2: ंମಈ༳ͷଌఆ݁Ռʢ̖۠ؒʣ
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ਤ 4.3.3: ंମಈ༳ͷRMS஋ଌఆ݁Ռʢ̖۠ؒʣ
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ओʹ௚ઢ۠ؒΛ૸͢ߦΔ̗۠ؒʹ͍ͭͯɼ̖۠ؒͱಉ༷ʹ 2݄ 22೔ɼ3

݄ 8೔ɼ3݄ 21೔ʹଌఆͨ݁͠ՌΛਤ 4.3.4ʹɼଌఆ݁ՌͷRMS஋Λࢉ
ग़ͨ݁͠Ռʹ͍ͭͯਤ 4.3.5ʹࣔ͢ɽ
ɹंମ্ԼՃ଎౓ٴͼRMS஋ʹ͍ͭͯ͸ɼ̖۠ؒϐʔΫҐஔʹ͍ͭͯߴ
Λ֬ೝͰ͖ΔɽRMS஋ʹண໨͢Δ͜ͱͰཁ஫ҙՕॴ͕ಛఆग़དྷੑݱ࠶͍
Δ͜ͱ΋Ұக͍ͯ͠Δɽ
ɹंମࠨӈՃ଎౓ٴͼRMS஋ʹ͍ͭͯ͸ɼ௚ઢΛ૸͍ͯ͠ߦΔ 9300mʙ
9600mͷ۠ؒͱۂٸઢ͕֬ೝ͞Ε͍ͯΔ 9700m஍఺ͷԿΕ΋ͣΕ͕֬ೝ
͞Εɼ্ԼՃ଎౓ͱൺֱ͢Δͱ͕ੑݱ࠶௿͍݁Ռͱͳ͍ͬͯΔɽ͔͠͠
ͳ͕Βɼଌఆճ਺Λଟ਺ॏͶΔ͜ͱʹΑΓɼ༳Εͷ࠷େ஋ͷਪҠΛଊ͑
Δ͜ͱ͸ՄೳͰ͋Δɽͨͩ͠ɼΩϩఔͷͣΕ͕֬ೝ͞ΕΔͨΊɼيಓҟ
ৗΛಛఆ͢ΔͨΊʹݱ஍ௐࠪΛࡍ͏ߦ͸ɼ50mఔ౓पғͷঢ়گΛ֬ೝ͢
Δඞཁ͕͋Δɽ
ɹंମϩʔϧϨΠτٴͼRMS஋ʹ͍ͭͯ͸ɼ3ճͷଌఆʹ͓͍ͯ೾͕ܗ
ྑ͘Ұக͓ͯ͠Γɼ͞Βʹ̗۠ؒʹ͓͍ͯ͸ϐʔΫ஋ʹ͍ͭͯ΋͕ੑݱ࠶
ڧͱ͕֬ೝ͞ΕΔɽ9330m஍఺͓͍ͯ͸౿੾͕֬ೝ͞Ε͓ͯΓɼ͍͜ߴ
͍ϩʔϧϨΠτ͕֬ೝ͞ΕΔ΋ͷͷɼຊ૷ஔͷઃஔҐஔͰ͸ࠨӈಈʹ͞
΄ͲӨڹΛ༩͓͑ͯΒͣɼ̖۠ؒʹ͓͚ΔࠨӈಈͱϩʔϧϨΠτͱͷؔ
࿈ͱ͸ҟͳΓɼϩʔϧϨΠτͷൃੜ͕ࠨӈಈ΁͘ڧӨ͠ڹͳ͍͜ͱ͕֬
ೝͰ͖Δɽ
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ਤ 4.3.4: ंମಈ༳ͷଌఆ݁Ռʢ̗۠ؒʣ
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ਤ 4.3.5: ंମಈ༳ͷRMS஋ଌఆ݁Ռʢ̗۠ؒʣ
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4.3.2 ཁ஫ҙ۠ؒͷݱ஍ௐࠪ

લઅͷ݁Ռ͔Β্ԼՃ଎౓ͷRMS஋ʹ͍ͭͯ͸ɼͦͷ͔ੑݱ࠶͍ߴΒ
ཁ஫ҙ۠ؒͷಛఆ͕Ͱ͖ΔՄೳੑΛࣔͨ͠ɽͦ͜ͰɼຊઅͰ͸্ԼՃ଎
౓RMS஋͕͍ؒ۠ߴΛݱ஍ௐࠪ͠ɼيಓҟৗͷಛఆ͕ՄೳͰ͋Δ͔Ͳ͏
ɽ͏ߦΛ౼ݕ͔
ɹҰϲ݄ؒͷଌఆ݁Ռ͔ΒҰྫͱͯ͠ಉ೔ʹଌఆͨ͠ 4૸ߦ෼ͷंମ্
ԼՃ଎౓Λਤ 4.3.6ʹࣔ͢ɽਤதͷAʙO͸ӺͷҐஔΛ͓ࣔͯ͠Γԣ࣠͸
఺ͱͳͬͨӺ͔ΒͷΩϩఔͰ͋Δɽج
ɹਤ 4.3.6ΑΓɼಉ೔ʹଌఆͨ͠ंମ্ԼՃ଎౓ͷ஋ʹ͸େ͖ͳࠩҟ͸֬
ೝͰ͖ͣ஋͕ஶେͱͳ͍ͬͯΔ஍఺΋Ұக͍ͯ͠Δ͜ͱ͔Βଌఆ஋ʹ࠶
Δ͜ͱ͕֬ೝͰ͖Δɽ͕͋ੑݱ
ɹݧࢼΑΓಘΒΕͨंମ্ԼՃ଎౓ͷ݁Ռʹରͯ͠ɼ৴߸ॲཧΛ࣮͠ࢪɼ
ɽਤ͏ߦग़Λݕಓҟৗͷي 4.3.7ʹଌఆ݁Ռͷத͔Β୅දͯ͠ 2݄ 22೔ɼ
3݄ 8೔ɼ3݄ 21೔ʹଌఆͨ͠ंମ্ԼՃ଎౓Λࣔ͠ɼͦͷRMS஋Λਤ
4.3.8ʹࣔ͢ɽ
ɹਤ 4.3.8ʹ͓͍ͯɼ্ԼՃ଎౓ RMS஋ͷᮢ஋Λ 1.0m/s2 ͱͨ͠৔߹ɼ
C-DӺؒɼG-HӺؒɼN-OӺؒʹ͓͍ͯᮢ஋Λ௒ա͍ͯ͠Δ͜ͱ͕Θ͔
Δɽͦ͜Ͱɼ͜ΕΒͷ 3۠ؒΛຊ࿏ઢʹ͓͚Δཁ஫ҙ۠ؒͱઃఆ͠ɼ཭
஍ௐࠪΛ࣮ݱಓঢ়ଶΛਪఆ͠ɼي΢ΣʔϒϨοτʹΑΔධՁΛؚΊͯࢄ
Δɽ͢ࢪ
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ਤ 4.3.8: ंମ্ԼՃ଎౓RMS஋ͷਪҠʢA-O Ӻؒʣ
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ཁ஫ҙӺؒʢC-DӺؒɼG-HӺؒɼN-OӺؒʣͷଌఆ஋Ͱ͋Δंମ্
ԼՃ଎౓ͱͦͷRMS஋ɼҟৗ͕֬ೝ͞Εͨ஍఺ͷۭࣸߤਅΛͦΕͧΕਤ
4.3.9ɼਤ 4.3.10ɼਤ 4.3.11ʹࣔ͢ɽ
ɹ·ͣɼC-DӺؒΛৄݟʹࡉΔͱਤ 4.3.9 (b)ͷRMS஋͔ΒC-DӺؒͰ
ᮢ஋Λ௒ա͍ͯͨ͠஍఺͸ 1.7km஍఺Ͱ͋Δ͜ͱ͕Θ͔ΔɽDӺ͔Β໿
150mखલͷ͜ͷ஍఺Λۭࣸߤਅʢਤ 4.3.9 (c)ʣٴͼݱ஍ௐࠪͰ֬ೝͨ͠
ͱ͜Ζɼ౿੾ઃஔՕॴͰ͋Δ͜ͱ͕Θ͔ͬͨɽ౿੾ߏ଄ʹ͍ͭͯ͸ɼࣗ
ಈंͷ௨աʹΑΔՙॏʹ଱͑ΔͨΊɼൺֱత͍ߗͯ͘ڧૉߏͯʹࡐ੒͞
ΕΔ͜ͱ͔Βɼे෼ʹিܸ͕ಓচʹٵऩ͞Εͣɼ্͍ߴԼՃ଎౓͕֬ೝ
͞ΕΔ޲܏ʹ͋Δ.·ͨɼࣗಈं͕සൟʹ௨ա͢Δ౿੾ʹ͓͍ͯ͸ɼيಓ
ʹஅଓతͳՙॏ͕͔͔ΔͨΊద੾ͳϝϯςφϯε͕ॏཁͰ͋Δ.

ɹਤ 4.3.8ʹࣔͨ͠Α͏ʹɼଞͷ౿੾۠ؒͱൺֱͯ͠΋ஶେͳंମ্ԼՃ
଎౓RMS஋͕֬ೝ͞Ε͍ͯΔ͜ͱ͔Βɼຊ౿੾ʹ͸อक্ͷ஫ҙ͕ඞཁ
Ͱ͋Δɽ
ɹਤ 4.3.10ʹࣔͨ͠ RMS஋͔ΒG-HӺؒͷᮢ஋Λ௒ա͍ͯͨ͠஍఺͸
4.4km஍఺෇ۙͰ͋Δ͜ͱ͕Θ͔Δɽۭࣸߤਅʢਤ 4.3.10 (c)ʣٴͼݱ஍
ௐࠪʹͯHӺ͔Β 200mखલͷ஍఺Λ֬ೝ͢Δͱ౿੾ͳͲيಓߏ଄ͷҧ
͍͸ݟΒΕͳ͔ͬͨɽ໨ࢹʹΑΔௐࠪͰ͸ಛஈͷҟৗ͸ݟΒΕͳ͔ͬͨ.

ͦͷͨΊɼຊ஍఺ʹ͍ͭͯ͸ಈతՙॏ͕͔͔ͬͨࡍʹ௜ΈࠐΈ͕ൃੜ͢
Δɼ͗ܧ໨མͪ΍ු͖·͘Β͗ͱ͍ͬͨيಓҟৗ͕ൃੜ͍ͯ͠ΔՄೳੑ
.ΒΕΔ͑ߟ͕

ɹཁ஫ҙ۠ؒͱͯ͠ઃఆͨ͠ޙ࠷ͷN-OӺؒʹ͍ͭͯ͸ɼंମ্ԼՃ଎
౓ͷRMS஋Ͱ͋Δਤ 4.3.11 (b)͔ΒRMS஋ஶେՕॴ͸ 9.4km஍఺͔Β
9.5km஍఺ͷؒʹ 2஍఺͋Δ͜ͱ͕֬ೝͰ͖Δɽۭࣸߤਅʢਤ 4.3.10 (c)ʣ
͔ΒɼC-DӺؒͱಉ༷ʹҰͭ͸౿੾௨աͷӨڹͰ͋Δ͜ͱ͕൑໌ͨ͠.

ɹ͔͠͠ɼRMS஋͔Β͸͜ΕΒͷ஍఺ͷҟৗͷछྨΛݟ෼͚Δ͜ͱ͸ࠔ
೉Ͱ͋ΔͨΊɼGPSʹΑΔଌఆࠩޡΛྀͨ͠ߟ৔߹ɼͲͪΒͷ RMSஶ
େ஋͕౿Έ੾ΓΛݪҼͱ͍ͯ͠Δͷ͔͸ɼRMSʹΑΔධՁͷΈͰ͸൑அ
͕೉͍͠.
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(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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(a)Car-body vertical acceleration

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

ਤ 4.3.10: G-HӺؒͷղੳ݁Ռ

118



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

9.2 9.3 9.89.4 9.5 9.6 9.7 9.9

2

0

-2C
ar

-b
od

y 
ve

rti
ca

l 
ac

ce
le

ra
tio

n 
[m

/s
2 ]

Distance [km]

ON

bo
dy

 ]

(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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ͦ͜Ͱɼ཭ࢄ΢ΣʔϒϨοτม׵ʹΑΔଟॏղ૾౓ղੳʹΑΔيಓҟ
ৗͷ෼཭͢Δݕ౼Λ͏ߦʢਤ 4.3.12ʣɽଟॏղ૾౓ղੳͷ݁Ռʢ෼ղϨϕ
ϧm0 = 6ʣ͔Βɼ9.4kmʙ9.5kmͷؒʹ஫໨͢Δͱɼ9.4kmա͗ͷ஍఺
Ͱ͸ d2ɼd3ͷप೾਺੒෼Λଟؚ͘ΜͰ͓Γɼ9.5kmखલͰ͸ d1, d2, d3, d4
ͷप೾਺੒෼Λଟؚ͘ΜͰ͍Δ͜ͱ͕Θ͔Δɽd2ɼd3 ͱ͍ͬͨ௿प೾ͷ
प೾਺ଳҬ͸ंମͷݻ༗ৼಈ਺ͱ͞ΕΔ 1Hzલޙͷप೾਺ଳҬͱ͍ۙ͜
ͱ͔Βɼ9.4kmա͗ͷ஍఺Ͱ͸ߴ௿ෆ੔ͷӨ͕ڹओͰ͋Δ͜ͱ͕͑ߟΒ
ΕΔɽ9.5kmखલͷ۠ؒʹண໨͢Δͱɼd1 ͱ͍͍ͬͨߴप೾਺੒෼͕؍
ଌ͞Εɼ͜ͷप೾਺ଳ͸͗ܧ໨མͪ΍ஈࠩͱ͍ͬͨཁҼʹΑΔӨݱ͕ڹ
ΕΔ͜ͱ͕ɼୈ 2ষʹ͓͚Δݕ౼͔Β໌Β͔ʹͳ͍ͬͯΔ.

ɹ͜ͷ۠ؒʹ͓͍ͯ΋໨ࢹʹΑΔݱ஍ௐࠪΛ࣮ͨ͠ࢪͱ͜Ζ 9.4kmա͗
ͷ஍఺ʹ͸౿੾͕͋Γ࿈઀يಓ͕༻͍ΒΕ͍ͯͨʢਤ 4.3.11 (c)ʣɽ࿈઀
Ίྻं௨ա࣌ͷৼಈ΋େ͖͍͍ͨߴ͕ੑ߶ಓ͸௨ৗͷ౿੾ͱൺ΂Δͱي
஍ௐࠪͷ݁Ռɼ౿੾Λࣗಈं͕௨ա͢Δ౓ʹϨʔϧ͕ৼݱΔɽ͋ʹ޲܏
ಈ͍ͯ͠Δ͜ͱ͕؍ଌ͞Ε͕ͨɼ͗ܧ໨མͪͱ͍ͬͨྻं͕େ͖͘௜Έ
.Ήҟৗ͸֬ೝ͞Εͳ͔ͬͨࠐ

ɹҎ্ͷ݁Ռ͔Βɼ9.4kmա͗ͷRMS஋ϐʔΫ͸يಓʹΑΔӨڹͰ͋Γɼ
9.5kmखલͷRMS஋ϐʔΫ͸౿੾௨աޙͷ͗ܧ໨෇ۙͰൃੜ͍ͯ͠Δ͜
ͱ͕൑໌ͨ͠.

ɹ͜ͷ͜ͱ͔Βɼd1 ੒෼ʹண໨͢Δ͜ͱͰɼ௨ৗͷيಓෆ੔ͱ͗ܧ໨མ
ͪͱ͍ͬͨيಓҟৗʹ͍ͭͯɼ཭ࢄ΢ΣʔϒϨοτม׵Λ༻͍Δ͜ͱͰɼ
.ಓҟৗͷཁҼ෼཭͕Ͱ͖ΔՄೳੑΛࣔͨ͠ي
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ਤ 4.3.12: N-OӺؒͷ཭ࢄ΢ΣʔϒϨοτม݁׵Ռ
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4.3.3 ཁ஫ҙ۠ؒʹ͓͚Δيಓࢹ؂ͱ༧ଌ

ɼཁ஫ҙ۠ؒͱͨͦ͠ΕͧΕͷӺؒʢC-DӺؒɼG-HӺؒɼN-Oʹޙ࠷

Ӻؒʣʹ͍ͭͯɼ1೔ͷRMS஋ͷ࠷େ஋ͷฏۉ஋ͷਪҠΛਤ 4.3.13ʹࣔ
͢.఺ઢ͸֤ฏۉ஋ͷۙࣅ௚ઢͰ͋Δ.ͲͷӺؒʹ͓͍ͯ΋RMS஋ͷฏۉ
஋ͷਪҠ͸؇΍͔Ͱ͸͋Δ͕ɼ૿Ճ޲܏ʹ͋Δ͜ͱ͕Θ͔Δɽ͜ͷۙࣅ
௚ઢΛ͢ࢹ؂Δ͜ͱͰɼద੾ͳϝϯςφϯε࣌ظʢྫ͑͹ 1.3m/s2 ʹ౸
ୡ͢ΔيʹࠒಓิमΛ࣮͢ࢪΔ౳ʣΛఆΊͨΓɼ௚ઢͷܹٸ͕͖܏ʹม
Խͨ͠ࡍʹ͸ٸۓϝϯςφϯεΛ࣮ͨ͠ࢪΓͱ͍ͬͨର͕ࡦՄೳͱͳΔ.

ɹ͜ͷΑ͏ʹɼ௕ظతʹ͔ͭߴස౓Ͱ࿈ଓతʹيಓঢ়ଶͷܦաΛ͢ࢹ؂
Δ͜ͱ͕ɼيಓঢ়ଶ͕ѱԽ͢ΔલͷજࡏతϦεΫΛ༧ଌ͢Δ͜ͱʹͭͳ
͕Δͱ͍͑Δ.ͨͩ͠ɼيಓঢ়ଶΛ༧ଌ͢ΔͨΊͷద੾ͳᮢ஋Λઃఆ͢Δ
ͨΊʹ͸ɼΑΓ௕ؒظͷଌఆͱ࣮يಓͷ؍ଌΛซ࣮ͤͯ͢ࢪΔ͜ͱ͕ඞ
ཁͰ͋Δɽ
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ਤ 4.3.13: G-HӺؒͷ্ԼՃ଎౓RMS஋ͷਪҠ
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4.4 ࿏ઢ̗ʹ͓͚ΔධՁྫࣄ
ຊ߲Ͱ͸౦๺஍۠ʹ͓͍ͯɼيಓঢ়ଶࢹ؂γεςϜΛಋೖͨ͠͠ূݕ

݁Ռʹ͍ͭͯड़΂Δɽຊ࿏ઢ͸ɼൺֱత௚ઢ͕۠ؒଟ͘ɼۂઢʹ͍ͭͯ
΋؇΍͔ͳۂઢ͕த৺Ͱ͋Δ.ຊ࿏ઢͰ͸ 2015೥य़ʹيಓݕଌ͕࣮͞ࢪ
Εͨޙʹ 2015೥ͷ 5݄͔Β .Ε͍ͯΔ͞ࢪಓ੔උ͕࣮ي͚͔ͯʹ6݄

ɹيಓݕଌ͸يಓݕଌंʹΑ࣮ͬͯ͞ࢪΕɼߴ௿ෆ੔ɼ௨Γෆ੔ɼਫ४
ෆ੔ɼؒيෆ੔ɼฏ໘ੑෆ੔ͷ 5छྨʹ͍ͭͯௐࠪΛ؅.ͨͬߦཧج४஋
Λ௒͑ΔͳͲيಓอक͕ඞཁ·ͨ͸ཁ࡯؍ͱ਍அ͞Εͨيಓෆ੔ʹ͍ͭ
ͯɼਤ 4.4.1ʹͦͷछྨͱׂ߹Λࣔ͢.

ɹ஫໨͢΂͖఺͸ɼيಓෆ੔ͷ ߹ෆ੔ͱؒي௿ෆ੔Ͱ͋Γɼߴ͕ˋ86.3
ΘͤΔͱ 97.3ˋͱେ෦෼Λ઎ΊΔ.ؒيෆ੔ʹ͍ͭͯ͸ɼंମಈ༳͔Βݕ
ग़͢Δ͜ͱ͸ࠔ೉Ͱ͋ΔͨΊɼຊ߲ʹ͓͍ͯ͸ɼߴ௿ෆ੔ʹண໨ͯ͠ݕ
౼ΛਐΊΔ.

ਤ 4.4.1: ࿏ઢ̗ʹ͓͚Δيಓෆ੔ͷछྨͱׂ߹
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4.4.1 RMS஋ʹΑΔيಓධՁ

ຊઅͰ͸ 2015೥ 5݄ʙ12݄ͷؒʹ࣮͞ࢪΕͨ 5ճͷଌఆ݁Ռʹ͍ͭͯ
ड़΂Δͱڞʹɼيಓอकલޙͷं্ଌఆσʔλͱيಓอकʹண໨͠ɼي
ಓอकͷ݁Ռ͕ं྆ৼಈ΁൓ө͞ΕΔ͜ͱΛ֬ೝ͠ɼंମՃ଎౓RMS஋
ʹΑΔيಓධՁ͕༗ޮͰ͋Δ͜ͱΛ͢ূݕΔ.

ɹ࿏ઢ̗ʹ͓͚Δଌఆ૷ஔͷઃஔঢ়گΛਤ 4.4.2ʹࣔ͢ɽ࢖༻ͨ͠ଌఆ૷
ஔ͸ՄൖܕͰ͋Δ͕ɼଌఆं྆ٴͼଌఆ৔ॴΛه࿥͠ɼৗʹಉҰं྆Λ
.Δ͍ͯ͠ࢪಉҰͷҐஔͰଌఆΛ࣮ͯ͠༺࢖

ɹ࿏ઢ̗ʹ͓͚ΔશઢͷԼΓ૸ߦͷଌఆ݁ՌΛਤ 4.4.3ʢA-Q͸ͦΕͧΕ
ӺҐஔΛද͢ʣʹࣔ͢.Ҏޙಛஈͷද͕هແ͍৔߹͸ԼΓ૸ߦͷ݁ݧࢼՌ
ͱͳΔ.͜͜Ͱ͸ߴ௿ෆ੔ʹண໨͢ΔͨΊɼं྆଎౓ɼंମ্ԼՃ଎౓ɼ
ंମ্ԼՃ଎౓RMS஋ΛͦΕͧΕͨ͠ࡌه.

ɹंମ্ԼՃ଎౓ʹ͍ͭͯண໨͢Δͱෳ਺ͷӺؒͰେ͖ͳϚΠφε஋Λ
͍ࣔͯ͠Δ͜ͱ͕෼͔Δ.͜Ε͸ɼंମॏྔ͕يಓʹෛՙ͞Εͨيʹࡍಓ
ͱं͕྆௜ΈɼϚΠφεํ޲΁Ճ଎౓͕ൃੜ͢ΔయྫܕͰ͋Δ.͜ͷΑ͏
ͳ௜ΈࠐΈ͕ൃੜ͢Δͱɼ܁Γฦ͠Ϩʔϧ͕͛ۂΒΕɼঃʑʹيಓෆ੔
͕֦େ͢Δ͜ͱ͕஌ΒΕ͍ͯΔ.

ɹͦ͜Ͱɼ࿏ઢ̗ʹ͓͍ͯ͸ 2.0m/s2Λେ͖͘௒͑ΔRMS஋Λ؍ଌͨ͠ɼ
D-EӺؒٴͼL-MӺؒΛର৅ͱͯ͠يಓอकલޙͷଌఆ஋Λൺֱ͢Δ.·
ͨɼ2015೥ 12݄ 27೔ͷଌఆʹ͓͍ͯ 2.0m/s2Λ௒͑ΔRMS஋Λ؍ଌ͠
ͨG-HӺؒʹ͍ͭͯ͸ཁ஫ҙ۠ؒͱͯ͠ઃఆ͠ɼͦͷ஍఺ʹ͍ͭͯమಓ
.Ռʹ͍ͭͯड़΂Δ݁ͨ͠ࠂ΁ใऀۀࣄ
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ਤ 4.4.2: ଌఆ૷ஔઃஔঢ়گʢ࿏ઢ̗ʣ
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ਤ 4.4.3: ଌఆ݁Ռʢ࿏ઢ̗ʣ
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D-EӺؒͷ 2015೥ 5݄ 8೔ٴͼ 6݄ 19೔ͷଌఆ݁ՌΛਤ 4.4.4ʹࣔ
͢.4500̼஍఺෇ۙٴͼ 6000̼஍఺ʹ͓͍ͯ͸ɼൺֱతେ͖ͳRMS஋͕
֬ೝ͞Ε͍ͯΔ͕ɼ1ϲ݄ޙʹRMS஋͕௿͠ݮɼيಓอक͕࣮͞ࢪΕͨ
ͱਪଌ͞Εͨ.࣮ࡍʹ 4530̼ʙ4650̼۠ؒٴͼ 6030̼஍఺Λத৺ͱ͠
Ε͍ͯ͞ࢪಓิम͕࣮ي௿ෆ੔͕֬ೝ͞Ε͓ͯΓɼ5݄த०ʹ෇ۙͷߴͯ
Δ.يಓอक͕ඞཁͰ͋Δͱ൑அ͞Εͨ۠ؒͱRMS஋͕ஶେͳ͕۠ؒҰ
கͨ͜͠ͱ͔Βɼंମ্ԼՃ଎౓RMS஋͸يಓอकΛ࣮͢ࢪ΂͖ՕॴΛ
ಛఆ͢ΔͨΊͷ༗ޮͳࢦඪͱͳΔ͜ͱ͕ࣔ͞Εͨ.

ɹ·ͨɼࠓճ RMS஋ͷᮢ஋Λ 2.0m/s2 ͱͯ͠ཁ஫ҙ۠ؒΛઃఆ͕ͨ͠ɼ
͍ͣΕͷيಓอक۠ؒ΋يಓอक͕࣮͞ࢪΕͨ࣌ͷRMS஋͸ 1.6m/s2ʙ
1.8m/s2ʢp-p஋Ͱ 3.5 m/s2ʙ4.0m/s2ʣΛ௒͑ͨ৔߹ʹ࣮͞ࢪΕɼيಓอ
कޙ͸ 1.5m/s2ҎԼʹ཈͑ΒΕ͍ͯΔ͜ͱ͕෼͔Δ.ͨͩ͠ɼ্هͷ൑அ
४ʹΑΕ͹ɼ5500̼෇ۙͰ͸ج 2.5m/s2Λ௒͑ΔRMS஋͕؍ଌ͞Ε͓ͯ
ΓɼيಓอकΛ࣮͢ࢪΔඞཁ͕͋Δɽ
ɹ 6݄ 19೔ٴͼ 7݄ 30೔ͷଌఆ݁ՌΛਤ ಓอक͸ي.ࣔ͢ʹ4.4.5 6݄຤
ʹ΋࣮͞ࢪΕ͓ͯΓɼஶେͳRMS஋͕֬ೝ͞Ε͍ͯͨ 5500̼෇ۙ΋ي
ಓอकʢ5550̼ʙ5580̼Λத৺ʣ͕࣮͞ࢪΕ͓ͯΓɼ7݄ 30೔࣌఺ͷଌ
ఆʹ͓͍ͯRMS஋͕ 1.0m/s2ҎԼʹ཈͑ΒΕ͓ͯΓɼอकͷޮՌ͕֬ೝ
Ͱ͖ͨɽ
ɹ͔͠͠ͳ͕Βɼਤ 4.4.5ͷ 4500̼෇ۙʹண໨͢ΔͱɼҰ౓͸يಓอक
ʹΑΓ RMS஋͕௿ͨ͠ݮ΋ͷͷɼ2.0m/s2 ෇ۙ·Ͱ RMS஋͕࠶ͼ্ঢ
͍ͯ͠Δ͜ͱ͕෼͔Δ.͜ͷΑ͏ͳ஍఺Ͱ͸ɼيಓෆ੔Λमਖ਼ͯ͠΋ಓচ
͕ऑ͍ͨΊʹ࠶ͼيಓෆ੔͕ٸਐ͠ɼஶେͳRMS஋͕؍ଌ͞Ε͍ͯΔͱ
΁਍அऀۀࣄͱͯ͠ɼమಓؒ۠ࢹΒΕΔ.ͦͷͨΊɼ֘౰۠ؒΛཁ؂͑ߟ
݁ՌͷϑΟʔυόοΫΛ࣮ͨ͠ࢪ.͜ͷ༷ͳ۠ؒͰ͸ಓচͷվળΛ໨తͱ
ͨ͠อक͕ඞཁͰ͋Δ.

ɹҎ্ͷ͜ͱ͔Βɼ௕ؒظʹΘͨͬͯRMS஋ͱيಓอकͷؔ࿈ੑʹ͍ͭ
ͯͷσʔλΛ஝ੵ͢Δ͜ͱͰɼ࿏ઢ̗ʹ͓͚Δ࠷దͳϝϯςφϯε࣌ظ
ͷܾఆɼ࣮͞ࢪΕͨيಓอकͷධՁɼ࠷దͳอकํ๏ͷఏҊ౳ͷ࣮ݱͷ
ͨΊʹɼيಓঢ়ଶࢹ؂γεςϜ͕༗༻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-MӺؒʹ͓͍ͯ 5݄ͷيಓอकલޙʹଌఆͨ݁͠Ռʹ͍ͭͯɼ
ਤ 4.4.6ʹࣔ͢. ଌͷ݁Ռ͔Βݕಓي 21300̼ʙ21700̼۠ؒɼ22000̼ʙ
ͼٴ22100̼۠ؒ 23110̼஍఺ʹ͓͍ͯߴ௿ෆ੔͕֬ೝ͞Εɼ5݄ʹيಓ
੔උ͕࣮͞ࢪΕɼ্ԼՃ଎౓RMS஋ͷݮগ͕֬ೝ͞Εͨ.

ɹҰํͰɼ22600̼ʙ22700̼۠ؒʹ͓͍ͯ 2.3m/s2Λ௒͑ΔஶେͳRMS

஋Λ؍ଌ͍ͯ͠Δ͕ɼيಓݕଌंʹΑΔଌఆ݁ՌͰҟৗ͕֬ೝ͞Ε͓ͯ
Βͣɼيಓอक͸࣮͞ࢪΕ͍ͯͳ͍.L-MӺؒ͸ాാ͕पғʹ͕޿ΔӺؒ
Ͱ͋Δ͕ɼ֘౰Օॴʹ͍ͭͯ͸ɼൺֱతަ௨ྲྀ͕ଟ͍ͱࢥΘΕΔݝಓͱ
ަࠩ͢Δ౿੾͕ଘ͢ࡏΔ͜ͱ͕֬ೝ͞Εɼ্Լෆ੔Ҏ֎ͷཁҼʹΑͬͯ
RMS஋͕ஶେͱͳ͍ͬͯΔՄೳੑ͕͋Δͱ͑ߟΒΕΔ.౰֘۠ؒ͸ͦͷ
ଞͷ౿੾ಓͱൺֱͯ͠΋ݦஶͳ஋Ͱ͋ΔͨΊɼమಓऀۀࣄʹཁ஫ҙ۠ؒ
ͱͯ͠ใͨ͠ࠂ.

ɹޙ࠷ʹɼશͯͷଌఆʹ͓͍ͯ 2.0m/s2Λ௒͑ΔஶେͳRMS஋Λ؍ଌ͠
ͨG-HӺؒͷଌఆ݁Ռʹ͍ͭͯਤ 4.4.7ʹࣔ͢.֘౰͓͍۠ؒͯɼيಓݕ
ଌͷ݁ՌͰ͸ಛஈͷҟৗ͸ݕग़͞Ε͍ͯͳ͍͕ɼమಓऀۀࣄͱͨٞ͠ڠ
݁Ռɼ౰֘஍఺͸Տ઒্Λ௨ա͢Δڮྊ෇ۙͰ͋Γɼڮྊͷલޙ͸஍൫
͕ೈऑͰɼ฀ట͕සग़͢Δ۠ؒͰ͋Δ͜ͱ͕൑໌ͨ͠.࣮ࡍʹɼ14220̼
ͼٴ 14550̼पลͰ͸يಓ੔උ͕ॱ࣮࣍͞ࢪΕ͓ͯΓɼRMS஋ͷݮগ͕
֬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 ౼ݕಓෆ੔ਪఆͷيղੳʹΑΔٯ

2ষͰड़΂ͨΧϧϚϯϑΟϧλΛ༻͍ͨٯղੳʹΑΔيಓෆ੔ͷਪఆ
Λɼ࿏ઢ̗ͷҰ۠ؒʹ͓͍࣮ͯͨ͠ࢪɽຊઅͰ͸ਪఆ݁Ռʹ͍ͭͯઆ໌
͢Δ.

ɹਪఆʹ࢖༻͢ΔͨΊͷं྆ϞσϧύϥϝʔλͷઃఆΛҎԼʹࣔ͢खॱ
Ͱͨͬߦɽ
ɹ
1. ଌఆͨ͠σʔλͷத͔Β௚ઢ۠ؒͷҰ෦ंମৼಈՃ଎౓ͱ૸ߦ଎౓Λ
நग़͢Δɽ
2. ࣮ं૸ݧࢼߦΛ͏ߦ࿏ઢͷ࣮ଌͷيಓܗঢ়໛ٖ͢ΔͨΊɼཚ਺Λൃੜ
ͤ͞Δ͜ͱͰɼ10mݭਖ਼໼ʹΑΔߴ௿ෆ੔ʹͨ͠ࢉ׵ͱ͖ʹ࣮ଌͷيಓ
ෆ੔ʹ͍ۙৼ෯Λ࣋ͭيಓܗঢ়σʔλʢ೾௕ 6mҎ্ʣΛ࡞੒͢Δɽ
3. 2.ͷيಓܗঢ়σʔλͱ 1.ͷ଎౓σʔλΛं྆Ϟσϧʹೖྗ͠ɼԖ௚ํ
Δɽ͢ࢉܭͷंମৼಈՃ଎౓Λ޲
4. 1.ͷंମৼಈՃ଎౓ͱ 3.Ͱंͨ͠ࢉܭମৼಈՃ଎౓ͷৼ෯ಛੑΛٻΊ
Δɽ
5. ं྆Ϟσϧͷ֤ύϥϝʔλΛม͑ͳ͕Β 3.ͱ 4.Λ܁Γฦ͠ɼޡࡨߦࢼ
తʹ࠷΋प೾਺ಛੑ͕͍ۙύϥϝʔλΛٻΊΔɽ
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༻͍ͨंମৼಈՃ଎౓ɼਤ4.4.10ʹ૸ߦ଎౓Λࣔ͢ɽ࢖
༻ͨ͠ଌఆσʔλ͸௚ઢ۠ؒ500mΛ༻͍ͨɽΧϧϚϯϑΟϧλΛ༻͍࣮ͯ
ଌͷंମৼಈՃ଎౓͔Βਪఆͨ͠ߴ௿ෆ੔Λਪఆͨ݁͠ՌΛਤ 4.4.11ʹࣔ
͢ɽਤ 4.4.11(a)͕ਪఆͨ͠ߴ௿ෆ੔ʢࠨӈϨʔϧͷฏۉ஋ʣɼਤ 4.4.11(b)

͕࣮ଌͷ 10mݭਖ਼໼ʹΑΔߴ௿ෆ੔Ͱ͋Δɽਪఆʹ͓͚ΔγεςϜϊ
Πζ wn ͓Αͼ؍ଌϊΠζ vn ͷ෼ࢄ͸ͦΕͧΕ σ2

w = 1.00 × 10−1m2ɼ
σ2
v = 5.00× 10−3(m/s2)2ͱͨ͠ɽ
ɹ JRͷ ४஋Λجಓ੔උيઢͷڃ4 1ͭͷ໨҆ͱ͢Δͱɼߴ௿ෆ੔ͷ੔උ
४஋͸੩త஋Ͱج 22mm[50]Ͱ͋Γɼߴ௿ෆ੔͕ͦͷ෇ۙͷ஋Λࣔ͢Օॴ
͕ཁ஫ҙՕॴͰ͋Δɽਤ 4.4.10ΑΓɼਪఆͨ͠ߴ௿ෆ੔͸࣮ଌͷߴ௿ෆ
੔ͱൺֱͯࠩ͠ҟ͸ݟΒΕΔ͕ɼ࣮ଌͷߴ௿ෆ੔ʹ͓͍͍ͯߴ஋Λࣔ͢
Օॴ͸͓͓ΑͦਪఆͰ͖͍ͯΔͱ͑ߟΒΕΔɽ
ɹӦंྻۀΛ༻͍ͨߴස౓ଌఆʹΑΓɼ͜ͷΑ͏ͳཁ஫ҙՕॴͷߴ௿ෆ
੔ͷมԽΛ͢ࢹ؂Δ͜ͱΛ͑ߟΔͱɼ࣮ଌσʔλʹ͓͍ͯ΋༗ޮͰ͋Δ
͜ͱ͕ظ଴Ͱ͖Δɽ
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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: ΧϧϚϯϑΟϧλʹΑΔيಓෆ੔ਪఆ஋
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4.5 ࿏ઢ̘ʹ͓͚ΔධՁྫࣄ
ؔ౦஍۠ͷ࿏ઢ̘ʹ͓͍ͯيಓঢ়ଶࢹ؂γεςϜΛಋೖ͠ଌఆͨ݁͠

Ռʹ͍ͭͯड़΂Δɽຊ࿏ઢʹ͍ͭͯ͸ɼୈ̍ষͰ঺հͨ͠஍ํమಓͷయ
ಓҟৗ͕֬ೝ͞Εيతͳઢ۠Ͱ͋Γɼલड़ͷ̎࿏ઢͱൺֱ༷ͯ͠ʑͳܕ
͍ͯΔ.

ɹͦ͜Ͱຊ߲Ͱ͸ɼيಓঢ়ଶࢹ؂γεςϜʹΑΓൃ͞ݟΕͨيಓҟৗʹ
ڹಓҟৗ͕ͲͷΑ͏ͳंମಈ༳ʹӨيΔͱͱ΋ʹɼछʑͷ͢ূݕ͍ͯͭ
Λ༩͍͑ͯΔͷ͔ɼݱ஍ௐࠪͷ݁ՌͱଌఆσʔλΛൺֱ͢Δ͜ͱʹΑΓ
.Δ͢࡯ߟ

ਤ 4.5.1: ଌఆ૷ஔͷઃஔঢ়گʢ࿏ઢ̘ʣ
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4.5.1 ͍ͯͭʹಓอकྫيͱݟಓҟৗͷൃي

࿏ઢ̘ʹ͓͚Δଌఆ૷ஔͷઃஔঢ়گΛਤ 4.5.1ʹࣔ͢ɽՄൖܕͷଌఆ૷
ஔΛ࢖༻͠ɼ਺೥ʹ౉Δ௕ؒظଌఆΛ࣮͍ͯ͠ࢪΔ.

ɹଌఆ݁ՌͷҰྫͱͯ͠ɼ2013೥ 2݄ 1೔ͷଌఆ݁Ռ͍ͭͯਤ 4.5.2ʹࣔ
͢.ຊ࿏ઢʹ͓͍ͯ͸ɼ2.0m/s2 Λ௒͑Δ RMS஋Λ؍ଌͨ۠ؒ͠Λཁ஫
ҙ۠ؒͱͯ͠ใ͢ࠂΔͱͱ΋ʹɼRMS஋ͷάϥϑΛࣔͯ͠يಓอकܭը
ʹؔͯ͠ͷٞڠΛ࣮͍ͯ͠ࢪΔ.

ɹRMS஋͕ 2.0m/s2Λ௒͑Δ۠ؒʹ͓͍ͯݱ஍ௐࠪΛ͍ߦɼݱ஍ʹ͓͍
ΛਤࢠӨ༷ͨ͠ࡱͯ 4.5.3ʙਤ 4.5.6ʹࣔ͢. ਤ 4.5.3ʹࣔ͢Α͏ͳঢ়ଶΛ
ʮු͖·͘Β͗ʯͱݺͼɼු͖·͘Β͕͗ൃੜ͢Δͱं͕྆௨ա͢Δࡍɼ
Ϩʔϧͷ௜ԼʹΑΓͨΘΈ͕ൃੜɼϨʔϧΛ௧ΊΔͨΊ҆શ্େ͖ͳ໰୊
ͱͳΔɽ·͘Β͗ͱϨʔϧ͸௨ৗࡅੴʹ͑ࢧΒΕ͍ͯΔ͕ɼ౔͕ࠞೖ͠ɼ
ಓচͱϨʔϧͷؒʹ͕ܺؒൃੜ͢Δ.ࡅੴ෦෼ʹ౔͕ࠞೖ͢ΔཁҼͱͯ͠
͸ɼਤ 4.5.4ʹࣔ͢Α͏ʹ౔͕࠭୆෩΍߽Ӎ౳ʹΑΓྲྀೖͯ͘͠Δέʔε
ͱɼਤ 4.5.5ͷΑ͏ʹࡅੴ͕ྲྀग़ͨ͠Օॴʹ͓͍ͯɼ߱ӍʹΑΔ฀ట͕ൃ
ੜ͠ɼ஍໘ͷ౔͕ු্͖͕ͬͯ͘Δέʔε͕֬ೝ͞Εͨ.

ɹ͍ͣΕͷέʔε΋ɼ౔৕ͷਫ͸͚Λྑ͘͢ΔΑ͏ͳൈຊతͳ౔໦ࣄ޻
΍ϝϯςφϯείεظ޻౉ΔʹؒظΕΔ͜ͱ͕๬·͍͕͠ɼ௕͞ࢪ࣮͕
τͷ໰୊ΑΓɼ୹ؒظͰͷվળ͸೉͍͠ঢ়گʹ͋Δ.

ਤ 4.5.2: ্ԼՃ଎౓RMS஋ͷଌఆ݁Ռʢ2013೥ 2݄ 1೔ʣ
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ਤ 4.5.3: ු͖·͘Β͗

ਤ 4.5.4: ઢ࿏࿬ΑΓྲྀೖ͢Δ౔࠭
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ਤ 4.5.5: ಓ্ʹཷ·ΔӍਫʢ฀ట۠ؒʣي

ਤ 4.5.6: ໨ࢹՄೳͳيಓෆ੔
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͜ͷΑ͏ͳ۠ؒʹରͯ͠͸ɼࡅੴΛे෼ʹิॆ͠ಥ͖ݻΊΔۀ࡞ʹͯ
Δ͜ͱ͕ҰൠతͰ͋Δʢਤ͢ࢪಓอकΛ࣮ي 4.5.7ʣ.ͨͩ͠ɼաڈʹ͓͍
ͯϚϧνϓϧλΠλϯύΛ༻͍ͯશ۠ؒͷيಓิमΛҰ౓ʹ࣮ͨ͜͠ࢪ
ͱ΋͋Δ͕ɼࡅੴͷิॆ͕े෼Ͱͳ͘൒೥ఔ౓ͰอकޮՌ͕ࣦΘΕͨࣄ
ྫ͕֬ೝ͞Ε͍ͯΔ [51].

ɹͦ͜ͰɼRMS஋͕ஶେͳ஍఺͔ΒूதతʹࡅੴΛิॆ͠ɼಥ͖ݻΊΔ
ͳͲɼيಓอकͷ༏ઌॱҐΛమಓऀۀࣄͱٞڠͷ্ܾఆ͠ɼ̍೥ؒͷي
ಓอकΛ࣮ͨ͠ࢪ.ਤ 4.5.2ʹର͠,يಓอकޙͷଌఆ݁ՌΛॏͶͨάϥϑ
Λਤ 4.5.8ʹࣔ͢.

ɹҰ෦ະ࣮ࢪͷ͕۠ؒ 4.0km෇ۙʹ֬ೝ͞ΕΔ͕ɼRMS஋͕ 2.0m/s2Λ
௒͑Δ۠ؒʹରͯ͠ूதతʹيಓอकΛ݁ͨͬߦՌɼશઢͷRMS஋ͷ௿
ಓيɼ͕ͨ͠ࢪಓอक͸Ұ೥ؒΛ͔͚ͯॱ࣮࣍يೝ͞Εͨ.·ͨɼ͕֬ݮ
อकޙʹRMS஋͕͢૿ٸΔ۠ؒ΋֬ೝ͞Ε͓ͯΒͣɼޮՌతͳيಓอक
.ΘΕ͍ͯΔͱ൑அͰ͖Δߦ͕

ɹҰํͰɼ౔৕ͷ͕͋ڥ؀·Γྑ͍ͱ͸͍͑ͳ͍͕۠ؒશઢʹΘͨΓଘ
΋ͷͷɼͨ͠ࢪੴͷूதิॆ͸࣮ࡅ.஍ௐࠪͷ݁Ռ൑໌ͨ͠ݱΔ͜ͱ͕͢ࡏ
ൈຊతͳվળ͕͍ͯ͑ߦͳ͍۠ؒ΋ଟ͍ͨΊɼҾ͖ଓ͖RMS஋ͷਪҠΛ
ؚΊيಓঢ়ଶΛ͢ࢹ؂Δඞཁ͕͋Δͱ͑ߟΔ.
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ਤ 4.5.7: ໨۠ؒ͗ܧੴ͕े෼ʹ֬ೝ͞ΕΔࡅ

ਤ 4.5.8: ্ԼՃ଎౓RMS஋ͷൺֱ
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4.5.2 ಓҟৗيΛ༩͑ΔڹӈৼಈʹӨࠨ

ंମͷࠨӈৼಈʹӨڹΛ༩͑Δيಓҟৗ͍ͭͯ͸ɼ4.4߲Ͱ֬ೝͨ͠Α
͕߹ଌͰ͸ҟৗશମʹର͢Δׂݕಓيઢͷগͳ͍஍ํమಓͰ͸ۂٸʹ͏
௿͘ɼيಓอकͷ࣮ྫࢪ΋গͳ͍.͔͠͠ͳ͕Βɼ௿͍प೾਺ଳͰ͸ɼ্
ԼৼಈΑΓ΋৐Γ৺஍ͷѱԽʹଟେͳӨڹΛ༩͑Δ͜ͱ͕஌ΒΕ͍ͯΔɽ
ͦ͜Ͱɼ̘࿏ઢʹ͓͍ͯଌఆݧࢼͰࠨӈৼಈΛͨ͡ײӺؒʹ͍ͭͯɼي
ಓঢ়ଶࢹ؂γεςϜʹΑΓଌఆ͞Εͨ݁ՌΛਤ 4.5.9ʹࣔ͢.ଌఆσʔλ
͸௚ۙͷ 2ճ෼ͷσʔλΛൺֱͨ͠.

ɹ౰֘Ӻؒʹ͓͍ͯɼ࠷΋ࠨ͍ߴӈՃ଎౓RMS஋ͱϩʔϧϨΠτRMS

஋Λ؍ଌͨ͠Օॴʢ1100̼ʙ1200̼ʣͷଌఆσʔλΛݟΔͱɼ1100̼஍
఺Λ௨աޙʹɼࠨӈՃ଎౓ɼϩʔϧϨΠτ͕ͱ΋ʹ૿ՃΛ࢝Ίɼ1200̼
௚લʹͦΕͧΕͷRMS஋͕ϐʔΫΛܴ͍͑ͯΔ͜ͱ͕෼͔Δ.

ɹమಓऀۀࣄͱٞڠͷ্ݱ஍ௐࠪΛ࣮݁ͨ͠ࢪՌɼ1100̼ʙ1200̼஍఺
ʹ͓͍ͯɼϨʔϧ͕ࠨӈํ޲ʹগ͠ંΕΔݱ৅ (֯ંΕ)Λ֬ೝͨ͠.֘౰
ՕॴͷࣸਅΛਤ 4.5.10ʹࣔ͢.

ɹ֘౰۠ؒͰ͸ۂઢ෦ʹ౿Έ੾Γ͕ଘ͓ͯ͠ࡏΓɼ౿੾ͷલ͗ܧʹޙ໨
͕ଘ͍ͯ͠ࡏΔ.౿੾෦෼ͷϨʔϧ͸౿੾ߏ଄Λߋ৽͢ΔࡍʹऔΓସ͑Β
Ε͍ͯΔ͕ɼྡ઀͢ΔϨʔϧ͸ಉ࣌ʹߋ৽͞Ε͍ͯͳ͍.ͦͷͨΊɼ͗ܧ
໨ͷ઀߹෦෼ʹ͍ͭͯ͸ɼۂ཰ʹ஫ҙΛ෷͏ඞཁ͕͋ΔͳͲɼ೉͍͠ߋ
৽ۀ࡞ʹͳΔ͜ͱ͕஌ΒΕ͍ͯΔ [52, 53, 54].

ɹݱ৔ͷ֯ંΕ෦෼Λ͢࡯؍Δͱɼ͗ܧ໨Λ௒͑ͨ௚ޙʹൃੜ͓ͯ͠Γɼ
ͱਪ͕ͨͬܨʹΓ͕ۂ཰ͷෆҰக͔Βେ͖ͳՙॏ͕͔͔ΓɼϨʔϧͷۂ
ଌͰ͖Δ.ྻं଎౓ʹ͍ͭͯ͸ɼӺपลͷ౿੾۠ؒͰ͋Γɼൺֱత௿͍଎
౓Ͱ௨ա͢Δ΋ͷͷɼ์ஔ͞ΕΕ͹ϨʔϧͷׂΕ΍ഁଛ౳ʹਐల͢ΔՄ
ೳੑ΋͋Γɼܧଓͯ͢͠ࢹ؂Δ͜ͱ͕ॏཁͰ͋Δ.

ɹ
ɹ
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ਤ 4.5.9: ӈՃ଎౓ͱϩʔϧϨΠτͷଌఆ݁Ռࠨ
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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
ຊষͰ͸ɼୈ 2ষɼୈ 3ষʹ͓͍ͯɼंମಈ༳ͱGPS৴߸ͳͲͷঢ়ଶ

ྔΛऔಘ͢ΔͨΊʹɼӦ྆ंۀʹઃஔ͢Δଌఆ૷ஔΛߏங͠ɼيಓҟৗ
ΛධՁ͢ΔࢦඪΛఏҊͨ͠ɽͦͷ݁ՌΛ౷߹ͨ͠يಓঢ়ଶࢹ؂γεςϜ
Λ׆༻͠ɼӦۀ࿏ઢʹ͓͚Δيಓ਍அΛ࣮݁ͨ͠ࢪՌɼҎԼͷ݁࿦Λಘ
ͨɽ
ɹ
1.ୈ 3ষʹ͓͍ͯઆ໌ͨ͠ଌఆ૷ஔͱɼୈ 2ষʹ͓͍ͯઆ໌ͨ͠਍அι
ϑτ΢ΣΞΛ༻͍ͨيಓঢ়ଶࢹ؂γεςϜΛߏங͠ɼͦͷ༗༻ੑূݕͷ
ͨΊɼෳ਺ͷӦۀ࿏ઢʹ͓͚ΔධՁ࣮ݧΛͨͬߦɽ
ɹ
2. ंମ্ԼՃ଎౓ɼंମࠨӈՃ଎౓ɼϩʔϧϨΠτʹରͯ͠ RMSʹΑ
ΔධՁΛ࣮͢ࢪΔ͜ͱͰɼ࣮͢ࡏΔيಓҟৗΛత֬ʹଊ͑ΒΕΔ͜ͱΛ
֬ೝͨ͠ɽ
ɹ
3. ंମ্ԼՃ଎౓ʹରͯ͠΢ΣʔϒϨοτม׵ʹΑΔධՁΛߦͳͬͨ݁
Ռɼ౿੾ɼيಓෆ੔ɼܧ໨མͪ౳ͷيಓҟৗ͕प೾਺ଳҬʹΑͬͯҟͳ
Δಛ௃Λ༗͍ͯ͠Δ͜ͱΛ֬ೝ͠ɼيಓҟৗͷछྨΛಛఆՄೳͰ͋Δ͜
ͱΛࣔͨ͠ɽ
ɹ
4. ΧϧϚϯϑΟϧλΛ༻͍ͨٯղੳʹΑΔيಓෆ੔ਪఆʹ͍ͭͯ͸ɼ࣮
ଌͱൺֱ͢Δͱ਺mmͷࠩҟ͸ݟΒΕΔ΋ͷͷɼ͍ߴ஋Λࣔ͢ϐʔΫՕ
ॴ͸ಛఆՄೳͰ͋Γɼ࣮ڥ؀ʹ͓͍ͯ΋يಓঢ়ଶࢹ؂ʹ༗༻Ͱ͋Δ͜ͱ
Λࣔͨ͠ɽ
ɹ
ɹҰํͰɼୈ 2ষʹ͓͍ͯ૝ఆͨ͠يಓෆ੔ͷ͏ͪɼ࣮࿏ઢʹ͓͍ͯݕ
ূ͕ͳ͞Εͨ΋ͷΛਤ 4.6.1ʹࣔ͢ɽਤ 4.6.1ΑΓ͕ূݕͳ͞Εͨͷ͸্
Լෆ੔͕த৺Ͱ͋Δ͜ͱ͍͏͜ͱ͕Θ͔Δɽ͜Ε͸ɼ͜Ε·Ͱʹௐࠪ͠
ݪஶͰ͋ͬͨ͜ͱ͕ݦಓҟৗ͕يͷ޲ಓҟৗʹภΓ͕͋Γɼ্Լํيͨ
ҼͰ͋ΔɽͦͷͨΊɼଞͷيಓҟৗʹ͍ͭͯ͢ূݕΔͨΊʹɼ࣮࿏ઢʹ
͓͚ΔଌఆσʔλΛҾ͖ଓ͖ऩू͢Δඞཁ͕͋Δɽ
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ਤ 4.6.1: Ռ݁ূݕಓҟৗͷي
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ୈ5ষ ݁࿦

ຊ࿦จͰ͸Ӧ྆ंۀʹ͓͍ͯൺֱత༰қʹଌఆՄೳͳंମͷঢ়ଶྔ͔
Βɼత֬ʹيಓҟৗΛݕग़͢Δ 3ͭͷධՁख๏ʹ͍ͭͯఏҊ͠ɼ࣮࿏ઢ
ʹ͓͍ͯఏҊͨ͠ධՁख๏͕༗༻Ͱ͋Δ͜ͱΛࣔͨ͢Ίɼඞཁͳंମঢ়
ଶྔΛత͔֬ͭ؆қʹଌఆՄೳͳখܕͷଌఆ૷ஔΛ։ൃɼͦͷ੒ՌΛ౷
ʹஙͨ͠γεςϜΛ஍ํమಓߏஙͨ͠ɽߏγεςϜΛࢹಓঢ়ଶ؂ي͠߹
͓͚Δ௕ؒظଌఆʹΑΓධՁͨ݁͠Ռɼ࣮࿏ઢʹ͓͍ͯيಓҟৗΛಛఆɼ
֘౰۠ؒͷܦ೥มԽσʔλΛమಓऀۀࣄ΁ϑΟʔυόοΫ͠อकܭը΁
൓өͤ͞ΔͳͲɼͦͷ༗༻ੑΛݕ౼͠ɼҎԼͷ݁࿦Λಘͨɽ
ɹɹ
ɹ 2ষͰ͸ɼंࣨ಺ʹͯൺֱత༰қʹଌఆՄೳͳঢ়ଶྔ͔Βɼݕग़Մೳ
ͳيಓҟৗʹ͍ͭͯ੔ཧ͠ɼ࣮ڥ؀ʹ͓͚Δيಓอकʹ׆༻Մೳͳσʔ
λ΁ม͢׵ΔͨΊͷيಓධՁࢦඪΛఏҊͨ͠ɽ
ɹ·ͣɼRMSʢRoot Mean Squareʣ஋ʹΑΔيಓҟৗͷݕग़ٴͼɼ࣌ ؒʵ
प೾਺ղੳͷதͰ΋͍޿प೾਺ଳΛ؍ଌ͢Δ͜ͱʹ༏ҐੑΛ࣋ͭ΢Σʔ
ϒϨοτม׵ʹΑΔيಓҟৗछผͷ൑ఆʹ͍ͭͯɼͦͷධՁख๏ͷུ֓
ʹ͍ͭͯड़΂ͨޙʹɼγϛϡϨʔγϣϯʹΑΔূݕΛ࣮ͨ͠ࢪɽ·ͨɼΧ
ϧϚϯϑΟϧλΛ༻͍ͨٯղੳʹΑΔيಓෆ੔ਪఆख๏ʹ͍ͭͯɼΞϧ
ΰϦζϜʹ͍ͭͯड़΂ɼγϛϡϨʔγϣϯʹ͓͍ͯͦͷਫ਼౓Λͨ͠ূݕɽ
ͦͷ݁ՌɼҎԼͷ݁࿦Λಘͨɽ
ɹ
(1) RMS஋ʹΑΔيಓҟৗͷݕग़
ɹஶେͳߴ௿ෆ੔ɼ೾ঢ়ຎ໣ɼϨʔϧܧ໨෦ͷஈࠩͱ͍ͬͨيಓҟৗΛ
૝ఆͨ͠يಓೖྗΛ༩͑ͨγϛϡϨʔγϣϯ݁Ռʹ͓͍ͯɼߴ௿ෆ੔ʹ
͍ͭͯRMS஋ʹΑΔݕग़͸े෼ʹՄೳͰ͋Δ͜ͱ͕֬ೝ͞Εͨɽ͔͠͠
ͳ͕Βɼ೾ঢ়ຎ໣΍ஈࠩͱ͍ͬͨيಓҟৗʹ͍ͭͯ͸ݕग़ࠔ೉Ͱ͋Δ͜
ͱ͕൑໌ͨ͠ɽ
(2) ΢ΣʔϒϨοτม׵ʹΑΔيಓҟৗछผͷ൑ఆ
ɹ (1)ͱಉ༷ͷ৚݅Ͱ࣮͞ࢪΕͨγϛϡϨʔγϣϯʹ͓͍ͯɼ࿈ଓ΢Σʔ
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ϒϨοτมٴ׵ͼ཭ࢄ΢ΣʔϒϨοτม׵Λ༻͍ͯղੳΛ࣮݁ͨ͠ࢪՌɼ
ͲͪΒͷ݁Ռʹ͓͍ͯ΋ɼஶେͳߴ௿ෆ੔ɼ೾ঢ়ຎ໣ɼϨʔϧܧ໨෦ͷ
ஈࠩͱ͍ͬͨيಓҟৗ͕ɼͦΕͧΕಛఆՄೳͰ͋Δ͜ͱΛ֬ೝ͠ɼRMS

஋ʹΑΔධՁͰ͸൑ผ͕ࠔ೉Ͱ͋Δيಓҟৗʹ͍ͭͯ΋൑ผՄೳͰ͋Δ
͜ͱΛࣔͨ͠ɽ
(3) ಓෆ੔ਪఆيϞσϧղੳʹΑΔٯ
ɹ஍ํమಓΛ૝ఆͨ͠૸ߦγϛϡϨʔγϣϯʹ͓͍ͯɼఏҊ͢ΔΞϧΰ
ϦζϜͷਪఆਫ਼౓Λͨ͠ূݕɽͦͷ݁Ռɼيಓ؅ཧͷࢦඪͱ͞ΕΔ 10m

େͰ࠷͸ࠩޡಓෆ੔ʹ͓͍ͯ͸ɼਪఆيਖ਼໼๏ʹ͓͚Δݭ 2mmҎԼͱɼ
Δσʔλͱͯ͠ͷ༗༻ੑΛࣔͨ͠ɽ͢༺׆ʹಓอकي

ɹ·ͨɼຊଌఆ૷ஔʹ͓͍ͯ͸๲େͳଌఆσʔλ͕஝ੵ͞ΕΔҰํɼϏο
άσʔλΛѻ͏ͨΊखಈʹΑΔղੳۀ࡞ʹ͸ݶք͕͋Δɽͦ͜Ͱɼଌఆ
σʔλΛޮ཰తʹऔΓѻ͏ͨΊGraphical User InterfaceΛ׆༻ͨ͠Ϩʔ
ϧ਍அιϑτΛ։ൃͨ͠ɽͦͷ݁ՌɼRMS஋ٴͼ΢ΣʔϒϨοτม׵ʹ
ΑΔධՁʹ͍ͭͯɼෳ਺ଌఆͷσʔλΛҰ౓ʹऔΓѻ͏͜ͱ͕ՄೳͰ͋
Δ͜ͱΛ֬ೝ͠ɼيಓ݁ࢹ؂ՌΛ଎΍͔ʹɼ͔֮ͭࢹతʹ෼͔Γ΍͘͢
మಓ΁ϑΟʔυόοΫͰ͖Δ਍அιϑτͰ͋Δ͜ͱΛࣔͨ͠ɽ
ɹ
ɹ 3ষͰ͸ɼӦ྆ंۀͰͷ௕ؒظͷଌఆΛલఏͱ͠ɼं྆ͷେ෯ͳվ଄
Λ൐Θͣ؆қʹઃஔͰ͖ɼ௿ίετͰيಓͷঢ়ଶࢹ؂Λ࣮͢ࢪΔͨΊͷ
ଌఆ૷ஔΛ։ൃͨ͠ɽ։ൃ͞Εͨଌఆ૷ஔʹ͓͍ͯ͸ҎԼͷੑೳΛ༗͠ɼ
࣮༻Խٴͼ޿Ҭ΁ͷීٴΛ໨ͨ͠ࢦ੡඼ਫ४ʹ౸ୡ͍ͯ͠Δ͜ͱΛ֬ೝ
ͨ͠ɽ
ɹ
(1) খܕͷଌఆ૷ஔͰɼӡస੮Լͷεϖʔε΍ثػശͷதͳͲ༷ʑͳ৔ॴ
΁ઃஔՄೳ
(2) ࣗಈ·ͨ͸؆୯ͳεΠονૢ࡞ʹͯଌఆ͕։࢝͞Εɼઐ໳ͷଌఆһ͕
ෆཁ
(3) ଌఆσʔλ͕ࣗಈసૹ·ͨ͸microSDͷճऩʹͯՄೳ
ɹ
ɹ 4ষͰ͸ɼ2ষʹ͓͚Δيಓঢ়ଶͷධՁࢦඪͱ 3ষͰ։ൃ͞Εͨଌఆ૷
ஔΛ౷߹͠ɼيಓঢ়ଶࢹ؂γεςϜΛߏங͠ɼమಓྗڠऀۀࣄͷ΋ͱ 3࿏
ઢʹ͓͍ͯӦंྻۀʹ͓͚ΔఆظଌఆΛ࣮ͨ͠ࢪɽͦͷ݁ՌҎԼͷ݁࿦
Λಘͨɽ
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ɹ
(1) ंମ্ԼՃ଎౓ʹ͍ͭͯ͸ɼ௕ؒظଌఆʹ͓͍ͯ΋ੑݱ࠶͍ߴΛ֬ೝ
͠ɼ࣮࿏ઢʹ͓͚Δߴ௿ෆ੔ͷஶେ۠ؒɼܧ໨མͪʢ͏͖·͘Β͗ʣൃ
ੜՕॴͱ͍ͬͨيಓҟৗΛݕग़ՄೳͰ͋Δ
(2) ಓঢ়ଶ͕ѱԽͨ۠ؒ͠Ͱيগ͢ΔɼݮRMS஋͕ʹޙࢪಓอकΛ࣮ي
RMS஋͕૿େ͢Δͱ͍ͬͨ૬͕ؔؔ֬܎ೝ͞ΕɼRMS஋ʹΑΔيಓঢ়
ଶͷධՁ͕ՄೳͰ͋Δ͜ͱΛࣔͨ͠ɽ
(3) ΢ΣʔϒϨοτม׵ʹΑΔධՁʹ͓͍ͯɼ౿੾ɼيಓෆ੔ɼܧ໨མͪ
ͳͲͷيಓҟৗ͕ҟͳΔप೾਺ଳʹಛ௃͕͋Δ͜ͱΛઆ໌͠ɼيಓҟৗ
ͷಛఆख๏ͱͯ͠༗༻Ͱ͋Δ͜ͱΛ֬ೝͨ͠ɽ
(4) ͍ͯ༺௿ෆ੔ͷਪఆʹ͍ͭͯɼ࣮࿏ઢσʔλΛߴϞσϧղੳʹΑΔٯ
஋Λࣔ͢Օॴʹ͍ͭͯ͸ਪఆ͕ՄೳͰ͍͋ߴ௿ෆ੔͕ߴՌɼ݁ͨ͠ূݕ
Γɼݱঢ়ͷيಓݕଌ஋ͱͷൺֱʹΑΓيಓอकʹ׆༻͢Δ౳ɼيಓอक
ʹ༗༻ͳσʔλͱͳΔՄೳੑΛࣔͨ͠ɽ
ɹ
ɹҎ্ɼຊ࿦จ͸ɼيಓঢ়ଶࢹ؂γεςϜΛߏங͠ɼͦͷ༗ޮੑΛ۩ମ
తͳద༻ྫࣄʹ͓͍ͯࣔͨ͠΋ͷͰ͋Γɼమಓيಓͷద੾ͳอकΛ௨͡
ͯమಓͷ҆શੑ্޲ʹେ͖͘͢ݙߩΔ΋ͷͰ͋Δͱ͑ߟΔɽ
ɹҰํͰɼຊ࿦จͷ੒Ռ͔Β͑ߟΒΕΔɼޙࠓͷ՝୊ΛҎԼʹࣔ͢ɽ
ɹ
(1) ͍ͯͭʹग़ਫ਼౓ݕग़ൣғɾݕಓҟৗͷي
ɹୈ̐ষʹ͓͍ͯɼ࣮ࡍͷӦۀ࿏ઢʹ͓͚Δ༷ʑͳيಓҟৗΛݕग़͢Δ
Βɼ͔ٞڠͱͷऀۀࣄՄೳͰ͋Δ͜ͱΛࣔͨ͠ɽ͔͠͠ͳ͕Βɼమಓ͕ࣄ
ΑΓ༏ઌ౓ͷي͍ߴಓҟৗ͔ΒূݕΛ࣮͍ͯ͠ࢪΔͨΊɼيಓอकΛ͢
΂͖શͯͷҟৗ͸໢ཏ͞Ε͍ͯͳ͍ɽͦͷͨΊɼيಓঢ়ଶࢹ؂γεςϜ
ͷߏஙʹΑΓ೔ʑ஝ੵ͞ΕΔσʔλΛղੳ͠ɼݕग़Մೳͳيಓҟৗͷൣ
ғ֦େٴͼݕग़ਫ਼౓ͷ্޲ʹ͍ͭͯ͸ɼҾ͖ଓ͖ݕ౼Λ͏ߦඞཁ͕͋Δɽ
·ͨɼيࡏݱಓҟৗͷݕग़ʹ࢖༻͍ͯ͠Δ 3ͭͷख๏ʹ͍ͭͯ͸͕ূݕ
ਐΜͰ͍Δ΋ͷͷɼଞͷղੳख๏ʹΑΔҟৗݕग़ʹ͍ͭͯे෼ʹ͕ূݕ
ͳ͞Ε͍ͯΔͱ͸͍͑ͳ͍ɽͦͷͨΊɼΑΓΑ͍يಓҟৗͷݕग़ख๏͕
ଘ͍ͯ͠ࡏͳ͍͔ൺֱূݕΛ࣮͢ࢪ΂͖Ͱ͋Δɽ
(2) ྻंҐஔݕग़ਫ਼౓ͷ্޲ʹ͍ͭͯ
ɹຊ࿦จʹ͓͚ΔྻंҐஔͷಛఆ͸GPSʹΑΔҐஔ৘ใΛجຊͱ͍ͯ͠
Δɽ͔͠͠ͳ͕Βɼַࢁ෦ͳͲΛ௨ա͢Δ࿏ઢʹ͓͍ͯ͸ɼτϯωϧ౳
Λ௨ա͢ΔࡍʹGPS৘ใ͕ܽམ͢Δ͜ͱ͕֬ೝ͞Ε͍ͯΔɽҰํɼͦͷ
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Α͏ͳGPSͷܽམ۠ؒʹ͓͍ͯ΋ंମಈ༳͔Β౿੾ɼ͗ܧ໨ɼۂઢɼӺ
ͱ͍ͬͨ஍্৘ใ͕ಡΈऔΕΔ͜ͱ͕֬ೝ͞Ε͍ͯΔɽ͜ͷΑ͏ͳ৘ใ
Λ׆༻͢Δ͜ͱͰɼΑΓيಓঢ়ଶࢹ؂γεςϜͷ׆༻Մೳͳ࿏ઢ͕͕޿
Δͱͱ΋ʹɼيಓҟৗͷൃੜҐஔಛఆਫ਼౓͕ΑΓ্͢޲ΔՄೳੑ͕͋Δɽ
(3) ͍ͯͭʹͷ֦େؔػΔަ௨͢ࢪΛ࣮ࢹಓ؂ي
ɹຊ࿦จʹ͓͍ͯ͸ɼమيಓ࿏ઢΛத৺ʹݕ౼Λ࣮͍ͯ͠ࢪΔ͕ɼ࿏໘
ಓ΍৽ަ௨γεςϜͱ͍ͬͨަ௨Ϟʔυʹ͓͍ͯ΋ຊγεςϜ͸༗ޮي
Ͱ͋Δͱ͑ߟΒΕΔɽ͔͠͠ͳ͕Βɼيಓҟৗ͕ंମಈ༳ʹ༩͑ΔӨڹ
͸మيಓͱ͸ҟͳΔ͜ͱ͕༧ଌ͞ΕΔͨΊɼ༗ޮੑͷݕ౼ʹ͸࣮࿏ઢʹ
͓͚Δ͕ূݕඞཁͰ͋Δɽ
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ँࣙ

ຊ࿦จΛ·ͱΊΔʹ͋ͨΓɼଟ͘ͷօ༷ʹଟେͳΔ͝ࢧԉɼ͝ࢦಋΛ
तʹ͸ɼֶ෦ɼେڭۉౡߝ෦ֶ޻࢈Γ·ͨ͠ɽओࠪͰ͋Δ೔ຊେֶੜࣀ
ֶӃത࢜લظɼظޙ՝ఔͷؒɼֶज़໘ͷ͝ࢦಋɼ͝ॿݴͷΈͳΒͣɼࠃ
ձΛػՃ͢Δଟ͘ͷࢀʹతۃ΁ੵڀݚಉڞɼߘձٞͰͷൃද΍࿦จ౤ࡍ
༩͍͖͑ͯͨͩɼͦΕΛ௨ͯ͡ऀڀݚͱͯ͠ͷجຊతͳߟࢥɼߦಈΛ͝
෺Ͱ͋Γɼվࣀͷݴಋɼ͝ॿࢦಋ͍͖ͨͩ·ͨ͠ɽຊ࿦จ͸ɼͦͷ͝ࢦ
Ίͯ͜͜ʹਂ͘ँײͷҙΛද͠·͢ɽ
෭ࠪͰ͋Δ౦ژେֶͷོؔݹষڭतɼ೔ຊେֶੜֶ޻࢈෦ڮߴਐڭतɼ

໺ଜڭ࢘ߒतʹ͸ɼຊ࿦จͷ৹ࠪʹ͠ࡍɼ͝ଟ๩ʹ΋͔͔ΘΒͣ࣌ؒΛ
ׂ͍͍͖ͯͨͩɼຊ࿦จΛ·ͱΊΔͨΊͷ͝ࢦಋͱ͝ॿݴΛࣀΓ·ͨ͠ɽ
৽ͨͳଌఆ૷ஔͷڞಉ։ൃʹ͋ͨΓɼ͝ॿݴͱଟେͳΔ͝ྗڠΛ͍ͨ

͍ͩͨɼࡾژ੡࡞ॴͷᴡ౻Յ༷ٱɼઙ໺༷ߊɼ٠஍ຑ༷߳Λ͸͡Ίͱ͠
ͨօ༷ʹਂ͍ͨ͘͠ँײ·͢ɽ
ଌఆ༻ιϑτ΢ΣΞͷ։ൃʹ͓͍ͯ͸ɼٱอ෢ྑ༷ɼѨ෦༟༷Λ͸͡

Ίͱͨ͠ηϯτϥϧΤϯδχΞϦϯάࣜגձࣾͷօ༷ʹ͸େม͓ੈ࿩ʹ
ͳΓ·ͨ͠ɽ৺ΑΓ͓ྱਃ্͛͠·͢ɽ
ӦंྻۀʹΑΔଌఆ͸ɼమಓ༷ऀۀࣄͷ͝ྗڠʹΑΓ࣮͢ࢪΔ͜ͱ͕

Ͱ͖·ͨ͠ɽ֤ऀۀࣄͷօ༷ʹ͸ɼమಓऀۀࣄͱͯ͠ͷوॏͳ͝ҙݟɼ͝
ॿݴΛࣀΓँײਃ্͛͠·͢ɽ
ͦͯ͠ɼ࣮ݧ΁͝ྗڠ௖͖ɼͦͯ͠ଟ͘ͷ͝ࢦఠΛԼ͍͞·ͨ͠ߝౡ

Λ௖͖·ͨ͠ަ௨ྗڠ՝ఔʹ͝ཧղͱଟେͳ͝ظޙͷօ༷ɼത࢜ࣨڀݚ
҆શڀݚڥ؀ॴͷօ༷ʹ͍ͨ͠ँײ·͢ɽ
ຊ࿦จ͸ɼ͜ͷଞʹ΋ଟ͘ͷօ༷ʹ͝ࢧԉɼ͝ࢦಋΛͯͬࣀ·ͱΊͨ

΋ͷͰ͋Γ·͢ɽޙ࠷ʹɼେֶɼେֶӃത࢜લظɼظޙ՝ఔͷؒΛஆ͔
ͷҙΛද͠ɼँࣙͱ͍͖ͤͯͨͩ͞·͢ɽँײʹकͬͯ͘Εͨ྆਌ݟ͘
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