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Abstract 
 

We assumed that in an wireless sensor 
network, each sensor node has identical sensing, 
communicating, moving capability, and energy 
amount.  If multiple of these sensor nodes are 
deployed in the target area, and few of them are 
mal-functioned after the network is stable, then it 
is possible to move neighboring sensor nodes to 
fill in for the faulty ones and reduce the impact of 
faulty nodes to minimal level.  In this project, 
we proposed a ripple filling method to handle 
few faulty sensor nodes.  To reduce the energy 
consumption, we only move sensor nodes that are 
within two layers of faulty ones. 
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3.1 ֹऍ௨ӈֹݤऍ௨ӈֹݤऍ௨ӈֹݤऍ௨ӈ[1]ݤ 

 

གෳጄൎ࣮ԋελޑॺஒགෳᏔᗺך    

࣬ӕޑ༝Ǵ٠ܴраΟঁελ࣬ӕޑ༝Ǵ

ԋᙟᇂय़ᑈനεǴख़᠄य़ᑈനλǴЪύ໔ؒԖ

ᅅޑࢰགෳᏔᗺ௨ӈБݤǶ൩ࢂஒΟঁ༝ޑ

༝Јܫӧᜐߏɥ3*r ഗᗺǶ墣rޑفΟ҅ޑ

གෳъ৩)ӵკޑҢགෳᏔᗺ߄ 3-1  ҢǺ܌
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  җаკ 3-1БԄ௨ӈӭঁགෳᏔᗺёள

Πკ 3-2Ǻ 

 
კ 3-2Ǻֹऍ௨ӈݤϐϤفഗᗺՏ 

 

3.2 ᒱᆶᒱຑᒱᆶᒱຑᒱᆶᒱຑᒱᆶᒱຑ 

 
ѨਏޑགෳᏔᗺޑኧໆϷѨਏགෳᏔ

ᗺޑϩѲՏǴቹៜᙟᇂޑफ़եำࡋǶ

аΠஒ൩೭ٿБय़ٰǺ 

 

3.2.13.2.13.2.13.2.1 ᒱᇤགෳᏔᗺޑኧໆᒱᇤགෳᏔᗺޑኧໆᒱᇤགෳᏔᗺޑኧໆᒱᇤགෳᏔᗺޑኧໆ    

    

   ऩགෳᏔᗺޑཞᚯኧໆຫӭǴԜགෳ

ୱϣഭᎩޑགෳᏔᗺኧໆૈ܌ගޑٮᙟᇂ

ջΠफ़Ǵ೭ᅿݩΠૈ܌ගޑٮᙟᇂഗ

ӭ࣬ࣁӕۈ߃թགෳᏔᗺኧໆޑਏૈǶё

ஒୢᚒϩᜪࣁ one-faultݩރǵᆶ multi-fault ރ
ޑݤགෳӦკӧᄽᆉࡰݩރǶone-faultݩ

ՉၸำύǴѝԖঁགෳᏔᗺวғᒱᇤǶ

multi-fault ၸำݤགෳӦკӧᄽᆉࡰݩރ

ύǴԖঁаགෳᏔᗺวғᒱᇤǶ 

 

3.2.23.2.23.2.23.2.2 ᒱᇤགෳᏔᗺᒱᇤགෳᏔᗺᒱᇤགෳᏔᗺᒱᇤགෳᏔᗺޑϩѲޑϩѲޑϩѲޑϩѲ    

        

                གෳୱϣགෳᏔᗺϩթޑຫ֡ϬǴᄽ

ᆉݤගޑٮᙟᇂਏ݀ຫӳǶऩךॺа uniform 
distributionޑБԄኳᔕѳ֡ණթགෳᏔᗺޑ

ՉࣁǴՠϝԖᐒӧགෳୱϣǴࢌࡺምག

ෳᏔᗺཛྷ൨όډᎃۚགෳᏔᗺǶΨ൩ࢂ

ᇥǴջ٬ණթ 100 ঁགෳᏔᗺǴՠགෳୱ

ϣࢌୱޑགෳᏔᗺኧໆόىǴ٬ளࡺምག

ෳᏔᗺคݤӆ೯ૻጄൎϣىډפޑᎃۚ

གෳᏔᗺਔǴԜࡺምགෳᏔᗺزคډפݤ

ֹޑᎃۚགෳᏔᗺٰගٮགෳᙟᇂǶऩว

ғӧᜐࣚਔǴݩനᝄख़ǴӢؒࣁԖځдགෳ

ᏔᗺૈՉံ௱Ƕ೭ᅿݩΠǴᄽᆉݤ൩ค

ٮঁགෳୱගࣁݤ  ᙟᇂǶޑ100%

 

3.2.3 3.2.3 3.2.3 3.2.3 ᅎᅓޔጕሀံݤᅎᅓޔጕሀံݤᅎᅓޔጕሀံݤᅎᅓޔጕሀံݤ    墣 ripple filling 墣 ripple filling 墣 ripple filling 墣 ripple filling 

method )method )method )method )    

 

    ҁࣴ܌ز௦ޑڗሀံБࣁݤᅎᅓޔጕሀ

ΜϩᙁൂǴঁགෳᏔᗺݤᄽᆉځǶݤံ

วғࡺምԶѨਏޑਔংǴڬൎޑགෳᏔ൩ර

ӛѨਏޑགෳᏔӦᗺՉޔጕޑ౽Ǵӕਔ೭

٤౽ޑགෳᏔΨ೯ځޕᎃۚරӛԾρচ

ՏՉ౽ǴӢԜǴՠԖགෳᏔᗺޑٰ

ѨਏǴ൩ႽҡηΕНύԋޑᅎᅓǴ٬ளڬ

ൎޑགෳᏔܗᐆวғׯᡂǶᄽᆉݤज़ڋനӭ

ѝԖٿቫޑགෳᏔՉ౽Ǵаᗉխεጄൎޑ

གෳᏔܗᐆׯᡂԋૈޑໆǶ 

 

4.4.4.4. གෳགෳགෳགෳᆛၡኳᔕᆛၡኳᔕᆛၡኳᔕᆛၡኳᔕ    
 
  ҁࣴޑزኳᔕБݤǴஒځ٬ᙟᇂᅅޑࢰሀ

ံᐒࣁ׳ڋԖਏǴٯӵǺሀံᙟᇂᅅޑࢰၡ

৩ஒ௦ᅎᅓሀံǴԶځ٬ຯᚆᙟᇂᅅࢰၨᇻޣ

όځڙቹៜǴόႽϩᄽᆉݤύǴঁགෳ

ᆛၡᗺӧ౽ǹ٠ЪҁጇኳᔕБݤ௦ޔ

ጕሀံޑБԄǴаٛԖሀံགෳᏔᗺوӣ

ᓐၡݩރޑǴԶ٬ૈྍཞቚуǴԋځག

ෳᆛၡ٬ޑҔტڮ෧ϿǹќѦǴΨஒԵቾځѲ

ᗺਔԋޑᇤৡǴӢࣁѲᗺޣӧӒᓀޑӦ

ᗺ墣ٯӵǺᏯ)ѲᗺਔǴۓԖѲᗺᇤৡǴ

ԶЪѲᗺᇤৡΨቹៜགෳᆛၡ٬ޑҔტ

ԖచҹҬΰԵ܌עஒݤኳᔕБزаҁࣴ܌Ǵڮ

ቾǴӕਔኳᔕӧֹऍѲᗺаϷᇤৡѲᗺޑᕉნ

ΠǴᅎᅓޔጕሀံޑݤჹܭགෳᆛၡ٬ޑҔტ

 ᡂǶׯԖࣗሶڮ

 

4.1 ำԄำԄำԄำԄኳᔕኳᔕኳᔕኳᔕ 
 
ୖ  ኧ ኧ ॶ 

Ӧკελ ٩གෳᏔᗺ໔ຯѲ

ᗺᡂ 

གෳᏔᗺኧໆ 451 

གෳъ৩ r 

೯ૻъ৩ 2r~3r 



നε౽ຯᚆ 2 3r 
ᅎᅓ౽ຯᚆ ٩གෳᏔᗺ໔ຯѲ

ᗺᡂ 

߄ 4-1Ǻჴᡍୖኧۓ 

 
    ঁགෳᏔᗺޑགෳጄൎࣁ rǴ೯ૻጄ

ൎϩձࣁ 2~3 ७ޑ rǴբҬΰኳᔕǴགෳᏔ

ᗺሀံᙟᇂᅅࢰ౽БԄ߾аᅎᅓБԄޔጕ

౽ǶךॺӃӧ࣬ӕచҹۓΠՉ 30 ԛޑ

ኳᔕѳ֡ǴٰࢂցԛኳᔕჴᡍኧᏵр

ཱུεᇤৡǶаΠკ 4-2 ӧݩރۈ߃ۓࢂ߾

གෳᏔᗺ໔ຯࣁ 1.6*r ѲᗺݩΠǴวғ

གෳᏔᗺࡺምਔǴڬځᎁགෳᏔᗺሀံᙟ

ᇂᅅࢰǴ܌ևрӧ 5ԛǵ10 ԛǵ15 ԛޔ

ډ 30 ԛኳᔕჴᡍѳ֡ኧॶǴᢀჸࡕёวځ

ѳ֡ॶᇤৡࣣӧλኧᗺٿࡕՏǴжځ߄ᇤৡৡ

౦όεǴ٠όቹៜځኳᔕჴᡍኧᏵǶ 
 

 

კ 4-2 : ኳᔕჴᡍᙟᇂѳ֡ॶКၨ 

Πკ4-3ࢂаֹऍБԄѲᗺ墣གෳᏔᗺ

໔ຯ1.7ࣁ*r)ǴགෳᆛၡрᙟᇂᅅࢰਔǴ

ᎁགෳᏔᗺаຯᚆᙟᇂڬምགෳᏔᗺࡺ

ᅅޑࢰᇻ߈Ǵٰሀံޑ౽٩ᏵǴຯᚆຫ߈

౽ຫӭǴຯᚆຫᇻ߾౽ຫϿࣗԿόբ౽

Ǵ൩ךࢂॺ܌ᆀޑᅎᅓБԄǴаҁኳᔕჴᡍ

ٰۓᇥǴrޑኧॶ5ࣁmǴԶᅎᅓ౽ຯᚆϩ

ձࣁǴಃቫआՅਣጕጄൎ౽2/3*rǴಃΒ

ቫՅਣጕጄൎ౽1/3*rբᙟᇂᅅࢰሀံǶ

ᙟᇂᅅֹࢰԋሀံբਔǴᙟᇂय़ᑈஒև

Πკ4-4Ƕ 

 

 
კ 4-3ǺֹऍѲᗺрᙟᇂᅅࢰ 

 
კ 4-4Ǻᙟᇂᅅֹࢰԋሀံ 

  җኳᔕჴᡍ่݀ύךॺёаวǴག

ෳᏔᗺࡺምঁኧቚуਔǴᙟᇂஒᆶϐև

҅КǴΨ൩ࢂགෳᏔᗺࡺምঁኧቚӭǴ߾ᙟ

ᇂஒᒿϐΠफ़ǴҗΠკ4-5 ёа࣮рۈ߃

ምঁኧࡺགෳᏔᗺځΠǴݩӧֹऍѲᗺۓ

ჹᙟᇂޑቹៜǴԶӧჴሞѲᗺޑӕਔǴ

ۓวғѲᗺᇤৡǴӵӧᏯǴ܌аΠკ

ࣁӧགෳᏔᗺ໔ຯۓۈ߃ࢂ߾4-6

1.7*r+10%ᇤৡѲᗺݩΠǴrޑኧॶ5ࣁmǴԶ

ᅎᅓ౽ຯᚆϩࣁǴಃቫ೯ૻጄൎ౽

2/3*rǴಃΒቫ೯ૻጄൎ౽1/3*rբᙟᇂᅅࢰ

ሀံǴځགෳᏔᗺࡺምঁኧჹᙟᇂቹៜǴ

Զךॺۓᙟᇂၲډᖏࣚॶ60%ਔǴஒѨѐ

 ཀကǶޑགෳᆛၡѲᗺځ

 
კ 4-5ǺགෳᏔᗺࡺምঁኧჹᙟᇂቹៜ 



 
კ 4-6ǺᇤৡѲᗺϐགෳᏔᗺࡺምᙟᇂ 

  җΠკ4-7ךॺёаวǴҗֹܭऍѲ

ᗺޑচࢂ߾གෳᏔᗺ۶Ԝགෳጄൎख़᠄य़

ᑈനλǵᙟᇂय़ᑈനεǴ܌арགෳᏔ

ᗺࡺምਔǴݩރۈ߃ࣁۓགෳᏔᗺ໔ຯࣁ

1.7*r+10%ᇤৡѲᗺݩΠޑᙟᇂǴКֹ

ऍѲᗺ墣1.7*r)ޑݩӳᗺǶ೭ࢂҗܭགෳ

Ꮤᗺ໔ຯ1.7ࣁ*r+10%ᇤৡѲᗺޑݩΠǴ

གෳᏔᗺ۶Ԝ໔ޑຯᚆ߈Ǵགෳጄൎख़᠄

य़ᑈቚуǴ൩ځ٬ᙟᇂၨό഼ܰѨǴགෳ

Ꮤᗺ۶Ԝ໔ຯᚆ߈Ψޑ٬ᅎᅓ౽ຯᚆ

ᡂอǴԶ෧ϿྍૈځǴቚуځགෳᆛၡ

 Ƕڮ٬Ҕტޑ

 

 
კ4-7ǺֹऍѲᗺᆶᇤৡѲᗺϐᙟᇂКၨ 

 

 
კ4-8Ǻ1.7*rᆶ1.6*rѲᗺϐᙟᇂКၨ 

 

  җკ4-8ޣ܈Πკ4-9ךॺёаว

Ǵӕኬ୷ֹܭऍѲᗺޑচ߾墣གෳጄൎख़᠄

य़ᑈനλǵᙟᇂय़ᑈനε)Ǵ܌арགෳ

ᏔᗺࡺምਔǴۈ߃ࣁۓགෳᏔᗺ໔ຯࣁ

1.6*rѲᗺ墣གෳᏔᗺ۶Ԝޑགෳጄൎख़᠄

य़ᑈቚу)ݩΠޑᙟᇂКֹऍѲᗺ

墣1.7*r)ӳǹԶۈ߃ۓӧགෳᏔᗺ໔ຯࣁ

1.6*r+10% ᇤ ৡ Ѳ ᗺ  ݩ Π Ǵ ࣬ ჹ  К

1.7*r+10%ᇤৡѲᗺϐᙟᇂӳǶ 

    
კ4-9Ǻ1.7*rᆶ1.6*rࣣ+10%ᇤৡᙟᇂКၨ 

 

      җΠკ 4-10ǵკ 4-11 ᆶკ 4-12 և߾

ǴགෳᏔᗺ໔ຯ1.6ࣁ*rǵ1.2*rᆶ0.9*r

ϩձу 10%ǵ20%ǵ30%Ϸ 50%ᇤৡٰՉѲ

ᗺਔǴۈ߃ځۓϐᇤৡॶຫٰຫεਔǴ߾

 ᙟᇂ൩ຫٰຫλǶځ

 

 
კ4-10Ǻ1.6*rуόӕᇤৡϐᙟᇂКၨ 

 

 
კ4-11Ǻ1.2*rуόӕᇤৡϐᙟᇂКၨ 



 
კ4-12Ǻ0.9*rуόӕᇤৡϐᙟᇂКၨ 

 

வӈኳᔕჴᡍኧᏵךॺёаวǴԖٿ

ঁЬाӢનᆶᙟᇂޑਏૈԖᜢǴಃࢂགෳ

ᏔᗺޑኧໆӭჲǴಃΒࢂ߾གෳᏔᗺ߃ޑ

ኧໆޑምࡺǴགෳᏔᗺޑǶӕኬݩϩѲۈ

ϷࡺምགෳᏔᗺޑϩѲՏǴΨ٬ᙟᇂ

ਏૈޑफ़եǶќѦǴࡺምགෳᏔᗺڬᎁפ

όىډޑགෳᏔᗺሀံਔǴࡺࢂ܈ምགෳ

ᏔᗺϩթӧᜐࣚਔǴځᙟᇂਏૈቹៜന

εǶԶӧኳᔕჴᡍኧᏵύךॺёаளޕǴۈ߃

ۓӧགෳᏔᗺ໔ຯࣁຫ߈ЪؒԖᇤৡޑ

ѲᗺݩΠǴࡺምགෳᏔᗺ೯ૻጄൎϣޑᎃ

ǴࢰጕሀံᙟᇂᅅޔགෳᏔᗺǴՉᅎᅓ߈

٬ޑགෳᆛၡځߏۯᙟᇂਏനӳԶૈځ

ҔტڮǴՠԋҁ࣬ၨଯǶԶӧۈ߃ۓӧག

ෳᏔᗺ໔ຯࣁၨᇻуԖᇤৡޑѲᗺݩ

ΠǴځሀံޑᙟᇂਏૈനৡǶ 

 

5.5.5.5. ่ ፕ่ፕ่ፕ่ፕ    
  ҁࣴ٬زҔ Microsoftޑ Visual 

Studio 2008೬ᡏኗቪኳᔕीᆉѳѠǴЬाჹܭ

ӧӚᅿόӕޑᇤৡКٯǵόӕۈ߃ޑޑۓམ

ଛኳᔕǵόӕࡺޑምགෳᏔᗺᆶԵቾԋҁޑ

ցૈӧѲᗺࢂΠǴኳᔕঁჴᡍݩ

 ᙟᇂਏૈǶޑۓᛙډୱύளޑ

җኳᔕჴᡍӧΒᆢޑѳय़ӦკբѲ

ᗺǴҁࣴ܌زࢂޑаߏۯགෳᆛၡ٬Ҕტ

ڬምགෳᏔᗺࡺΠǴҗวғݩޑ୷ᘵࣁڮ

ᎁགෳᏔᗺբሀံᙟᇂᅅޑࢰᅎᅓޔጕ౽

ǴӕਔΨाԵቾԖѲᗺό֡Ϭ܈ᇤৡǾ

วғǶҗኳᔕኧᏵٰෳঁѲᗺୱݩޑ

ΠٰۓᙟᇂਏૈǴ٠ଞჹόӕచҹޑ

ѲᗺޑπբǶ 

ำԄኳᔕ่݀ޑёа๏ϒሡाεࠠ

གෳᆛၡޑϦљ۬ࡹࢂ܈ঁୖԵޑኧॶǴ๏

ϒ٤୷ҁሡाޑགෳᏔᗺኧҞǵ୷ҁᕉნ

ۓᆶᙟᇂਏૈϐ໔ኧॶୖޑԵǶ 
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