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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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(2). གෳᆛၡޑགෳᏔ࿯ᗺஏࡋଯԶགෳᏔ࿯

ᗺΜϩ৒ܰࡺምǶ  

(3). གෳᆛၡޑᆛၡܗ⧞Ȑtopologyȑਔதׯ

ᡂǶ 

(4). གෳᏔ࿯ᗺૈޑໆǵၮᆉૈΚϷ૶Ꮻᡏڙ

 Ƕڋज़ޑεཱུډ

җܭགෳᏔ࿯ᗺኧໆߚதεЪࡐӭ࿯

ᗺёૈ຾ՉӕኬޑୀෳϷҺ୍Ǵу΢གෳᏔ࿯

ᗺёૈؒԖᜪ՟ IP ᆛၡύၡҗૈΚǴ܌аค

ᆶၡҗ೛ݤᄽᆉޑௗᔈҔคጕᖏਔᆛၡޔݤ

ीǶ 

 

3. གෳགෳགෳགෳᆛၡϐᆛၡϐᆛၡϐᆛၡϐࡌᄬࡌᄬࡌᄬࡌᄬ 
 
  ҁࣴزനЬाଷ೛ࣁགෳᏔ࿯ᗺڀԖ౽

୏ૈΚ墣mobile sensor)ǴΨ൩ࢂᇥགෳᏔ࿯ᗺ

ૈ౽୏ډᄽᆉޑۓࡰ܌ݤ፾྽Տ࿼Ƕଷ೛ڀԖ

࣬ӕޑགෳǵ೯ૻǵ౽୏ૈΚϷૈྍޑགෳᏔ

࿯ᗺа֡ϬᒿᐒޑБԄණթӧΒᆢѳय़ޑ୔

ୱ΢ǴགෳᏔ࿯ᗺޑ೯ૻъ৩ԿϿࣁགෳъ৩

ᜐࣚޑၰགෳ୔ୱޕ७ǴаϷགෳᏔ࿯ᗺٿޑ

০኱Ƕа߻ॊޑଷ೛చҹǴךॺஒаำԄኳᔕ

ຯޑགෳᏔ࿯ᗺϐ໔ۓӵՖ೛زБԄٰࣴޑ

ᚆǴ٬ள྽Ͽኧ࿯ᗺѨਏޑਔংǴёа٩ྣᙁ

дགෳᏔ࿯ᗺ౽୏ٰ༤ံځЇࡰݤᄽᆉޑൂ

གෳ୔ୱр౜ޜޑલǴ٠ၲԋਏૈၨޑ٫ᙟ

ᇂ౗Ƕ२ӃाӃϟಏӧΒᆢޜ໔΢ֹޑऍ

௨ӈݤǶ 

 

3.1 ֹऍ௨ӈֹݤऍ௨ӈֹݤऍ௨ӈֹݤऍ௨ӈ[1]ݤ 

 

གෳጄൎ࣮ԋελޑॺஒགෳᏔ࿯ᗺך    

࣬ӕޑ༝Ǵ٠᛾ܴраΟঁελ࣬ӕޑ༝Ǵ׎

ԋᙟᇂय़ᑈനεǴख़᠄य़ᑈനλǴЪύ໔ؒԖ

ᅅޑࢰགෳᏔ࿯ᗺ௨ӈБݤǶ൩ࢂஒΟঁ༝ޑ

༝Јܫӧᜐߏɥ3*r ഗᗺ΢Ƕ墣rޑ׎فΟ҅ޑ

གෳъ৩)ӵკޑҢགෳᏔ࿯ᗺ߄ 3-1  ҢǺ܌

 



კ 3-1ǺOGDCᄽᆉֹ­ݤऍ௨ӈݤ 

 

  җа΢კ 3-1БԄ௨ӈӭঁགෳᏔ࿯ᗺёள

Πკ 3-2Ǻ 

 
კ 3-2Ǻֹऍ௨ӈݤϐϤ׎فഗᗺՏ࿼ 

 

3.2 ৒ᒱᆶ৒ᒱຑ՗৒ᒱᆶ৒ᒱຑ՗৒ᒱᆶ৒ᒱຑ՗৒ᒱᆶ৒ᒱຑ՗ 

 
ѨਏޑགෳᏔ࿯ᗺޑኧໆϷѨਏགෳᏔ࿯

ᗺޑϩѲՏ࿼Ǵ೿཮ቹៜᙟᇂ౗ޑफ़եำࡋǶ

аΠஒ൩೭ٿБय़ٰ௖૸Ǻ 

 

3.2.13.2.13.2.13.2.1 ᒱᇤགෳᏔ࿯ᗺޑኧໆᒱᇤགෳᏔ࿯ᗺޑኧໆᒱᇤགෳᏔ࿯ᗺޑኧໆᒱᇤགෳᏔ࿯ᗺޑኧໆ    

    

   ऩགෳᏔ࿯ᗺޑཞᚯኧໆຫӭǴԜགෳ୔

ୱϣഭᎩޑགෳᏔ࿯ᗺኧໆૈ܌ගޑٮᙟᇂ

౗ջ཮Πफ़Ǵ೭ᅿ௃ݩΠૈ܌ගޑٮᙟᇂ౗ഗ

ӭ࣬ࣁӕۈ߃թ࿼གෳᏔ࿯ᗺኧໆޑਏૈǶё

ஒୢᚒϩᜪࣁ one-faultݩރǵᆶ multi-fault ރ
຾ޑݤགෳӦკ΢ӧᄽᆉࡰݩރǶone-faultݩ

ՉၸำύǴѝԖ΋ঁགෳᏔ࿯ᗺวғᒱᇤǶ

multi-fault ၸำݤགෳӦკ΢ӧᄽᆉࡰݩރ

ύǴԖ΋ঁа΢གෳᏔ࿯ᗺวғᒱᇤǶ 

 

3.2.23.2.23.2.23.2.2 ᒱᇤགෳᏔ࿯ᗺᒱᇤགෳᏔ࿯ᗺᒱᇤགෳᏔ࿯ᗺᒱᇤགෳᏔ࿯ᗺޑϩѲ௃ޑ׎ϩѲ௃ޑ׎ϩѲ௃ޑ׎ϩѲ௃׎    

        

                གෳ୔ୱϣགෳᏔ࿯ᗺϩթޑຫ֡ϬǴᄽ

ᆉݤගޑٮᙟᇂਏ݀ຫӳǶऩךॺа uniform 
distributionޑБԄኳᔕѳ֡ණթགෳᏔ࿯ᗺޑ

ՉࣁǴՠϝԖᐒ཮ӧགෳ୔ୱϣǴࢌ΋ࡺምག

ෳᏔ࿯ᗺཛྷ൨όډᎃۚགෳᏔ࿯ᗺǶΨ൩ࢂ

ᇥǴջ٬ණթ 100 ঁགෳᏔ࿯ᗺǴՠགෳ୔ୱ

ϣࢌ୔ୱޑགෳᏔ࿯ᗺኧໆόىǴ٬ளࡺምག

ෳᏔ࿯ᗺคݤӆ೯ૻጄൎϣىډפ୼ޑᎃۚ

གෳᏔ࿯ᗺਔǴԜࡺምགෳᏔ࿯ᗺزคډפݤ

ֹ᏾ޑᎃۚགෳᏔ࿯ᗺٰගٮགෳᙟᇂǶऩว

ғӧᜐࣚਔǴ௃ݩനᝄख़ǴӢؒࣁԖځдགෳ

Ꮤ࿯ᗺૈ຾Չံ௱Ƕ೭ᅿ௃ݩΠǴᄽᆉݤ൩ค

ٮ᏾ঁགෳ୔ୱගࣁݤ  ᙟᇂ౗Ƕޑ100%

 

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

ΜϩᙁൂǴ྽΋ঁགෳᏔ࿯ᗺݤᄽᆉځǶݤံ

วғࡺምԶѨਏޑਔংǴڬൎޑགෳᏔ൩཮ර

ӛѨਏޑགෳᏔӦᗺ຾Չޔጕޑ౽୏Ǵӕਔ೭

٤౽୏ޑགෳᏔΨ཮೯ځޕᎃۚරӛԾρচ

Տ࿼຾Չ౽୏ǴӢԜǴ΋ՠԖགෳᏔ࿯ᗺޑٰ

ѨਏǴ൩Ⴝҡη׫ΕНύ೷ԋޑᅎᅓǴ٬ளڬ

ൎޑགෳᏔܗᐆวғׯᡂǶᄽᆉݤ཮ज़ڋനӭ

ѝԖٿቫޑགෳᏔ຾Չ౽୏Ǵаᗉխεጄൎޑ

གෳᏔܗᐆׯᡂ೷ԋૈޑໆ੃઻Ƕ 

 

4.4.4.4. གෳགෳགෳགෳᆛၡኳᔕᆛၡኳᔕᆛၡኳᔕᆛၡኳᔕ    
 
  ҁࣴޑزኳᔕБݤǴஒځ٬ᙟᇂᅅޑࢰሀ

ံᐒࣁ׳ڋԖਏ౗ǴٯӵǺሀံᙟᇂᅅޑࢰၡ

৩ஒ௦ᅎᅓሀံǴԶځ٬ຯᚆᙟᇂᅅࢰၨᇻޣ

όځڙቹៜǴό཮Ⴝ೽ϩᄽᆉݤύǴ᏾ঁགෳ

ᆛၡ࿯ᗺ೿ӧ଺౽୏ǹ٠ЪҁጇኳᔕБݤ௦ޔ

ጕሀံޑБԄǴаٛ཮ԖሀံགෳᏔ࿯ᗺوӣ

ᓐၡݩރޑǴԶ٬ૈྍ઻ཞ౗ቚуǴ೷ԋځག

ෳᆛၡ٬ޑҔტڮ෧ϿǹќѦǴΨஒԵቾځѲ

ᗺਔ཮೷ԋޑᇤৡǴӢࣁ྽ѲᗺޣӧӒᓀޑӦ

ᗺ墣ٯӵǺᏯ൑)ѲᗺਔǴ΋ۓ཮ԖѲᗺᇤৡǴ

ԶЪѲᗺᇤৡΨ཮ቹៜགෳᆛၡ٬ޑҔტ

ԖచҹҬΰԵ܌עஒݤኳᔕБزаҁࣴ܌Ǵڮ

ቾǴӕਔኳᔕӧֹऍѲᗺаϷᇤৡѲᗺޑᕉნ

ΠǴᅎᅓޔጕሀံޑݤჹܭགෳᆛၡ٬ޑҔტ

 ᡂǶׯ཮Ԗࣗሶڮ

 

4.1 ำԄำԄำԄำԄኳᔕኳᔕኳᔕኳᔕ 
 
ୖ  ኧ ኧ ॶ 

Ӧკελ ٩གෳᏔ࿯ᗺ໔ຯѲ

ᗺᡂ୏ 

གෳᏔ࿯ᗺኧໆ 451 

གෳъ৩ r 

೯ૻъ৩ 2r~3r 



നε౽୏ຯᚆ 2 3r 
ᅎᅓ౽୏ຯᚆ ٩གෳᏔ࿯ᗺ໔ຯѲ

ᗺᡂ୏ 

߄ 4-1Ǻჴᡍୖኧ೛ۓ 

 
    ؂ঁགෳᏔ࿯ᗺޑགෳጄൎࣁ rǴ೯ૻጄ

ൎϩձࣁ 2~3 ७ޑ rǴբҬΰኳᔕǴགෳᏔ࿯

ᗺሀံᙟᇂᅅࢰ౽୏БԄ߾аᅎᅓБԄޔጕ

౽୏ǶךॺӃӧ࣬ӕచҹ೛ۓΠ຾Չ 30 ԛޑ

ኳᔕѳ֡Ǵٰ௖૸ࢂց؂ԛኳᔕჴᡍኧᏵ཮р

౜ཱུεᇤৡǶаΠკ 4-2 ӧݩރۈ߃ۓ೛ࢂ߾

གෳᏔ࿯ᗺ໔ຯࣁ 1.6*r Ѳᗺ௃ݩΠǴ྽วғ

གෳᏔ࿯ᗺࡺምਔǴڬځᎁགෳᏔ࿯ᗺሀံᙟ

ᇂᅅࢰǴ܌և౜р྽ӧ 5ԛǵ10 ԛǵ15 ԛޔ

ډ 30 ԛኳᔕჴᡍѳ֡ኧॶǴᢀჸࡕёว౜ځ

ѳ֡ॶᇤৡࣣӧλኧᗺٿࡕՏǴжځ߄ᇤৡৡ

౦όεǴ٠ό཮ቹៜځኳᔕჴᡍኧᏵǶ 
 

 

კ 4-2 : ኳᔕჴᡍᙟᇂ౗ѳ֡ॶКၨ 

Πკ4-3ࢂаֹऍБԄѲᗺ墣གෳᏔ࿯ᗺ

໔ຯ1.7ࣁ*r)Ǵ྽གෳᆛၡр౜ᙟᇂᅅࢰਔǴ

ᎁགෳᏔ࿯ᗺаຯᚆᙟᇂڬምགෳᏔ࿯ᗺࡺ

ᅅޑࢰᇻ߈Ǵٰ଺ሀံޑ౽୏٩ᏵǴຯᚆຫ߈

౽୏ຫӭǴຯᚆຫᇻ߾౽୏ຫϿࣗԿόբ౽

୏Ǵ൩ךࢂॺ܌ᆀޑᅎᅓБԄǴаҁኳᔕჴᡍ

೛ٰۓᇥǴrޑኧॶ5ࣁmǴԶᅎᅓ౽୏ຯᚆϩ

ձࣁǴಃ΋ቫआՅਣጕጄൎ౽୏2/3*rǴಃΒ

ቫ໵Յਣጕጄൎ౽୏1/3*rբᙟᇂᅅࢰሀံǶ

྽ᙟᇂᅅֹࢰԋሀံ୏բਔǴᙟᇂय़ᑈஒև౜

Πკ4-4Ƕ 

 

 
კ 4-3ǺֹऍѲᗺр౜ᙟᇂᅅࢰ 

 
კ 4-4Ǻᙟᇂᅅֹࢰԋሀံ 

  җኳᔕჴᡍ่݀ύךॺёаว౜Ǵ྽ག

ෳᏔ࿯ᗺࡺምঁኧቚуਔǴᙟᇂ౗ஒᆶϐև౜

҅КǴΨ൩ࢂགෳᏔ࿯ᗺࡺምঁኧቚӭǴ߾ᙟ

ᇂ౗ஒᒿϐΠफ़ǴҗΠკ4-5 ёа࣮рۈ߃೛

ምঁኧࡺགෳᏔ࿯ᗺځΠǴݩӧֹऍѲᗺ௃ۓ

ჹᙟᇂ౗ޑቹៜǴԶӧჴሞ౜൑ѲᗺޑӕਔǴ

΋ۓ཮วғѲᗺᇤৡǴӵӧᏯ൑΢Ǵ܌аΠკ

ࣁӧགෳᏔ࿯ᗺ໔ຯۓ೛ۈ߃ࢂ߾4-6

1.7*r+10%ᇤৡѲᗺ௃ݩΠǴrޑኧॶ5ࣁmǴԶ

ᅎᅓ౽୏ຯᚆϩࣁǴಃ΋ቫ೯ૻጄൎ౽୏

2/3*rǴಃΒቫ೯ૻጄൎ౽୏1/3*rբᙟᇂᅅࢰ

ሀံǴځགෳᏔ࿯ᗺࡺምঁኧჹᙟᇂ౗ቹៜǴ

Զךॺ೛ۓᙟᇂ౗ၲډᖏࣚॶ60%ਔǴஒѨѐ

 ཀကǶޑགෳᆛၡѲᗺځ

 
კ 4-5ǺགෳᏔ࿯ᗺࡺምঁኧჹᙟᇂ౗ቹៜ 



 
კ 4-6ǺᇤৡѲᗺϐགෳᏔ࿯ᗺࡺምᙟᇂ౗ 

  җΠკ4-7ךॺёаว౜ǴҗֹܭऍѲ

ᗺޑচࢂ߾གෳᏔ࿯ᗺ۶Ԝགෳጄൎख़᠄य़

ᑈനλǵᙟᇂय़ᑈനεǴ܌а྽р౜གෳᏔ࿯

ᗺࡺምਔǴݩރۈ߃೛ࣁۓགෳᏔ࿯ᗺ໔ຯࣁ

1.7*r+10%ᇤৡѲᗺ௃ݩΠޑᙟᇂ౗Ǵ཮Кֹ

ऍѲᗺ墣1.7*r)ޑ௃ݩӳ΋ᗺǶ೭ࢂҗܭགෳ

Ꮤ࿯ᗺ໔ຯ1.7ࣁ*r+10%ᇤৡѲᗺޑ௃ݩΠǴ

གෳᏔ࿯ᗺ۶Ԝ໔ޑຯᚆ߈܎Ǵགෳጄൎख़᠄

य़ᑈቚуǴ൩཮ځ٬ᙟᇂ౗ၨό഼ܰѨǴགෳ

Ꮤ࿯ᗺ۶Ԝ໔ຯᚆ߈܎Ψޑ٬ᅎᅓ౽୏ຯᚆ

ᡂอǴ຾Զ෧Ͽྍૈځ੃઻Ǵቚуځགෳᆛၡ

 Ƕڮ٬Ҕტޑ

 

 
კ4-7ǺֹऍѲᗺᆶᇤৡѲᗺϐᙟᇂ౗Кၨ 

 

 
კ4-8Ǻ1.7*rᆶ1.6*rѲᗺϐᙟᇂ౗Кၨ 

 

  җ΢კ4-8ޣ܈Πკ4-9ךॺ೿ёаว

౜Ǵӕኬ୷ֹܭऍѲᗺޑচ߾墣གෳጄൎख़᠄

य़ᑈനλǵᙟᇂय़ᑈനε)Ǵ܌а྽р౜གෳ

Ꮤ࿯ᗺࡺምਔǴۈ߃೛ࣁۓགෳᏔ࿯ᗺ໔ຯࣁ

1.6*rѲᗺ墣གෳᏔ࿯ᗺ۶Ԝޑགෳጄൎख़᠄

य़ᑈቚу)௃ݩΠޑᙟᇂ౗཮КֹऍѲᗺ

墣1.7*r)ӳǹԶۈ߃೛ۓӧགෳᏔ࿯ᗺ໔ຯࣁ

1.6*r+10% ᇤ ৡ Ѳ ᗺ ௃ ݩ Π Ǵ ࣬ ჹ ཮ К

1.7*r+10%ᇤৡѲᗺϐᙟᇂ౗ӳǶ 

    
კ4-9Ǻ1.7*rᆶ1.6*rࣣ+10%ᇤৡᙟᇂ౗Кၨ 

 

      җΠკ 4-10ǵკ 4-11 ᆶკ 4-12 և߾

౜Ǵ྽གෳᏔ࿯ᗺ໔ຯ1.6ࣁ*rǵ1.2*rᆶ0.9*r

ϩձу΢ 10%ǵ20%ǵ30%Ϸ 50%ᇤৡٰ຾ՉѲ

ᗺਔǴ྽ۈ߃ځ೛ۓϐᇤৡॶຫٰຫεਔǴ߾

 ᙟᇂ౗൩཮ຫٰຫλǶځ

 

 
კ4-10Ǻ1.6*rу΢όӕᇤৡϐᙟᇂ౗Кၨ 

 

 
კ4-11Ǻ1.2*rу΢όӕᇤৡϐᙟᇂ౗Кၨ 



 
კ4-12Ǻ0.9*rу΢όӕᇤৡϐᙟᇂ౗Кၨ 

 

வ΢ӈኳᔕჴᡍኧᏵךॺёаว౜ǴԖٿ

ঁЬाӢનᆶᙟᇂ౗ޑਏૈԖᜢǴಃ΋ࢂགෳ

Ꮤ࿯ᗺޑኧໆӭჲǴಃΒࢂ߾གෳᏔ࿯ᗺ߃ޑ

ኧໆޑምࡺǴགෳᏔ࿯ᗺޑǶӕኬݩϩѲ௃ۈ

ϷࡺምགෳᏔ࿯ᗺޑϩѲՏ࿼ǴΨ཮٬ᙟᇂ౗

ਏૈޑफ़եǶќѦǴ྽ࡺምགෳᏔ࿯ᗺڬᎁפ

όىډ୼ޑགෳᏔ࿯ᗺሀံਔǴࡺࢂ܈ምགෳ

Ꮤ࿯ᗺϩթӧᜐࣚਔǴځᙟᇂ౗ਏૈቹៜന

εǶԶӧኳᔕჴᡍኧᏵύךॺёаளޕǴۈ߃

೛ۓӧགෳᏔ࿯ᗺ໔ຯࣁຫ߈ЪؒԖᇤৡޑ

Ѳᗺ௃ݩΠǴࡺምགෳᏔ࿯ᗺ೯ૻጄൎϣޑᎃ

ǴࢰጕሀံᙟᇂᅅޔགෳᏔ࿯ᗺǴ຾Չᅎᅓ߈

٬ޑགෳᆛၡځߏۯᙟᇂਏ౗നӳ຾Զૈځ

ҔტڮǴՠԋҁ࣬׎ၨଯǶԶӧۈ߃೛ۓӧག

ෳᏔ࿯ᗺ໔ຯࣁၨᇻу΢ԖᇤৡޑѲᗺ௃ݩ

ΠǴځሀံޑᙟᇂਏૈനৡǶ 

 

5.5.5.5. ่ ፕ่ፕ่ፕ่ፕ    
  ҁࣴ٬زҔ Microsoftޑ Visual 

Studio 2008೬ᡏኗቪኳᔕीᆉѳѠǴЬाჹܭ

ӧӚᅿόӕޑᇤৡКٯǵόӕۈ߃ޑ೛ޑۓམ

ଛኳᔕǵόӕࡺޑምགෳᏔ࿯ᗺᆶԵቾԋҁޑ

ց೿ૈ୼ӧѲᗺࢂΠǴኳᔕ؂ঁჴᡍݩ຤௃޸

 ᙟᇂਏૈǶޑۓᛙډ୔ୱύளޑ

࿶җኳᔕჴᡍӧΒᆢޑѳय़Ӧკ΢բѲ

ᗺǴҁࣴ܌ز௖૸ࢂޑаߏۯགෳᆛၡ٬Ҕტ

ڬምགෳᏔ࿯ᗺࡺΠǴҗวғݩ௃ޑ୷ᘵࣁڮ

ᎁགෳᏔ࿯ᗺբሀံᙟᇂᅅޑࢰᅎᅓޔጕ౽

୏ǴӕਔΨाԵቾ཮ԖѲᗺό֡Ϭ܈ᇤৡǾ฻

วғǶҗኳᔕኧᏵٰ௢ෳ΋ঁѲᗺ୔ୱݩ௃ޑ

Πٰ଺຾΋ۓᙟᇂਏૈǴ٠ଞჹόӕచҹ೛ޑ

؁ѲᗺޑπբǶ 

ำԄኳᔕ่݀ޑёа๏ϒሡा೛࿼εࠠ

གෳᆛၡޑϦљ۬ࡹࢂ܈΋ঁୖԵޑኧॶǴ๏

ϒ΋٤୷ҁሡाޑགෳᏔ࿯ᗺኧҞǵ୷ҁᕉნ

೛ۓᆶᙟᇂਏૈϐ໔ኧॶୖޑԵǶ 
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