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аӄౚۓՏس಍(Global Position System, GPS)
຾ՉۓՏǴՠ GPS٠ό፾Ҕ࠻ܭϣۓՏǶҁࣴ

௖૸Ǵ٬ҔࣁՏ଺ۓϣ࠻ஒаز ZigBeeคጕག

ෳᆛၡࣁ୷ᘵǴթ࿼ኳಔϡҹ࠻ܭϣᕉნ຾Չ

኱ࡰ፦ࠔӝೱጕ่ࣁݤՏБۓՏǴۓ (Link 
Quality Indicator, LQI)ᆶᜪઓ࿶ᆛၡࡌҥۓՏ
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Abstract 
 
In recent years, the expanding of wireless 
technologies has applied to position location 
and context-aware computing. The position 
location methods are divided into indoor and 
outdoor types. GPS(Global Position System) 
is usually used in outdoor location but it was 
not applied to indoor environment. In this 
paper, we will propose a new method using 
ZigBee to perform indoor location tracking. 
This method uses the value of LQI(Link 
Quality Indicator) and neural network for 
indoor position location. Experiment results 
indicated our proposed method is useful. 
 
Keywords: Indoor location, ZigBee, LQI, 
Neural network 
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ᒿ๱ࣽמ຾؁ǴӚԄӚኬฯᡏ໺ᒡ೛ഢό

ᘐ௢ഋрཥǴ٬ளۓՏޑೌמว৖Ψᖿ຾ӭ

ϡǴԶคጕᆛၡᕉნຫวදϷޑ௃ݩΠǴӚԄ

ӚኬᔈҔ่ӝ௃ნགޕ(Context Aware)ޑ᝼ᚒ

[8]Ψ೴ԃᚹϲǶ௃ნགࢂޑࡰޕග٬ڗҔޣ

྽Πޑ௃ნǴх֖ᕉნǵ഻ӳǵҺ୍฻฻Ǵ࿶

ၸࡕᆄس಍ޑᘜયϩࡕ݋Ǵග٬ٮҔޣ፾྽ޑ

୍ܺǴԶаۓՏٰ࣮ࡋفޑǴՏ࿼གޕ

(Location Aware)Ψࢂ୷࣬ܭӕޑᢀۺǴਥᏵ٬

Ҕޣ྽Π܌ೀޑՏ࿼Ǵ๏ϒ࣬ځჹᔈёගޑٮ

୍ܺ[21]ǴԶҗܭՏ࿼གࣁޕ୷ܭග٬ڗҔޣ

ǴӢԜӵՖωૈྗዴԖਏ୍ܺٮӧՏ࿼ٰග܌

ԶБޑߡள٬ޕҔ܌ޣӧՏ࿼[16]Ǵࢂ೚ӭۓ

Տࣴ܌ز௖૸ޑᜢᗖୢᚒǶ 

ଞჹ٬Ҕ܌ޣೀՏ࿼ǴۓՏय़ӛදၹ୔ϩ

 Ѧ(Outdoor࠻Տ(Indoor Location)аϷۓϣ࠻ࣁ
Location)ٿᅿᕉნǴ࠻ѦۓՏதҔࣁೌמӄౚ

಍(Global Position System, GPS)Ǵ࿶ၸόسՏۓ

ᘐޑว৖ΠǴ၀ೌמςᖿܭ߈ԋዕǴҞ߻ѱय़

΢Ԗ࣬྽ӭౢ่ࠔӝ GPS ௗԏᏔٰڐշۓՏ

٠๏ϒ୍ܺǴӵЋᐒǵঁΓኧՏշ౛(Personal 
Digital Assistant, PDA)ǵᏤૐ೛ഢ฻฻Ǵۓځ

Տচ౛ࣁҔЊᆄଛᔎ֖ GPSௗԏᏔޑ೛ഢǴௗ

ԏπբፁࢃ໺ଌٰૻޑဦǴаΟفෳໆচ౛ၲ

ԋۓՏޑਏ݀Ǵځᓬᗺࣁଯӄౚᙟᇂ౗ၲ

98%ǴӄϺংᕉნΠё٬ҔǴ٠Ѝජ౽୏ۓՏǴ

࣬྽፾ӝܭЊѦᕉნۓՏǴՠҗܭ၀ࢂೌמ௦

ҔπբፁڐࢃշۓՏǴӢԜሡᆶፁڀࢃഢޔຎ

ۓࢂᕉნΠωૈ٬ҔǴҭջޑ(Line of Sight)܄

ՏҞ኱ᆶፁࢃϐ໔όૈԖߔᏲ፿ጨނӸӧǴࡺ

GPSό፾Ҕ࠻ܭϣᕉნۓՏ[10]Ƕ 

΢ሡଛᔎيޣՏᕉნύǴ೯த٬Ҕۓϣ࠻

း࿼ҔٰԏวૻဦǴ٬Ҕ܌ޣೀޑᕉნϣԖኧ

Ѡό฻ޑ೛ഢթ࿼ӧςޑޕӦᗺǴ྽٬Ҕޣӧ

ᕉნύ౽୏Ǵځύࢌ΋Ѡ೛ഢགෳ٬ډҔ܌ޣ

ଛᔎޑ೛ഢǴջ߄Ң٬Ҕ҅ޣՏܭ၀೛ጄൎϐ

ϣǴӢԜ೸ၸ೭ኬޑ୷ᘵᢀۺǴջёள٬ޕҔ

࠻ܭᔈҔೌמՏۓӧՏ࿼Ƕ౜ϞςԖӭᅿ܌ޣ

ϣᕉნ຾Չ࣬ᜢࣴزǴ೭ೌמ٤х֖คጕ৔ᓎ

ᒣ᛽[12][13][14]ǵआѦጕ[3]ǵຬॣ[5]ݢǵคጕ

ᆛၡǵᙔ޵ǵຬቨᓎǵคጕགෳᆛၡǵZigBee
฻฻ǴёҔܭᏤૐ[15]аϷᙴᕍ[18]ǵՏ࿼ଓᙫ
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[19] Ǵҗܭ೭ڀೌמ٤ഢޔߚຎ܄ (Non 
Line-of-Sight)ޑ੝܄ǴӢԜ፾ӝҔ࠻ܭϣۓ

ՏǴԶೌמ؂ঁ೿ӚԾԖځጄൎǵᆒዴࡋǵԋ

ҁ฻ӢનሡाԵໆǴϐࡕ཮ӧΠ΋ঁക࿯຾Չ

಍΋ϟಏǶҁࣴزஒ௦Ҕ ZigBeeคጕགෳᆛၡ

Ǵࡋௗԏૻဦமޑ୷ᘵǴᇆ໣ᕉნۭΠෳ၂ࣁ

่ӝᜪઓ࿶ᆛၡ຾ՉۓՏीᆉǶ 

ಃΒകஒϟಏ࠻ϣۓՏ࣬ޑೌמᜢࣴزа

ϷதҔۓޑՏᄽᆉݤǹಃΟകஒ཮ϟಏҁჴᡍ

аϷჴᡍ໘ࢤǴх֖૽ግ໘ݤՏБۓ௦Ҕϐ܌

೛ഢೕ਱৖ک؁ჴᡍǵ่݀߃ࣁǹಃѤകࢤ

ҢǴന่ࣁࡕፕǶ 

 

2. Ў᝘௖૸Ў᝘௖૸Ў᝘௖૸Ў᝘௖૸ 
Ҟ߻ςԖόϿۓՏೌמҔ࠻ܭϣᕉნࣴޑ

ǵᇶշӄ(Ultrasonic)ݢǴӵคጕᆛၡǵຬॣز

ౚፁۓࢃՏس಍(Assisted Global Positioning 
System, AGPS)ǵ ค ጕ ৔ ᓎ ᒣ ᛽ (Radio 
Frequency Identification, RFID)ǵZigBeeคጕག

ෳᆛၡ฻ೌמǴ፾Ҕ่ܭӝӚᅿۓՏኳࠠǵᄽ

ᆉٰݤགෳ٬ҔޑޣՏ࿼ǴԶ؂໨ೌמӚԖځ

લᗺϷ੝ՅǴΠय़ךॺஒΠ΋΋ϟಏ೭ۓ٤Տ

 Ƕೌמ

 

 ೌמՏۓೌמՏۓೌמՏۓೌמՏۓ 2.1
2.1.1 คጕ୔ୱᆛၡคጕ୔ୱᆛၡคጕ୔ୱᆛၡคጕ୔ୱᆛၡȐȐȐȐIEEE 802.11ȑȑȑȑ 

Ջϡ 2000 ԃ P. Bahl ฻Ꮲ܌ޣගрޑ

RADAR ٬ҔคጕᆛၡࣁՏচ౛ۓځ಍[4]Ǵس

ᕉნύթ࿼ޑኧঁӸڗᗺ(Access Point, AP)Ҭ
ϕᙟᇂӧ᏾ঁᕉნ୔ୱǴਥᏵѳБϸКࡓۓ

(Inverse-Square Law)Ǵૻဦமࡋ཮ᒿ๱ຯᚆᇻ

ᚆǴև౜ૻဦ૰෧फ़եޑ౜ຝǴӢԜ೸ၸௗԏ

ૻဦமࡋǴёҔܭள٬ޕҔ܌ޑޣӧՏ࿼Ƕ 
RADAR ࢂ؁ᡯǴ२Ӄঁٿၸำϩز಍ࣴس

ᚆጕ໘ࢤ(Offline Phase)ǴஒۓՏᕉნϩԋӭঁ

ᗺǴ೴΋຾ՉૻဦமࡋௗԏޑჴᡍǴ௦໣၀ᕉ

ნޑ੝ቻૻဦદ(Finger Printing)Ǵ٠ஒၗ਑಍

΋ԏ໣इᒵࡕܭᆄၗ਑৤ύǶಃΒࢂ؁ೱጕ໘

ჴሞӧᕉნύᏹޣǴ೸ၸ٬Ҕ(Online Phase)ࢤ

բး࿼ǴਥᏵவ٬Ҕޣೀளٰޑமૻࡋဦᆶၗ

਑৤่݀ޑ຾ՉКჹǴ՗ෳ٬Ҕޣჴሞ܌ೀޑ

Տ࿼ǶԜࣴزӕਔගрૻဦ໺ኞኳࠠ(Signal 
Propagation Modeling)БݤǴ೛ҥᕅᏛቹៜӢη

аϷኴቫቹៜӢηٰᔅշගϲ࠻ϣۓՏྗޑ

ዴ܄Ǵځჴᡍ่݀ౢғѳ֡ᇤৡࣁ 2.37ϦЁԿ

5.97ϦЁǶM.Youssef฻ᏢܭޣՋϡ 2000ԃග

рΑ Hous systemǴ၀س಍୷ܭคጕᆛၡۓՏޑ

ᕉნǴ٠٬Ҕᘀ໣่ӝᐒ౗ޑБݤ຾Չ࠻ϣۓ

ՏǴځჴᡍ่݀ౢғѳ֡ᇤৡࣁ 2.1ϦЁǶ 
٬Ҕคጕᆛၡᕉნ຾ՉۓՏޑᓬᗺӧࡌܭ

࿼ԋҁեǴӢࣁ೚ӭϦӅ୔ୱς࿶೛ԖคጕӸ

ѝሡाଛᔎ಄ӝޣᗺǴӢԜ٬Ҕڗ းޑ802.11

࿼ջёǴόҔᚐѦԵቾۓՏᕉნࡌޑ࿼ջёޔ

ௗ຾ՉۓՏǴՠΨԖલഐሡाԵໆǴ२Ӄۓࢂ

Տ่݀ྗޑዴࡋόଯǴЀڙܰځΠߘϺ਻ǵ࠻

ϣ፿ጨ܌ނቹៜǴΨ৒ܰځډڙд೯ૻ܌ೌמ

υᘋǴΨሡԵቾଛᔎး࿼ႝޑΚ੃઻ୢᚒǶ 
 

2.1.2 ຬॣݢຬॣݢຬॣݢຬॣݢȐȐȐȐUltrasonicȑȑȑȑ 
த٬ـҔຬॣۓݢՏس಍Ԗ Cricket 

LocationаϷ Active BatǶຬॣݢෳۓຯᚆޑБ

ԄЬा٬ࢂҔ०ਔෳຯ(Time-of-Flight)БݤǴ

೸ၸ፾྽ਁޑ୏ᓎ౗ౢғޑۓڰ໺ଌೲࡋǴ྽

ຬॣݢୀෳډҞ኱ނᡏਔǴ೸ၸ໺ሀݢаϷӣ

໺ޑݢ໔႖ਔ໔ᆶೲࡋ຾ՉीᆉǴջёளޕҞ

኱ނᡏᆶ໺ଌး࿼ϐ໔ޑຯᚆǶྗځዴ౗ӧ 4 x 
4 ѳБϦЁޑᕉნۭΠǴԖ ࡭Տᇤৡᆢۓ95%

ӧ 9ϦϩǴᗨฅྗځዴཱུࡋଯǴՠࢂҗܭຬॣ

ೌמǴӢԜ٬Ҕ၀໨܄БӛޑࡋԖଯڀيҁݢ

຾Չ࠻ϣۓՏሡ٬Ҕεໆޑ୷ᘵ೛ഢࡌ࿼Ǵӕ

ਔൂપ٬Ҕຬॣ٠ݢคݤԖਏளޕҞ኱ނᡏ

Ǵ೯த܄੝ޑϩᒣ᛽يഢڀόࢂҽǴΨ൩يޑ

ሡམଛځдೌמᇶշٰၲيډҽᒣ᛽ޑҞޑǶ 
 
2.1.3 ᇶշӄౚፁۓࢃՏس಍ᇶշӄౚፁۓࢃՏس಍ᇶշӄౚፁۓࢃՏس಍ᇶշӄౚፁۓࢃՏس಍ȐȐȐȐAGPSȑȑȑȑ 

SnapTrackࢂҗ QualcommϦљ܌໒วр

ΑӢᔈࣁࢂǴೌמޑ GPS คݤ፾Ҕ࠻ܭϣۓ

ՏǴӢԜ٬ҔคጕޑБԄٰٰᇶշམଛ GPSǴ
 ਏ݀ǶޑՏۓϣ࠻ډၲ

AGPSޑচ౛ࢂӧ GPSس಍ቚуΑᇶշ՛

ܺᏔǴᙖᇶշ՛ܺᏔٰॄೢΠၩࣁፁࢃᐕ຾Չ

຾Չး࿼೯ޣ٬Ҕ࠻ՏၮᆉǴа୷ӦѠᆶۓ

ૻǴӢࣁቚуΑ౽୏ԄணރᆛၡޑᇶշǴӢԜ

Տۓϣ࠻ܭε൯ගଯǴၮҔࡋೲޑՏۓϣ࠻٬

ᕉნǴ܌ෳໆளޑډѳ֡ྗዴࣁࡋ 5Կ 50mǶ
AGPSޑೌמᓬᗺӧᕉნࡌ࿼ԋҁჹ٬ҔޣԶ

Չ୏းޑഢ࣬ჹᔈфૈڀեǴѝሡाଛᔎࡐق

࿼ջёǴՠځࢂલᗺΨܴࡐᡉǴҗ࠻ܭϣᕉნ

 ଯǶࡐࢂ٠όࡋᆒዴځυᘋǴӢԜޑ໔ޜ
 

2.1.4 คጕ৔ᓎᒣ᛽คጕ৔ᓎᒣ᛽คጕ৔ᓎᒣ᛽คጕ৔ᓎᒣ᛽ȐȐȐȐRFIDȑȑȑȑ 
RFIDЬԋϡҹх֖ٿ໨Ǵ᠐ڗᏔ(Reader)

Ꮤว৔คጕڗ᠐ࣁচ౛ڗ኱ᠸ(Tag)Ǵ኱ᠸ᠐ک

ܭӣ໺ૻ৲Ǵҗ߾ࡕဦૻډǴ኱ᠸགᔈԏݢႝ

؂ঁ኱ᠸ೿ڀഢ୤΋ޑᐱҥ᛽ձዸǴӢԜԜמ

 Ƕ܄੝ޑҽᒣ᛽يഢڀೌ
Ջϡ 2000ԃҗ J. Hightower฻Ꮲޣගр٬



Ҕ RFID ຾ՉۓՏޑ SpotONس಍[6]Ǵ၀س಍

аᆫ໣ᄽᆉݤ(Aggregation Algorithm)຾Չ 3-D
གෳ࿯ޑǴ٬Ҕӕ፦݋ϩޑࡋ໔คጕૻဦமޜ

ᗺٰϩ݋ǴؒԖ೸ၸύѧ຾Չ௓ڋǴٽԄթ࿼

ӭঁ኱ᠸעϩ่݀ޑ݋ᜢᖄаׯ๓ۓՏޑᆒ

ዴࡋǶՋϡ 2003ԃҗ L. M. Ni ฻ᏢޣගрӜ

ࣁ LANDMARC ಍[7]Ǵ٬ҔӭঁୖԵسՏۓޑ

኱ᠸ຾Չਠ Ǵྗ٠௦ KNN Бݤ຾ՉҞ኱ۓՏǴ

ᆒዴࡋӧ 1-2M ϐ໔ǶRFIDᓬᗺӧЬ୏Ԅ೛ഢ

໺ᒡຯᚆᇻǴྗዴࡋΨόᒱ[9][17]Ǵલᗺࢂሡ

ᚐѦթ࿼೛ഢǴу΢ۓՏᕉნ่ޑᄬаϷυᘋ

ቹៜǴ೯த཮௦ҔЬ୏Ԅ೛ഢǴӢԜԋҁӭୃ

ӧύ฻а΢Ƕ 
 

2.1.5 ZigBee คጕགෳᆛၡคጕགෳᆛၡคጕགෳᆛၡคጕགෳᆛၡ 
ZigBee คጕགෳᆛ߈ࢂԃ೴ᅌᑫଆޑ໺

ᒡ኱ྗǴ٬Ҕᓎࣁࢤ 900Mhzک 2.4GhzǴ௦Ҕ

IEEE 802.15.4኱ྗ຾Չ໺ᒡǴ໺ᒡຯᚆࣁ 10
ԯԿኧԭԯό฻ǶZigBeeڀഢރࢃǵᆛރǵᐋ

ΟঁಔҹǴϩࣁᐆ่ᄬǴᆛၡᄬԋϩܗᆛၡރ

ձڐࢂፓύЈ(Coordinator)ǵၡҗᏔ(Router)а
Ϸಖᆄ೛ഢ(EndDevice)Ǵૈ୼่ӝӚᜪགෳᏔ

(Sensor) ǴӵӀࡋǵྕࡋǵྣࡋ฻фૈ[22]Ƕ 
Hui Lin ฻ᏢޣගډନΑྗዴࡋаѦᗋሡԵໆ

ԋҁǵᘉк܄ǵᛙ଼܄ǵྗዴ౗฻Ӣન[11]ǴԶ

ZigBeeᓬᗺӧեф઻[23]Ǵᡫࢲ࿶ᔮޑ໺ᒡೲ

౗Ǵёթ࿼ 1000 ঁ࿯ᗺа΢ԋࣁεࠠᆛၡǴ

ё่ӝགෳᏔ຾ՉߕуᕉნᔈҔ[25]Ǵ࣬ၨܭ

Ь୏Ԅ RFIDǴԋҁΨၨࣁե༹Ƕҁࣴزջࢂ

а ZigBeeคጕགෳᆛၡ຾Չ࠻ϣۓՏǴុࡕക

࿯ஒ཮၁ಒϟಏҁࣴ܌ز௦ҔۓޑՏБݤа

Ϸჴᡍ่݀Ƕ 
 

 ݤՏᄽᆉۓݤՏᄽᆉۓݤՏᄽᆉۓݤՏᄽᆉۓ 2.2
 
2.2.1 ૻဦૻݤࡋفၲܢဦૻݤࡋفၲܢဦૻݤࡋفၲܢဦݤࡋفၲܢȐȐȐȐAngle Of Arrival, 
AOAȑȑȑȑ 
    ௗԏૻဦࢂݤࡋف೸ၸૻဦڀഢБӛ܄

ளޕҞ኱БՏǴӵკ ۓفচ౛аΟځҢǴ܌1

Տݤ຾ՉՏ࿼՗ᆉǶБݤલᗺӧܭฯᡏ೛ഢሡ

ाڀഢଯᆒዴࡰޑࡋӛ܄ϺጕǴΨӢምᛖނቹ

ៜԶౢғӭख़ၡ৩(Multi-path)ǵᙅ৔ǵණ৔฻

౜ຝቹៜۓՏᆒྗࡋǶ 
 
 

 
კ 1ǵAOA  ՏҢཀკۓ

 
2.2.2 ૻဦၲܢਔૻဦၲܢਔૻဦၲܢਔૻဦၲܢਔ໔ݤ໔ݤ໔ݤ໔ݤȐȐȐȐTime Of ArrivalǴǴǴǴ
TOAȑȑȑȑ 
ᆶ໺ଌࡋ٬Ҕૻဦ໺ᒡೲࣁݤਔ໔ၲډ    

ਔ໔຾Չ४ᑈǴջё௢Ꮴр໺ଌᆄᆶௗԏᆄϐ

໔ޑຯᚆ[2]ǴӵϦԄ(1)܌ҢǶ 

( )i r oD V T T= × −                 (1) 
   V жૻ߄ဦ໺ᒡೲࡋǴTr ဦૻډௗԏᆄԏࣁ

ᄬࢎਔ໔ᗺǶޑ໺ଌᆄ໺ଌૻဦࣁਔ໔ǴToޑ

ӵკ ೛ഢ໺ଌૻޑՏ࿼ޕҢǴ೸ၸΟѠς܌2

ဦǴௗԏᆄԏૻډဦࡕջё՗ෳᆶΟѠ೛ഢޑ

ຯᚆᇻ߈ǴջёளޕௗԏᆄޑჴሞՏ࿼ǶԜБ

аӀೲ຾Չ໺ࢂݢคጕႝࣁӢܭલᗺӧޑݤ

ኞǴӢԜჹਔ໔ޑा؃ሡၲډӕ؁Ǵ٠Ъाࡐ

ᆒዴǴց߾ຯᚆᇤৡޑቹៜஒ཮ཱུܴࣁᡉǶ 
 

 
 

კ 2ǵTOA  ՏҢཀკۓ
 

2.2.3 ௗԏૻဦமݤࡋௗԏૻဦமݤࡋௗԏૻဦமݤࡋௗԏૻဦமݤࡋȐȐȐȐReceived Signal 
Strength, RSSȑȑȑȑ 
    ૻဦௗԏமޑݤࡋཞ઻ीᆉӵԄ(2)[20] 

       (2) 
    PL(d)߄ҢૻဦமࡋॶǴd0ࣁวᆉᆄᆶௗԏ



ᆄୖޑԵຯᚆǴ೯தа΋ϦЁୖࣁԵ኱ྗǴd
ჴሞຯᚆǴγޑวଌᆄᆶௗԏᆄࣁ ၡ৩૰෧ࣁ

߯ኧǴӵᕅᏛቹៜӢη(Wall Effect Factor)ǴXσ

ࣁѳ֡ॶࢂޑࡰ 0 ଯථ(Gaussian)ϩթᒿᐒޑ

ᡂኧǶҗܭ RSSࢂҔૻဦமࡋᆶຯᚆޑᜢ߯຾

ՉෳໆǴӢԜᗉխΑሡڀഢᆒዴޑБӛ܄Ϸਔ

໔ӕޑ؁ज़ڋǶԶҁࣴ܌ز௦Ҕࢂޑೱጕࠔ፦

኱(Link Quality Indicator, LQI)，ᆶࡰ RSS ӕኬ

ǴӢԜૈ྽଺ຯ[26]܄੝ޑഢᒿ๱ຯᚆ૰෧ڀ

ᚆۓՏୖޑԵ٩ᏵǶ 
 

 ݤՏБۓݤՏБۓݤՏБۓݤՏБۓ.3
ҁࣴزБୖࢂݤԵӃך߻ॺ܌ගۓޑՏБ

ಔԋϩޑᄬࢎǴZigBeeᆛၡ໺ᒡ[1]ؼׯ຾Չݤ

фҔǴޑഢόӕڀΟঁϡҹǴ؂ঁϡҹӚԾࣁ

ӢԜךॺԾՉۓက໺ᒡࢎᄬٰБߡჴᡍᏹ

բǴ໺ᒡࢎᄬკӵკ ҢǴҗ܌3 Routerॄೢ຾

ՉૻဦቶኞǴEndDeviceॄೢௗԏቶኞૻဦǴ

٠ஒૻဦᙯଌрѐǴCoordinatorᆄೢॄ߾಍ӝ

༼᏾ௗԏӚѠ EndDevice໺ଌٰ࠾ޑхǴ೸ၸ

໺ᒡϟय़ஒၗ਑໺Կࡕᆄၗ਑৤ύ຾ՉߥӸǶ 
 

კ 3ǵ໺ᒡࢎᄬკ 
 

ҁ ࣴ ز ࢎ ᄬ Ь ा ୖ Ե ൑ ඳ ϩ ݋ ݤ

(fingerprinting)[24]Ǵϩঁٿࣁ೽ҽǴಃ΋ঁ೽

ҽ૽ࣁግ໘ࢤǴಃΒঁ೽ҽۓࣁՏ໘ࢤǶ૽ግ

໘ ࢤ ך ॺ ᒧ ۓ ΋ ঁ ޜ ໔ Ǵ ܭ Ѥ ڬ ܫ ࿼

EndDevice೛ഢǴޜ໔թᗺࢎᄬ߾ӵკ ҢǴ܌4

ஒޜ໔Ⴤϩԋऩυঁ০኱ᗺ຾Չჴᡍ௦໣ෳ

၂Ǵௗ๱೸ၸᜪઓ࿶ᆛၡ຾Չ૽ግǴаࡌᄬۓ

ՏኳࠠࣁҞ኱ǶۓՏ໘ךࢤॺஒჴሞෳ၂࠻ϣ

০኱ᗺᆶҞ኱ޑՏኳࠠౢрۓǴஒࡋՏྗዴۓ

০኱଺ᇤৡКၨǴ྽ౢрᇤৡϼεό಄යఈਔ

಄ӝය่݀ޑኳࠠᒡрډޔख़ཥፓኳࠠǴ߾

ఈǶ 

კ 4ǵޜ໔թᗺࢎᄬკ 
 

3.1 ૽ግ໘૽ࢤግ໘૽ࢤግ໘૽ࢤግ໘ࢤ 
ᒧۓΟᆢޜ໔຾ՉۓՏᕉნ߻ޑ࿼բ཰Ǵ

թ࿼ࢎᄬӵკ ০ޑҢǴа฻ຯᚆჄϩԶԋ܌4

኱ᗺջךࣁॺჴᡍ܌ෳ၂ૻޑဦ௦໣ᗺǴ

Coordinatorᆶ RouterǵEndDeviceϩձ຾Չᆛ

ၡೱ่Ǵஒ೛ഢ EndDeviceԋჹᆀԄޑթ࿼ܭ

၀ޜ໔ޑѤঁفပǴԶ Coordinator߾թ࿼ܭ൑

ඳύЈǴߥ᛾᠐ڗᏔጄൎૈ୼֖ࡴ᏾ঁޜ໔Ǵ

аዴૻߥဦࣣૈ҅த᠐ڗǶ  
ॺаך Router଺ࣁ౽୏࿯ᗺǴܫ࿼٣ܭӃ

Ⴤϩӳޑ০኱Տ࿼΢Ǵҗ Routerቶኞૻဦ໺ଌ

ԿѤঁفပޑ EndDeviceǴEndDevice ԏډ

RouterቶኞૻဦӆаᙯଌޑБԄஒၗ਑໺ሀډ

CoordinatorǴ इ ᒵ ෳ ၂ բ ኱ ᗺ а Ϸ Ѥ Ѡ

EndDeviceޑ LQI ኧॶǶղᘐຯᚆ௦Ҕ LQI ኧ
ॶࣁ኱ྗǴZigBee ຾Չ࠾х໺ᒡਔǴૈ೸ၸ

MAC(Media Access Control)ቫीᆉٰளډ LQI
ኧॶǴ၀ኧॶᆶௗԏ࠾хޑೱጕࠔ፦ԖᜢǴځ

ελ཮୷ૻܭဦமࡋаϷૻဦᚇૻ฽(Signal to 
Noise Ratio, SNR)܌ቹៜǶ 

ᕉნ੝ቻᇆ໣่ࡕ״Ǵ٬Ҕ LQI ٰຑ՗Տ

࿼ǴԶ LQI ᆶຯᚆࢂೀߚܭጕޑ܄ᜢ߯Ǵ೭ࢂ

Ӣࣁᇆ໣ޑډLQIᆶᕉნӢηቹៜԶ೷ԋυᘋ

ԖᜢǴӢԜךॺԵໆ٬Ҕॹ໺ሀᜪઓ࿶ᆛၡǴ

а LQI ኧॶ྽ᒡΕǴჴሞ০኱ࣁҞ኱ᒡрٰ຾

Չઓ࿶ᆛၡ૽ޑግǴ೸ၸᜪઓ࿶ᆛၡόᘐ૽ግ

ፓ᏾៾ख़Ǵයఈளډ៾ख़܌ीᆉрૈ่݀ޑᅰ

ໆ಄ӝჴሞᕉნޑυᘋ௃ݩǴӕਔॹ໺ሀઓ࿶

ᆛၡᓬᗺӧ૽ܭግזೲǴ܌аךॺ٬Ҕॹ໺ሀ

଺૽ግǶ 
ՏኳࠠਔǴԵໆൂ΋ᜪઓ࿶ᆛၡёۓҥࡌ

ૈό୼ྗዴǴӢԜਥᏵΟۓفՏচ౛Ǵᒧ᏷а

ΟѠ೛ഢૻޑဦࣁ୷ᘵǴࡌҥӭಔόख़ᙟޑ

LQI ಔӝǴஒ೭٤ಔӝբઓ࿶ᆛၡᒡΕ຾Չ૽

ግǴ؂ঁעᜪઓ࿶ᆛၡ่ӝԋۓࣁՏኳࠠǴ૽



ግ໘ࢬࢤำӵკ 5܌ҢǴᇥܴӵΠǺ 

კ 5ǵ૽ግ໘ࢬࢤำკ 
 

Step 1Ǻᒧۓ΋ঁޜ໔Ǵஒޜ໔Ⴤϩऩυ

ঁ০኱Ǵຯᚆ໔႖௦ڗ฻ຯᚆ଺ჄϩǶஒ 
CoordinatorǵEndDeviceǵRouter ຾ՉೱጕǴ

EndDeviceթ࿼ޜܭ໔ѤڬǴଯ࣬ࣁࣣࡋӕǶ 
Step 2ǺRouter౽୏Կ؂ঁ০኱຾Չૻဦቶ

ኞǴа t ෳໆਔ໔ǴEndDeviceᙯଌૻဦǴࣁ

നࡕ೸ၸ Coordinatorௗԏ LQI ኧॶǶ 
Step 3Ǻෳ၂০኱ǵLQIǵௗԏਔ໔ǵ೛ഢ

ID ฻ၗ਑྽բ᛽ձచҹǴᓯӸ૶ᒵӧࡕᆄၗ਑

৤ϣǶӵ߄ ҢǴ̔০኱ᆶ̕০኱ኧໆϩձ܌1

а̣ᆶ̤߄ҢǴӚ০኱ᗺޑೱጕࠔ፦໣ӝϩձ

lq1, lq2, lq3, lq4ǴஒӚѠ ࢂ EndDeviceޑጓဦа

i ߾ҢǴi ∈{1,2,3,4}Ǵ߄ lq i ж߄ EndDevice i
ૻဦӧ t ਔ໔ϣ܌ԋޑ໣ӝǶ 

 
߄ 1ǵೱጕࠔ፦໣ӝ߄ 

ෳ၂০኱ ೱጕࠔ፦໣ӝ 
(1,1) lq1, lq2, lq3, lq4, 
(1,2) lq1, lq2, lq3, lq4, 
(1,3) lq1, lq2, lq3, lq4, 

... ... 
(Xm,Yn) lq1, lq2, lq3, lq4, 
 
Step 4Ǻ٬ҔԄ(3)ჹ lqi ໣ӝ຾Չ߻ೀ౛Ǵ

t ਔ໔Ǵiࣁࡰ܌ ಃࡰ i Ѡ EndDeviceǴt ਔ໔ϣ

ޑᇆ໣܌ lqi ၗ਑฽ኧޑኧໆ߾а p ҢǴQi߄
ॶջ߻ࣁೀ౛่݀ޑǶ 

i
i

lq
Q =

p                                 (3) 
Step 5Ǻ௦Ҕᅱ࿎ԄᏢಞޑᜪઓ࿶ᆛၡǴ

аᇆ໣ӳޑ LQI ଺ࣁᒡΕǴჴሞ০኱ᗺ଺ࣁҞ

኱ Ǵ ҁ ჴ ᡍ ٬ Ҕ Cascade-forward 
backpropagationᜪઓ࿶ᆛၡ຾Չ૽ግǴઓ࿶ᆛ

ၡࢎᄬӵკ 6 ҢǶҁჴᡍӅ٬Ҕ܌ 4 Ѡ

EndDeviceޑ LQI ኧॶǴਥᏵΟۓفՏޑݤচ

౛ Ǵ ؂ ঁ ઓ ࿶ ᆛ ၡ ޑ ᒡ Ε ໣ ӝ ϩ ձ ࢂ

(Q1,Q2,Q3)ǵ(Q1,Q2,Q4)ǵ(Q1,Q3,Q4)ǵ(Q2,Q3,Q4)Ƕ 
 

კ 6ǵCascade-forward backpropagationࢎᄬკ 
 

Step 6ǺࡌҥۓՏኳࠠǴӵკ 7 ҢǴஒ܌

૽ግֹԋޑѤঁઓ࿶ᆛၡ่ӝԿۓՏኳࠠϐ

ύǴઓ࿶ᆛၡ໣ӝа NNk(k=4)߄ҢǴઓ࿶ᆛၡ

ౢр่݀а̊(xk,yk)߄ҢǶ 
 

კ 7ǵۓՏኳࠠࢎᄬკ 
 

 ࢤՏ໘ۓࢤՏ໘ۓࢤՏ໘ۓࢤՏ໘ۓ 3.2
ᆒዴࡋᆶྗዴ౗࠻ࢂϣۓՏനख़ाୖޑԵ

٩ᏵǴҁࣴزӧԜ໘ࢤஒаගрۓՏᄽᆉݤǴ

๱ख़ܭफ़եനεᇤৡǴᆢྗ࡭ዴ౗ࣁाҞ኱Ƕ

ำӵკࢬࢤՏ໘ۓ  ҢǴᇥܴӵΠǺ܌8



კ 8ǵۓՏ໘ࢬࢤำკ 
 

Step 1ǺҞ኱ނଛᔎ RouterǴܭҞ኱০኱ᗺ

຾Չ౽୏ଓᙫǴ٠ղᘐ Coordinatorࢂց٩ׇௗ

ԏډ EndDeviceᙯଌϐೱጕૻဦ 
Step 2Ǻஒᇆ໣ޑ LQI ኧॶ଺߻ೀ౛Ǵᒡ

ΕۓՏኳࠠǶਥᏵԄ(4)ኻ൳ٚளຯᚆϦԄीᆉ

Ӛઓ࿶ᆛၡ่݀ޑৡຯǴीᆉಔӝϩձࢂ

(NN1,NN2) ǵ (NN1,NN3) ǵ (NN1,NN4) ǵ

(NN2,NN3)ǵ(NN2,NN4)ǵ(NN3,NN4)Ǵ٠ஒ่

݀җεډλ຾Չ௨ׇǶ 
2 2

1 2 1 2( ) ( )D = x x y y− + −
                (4) 

Step 3Ǻࡌҥፓ᏾ೕ߾Ǵຑ՗ઓ࿶ᆛၡޑ

০኱่݀ࢂցሡाፓ᏾Ǵೕ߾ᇥܴӵΠ܌ҢǺ 
(1)ೕ߾ 1: ղᘐࢂցԖઓ࿶ᆛၡᆶځдઓ࿶

ᆛၡৡຯ࿶ၸҗεډλ௨ׇࣣࡕՏ߻ܭΟଯǶ 

(2)ೕ߾ 2: а θߐࣁᘖॶǴղᘐ၀ઓ࿶ 
ᆛၡࢂցᆶځѬઓ࿶ᆛၡޑৡຯࣣεܭ θǶ 

྽΢ॊೕࣣ߾ᅈىਔ߾ჹઓ࿶ᆛၡ่݀຾

Չፓ᏾Ǵ௭కό಄ೕޑ߾ઓ࿶ᆛၡ่݀Ƕ 
 
Step 4:่ ӝઓ࿶ᆛၡ่݀Ǵीᆉ০኱Ƕό

಄ӝፓ᏾ೕ߾Ǵ٬߾ҔԄ(5)຾ՉीᆉǴऩ಄ӝ

ፓ᏾ೕ߾Ǵ߾௦ҔԄ(6)ीᆉ০኱ǴO(X,Y)߄Ң

 ০኱ॶǶޑᒡр܌Տኳࠠۓ

1 2 3 4 1 2 3 4( , ) ( , )
4 4i i

x x x x x x x x
O X Y

+ + + + + +=
 (5) 

1 2 3 1 2 3( , ) ( , )
3 3i i

x x x x x x
O X Y

+ + + +=
     (6) 

 ؁ჴᡍ߃؁ჴᡍ߃؁ჴᡍ߃؁ჴᡍ߃.4
4.1 ჴᡍᕉნჴᡍᕉნჴᡍᕉნჴᡍᕉნ 

ҁࣴز௦Ҕჴᡍᕉნय़ᑈࣁ 8 x 8ѳБϦ

ЁǴჴሞᕉნޜ໔ӵკ  ҢǶ܌9

 

 
კ 9ǵᕉნޜ໔ 

 

ჴᡍᕉნ০኱ӵკ 10 ف໔ѤঁޜܭҢǴ܌

ပӚթ࿼΋Ѡ EndDeviceǴۓՏޜ໔฻ຯᚆჄ

ϩԋ 36 ঁ০኱ᗺǴ০኱ᗺ໔ຯᚆࣁ΋ϦЁǶ 

 

 
კ 10ǵჴᡍ০኱კ 

 

4.2 ჴᡍ೛ഢჴᡍ೛ഢჴᡍ೛ഢჴᡍ೛ഢ 
ჴᡍ೛ഢӵკ11܌ҢǴჴᡍ௦Ҕ೛ഢࣁRay 

Ching InformationϦљ܌ғౢޑ ZigBeeคጕൂ

඲Т೛ഢǴ඲Тࠠဦࣁ CC2530-256KǴЍජ

IEEE 802.15.4аϷ ZigBee2007/PROک RF4CE
኱ྗǴπբᓎࣁࢤ 2.45GhzǴᒡрф౗ࣁ

4.5dBmǴௗԏᡫ௵102-ࣁࡋdBmǶ 

 

 
კ 11ǵჴᡍ೛ഢკ 

 



4.3 ჴᡍ่݀ჴᡍ่݀ჴᡍ่݀ჴᡍ่݀ 
4.3.1 ૽ግ໘૽ࢤግ໘૽ࢤግ໘૽ࢤግ໘ࢤ 

߄ Տᕉნύۓࣁ2 36ঁ০኱ᗺϩձԏ໣

2ϩដޑ LQI ኧᏵ໣ӝǴ࿶ၸԄ(3)аڗѳ֡ޑ

БԄᙯϯԶԋǴ(X,Y)߄Ңෳ၂০኱ǴQ1~Q4
ࢂޑࡰ EndDevice 1~4ޑ LQI аԄ(3)଺߻ೀ

౛Ǵஒ೭٤ኧᏵ଺ࣁᒡΕઓ࿶ᆛၡ଺૽ግǶ 
 
߄ 2ǵLQI ኧᏵ߄ 

(X,Y) Q1 Q2 Q3 Q4 
(1,1) 100 64 50 64 
(1,2) 86 81 56 84 
… … … … … 

(6,6) 22 53 84 50 
 
 ࢤՏ໘ۓࢤՏ໘ۓࢤՏ໘ۓࢤՏ໘ۓ 4.3.1

߄ ύ಄ځڗǴݤБޑගр܌߻ॺӃךࣁ3

ӝፓ᏾ೕޑ߾Ѥঁ০኱଺և౜Ƕಃ΋ឯ T(X,Y)
০ޑीᆉр߻ፓ᏾ࣁჴሞ০኱ǴಃΒឯࢂޑࡰ

኱ǴಃΟឯ߄ҢᆶҞ኱࣬ৡ൳ϦЁǶ 
 

߄ 3ǵ؁߃ჴᡍ่݀ 

T(X,Y) ፓ᏾่݀߻ 
ፓ᏾߻ᇤৡ

(m) 
... ... ... 

(1,3) (3.2,3.3) 2.2 
... ... ... 

(2,1) (2.9,2.1) 1.4 

... ... ... 
(2,6) (1.5,3.6) 2.5 

... ... ... 
(6,1) (5.5,1.7) 0.9 

... ... ... 
аৡຯനεޑ০኱(2,6)ٯࣁǴ٬Ҕҁጇך

ॺ܌ගޑБݤ຾Չፓ᏾Ǵ२Ӄךॺ೛ߐۓᘖॶ

ࣁ θ=2(m)ǴѤঁઓ࿶ᆛၡ NN1~NN4܌ीᆉޑ

০኱ᒡрϩձ(1.3,3.5)ࢂ ǵ(1.0,1.0)ǵ(2.5,5.2)ǵ
(1.0,4.5)Ǵ௦ҔԄ(5)ीᆉѤঁઓ࿶ᆛၡϐ໔ޑ

ৡຯǴ٠ஒৡຯҗεډλ଺௨ׇǶ 
ӵ߄ ҢǴว౜܌4 NN2಄ӝঁٿፓ᏾ೕ

ΟǴ߻ৡຯࣣ௨ӧޑѬઓ୷ᆛၡځᆶࢂǴ΋߾

Βࢂৡຯ೿ຬၸߐᘖॶ θǴӢԜ௭క NN2܌௢

ᆉޑ০኱ᗺ(1.0,1.0)຾Չፓ᏾Ǵׯ௦ҔԄ(6)ी
ᆉ NN1ǵNN3ǵNN4ޑ০኱ॶǴΨ൩ࢂѝԵቾ

(1.3,3.5) ǵ(1.0,1.0)ǵ (1.0,4.5)Οঁ০኱๏ϒ࣬

ӕ៾ख़଺ीᆉǴፓ᏾ࡕ০኱(1.6,4.4)ࣁǶ 
 
 
 

߄ 4ǵઓ࿶ᆛၡಔӝϐৡຯ 

Ҟޑ০኱(2,6) 

௨Ӝ

ԛׇ 
ઓ࿶ᆛၡಔӝ ৡຯ(m) 

1 (NN2 - NN3) 4.5 
2 (NN2 - NN4) 3.5 
3 (NN1 - NN2) 2.6 
4 (NN1 - NN3) 2 
5 (NN3 - NN4) 1.6 
6 (NN1 - NN4) 1 
 
߄ ޑෳ၂܌ࢤՏ໘ۓࣁ5 36ঁ০኱ᗺύڗ

рᇤৡၨܴᡉޑѤঁ০኱ᗺ଺ፓ᏾่ޑࡕ߻

݀և౜ǴаҞ኱০኱(2,6)ٯࣁǴፓ᏾߻০኱ࣁ

(1.4,3.5)ǴᆶҞ኱০኱(2,6)ᇤৡࣁ 2.47ϦЁǶ

ፓ᏾ࡕ০኱(1.6,4.4)ךࣁॺගрޑБݤፓ᏾ၸ

КၨǴёаว౜ݤБޑ߻ள่݀Ǵᆶፓ᏾܌ࡕ

ᇤৡவচӃޑ 2.47ϦЁफ़Կ 1.6ϦЁǴځᎩኧ

Ᏽ่݀ӵ߄  ҢǶ܌5
 

߄ 5ǵБݤᇤৡКၨ 

T(X,Y) 
ፓ᏾߻

০኱ 
ፓ᏾߻

ᇤৡ 
ፓ᏾ࡕ

০኱ 
ፓ᏾ࡕ

ᇤৡ 
(1,3) (3.2,3.3) 2.2 (2.2,2.5) 1.37 
(2,1) (2.8,2.1) 1.4 (1.8,1.0) 0.2 
(2,6) (1.4,3.5) 2.47 (1.6,4.4) 1.6 
(6,1) (5.5,1.7) 0.9 (5.9,1.2) 0.25 

 
߄ Տኳࠠᒡрۓࣁ6 36ঁ০኱аፓ᏾ޑ߻

Бݤᆶךॺፓ᏾ޑࡕБݤ຾Չѳ֡ᇤৡᆶന

εᇤৡКၨǶךॺӃ߻ගрޑБݤѳ֡ᇤৡࣁ

1.01ϦЁǴനεᇤৡࣁ 2.47ϦЁǴԶ࿶ҁጇග

рБݤፓ᏾ࡕǴѳ֡ᇤৡҗ 1.01ϦЁफ़Կ 0.9
ϦЁǴനεᇤৡҗ 2.47ϦЁफ़Կ 1.77ϦЁǶ 

 
߄ 6ǵᇤৡ่݀ຑ՗ 

 ፓ᏾߻ ፓ᏾ࡕ 

ѳ֡ᇤৡ(m) 1.01 0.9 

നεᇤৡ(m) 2.47 1.77 

    

5.5.5.5.่ፕ่ፕ่ፕ่ፕ    
ҁࣴزගрΑ΋ঁа ZigBee คጕགෳᆛ

ၡࣁ୷ᘵǴམଛᜪઓ࿶ᆛၡ่ӝԶԋۓޑՏኳ

Տۓޑॺගрך؁ჴᡍ่݀ᡉҢǴ߃ᄬǴࢎࠠ

БݤᆶӃ߻҂࿶ၸፓ᏾ۓޑՏБݤКၨǴҁጇ

БૈݤԖਏஒ࠻ϣۓՏѳ֡ᇤৡᆢ࡭ӧ 0.9 Ϧ

ЁǴ٠फ़եനεᇤৡӧ 1.7 ϦЁаϣǶ҂ٰך



ॺԵໆ่ӝኳጋ౛ፕ (Fuzzy)ǵ୷Ӣᄽᆉݤ

(Genetic Algorithms)฻Бׯٰݤ๓ךॺۓޑՏ

ኳࠠǴаගଯۓՏБྗޑݤዴࡋǶ 
 

6.6.6.6.ᇞᖴᇞᖴᇞᖴᇞᖴ    
ҁፕЎ܌຾ՉϐۓՏीฝڙ୯ࣽ཮ीฝံ

շǴ୯ࣽ཮ीฝጓဦࣁ NSC – 99 – 2632 
-E-324-001-MY3Ƕ 
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