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Abstract 

With the coming of smart life, the popularity of mobile intelligent terminal has 

driven the rise of location-based services market. Meanwhile, the background of big 

data highlights the importance of ubiquitous mapping. The ubiquitous mapping means 

the creation and use of geographic information or map for the relationship between the 

environment and human cognitive activities. It emphasizes the natural characteristics 

of information to the people, the environment and social relevance. As the ubiquitous 

mapping emphasizes the ubiquitous nature of time and space, indoor positioning is an 

important part of ubiquitous mapping. Outdoor Location based services (LBS) have 

been developed for decades, and the Global Navigation Satellite Systems (GNSS) 

nowadays is able to basically meet the application requirements. However, indoor 

positioning has not been effectively resolved. For the current status of consumer 

applications, this paper presented a navigation algorithm which combines the sensors 

information of WiFi, Bluetooth Low Energy (BLE), gyroscope, accelerometer and 

magnetometer. 

So far the majority of consumer-grade indoor positioning techniques (WiFi 

fingerprinting, magnetic matching etc.) are based on navigation databases. The quality 

of the navigation database directly determines the positioning accuracy and reliability. 

Take the case of WiFi fingerprint positioning, in order to ensure the quality of the 

database the surveyors need to spend a lot of time to build the database and have to 

repeat this process to update it, which is the main limitation of the generalization of this 

method. Therefore, the crowdsourcing based database updating method is the trend of 

development. To achieve the automatic updates of the navigation database, accurate 

trajectories are needed to be chosen from the massive user data. This paper proposes a 

quality evaluation model of the pedestrian navigation data which provides the rules of 

data filtering. The main novation points list below: 

(1) It provides a WiFi/BLE/Pedestrian Dead Reckoning (PDR)/Magnetic Matching 

(MM) integration indoor positioning method, which makes full use of each 

technique and uses the multiple quality control mechanisms to improve the accuracy, 

availability and robustness of the indoor positioning system. 

(2) The proposed smoothing algorithm combining the forward and backward PDR 

navigation solutions.  

(3) It presents an anchor points and PDR solutions based navigation database updating 

method, which adopts the daily data of the users to generate indoor navigation 

database.  

(4) It analyses the main factors that influence the quality of the crowdsourced 

navigation database: motion mode, navigation time and sensor bias. Also, it 

provides the corresponding solutions to reduce the impacts. 

(5) It introduces an quality evaluation model of the pedestrian navigation data. Based 

on this model the program can choose the desired trajectory automatically. 
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SLAM ᵝ ̆ Simultaneous Localization and Mapping 

STFT ị ̆Short Time Fourier Transform 

TERCOM └ ̆Terrain Contour Matching 

UWB ̆ Ultra Wideband Beacons 

WiFi Ḡ ̆ Wireless Fidelity 

WLAN ̆ Wireless Local Area Networks 

ZARU ̆ Zero Angular Rate Update 

ZUPT ḱ ̆ Zero Velocity Update 
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1   

1.1  

⌠ ̆ ꜚ ꜚԅᵝ Ⱶ ῐ

(Ficco et al., 2010)Ȃ Ҋ̆ᵝ Ⱶ ԅ ῤ ̆

Ȃ (↔ , 2014) ӈ̆ ̂ubiquitous mapping̃

ᴋᵥ ȁᴋᵥ ҹ ҍֲ ῏ ⇔ ᶏ Ḥ

ꜚȂ ֲȁ Ḥ ᴪ῏ Ȃ ľ Ŀ

̆≠ ̆ ҩֲ ᵝ ᶫ ̆Ӟ ᵝ Ⱶ ᴧȂֲױ

№ ῤ ̆ ғ ῤ ֲ ̆ ץ ԍ ῤ

ᵝ Ȃ ԅ ᵝ ҉ ̆

ῤ ᵝ №Ȃp ѿ ̆ ᵝ Ⱶ ₃

̆ῃ ᵝ ̂GNSS̃ ̆ ῤ

ᵝׅ ⌠ ‗Ȃ 

O2O ῐ ̆ ῤ ᵝ ҙᴇṿ € ̆ ῤ

ѿ Ȃ2013 3 ̆ Ὲ ץ 2000҆ ᾝ ᴇ

ԅ WiFi ᵝ ∆⇔Ὲ WiFiSlam̕ 2014 7 ̆ ᴰ ᵣ Ὲ

InvenSenseץ 3600҆ ᾝ ԅⱴ ԍ MEMS ᴰ ᵝ ᶫ

Trusted Positioning̕ 2014 9 ̆ ץ 1000 ҆ ᾝ ᴇ ԅ ῌ

IndoorAltasῈ 20% ᴍ̆ ᶭ ῤ

ῤ ᵝ Ȃ2015 8 ̆ ῤ ᵝῈ Sensewherĕ ⅞

ῤ ᵝ Ⱶ Ҋ Ȃ 

1 ̆ ᴧ ԍ ῤ ᵝ ׆ 1m⌠ 100mҌ ̆

Dodgê Dodgĕ 2013̃ ӈ̆ ῤ ᵝ ̆1-5mҹ ̆6-

10mҹҬ ̆11m҉ץ ԍᵞ Ȃ 
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 1-1 Ғ Ὺ ᵣ  

╠ ῤ ᵝ WIFI ̆Һ ң 1̔ȁ

WIFI ᵝ ץ ⌠ 3-5m ̆ ץ ԍ

̕2ȁWIFI ̂ ̃ᵬҹѿ ⌠ ̆

WIFI Ȃ 

WIFI ᵝ ᵝ ̆ WIFIḤ

ȂWIFI ‗ ԅ ᵝ ̆ҹ

ԅḠ ̆D ֲ

ғ ѿ ץ ̆ └WIFI Һ

Ȃ Ҋ̆ ᴧ  Radu)ל

and Marina, 2013)Ȃ ̆ᴧ Ὲ ῒז Ғ ֲ

ᵬ ᴧȂ (Estellés-Arolas and González-Ladrón-

de-Guevara, 2012) ӈ̆ ֓ Ҍ ȁҌ ҍ

ᵬ̆ ѿ ꜚ̔ ᴧ ᵞԅ ̆ ҍ

Ӟ ԅѿ ̂ ᵣ ȁ ȁ ̃Ȃΐᵣ⌠ ̆

ᶏ ֟ ᶫ ᴆ ̆ ᴪ ⌠

̆ ≠ ֓ ̆ ᴪ ⌠ ‗Ȃ 

ῤ ᵝ ̆ ץ Ҍ ȂҌ

ᴨ ̔ 

 



ᴰ ῤ ᵝ  

3 
 

 

 1-1 ᵣ ᴮ  

 ᴨ   

WiFi ᵬҹ Ὲ῍ ̆

ᵞ ᶏ̕ ץ

⌠3-5m  

Ḥ Ҍ ̆ ̆

⁞̕

ⱬ 

BLE ҩ ᵞ ̆ⱳ ᵞ̆ ̕

⌠2-3m  

BLE ̆

ҌḂȂ 

UWB ⌠֒ ᵝ  ̕ Ғ ̕

ⱬ  

RFID ᴆ ᵞ̕ⱳ ᵞ Ғ  

Zigbee ҩ ᵞ ̆ⱳ ᵞ̆ ̕

⌠  

Ғ  

 ᵝ  ̕ Ғ  

ᴺ  LOSᴆҊ  ̕ Ғ ̕

Ҥ  

LED ᵞ̕ Ҋ ⌠  ̕ └ ᶏ ̂ Ἕ

ᾣ̃ 

Ἕ  ̕ ү Ḥ  ̆ⱳ ̕ᶭ  

 ̕ ⌠  Ҥ ᶭ ̕ ₮  

ᴆ ̕ Һ  ̕ ᵝ ᶭ ԍ ᶏ

’ 

ᶏ ѿ ץ ‗ ῤ ᵝ ̆ ╠ ῤ ᵝ

ל ≠ ᴨץל ⌠ ᵝ Ȃ

֟ Ҭ ᵝ ᴰ ԅWIFI BLEȁ ȁⱴת

ȁ ̆ ԋ ᴪ ֓ ᵝ Ȃ ᵥ≠ ֓ᴰ

⌠ ⱴ ᵝ Ҍֽ̆ ᵣ ῏ ̆ Ӟ

῏ Ȃ 

╠ ῤ ᵝץ ̆

Ҋץ ̔ 

1ȁ ԍ PDR ̂WIFIȁBLEȁ ̃ ̕ 
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2ȁ ԍ MEMS ᴰ ȁWIFIȁBLEȁ ̕ 

3ȁ MEMSᴰ ᴧ ̕ 

4ȁ ₮ ᴧ ᵀ‰↕Ȃ 

1.2 ֲ  

1.2.1 ᵝ  

ᵬҹ ῤ ᵝ ̆ ᵝ ̆ ̔RFID ᵝ

ȁWiFi ᵝ ȁBLÊ BLẼ ȁ ̂UWB̃ ᵝ ȁZigbee

̆ Ҍ Ȃ 

ԍῈ῍ WiFi ̆ғ ╠ ֟ Ҭ WiFi

̆ ̆WiFi ᵝ ⌠ԅ ῏ Ȃ ╠ ῤ Ҭ WiFi ᵝ ῖ

ҹ 10~20 ̂99.8% ̃(Skyhook, 2014)Ȃ ᵝ

≢(Panyov et al., 2014)̆֜ ᴪ ᵝ(Uri Schatzberg, 2014)̆ץ ԋ (Cheng, 

2005)Ȃ └WiFi ᵝ Һ Ҋ₃ץ 1̔ ᵬ̃ҹѿ ᵝ ̆

WiFi ᵝ ‗ԍWiFi Ḥ ₃ᵥ№ (Cheng et al., 2013)̕2̃

WiFiḤ Ҍ ̆ ῤ ⌠ (Torres-Solis et al., 2010)ȁ ⁞(Torres-

Solis et al., 2010) (Bose and Foh, 2007) Ȃ ̆ ֟ Ҭ

WiFi ᵞ̂ ҈ ҹ 0.3 Hz̃ ̆ ץ ȁ

Ḥ 3̕ Ҍ̃ ҬWiFi Ӟ̆ ᵝ (Laoudias 

et al., 2013)Ȃ ֓ WiFi Ҍ ̆ ₮ ľ Ŀ ľ

ᵝĿ̆ ̂ ⌠ ̃ ᵝ Ȃ ̆

Ӟ └WiFi ᶏ ѿҩ (Fallah et al., 2013)Ȃ 

1.2.2 ᴰ ᵝ  

MEMS ֟ MEMS ᴰ ̂

ȁⱴ ȁ ̃ΐ ᵞ̂ ̃ȁ ȁ ȁⱳ ᵞȁ

ᴨ (Shaeffer, 2013)̆ ᶏῒ ԍ ֟ ҬȂ ֲ

̂PDR̃ ≠ ⱴ Ḥ Ҍ ᵝ ῒ

ᴨל ԍῒ Һ ̆ Ҍᶭ ԍᴋᵥ ̆ ӞҌ ⌠

(Ndjeng et al., 2011)Ȃᵖ ̆PDR ԍῒ ᶫ ̆
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ҹᴰ Ҭ № ̆ ᵞ

(Titterton and Weston, 2004)Ȃ ᶏ ⱴ ץ ₮ ̂

Ḳᴀȁ ̃ ⱴץ ễ̆ᵖ ῒזḤ Ҍ

(Akeila et al., 2014)̆ ᴪ ⱴ ᵝ Ȃᶏ ץ

̆ (Zhang et al., 2013)Ȃᵖ ̆ ῤ Ҋ̆

⌠ֲ ҌῬ (Gozick et al., 2011)Ȃ ̆ Ḃ

Ӟ̆ ץ ₮ Ȃ ῤ ᶏ

ֲ ҳ ѿҩ Ȃ 

1.2.3 ᵝ  

̆ᶛ ᶏ ῤ Ḥ (Klepal 

and Beauregard, 2008)̆ᶏ ᶫ ᵝ (Dawadee et al., 2013, 

Riseman et al., 2013)̆≠ ᵝ(Turcot and Lowe, 2009)̆

≠ ꜚ ҉Ҋ ᶫ ḱ (S. Jeon, 2014)̆ (Xie 

et al., 2014, Subbu et al., 2013)̆ᾣ (Jiménez et al., 2013) Ȃ

ץ ᶫ ̆ᵖ ᶭ ԍῒז Ȃץ ҹᶛ̆

Ӟױ ≠ ԅ ῤ ̆ ῒᵬҹѿ ԍ ᵝȂ

ᵝ ╠ ᴆ ῤ ҉ ̆ ҉ Ȃ

⌠ ҈ҩ ѿ̆ ̆ ѿ

Ḥ ̂ ̃ Ҋ ̆ ҍ Ҭ ѿ ↓ ̂

Ṝ ̃ ̆ (Gozick et al., 2011)Ȃ

ԍ (Golden, 1980)̆ ⱬ(Yan and Cui, 2007)̆ץ

(Liu et al., 2007)̆ ғ ᵝ ̆

TERCOM(Golden, 1980)ȁICCP(Yan and Cui, 2007)̆ᵖ ԍ ῤ ֲ Ҭ

ȂҹԅḠ ‰ ̆ Ḡ ҍṜ Ȃ

̆ץ Һ Ҭ ѿ ̂INS̃̆ ᶏ

ᴆ̂ ̂NHC (̃Yu et al., 2012)ȁ ḱ ̂ZUPT̃ (Bloch 

et al., 2005) ̃ ᶫ ᵝ Ȃᵖ ֟ Ҭ ᴰ

̆ ᶫ ᵝ ̕ғ ֲꜚ ̆ ץ ₮ Ḥ

̂ ̆ ҉ ҉̃Ȃ ̆ ╠ ῤ ȁ

ꜛ ѿ Ȃѿ ̆ ⌠

̆ ᵣ Ȃ 
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1.2.4 ᵝ  

ԍ ╠ ῤ ᵝ ᴨץל (Khaleghi et al., 2013)̆

ֲ ᵝ ᴨ̆ל ῤ ֲ

̆ (S. Jeon, 2014, Kannan et al., 2013, Morrison et al., 2012, Rantakokko et al., 

2011, Chen et al., 2011, Monteserin, 2014, Grejner-Brzezinska et al., 2012, Leppäkoski 

et al., 2013, Colombo et al., 2014)̆ ῏ Ὲ (TrustedPositioning, 2014, Wefi, 

2014, infsoft, 2014, SenionLab, 2014, Wifarer, 2014, Meridian, 2014)Ȃѿ֓

ⱬԍᾟ№ ᴰ ᴨ̆לᶛ (Ladetto et al., 2001)≠

ᶫ Ҥ ץ̆ ̕ (Li et al., 

2015b)≠ ‰ Ҋ Ḥ Ȃ ֓ ῤ

ᶏ ̆ᵖ ׅ └ԍ ̔ Ȃҹԅ

ᶫ ῤ ֲ ̆ ╠ WiFi MEMS ᴰ

Ȃ ᵀ ȁ (Evennou and Marx, 2006)

Ȃ (Tian et al., 2015) WiFi MEMSᴰ

̆Ӟ Ṝ (Ruiz et al., 2012)

Ḥ ᴰ Ḥ Ȃҍ ԍWiFi MEMSᴰ ̆

̆ғ Ҭԍ ҍ PDR (Li et al., 2012)Ȃ

(Ezani et al., 2014) (Shu et al.)׆Ҍ ₮ ᶏ WiFi ῤ

ᵝȂῒҬ╠ ᶏ ѿ ׆ ⌠ ̆ ׆ WiFi ᵝ⌠ ᵝ

ᵝ ᵝ̆ ᶏ ѿҩ WiFi Ȃ ̆ (Pritt, 

2014) ₮ԅ ѿ ̆ ẁ ᵬҹ WiFi ⱴ῀

WiFi Ҭ̆ ԅ ׆ ⌠ Ȃ ᶏ PDR̆

WiFi ╠↕ ̆ῒҬ (Ban et al., 2015) (Mirowski 

et al., 2013)ף ԅ Ȃ╠ ᶏ Ҍ ᴰ

̆ ↕ ᵝ ̂SLAM̃Ȃ ԍ SLAM

̆ ׅ ‗ ̆ ץ ֟

(Zhuang et al., 2015)Ȃ ╠ ̆ ῤ ᵝ Ҭ ԍWiFi

ᵝ ̆ ҹ WiFi ᵝ RADAR (Bahl and Padmanabhan, 

ץ(2000 ̆ 15 ԅȂ ӊҊ̆ ԍ MEMSᴰ ᵝ

↕ Ὲ ԍ 2010 iPhone4 ԍ ̆ ̕

ῤ ↕ ҹ Ȃ ꜚ LBS ῤ ᵝ

̆ᾟ№≠ ꜚ Ҭ ᴰ ̆ ԅѿ /WiFi/BLE/
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ᵝ ̆ ╠ֲ ᵬẠԅ ̆ ≠ԍ

ᴨל ԑ └Ȃ ̆ ҉̆ ₃ҩ ῤ

ֲ ῏ Ạ₮ԅ⇔ Ȃ 

1.3 ῤ  

ԍḤ ȁ ῤ ̂ ȁ Ἕ ̃ ῤ ᵝ ᵝ

≠ ᵝ ̆ ױ ӈ ֓

ҹ ῤ Ȃҹԅ ᶫ ᵝ Ⱶ̆ Ҋ ̆

Ȃ ԍ ῤ ׆̆ ̆

Ḡץ̆ ᵝ ᵬȂ 

1.3.1  

Ȃ

Ԋᾢ ⅞ ҉ ҹ̆ԅ ѿ̆֓

ҩ ҩ ҉№≢ Ḥ Ȃ Ҍֽ Ҭ ⌠

(Bahl and Padmanabhan, 2000, Youssef and Agrawala, 2005)̆ Ӟ ҙ Ҭ

(Chintalapudi et al., 2010)Ȃ ̆ᵖ ⱬ̆ѿ

Ӟ ֲ (Bolliger, 2008)Ȃ 

֟ Ҭҹԅ ѿ̆֓Ὲ ԅ Ȃ

Ẋ ≠ ᵝ ̆ ⁞ ԅԊᾢ

ᵬ Ȃΐᵣ Ҋ̔ ֲ ̂ ҹ ̃ ꜚ̆

ֲ ̆ ҉ ꜚ ̆ ӊ

ץ ⌠ ӊ Ȃ

҉ ҩ ҩ ̆p └

ֲ ꜚȂ 

ѿ֓ ֲ Ғҙ Ȃ (Gunawan et 

al., 2012)≠ RFID ᶫ ᵝ ̆ ҙֲ Ḡ RFID

WIFI ᵬҬ ץ ᵬ̆Ҍ

Ғҙ ֲ Ȃ (Woodman and Harle, 2009)≠ ҉

IMU ᶏ WIFI Ȃ 
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1.3.2 ᴧ  

Ҋ ᴧ̆ ҹ ‗ ᶫԅ ̆

ᵬ Ȃᴧ(Ganti et al., 2011)ל Һ

ꜚ ҍ̆ №ҹҺꜚ ᴧ ꜚ ᴧ Ȃ 

Һꜚ ᴧ ᶏ ֜ԑ Һꜚ ҍ ̆

(Han et al., 2014)≠ ᵟ Ḥ ȁ Ḥ ̆ ᵝ ҹ

10mȂ(Bolliger et al., 2009, Park et al., 2010) ԍҺꜚᴧ Ȃ 

ꜚ ᴧ ↕ № ҉ᴰ Ҍ ’Ҋ ꜚ

ᵬȂ WIFI SLAM̂simultaneous location and mapping̃ Ҍ

Ԋᾢ ̆ ᴰ Ḥ ץ Ҭ ̂radio map̃

ᵬ(Ferris et al., 2007)ȂṢꜛ Ҭ ᴰ ѿ̆֓ ≠ PDR

ꜛ ᴧ (Rai et al., 2012)Ȃ ֓ ԍᴰ

ᴧ ᶏ ᶏ Ҭ ꜚ ҹ Ҍ̆

ҍ ̆ ԅ ᶏ ᵣ Ȃ 

ԍ ᴰ ᴧ ץ ̆ Ҍ

ᴰ ̂MEMS̃ Ȃ ҉ M̆EMSᴰ ᴨ

ᵞȁ ȁ ̆ᵖ ̆ғ ᴪ

̆ Ȃ MEMS ᴆ ⁞ ᶫ

̆ ῒז ᵝ ᶫ Ȃ ╠ ԍᴧ

╠ ‰ ̆ Ҭ ᵥ

Ҭ ‰ ѿҩ ̆ ῏ ₮ ‰Ȃ 

1.4  

̂1̃ ԅ ԍ ῤ ᴰ ȁ ԍ WiFi

≢ȁ ԍ BLE ҈ ᵝȁץ ԍ ῤ ҉̆ ₮ԅ

WiFi/BLE/PDR/MM ᵝ Ȃᾟ№≠ ᵝ ԑ ̆

≠ └̆ ᵝ ȁ ⱬȂ 

̂2̃ ԍ ֲ ’ ̆ᶏ RTS ҳ ̆ ֲ Ҍ

̆ Ҍ‰ ̂ ᶏ ’Ҍ ῃ

Ȃ̃ PẒ ̆
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ᵀ Ȃ ̆ ҹ RTS

ᶭ ̆ P Ṝ̆ № Ḥ

Ȃ ҹ ֲ ᴆ ̆ ץ ’ ᾧȂ ₮ԅѿ ≠

⌠ Ȃ ≠

⌠ ᶏ̆ ᵬҹ ᵝ ꜚ Ῥ̆

Ȃ 

̂3̃ ╠ ᵞ̆ ҌḂ ̆ ₮ԅ

̆≠ ᵝ ḱ Ḥ PDR ̆ ֲ ᶏ

Ҭ ᵬ̆ ԅ ᶏ̆

ⱴ Ȃ Ҍ ₮ԅ̔≠ ꜛ PDR

̕ ꜛḤ ’Ҋ≠ ₮

ғ ԅ ̆ Ӟ ץ

ᴧ ҬȂ 

̂4̃№ ԅ ᴧ ̆≠ ꜚ ≢

№ ȁ ȁ ꜚȁ Ҍ ̆ ̆

₮ԅ ᵞῒ ‗ ̆ ≢ȁ Ẓ ȁ

Ȃ 

̂5̃ ₮ԅѿ ᵀ ֲ Ȃ

̆ ץ ꜚ ₮ ̆ ₮ ̆ ᴧ

Ȃ ᵀҌ ᴋᵥֲ ҹ̆ Ҋ

ῤ ᴧ ᶫḠ Ȃ 

⇔ ӊ ῏ ̔̂1̃ҹ ᴰ ̆ѿ ῤ ᵝ

֟ ̆ ѿ Ӟҍ Ȃ

̂2̃~̂5̃῍ ԅ ᴧ ȂῒҬ̂2̃ҹ̂3̃ ᶫԅ

ᶫԅ ̂̕ 4̃Ҭ № ҹ̂5̃Ҭ

ᶫԅᶭ ̕ ̂5̃↕ҹ ₮ ̂3̃Ҭ ᶫԅ

Ȃ 

ᴧ ԅ ̆ ₮ԅ ᵀ

Ȃ⌠ᵬ Ώ ҹ ̆ ֲ

Ȃp Ԋ ҉ └̆ ╠ ῤ ᵝ ѿҩ

Ȃ ῒ ╠ Ҋ̆ Ҍ ̆

₮ ץ̆↕‰ Ҍ ֲ ’Ҋ̆ Ȃ

̆҉ ̂2̃~̂5̃ ӈȂ 
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1.5  

῍ ҂ ̆ Ҋ ῤ Ҋ̔ 

ԋ ׃ ₮ ̆ ᵝ

ץ̆ ᵀ Ȃ 

҈ ׃ Ҭ PDR ȁ ᵝ ȁ

ץ ₃ Ȃ Ҍ ҹ̆ԅ

‰ ₮ԅWiFi Ҍ Ȃ 

₮ԅ ԍ PDR ̆ ⌠ ̆

₮ԅ≠ ₮ ̆Ҍᶭ Ȃ 

ԓ ԍᴧ ԅ ᵀ̆ ₮ԅᴧ

ᵀ ̆ ₮ԅ └ Ȃ 

Έ ╠ ₮ ᴰ ᵝ ȁ ץ ᴧ

‰↕ ԅ ̆ᾟ№ ԅῒ Ȃ 

1.1 ̔ 

ѿ  

ԋ  

҈ ԍ ᴰ
ԓ  ԍ ᴰ

ᴧ
ῒ
ᵀ

Έ  

҂  

ԍPDR

 

 1-2  
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2   

׃ ԅ ₮ ⌠ ̆ ̔

ӈ̆ ᵝ ץ ⌠ ᵀ Ȃ 

2.1  

⌠ԅ Ҋ ̔ 

2.1.1  

̂ i ̃ ꜚ ̆

ҹ Ȃ Ҭ ̔

ӈ z̆ ҹ x̆ № z̆

xȁy ῍ Ȃ 

2.1.2  

ѿ ̆ῒ ӈҹ ̆z ҹ

̆x ∆ ֜ ̆y xȁz Ȃ 

2.1.3  

̂n ̃ ҹ ̆ ꜚ ̆

ԍ ‰ ӈ ֜ Ȃῒ ӈҹ ꜚ ̆y

z̆ ԍ ῤ x̆ қ yȁz

֜ Ȃ 

2.1.4 ᵣ  

ᵣ ̂b ̃ ҹᵣ ̆ ꜚ ᵣ҉Ȃ

ꜚ ᵣ x̆ ᵣ╠ z̆ ᵣ Ҋ y̆

ᵣ ᶷ x ȁz ֜ Ȃ 
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2.2  

Ҭ ̔ ᵩ ȁ ᾝ ȁ

ץ ̆ Һ ׃ ᵩ ȁ ̆ ᾝ

3.1 ׃ Ȃ 

2.1.5  

↓ ңҩ ῖ Ȃ ↓

Ҭ ҩ ↓̆ ѿ ᴪ ⌠

ѿҩ ̆ ↓Ҭ ‗ Ȃ

↓ ̔ ̂heading̃ ȁḲᴀ ̂pitch̃

̂roll̃Ȃ ᵩ
a

bC ᾝ Ҋ̔ 

11

12

13

21

22

23

31

32

33

cos cos

cos sin sin sin cos

sin sin cos sin cos

cos sin

cos cos sin sin cos

sin cos cos sin sin

sin

sin cos

cos cos

c

c

c

c

c

c

c

c

c

q y

f y f q y

f y f q y

q y

f y f q y

f y f q y

q

f q

f q

=ë
î
=- +

î
î = +
î
=î

î
= +ì

î =- +
î
î =-
î
=î

î =í

               (2-1) 

 ῒҬqҹḲᴀ ̆fҹ ̆yҹ Ȃ 

2.1.6  

ѿ b ԍ a Ȃ

ӈԅѿҩ ץ ꜚ ̂ ѿ ‰↕̃ȂẊ

a ̆ ꜚԅ ⌠ԅ

b̆ Ӈ b a Ȃa ᴋ ѿҩ ӈԅѿ

ҩ ѿ b ̆ ӊ ԅ b ԍ a ̆ ӊױ Ӟ

ѿ Ȃ ӈ Ҋ(Savage, 2000)̔  
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= /F F=F F= Ö Fū u ū ū u ū                  (2-2) 

ῒҬūҹ ̆ Fu ҹ ҉ ᵝ ̆Fҹ Ȃ 

 

2.2 ᴰ  

ᴰ №ҹ ң ׃№ ̆ ץ

ễ̆ ץ ⁞ Ȃ 

2.2.1  

2.3.1.1Ẓ 

Ẓ ԍⱴ Ȃ ӈҹ ῀Ḥ ̆D

₮̆ Ȃ Ẓ ⱬ ῏Ȃ 

₮

Ẓ

ᴰ ₮

ṿ

 

 2-1 ᴶ ẘ 

2.3.1.2ᶛ  

ᶛ ῀ ₮ ᶛ ⱴ̆ ᶛ ⱴ ᴰ

҉ ⱬ ῏̆ ת ᶛ ᴰ ҉ ῏Ȃ

ᶛ ̔ 
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῀

₮

ᶛ

ᶛ

 
 2-2 ᶡ  

2.3.1.3֜  

֜ ҩᴰ ῒזᴰ Ҍ ֜ Ȃ ᴰ

֟ Ҭ ֟ Ȃ ԅ ֜ ̆z xz zxq

Ẓ ̆ yz zyqẒ Ȃ 

zyq zxq

Z

X

Y

 

 2-3 ᴶ ֢  
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2.2.2  

2.3.2.1Ẓ  

ᴰ ᵬ Ҭ Ẓᴪ Ȃ ѿ Ҭᴰ

Ẓ Ҍ ᵬᴰ Ẓ̆ Ȃ Ẓ Ẓ

̆ Ẓ ѿҩ Ȃ 

₮

Ẓ

ᴰ ₮

ṿ

Ẓ

 

 2-4 ᴶ ẘ  

2.3.2.2ᶛ Ҍ  

ѿ Ҭ ᶛ ᶛ Ҍ Ȃ ’Ҋ

Ӟ Ȃ ҉ ᶛ Ҭ Ҍѿ ̆p ѿ

Ҭ Ȃ 

2.3  

2.3.1  

()x t ѿҩ ᴋ ┴ ṿ ҹ ̆p ∆

ѿҩ ṿҹ 0m ̆ 0P ()0x t ̆ῒ ӈ Ҋ̔ 

() ()0 00x t x t x= =                        (2-3) 
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ꜚΐ ᴰ Ẓ̆

ᵖ Ҍ ̆ ҉ ’Ҋ ẒҌ ̆p ѿ ꜚ ᵬ

ẒҌ Ȃ Ẓṿ ᾢ Ḥ ̆p ץ ѿ

Ҍᴪ Ȃ 

2.3.2  

ѿҩ № ꜚ ̆ῒ № Ҋ̔ 

() () ()0 0x t w t x t= =                   (2-4) 

ῒҬ ṿҹ 0̆ ↕ ҹ̔ 

() ()
0

d
t

t
x t wt t=ñ                        (2-5) 

ṿҹ̔ 

()( ) ()( )
0

d 0
t

t
E x t E w t t= =ñ                   (2-6) 

Ҭ ᴪ ₮ ̆ ԍⱴ ת ₮

№ №≢ҹ Ȃ 

2.3.3  

̆ ҹ̔ ԍ

ꜚ ̆ ╠ ┴ kt ’Ҋ̆ ┴

╠ ┴ ῏ ҍ̆ ┴ ῏Ȃ Ҋ

ӈ̔ 

( )() ( ) ()( ) ( )()( )1 1 0 1, ,...,k k k k kf x t x t x t x t f x t x t+ - +=          (2-7) 

()x t ᴆ ₱ ҉ ̆↕ ()x t ҹ Ȃ 

ѿ ҹ̔ 

 ()x x w tb+ =                          (2-8) 

ῒҬbҹ ҹ ῏ ̆ ῏ ṕ ̕ ()w t ҹ ṿ Ȃ 
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2.4 ᵝ  

2.4.1 ²ƛπCƛ  

WiFi ѿ ԍ IEEE 802.11 ↓ ‰ ̆ ╠ 2.4G 5G

ңҩ ̆ ̂Sspread Spectrum̃ ֜ № ̂Orthogonal 

Frequency Division Multiplexing̃ └Ḥ ȂWiFi ᵬҹԊ ҉

Ḥ ‰ ȁⱲῈ ̆ ғ ᵬҹѿ Ὲ῍

Ȃ 2000 ₮ԅ ԍWiFi ῤ ᵝ RADARץ

̆ ֲ ԍWiFi ῤ ᵝ ԅ ᵬȂ 

Wi-Fi ≠ Wi-Fi ᵝᶏ ̆ Һ ᴨל

Ҍᶭ ᵝ Ḥ ᴰ ȂWi-Fi ᵝ ңҩ ̔

ᵝ Ȃ ҩ ᵝ ҉ ⌠ ҩ

Ḥ MAC ̆ ҉ ҩ ҉ Ḥ ѿ ̆ ץ

ҩ ẠḤ Ȃ ᵝ ̆ ⌠ Ḥ Ḥ

̆ ₮ Ḥ ᵝ ̆ ₮ ᵝ Ȃῒΐᵣ

Ҋ ̔ 

 
 2-5 WiFi ᵣ  

Ҋ ׃≢№ ң №̔ 

AAAARP1

AAAARP2

AAAARPi

AAAARPn

  

 

AP1

AP2

APmi

 

 

Training
Phase

WiFi fingerprint 
database

Matching 
algorithm

Positioning  Phase
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2.5.1.1 

ץ ᵝ ̆ ѿ

Ḥ ᵝ ῍ ̆

(2-9) Ȃ ╠̆ ╠ ⅞ ̆ ᶏ ⌠

ᵝᶏ Ȃ Ҭ №ҹ Ȃ 

( )( ) ( ){ }1 1 1 2 2, , , , ,..., ,L L L L Ln LnLLH MAC RSS MAC RSS MAC RSS   (2-9) 

RSSṿ ԍḤ ̆ ᵝ ῏ ̆ ҹ Ҭ Ȃ

ᵖ RSSṿӞ Ҍ ̆ ѿ Ḥ Ӟᴪ ꜚȂҺ

ԅ ̆ ῤ ꜚȁ ֲ ꜚ Ȃ 

2.5.1.2ᵝ  

ᵝ ̆ ⌠ Ḥ Ҭ Ḥ

׆̆ ᵀ ₮ ᵝ Ȃ ᵝ Ҭ № Ȃ

ֲ ₮ԅѿ֓≠ Ḥ ᵀ ᵝ ̆

̂Nearest Neighbor̃ ȁ ᵀ Ȃ Ḥ

ᵀ ᵝ ̔ 

, ,

1

,
i

u

n
j j

i rec l DB i RP

j

d SS SS i I
=

= - Íä                  (2-10) 

ῒҬ  ̆ Ҭ iRP Ḥ ҹ id ̆ , urec lSS ҹ ul

RSS ̆ ,DB iSS ҹ iRP RSS ̆ in ҹ iRP ⌠ WiFi

Ḥ ̆ RPI ҹ Ҭ Ȃ Ӈ ᴆ

( )* mini i RPd d i I= Í iRP ҹ ᵀ ul Ȃ 

ױ Ҭ ԅ └ └ ᴨ WiFi ᵝ Ȃ ѿ

̆ ṿҊ RSSTh ╧ Ḥ Ȃ ԋ

Ḥ ̆ ѿ ┴ Ḥ ԍ ṿ̆

ᵝ Ҍᴪ ̆ ҹ ╠ ᵝ Ԋᾢ

Ȃ 
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ҹԅ ᵝ ẫ ⁞̆ ₮ ̆ Ҭ ױ ԅ

kҳ ̂k-NÑ ̆ᶏ Ḥ kҩ ᵀ ᵝ Ȃ

₃ҩ ⱴ ῒ ̔ 

1

Ĕ
k

i
i

i

c

C=

=är r                            (2-11) 

ῒҬ 1/i ic d= ̆
1

k

i

i

C c
=

=ä ̆ irҹ i ̆Ĕrҹ ᵀ Ȃ 

2.4.2 Lb{  

ᾝ̂ IMŨ ᾝ̂ DPŨ̆ IMU

ᴆ ⱴ Ȃⱴת ⱬ̆ ⱬ ᵣ

ⱴ ҍ ⱬⱴ ӊ ̕ ↕ת ᵣ

ȂDPU ⱴ ת ₮ ̆ Ҍ IMU

ᵝ ȁ ץ Ḥ Ȃ ת ⌠ ⌠ ╠

∆ ̆Ḃ ⌠ ╠ IMU ̆ ⱴ

₮ⱴ῀ ⱬⱴ ễ ⌠ ⱬ̆ № ⌠ ᵝ (

, 2012)Ȃΐᵣ Ὲ Ҋ̔ 

1

[2 ]

[ ] [ ]

n n

n n b n n n n

b ie en

n n b n n

b b ib in b

-è ø è ø
é ù é ù

= - + +é ù é ù
é ù é ù-ê ú ê ú

r D v

v C f ɤ ɤ v g

C C ɤ ɤ C

                 (2-12) 

ῒҬ [ ]=
Tn hj lr ҹᵝ ȁ ҹ̆ 1-

D ҹ  ̔

1

1
0 0

1
0 0

( )cos

0 0 1

M h

M h j

-

è ø
é ù+
é ù
é ù=
é ù+
é ù

-é ù
é ùê ú

D                       (2-13) 

n
v ҹ Ҋ ̆

n

bC ҹᵣ ⌠ ̆
n

ieɤ ҹ

n Ҋ ̆
n

enɤ ҹ n Ҋ ԍ e Ȃ

[2 ]n n

ie en+ɤ ɤ 2 n n

ie en+ɤ ɤ ̆
n

ieɤ ȁ
n

enɤ №≢ҹ̔ 
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cos

= 0

sin tan

E

e

n n N
ie en

e

E

v

N h

v

M h

v

N h

w j

w j j

è ø
é ù+è ø é ù
-é ù é ù=é ù é ù+

é ù é ùê ú -é ù
é ù+ê ú

ɤ ɤ                   (2-14) 

ῒҬ ewҹ ̆ Ev ҹ ᵣ қ ̆ Nv ҹ ᵣ

̆MȁN№≢ҹ Ȃ 

2.4.3  

ᵝ ╠ ᴆ ῤ ҉ ̆ ҉ Ȃ

ῒᴨל ԍҌ ᴋᵥ ̆ ԍ ҈ҩ Ȃҹԅ ῒ

̆ ᶏ ̆ ѿ ҍ Ҭ Ṝ

̆ Ȃ ԍ

ⱬȁ ȁץ ̆ғ ᵝ ̆ TERCOMȁICCP

(Golden, 1980)ȂҹḠ ҍṜ ̆ Һ

Ҭ ѿ ̂INS̃̆ ᶏ ᾢ Ḥ ̂

̂NHC̃ȁ ḱ ̂ZUPT̃ ̃ Ȃ 

TERCOM 20ҕ 50 ף ₮̆Һ ̆ΐᵣ

INS ᶫ ̆ Ṝ ̆

҉ ↓ҍṜ ҉ ↓ ῏ ̆ פ ῏₱

ṿ Ṝ ᵬҹ Ȃ ῏№ ԑ ῏̂COR̃ ȁ

Ẓ ̂MAD̃ ȁ Ẓ ̂MSD̃ Ȃ ֓ ΐᵣ

Ὲ ҹ (Zhao et al., 2009)̔  

 
/2

/2

1
( , ) (x, y) (x , y )dx

L

x y ACQ ST x y

L

COR T T
L

t t t t
-

= * + +ñ   (2-15) 

 
/2

/2

1
( , ) | (x, y) (x , y ) | dx

L

x y ACQ ST x y

L

MAD T T
L

t t t t
-

= - + +ñ   (2-16) 

 
/2

2

/2

1
( , ) [ (x, y) (x , y )] dx

L

x y ACQ ST x y

L

MSD T T
L

t t t t
-

= - + +ñ  (2-17) 



ᴰ ῤ ᵝ  

21 
 

ῒҬ xt ytҹ X Y Ẓ ̆ ACQT  STT №≢ҹ

Ҭ (x , y )x yt t+ + L̆  ҹ Ȃ ᴨ

CORṿ MAD MSDṿ Ȃ 

ICCP ∆  (Kamgar-Parsi and Kamgar-Parsi, 1999) Ҭ ԍ ⱬ

Ȃ ׆ Ἕ Ҭ ף ̂ICP̃  (Besl and McKay, 

1992) ȂICCP פ ᵣ ꜚ ҉ Ḡ

ᵝ Ҍ ᴆҊ̆ ҍӊ ṿ ҉Ȃ ICCP ҍ

TERCOM Ҍ ԍ̆╠ Ҍֽ ԅ ̆ ⌠ԅ ̆

ⱬȂẊ INS ҉ ҉

ṿ ԅѿҩ Ă ṿ ṿ ԅѿҩ

ṿ BȂ↕ ICCP ѿҩ ↨ ̂

̃̆ᶏ A Ҋ Taҍ BҬ ṿ Ȃ

̆Ta ԅ Ҍ ᴆ̆ ҹ ᴨ Ȃ

ᴨ ף  (Zhao et al., 2009)Ȃ 

2.5 ᵀ  

2.5.1 ԋӗ 

ԋӗᵬҹѿ ᴨᵀ ȁ ȁ

ᵝ ̆ Ӟ Ҋ ׃ Ȃ 

ҹ 

H= +z x v                            (2-18) 

ῒҬ zȁxȁvȁH№≢ҹ ȁ ȁ ̂ Ȃ̃ 

ӈ ₱ ̔ 

()( ) ( )1Ĕ Ĕ Ĕ
T

L H R H-= - -x z x z x                    (2-19) 

ῒҬRҹ Ȃ 

ԋӗ ᵀ ᶏ ₱ ̆ Ҍⱴ ₮ ԋӗᵀ

̔ 
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( )
1

1 1Ĕ T TH R H H R
-

- -=x z                     (2-20) 

ᵖ Ҭ ҹ ̆ Ḥ ᴰ ȁ Ȃ

’Ҋ ᾢ Ạ ᶏ̆ יּ ╠ ᵀ

̆ ѿ ̔ 

()

()
()

( )
()

( )

()
()

( )

2
2

2

Ĕ Ĕ

Ĕ

1
Ĕ Ĕ Ĕ

2!

Ĕ Ĕ+

h

dh d h
h

d d

dh
h

d

= =

=

= +

= + - + - + +

º + -

x x x x

x x

z x v

x x
x x x x x v

x x

x
x x x v

x

    (2-21) 

ᵀ ҹ Ĕ=d -x x x̆
()

=
dh

H
d

x

x
ҹ ↕̆ Ώᵬ  ̔

()Ĕh Hd= + +z x x v                        (2-22) 

҉ ̔ 

()Ĕ=

=

h H

H

d

d d

- +

+

z x x v

z x v
                      (2-23) 

ҹ Ȃ (2-23) (2-18) Ȃ ᴆҊ̆

ṿ ᵀ ̕ ’Ҋ̆ ṿ ṿӊ

ᵀ Ȃ ’ ̆ ԋӗᵀ ҹ̔ 

( )
1

1 1T TH R H H Rd d
-

- -=x z                   (2-24) 

ῒҬ ᵀ ( )
1

1

Ĕ

TC H R Hd

-
-=x

 

ԋӗ ҉ף ̆ ⌠ ᵀ ԍ ṿȂѿ ̆

ԋӗ ΏᵬҊ ̔ 

1 1
Ĕ Ĕ Ĕ

i i id- -= +x x x                         (2-25) 

iҹ ף Ȃ 

↕ ᵀ ҹ̔ 

( )
1

1 1Ĕ T T

i i i i iH R H H Rd d
-

- -=x z                   (2-26) 



ᴰ ῤ ᵝ  

23 
 

ԍ Ҍ ᵀ ̆ RҌ ̆

Ĕ
i THd <x ף Ȃ 

2.5.2  

KF ̆ ≢ ⌠ԅ ̆

ѿ ↓ ᵀ Ȃ Ҭ̆

ҹѿ ↓ № ̆ Ҭ ҹҊ ̔ 

x Fx w= +                            (2-27) 

└ ̆ῒҬ xҹ ̆F ꜚ ̆wҹ

̆ ҹ̔ 

                 TQ E wwè ø= ê ú                          (2-28) 

Ҍѿ ӈ̆ ᵬҹѿ └ ̆ Ҍ‰

Ȃ 

ҹ ᴨᵀ ᶭ ԍ ҊẊ (Maybeck, 1982)̔  

̂1̃ kw khҹҌ ῏ ṿ ̆ғ

̔ 

[ ] [ ]0, 0k kE w Eh= =                      (2-29) 

0T

k jE whè ø=ê ú                          (2-30) 

0

kT

k j

Q k j
E w w

k j

=ë
è ø=ìê ú ¸í

                    (2-31) 

0

kT

k j

R k j
E

k j
hh

=ë
è ø=ìê ú ¸í

                    (2-32) 

ῒҬ kQ ȁ kR ҹ ̆ ῤ Ҭ kQ INS

῏̆ ṿ kR ᵝ ῏Ȃ 

̂2̃∆ 0x ῏̔ 



ᵝ  

 
 

24 

 
 

0 00 0T T

k kE x w E xhè ø è ø= =ê ú ê ú                  (2-33) 

̂3̃∆ ṿ ῒ ̔ 

[ ]0 0x E x=                           (2-34) 

( )( )0 0 0 0 0

T
P E x x x xè ø= - -

ê ú
                    (2-35) 

ꜚ ҹ̔ 

1 1k k k kx x w- -=F +                         (2-36) 

1kx -ȁ kx №≢ k-1 ┴ k ┴ ̆ kF k-1 ┴⌠ k ┴

Ȃ ṿ ῏̆ῒ ҹ̔ 

k k kz Hx v= +                            (2-37) 

kz ҹ ̆H ̆ kv ҹ ̆ ҹ̔ 

T

k k kR E v vè ø= ê ú                           (2-38) 

ҹ̔ 

( )1 1
Ĕ Ĕ Ĕ

k k k k k k kx x K z H x- -=F + - F                 (2-39) 

1
Ĕ

kx -ȁĔkx №≢ҹ k-1 ┴ k ┴ ᵀ ̆ kK ҹ Ȃ

Ҭ̆ ץ ̂Riccatĩ ⌠Ȃ

ѿ ̔ 

( )
( )

1

1

T

k k k k k

T T

k k k k

k k k

M P Q

K M H HM H R

P I K H M

-

-

=F F +

= +

= -

                (2-40) 

ῒҬ kPҹ ᵀ ̆ kM ҹ ╠

╠ ᵀ Ȃ kQ №

⌠̔ 



ᴰ ῤ ᵝ  

25 
 

() ()
0

T
T

kQ Q dtt t= F Fñ                      (2-41) 

ῒҬTҹ Ȃ 

Ҭ ⌠ Ҍ № ̆ ғ

ṿӞ Ҍ ₱ ̆ ⌠ EKFȂ ԍ EKF

ҹ̔ 

()x f x w= +                          (2-42) 

ҹ ₱ ̆ ҹ ₱ ̔ 

()z h x v= +                          (2-43) 

ҹԅ ⌠ Ҭ F H ̆ Ạ

̆ ѿ ᵌ̔ 

() ()

Ĕ Ĕ

,

x x x x

f x h x
F H

x x
= =

µ µ
= =
µ µ

                  (2-44) 

EKF KF ̆EKF ҹ̔ 

( )( )Ĕ
k k k k kx x K z h x= + -                      (2-45) 

kx № № ⌠̆ ѿ №̔ 

1 1
ĔĔ

k k kx x x T- -= +                            (2-46) 
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3  ԓ ᴶ  

ẫ Ҍֽ ᵝ Ӟ̆

ᴧ Ȃ ᴰ Ḥ ̂WIFIȁBLEȁ ȁⱴת ̃

ᶏ ѿ ᶫ Ȃ 

ԅ WiFi/BLE/PDR/ ץ̆ PDR ҹ

̆ WiFiȁBLEȁ ᵝḤ ̆ ᶫ ᵝ Ȃ 

3.1 ԍMEMSD DR  

3.1.1 ԍLb{  

Ḥ Ҭ Ḥ ̆ ╠ Һ ̔

ȁ ȁ ȁ ᾝ Ȃ ԍ ᾝ Ḃԍ ᾧԅ

(Madgwick, 2010)̆ Ҭ ᾝ Ȃ ᾝ

0 1 2 3[ ]Tq q q q=q ӈ Ҋ̔ 

0

1

2

3

cos

sin
2

sin
2

sin
2

x

y

z

q

q r

q r

q r

q

q

q

q

=

=

=

=

                         (3-1) 

ῒҬ x y zr r rȁ ȁ ҹ R Ҋ ᵝ ̆qҹ↨ᵣ R

Ȃ ᾝ № 0q ץ № 1 2 3
Ĕ [ ]Tq q q q= ̆ Ӟ

ҹ 0
Ĕ[ ]Tq q=q ̆ ᾝ ҹ ᾝ

2 2 2 2

0 1 2 3 1q q q q= + + + =q Ȃ 

╠ Ҭ ᴰ ȁⱴת ̆ ץ

̂Attitude Heading Reference System, AHRS̃ ֓

Ḥ Ȃ Ҍ Ḥ ̆AHRS ңҩ №̔

ץ ⱴ ȁ (Diaz et al., 2015, Madgwick, 2010)Ȃ 
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3.1.1.1  

Ҋ ᾝ Ҋ̔ 

()
( )

( )
( )

()
( )

()
()

( )
()

()
( )

1 1 1

1

1

1

e k e k b k

b k b k b k

e k e k e k

b k b k b k

q q q

q q q

- - -

-

-

-

= Ã

= Ã
                     (3-2) 

ң ┴ ᵣ ᾝ
( 1)

( )

b k

b kq -
Ὲ ҹ(Shin, 2005)̔  

( 1)

( )

cos 0.5

sin 0.5
0.5

0.5

k

b k

b k k

k

k

q

f

f
f

f

-

è ø
é ù
=é ù
é ù
ê ú

                    (3-3) 

ῒҬ kfҹᵣ ̆ᵣ ᵌ Ҋ

(Savage, 2000)̔  

()
1

2

b b

ib ibtf w q wº + D ³                    (3-4) 

ῒҬ 

()
1

k

k

t
b

ib
t

t dq w t
-

D =ñ                       (3-5) 

b

ibwҹ ᵣ ᵣ Ҋ Ȃ 

Ҋ (Savage, 2000)̔  

1

1

12
k k k kf q q q-ºD + D ³D                   (3-6) 

ῒҬ kqD ҹ kt ┴ ̆
1

1

12
k kq q-D ³Dҹ ԋ ꜚ ễȂ 

3.1.1.2ⱴ ȁ  

Ҭ ⱴ ᵣ Ҋ ⱴ

ץ ( ), ,b b b b

x y za a a a= ̆ ( ), ,b b b b

x y zm m m m= Ȃ≠ ⱴ Ḥ ץ

̆ Ḳᴀ ̔ 
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( )( )

=arctan

arctan

b

y

b

z

b

x

b b

y z

a

a

a

a a

q

f

å õ
æ öæ ö
ç ÷

å õ
-æ ö=

æ öæ ö+
ç ÷

                    (3-7) 

ῒҬqҹḲᴀ ̆fҹ Ȃ 

y↕ ץ ṿ (Diaz et al., 2015)̔  

1

arctan
h

x

h

y

m
D

m
y

-

å õ-
= °æ öæ ö

ç ÷
                     (3-8) 

ῒҬ
h

xm ȁ
h

ym ҹ ̆Dҹ Ẓ Ȃ 

3.1.1.3  

≠ ᶫ Ḥ ᶏ ᵀ

̆ Ҋ(Shin, 2005)̔  

(2 )

( )

n n n n

en

n n n n n n b

ie en b

n n n b

ie en b ib

d d d

d d d

d

è ø è ø- ³ +
é ù é ù

= - + ³ + ³ +é ù é ù
é ù é ù- + ³ -ê ú ê ú

r ɤ r v

v ɤ ɤ v f ɣ C f

ɣ ɤ ɤ ɣ C ɤ

             (3-9) 

ῒҬ ndr ̆ ndv ̆ɣ№≢ҹᵝ ȁ ץ Ȃ
n

bC ᵣ b

⌠ n ᵩ ̆ ⱬ n Ҋ Ȃ
n

ieɤ ȁ
n

enɤ

№≢ҹ n ԍ n Ȃ bdf

b

ibdɤ ҹⱴ Ȃ 

ҹԅ ̆ ᶏ ԅ └ ᴆ Ȃ ֓

└ ᴺ Ḥ ץ ҉ ⌠ ȁⱴ Ḥ Ȃ 

ֲ ᵝ ץ IMU ῤ̆ ԍ ѿᾢ

Ḥ ̆ ᶏ ԅᴺᵝ ᴺ ̆ ֓ᴺ ṿ ץ

̔ 
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0
Ĕ Ĕn n n

rr r r nd- = +                           (3-10) 

0
Ĕnr ҹ ̆ ̔ 

 
0

Ĕ Ĕn n n

vd- = +v v v n                           (3-11) 

Ĕnr ȁĔn
v INS ᵝ ̕ 0

Ĕnr ȁ 0
Ĕn
v ҹᴺᵝ ᴺ

̕ nrd ȁ ndv №≢ҹᵝ Ȃ rn ȁ vn ᴺᵝ ᴺ

ȂN 0
Ĕn
v ץ ҹ 0̆N ᵝ 0

Ĕnr ץ ҹѿҩ ṿ̆ Ҍᴪ

ᵀ Ȃ 

Ҍ ⱴ Ҍ ̆ⱴ ꜚ ҹ ̆

ꜚ ҹᵞ ̆ ҹ ꜚ ԍ ֲ

̆ ᴪ ̆

̆ ᵬ‰ ̂quasi-static 

magnetic field̃Ȃ Ҭ̆ ‰ Ҋ ṿȂ 

ץ Ҋ ̆≠ ⱴ ṿ ∆ ᵩ ̔ 

( )
1 TT

n n n n b b b

b

-

è øè ø=ê ú ê úC f m l f m l              (3-12) 

ῒҬ n
f ȁ n

m Ҋ ⱬ ̆ n n n= ³l f m ̕ b
f ȁ b

m ⱴ

ṿ̆ b b b= ³l f m ̆ҹⱴ ӗ Ȃ 

3.1.2 ԍt5wᵝ   

ֲ ⌠ 1997 ̆ Judd ᾢ ₮ԅ ֲ

̂Pedestrian Dead Reckoning, PDR̃ ̆ ῒ Point ResearchῈ

PDR ҬȂ ≠ ᴰ ץ ᶫ ᵀ ȁ ȁ ᵝ ⱳ ̆

GNSS ⱴץ ᵀ Ȃ ױ ⌠ԅ≠

ᴇᴰ ֲ ̆ ԅѿ ↓ ̆ ╠ ԅ Ȃ 

ԍ ֟ Ҭ MEMS ᴆ ̆ᶏ INS

ᴪ ̆ ᶏ PDR ᵝȂINS ⱴ

№̆ ̆ ’Ҋ ׅ ̆
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ᵝ ῤ ( ᴯ, 2010)Ȃ PDR ∞ ֲ

ᵝ ̆ ᵝ ῏̆Ҍ Ȃ 

ᴰ ᵣ҉ PDR ҹ ẫ̆ ≢

҉ PDR ҹ Ȃ ᴰ ҉̆ Ӈ ┴

₮ ׆̆ ₮ ̆ ̂ZUPT̃ ץ

Ȃ ᴰ ҉ ҉ ̆ ‰ ҉ ̆

ᵖ ≠ ҉ ׅ ⌠ (Bancroft et al., 2011)Ȃ Ӟ ԅ

ῒז῏ԍᴰ ҉ ’(Jahn et al., 2010, Jimenez et al., 2009)Ȃᵖ

ԍ ̆ Ҍ ҉̆ ȁ

ᾷ Ҍ ꜚ Ҋ̆ ꜚ Ȃ ץ

∆ ȁβ ’ ≢

ꜚ ׆̆ Ḥ PDR Ȃ 

PDR ȁ ᵀ ץ Ȃ ᵀ

ֲ ̆ ῤ Ҋ Һ ᶭ Ȃ ԍ MEMS

̆ҹԅ ≠ Ḥ ̆ ễ̆ᴰ ᵬ

ҹ 5 Ғ ׃ ̆ Һ ׃

ᵀ Ȃ 

3.1.2.1 

≠ ԅ ֲⱴ Ḥ Ȃ ҉

̆ⱴ Ḥ ̂ ң ӊ ̃ Ȃ ҹ ֲ

ⱴ ῏ ̆ ץ ṿ Ȃ

ⱴ ṿ ҹ Ȃ ԍ ֲ

̆ ץ ᴰ ῏ Ḥ Ȃ

╠ ̆ ץ ԑ ῏

ᵬ Ȃ ԅ ṿ ∞ ȂҊ ԅ

̆ Ҭ ҹ ̔ 
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 3-1  

3.1.2.2ᵀ  

₮ ̆ ץ ᵀ ֲᵝ Ȃ ᵀ

ȁ ȁ (Shin et al., 2007, Ladetto, 2000, Fang et 

al., 2005, Cho and Park, 2006)̆ Ҭ ױ ԅ

Ȃ (Shin et al., 2007, Levi and Judd, 1996) ԅ IMU ֲᵣ҉

ӊ ῏ ̆ ԍᴰ ֲᵣ ’Ӟ Ȃ 

Ὲ Ҋ̔ 

k k sS A Bf w= + +                    ̂3-13̃ 

ῒҬ kf ҹ 1kt - ┴⌠ kt ┴ ̆ AȁB№≢ҹ ᵀ ̆ sw ҹ Ȃ 

GNSS BLE ’Ҋ̆ ᵀ Ȃ 

ԅ ╠ ̆PDR ҉ѿ ᵝ ₮ ╠ᵝ

Ȃ ᾢ╠ ҹ( ),k kj l↕ ╠ ( )1 1,k kj l+ + ҹ̔ 

1 1

1 1

( cos ) / ( )

( sin ) / [( )cos ]

k k k k N m

k k k k E n k

s w R h

s w R h

j j y

l l y j

+ -

+ -

+ + +è ø è ø
=é ù é ù

+ + +ê ú ê ú
          ̂3-14̃ 
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ῒҬj̆ l̆ y̆h№≢ҹ ȁ ȁ ̆sҹ ̆ mR

̆ nR ҹ ̆kȁ 1k+ Ȃ ᵝḤ

̆ PDRḤ ̆ ҹ̔ 

1
Ĕx xk k k kw+=F +                        (3-15) 

ῒҬ̔ 

[ ]Ĕ
T

k k k k k ks bdj dl dy d=x                   (3-16) 

1 0 sin / (R h) cos / (R h) 0

0 1 cos / [(R h)cos ] sin / [(R h)cos ] 0

0 0 1 0

0 0 0 1 0

0 0 0 0 1

k k m k m

k k n k k n k

k

s

s

t

y y

y j y j

- + +è ø
é ù

+ +
é ù
é ù= D
é ù
é ù
é ùê ú

ū    (3-17) 

, ,/ ( ) / [( )cos ]
T

k N k m E k n s bw R h w R h w w wyjè ø= + +ê úw      (3-18) 

ῒҬĔxҹ ̆ kū ҹ ̆ kw ҹ Ȃdj̆ dl̆ dy̆ sdץ

b№≢ ȁ ȁ ȁ ץ Ẓ ễȂ 

3.2 ᵝ  

ᵝ Ҭ ̆ Ҭ ≠

⌠ԅWIFIḤ BLEḤ Ȃ 

3.2.1 ԍ²LCL ≢  

Ҍ № ’ӞҌ ̆ ԍ ҹ

ү ̆ ԍ ȁ ȁẢ

‰ Ȃ ң Ҍ ̆ ᶏ ԅң ᴨ

Ȃ 
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3.2.1.1WiFi ү Ҋ  

ԍῒזWiFi ᵝ ̂҈ ᵝȁ҈ ᵝ ̃̆

̆ ≢ AP ’Ҋ ̆ ῃ

ᵞȂ ү ’Ҋ̆ ῀ └ ⁞

̆ └ ᵝ Ȃ 

ç 

a
b

N

E

 

 3-2 Ḫ  

₮ԅ Ḥ └̆ └ Ḥ

ῤȂ ȁқ Ҋ̆ Ḥ ̆ ҹ ҳ

ᵝ ̆↕ ă  bץ ᵝ q̂ ⌠

̃ ӈ Ҋ ̔ 

2 2 2 2 2 21 1
( ) ( )

2 4
e N E E N NEa s s s s s s= Ö + + - +            (3-19) 

2 2 2 2 2 21 1
( ) ( )

2 4
e N E E N NEb s s s s s s= Ö + - - +            (3-20) 

1

4 2 2

21
tan

2

NE

E N

s
q

s s

-å õ
= æ ö

-ç ÷

                    (3-21) 

ῒҬ
2

Esȁ
2

Ns№≢ҹқ ᵝ ̕
2

NEs ҹ қ Ȃ

()1

4tan- Öҹ ℗₱ Ȃ es ҹ ᶛ ̆ ᵝ ∆ ԍ ӎᾢ Ḥ

ᵝ Ҍ‰ ̆ es ҹ ṿץ ᾧ ԅ WiFi ᵝ

ӊ̆ ᴪ ‰ Ҍ ⁞ ̆ 2 3Ȃ 



ᵝ  

 
 

34 

 
 

3.2.1.2WiFi Ҋ № ≢  

Ḥ Ҭ̆Ḥ ̆ Ḥ ̆

‰ Ȃҹԅ ’Ҋ Ḥ ̆ ԅ

⌠ Ḥ ңңẠ №Ḥ DIFF Ȃ 

Ẋ iRP ⌠ԅ rn ҩ AP RSS̆ ↕ᶏ ңңᵬ ⌠

( 1) / 2r rn n - ҩ№ Ȃ ̆ № ῤ ҹ̔ 

 ( ) ( ) ( )
1 1,12 ,12 , , ,( ) ,( ), , , , , , , ,{ }

r r r ri i i i i jk i jk i n n i n nmac RSS mac RSS mac RSS
- -

=DF pos (5-22) 

ῒҬ , , ,ki jk i j iRSS RSS RSS= - ̆1 rj k n¢ < ¢̕
,i jRSS ,kiRSS №≢ҹ iRP ⌠

j kҩ AP RSS̕ ,i jkmac ҹ j kҩ AP MAC

̕ iposҹ iRP Ȃ ᵝ ̆ Ҭ ҍ №Ḥ

ᵬҹ ᵝ Ȃҍ RSS ̆ №RSS ׆ ( )rO n  

ⱴ⌠ԅ
2( )rO n Ȃ 

≢ ̆ ⱴ ᵣ҉ ⱴ ‰ ̕ ̆

ⱴ ⱴȂ ⌠ ̆ №

№ Ҋ̆ ῒ

Ȃ 

3.2.2 ԍ.[9҈ ᵝ  

ԍ ╠ IOS ԍ BLE4.0 iBeacon ῤ ᵝ ̆

Ῥⱴ҉ iBeaconΐ ⱳ ̆ ѿ֓ץ ץ IOS

ᵝ̆ iBeacon Ḇ Ḥ Ȃ׆ ᵝ ĭBeaconBLEḤ

ᵝ ̂5m~15m̃ᵖ WIFIḤ ⱴ ̆ BLE

≠ ҈ ᵝ Ȃ 

Һ ׃ ҈ ᵝȂ Ḥ ץ Ḥ ᵝ

׃ Ȃ 
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3.2.2.1Ḥ ᴰ  

Ḥ ⌠ Ḥ RSŜ received signal strength̃

῏ ≠ ̂Log Distance Path Loss, LDPL̃ ̆ΐᵣῈ

Ҋ(Goldsmith, 2005, Rai et al., 2012, Chintalapudi et al., 2010)̔ 

10

0

10 logr t

d
P P K

d
g

å õ
= - +æ ö

ç ÷

                   (3-23) 

ῒҬ rPҹ BLEḤ dm ⌠ Ḥ ṿ̆ tPҹḤ

Ḥ ṿȂgҹ ̆gṿ RSSṿ ⁞ ̆

Ҍ ҊgṿӞҌ ̆ 0d ҹḤ Ҭ ̆ Ҭg

ҹ 2̆ Ҭ ṿ ҹ[ ]2,6 Ȃ K

Ḥ ⁞̆ Ҋ Ḥ 0d Kṿ Ҋ ̔ 

( ) ( ) ( )10 10 10 010log 10log 20log 4 /t rK G G dp l= + -           (3-24) 

ῒҬҹ Ḥ ̆№≢ҹ Ȃ 

ῤ Ҋ Ḥ ֟ ȁ ⁞̆

Ẋץ ҹ № ̆ ⌠ ̆ R

ṿ̆↕̂3-23̃ Ώҹ̔ 

0 10

0

10 logr

d
P P R

d
g

å õ
= - -æ ö

ç ÷

                     (3-25) 

ῒҬ̆ 0 tP P K= +ҹ Ḥ 0d ⌠ Ḥ Ȃ 0=1d ҉̆

ҹ̔ 

()1010 logRSS A dg=- -                       (3-26) 

ῒҬ 0A R P= - Ăṿ ṿ ҹ[0,100]Ȃ ҹ Ḥ ᴰ Ȃ 
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3.2.2.2҈ ᵝ 

ᵝ Ҭ №̆ ԍWiFi

№ ғᵬ ᶏ̆ WiFi ᶫ ᵝ Ⱶ̆p WiFi Ḥ

⌠ ̆ ғ Ҭ ᴪҌ ᾧ ѿ֓Ḥ ̆ Ҍ Ḡ

ᵝ ̆ BLEḤ ᵝ ץ ᵝ ̆

BLE ᵝ WiFi ᵝ ԑҹץ ᾟ ҩ ᵝ Ȃ 

ԍ BLE ҈ ᵝ ⌠ԅ ԋӗ ≠̆ ⌠ BLE

RSSṿ̆ᶏ Ḥ ᴰ ᵝ ̆ Ҋ̔ 

( ) ( )( )2 2

1010 log B u B ux y Ag=- - + - - +RSS x y v          (3-27) 

ῒҬҹ ( )
1 2
, ,...,

k

T

B B B Bx x x=x ̆ ( )
1 2
, ,...,

k

T

B B B By y y=y №≢ҹ BLE ̆

( )
1 2
, ,...,

k

T

B B BRSS RSS RSS=RSS ᵝ ( ),u ux y ⌠ BLE Ḥ

Ȃ ΏᵬҊ ̔ 

 ( ) ( )( )2 2

10( ) 10 log B u B uh x y Ag=- - + - -x x y              (3-28) 

ῒҬ ᵀ ҹ ( ),u ux y=x ̆ ԋӗ ↕ Ҋ ̔ 

( ) ( ) ( )

( ) ( ) ( )

1 2

1 2

2 2 2

1 2

2 2 2

1 2

1010 10
...

ln10 ln10 ln10( )

1010 10
...

ln10 ln10 ln10

k

k

B uB u B u

k

B uB u B u

k

xx x

d d ddh

d xx x

d d d

gg g

gg g

è ø-- -
é ù
é ù

= =é ù
-- -é ù

é ù
ê ú

xx x

x
H

x yy y
       (3-29) 

ῒҬ ( ) ( )
2 2

i ii B u B ud x y= - + -x y ҹ ᵝ ⌠ BLE iB ̆

ΏᵬҊ ̔ 

2

0s=R Q                          (3-30) 

Q R
2

0sҹᾢ ̆ ԍ BLE ԑ ̆

ҹ ̔ 

( )11 22, ,..., kkdiag Q Q Q=Q                  (3-31) 
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ῒҬ 11 22, ,..., kkQ Q Q ҹ ᾝ Ȃ 

3.3 ῤ  

2.5.3 ׃ ԅ῏ԍ ῏ ̆ ≠ ꜚ

Ȃ (Subbu et al., 2013)ҹ ῏ԍ ῤ ᵝ

̆ ҬҺ ԅ ̆ Ҭ ╠ ꜚ

̆ ’Ҋ̆ᶏ ꜚ ̂Dynamic Time Warping, DTW̃ ̆

≠ ѿ ↓ᵬҹ ↓ ↓ Ȃ 

DTW ≢ ̆ ꜚ ≢̆

Ҭ̆ Ἕ ȁ Ȃ 

DTW ׃ Ҋ̔ 

ԍ ↓ ԅ ̆ Ҍױ ᴰ ̆DTW

ң ↓ȂẊ ↓ҹ ( )iS ῒҬ 1,...,i m= ̆

↓ҹ ( )jM ῒҬ 1,...,j n= ̆ңҩ Ҍѿ Ȃ ᾢ ӈ

d̆d Ҭ ҩᾝ ҹңҩ ↓ ᾝ ̔ 

2( , ) ( ( ) ( ))i j i j= -d S M                       (3-32) 

ӈ DTW D̆ ңҩ ↓ ӊ

DTW ̆ῒ ӈ Ҋ̔ 

( )( , ) ( , ) min ( 1, 1), ( 1, ), ( , 1)i j i j i j i j i j= + - - - -D d D D D        (3-33) 

⌠ ̆ Ӈ Ҋ ᾝ ( , )m nD ҹ ӊ (de Mello and 

Gondra, 2008)Ȃΐᵣ Ҋ ̔ 

1. For 0i =  to 1m-  

2.       For 0j =  to 1n-  

3.             2( , ) ( ( ) ( ))i j i j= -d S M ; 

4.       End for 

5. End for 

6. (0,0) (0,0)=D d ; 

7. For 1i = to 1m-  

8.         ( ,0) ( ,0) ( 1,0)i i i= + -D d D ; 
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9.         For 1j = to 1n-  

10.             (0, ) (0, ) (0, 1)j j j= + -D d D ; 

11.             ( , ) ( , ) ...

min( ( 1, ), ( 1, 1), ( , 1))

i j i j

i j i j i j

= +

- - - -

D d

D D D
         

12.       End for 

13. End for 

    Ҭ ↓Ҍ

ꜚ ’̆ Ӈ ⱳ ᵞ̆ ≠ Ḥ ץ

ⱳ Ȃ ↓ҹ ↓ ↓ 3 ̆

⌠ԅ ꜚ ̂Multidimensional Dynamic Time Warping, MD-

DTW̃Ȃ 

ҩ ҉№≢ DTW ⱴ

∞ ↓ ᵌ ̆ Ӈ Ҍᴪ ѿҩ ̆

ᵣ ῏ ̆ Ḥ Ҍ ⌠ᾟ№≠ Ȃҹԅ

̆ (ten Holt et al., 2007)₮ԅ MD-DTW ל ≢̆ ԅ

Ҍ ’Ҋ Ȃ 

MD-DTW ӈ ̆ ↓ҹ

( ) [ ], , , 1,
i i iu u u um i mj l= ÍS ̆ῒҬ

ium ҹ iu ̆( ),
i iu uj l

ҹ ̕ ҹ ( ) [ ], , , 1,
j j jr r r rM m j nj l= Í ῒ̆Ҭ

jrm ҹ

̆( ),
j jr rj lҹ Ȃ↕ d ӈҹ̔ 

2 2 2( , ) ( ) ( ) ( )
i j i j i ju r u r u ri j m m j j l l= - + - + -d              (3-34) 

ῒᵣ ԅ ῏ ̆MD-DTW Ҋ̔ 

̂1̃ S M ֜ ҹ ṿ ᵝ ↓;  

̂2̃ (3-32) d ; 

̂3̃ ҉ DTW ⌠ D ; 

ҹԅ ̆ WiFi ᵝ ̆ WiFi ᵝ

Ȃ 
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3.4  

ҹԅ ≠ ᵝ Ḥ ᴨ̆ל ԅ

ȂPDRᵬҹ ᶫ ֲ ̆WiFiȁBLEȁ

ᶫᵝ ḱ Ḥ ῒ̆Ҭ BLE ᵝ ғ ᵝ ̆ ᵬҹ ᵝ ̆

ᵖ ╠ Ҭ № Ȃ ᵝ ᵬץ

ҹ ᵝ ̆p ԍ № Ӟΐ Ҍ ̆ Ӟ ᵬҹ ᾟ ̆

Һ ᵬ ḱ ᵝ Ȃ 

ⱴ

DR

Kalman 

ᵀ

WiFi
WiFi 

≢
└

└

ᵝ

҈ ᵝ

 
 3-3  

Ҋ ׃ ̆ ҹ̔ 

[ ]
T

X sj l y=                        (3-35) 

ῒҬlȁj№≢ҹ ̆ sҹ ֲ ̆yҹ Ȃ 

ҹ̔ 

T

r r p pZ sj l yè ø=ê ú
                    (3-36) 

ῒҬ rjȁ rlҹ ᵝḤ ₮ ᵝ ̆ ps ҹ ᵀ ₮ ̆

pyҹ Ȃ 

ҹ̔ 
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1 1 1

1 1 1

1

1

cos

sin

k k k k

k k k k

k k s

k k

s w

s w

s s w

w

j

l

y

j j y

l l y

y y

- - -

- - -

-

-

= + +ë
î
= + +î

ì
= +î

î = +í

               (3-37) 

wjȁwlȁ sw ȁwy ҹ ṿ Ȃ 

ҹ̔ 

rk k r

rk k r

pk k sp

pk k p

w

w

s s w

w

j

l

y

j j

l l

y y

= +ë
î
= +î

ì
= +î

î = +í

                     (3-38) 

rwjȁ rwlȁ spw ȁ pwy ҹ ṿ Ȃ 

ҹ̔ 

1 1 1

1 1 1

1 0 cos sin

0 1 sin cos

0 0 1 0

0 0 0 1

k k k

k k k

k

s

s

y y

y y

- - -

- - -

-è ø
é ù
é ùF º
é ù
é ù
ê ú

             (3-39) 

ҹ̔ 

1 0 0 0

0 1 0 0

0 0 1 0

0 0 0 1

kH

è ø
é ù
é ù=
é ù
é ù
ê ú

                        (3-40) 

ҹ̔ 

2

2

2

2

0 0 0

0 0 0

0 0 0

0 0 0

k

s

Q

j

l

y

s

s

s

s

è ø
é ù
é ù=
é ù
é ù
é ùê ú

                     (3-41) 

└ ҈ҩ ̔ BLE ᵝ ̆≠ BLE

WiFi ᵝ Ҍ ≠̕ BLE ᵝ ḱ DRᵝ Ḥ ̆ BLE
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ᵝ Ҍ ̆≠ WiFi ᵝ ḱ DR ̕≠ BLE/WiFi/DR

Ȃ 

3.5  

҉ѿ ҉ ѿ ԅ ԍ ῤ ᴰ

ȁ ԍWiFi ≢ ȁ ԍ BLE ҈ ᵝȁץ ԍ

ῤ ̆ ₮ԅWiFi/BLE/PDR/MM ᵝ Ȃ 

ҩ ᵝ Ҭ WiFiḤ ᶫԅ ᵝḤ ̆BLEȁ

҉Ҍ ̆ᵖ ᵝ ̆ᵬҹ WiFiβ ᾟḤ

ҩ ᵝ P̆DR ᶫ ⁞̆ ᵝ ₮ ̆

Ȃ ᵝ ᾟ№≠ ᵝ ԑ ̆≠ └̆

ᵝ ȁ ⱬȂ 
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4  ԓ PDR  

ҹԅ ‗ ̆ ₮ԅ

Ȃ≠ PDR ῤ ̆ ֲ Ғ Ԋ

ᾢ ⅞ ҉ ̆ Ԋ Ȃ 

4.1 ≠ ῤ  

4.1.1 ῤ  

Ҋ ̔ 

ŀŀ

AP1 AP2 APmi

 

m1 m2 m3 mnm1,1 m1.2 m1,3 m1,4 m2,1 m2,2 m2,3 m2,4

pos1,mac1,1,RSS1,1,mac1,2,RSS1,2,ŀŀ,mac1,n1,RSS1,n1

pos2,mac2,1,RSS2,1,mac2,2,RSS2,2,ŀŀ,mac2,n2,RSS2,n2

 

posn,macn,1,RSSn,1,macn,2,RSSn,2,ŀŀ,macn,nn,RSSn,nn

pos1,  m1

pos1,1,  m1,1 

pos1,2, m1,2 

 

pos2,  m2

 

posn,  mn

Database

 

B1 B2 Bn

 

loc1, A1, â1, ID1

loc2, A2, â2, ID2

 

locn, An, ân, IDn

 

 4-1  

WiFi ȁBLE Ȃ

WiFi ץ ⌠ MAC ῒḤ

̕BLE BLE ᵝ ȁID ץ ᴰ ̕

ԅ PDR ῒ Ȃ 

WiFi Ҍ ̆ ҹᴰ

̆ № ᵝ̆↕ № 3.2.1.2
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ӈȂ 3.3 Ҭ׃ ԅ ̆ҹԅ ԍ

̆ ̆

Ȃ 

╠ ҉ ̆≠ ꜛ PDR ‰

̂≠ ȁ Ḥ ׆̃ Ȃ 

4.1.2 ᵝ ᴰ  

3.2.2 Ҭ ⌠ҹԅ BLE ᵝ ̆ Ԋᾢ BLE

Ḥ ᴰ ̆ ⌠ Ҭѿ֓ ’Ҋ BLE Ḥ

̆ BLE ᵝ Ȃ Ҭ ױ ץ

‰ Ḥ ̆≠ ԋӗ ᵀ BLE ᵝ ץ Ḥ ᴰ

A gȂ ױ ҬӞ ᵀץ APᵝ ᴰ ̆

≠ WiFi ҈ ᵝ Ҭ(Zhuang et al., 2015)̆ Ӟ ᵬҹ

ᵝ ᾟḤ ̂AGPS̃ Ȃ 

̂3-27̃ ҹ ԋӗ ( ), 0f =x L Ҋ  ̆ ᵀ

ҹ ( ), , ,
T

B Bx y Ag=x ̆ ҹ ( ), ,
T

u u=L x y RSS  

( )( ) ( )
2 2 5, 10 0

A

B u B uf x y g

+
-

= - + - - =

RSS

x L x y             (4-1) 

ῒҬ ( )
1 2
, ,...,

k

T

u u u ux x x=x ̆ ( )
1 2
, ,...,

k

T

u u u uy y y=y ̆ҹ PDR

̆῍ kҩ ̕ ( )1 2, ,...,
T

kRSS RSS RSS=RSS ҹ

⌠ BLE Ḥ Ȃ↕ ҹ̔ 

( )
11 1

2 2 2 2 2 2, , ,..., , ,
u u u u kk k

L x y RSS x y RSSC diag s s s s s s=              (4-2) 

ῒҬ 2

ui
xs ȁ 2

ui
ys ȁ

2

iRSSs ҹ
iux ȁ

iuy ȁ iRSS ̆ᵝ PDR

ᶫȂ 

ҹ ( ),f x L ҹ ₱ ̆ ῒ ̆ יּ ῒ

ҹ 0+ + =Aŭ Bv w ̆ Ҋ̔ 

( ) ( )
0 0 0 0

0 0

, ,

, , 0
f f

f f
µ µ

= + + =
µ µx L x L

x L x L ŭ v
x L

           (4-3) 
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ῒҬ ( )0 0,f=w x L ҹ ̆
0 0,

fµ
=
µ x L

A
x

̆
0 0,

fµ
=
µ x L

B
L

ҹ ̆Ҋ

ң ₮ԅΐᵣ ̔ 

( ) ( )
( )

( ) ( )
( )

1 0 1 0

0 0

1 1

0 0

0 0

5 51 0

0 0 2 2

0 0

5 50

0 0 2 2

0 0

ln10 ln10
2 2 10 10

5 5

ln10 ln10
2 2 10 10

5 5

k k

k k

RSS A RSS A

n n

u u

RSS A RSS A

n nk

u u

RSS A
x x y y

n n

RSS A
x x y y

n n

+ +
- -

+ +
- -

è ø+
- - -é ù

é ù
é ù=
é ù
é ù+

- - -é ù
é ùê ú

A  (4-4) 

( ) ( )

( ) ( )

1 0

0

1 1

0

0

5

0 0

0

5

0 0

0

ln10
2 2 10

5

ln10
2 2 10

5

k

k k

RSS A

n

u u

RSS A

n

u u

x x y y
n

x x y y
n

+
-

+
-

è ø
- - - -é ù
é ù
é ù=
é ù
é ù

- - - -é ù
é ùê ú

B
 (4-5) 

≠ ԋӗῈ Ҋ ̔ 

( )( ) ( )
1

1 1
1 1Ĕ T T T T

-
- -

- -=-ŭ A BP B A A BP B w           (4-6) 

( )( )
1

1Ĕ ĔT
-

-= +k BP B Ax w                   (4-7) 

1 ĔĔ T-=-v P B k                        (4-8) 

ῒҬ̆wȁĔŭȁĔv №≢ҹ̔ 

( )

( )( )

( ) ( )( ) ( )

1

1
1

Ĕ

1
1 1 1

Ĕ

-

-
-

-
- - -

=

=

è ø
= -é ù

ê ú

-1 T

w

T -1 T

ŭ

-1 T -1 T -1 T -1 T T -1 T -1

v

C BP B

C A BP B A

C P B BP B BP A A BP B A A BP B BP

   (4-9) 

׆ ץ ⌠ ҹ̔ 

 0
ĔĔ= +x x ŭ                         (4-10) 

0
Ĕ Ĕ= +L L v                         (4-11) 

ף ̆ ⌠ 1
Ĕ Ĕ

i i--ŭ ŭ ԍ ṿȂ 
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4.2 Ҍᶭ  

⌠‰ Ḥ ῒז ᴆҌᾛ ’Ҋ̆ Ӟ ₮ԅ

Ȃ ≠ ῤ ’Ҋ̆ Ṣꜛῒז

ḱ PDRḤ ̆ ₮ԅ≠ GNSSḤ ꜛ ̆

PDR Ȃ ԍ ץ ⌠

ҹ GNSS ᵝ ̆

Ȃ Ҭ̆Һ ꜚ ̆

̆ Ȃ 

⌠ Ҭ ᴪ ῤ ₮̆ Ӟ ץ ᴧ

ҬȂ 

4.2.1 ԍ  

ҹԅᾟ№≠ ṿ̆ ᴨᵀ ̆ Ạ ̆ ≢

֟ Ҭ ᴰ ̆ ץ ≠ ̆

ᴨ Ȃ 

RTS ѿ ᵬ̆ҹѿ R̆TS ᴨל

ԍ ȂҌ ῃ ̆

̆ ȂRTS ԍ ȁ ȁ

ᵣ ꜚ ᴋⱵȂ 

ᵖ ̆ ԍ ֲ ’ ̆ᶏ RTS ҳ ̆ ֲ

Ҍ ̆ Ҍ‰ ̂ ᶏ ’Ҍ

ῃ ̃Ȃ ̆ ҹ RTS

ᶭ ̆ P Ṝ̆ № Ḥ

Ȃ ҹ ֲ ᴆ ̆ ץ ’ ᾧȂ 

₮ԅѿ ≠ ⌠ ̆

Ȃҹԅ≠ ⌠ ̆

ᶏ̆ ᵬҹ ᵝ ꜚ Ȃ

Ҋ̔ 

ⱴ ̔ ᾢ ⱴ Ҭ ⱬ № ץ̆

№̆ ̆ №Ῥⱴ҉ Ȃ 

ᵣ Ҋ ⱬ № Ҋ ̔ 
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b b n

n=g C g                             (4-12) 

ῒҬ [ ]0 0
Tn g=g ҹ Ҋ ⱬ ̆gҹ ⱬⱴ ṿ̆ҹ ᵩ

̆ῒ Ҋ̔ 

cos cos cos sin sin

cos sin sin sin cos cos cos sin sin sin sin cos

sin s cos sin cos sin cos cos sin sin cos cos

n

b

q y q y q

f y f q y f y f q y f q

f y f q y f y f q y f q

-è ø
é ù
= - + +
é ù
é ù+ - +ê ú

C (4-13) 

fȁqȁy№≢ҹ ȁḲᴀ Ẓ Ȃ 

   ↕ b Ҋ ⱬ ҹ̔ 

[ ]sin sin cos cos cos
Tb g g gq f q f q= -g           (4-14) 

ȁḲᴀץ Ẓ ҈ҩ 3.1.1 ₮ Ὲ ⌠Ȃ 

    ⱬ Ҭ ̆ ⱬҹ̔ 

(2 )

b b n

cori n cori

n n n n

cori ie en

=

= + ³

f C f

f ɤ ɤ v
                   (4-15) 

ῒҬ
b

corif ȁ
n

corif №≢ҹ b n Ҋ ⱬȂ n
v ᵣ ̆

n

ieɤ ҹ

̆
n

enɤ ҹ ᵣ ꜚ Ȃ 

ⱬ ⱬ׆ ⱬҬ ̔ 

b b b b

cori= + -a f g f                      (4-16) 

ῒҬ b
a ҹ ᵣⱴ ̆ b

f ҹⱴ Ȃ 

    ֲ ҹ 1~10m/s̆ Ӈ
n

enɤ ҹ 10-7~10-6rad/s̆

ҹ 10-5rad/s̆ ⱬ
b

corif ҹ 10-5~10-4m/s2Ȃ ץ

ᵞ ⱴ ̆
b

corif ⱴ ₃ҩ ̆ ץ Ҍ Ȃ 

    ҉ Ҭ ᵣⱴ ̆ ⱴ҉ ⱬ ⱬ̆ ⌠ԅ

ⱴ ̔ 
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2 2b b b b

back cori=- - +f f g f                   (4-17) 

̔ ṿҬ № ̆ Ῥ

№ⱴ Ȃ 

b Ҋ ҹ̔ 

b b n

ie n ie=ɤ C ɤ                        (4-18) 

↕ ҹ̔ 

2b b b

back ie= +ɤ ɤ ɤ                        (4-19) 

ῒҬ
b

backɤ ȁ b
ɤ№≢ҹ ╠ Ȃ ᵞ ת ̆

ᴰ ҩ ̆ ץ Ȃ 

     ̔ ᾢ b Ҋ n ̆  

n n b

b=m C m                              (4-20) 

ῒҬ b
m ȁ n

m №≢ҹ b n Ҋ Ȃ 

[ ]
Tn

N E Dm m m=m Ҭ № ̔ 

[ ]0

Tn

N E Dm m m= - -m                     (4-21) 

0

n
m ҹ ӊ n Ҋ ↕̆ b

ҹ̔ 

0 0

b b n

n=m C m                           (4-22) 

Ҭ̆ GNSSȁWiFi ᵝ Ḡ Ҍ ̆GNSS

Ҭ қ ̆ Ḡ Ҍ Ȃ 

ҹԅ ⌠ ̆ ׆

ѿҩ ᾝ⌠ ѿҩ ᾝ Ȃ kҩ ᾝ Ҋ ̔ 

'

k s e kt t t t= + -                         (4-23) 
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ῒҬ
'

kt ȁ kt №≢ҹ kҩ ᾝ ╠ ̆ st ȁ et №≢ҹ

ѿҩ ᾝ ѿҩ ᾝ ȂҹԅḠ ᴰ ѿ ̆ ᴰ

st et ṿȂ 

̆ ⱴ Ẓ∆ ṿ  ̔

' =-b b                                (4-24) 

ῒҬbҹ ⱴ Ẓ̆ '
b ҹ ╠ Ẓ̆ ╠ ₮Ȃ

ⱴ ᶛ ץ ֜ ╠ Ḡ ѿ Ȃ   

4.2.2  

≠ ⌠ ̆ ѿ ץ ⌠ ᴨ

׆ ‰ Ȃ ╠

̔ 

( )1 1

, , , , , ,
Ĕ Ĕ+sm k sm k f k f k b k b k

- -=x P P x P x                 (4-25) 

( )
1

1 1

, , ,sm k f k b k

-
- -= +P P P                     (4-26) 

ῒҬ f ȁb sm№≢ ╠ ȁ ץ ȂĔxҹᵀ

[ ]Ĕ s bj l y=x ̆PҹĔx Ȃ fP bP

⌠Ȃ 

    Ḥ GPS ̆ Ȃ 

₮ԅѿ ḱ Ḥ ’Ҋ̆ ≠ ᴰ

Ȃ ԍ MEMSᴰ ᶫ ̆

≠ ₮ Ҍ └ Ȃ

ҩ └ Ȃ ԍ

GNSSḤ ᶫ ᵝ ̆ ᴰ

̆ 6 № Ȃ 

P
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4.3  

Ҭ ⌠ Ҍ ̆ ₮ԅ ԍ ꜛ PDR ῤ

ץ̆ Ҍᶭ ԍ ≠̆ ₮

Ȃ 

Ҍ └ ֲ ꜚ ̆ 6 ῏

ᴰ ԅ ̆҉ץ75% ғ

ᶏ ̆ Ȃ 

5  ԓ ᴶ ᴭ Ὶ

ᵆ 

ѿ ׃ ԍ ᴧ ᵀ Ȃ ԍ AP

ȁ ̂ ȁ ḱ̃ ̆ ׅ

̆ᴧ ң ̔Һꜚ ᴧ ꜚ ᴧ Ȃ 

Һꜚ ᴧ Һꜚ ҍ̆

̆Ҍֽᴪ ᵣ ғ ᶫ (Bolliger et al., 2009)Ȃ 

Ҭ ⌠̆ ╠≠ ꜚ ᴧ ╠

‰ ̆ ׆̆

Ȃ׆ ꜚ ȁ Ҍѿ Ҭ̆ ᵥ ‰

ῒ Ḥ ̆ ẫ Ӟ̆ ᴧ

ᵀ Ȃ 

ҹԅ ᴧ ̆ ᶫԅ ̔ ᵀ ‰

₮ ̆ ѿ ᴨ ⌠ Ȃ 

ᾢ׃ Ҭ ᴧ Ȃ 

5.1 ᴧ  

Ҍ ꜚ Ҋ̆ Ӟ Ҍ ᵝ ꜚ ᴪ̆

PDR Ҍ ̆ ӊ Ҍ Ӟ ᴪ Ḥ

Ȃ 
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5.1.1 ֲ ꜚ  

ԍ ꜚ ῤ ֲ ѿҩ ꜚ Ҍ

̆ Ҍ ȁ ץ Ȃ Ҍ ꜚ

Ҋᴪ PDR Ҍ ̆ ҹ ѿ PDR Ḡ

ꜚ Ҋ Ȃ 

5.1 ï 5.4 ԅ ῖ ꜚ ̆ ȁ ȁ ꜚ

Ҋ̆ ῤ ⱴ ῖ ₮Ḥ Ȃ 

 

 5-1 ꜠ Ґ ῝ ꜘ Ḫ  
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 рπн ꜚ Ҋ ῖ ⱴ Ḥ  

 

 рπо ꜚ Ҋ ῖ ⱴ Ḥ  
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 рπп Ҋ ῖ ⱴ Ḥ  

5.1-5.4 ץ ₮̆ ꜚ Ҋ ֲ ꜚ ₮ ԅ Ȃ

ᶛ ̆ ’Ҋ̆ ҈ Ḥ Ҍ ֽ̆

₮ ̂ ’Ҋ Z ᵌ ̆

Y ̃̕ ꜚ Ҋ̆↕

Ȃ ṿ ԅ 200 deg/sȂ ꜚ ₮ ԅ Z ̆

ᶛҬ ̆ ₮ ԅ X ̂ ’Ҭ̆ Ҋ

Ҭ ῏̃Ȃ 

̆ ԍⱴ Ḥ ̆ ꜚ Ҋⱴ

ԍ Ȃ Z ⱴ Ḥ ̆

Ҋ↕ Y ҹ Ȃ 

5.5-5.12№≢ ԅѿ ȁ ȁ ꜚ Ҋ

PDR ̆ ̂Ḳᴀȁ ̃ȁ ץ̆ PDR Ȃ

ҹԅ ₮ ꜚ PDR ̆ ễ̆ץ

ῒ Ȃ 
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 рπр Ҋ  

 

 рπс Ҋ PDR  
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 5-7 Ґ  

 

 5-8 Ґ PDR  
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 5-9 ꜠ Ґ  

 

 5-10 ꜠ Ґ PDR  
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 5-11 Ґ  

 

 

 5-12 Ґ PDR  

׆ 5.5-5.12 ץ ₮̆ Ҋ P̆DR ҍ

̆ ꜚ Ҋ↕₮ ԅ Ȃ ѿ

ҹ PDR ᶏ ⱴ ̆

̆ ₮ Ȃ
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Ҋ̆ ҹ ⱴ Ҍ ̆ⱴ ‰ ׆̆

ץ ‰ Ȃᵖ ̆ ꜚ Ҋ̆

ⱴ Ȃ ’Ҋ̆ ⱴ ⌠

ᴪ ⌠ ⱴ Ҍ‰ ̂ ҹⱴ ԍ

ⱴ ╠ Ẋ ̃̆ ᴪ Ҍ‰ Ȃ 

ꜚ Ҋ Ҍ‰ ’̆ ԅң ‗

Ȃѿ ⱴ ᶏ̆ ԍ ᵬҹ

̆ ⱴ ῒז Ḥ ̆ ᶫ

ץ Ȃ ѿ ᶏ ᴰ Ḥ ≢Ȃ ң №

6.3.2 Ҭ ₮Ȃ 

5.1.2 ᴰ Ẓ 

Ҭ ᴰ Ẓ Һ ̆ Ẓ ץ

̆ᵖ ԍᵞ Ҍ Ȃ 

ễ ⱴ Ẓ ῀ ̆ ῀ ᵝ

Ȃ 

21

2

a a

a a

v b dt b t

p b tdt b t

d

d

= =

= =

ñ

ñ
                     (5-1) 

ⱴ Ẓ ῀ԅѿ ̆ ᵝ ῀ԅԋ ȂẊ

ⱴ Ẓҹ 100 gm ̆ ⱬⱴ g=10m/s2̆ Ӈ 1000s ᵝ ⌠

ԅ 500mȂ 

ễ Ḳᴀ ҉ Ẓᴪ ԍ ̔ 

g gb dt b tdq== =ñ                        (5-2) 

Ẓ ᴪ̆ ⱴ ⌠ Ȃ

҉ ⱴ ҹ(Merhav, 1996)̆ Ӈ Ҋ ̔ 

2

3

1

2

1

6

g g

g

v b gtdt b gt

p vdt b gt

d

d

= =

= =

ñ

ñ

                     (5-3) 
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Ẓᴪ ῀ԋ ̆ ᵝ ῀҈ Ȃ

Ẓҹ 0.5£/s̆ Ӈ 10s ᵝ ⌠ 14.54mȂ Ẓ ѿ

Ȃ 

5.13 ԅң ̆ғᶏ ԅ ’

Ҋ PDR Ȃ ’Ҋ̆ ꜚ ᵞ̆

Ҭ ⱴ ̂Ԋ № Ӟ ѿ

ԅ ѿ ̃Ȃ 

 

 

 5-13 ҩ ẘҒ Ґ PDR  

ҹ ҬҌ Ҍ ̆ῤ MEMS Ӟ Ҍѿ

Ȃ Ḃ ѿ MEMS ̆ ᴰ Ӟ Ҍ ṿ

Ẓȁ ҉ ץ Ȃ ᴆҊ̆ Ẓ ↕Ҍ ԅȂ

ѿ ’̆ 6.3.2 ₮ԅѿ ‗ ̆ ⱴ ȁ

ῒזᾢ Ḥ ̆ Ẓ Ȃ 

5.1.3 ῤ  

ԍ ԍᴰ Һ ѿ̆ҩ ҹ Ҭ

№ └̆ ᵝ ᴪ ḱ ̂ ꜚ ̃

ⱴ Ȃ 5.14 ԅѿ ԍᴰ Ȃ Ҭ ҹ

̆ ҹ ṿȂ 5.15 ԅ ᵝ Ȃ 



ᴰ ῤ ᵝ  

59 
 

 

 

 

 5-14 ԓ Ὺ ᴶ ẅ 

 

 

 5-15 ԓ Ὺ ᴶ  

5.15 ̆ ԍᴰ Ȃ ̆

ḱ ’Ҋ ᵀ ԍᴰ ӊѿȂ

5.15 Ҭ̆ ֲ Ả Ҍ ̂ Ҭ
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̃Ȃ ֓ Ȃ ̆ ֲ

ῤ ꜚ Ȃ 

ԅ ԍᴰ ҈ҩῖ ̂ ꜚ ȁ Ẓ̆

ץ ̃ ᶛ Ҋ̆ѿ ̆ ₮ѿ֓ ‗ ῒ Ȃ 

5.1.4 ᴧ ᵀ ᵣ  

҉ץ № ҉̆ ₮ԅѿ ᴧ ᵀ ᵣ ̆

ѿ ᵀ ΐᵣ Ὲ ҹ̔ 

M M B B T TT c T c T c T= + +                      (5-4) 

T ҹ №Ȃ № ᵞ ↕̆ ȂMT ȁ

BT TT №≢ҹ ꜚ ȁ Ẓ №̆ Mc ȁ Bc

Tc ↕№≢ ꜚ ȁ Ẓ ҈ҩ ӊ Ȃ ԍ

ѿҩ ̆ Mc ȁ Bc Tc ֓ ῏ ץ ̆ᶛ

Ҭ̆ ҈ ҹ 0.2Mc =  ̆ 0.3Bc = ̆ 0.5Tc = Ӟ̆

̆ Ҭ̆ ױ ҹ ̆ Ẓ ӊ̆ ꜚ

ᵞȂ ̆ ֓ ױ ’ ⌠ ̆

̆ ֓ ᴪ Ȃᵖ ̆ ֓ ᴪ ̆ѿ

̆ ץ ῒ Ȃ ̆ ץ ԍῃ ꜚ ̆ ҹῈ

Ҭ Mc ȁ Bc Tc ῏ ץ Ҋ ̆ № MT ȁ BT TT ץ ᴰ

̆ ᴆ ꜚ ₮Ȃ 

ԅ ӊ ̆ ԍ ѿ ̆ №≢ ₮

ῒ №̆ ᵣ №Ȃ № MT ȁ BT

TT Ὲ №≢ҹ̔ 

1

N

ii
M M

m
T s

N

==
ä

                        (5-5) 
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   1

N

ii
B B

p
T s

N

==
ä

                        (5-6) 

 T TT s t=                            (5-7) 

ῒҬNҹ ҉ ᴰ ᾝ ̆ im ip№≢ҹ iҩ ᾝ

ꜚ Ẓ ̆ tҹ ӊ Ȃ Ms ȁ Bs  Ts ҹ

ᵝ ̆ ѿ ⌠ Ȃ Ҭ Ms ȁ Bs  

Ts ҹ̔ 1Ms =ȁ
210Bs = 210Ts

-= Ȃ ҹ ꜚ ҹ 010 ̂

ҹ ᵝ└ ̆ῖ ⱴ 2m/s2, 100deg/sŪ1.8 rad/s̃̆

Ẓ ҹ 210- ̂ Ẓ 1deg/så0.018 rad/s̃̆ ҹ

210 ̂ 100 sȂ̃ Ҭ im Ὲ ҹ 

2 2

1, 2,| | (| | | |)i i i i im m m f gw= + -                 (5-8) 

ῒҬ iwҹ iҩ ᾝ҈ Ḥ ̆ if ҹ iҩ ᾝ҈ ⱴ Ḥ

̆gҹ ⱬṿ̆ 1,im 2,im №≢ҹ ⱴ ӊ ̆

1, 1im =̆ 2, 1im =̆ ⱴ Ȃ ̆ ᶏ

Ҭ Ẓ P ᾝ ṿᵬҹ ipȂ 

5.2 └ 

ᴧ ̆ Һ ң׆ ῀ ᴧ

̔ ꜚ ≢ ₮ ᴆ ᴰ ̂╧ Ḥ

̃̕≠ ᵀ ₮ ᴆ ̕ Ẓ ᵞᴰ

̕ PDR ⌠ ̕ ≠ ⌠ᴨ Ȃ 

 

5.2.1 ꜚ ≢ 

╠ ̆ ᴪ ꜚ ׆ ֟ Ҍ Ḥ Ȃ

Һ ԅ ֲ ῤ ̆ ꜚ ̔ Ҭ̂
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ȁ ’̃ ̕ Ҭ̆ ꜚ̕ Ҭ

ᾷ Ȃ ꜚ ≢ ∞ ‰↕̆ ῀Ḥ

ꜚḤ Ȃ ꜚ ≢ ҈ҩ ̔

̕ ̕ ∞ Ȃ 

̔ ѿ Һ Ҭ ̕ 

̔ ѿ Һ ᵀ ץ̆ № ̆

ҹ ≢ ᶫᶭ ̕ 

∞ ̔ ҉ѿ ≠̆ ѿ

↓∞ ‰↕ ῀Ḥ ꜚ Ȃ 

∞

ӟ

№

ꜚ

 

 5-16 ꜠ ⌡  

ԅ ꜚ ≢ ̆ ῀

ᵀ Ȃ Ԋᾢ ԅ ≢ ꜚ ᴨ ̆

ӟ № ‰↕̆ ∞ Ȃ Ҋ ׃

ꜚ ≢№ ҈ҩ ̔ 

5.2.1.1  

ԍ Ҍ ֲᵣ҉̆ ∞ ᴰ ׆̆

ԍ ֲ Ḥ № Ȃ ԍ ̆ ꜚ ’

ᴪ ׆ ᴰ Ȃҹԅ⁞ ᴰ

̆ Ạ Ȃ 

ᾢ ⱴ Ḥ Ạ № ̆ ԍ ⱴ va ̆

ῒ Ὲ Ҋ(Mizell, 2003)̔  
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( )
v

-å õ
=æ ö

Öç ÷

a a a
a a

a a
                         (5-9) 

ῒҬaҹ҈ ⱴ ̕ aҹ ῤ ⱴ ṿ̆ᵬҹ ⱬ ᵀ

ṿȂ 

ⱴ ӊ ̆ ⌠ⱴ № ha ̆ ԍ

̔ 

h v= -a a a                           (5-10) 

Ӟ Ạ ̔ № Ҭ Ẓ ễ ̆ ῒ

ԋ ׆ ⌠ ṿ nw (Elhoushi et al., 2014)̔  

( ) ( ) ( )
2 22

n x x y y y yb b bw w w w= - + - + -               (5-11) 

5.2.1.2 

ꜚ ≢ ׆ Ḥ Ҭ Ҍ ≠

̆ ̆ Һ ̆

Ҍ ꜚ Ҍ (Krishnan et al., 2009)Ȃp Ҭ ѿҩ

Ҍ ץ №Ҍ ꜚ ̆ ≠ Ҍ №Ȃ

Ҭ̆ ⌠ԅ № ѿҩ ῤ Ḥ Ȃ 

̂1̃  

ץ Ḥ ̆ №

(Chen et al., 2008, Groves et al., 2013)̔ 

 

̂MSRẼ ῤ Ạ Ҋ ̔ 

( )
2

1

1

1

N

ii
RMSE s s

N =
= -

-
ä                  (5-12) 

Nҹ ̆ sҹḤ ṿȂ 
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Ḥ ṿ ̆ ѿ ῤḤ ׆̂ ṿ⌠ ṿ

׆ ṿ ⌠ ṿ̃ Ȃ ≢ (Gouyon et al., 2000)̆

ҹ̔ 

{ }1

1

1
= 0

1

N

i i

i

ZCR s s
N

-

=

I <
-
ä                   (5-13) 

Iҹ ₱ ̆ ӈ Ҋ̔ 

{ } 1

1

1

1 0
0

0 0

i i

i i

i i

s s
s s

s s

-

-

-

<ë
I < =ì

²í
                   (5-14) 

̂2̃  

№ Ḥ Ҭ № ̆ ị ױ

⌠Ḥ ⱳ ̆ ױ ᵀץ № № Ȃ 

ị  

ị Ẋ Ḥ ̆ ⌠ Ḥ ̆ ≠ץ

ị № Ḥ ̆ ị ̂Short Time Fourier Transform, 

STFT̃ ῤ ị (Allen, 1977)̔  

 

Ḥ Ҭ ̆ Ҍ ̆ Ḥ Ҭ

ԅ Ḥ (Borda, 2011)Ȃ Ὲ Ҋ̔ 

() ()( )logi iH P x P x=-                     (5-15) 

ῒҬ ix ҹḤ №̆ ()iP x ҹ ix Ȃ 

ԅ № № ̆ № Ҭ ҩ ̆

№№ Ȃ 

5.2.1.3∞  

ᶏ ԅ‗ ∞ ‗̆ ѿ ↓∞ ᴆ

̆ ∞ ⌠ Ȃ‗ № Ҍ

̆ ԍ ȁ Ȃ 
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‗ ѿҩҌ № ̆ № ∞ ᴆ №

(Friedl and Brodley, 1997)Ȃ‗ ҈ ̔‗ ∆ ҹ

̂root nodẽ ̆ Ҋ ᵈ ҹῤ ̂internal nodẽ ̆ ҩῤ

ԅѿҩ∞ ᴆ̆ ҹ ̂leaf nodẽ ̆ Ῥ

∞ ᴆ̆ ̆ ҩ№ Ȃ 

5.2.2 Ẓ  

Ҋ ̔ 

  
b b b b

ib ib g ib ib gS N= + + + +ɤ ɤ b ɤ ɤ Ů                  (5-16) 

ῒҬ
b

ibɤ ҹ ̕
b

ibɤ ҹ ṿ̕ gb ҹ Ẓ̕Sҹ ᶛ

̕Nҹ ֜ ̕ gŮ Ȃ 

ⱴ ᵌ Ҋ ̔ 

1 2

b b b b b

a a aS S N d= + + + + + +f f b f f f g Ů              (5-17) 

ῒҬ b
f ҹⱴ ṿ̕ b

f ҹ ⱬ̕ ab ҹⱴ Ẓ̕ 1Sҹ ᶛ

̕ 2S ҹ ᶛ ̕ aN ҹⱴ ֜ ̕dgҹ ⱬ ̕ aŮҹⱴ

Ȃ 

Ҭ Ẓ ⱴ ҹ̆ԅ⁞ ᴰ

Ẓ ̆ ̆ ≠ Ḥ Ẓ Ȃ 

5.2.2.1ӗ  

3.1.1 ׃ ԅ≠ ‰ Ḥ ⱴ Ḥ ץ ױ ӗ

∆ ̆ ӗ Ӟ ץ ҹ ̔ 

n n n

b ld è ø= ³ +ê úl l ɣ C n                      (5-18) 

ⱴ ᶏ̆ ӗ ̆ ᶏץ ⱴ

ӗ Ȃ 
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5.2.2.2  

׃ ≠ ‰ Ḥ ̆ ‰ ≠̆

Ȃ 

ԍ ҹ̆ԅ ≠ ̆ ҩ‰

∆ ┴ ‰ Ȃ kҩ‰ ̆

ҹ(Li et al., 2015a)̔  

,1

n n b

k b k=m C m                          (5-19) 

ῒҬ
n

bC ҹ ╠ ┴ ̆ ,1

b

km ҹ ῀ kҩ‰ ┴

Ȃ
n

km ‰ ᵬҹ Ȃ 

ҹⱴ ṿ ֲ Ҭ ׆̆ ≠ ⱴ

̂ ȁḲᴀ̃Ҍ‰̆ҹԅ⁞ ԍⱴ Ḥ ᶭ ̆

ᶏ ᵬҹ ̔ 

n n n

b md è ø= ³ +ê úm m ɣ C n                     (5-20) 

ῒҬ ndm ҹ ҍ ӊ ̆ɣҹ ̆ mn ҹ

Ȃ 

5.3  

№ ԅ ᴧ ̆ ꜚ ȁᴰ Ẓȁ

̆ ₮ԅ ᵞῒ ‗ ̆ ≢ȁ Ẓ ȁ

Ȃ ₮ԅѿ ᵀ ֲ Ȃ ̆

ץ ꜚ ᵀᴧ ̆ ₮ ̆

ᴧ Ȃ 6 №≠ 10ҩ ֲ 300 ԅ

Ȃ ԅ ꜚ ᵀ ҹ̆ Ҋ ῤ

ᴧ ᶫԅѿ ‰Ȃ 
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6   

ῤ Ҋ̔ 6.1 ץ̆ ᴰ

̕ 6.2 ₮ ₮ ң ȂῒҬ ѿ

ԍ ῤ ꜚ ̆ ԍ Ȃ

ԋ ↕ ԍ ῤ ᵝ ̆ ≠ ԍᴰ Ȃ ԋ

ῃҌ ֲ ̆ ≢ ԍ Ҋ ῤ ̂

WiFiȁ ̃ ᴧ Ȃ 

ѿ ̆ ԍ ᴧ ̆ ԍᴰ

῏ Ȃ ̆ 6.3 ԅ ҈ҩ ̆ ₮ԅ

└ῒ Ȃ ̆ 6.4 ⇔ ₮ԅѿ ᴧ Ҭ

ᵀ ̆ ῖ ῤ ᶛ ԅ Ȃ 

6.1 ᴰ  

ᶏץ ᴋᵥῤ ȁⱴ ȁ ץ WiFiȁBLE4.0 

̂BLẼ Ȃᴰ ᶏ JNI └ ̆WiFi

BLE ׆ Java Ȃ ᶏ ҹ҈ S4ץ 4Ȃ 6.1

ԅ Ҭ ᴰ Ȃ 6.1 ̆ ῤ ᵞ MEMS

ᴰ Ẓ̂ ₃ ̃ Ẓ Ȃ ԍ ֲ

̆ ῏ ̆ ̆ ᶏ ῤ ̆ Ẓ

῏ Ȃ 

 6-1 Ὺ ᴶ  

 IMPU-6500 

(InvenSense)  

LSM9DS0 

(ST Microelectronics)  

Ẓ 

 

25oC : °5 deg/s 

: °0.24 deg/s/ oC (-40 to 

+85 oC) 

25oC : °10 deg/s  

: ° 0.05 deg/s/ oC (-40 to +85 
oC) 

̂ARW̃ 

0.6 deg/h1/2  

ⱴ

Ẓ 

 

25oC : ° 60 mg 

: ° 0.64 mg/ oC (-40 to 

+85 oC) 

25oC : ° 60 mg 

: ° 0.5 mg/ oC    (-40 to 

+85 oC) 

̂VRW̃ 

0.18 m/s/h1/2  
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ᴰ A ȂA Ҋ ̆

3m̆ ҹ 30¦30m2̆ ҩ ҹ 120¦40m2̆

Ҭ Ȃ WiFi ҹ 15Ȃ BLE

6.2ȂBLE ҹ 200m2 ѿҩȂ 

 

 

 6-1 ᴶ  

 

 

 6-2 BLE  

ᴰ Ҭ ᶏ̆ ꜛ ꜚ ̆

̂Ҍ 6.2 ̃Ȃ A Ҭ̆ ᶏױ
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ԅ 4 Ҍ WiFi Ȃ 6.3

̆ 5~10minȂ ̆ ץ

GNSSḤ ᵝ Ȃ ҩ ῤ ֽ ҩ Ȃ 

 

 6-3 WiFi  

Ҭ WiFi Ḥ № №≢ 6.4 6.5 Ȃң Ҭ x

y №≢ қ Ȃ 6.4Ҭ z ҉ ⌠

WiFi Ḥ ̆ 6.5Ҭ z ҉ Ȃ ̆

Ҭ WiFi Ḥ ҹү ̆ ῤ Ḥ ᵖׅ

ᾟ ̆ᵖ Ḥ Ȃ ↕ ῤҬ ҹ ̆

Ҍ Ȃ 
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 6-4 WiFi Ḫ ⅎ  

 

 

 6-5. Ḫ ⅎ  

ҹԅ ̆ ԅң Ȃ

5 ̆ ҹ 40№ ⌠ 1 Ȃ ֲ 6.6

̆ Ҭ ԅ Ȃң Ҭ̆ ꜚ

Ҋ̔ 

Á 1 ̔ ֲ ̕ 

Á 2 ̔ ֲ ѿ ꜚ ѿ ̆ ℗ ѿ

ꜚ Ҋѿ ̆ɰ ꜚ ̂ ȁ ȁ ꜚȁ

̃Ҭ℗ Ȃ 

 

 6-6. ᴶ  
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ԅ Ҋ 7 ̔ 

Á ԍ ᴰ DR̕ 

Á ԍWiFi ≢̕ 

Á ԍ ᵝ̕ 

Á ԍ BLE ҈ ᵝ̕ 

Á ԍ DR+WiFi ̕ 

Á ԍ DR+WiFi+ ̕ 

Á ԍ DR+WiFi+ +BLE Ȃ 

ᾢ№≢ 1 2 ѿ ף ᵬҹ ᶛ̆

₮ң Ȃ 6.7 ԅ 1 ̂ ̃Ҭѿ ף

ⱴ Ḥ Ȃ Ҋ ԅ ꜚ Ȃ 

 
 6-7 1 ש ꜘ ₴ 

 

6.8 ï 6.21№≢ ԅ Ҭ 7 ᵝ ץ ᵝ

ȂῒҬ ҬҌ ף Ҍ ̆ Ҭ ף

RMSṿȂ 



ᵝ  

 
 

72 

 
 

 

 6-8 DR ᵣ Ѓ ЇҒ ש Ғ Є 

 

 

 6-9 DR ᵣ Ѓ Ї ש RMSЄ 
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 6-10. WiFi ⌡ ᵣ Ѓ Є 

 

 

 

 6-11 WiFi ⌡ ᵣ Ѓ Є 

 

 



ᵝ  

 
 

74 

 
 

 

 6-12 ᵣ Ѓ Є 

 

 

 

 6-13 ᵣ Ѓ Є 
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 6-14. BLE ᵣ Ѓ Є 

 

 

 

 6-15. BLE ᵣ Ѓ Є 
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 6-16. DR+WiFi ᵣ Ѓ Є 

 

 

 

 6-17. DR+WiFi ᵣ Ѓ Є 
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 6-18. DR+WiFi+ ᵣ Ѓ Є 

 

 

 

 6-19. DR+WiFi+ ᵣ Ѓ Є 
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 6-20. DR+WiFi+ +BLE ᵣ Ѓ Є 

 

 

 

 6-21. DR+WiFi+ +BLE ᵣ Ѓ Є 

 

6.8 ï 6.15 ̆DR ץ ᶫ ᵝ ̆ᵖ ᵝ

Ȃῒ ᴰ № Ҭ ȂWiFi ץ ᶫ
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ᵝ ̆ᵖ ҹ ԍ Ḥ ̆ ꜚ Ȃ ↕

⌠Ҥ ̂ ⌠ ᵝ ѿҩ ̆ ҹ ᵞ̆

₮ ᵌ ’̃̆ 30 Ȃ ԍ BLE ᵝ̆

200 ѿҩ BLE ’Ҋ̆ ᵝ ⌠ԅ 4 ̆ғ ₮

Ȃ 

̆ ԍ DR ̆ ᵝ ḱ └̕ ԍ

WiFi ̆ ῒז ᵞ ꜚ̆ ᶫ ̕ ԍ

̆ ᵞῒ ↕ ῏ ̕ ԍ BLE ᵝ ̆

Ҭ ғ ̆ᵖ № Ҭ BLE ғ ҹ

ү ̆ Ҭ̆ ᴰ ̆ ᵞ BLE ̆ΐ

ӈȂ ᴧ Ҭ̆ ᵞԅ BLE

̆ ץ Ҍ BLĔ ῏ ̂ ȁ ̃

BLEᵬҹ ’Ҋ ᴧ Ȃ 

’Ҋ̆Ҍ ᶏ DR+WiFi ̆ DR+WiFi+ ̆

DR+WiFi+ +BLE ̆ ȂῒҬ DR+WiFi+

+BLE ̆ ᵝ RMS ⌠ԅ 3  ῤȂץ

1 ̆ 2 ᴆ ҹ ┴Ȃ ҹ 2 ⌠ԅ

ꜚ ℗ ̆ ԍ DR ѿҩ Ȃ 6.22 ԅ 2

̂ ꜚ ̃Ҭѿ ף ⱴ Ḥ Ȃ Ҋ

ԅ ꜚ Ȃ 
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6-22. 2 ש ꜘ ₴ 

6.23 ï 6.36№≢ ԅ Ҭ 7 ᵝ ץ ᵝ

Ȃ ҬҌ ף Ҍ ꜚ ̆ Ҭ ף

RMSṿȂ 

 

 

 6-23. DR ᵣ Ѓ ЇҒ ש Ғ ꜠ Є 

 

 6-24. DR ᵣ Ѓ Є 
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 6-25. WiFi ⌡ ᵣ Ѓ Є 

 

 

 6-26. WiFi ⌡ ᵣ Ѓ Є 
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 6-27. ᵣ Ѓ Є 

 

 

 

 6-28. ᵣ Ѓ Є 
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 6-29. BLE ᵣ Ѓ Є 

 

 

 

 6-30. BLE ᵣ Ѓ Є 
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 6-31 DR+WiFi ᵣ Ѓ Є 

 

 

 

 6-32. DR+WiFi ᵣ Ѓ Є 
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 6-33. DR+WiFi+ ᵣ Ѓ Є 

 

 

 

 

 6-34. DR+WiFi+ ᵣ Ѓ Є 
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 6-35. DR+WiFi+ +BLE ᵣ Ѓ Є 

 

 

 

 

 6-36. DR+WiFi+ +BLE ᵣ Ѓ Є 

 

̆ ℗ ̆DR ᵞ̆ ℗

ꜚᵬ ̆ ₮ Ȃ Ḃ ᴆҊ̆
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WiFiȁ ȁץ BLE ̆ ץ ḱ DR ̆

ᶫ Ȃᵖ ’ ԅ ᵞȂ

DR+WiFi Ҭ ₮̆ ԅң 20 Ȃ ῀  ̆

ᵝ ᵞ⌠ԅ 18 Ȃ ѿ ̆ ⱴ BLE ̆ ᵝ

└⌠ԅ 13 ̆ᵝ RMSṿӞ ᵞ⌠ԅ 4 Ȃ 

ң ᵝ 6.2 ȂῒҬ ף80% 80%

ᵝ ṿȂ 6.37 ԅң Ҭ ᵝ

RMSṿȂ 

 

 6-2. ҩ Ҳ ᵣ ẅ 

  DR WiFi MM BLE DR/WiF

i 

DR/WiFi/

MM 

DR/WiFi/

MM/BLE 

1  RMS

ṿ 

41.2 6.3  5.1  4.3 5.0  3.9 2.8 

80% 52.9 7.4 6.6 5.8 6.3 5.7 5.3 

ṿ 124.7 25.4 36.5 11.5 12.3 10.8 7.6 

2  RMS

ṿ 

130.4 6.7  7.6 4.9 6.1 5.2 4.1 

80% 164.9 8.2 9.4 6.6 8.2 7.7 7.2 

ṿ 234.5 21.2 34.5 13.2 15.4 14.3 9.7 

 

 

 

 6-37. ҩ Ҳ ᵣ RMSẅЃ ԓ 10 ⅎ Є 
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׆ 6.37 ץ ₮̆ ѿ ̂ ℗ ̃ ᶏ̆

ץ ᵣ҉ ̆ ԅ ᴰ

Ȃ 

ѿ ̆ ң ̆ ꜚ ℗ Ҍֽ ᵞ DR

̆ ̆ ᶭ

ṿ̆ῒׅ ῏ Ȃᵖ ̆ ꜚ WiFi ᵝ

Ȃ 

̆ ꜚ ѿҩ Ȃ ῒ ԍ ᴧ

ѿ ̆ Ẋ WiFi ץ Ҍ Ҍ ̆

’Ҋ̆ ꜚ ҹ Ȃ ̆ ꜚ ᵬҹѿҩ ᴧ

̆ 6.3 Ҭ ׃ Ȃ 

6.2  

₮ң ȂῒҬ 6.2.1 Ҭ ԍ ῤ

ꜚ ̆ ԍ Ȃ 6.2.2 Ҭ

↕ ԍ ᵝ ̆ ≠ ԍᴰ Ȃ ₮

’Ҋ̆ᶏ GPS ᵬҹ ̕ ῤ ’Ҋ̆ᶏ BLE ᵝ ᵬҹ

Ȃ ҹ ף BLE ԍ ῏ ̂ ȁ ̃̆

ץ ԋ Ȃ ҹῒ ῃҌ ֲ ̆ ≢ ԍ

Ҋ ῤWiFi ᴧ Ȃ 

6.2.1 ≠  

Ȃ

Ԋᾢ ⅞ ҉ ҹ̆ԅ ѿ̆֓

ҩ ҩ ҉№≢ Ḥ Ȃ Ҍֽ Ҭ ⌠

(Bahl and Padmanabhan, 2000, Youssef and Agrawala, 2005)̆Ӟ ҙ Ҭ

(Chintalapudi et al., 2010)Ȃ ̆ᵖ ⱬ̆ѿ

Ӟ ֲ (Bolliger, 2008)Ȃ 

֟ Ҭҹԅ ѿ̆֓Ὲ ԅ Ȃ

Ẋ ≠ ᵝ ̆ ⁞ ԅԊᾢ

ᵬ Ȃΐᵣ Ҋ̔ ֲ ̂ ҹ ̃ ꜚ̆
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ֲ ̆ ҉ ꜚ ̆ ӊ

ץ ⌠ ӊ Ȃ

҉ ҩ ҩ ̆p └

ֲ ꜚȂ 

≠ ԅ ⱴ Ḥ ̆ ԅ Ȃѿ ̆

ⱴ Ḥ ̆ ӊ

Ẋ ̆ ҹ Ẋ Ȃ ѿ ̆ ԍ ץ ᶫ

̆ ץ ῤ ֲ ╠ ᴆȂ 

6.38 ̆ῒҬҌ ף Ҍ

̆ѿҩ ף ѿҩ Ȃ 

 

 

 6-38. WiFi Ҳ ᵣ  

ҹԅ ᵀᶏ WiFi ᵝ ̆

ԅ ץ ᵝȂ ᵝ 6.39

Ȃ ҩ ҉̆ ԅ 1№ Ḥ Ȃ Ҭ̆ ̆

ᵣ 360 Ḡץ̆ꜚ ҩ Ȃ ̆

҉ WiFi ᶏ̆ ṿ WiFi

Ȃ 
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 6-39. WiFi Ҳ ᵣ  

ҹԅ №̆≢ᶏ ץ

̆ 6.5 ԅ WiFi ᵝ Ȃᶏ ң

ѿ WiFi ᵝ ᶛ №≢ 6.40 6.41 Ȃ Ҭ

ҹWiFi ᵝ ̆ ԍ ᵝ ӊ Ȃ 

 

 

 6-40. ᶕ WiFi ⌡  

 

 

 6-41. ᶕ WiFi ⌡  
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6.40 6.41 ᵝ №≢ 6.42 6.43 Ȃ Ҭ

№≢ қ ̆ ᵝ Ȃ 6.44 ԅᶏ

ң WiFi ≢ 10 ᵝ RMSṿȂ 

 

 

 6-42. ᶕ WiFi ⌡ ᵣ  

 

 

 6-43. ᶕ WiFi ⌡ ᵣ  
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 6-44. ᶕ ҩ WiFi ⌡ ᵣ RMSẅ 

 

ᶏ ᴰ WiFi ≢

ᵝ ᵝ RMSṿ№≢ҹ 5.3 4.6 ̆Ӟ ̆ Ҭᶏ

WiFi ≢ ᵝ ᶏ

ᵞ 0.7 Ȃ ⌠ WiFi ᵝ ҹ 5 ̆ ץ ҹ≠

ꜛ PDR Ȃ

Ҭ̆ ̆ ҙ ԅ 75%̆

̆ ₮ ԍ ꜛ ѿ ғ ҹ

Ȃ 

6.2.2 Ҍᶭ  

҉ ԅ≠ ꜛ PDR

Ȃ ≠ ꜛ PDR

ᵬҹ ᵀ Ҍᶭ Ȃ 

ҹҌᶭ ᴋᵥ ӊѿ̆ ѿ №̆

ң Ҍ WiFi Ҭ ԅ Ȃ ԅ 6.1 Ҭ׃ A ̆

WiFi № BȂ A B №≢ 6.2.2.1 6.2.2.2

₮Ȃ 

Ҍᶭ ֽ̆ ̆ ӊ ᴰ

̆ ӊ Ȃ Ҭ̆ Ὲ῍ Ҭ
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̆ ץ 6.4 Ҭ └ └̆ ץ ₮

̆ ԍ Ȃ Ҭ ᶏ̆ ₮ ̆ ᶏ GPS

ᵬҹ Ȃ 

6.2.2.1A  

6.45 ï 6.48№≢ ԅ Ҋ ԍ

ȁ ץ̆ Ȃ Ҭ ȁ ȁ

ץ №≢ ╠ ȁ ȁ ץ Ȃ

ᵝ Ḥ ׆ Google Earth҉ ⌠̆ №≢ ╠ PDR

PDR ᵝ Ȃ 

 

 6-45. 1 ɻ װ  
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 6-46. 2 ɻ װ  

 

 

 6-47. 3 ɻ װ  
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 6-48. 4 ɻ װ  

׆ ױ ץ ⌠╠ PDR ᵌ̆

∆ ‰ ̆p ᴪ Ẓ Ȃ

̆ ԍᴰ ᵝ Ҍ ᾧ Ȃ

∆ ̆ ҹ╠ PDR PDR

№≢ ∆ ғ Ȃ 6.49 ԅᶏ

WiFi ᵝ Ȃ 

 
 6-49. WiFi Ҳ ᵣ  

ҹԅ ̆ 6.50 ï 6.53№≢ ԅ ᶏ 3

̂ ᵀ ᵝ ᵝ ӊ ̃Ȃ Ҭ ȁ

-20 -10 0 10 20
-5

0

5

10

15

20

25

30

35

40

E (m)

N
 (

m
)

Smoothed trajectory 4

 

 

Reference

Forward

Backward

Smoothing

Start

End



ᵝ  

 
 

96 

 
 

ץ №≢ ╠ PDRȁ PDR ̆

╠ PDR RMSṿ̆ RMSṿȂ 

ץ ⌠ ҹ‰ ̆p Ҭ

̆ Ȃ ᶏ ҩ Ҭ ̆

╠ PDR Ȃ ₮ԅ╠ PDR ṿ

RMSṿ̆ ѿ ҹ 4 RMSṿȂ 

 

 6-50. 1 ɻ װ ᵣ  
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6.50. 2 ȁ ץ ᵝ  

 

 

 6-51. 3 ɻ װ ᵣ  
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 6-52. 4 ɻ װ ᵣ  

̆ ̆ ⌠ ᵝ

̆ ῒ ᵀ №Ȃ 6.3 ԅ ᵝ

ṿ̆ץ ╠ Ȃ 

 6-3. ẅ 

 
╠   RMS ⁞

ᶛ Max RMS Max RMS 

1 11.0 6.6 6.7 4.3 34.9% 

2 19.3 9.5 11.1 6.5 31.6% 

3 14.0 8.0 7.7 4.3 46.3% 

4 9.6 5.5 7.0 4.1 25.5% 

RMS 16.1 8.7 9.6 5.7 34.5% 

ṿ RMSṿ№≢׆ 16.1m 8.7m⁞ ⌠ 9.6m 5.7m ⁞̆

ҹ 34.5%Ȃ ץ ̂WiFi ̆

̃Ȃ≠ ̆ҹԅ ̆

Ӟ ₮ԅ≠ ꜛ PDR ⌠ Ȃ׆ 6.49 ץ ₮ ₮

֓Ẓ ̆≠ ꜛ PDR ⌠

Ȃ ᴪ ᵀ Ẓ WiFi ᵝ Ȃ 

ҹԅ ᵀ ᴧ ̆ ԅ

ᶏ̆ 6.7 ᵀ Ẓ ԍWiFi ᵝ Ȃ 

WIFI Ҭ ṿ ҹ=-85dBm̆ =200dBm̆ ᶏ RSS

ԍ-85dBm Ḥ ̆ WiFi Ḥ ԍ 200dBm ᶏ WiFi
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Ȃk ҳ kṿ ҹ 3Ȃᶏ ᴧ ץ ꜛ

ѿ WiFi ᵝ ᶛ №≢ 6.54 6.55 Ȃ 

 

 

 6-53. ᶕ ᴭ WiFi ⌡  

 

 6-54.ᶕ ꜡ WiFi ⌡  

WiFi ᵝ Ҍᴪ ̆ᵖ Ȃ ԍ k-NN

ᶏ ᵝ ̆ ץ Ҍ WiFi ᵝ Ҭ

Ȃᵖ ҉ (a) ̆ ץ ⌠WiFi ᵝ

ᵌ ԅѿ Ẓ ̆ ᶷ Ẓ ̆

ᵝ ֟ ԅ Ẓ Ȃ 

₮ԅ WiFi ᵝ x̆ ҹ қ ҉ y̆

ҹ ҉ ̆z ᵝ Ȃ 

6.54 6.55 ᵝ №≢ 6.56 6.57 Ȃ Ҭ

№≢ қ ̆ ᵝ Ȃ 
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 6-55. ᶕ ᴭ WiFi ⌡ ᵣ  

 

 

 6-56. ᶕ ꜡ WiFi ⌡ ᵣ  

WiFi ᵝ WiFi Ḥ ү Ҭ ̆ Ҍ WiFi Ḥ

̆ Ҍ Ȃ ԍҬ Ḥ ̆ Ҭ

ᵌȂ PDR ⁞ Ȃ 

ҹԅ ѿ ᵀWiFi ᵝ ̆ 6.58 ԅ҉ ң ᵝ

↓̆ Ҭң RMSṿȂx № №№≢

ῤ Ȃң CDF Ȃ 

 

20

40

60

80

100

2530
35

40

0
5

10

 

WiFi positioning error distance (proposed DB)

E (m) 

N (m)

> 12 m

8-12 m

4-8 m

< 4 m

20

40

60

80

100

25
3035

40

0
5

10

 

WiFi positioning error distance (reference DB)

E (m) 

N (m)

> 12 m

8-12 m

4-8 m

< 4 m



ᴰ ῤ ᵝ  

101 
 

 

 6-57. ᶕ ᴭ ꜡ WiFi ⌡ ᵣ  

 

 6-58. ᶕ ᴭ ꜡ WiFi ⌡ ᵣ CDF  

ᵝ ᵝ RMS№≢ҹ 10.1m 4.6m̆

ᵝ ᵝ RMSҹ 14.2m 6.1mȂ̆

ᵝ ⱴԅ 4.1m R̆MSṿ ⱴԅ 1.5m̆

Ẓ RMSṿҹ 5.7mȂ ԍ

WiFi ᵝ ῒז Ẓ Ȃ׆ Ҭ

ץ ⌠ 100~200s Ҭ ᵝ
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̆ ԅ WiFi ᵝ Ҭ ῒז Ҍ ԍ

Ȃ 

ᶏ ᵝ 80% ᵝ ԍ 7.5m̆

ᵝ 80% ᵝ ԍ 6mȂ Ҭ̆ ᵝ

≠ ꜛ ᵝ 1.5mȂ 

6.2.2.2B  

B A ≢ ̆B WiFi ̆ Ӟ

̆Һ Ȃ ҩ ҹ 140¦60m2̆ΐᵣ Ҋ

̔ 

 

 

 6-59 B  

A B̆ ҹ ̆ ᵌ AȂ

Bῤ Ҋ ̔ 
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 6-60 B  

≠ ᴰ Ȃ ȁ ȁ ץ

№≢ ╠ PDR ȁ PDR ȁ ץ Ȃ

№≢ ╠ PDR PDR ∆ ᵝ Ȃ ֓ ̆

ȁ №≢ ╠ ȁ ץ Ȃ

№≢ ╠ RMSṿȂ 

 

 6-61. BῪ ɻ װ  
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 6-62. BῪ ɻ װ ᵣ  

ԍ B ғ ̆╠ ȁ PDR

№≢ ⌠ԅ 25m 20m̆ A Ȃᵖ

̆╠ PDR RMSṿ№≢׆ 29.2m 15.9m⁞ ⌠ 8.1m

3.9mȂ 

WIFI ̆ Ȃ

ꜛ PDR ̆ Ȃ ץ ⌠

Ҭ ׅ ѿ֓Ẓ Ȃ 
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 6-63. ⌐  

 

 6-64. ⌐ ꜡ PDR  

Ҭ WiFi Ḥ № ’ Ȃ ץ ⌠ WiFi Ḥ

A ̆ ҹ B ѿ ̆

ѿ Һ ᵬҹ ̆ⱲῈ Ȃ 


































































