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基於行動電信網路的車速量測之研究

ᏢғǺ஭ျໜ Ꮴ௲௤Ǻ݅΋ѳറγࡰ

୯ҥҬ೯εᏢ網路πำ研究܌ᅺγ੤

ᄔ ा

ඵૈၮᒡس಍ (Intelligent Transportation SystemsǹITS)ёаճҔ΋٤ག測Ꮤ (sensors)܈

೬ᡏ測量ၰ路車速Ƕ݅ǵ஭Ϸࣤةමගр Lin-Chang-Huangfu (LCH)Бٰݤीᆉಒझଶ

੮ਔ໔ǶѬѝሡा٬Ҕ行動ҬඤύЈ (Mobile Switching CenterǹMSC)ύ኱ྗीኧᏔ的

ॶǴԶόሡाჹ電信網路଺ҺՖঅׯǶҁፕЎᙖҗ௢Ꮴ LCHБݤीᆉр的ಒझଶ੮ਔ

໔ (cell residence times)的ୃৡ (bias)ٰ௖૸ԜБݤ的ྗዴ܄Ƕךॺ٠ᙖҗ΋٤ၸᘠံک

ᓭٰೌמᘉк LCHБݤᔈҔ於車速的՗ीǴ٠ЪаѠ᡼ਲ༜ᑜᓪ዇ໂ୯ၰΟဦ΢的車

፶ୀ測Ꮤ (Vehicle DetectorǹVD)ٰᡍ᛾ךॺ的БݤǶךॺ的研究่݀ࡰр LCHБݤӧ

車速的՗ी΢ࢂԖਏ的Ƕ

ᜢᗖӷǺLin-Chang-Huangfu (LCH)БݤǴ行動ҬඤύЈǴ電信Ǵ車速
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Deriving the Vehicle Speeds from Mobile

Telecommunications Network

Student: Yu-Long Chang Advisor: Dr. Yi-Bing Lin

Institute of Network Engineering

National Chiao Tung University

ABSTRACT

Vehicle speeds of roads are often measured by the Intelligent Transportation Systems (ITS)

through some sensors or software solutions. Our previouswork proposed the Lin-Chang-Huangfu

(LCH) scheme to compute the cell residence times by the standard counter values in the mobile

telecommunications switches without any modification to the telecommunications network. In

this paper, we investigate the accuracy of the LCH scheme by deriving the bias of the cell res-

idence times computed in this scheme. Then we extend the LCH scheme with some filtering

techniques for the vehicle speed estimation, and validate our approach with the vehicle detector

measurements at National Highway 3, Longtan Township, Taoyuan County, Taiwan. Our study

indicates that the LCH scheme is an effective approach for the vehicle speed estimation.

IndexTerms: Lin-Chang-Huangfu (LCH) Scheme,Mobile SwitchingCenter (MSC), telecom-

munication, vehicle speed
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಄ဦᇥܴ

∆tǺ ਔ໔୔ࢤ

∆τǺ ਔ໔ᗺ τ Ǵࢤឦ的ਔ໔୔܌
(⌊ τ

∆t

⌋
∆t,

⌊ τ

∆t
+ 1

⌋
∆t

)
ρ(τ)Ǻ ӧ ∆τ ύಒझ的ၮଌࢬ量

tcǺ ೯၉ߥ੮ਔ໔ (call holding time)

tmǺ ಒझଶ੮ਔ໔ (cell residence time)

t∗m(τ)Ǻ җ LCHБݤ՗ीӧ ∆τ ύၲډಒझ的Ћᐒ的ಒझଶ੮ਔ໔

N(τ)Ǻ ӧ ∆τ ය໔ಒझύ的යఈ٬Ҕঁޣኧ

λu(τ)Ǻ ӧ ∆τ ය໔٬Ҕޣ຾Εಒझ的ၲډ速౗

taǺ ೯၉ၲډਔ໔໔႖ (inter-call arrival time)

v(τ)Ǻ Ҟ኱路ࢤӧ ∆τ ύ的ѳ֡車速

btm(t
∗
m(τ))Ǻ ಒझଶ੮ਔ໔的ୃৡ

α(τ)Ǻ ӧ ∆τ ύཥ೯၉ࡑӧಒझύ的ঁኧ

β(τ)Ǻ ӧ ∆τ ύςӸӧ的೯၉೯၉ࡑӧಒझύ的ঁኧ

γ(τ)Ǻ ӧ ∆τ ύҬሀ೯၉ࡑӧಒझύ的ঁኧ

λǺ ೯၉ၲډ速౗

1

η
Ǻ ಒझଶ੮ਔ໔的ѳ֡ॶ

1

µ
Ǻ ೯၉ߥ੮ਔ໔的ѳ֡ॶ
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1

δ
Ǻ ∆τ 的ѳ֡ॶ

fm(tm)Ǻ ಒझଶ੮ਔ໔的ஏڄࡋኧ (density function)

Fm(tm)Ǻ ಒझଶ੮ਔ໔的ϩթڄኧ (distribution function)

f ∗
m(tm)Ǻ fm(tm)的܎ද܎ථᙯඤ

τcǺ ഭᎩ೯၉ߥ੮ਔ໔

τmǺ ഭᎩಒझଶ੮ਔ໔

PiǺ ΋ཥ೯၉Ҭሀ iԛ״่ࡕ೯၉的ᐒ౗

q1Ǻ tc > τm的ᐒ౗Ǵջ΋ঁཥ೯၉วғҬሀ的ᐒ౗

q2Ǻ τc > tm的ᐒ౗Ǵջ΋ঁ೯၉ӧම࿶Ҭሀ的௃ݩΠวғҬሀ的ᐒ౗

ρn(τ)Ǻ ཥ೯၉ӧ ∆τ ύಒझ的೯၉ਔ໔

ρe(τ)Ǻ ςӸӧ೯၉ӧ ∆τ ύಒझ的೯၉ਔ໔

ρh(τ)Ǻ Ҭሀ೯၉ӧ ∆τ ύಒझ的೯၉ਔ໔

∆τnǺ ཥ೯၉ (new call)ၲډ的ਔ໔ᗺᢀჸ ∆τ 的ഭᎩਔ໔

∆τhǺ Ҭሀ೯၉ (handover call)ၲډ的ਔ໔ᗺᢀჸ ∆τ 的ഭᎩਔ໔

tǺ ᢀჸਔ໔୔ࢤ

t∗Ǻ ӧ tය໔Ǵ΋ঁ٬Ҕޣ೏೯၉՞Ᏽ的ਔ໔

n1Ǻ ΋೯電၉的ѳ֡Ҭሀԛኧ

n2Ǻ ಒझঁኧ

tc,iǺ ಃ iঁ೯၉的೯၉ߥ੮ਔ໔

fc(tc,i)Ǻ ಃ iঁ೯၉的೯၉ߥ੮ਔ໔的ஏڄࡋኧ

θǺ ӧ tය໔Ǵn2ঁಒझ܌量測ډ的೯၉ਔ໔

∆τkǺ ӧന߈ಃ kຼӕ΋Ϻ的ӕ΋ঁਔ໔୔ࢤ

vii



KhǺ ीᆉ車速的ኬҁኧߐᘖॶ

VsǺ ٬Ҕ߈ᐕў (near-history)ံᓭೌמ的ߐᘖॶ

WǺ ៾ख़߯ኧ

viii



ಃ΋ക ᙁϟ

ε೽ϩ的ඵૈၮᒡس಍ (Intelligent Transportation SystemsǹITS)཮測量ၰ路車速ٰ

ीᆉکԜ୍ܺǴITSѸ໪ॄೢԏ໣ٮΑගࣁǶࢤᗉ໒༞車路کշᎯᎭΓ՗ी行車ਔ໔ڐ

ၰ路車速Ƕ٬Ҕޣёа೸ၸ網路 ӵٯ) Internet)ٰᕇڗ೭٤Ҭ೯ၗૻǶკ 1.1৖Ң΋ঁඵ

ችࠠЋᐒ΢的Ҭ೯ၗૻ೬ᡏǶ

კ 1.1: Ҭ೯ၗૻ೬ᡏ
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Cell i-1Cell i-2 Cell i+2Cell i Cell i+1

Road

Internet
Mobile Core Network

Network 

Probe

ITS Server

b

c

d

f

g

h

a

MSC

e

კ 1.2: ᙁܰ電信網路ࢎᄬ

΋૓測量車速的БݤёаϩԋаΠΟᜪ:

• 車፶ୀ測Ꮤ (Vehicle DetectorǹVD)Бݤ [1]ஒ車፶ୀ測Ꮤ (კ 1.2 a⃝)Ӽးӧၰ路
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΢測量車፶ (კ 1.2 b⃝)的速ࡋǴ٠ЪᙖҗԖጕ܈คጕ網路ஒ車速ӣൔ๏ ITS՛ܺ

Ꮤ (კ 1.2 c⃝)Ƕ

• 基於ӄౚۓՏس಍的௖測車 (Global Positioning System(GPS)-based Vehicle Probeǹ

GVP)Бݤ [2, 3]ஒӧ車፶ύ的Ћᐒ (User EquipmentsǹUEs)းၩ GPSௗԏᏔǶௗ

ԏᏔ߾཮ע GPS০኱کਔ໔฻ၗૻ೸ၸ行動電信網路໺ଌǴΨ൩ࢂ೸ၸ基ӦѠ

(Base StationsǹBSsǹკ 1.2 d⃝)ک行動ҬඤύЈ (Mobile Switching CenterǹMSCǹ

კ 1.2 e⃝)໺๏ ITS՛ܺᏔǴ՛ܺᏔ཮ਥᏵԏډ的 GPS০኱ٰीᆉ車速Ƕ

• 動車፶΢的Ћᐒ信зၗ਑ࢬ (Cellular Floating Vehicle DataǹCFVD)Бݤ [4, 5, 6]

ஒӼး網路௖測Ꮤ (Network Probeǹკ 1.2 f⃝) ٰᅱ௓ BSs ک MSC 之໔的信з

(signals)Ǵ٠Ъע信з໺๏ ITS՛ܺᏔǶਥᏵЋᐒ的೯၉行ࣁǴITS՛ܺᏔ཮ଓᙫ

Ћᐒ܌ӧ的ಒझ (cellǹ΋ঁ BS的คጕ電ᙟᇂጄൎ)Ǵ՗ीрЋᐒ的ಒझଶ੮ਔ໔

(cell residence times)Ǵ٠௢Ꮴр౽動速ࡋǶ

ಃ΋ᜪ٬Ҕ VD的Бݤӧୀ測Ꮤ的ࡌ࿼کᆢៈ΢ሡा޸຤ၨଯ的ԋҁ [4, 6]ǶಃΒ

ᜪ GVPБ߾ݤሡाڀԖ GPSௗԏᏔ的ЋᐒǴ٠ЪሡाᚐѦ的คጕ電ၗྍٰ໺ଌ GPS

ၗ਑ǶԜѦǴךॺ的࿶ᡍᡉҢǴӧ΋٤ໂΠၰ路΢٠ό཮Ԗࡐӭڀഢ GPSௗԏᏔ的車

፶Ǵ೭٤ၰ路的Ҭ೯ၗૻ൩ࡐᜤவ GPSၗ਑ٰᕇளǶԶಃΟᜪ CFVD的Бݤሡाӧ電

信網路ύу΢ᚐѦ的信зೱ่ጕ路 (signaling links)ک網路௖測ᏔǴҔٰᅱ測Ћᐒک行動

ਡЈ網路之໔的信зૻ৲ (signaling messages)Ƕ

݅ǵ஭Ϸࣤة的ፕЎ [7, 8, 9]ගрΑ Lin-Chang-Huangfu (LCH)БݤǴԜБݤёа

ቚம CFVDǴ٬ CFVDόӆሡाᚐѦ的ฯᡏԏ໣ၗ਑ǶLCHБݤёаவMSCύ኱ྗी

ኧᏔ的ॶ௢Ꮴрಒझଶ੮ਔ໔ (Ћᐒӧಒझύࡑ܌的ਔ໔୔ࢤ)ǴीኧᏔ的ॶࢂҗ MSC

ॺҔך速ीᆉрಒझଶ੮ਔ໔Ƕזёаݤॺ的БךයԾ動ѐԏ໣的ǶӢԜǴۓ LCHБ

ᆉр的ಒझଶ੮ਔ໔ٰ՗ी車速Ǵ٠Ъ٬ҔѠ᡼ਲ༜ᑜᓪ዇ໂ୯ၰΟဦ΢的ݤ VDٰᡍ

᛾ LCHБݤǶךॺ׳຾΋؁ѐ௖૸җ LCHБ܌ݤीᆉ的ಒझଶ੮ਔ໔的ୃৡǶவ೭ঁ

ୃৡ的研究่݀ᡉҢǴLCHࢂ΋ঁ፾ӝҔٰ଺車速՗ी的БݤǶ

ҁፕЎ的ക࿯ࢎᄬӵΠǶಃΒകϟಏӵՖ௢Ꮴр LCHБݤǴаϷӵՖीᆉಒझଶ

੮ਔ໔ǶಃΟകӧ௢Ꮴҗ LCHБݤीᆉ的ಒझଶ੮ਔ໔的ୃৡǶಃѤകϟಏךॺӧׯ

๓車速՗ी的ྗዴ܄ਔ٬܌Ҕ的ೌמǶಃϖകҔ΋٤ኧᏵٰ่݀௖૸ LCHБݤ的߄

౜ǶಃϤകࣁҁጇፕЎ之ᕴ่Ǵ٠ගр҂ٰπբБӛǶ

3



ಃΒക Lin-Chang-Huangfu (LCH)Бݤ

ҁകਥᏵፕЎ [7]ύ LCHБݤඔॊӵΠǶკ 1.2ύ的MSC (კ 1.2 e⃝)ाॄೢೀ౛೯

၉ک行動ᆅ౛ [11]Ƕӭঁ BS཮ೱௗډԜMSCǶ΋ঁ BS的คጕ電ᙟᇂጄൎךॺᆀࣁಒ

झ (຀ጕ的༝୮ǹკ 1.2 g⃝)Ƕ྽Ћᐒ೯၉ਔǴಒझύ的Ћᐒ཮೸ၸ BSೱௗډMSCǶӵ

݀Ћᐒӧ೯၉ਔவচҁಒझ౽動ԿځдಒझǴЋᐒ的೯၉路৩൩཮வᙑ的ಒझඤډཥ

的ಒझύǶ೭ঁၸำᆀࣁҬሀ (handover)Ƕ

ӧ኱ྗ的୘཰行動電信ၮᔼύǴMSC཮૶ᒵЋᐒ的೯၉行ࣁ (ջЋᐒኞѺ/ௗԏ電

၉܈Ћᐒӧ೯၉ၸำύǴҗ΋ঁಒझ౽動Կќ΋ঁಒझ)ǶMSCӧ؂ঁ ∆tύԏ໣؂ঁ

ಒझ೯၉行ࣁ的಍ीၗ਑Ǵ໔႖ਔ໔೯தࢂ 15ϩដډኧঁλਔǶځύঁٿ಍ीၗ਑ϩ

ձࣁҬሀ຾Εಒझکᚆ໒ಒझ的ঁኧǴᗋԖಒझύ的ᇟॣ೯၉ਔ໔ (ൂՏࣁ Erlang)Ƕ౜

ӧԵቾ΋ঁਔ໔ᗺ τǶךॺۓက ∆τ ࢤ΋ঁਔ໔୔ࣁ
(⌊ τ

∆t

⌋
∆t,

⌊ τ

∆t
+ 1

⌋
∆t

)
ǶࣁΑБ

ȩ(targetࢤȨҞ኱路ࣁࢤက՗ी車速的路ۓॺךॊǴ௶ߡ road segmentǹკ 1.2 h⃝)Ƕಒ

झ i (კ 1.2 g⃝)的ѳ֡ಒझଶ੮ਔ໔௢ᏤӵΠǶҔ ρ(τ)߄Ңӧ ∆τ ύಒझ i的ၮଌࢬ量

(carried traffic)Ƕඤѡ၉ᇥǴρ(τ)ࢂӧ ∆τ ಒझၲډ i的೯၉ঁኧ४аයఈ的ၮଌ೯၉ߥ

੮ਔ໔ (carried call holding timesǹൂՏࣁϩដ)Ƕၮଌ೯၉ߥ੮ਔ໔ٮکᔈ೯၉ߥ੮ਔ໔

(offered call holding time)ࢂόӕ的Ƕٮᔈ೯၉ߥ੮ਔ໔ࢂଷ೛܌Ԗ BS的คጕ電೯ၰኧ

ؒԖཱུज़ਔǴ΋೯電၉的೯၉ਔ໔ (ൂՏࣁϩដ)Ǵ೭ਔ܌Ԗ的ཥ೯၉کҬሀ೿཮ԋфֹ

ԋǶՠӧჴሞ௃ݩΠǴBS的೯ၰ৒量ࢂԖཱུज़的ǶӢԜǴ೯၉ёૈ཮ӧ΋ଆۈ൩೏ߔ

ᏲǴࢂ܈ӧҬሀ的ၸำύ೏ம״่ڋǶ΋೯電၉၉ೱௗࡕǴ೯၉ਔ໔཮೏MSC૶ᒵӧ

಍ीၗ਑ ρ(τ)ύǴ٠Ъۓကࣁၮଌ೯၉ߥ੮ਔ໔ tcǶMSCύ量測ډ的ࢂၮଌ೯၉ߥ੮

ਔ໔Ǵӧ೯၉ߥ੮ਔ໔ tc ύǴ೯၉ό཮ӧ΋ଆۈ൩೏ߔᏲǴࢂ܈ӧҬሀ的ၸำύ೏ம

״่ڋ (ᗨฅ೯၉ёૈ཮ӧ tc่״ਔ೏மڋಖЗ)Ƕᡣ γ(τ)߄Ңӧ ∆τ ύҬሀ຾Εಒझ i

的೯၉ঁኧǶҔ tm߄Ңࣁಒझଶ੮ਔ໔ǶӧፕЎ [7]ύǴբޣҗ Little's Law[12]௢Ꮴӧ

4



ਔ໔୔ࢤ ∆τ ύၲډಒझ iЋᐒ的ಒझଶ੮ਔ໔ t∗m(τ)ǶLittle's Lawёаׯቪࣁ

N(τ) = λu(τ)t
∗
m(τ) (2.1)

ύځ N(τ)ࣁӧ ∆τ ය໔ಒझ iύ的යఈ٬ҔঁޣኧǴλu(τ)ࣁӧ ∆τ ය໔٬Ҕޣ຾Εಒ

झ i的ၲډ速౗ǶҔ ta ਔ໔໔႖ၲډҢ೯၉߄ (inter-call arrival time)Ǵ߾΋ঁ٬Ҕޣӧ

∆τ ཮Ԗ (∆t/ta)ঁ೯၉ၲډǴ٠Ъ཮ଅ᝘ tc(∆t/ta)೯၉ਔ໔ǶӢԜ

ρ(τ) =
N(τ)tc∆t

ta
N(τ)ࢂ܈ =

ρ(τ)ta
tc∆t

(2.2)

җ於 λu(τ)ࣁӧ ∆τ ය໔٬Ҕޣ຾Εಒझ i的ၲډ速౗Ƕӧ ∆τ ύ཮Ԗ λu(τ)∆tঁ٬Ҕ

຾Εಒझޣ iǶ೭٤٬ҔޣύǴ཮Ԗ (tc/ta)ঁ҅ӧ೯၉Ƕඤѡ၉ᇥǴӧ ∆τ ය໔཮Ԗ

(λu(τ)tc∆t/ta)ঁ٬ҔޣҬሀ຾Εಒझ iǶ٠Ъ

γ(τ) =
λu(τ)tc∆t

ta
λu(τ)ࢂ܈ =

γ(τ)ta
tc∆t

(2.3)

࿶җБำԄ (2.1)ǵ(2.2)ک (2.3)ёޕ

t∗m(τ) =
ρ(τ)

γ(τ)
(2.4)

基於БำԄ (2.4)Ǵךॺௗ๱௢ᏤҞ኱路ࢤ的ѳ֡車速Ƕଷ೛ಒझ i− 1ύးၩЋᐒ

的車፶ (კ 1.2 b⃝)Ǵ࿶җಒझ iၲډಒझ i + 1Ƕᡣ x߄Ңಒझ iᙟᇂ的Ҟ኱路ࡋߏࢤǶ

வБำԄ (2.4)ёаޕၰǴҞ኱路ࢤӧ ∆τ ύ的ѳ֡車速 v(τ)௢Ꮴࣁ

v(τ) =
x

t∗m(τ)
=

xγ(τ)

ρ(τ)
(2.5)

ӧΠ΋ക࿯ǴҁፕЎ௢Ꮴҗ LCHБ܌ݤीᆉ的ಒझଶ੮ਔ໔的ୃৡǶҗୃৡёа

ᡉҢр LCHБࢂݤҔٰ՗ी車速的ӳी量ᏔǶ
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ಃΟക ಒझଶ੮ਔ໔՗ी的ୃৡ (Bias)

೭΋ക࿯а՗ी LCHБݤ的ୃৡٰຑ՗ԜБݤ的ྗዴ܄Ƕךॺஒ཮ᡉҢ LCHБݤ

࣬ჹ於΋૓ಒझଶ੮ਔ໔՗ीБݤǴӧ車速的՗ी΢Ԗၨλ的ୃৡǶӢԜǴLCHࢂ΋

ঁ፾ӝҔٰ՗ी車速的БݤǶ

ଷ೛ tm ჴሞ的ಒझଶ੮ਔ໔ǴਥᏵБำԄࣁ (2.4)的ۓကǴt∗m(τ)ࢂ tm 的՗ीᏔǶ

ಒझଶ੮ਔ໔的ୃৡ൩ёаۓကࣁ

btm(t
∗
m(τ)) = E[t∗m(τ)]− E[tm] (3.1)

໪ाݙཀ的ࢂǴӧ಍ीᏢύୃৡکᇤৡ (error)ࢂόӕ的Ƕ՗ीᏔ的ୃৡࡰ的ࢂ՗ीॶ

ჴሞॶ之໔的ৡ౦ک [13]Ƕךॺ२Ӄ௢Ꮴڙ ∆τ ज़ڋ的 γ(τ)ک ρ(τ)Ƕௗ๱ךॺճҔ௢

Ꮴрٰ的 γ(τ)ک ρ(τ)ϦԄٰ߄Ңಒझଶ੮ਔ໔՗ीᏔ t∗m(τ)ǶനࡕӆжΕБำԄ (3.1)

ٰीᆉୃৡǶ

კ 3.1ඔॊ 6ঁЋᐒӧᢀჸਔࢤ [t0, t19]ࢲ動的ਔ໔კǶаკ 3.1ύ UE 3的行ࣁ଺ٯ

ηǶUE 3ӧਔ໔ᗺ t8౽動Կಒझ i (а಄ဦ △኱Ң)Ǵ٠Ъӧਔ໔ᗺ t11Ԗ΋೯電၉ၲډ

UE 3 (а಄ဦ ◦኱Ң)ǶUE 3ӧਔ໔ᗺ t13ᚆ໒ಒझ i (а಄ဦ N኱Ң)Ǵ٠Ъӧਔ໔ᗺ t15

UE 3的೯၉่״ (а಄ဦ •኱Ң)ǶUE 3的ಒझଶ੮ਔ໔ࣁ tm = t13 − t8ǶUE 3的ၮଌ

೯၉ߥ੮ਔ໔ࣁ tc = t15 − t11Ƕ

Եቾਔ໔୔ࢤ∆τ = t19 − t5 (ջკ 3.1ύԪՅ୔༧)Ƕӧ∆τ ය໔வಒझ iᢀ測ډ的೯

၉཮ࢂΠΟᅿࠠᄊ的΋ᅿ:

• ཥ೯၉ (new call)ࢂଆۈ於 ∆τ ύ的೯၉ǹٯӵӧკ 3.1ύ的ਔ໔ᗺ t10 ၲډ UE 6

的೯၉کਔ໔ᗺ t11ၲډ UE 3的೯၉Ƕ

• ςӸӧ的೯၉ (existing call)ࢂӧ ∆τ ໒߻ۈ൩ς࿶ೱௗډಒझ i的೯၉ǹٯӵ UE

1的೯၉ǴԜ೯電၉ӧ ∆τ 的ਔ໔ᗺ߻ t4 ൩ၲډ UE 1ǴԜਔ UE 1ς࿶ࡑӧಒझ
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iǹඤѡ၉ᇥǴUE 1ӧ t5߻൩ၲډಒझ iǴ೯၉ӧ t4 < t5໒ۈǴ٠Ъϝฅ຾行๱Ƕ

• Ҭሀ೯၉ (handover call)ࡰࢂவ΋ঁಒझᙯඤډќ΋ঁಒझ的೯၉ǹٯӵ UE 2ӧ

ਔ໔ t6วғҬሀǵUE 4ӧਔ໔ t9วғҬሀک UE 5ӧਔ໔ t12วғҬሀǶ

vv v

time
v v v

კ 3.1: Ћᐒ౽動ک೯၉ၲܢ的ਔ໔კ ( △: ΋ঁЋᐒ౽動Կಒझ iǴN: ΋ঁЋᐒᚆ໒ಒ
झ iǴ◦: ΋೯電၉ၲډǴ•: ΋೯電၉่״Ǵ�: ∆τ )

Ҕ α(τ)ǵβ(τ)ک γ(τ)ϩձ߄Ңཥ೯၉ǵςӸӧ的೯၉کҬሀ೯၉ӧ ∆τ ύࡑӧಒझ i

的ঁኧǶӧკ 3.1ύǴα(τ) = 2 (ջࡰࢂӧ t10ک t11ၲډ的電၉)Ǵβ(τ) = 1 (ջࡰࢂ t4ډ
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ၲ的電၉)Ǵγ(τ) = 3 (ջࡰࢂวғӧ t6ǵt9 ک t12 的Ҭሀ)ǶҔ λ߄Ң೯၉ၲډ速౗ (call

arrival rate)ǶܴࡐᡉӦޕၰ

E[α(τ)] = λ∆τ (3.2)

Ҕ tm Ңѳ֡ॶ߄ (mean)ࣁ
1

η
的ᒿᐒᡂኧǴtc ࣁҢѳ֡ॶ߄

1

µ
的ᒿᐒᡂኧǶך߾ॺё

аளډаΠ٣ჴ (facts)Ƕ

Fact 1. ଷ೛ tc ኧϩթࡰࢂ (exponential distribution)Ƕଷ೛ tm Ԗ΋ঁҺ΋ᒿᐒஏڄࡋኧ

(arbitrary density function) fm(tm)Ǵځ速౗ࣁ ηǶଷ೛ਔ໔୔ࢤ∆τ ΋ঁҺཀᒿᐒࢂ

ϩթ (arbitrary distribution)Ǵځѳ֡ॶࣁ
1

δ
Ǵ߾ E[β(τ)] =

λ

µ
ǴE[γ(τ)] =

λη

δµ
Ƕ

Proof: Եቾਔ໔୔ࢤ ∆τ 的ଆۈᗺǶҔԜਔ໔ᗺᢀჸಒझ iύ的೯၉行ࣁǶςӸӧ೯၉

的යఈঁኧ E[β(τ)]཮ک E[α(τ)]Ϸයఈ೯၉ߥ੮ਔ໔
1

µ
ԋ҅Кٯᜢ߯Ǵ٠Ъک

යఈਔ໔୔ࡋߏࢤ E[∆τ ]ԋϸКٯᜢ߯ǶӢԜǴךॺёа߄Ң E[β(τ)]ӵ

E[β(τ)] =
E[α(τ)](1/µ)

E[∆τ ]
=

λ

µ
(3.3)

ᢀ΢Ǵଷӵޔ
1

µ
< E[∆τ ]Ǵ߾

1

µE[∆τ ]
ӧࢂ ∆τ ύࣁςӸӧ೯၉的ᐒ౗Ƕ於ࢂς

Ӹӧ೯၉的ᕴኧ量 E[β(τ)]ࢂ E[α(τ)]४а
1

µE[∆τ ]
Ǵ่݀ӵБำԄ (3.3)Ƕ

ܴᡉӦǴE[γ(τ)]ёа߄Ңࣁ E[α(τ)]४а΋೯電၉的ѳ֡ҬሀԛኧǶҗ於ࡰኧϩ

թ的ѨᏫ (memoryless)੝܄ǴҬሀ೯၉的ഭᎩ೯၉ߥ੮ਔ໔ (residual call holding

timeǹջࢂკ 3.1ύ的 τc = t15− t13)Ψ཮ࡰࢂኧϩթǴځѳ֡ॶࣁ
1

µ
Ƕᡣ tm的ϩթ

ኧڄ (distribution function)ࣁ Fm(tm)ǶᡣഭᎩಒझଶ੮ਔ໔ (residual cell residence

time)ࣁ τm (ջࢂკ 3.1ύ的 τm = t13−t11)ǶਥᏵഭᎩਔ໔౛ፕ (residual life theorem)

[14]Ǵτm 的ஏڄࡋኧ (density function)ࣁ
1− Fm(tm)

(1/η)
= [1 − Fm(tm)]ηǶ໪ाݙཀ

的ࢂǴ量測ډ的 tc ೏ᆀࣁၮଌ೯၉ߥ੮ਔ໔ǶӢԜǴଷӵ΋ঁҬሀวғǴӧཥ的

ಒझ཮Ԗ΋ঁёҔ的คጕ電೯ၰǴ٠ЪҬሀᕴࢂԋфǶۓက Pi ΋ཥ೯၉ӧҬࣁ

ሀ iԛ״่ࡕ೯၉的ᐒ౗Ƕۓက q1 = Pr[tc > τm]ࣁ΋ঁཥ೯၉วғҬሀ的ᐒ౗Ǵ

٠Ъۓက q2 = Pr[τc > tm]ࣁ΋ঁ೯၉ӧම࿶Ҭሀ的௃ݩΠวғҬሀ的ᐒ౗Ƕᡣ

Pi = q1q
i−1
2 (1− q2)Ǵځύ i ≥ 1Ƕ於ࢂ΋೯電၉的ѳ֡Ҭሀԛኧёа߄Ңࣁ

∞∑
i=1

iPi =
∞∑
i=1

iq1q
i−1
2 (1− q2) =

q1
1− q2

(3.4)
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ӧБำԄ (3.4)ύǴᐒ౗ q1的௢ᏤӵΠ

q1 = Pr[tc > τm] =

∫ ∞

τm=0

∫ ∞

tc=τm

µe−µtc [1− Fm(τm)]ηdtcdτm

=

∫ ∞

τm=0

e−µτm [1− Fm(τm)]ηdτm (3.5)

Զ 1− q2ёа߄Ңࣁ

1− q2 = Pr[τc < tm] =

∫ ∞

τc=0

∫ ∞

tm=τc

µe−µτcfm(tm)dtmdτc

=

∫ ∞

τc=0

µe−µτc [1− Fm(τc)]dτc

=

(
µ

η

)
q1 (3.6)

࿶җБำԄ ک(3.5) (3.6)ёаޕၰǴ΋೯電၉的ѳ֡Ҭሀԛኧࣁ
q1

1− q2
=

η

µ
Ǵ߾

E[γ(τ)]ёа௢ᏤӵΠ

E[γ(τ)] = E[α(τ)]

(
η

µ

)
=

λη

δµ
(3.7)

БำԄ 3.2ǵ3.3ک 3.7ёҗவߕᒵ A的Бٰݤᡍ᛾҅ځዴ܄Ƕ٠வа΢的᛾ܴёа

ளޕǴE[α(τ)]ǵE[β(τ)]ک E[γ(τ)]的௢Ꮴᆶ ∆τ 的ϩթࢂᐱҥ的Ƕ

Fact 2. ଷ೛ tcک∆τ ೿ࡰࢂኧϩթǴѳ֡ॶϩձࣁ
1

µ
ک

1

δ
Ǵ٠Ъ tmԖ΋ঁҺཀᒿᐒஏ

ኧڄࡋ fm(tm)Ǵځ速౗ࣁ ηǶ於ࢂ E[ρ(τ)] =
λ

δµ
Ƕ

Proof: ӵӕ Fact 1ύ的ۓကǴҔ τc Ң߄ tc 的ഭᎩਔ໔Ǵτm Ң߄ tm 的ഭᎩਔ໔Ƕჹ於

ಒझ i的ਔ໔୔ࢤ ∆τǴρ(τ)ࢂҗཥ೯၉ǵςӸӧ೯၉کҬሀ೯၉的ፋ၉ਔ໔܌ଅ

᝘ǶԵቾკ 3.1ਔ໔୔ࢤ ∆τ ύ UE 3的ཥ೯၉ǶԜ೯၉ӧਔ໔ᗺ t11ၲډǴځ೯၉

ਔ໔ tc = t15 − t11Ƕӧਔ໔ᗺ t11ǴUE 3的ഭᎩಒझଶ੮ਔ໔ࣁ τm = t13 − t11Ƕҗ

於೯၉ၲډ的௃ࣁݩΝ݊ၸำ (Poisson Process)Ǵਔ໔ᗺ t11ࣁ UE 3ಒझଶ੮ਔ໔

的ᒿᐒᢀჸޣ (random observer)Ƕਔ໔ᗺ t11 Ψӕࢂ ∆τ 的ᒿᐒᢀჸޣǶவഭᎩਔ

໔౛ፕࡰکኧϩթ的ѨᏫ੝܄ёޕǴਔ໔ᗺ t11ᢀჸډ的 ∆τ ഭᎩਔ໔ ∆τnǴΨ཮

ࣁѳ֡ॶځኧϩթǴࡰࢂ
1

δ
ǶӢԜǴԜཥ೯၉ӧ ∆τ ύ的යఈ೯၉ਔ໔ E[ρn(τ)]
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ࣁ

E[ρn(τ)] = E[min(tc, τm,∆τn)]

= E[min(min(tc,∆τn), τm)] (3.8)

ܴᡉӦǴᒿᐒᡂኧ xn = min(tc,∆τn)ࡰࢂኧϩթǴځ速౗ࣁ µ + δǶᡣ fm(tm)的

ࣁථᙯඤ܎ද܎ f ∗
m(tm)Ƕவߕᒵ Bύ的௢ᏤǴБำԄ (3.8)ё೏ׯቪࣁ

E[ρn(τ)] = E[min(xn, τm)]

=
1

µ+ δ
−
[

η

(µ+ δ)2

]
[1− f ∗

m(µ+ δ)] (3.9)

ௗ๱Եቾკ 3.1ӧ ∆τ ύ UE 1的ςӸӧ೯၉ǶԜ೯၉ӧਔ໔ᗺ t4 Ƕӧਔ໔ᗺၲډ

t5ǴഭᎩ೯၉ߥ੮ਔ໔ࣁ τc = t16 − t5ǴഭᎩಒझଶ੮ਔ໔ࣁ τm = t18 − t5Ƕҗ於

t5 ё೏ຎࣁ UE 1的೯၉ߥ੮ਔ໔ tc 的ᒿᐒᢀჸޣǴӢԜ τc ΨࡰࣁኧϩթǴځѳ

֡ॶࣁ
1

µ
Ƕ於ࢂԜςӸӧ೯၉ӧ ∆τ ύ的යఈ೯၉ਔ໔ࣁ

E[ρe(τ)] = E[min(τc, τm,∆τ)]

җ於 τcک ∆τ ࣁኧϩթǴ速౗ϩձࡰࢂࣣ µک δǴE[ρe(τ)]ё߄ҢࣁБำԄ (3.9)ǹ

ඤѡ၉ᇥǴE[ρe(τ)] = E[ρn(τ)]Ƕ

നࡕԵቾკ 3.1ӧ ∆τ ύ UE 4 的Ҭሀ೯၉ǶԜ٬Ҕޣӧਔ໔ᗺ t9 ౽Կಒझ iǴ

ࣁಒझଶ੮ਔ໔ځ tm = t17 − t9Ƕӧਔ໔ᗺ t9ǴԜ೯၉的ഭᎩ೯၉ߥ੮ਔ໔ࣁ

τc = t14 − t9Ƕҗ於 t9 ё೏ຎࣁ UE 4೯၉ߥ੮ਔ໔ tc 的ᒿᐒᢀჸޣǴtc ኧϩࡰࣁ

թǴځѳ֡ॶࣁ
1

µ
Ǵτc ک߾ tc Ԗ΋ኬ的ϩթǶਔ໔ᗺ t9 Ψࢂ ∆τ 的ᒿᐒᢀჸޣǴ

வਔ໔ᗺ߾ t9 ᢀჸ ∆τ 的ഭᎩਔ໔ ∆τh Ψ཮ࡰࢂኧϩթǴځѳ֡ॶࣁ
1

δ
ǶӢԜǴ

ԜҬሀ೯၉ӧ ∆τ ύ的යఈ೯၉ਔ໔ E[ρh(τ)]ࣁ

E[ρh(τ)] = E[min(τc, tm,∆τh)]

= E[min(min(τc,∆τh), tm)] (3.10)

ᡂኧ xh ё߄Ңࣁ xh = min(τc,∆τh)Ƕଷ೛ࡰࣁځኧϩթǴ速౗ࣁ µ + δǶ於کࢂ
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БำԄ (3.9)的௢Ꮴᜪ՟ǴБำԄ (3.10)ё೏ख़ཥׯቪࣁ

E[ρh(τ)] = E[min(xh, tm)] =

(
1

µ+ δ

)
[1− f ∗

m(µ+ δ)] (3.11)

࿶җБำԄ (3.2)ǵ(3.9)ǵ(3.11)ک Fact 1ǴE[ρ(τ)]ё߄Ңࣁ

E[ρ(τ)] = E[α(τ)]E[ρn(τ)] + E[β(τ)]E[ρe(τ)] + E[γ(τ)]E[ρh(τ)]

= (E[α(τ)] + E[β(τ)])

{
1

µ+ δ
−
[

η

(µ+ δ)2

]
[1− f ∗

m(µ+ δ)]

}
+E[γ(τ)]

{(
1

µ+ δ

)
[1− f ∗

m(µ+ δ)]

}
=

λ

δµ

Fact 3. ଷ೛ ∆τ ॶۓڰ΋ࣁ
1

δ
Ƕଷӵ೯၉ߥ੮ਔ໔ tc ಒझଶ੮ਔ໔ک tm ኧϩࡰࢂࣣ

թǴ߾ E[ρ(τ)] =
λ

δµ
Ƕ

Proof: ӵӕ Fact 2的᛾ܴǴρ(τ)ࢂҗཥ೯၉ǵςӸӧ೯၉کҬሀ೯၉܌ଅ᝘Ƕཥ೯၉ӧ

∆τ ύ的යఈ೯၉ਔ໔ E[ρn(τ)]ࣁ

E[ρn(τ)] = E[min(yn,∆τn)]

= E[min(min(tc, τm),∆τn)] (3.12)

БำԄک่݀ځ (3.8) ΋ኬǴନΑ ∆τn ӧࢂ

[
0,

1

δ

]
୔໔的֡ϬϩѲ (uniform

distribution)Ǵځஏڄࡋኧࣁ δǶҗ於 tc ک τm ࣁኧϩթǴ速౗ϩձࡰࣁࣣ µک ηǴ

ӢԜᒿᐒᡂኧ yn = min(tc, τm)ࡰࢂኧϩթǴځ速౗ࣁ µ + ηǴԶБำԄ (3.12)ё

೏ׯቪࣁ

E[ρn(τ)] =

∫ 1
δ

∆τn=0

∫ ∆τn

yn=0

δyn(µ+ η)e−(µ+η)yndynd∆τn

+

∫ 1
δ

∆τn=0

∫ ∞

yn=∆τn

δ∆τn(µ+ η)e−(µ+η)yndynd∆τn

=

(
1

µ+ η

)[
1− δ

µ+ η
+

δe−(
µ+η
δ )

µ+ η

]
(3.13)
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ௗ๱Եቾӧ ∆τ ύҬሀ೯၉的යఈ೯၉ਔ໔ E[ρh(τ)]ࣁ

E[ρh(τ)] = E[min(τc, tm,∆τh)] (3.14)

τcک tmࣣࡰࢂኧϩթǴ速౗ϩձࣁ µک ηǴԶ ∆τhࢂӧ

[
0,

1

δ

]
୔໔的֡ϬϩѲǶ

ӢԜБำԄ (3.14)的߄ҢکБำԄ (3.12)࣬ӕǹඤѡ၉ᇥǴE[ρh(τ)] = E[ρn(τ)]Ƕ

ςӸӧ೯၉ӧ ∆τ ύ的යఈ೯၉ਔ໔ E[ρe(τ)]ࣁ

E[ρe(τ)] = E

[
min

(
ye,

1

δ

)]
= E

[
min

(
min(τc, τm),

1

δ

)]
(3.15)

ύځ ye = min(τc, τm)ࡰࣁኧϩթǴ速౗ࣁ µ+ ηǴБำԄ (3.15)ё೏ׯቪࣁ

E[ρe(τ)] =

∫ 1
δ

ye=0

ye(µ+ η)e−(µ+η)yedye +

∫ ∞

ye=
1
δ

(
1

δ

)
(µ+ η)e−(µ+η)yedye

=

(
1

µ+ η

)
[1− e−(

µ+η
δ )] (3.16)

࿶җБำԄ (3.2)ǵ(3.13)ǵ(3.16)ک Fact 1ёޕǴE[ρ(τ)]ёа߄Ңࣁ

E[ρ(τ)] = E[α(τ)]E[ρn(τ)] + E[β(τ)]E[ρe(τ)] + E[γ(τ)]E[ρh(τ)]

= (E[α(τ)] + E[γ(τ)])

(
1

µ+ η

)[
1− δ

µ+ η
+

δe−(
µ+η
δ )

µ+ η

]

+E[β(τ)]

(
1

µ+ η

)[
1− e−(

µ+η
δ )

]
=

λ

δµ

Fact 4. ଷ೛∆τǵtcک tm೿ࢂҺཀϩթǴѳ֡ॶϩձࣁ
1

δ
ǵ

1

µ
ک

1

η
Ƕ於ࢂE[γ(τ)] ≈ λη

δµ
Ƕ

Proof: Եቾ΋ঁߏࡐ的ᢀჸਔ໔୔ࢤ t≫ 1

δ
ǵ

1

µ
Ƕᡣ t∗ࣁӧਔ໔୔ࢤ tය໔Ǵ΋ঁ٬Ҕ

ӧࢂ೏೯၉՞Ᏽ的ਔ໔Ƕ於ޣ tਔ໔ύ཮Ԗ

⌈
t∗

(1/µ)

⌉
= ⌈µt∗⌉ঁ೯၉ၲډǶ໪ाݙ

ཀ的ࢂǴ٬Ҕޣӧਔ໔୔ࢤ tύ೏යఈၠຫಒझ

⌊
t

(1/η)

⌋
ԛǴԶӧ೭٤ၠຫύǴ

Ԗ

⌊
t∗

(1/η)

⌋
ԛࢂวғӧ೯၉ύǶӢԜǴҬሀ的ԛኧࣁ

⌊
t∗

(1/η)

⌋
= ⌊ηt∗⌋Ǵ٠Ъ΋೯
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電၉的ѳ֡Ҭሀԛኧࣁ E[n1] =
⌊ηt∗⌋
⌈µt∗⌉

ǶܴᡉӦǴlimt∗→∞ E[n1] =
η

µ
ǴӢԜଷӵ t

ਔ໔ࡋߏ୼ߏǴךॺёаளډ

E[γ(τ)] = E[α(τ)]E[n1] ≈
λη

δµ
(3.17)

Fact 5. ଷ೛∆τ =
1

δ
ॶǴ٠Ъۓ΋ࣁ tcک tm೿ࢂҺཀϩթǴѳ֡ॶϩձࣁ

1

µ
ک

1

η
Ƕᡣ

tࣁᢀჸ୔ࢤǶ於ࢂ limt→∞ E[ρ(τ)] =
λ

δµ
Ƕ

Proof: ॺଷ೛Ћᐒӧך n2 ঁಒझύ౽動Ǵӧਔ໔୔ࢤ t ≫ n2

δ
,
n2

µ
ύᢀჸдॺ的行ࣁǶ

җ於೭٤Ћᐒ೿ό཮ᚆ໒೭ n2 ঁಒझǴ೭٤೯၉的Ҭሀک tm 的ϩթࣣό཮ቹៜ

೯၉ਔ໔的಍ीǶӧਔ໔ tය໔཮Ԗ ⌈λtn2⌉ঁ೯၉ၲډ೭ n2ঁಒझǶӧ೭٤೯၉

ύǴԖ٤೯၉཮ӧਔ໔୔ࢤ t߻൩ς࿶໒ۈǴ೭٤೿ό཮ᆉΕ಍ीၗ਑ ࣁॺᆀך)

ቹៜǹinitialۈ߃ effect)ǶᗋԖ΋٤೏಍ी的೯၉Ǵӧਔ໔୔ࢤ t่״ਔᗋό཮ֹ

ԋ೯၉ ಖᆄቹៜǹendࣁॺᆀך) effect)Ƕᡣ tc,iࣁಃ iঁ೯၉的೯၉ߥ੮ਔ໔Ǵ٠

Ъ fc(tc,i)ࣁಃ iঁ೯၉的೯၉ߥ੮ਔ໔的ஏڄࡋኧǴځ速౗ࣁ µǶ於ࢂӧਔ໔ t

ය໔Ǵ೭ n2ঁಒझ܌量測ډ的೯၉ਔ໔ θ߈՟ࣁ

θ =

⌈λtn2⌉∑
i=1

∫ ∞

tc,i=0

tc,ifc(tc,i)dtc,i =
⌈λtn2⌉

µ

ᕴӅ཮Ԗ n2

⌈
t

(1/δ)

⌉
= ⌈n2tδ⌉ঁਔ໔୔ࢤǶҗ於 E[ρ(τ)]ࣁӧ∆τ ය໔ಒझ i的ය

ఈ೯၉ਔ໔ǴԜॶё߈՟ࣁ E[ρ(τ)] ≈ θ

⌈n2tδ⌉
Ƕଷӵ tᡂεǴۈ߃߾ቹៜϷಖᆄቹ

ៜ཮ᡂள༾όىၰǴ٠Ъ

lim
t→∞

E[ρ(τ)] =
λ

δµ
(3.18)

໪ाݙཀ的ࢂǴFact 5的่ፕ཮ᆶ Fact ک2 Fact 3࣬ӕǶ೭٤่ፕکԸਟБำԄ (Erlang

equation)΋ठǴԜБำԄۓက؂ϩដ的ࢬ量ࣁ
λ

µ
ǶӢԜǴӧਔ໔୔ࢤ∆τ 的ࢬ量ࣁ

λ

δµ
Ƕ

Fact 6. ଷ೛ tc ک tm ࣁҺཀϩթǴѳ֡ॶϩձࢂࣣ
1

µ
ک

1

η
Ƕଷӵਔ໔୔ࢤ ∆τ =

1

δ
ࣁ

΋ۓॶǴ٠Ъךॺӧ΋ߏਔ໔ tᢀჸ೯၉的行ࣁǴ於ࢂ btm(t
∗
m(τ)) =

µδ

λη2
Ƕ

Proof: ଷ೛ךॺӧ΋ߏਔ໔ t→∞ᢀჸ೯၉的行ࣁǶҗ於 LCHБݤ的量測೿ӧ ∆τ ύ
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຾行ǴவБำԄ ک(3.17) (3.18)ёޕǴଷӵ
1

δ
ᖿ߈於คज़εǴ߾E[γ(τ)]کE[ρ(τ)]

ࣣ཮ᖿ߈คज़εǴ٠ЪБำԄ (2.4)൩คݤҔٰीᆉ t∗m(τ)ǶࣁΑှ،ԜୢᚒǴᡣ

c1 =
E[ρ(τ)]

(1/δ)
=

λ

µ
٠Ъ c2 =

E[γ(τ)]

(1/δ)
=

λη

µ
Ƕ於ךࢂॺёаׯቪБำԄ Ԅڄࣁ(2.4)

f(r, s)Ǵ٬ள

t∗m(τ) = f(r, s)|r=c1,s=c2 =
(r
s

)∣∣∣
r=c1,s=c2

(3.19)

ΑीᆉБำԄࣁ (3.19)Ǵךॺ٬Ҕੀୌ৖໒Ԅ (Taylor series)ၳڄ߈Ԅ f(r, s)ӧ০

኱ᗺ (c1, c2)的ኧॶǴځॶࣁ

f(r, s) = f(c1, c2) +

[
∂f(r, s)

∂r

∣∣∣∣
r=c1,s=c2

]
(r − c1)

+

[
∂f(r, s)

∂s

∣∣∣∣
r=c1,s=c2

]
(s− c2) +

(
1

2

)[
∂2f(r, s)

∂r2

∣∣∣∣
r=c1,s=c2

]
(r − c1)

2

+

[
∂

∂s

(
∂f(r, s)

∂r

)∣∣∣∣
r=c1,s=c2

]
(r − c1)(s− c2)

+

(
1

2

)[
∂2f(r, s)

∂s2

∣∣∣∣
r=c1,s=c2

]
(s− c2)

2 + · · · (3.20)

җ於ךॺԵቾڄԄ f(r, s) ӧ০኱ᗺ (c1, c2) 的ኧॶǴ٠Ъයఈॶ E[r] = c1 ک

E[s] = c2Ǵךॺёаளډ

E[r − c1] = 0, E[s− c2] = 0аϷE[(r − c1)(s− c2)] = 0 (3.21)

٠ЪǴவБำԄ (3.19)ёޕ

∂2f(r, s)

∂r2

∣∣∣∣
r=c1,s=c2

= 0аϷ
∂2f(r, s)

∂s2

∣∣∣∣
r=c1,s=c2

=
2c1
c32

(3.22)

࿶җБำԄ ک(3.21) (3.22)ǴБำԄ (3.20)的යఈॶёаඔॊࣁ

E[f(r, s)] = f(c1, c2) +

(
1

2

)[
∂2f(r, s)

∂s2

∣∣∣∣
r=c1,s=c2

]
E[(s− c2)

2]

=
c1
c2

+

(
c1
c32

)
E[(s− c2)

2]

=
1

η
+

(
µ2

λ2η3

)
E[(s− c2)

2] (3.23)
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ӧБำԄ (3.23)ύǴE[(s− c2)
2] = V ar

[
γ(τ)

(1/δ)

]
= δ2V ar[γ(τ)]ǶவБำԄ (3.7)ё

Ν݊ᒿᐒᡂኧࣁǴγ(τ)ޕ (Poisson random variable)Ǵځѳ֡ॶࣁ E[γ(τ)] =
λη

δµ
٠

Ъځᡂ౦ኧ (variance)ࣁ V ar[γ(τ)] =
λη

δµ
ǶӢԜǴБำԄ (3.23)ё೏ׯቪࣁ

E[f(r, s)] =
1

η
+

(
µ2

λ2η3

)
V ar

 γ(τ)(
1

δ

)


=
1

η
+

µδ

λη2
(3.24)

җ於 tmځѳ֡ॶࣁ
1

η
ǴவБำԄ ک(3.1) (3.24)ёޕǴbtm(t

∗
m(τ))ࣁ

btm(t
∗
m(τ)) = E[t∗m(τ)]− E[tm] =

[
1

η
+

µδ

λη2

]
− 1

η
=

µδ

λη2
(3.25)

БำԄ рࡰ(3.25) LCHБݤӧ೯၉ߥ੮ਔ໔ߏ (ջ µॶλ)ǵ∆τ ਔ໔ߏ (ջ δ ॶ

λ)ǵ೯၉ၲډ速౗ λεǴࢂ܈ಒझଶ੮ਔ໔อ (ջ ηॶε)ਔԖКၨӳ的ྗዴ܄ǶӢࣁ

車፶೯தК行ΓԖၨอ的ಒझଶ੮ਔ໔ (ջၨז的速ࡋ)ǴБำԄ рࡰ(3.25) LCHБݤ

ӧ車速՗ी΢ǴК΋૓х֖行Γ的ಒझଶ੮ਔ໔՗ीБݤԖၨଯ的ྗዴ܄Ƕ
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ಃѤക ೌמ之܄๓車速ຑ՗ྗዴׯ

Ԝക࿯ඔॊ൳ঁ຾΋ׯ؁๓БำԄ (2.5)車速՗ीྗዴ܄的ೌמǶךॺ२Ӄϟಏٿ

ঁᑔᒧೌמǴҔٰ௨ନόӧҞ኱ၰ路΢的ЋᐒǶௗ๱ךॺඔॊံঁٿᓭೌמǴаᅅఏᆉ

ݤ (leaky-bucket)᏾ӝ฼ౣ [16]ٰቚуᢀჸ的೯၉ঁኧǶ

ଷӵಒझ i (კ 4.1(a)ύ的 1⃝)཮ᙟᇂҞ኱ၰ路之Ѧ的୔ୱ (ӵკ 4.1(a)ύ的 ک2⃝ 3⃝)Ǵ

೭٤όӧҞ኱ၰ路΢的ЋᐒǴдॺ的೯၉行ࣁΨ཮х֖ӧ γ(τ)ک ρ(τ)ύǶ೭٤೯၉行

཮फ़եБำԄࣁ (2.5)的ྗዴ܄ǶࣁΑှ،ԜୢᚒǴךॺ२Ӄϟಏ行動電信網路ύ的኱

ྗՏ࿼׳ཥ (location update)ำׇǴௗ๱৖ҢךॺӵՖவಒझ iύϩᒣрҞ኱ၰ路΢的

ЋᐒǶӧ行動電信網路ύǴ΋ဂಒझ཮ಔԋՏ࿼୔ୱ (Location AreasǹLAsǹٯӵ LA j

х֖ಒझ i− ಒझک1 iǹջࢂკ 4.1(a)ύ的 4⃝)Ƕ྽΋ঁЋᐒ (კ 4.1(a)ύ的 5⃝)வচٰ的

LA౽動Կќ΋ঁ LAǴЋᐒ཮୺行Տ࿼׳ཥำׇǴ֋ޕMSCཥ的 LA [11, 15]ǶՏ࿼׳

ཥૻ৲཮வ BS೸ၸ MSC໺ሀډ行動ၗ਑৤ (੝ձࢂ Visitor Location RegisterǹVLR)Ƕ

基於Տ࿼׳ཥำׇǴךॺගраΠٰೌמϩᒣрҞ኱ၰ路΢的Ћᐒ:

ၸᘠೌמ 1. ჹ於؂ঁӧಒझ iԖ೯၉行ࣁ的ЋᐒǴ྽೭٤Ћᐒ຾Εಒझ i܌ឦ的 LA

ਔǴᡣಒझ AࣁЋᐒ୺行Տ࿼׳ཥ的ӦБǴ٠Ъ྽೭٤Ћᐒᚆ໒ಒझ i܌ឦ的 LA

ਔǴᡣಒझ B ཥ的ӦБǶଷ೛ಒझ׳Ћᐒ୺行ќ΋ঁՏ࿼ࣁ Aکಒझ B ࣣᙟᇂ

Ҟ኱ၰ路Ǵ߾೭٤Ћᐒ൩཮೏ᒣᇡࣁӧҞ኱ၰ路΢౽動Ƕ

ᖐٰٯᇥǴ྽Ћᐒவ LA j − 1࿶җ LA j ౽動Կ LA j + 1 (ӵკ 4.1(a)ύ 5⃝)Ǵ΋ঁՏ࿼

ཥ཮วғӧ׳ LA j ύ的ಒझ i− 1 (ջࢂಒझ A)Ǵќ΋ঁՏ࿼׳ཥ཮วғӧ LA j + 1ύ

的ಒझ i+1 (ջࢂಒझ B)ǶӢࣁಒझ i− ک1 i+1ࣣ཮ᙟᇂӧҞ኱ၰ路΢ǴЋᐒ൩ёа

೏ϩᒣࣁӧҞ኱ၰ路行Ꭽ的車፶Ƕ

ਥᏵಖᗺ的όӕǴԖ٤車፶཮ӧಒझ i܌ឦ的 LAύଶЗǴޣ܈வҞ኱ၰ路ᙯځډ

дၰ路 (ӵკ 4.1(b)ύ 1⃝)Ƕ೭٤Ћᐒ൩ό཮೏ၸᘠచҹ 1ϩᒣрٰǴՠࢂёа೏аΠ的

:ୀ測рٰೌמ
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చၰ路ǴՠؒԖᚆ໒ಒझ܌ឦ的
Տ࿼୔ୱ (Location AreaǹLA)

კ 4.1: 的௃ნ܄ᅿቹៜ車速՗ीྗዴٿ
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ၸᘠೌמ 2. ჹ於؂ঁӧಒझ iԖ೯၉行ࣁ的ЋᐒǴଷ೛Ћᐒ的ಒझҬሀ໩ׇх֖ΑԿ

ϿΟঁᙟᇂӧҞ኱ၰ路的ಒझǴЋᐒ൩ёа೏ᒣᇡࣁӧҞ኱ၰ路΢౽動Ƕ

ӧკ 4.1(b)ύǴଷ೛Ћᐒ的ಒझҬሀ໩ׇх֖ಒझ {i− 2, i− 1, i}ǵಒझ {i− 1, i, i+ 1}

ಒझ܈ {i, i+ 1, i+ 2}Ǵ߾Ћᐒ൩ёа೏ᒣᇡࣁӧҞ኱ၰ路΢Ƕ

ೌמॺ٬Ҕ೏ၸᘠך ܈1 2ᒣᇡрٰ的Ћᐒӧಒझ i的Ҭሀၗૻک೯၉ߥ੮ਔ໔ी

ᆉҞ኱ၰ路的 γ(τ)ک ρ(τ)Ƕ於ࢂҞ኱ၰ路的ѳ֡速ࡋёҗБำԄ (2.5)ीᆉрٰǶ

ᗨฅ೭ঁٿၸᘠೌמёԖਏ的௨ନόӧҞ኱ၰ路΢的ЋᐒǴՠࢂΨ཮फ़եᢀჸ೯

၉的ኧ量ǶܴᡉӦǴଷӵӧ ∆τ ύᢀჸډ的೯၉ࡐϿǴ߾ኬҁ൩όૈϸࢀрჴሞҞ኱ၰ

路的車速ǶࣁΑှ،ԜୢᚒǴךॺԵቾ基於ᅅఏᆉݤ᏾ӝ฼ౣ的ᇻᐕў (far-history)ک

ᐕў߈ (near-history)ံᓭೌמǶᇻᐕўံᓭ٬ೌמҔၸѐኧຼӧӕ΋Ϻӕ΋ঁ ∆τ 的಍

ीၗ਑ǴҔٰံᓭᢀჸ೯၉的ኧ量Ƕӧၸѐኧຼӕ΋Ϻ的Ҭ೯ኳԄ೯தࢂᜪ՟的Ǵٯӵ

೭ࢃය΋的Ҭ೯ኳԄک΢ࢃය΋ࢂᜪ՟的Ƕჹ於ਔ໔୔ࢤ ∆τǴᡣ ∆τk ಃ߈ӧനࣁ kຼ

ӕ΋Ϻ的ӕ΋ঁਔ໔୔ࢤǴ٠Ъᡣ ∆τ0 = ∆τǶᖐٰٯᇥǴଷӵ ∆τ ය΋的ਔ໔ࢃ೭ࣁ

୔ࢤǴ߾ ∆τ1ࣁ΢ࢃය΋的ӕ΋ਔ໔୔ࢤǶᇻᐕўံᓭೌמ཮ߥ᛾ԿϿҔ KhঁҬሀኬ

ҁीᆉ v(τ)Ƕ၁ಒϣ৒ඔॊӵΠ

ᇻᐕўံᓭೌמ. ӧߐᘖॶࣁKh的Ҟ኱ၰ路ѳ֡速ࡋёीᆉӵΠ

v(τ) =
x
[∑K

k=0 γ(τk)
]

∑K
k=0 ρ(τk)

where K = min

{
N :

N∑
n=0

γ(τn) ≥ Kh

}
(4.1)

ॶளݙཀ的ࢂǴଷӵ γ(τ)ؒԖϿ於 KhǴБำԄ (4.1)的߄ҢکБำԄ (2.5)࣬ӕ (ջࢂ

ؒԖ٬Ҕᐕўၗ਑)Ƕ

Ӣࣁ MSCӧ؂ঁ ∆tύԏ໣ ρ(τ)ک γ(τ)ǴԖ٤೯၉཮ၠၸਔ໔୔ࢤ ӵςӸӧٯ)

೯၉)Ƕ೭٤ၠຫਔ໔୔ࢤ的೯၉཮ӧೱុ的ਔ໔୔ࢤ೷ԋόѳྖቹៜǶଷӵೱុਔ໔

୔ࢤ的Ҭ೯ኳԄؒԖᡉ๱的ׯᡂǴᅅఏᆉݤ฼ౣёаѳྖ่݀ǶᏃᆅӵԜǴଷӵೱុਔ

໔୔ࢤύ車速Ԗᡉ๱的ᡂϯ ᘖॶߐ的車速ৡຯε於ࢤਔ໔୔ঁٿӵٯ) Vs)Ǵ߾Ԝೌמ

൩ό၀٬ҔǶ၁ಒϣ৒ඔॊӵΠǶ
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.ೌמᐕўံᓭ߈ Ҟ኱ၰ路ѳ֡速ࡋёीᆉӵΠ

v(τ)←

 Wv(τ) + (1−W )v(τ −∆t), for |v(τ)− v(τ −∆t)| < Vs

v(τ), for |v(τ)− v(τ −∆t)| ≥ Vs

(4.2)

ύځ 0 ≤ W ≤ ៾ख़߯ኧࣁ1 (weighting factor)Ǵv(τ −∆t)߻ࣁ΋ঁਔ໔୔ࢤ ∆τ

的車速Ǵ٠Ъ Vsࣁୀ測Ҭ೯ኳԄᡉ๱ׯᡂ的ߐᘖॶǶ

ӧБำԄ (4.2)ύǴ΋ঁၨε的W ኧॶ߄Ңၸѐ的車速 v(τ −∆t)ჹ於౜ӧ的車速 v(τ)

Ԗၨλ的ቹៜǶ
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ಃϖക ኧᏵϩ݋

ӧҁക࿯ύǴךॺע LCHБݤीᆉ的車速ᆶ VDБݤ量測的車速଺КၨǶךॺς

࿶ڗளѠ᡼ਲ༜ᑜᓪ዇ໂ୯ၰΟဦ (კ 5.1ύ的 a⃝)的車速ၗ਑Ƕ೭٤車速ၗ਑ࢂѠ᡼Ҭ

೯೽ϦթǴҗଯ速Ϧ路 66 kmೀ的 VD (კ 5.1ύ的 b⃝)量測ԶٰǶ࿶җᓪ዇ໂ的 BS (ε

ऊӧଯ速Ϧ路 66.8 kmೀǴຯᚆ VDऊ 800ϦЁǹკ 5.1ύ的 c⃝)ǴךॺճҔ LCHБݤǵ

ၸᘠೌמ ک1 2аϷᇻᐕў߈کᐕўံᓭٰೌמ՗ी車速ǴԜಒझ的ࣁࡋߏ x = 1 kmǴ

٠Ъ ∆t = 1 hourǶx的ࡋߏёҗ [17, 18]測量ǶךॺԵቾ Kh = 10ǵVs = 40 km/hourǴ

٠ЪW = 0.5Ƕ

VD 66 km

Base Station 66.8 km

a

b

c

კ 5.1: ჴᡍᕉნࣁѠ᡼ਲ༜ᑜᓪ዇ໂ୯ၰΟဦ (а Ң߄× VDǴа Ң߄◦ BSǴа Ң߄•
Ϻጕ的Бӛ)
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Ҕ vs ϩձ߄Ңҗ VD 量測的車速 (s = V D) җک LCH Бݤीᆉрٰ的車速

(s = LCH)Ƕკ 5.2(a)ک 5.2(b)ϩձඔᛤၰ路чӛࠄکӛӧ 2011ԃ 9Д 16ВǴவ ډ8:00

20:00的 vsǶӧ೭ٿ஭კύǴVDک LCHБࣣݤᡉҢҬ೯ݩރӧ ډ8:00 20:00ය໔ؒԖ

ᡉ๱的ᡂϯ ӵٯ) vs > 75 km/hour)Ƕკ 5.3(a)ک 5.3(b)ϩձඔᛤၰ路чӛࠄکӛӧ 2011

ԃ 9Д 25ВǴவ ډ8:00 20:00的 vsǶӧკ 5.3(a)ύǴٿᅿБࣣݤ཮ୀ測ډӧ ډ18:00

20:00ය໔的Ҭ೯୹༞ ӵٯ) vs < 60 km/hour)Ƕӧკ 5.3(b)ύǴٿᅿБࣣݤᡉҢҬ೯ݩރ

ӧ ډ8:00 20:00ය໔ؒԖᡉ๱的ᡂϯ ӵٯ) vs > 75 km/hour)Ƕკ ک5.2 5.3ᡉҢӧঁٿ車

行БӛǴLCHБݤ的速ࡋᖿ༈཮ک VDБݤ΋ठǶךॺ຾΋ۓ؁ကৡ౦ (discrepancy) ϵ

ӵΠ

ϵ =

∣∣∣∣vLCH − vV D

vV D

∣∣∣∣ (5.1)

基於კ ک5.2 5.3Ǵკ 5.4ඔᛤӧᢀჸਔ໔୔ࢤ的 ϵԔጕǶԜკᡉҢ ϵӧε೽ϩ的ٯη

೿཮ե於 20%Ƕ྽Ҭ೯୹༞วғਔ (ӧკ 5.4(b)ύǴ19:00ډ 20:00的 ◦Ԕጕ)Ǵϵ཮ε

於 20%Ƕ౛җࢂ྽Ҭ೯୹༞วғਔǴ車፶的ಒझଶ੮ਔ໔೯த཮КၨߏǴ٠ЪБำԄ

(3.25)ς࿶སҢ LCHБݤӧၨߏ的ಒझଶ੮ਔ໔的௃ݩΠǴԖၨե的ྗዴ܄Ƕ

ॺΨவ行動電信網路ԏ໣Αך 49Ϻ (2011ԃ 9Д 13Вډ 2011ԃ 10Д 31В)Ǵ؂

Ϻ ډ8:00 20:00ය໔的 γ(τ)ک ρ(τ)಍ीၗ਑Ƕ基於೭٤ᢀჸၗ਑Ǵךॺ的研究ᡉҢǴ

ଷӵό٬ҔಃѤകගр的ೌמǴE[ϵ]ࣁ 14.46%Ǵଷӵ٬Ҕၸᘠೌמ ک1 2ǴE[ϵ]཮फ़ե

ډ 12.7%Ǵଷӵၸᘠံکೌמᓭ٬ࣣೌמҔǴE[ϵ]཮׳຾΋؁फ़եډ 7.51%Ƕ
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კ 5.2: 2011ԃ 9Д 16В VDک LCHБݤ的車速Кၨ (∆t = 1 hourǴx = 1 km)
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(b) ӛࠄ

კ 5.3: 2011ԃ 9Д 25В VDک LCHБݤ的車速Кၨ (∆t = 1 hourǴx = 1 km)
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კ 5.4: LCHک VDБݤ之໔的ৡ౦ (∆t = 1 hourǴx = 1 km)
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ಃϤക ่ፕᆶ҂ٰπբ

ҁፕЎۯ՜݅ǵ஭Ϸࣤةමගр的 LCHБݤ [7, 8]ٰ௢Ꮴ車速Ƕୃৡ的ϩ่݀݋

ᡉҢр LCHБݤჹ於車速՗ीࢂ΋ঁӝ፾的Бݤ ׳ॺךǶ(՗ी࣬Кࡋ行Γ的速ک)

຾΋؁ճҔ൳ঁׯٰೌמ๓ LCHБݤ的ྗዴ܄Ǵ٠Ъעҗׯ๓ࡕ的 LCHБݤीᆉ之

車速ᆶ۬ࡹӼး的 VD量測ډ之車速଺КၨǶКၨ的่݀ᡉҢǴҗ LCHБݤीᆉ的

車速ک VDБݤ量測的車速ࢂ΋ठ的Ǵ٠Ъӧε೽ϩ的ٯηΠǴٿᅿБݤ之໔的ৡ౦

(discrepancies)཮ե於 20%Ƕ٬Ҕၸᘠೌמ ک1 Ǵѳ֡ৡ౦ࡕ2 E[ϵ]཮җ 14.46%फ़ե

ډ 12.7%Ǵଷӵӆу΢ံᓭೌמǴE[ϵ]཮׳຾΋؁फ़եډ 7.51%ǶܴᡉӦǴ٬Ҕ೭Ѥঁ

όѳྖቹៜ฻ୢکёаԖਏӦ௨ନόӧҞ኱ၰ路΢的ЋᐒǴ٠Ъှ،ኬҁኧό୼ೌמ

ᚒǴε൯的ගϲ車速Ⴃ՗的ྗዴ܄Ƕךॺ的研究ࡰр LCHБݤёа፾྽的ୀ測ၰ路的

車速Ǵ٠ЪёаᗉխςӸӧБ܌ݤሡ的ܳ຦೽࿿޸຤ ӵٯ) VDБݤ的ག測Ꮤ೽࿿)Ƕന

ӧϩණԄࢗॺ཮ፓךǴ車速՗ीගр೚ӭ研究᝼ᚒǶӧ҂ٰǴࡕ ITS網路的車速Ⴃ測

[19]Ǵ٠Ъว৖׳ӭ的ٰೌמගϲ車速Ⴃ՗的ྗዴ܄Ƕ
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ᒵߕ A Οᅿ೯၉ঁኧϦԄ的ኳᔕࢬำკ

If(flag==true)

++ ;

Generate the 

next UE 

movement 

event and 

insert it in the 

event list

Generate the first call arrival, 

UE movement and events,

and insert them in the event list.

++;

If(flag==true)

++ ;

Generate the 

next event 

and insert it in 

the event list

flag=false;

Generate 

the next call 

arrival event 

and insert it 

in the event 

list

++ ;

flag=true;

Generate the 

next call 

completion 

event and 

insert it in the 

event list

;

ck=1;

flag=false;

Start

Process the next 

event e.

ck=e.timestamp;

e.type=?

End

კ A.1: Οᅿ೯၉ঁኧϦԄ的ࢬำკ
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კ A.1ࢂӧඔॊᡍ᛾Οᅿ೯၉ঁኧϦԄ的ࢬำკǴΨ൩ࢂБำԄ 3.2ǵ3.3ک 3.7Ƕ؁

ᡯ ਔ໔୔໔的ीኧᏔکϯཥ೯၉ǵςӸӧ೯၉ǵҬሀ೯၉ۈ߃1 NnǵNeǵNh ک N∆t

ࣁ 0ǴаϷਔ໔ແᘈ (timestamp) ckک೯၉ރᄊ኱誌 flagϩձࣁ ک1 falseǶ؁ᡯ 2ౢғ

ಃ΋ঁၲډ的೯၉ǵЋᐒ౽動کಃ΋ঁਔ໔୔ࢤ೭Οঁ٣ҹǴ٠Ъܫ຾٣ҹՍӈ (event

list)ύǴԜ٣ҹՍӈ཮٩ྣ٣ҹ的ਔ໔଺௨ׇǴຫఁวғ的٣ҹ཮ܫӧຫࡕय़Ƕ؁ᡯ 3

཮ڗр٣ҹՍӈύ的ಃ΋ঁ٣ҹǴ٠Ъᡣਔ໔ແᘈࣁׯԜ٣ҹ的ਔ໔Ƕ؁ᡯ 4཮ᔠࢗԜ

٣ҹ的ᜪձǴӵ݀ࢂ೯၉ၲډ (call arrival)的٣ҹ཮୺行؁ᡯ 5Ǵӵ݀ࢂЋᐒ౽動 (UE

movement)的٣ҹ཮୺行؁ᡯ 6Ǵӵ݀ࢂ೯၉่״ (call completion)٣ҹ཮୺行؁ᡯ 7Ǵ

ӵ݀ࢂਔ໔୔ࢤ (∆t)的٣ҹ߾཮ѐ୺行؁ᡯ 8Ƕ

؁ᡯ 5཮ஒཥ೯၉ीኧᏔ Nnу 1Ǵע೯၉ރᄊ flag೛ࣁ trueǴ٠Ъౢғ೯၉่״

的٣ҹܫΕ٣ҹՍӈύǴௗ๱୺行؁ᡯ 3Ƕ؁ᡯ 6཮Ӄᔠࢗ೯၉ރᄊ flagࢂցࣁ trueǴ

ӵ݀߾ࢂஒҬሀ೯၉ीኧᏔ Nh у 1Ǵόࢂ൩ό୺行Ƕ٠ЪౢғΠ΋ঁЋᐒ౽動的٣ҹ

Ε٣ҹՍӈύǴௗ๱୺行؁ᡯܫ 3Ƕ؁ᡯ 7཮ஒ೯၉ރᄊ flag೛ࣁ falseǴ٠ЪౢғΠ

΋ঁ೯၉ၲډ的٣ҹܫΕ٣ҹՍӈύǴௗ๱୺行؁ᡯ 3Ƕ؁ᡯ 8཮ஒਔ໔୔ࢤीኧᏔ

N∆tу 1Ǵ٠Ъᔠࢗ೯၉ރᄊ flagࢂցࣁ trueǴӵ݀߾ࢂஒςӸӧ೯၉ीኧᏔNeу 1Ǵ

όࢂ൩ό୺行Ƕௗ๱ౢғΠ΋ঁਔ໔୔٣ࢤҹܫΕ٣ҹՍӈύǴ٠Ъ୺行؁ᡯ 9Ƕ

؁ᡯ 9཮ᔠࢗਔ໔୔ࢤीኧᏔ N∆tࢂցຬၸ 106Ǵӵ݀ࢂ൩୺行؁ᡯ 10Ǵόࢂ൩཮

୺行؁ᡯ 3Ƕ؁ᡯ 10཮ஒཥ೯၉ǵςӸӧ೯၉کҬሀ೯၉的ीኧᏔ NnǵNeک Nh೿ନ

аਔ໔୔ࢤीኧᏔ N∆t ٰᆉр α(τ)ǵβ(τ)ک γ(τ)Ƕ٠ஒ่݀ᆶϦԄᆉр的ॶ଺КၨǴ

ௗ๱ำԄ่״Ƕ
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ᒵߕ B E[ρn(τ )]之௢Ꮴ

ҁߕᒵਥᏵፕЎ [15]௢Ꮴӧ ∆τ ύཥ೯၉的යఈ೯၉ਔ໔ E[ρn(τ)]Ƕଷ೛ഭᎩಒ

झଶ੮ਔ໔ τm Ԗஏڄࡋኧ rm(t)ǵϩթڄኧ Rm(t)ǴаϷ܎ද܎ථᙯඤ r∗m(s)ǶவഭᎩ

ਔ໔౛ፕ [14]ёޕǴrm(t)ёаҗಒझଶ੮ਔ໔ tm的ϩթڄԄ Fm(t)߄ҢӵΠ

rm(t) = η[1− Fm(t)] (B.1)

࿶җБำԄ (B.1)ک tm的܎ද܎ථᙯඤ f ∗
m(s)Ǵr∗m(s)的௢ᏤӵΠ

r∗m(s) =

∫ ∞

t=0

η[1− Fm(t)]e
−stdt

=
(η
s

)
[1− f ∗

m(s)] (B.2)

ϩձҔ Fρn(τ)(t) ک Fxn(t) Ң߄ ρn(τ) ک xn = min(tc,∆tn) 的ϩթڄԄǶҗ於 ρn(τ) =

min(xn, τm)Ǵךॺёޕ

Fρn(τ)(t) = Fxn(t) +Rm(t)[1− Fxn(t)] (B.3)

Ӣࣁ ρn(τ)ࢂ΋ঁॄߚ的ᒿᐒᡂኧǴךॺёޕ

E[ρn(τ)] =

∫ ∞

t=0

[1− Fρn(τ)(t)]dt (B.4)

வБำԄ (B.3)ёޕǴБำԄ (B.4)ё೏ׯቪࣁ

E[ρn(τ)] =∈ t∞t=0[1− Fxn(t)]dt−
∫ ∞

t=0

Rm(t)[1− Fxn(t)]dt (B.5)
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Ӣࣁ xnࡰࢂኧϩթǴځ速౗ࣁ µ+ δǴவБำԄ (B.2)ёޕǴБำԄ (B.5)ё೏ׯቪࣁ

E[ρn(τ)] = E[xn]−
∫ ∞

t=0

Rm(t)e
−(µ+δ)tdt

=
1

µ+ δ
− r∗m(µ+ δ)

µ+ δ

=
1

µ+ δ
−

[
η

(µ+ δ)2

]
[1− f ∗

m(µ+ δ)] (B.6)

32



ᒵߕ C ำԄዸ

ჴբၸᘠБݤ ݤၸᘠБک1 2的ำԄዸ

1 ifstream in1(RNC321.c_str()) ;

2 ifstream in2(RNC311.c_str()) ;

3 ifstream in3(RNC353.c_str()) ;

4 string tmp ;

5 int IMSI ;

6 string Time ;

7

8 while(in1 >> IMSI >> Time)

9 {

10 string type = "" ;

11 string subType = "" ;

12 int cellId ;

13 int sessionId ;

14

15 in1 >> tmp ;

16 type += tmp ;

17 while(in1 >> tmp)

18 {

19 if(tmp[0]>=65 && tmp[0]<=90)

20 break ;

21 type += " " ;

22 type += tmp ;

23 }

24 subType += tmp ;

25 while(in1 >> tmp )

33



26 {

27 if(tmp[0]>=48 && tmp[0]<=57)

28 break ;

29 subType += " " ;

30 subType += tmp ;

31 }

32 in1 >> cellId >> sessionId >> tmp >> tmp >> tmp >> tmp;

33 hour = atoi(Time.substr(0,2).c_str()) ;

34 minute = atoi(Time.substr(3,2).c_str()) ;

35 second = atoi(Time.substr(6,2).c_str()) ;

36 int nowTime = hour*3600+minute*60+second ;

37

38 if(subType == "Normal loc updating")

39 {

40 if(cellId%10000 == 3483 || cellId%10000 == 3488 || cellId

%10000 == 9929) // North

41 {

42 if(Nhead == NULL)

43 {

44 Nhead = new treenode(IMSI,nowTime) ;

45 }

46 else

47 {

48 treenode *p = Nhead ;

49 while(p != NULL)

50 {

51 if(p->IMSI > IMSI)

52 {

53 if(p->left == NULL)

54 {

55 p->left = new treenode(IMSI,nowTime) ;

56 break ;

57 }

58 else
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59 {

60 p = p->left ;

61 }

62 }

63 else if(p->IMSI < IMSI)

64 {

65 if(p->right == NULL)

66 {

67 p->right = new treenode(IMSI,nowTime) ;

68 break ;

69 }

70 else

71 {

72 p = p->right ;

73 }

74 }

75 else

76 {

77 break ;

78 }

79 }

80 }

81 }

82 else if(cellId%10000 == 3417 || cellId%10000 == 8494 ||

cellId%10000 == 3286) // South

83 {

84 if(Shead == NULL)

85 {

86 Shead = new treenode(IMSI,nowTime) ;

87 }

88 else

89 {

90 treenode *p = Shead ;

91 while(p != NULL)
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92 {

93 if(p->IMSI > IMSI)

94 {

95 if(p->left == NULL)

96 {

97 p->left = new treenode(IMSI,nowTime) ;

98 break ;

99 }

100 else

101 {

102 p = p->left ;

103 }

104 }

105 else if(p->IMSI < IMSI)

106 {

107 if(p->right == NULL)

108 {

109 p->right = new treenode(IMSI,nowTime) ;

110 break ;

111 }

112 else

113 {

114 p = p->right ;

115 }

116 }

117 else

118 {

119 break ;

120 }

121 }

122 }

123 }

124 }

125 if(type == "Voice call")
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126 {

127 int x = -1 ;

128 if(cellId%10000 == pattern1)

129 {

130 x = 0 ;

131 }

132 else if(cellId%10000 == pattern2)

133 {

134 x = 1 ;

135 }

136 else if(cellId%10000 == pattern3)

137 {

138 x = 2 ;

139 }

140 else if(cellId%10000 == pattern4)

141 {

142 x = 3 ;

143 }

144 else if(cellId%10000 == pattern5)

145 {

146 x = 4 ;

147 }

148 if(x>=0)

149 {

150 if(extrahead == NULL)

151 {

152 extrahead = new treenode(IMSI,nowTime) ;

153 extrahead ->sessionId = sessionId ;

154 extrahead ->check[x] = 1 ;

155 extrahead ->count++ ;

156 extrahead ->cell = x ;

157 }

158 else

159 {
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160 treenode *p = extrahead ;

161 while(p != NULL)

162 {

163 if(p->IMSI > IMSI)

164 {

165 if(p->left == NULL)

166 {

167 p->left = new treenode(IMSI,nowTime) ;

168 p->left->sessionId = sessionId ;

169 p->left->check[x] = 1 ;

170 p->left->count++ ;

171 p->left->cell = x ;

172 break ;

173 }

174 else

175 {

176 p = p->left ;

177 }

178 }

179 else if(p->IMSI < IMSI)

180 {

181 if(p->right == NULL)

182 {

183 p->right = new treenode(IMSI,nowTime) ;

184 p->right->sessionId = sessionId ;

185 p->right->check[x] = 1 ;

186 p->right->count++ ;

187 p->right->cell = x ;

188 break ;

189 }

190 else

191 {

192 p = p->right ;

193 }
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194 }

195 else

196 {

197 p->count++ ;

198 if(p->sessionId == sessionId)

199 {

200 p->check[x] = 1 ;

201 if(x-p->cell == 0 && p->count <=3)

202 {

203 p->count-- ;

204 }

205 else if(p->count == 2)

206 {

207 if(x-p->cell>0)

208 {

209 p->dir=2 ;

210 }

211 else if(x-p->cell<0)

212 {

213 p->dir=1 ;

214 }

215 p->cell = x ;

216 }

217 else if(p->count == 3)

218 {

219 if((p->dir == 1 && x>p->cell) || (p->

dir == 2 && x<p->cell))

220 {

221 p->check[x] = 0 ;

222 p->count-- ;

223 }

224 }

225 }

226 else
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227 {

228 for(int i=0;i<patternNum;i++)

229 p->check[i] = 0 ;

230 p->sessionId = sessionId ;

231 p->check[x] = 1 ;

232 p->count = 1 ;

233 p->cell = x ;

234 }

235 int sum = 0 ;

236 for(int i=0;i<patternNum;i++)

237 sum+=p->check[i] ;

238 if(sum>=3)

239 p->flag = true ;

240 break ;

241 }

242 }

243 }

244 }

245 }

246 }

247 while(in2 >> IMSI >> Time)

248 {

249 string type = "" ;

250 string subType = "" ;

251 int cellId ;

252

253 in2 >> tmp ;

254 type += tmp ;

255 while(in2 >> tmp)

256 {

257 if(tmp[0]>=65 && tmp[0]<=90)

258 break ;

259 type += " " ;

260 type += tmp ;
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261 }

262 subType += tmp ;

263 while(in2 >> tmp )

264 {

265 if(tmp[0]>=48 && tmp[0]<=57)

266 break ;

267 subType += " " ;

268 subType += tmp ;

269 }

270 in2 >> cellId >> tmp >> tmp >> tmp >> tmp >> tmp;

271 hour = atoi(Time.substr(0,2).c_str()) ;

272 minute = atoi(Time.substr(3,2).c_str()) ;

273 second = atoi(Time.substr(6,2).c_str()) ;

274 int nowTime = hour*3600+minute*60+second ;

275 if(subType == "Normal loc updating")

276 {

277 if(cellId%10000 == 8440 || cellId%10000 == 9357 || cellId

%10000 == 8422 || cellId%10000 ==7175 || cellId%10000

==3236)

278 {

279 treenode *p = Nhead ;

280 while(p != NULL)

281 {

282 if(p->IMSI > IMSI)

283 {

284 p = p->left ;

285 }

286 else if(p->IMSI < IMSI)

287 {

288 p = p->right ;

289 }

290 else

291 {

292 if(p->time < nowTime && nowTime-p->time <=3600)
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293 {

294 Timeslot tmp ;

295 tmp.begin = p->time ;

296 tmp.end = nowTime ;

297 p->T.push_back(tmp) ;

298 p->flag = true ;

299 }

300 break ;

301 }

302 }

303 }

304 }

305 }

306 while(in3 >> IMSI >> Time)

307 {

308 string type = "" ;

309 string subType = "" ;

310 int cellId ;

311

312 in3 >> tmp ;

313 type += tmp ;

314 while(in3 >> tmp)

315 {

316 if(tmp[0]>=65 && tmp[0]<=90)

317 break ;

318 type += " " ;

319 type += tmp ;

320 }

321 subType += tmp ;

322 while(in3 >> tmp )

323 {

324 if(tmp[0]>=48 && tmp[0]<=57)

325 break ;

326 subType += " " ;
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327 subType += tmp ;

328 }

329 in3 >> cellId >> tmp >> tmp >> tmp >> tmp >> tmp;

330 hour = atoi(Time.substr(0,2).c_str()) ;

331 minute = atoi(Time.substr(3,2).c_str()) ;

332 second = atoi(Time.substr(6,2).c_str()) ;

333 int nowTime = hour*3600+minute*60+second ;

334 if(subType == "Normal loc updating")

335 {

336 if(cellId%10000 == 3578 || cellId%10000 == 3642)

337 {

338 treenode *p = Shead ;

339 while(p != NULL)

340 {

341 if(p->IMSI > IMSI)

342 {

343 p = p->left ;

344 }

345 else if(p->IMSI < IMSI)

346 {

347 p = p->right ;

348 }

349 else

350 {

351 if(p->time < nowTime && nowTime-p->time <=3600)

352 {

353 Timeslot tmp ;

354 tmp.begin = p->time ;

355 tmp.end = nowTime ;

356 p->T.push_back(tmp) ;

357 p->flag = true ;

358 }

359 break ;

360 }
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361 }

362 }

363 }

364 }

365 in1.close() ;

366 in2.close() ;

367 in3.close() ;

಍ीҬሀԛኧᆶ೯၉ਔ໔的ำԄዸ

1 while(in >> IMSI >> Time)

2 {

3 string type = "" ;

4 string subType = "" ;

5 int RNC ;

6 int cellId ;

7 int sessionId ;

8 int finalId ;

9

10 in >> tmp ;

11 type += tmp ;

12 while(in >> tmp)

13 {

14 if(tmp[0]>=65 && tmp[0]<=90)

15 break ;

16 type += " " ;

17 type += tmp ;

18 }

19 subType += tmp ;

20 while(in >> tmp )

21 {

22 if(tmp[0]>=48 && tmp[0]<=57)

23 break ;

24 subType += " " ;

25 subType += tmp ;
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26 }

27 RNC = atoi(tmp.c_str()) ;

28 in >> cellId >> sessionId >> finalId >> tmp >> tmp >> tmp;

29 hour = atoi(Time.substr(0,2).c_str()) ;

30 minute = atoi(Time.substr(3,2).c_str()) ;

31 second = atoi(Time.substr(6,2).c_str()) ;

32 int nowTime = hour*3600+minute*60+second ;

33

34 Phone *p;

35

36 if(type == "Voice call")

37 {

38 if(head == NULL)

39 {

40 if(finalId == 0)

41 {

42 head = new Phone(nowTime) ;

43 head->IMSI = IMSI ;

44 head->cellId = cellId ;

45 head->sessionId = sessionId ;

46 head->call = true ;

47 head->next = NULL ;

48 dir=search(IMSI,nowTime) ;

49 if((cellId == targetCell1 || cellId == targetCell2))

50 {

51 head->time = nowTime ;

52 head->deltaT = nowTime/deltaT ;

53 head->check = 0 ;

54 N[nowTime/deltaT]++ ;

55 head->through = true ;

56 head->filter = false ;

57 }

58 }

59 }
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60 else

61 {

62 bool f = false ;//flag of IMSI exists

63 p = head ;

64 while(1==1) // check IMSI exists or not

65 {

66 if(p->IMSI == IMSI)

67 {

68 f = true ;

69 if(finalId == 1)

70 {

71 if(p->call == true)

72 {

73 p->call = false ;

74 dir=search(IMSI,nowTime) ;

75 if((cellId == targetCell1 || cellId ==

targetCell2) && p->cellId == cellId )

76 {

77 p->through = true ;

78 p->filter = false ;

79 if(p->check == 1)//handover in

80 {

81 if(nowTime-p->time <=

limiteErlang && nowTime-p->

time >= 10)

82 {

83 if(dir == 1)

84 {

85 Nrecord[p->time/deltaT].

handoverIn++ ;

86 AddErlang(p,nowTime ,1) ;

87 }

88 else if(dir == 2)

89 {
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90 Srecord[p->time/deltaT].

handoverIn++ ;

91 AddErlang(p,nowTime ,2) ;

92 }

93 N[p->time/deltaT]++ ;

94 }

95 }

96 else if(p->check == 0)

97 {

98 if(nowTime-p->time <=

limiteErlang && nowTime-p->

time >= 10)

99 {

100 if(dir == 1)

101 {

102 AddErlang(p,nowTime ,1) ;

103 }

104 else if(dir == 2)

105 {

106 AddErlang(p,nowTime ,2) ;

107 }

108 }

109 }

110 }

111 else if((cellId != targetCell1 && cellId

!= targetCell2) && (p->check == 2 || p

->check == 3))//session end ouside

112 {

113 p->through = true ;

114 p->filter = false ;

115 if(p->check == 2 || ( p->check == 3

&& p->outtime-p->time >=10))

116 {

117 if(dir == 1)
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118 {

119 Nrecord[p->outtime/deltaT].

handoverOut++ ;

120 AddErlang(p,p->outtime ,1) ;

121 }

122 else if(dir == 2)

123 {

124 Srecord[p->outtime/deltaT].

handoverOut++ ;

125 AddErlang(p,p->outtime ,2) ;

126 }

127 }

128 }

129 }

130 p->sessionId = 0 ;

131 p->check = -1 ;

132 p->cellId = cellId ;

133 p->filter = false ;

134 p->through = false ;

135 p->startime = 0 ;

136 }

137 else

138 {

139 if(p->call == false) //new call

140 {

141 p->call = true ;

142 p->sessionId = sessionId ;

143 p->startime = nowTime ;

144 dir=search(IMSI,nowTime) ;

145 if((cellId == targetCell1 || cellId ==

targetCell2))

146 {

147 p->time = nowTime ;

148 p->deltaT = nowTime/deltaT ;
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149 p->check = 0 ;

150 N[p->time/deltaT]++ ;

151 p->through = true ;

152 p->filter = false ;

153 }

154 }

155 else //handover

156 {

157 dir=search(IMSI,nowTime) ;

158 if((cellId == targetCell1 || cellId ==

targetCell2) && (p->cellId!=

targetCell1 && p->cellId !=

targetCell2))//handoverIn

159 {

160 if(p->check == 2 && nowTime-p->

outtime<HItime)

161 {

162 p->check = 1 ;

163 }

164 else if(p->check == 3 && nowTime-p->

outtime<HItime)

165 {

166 p->check = 0 ;

167 }

168 else if((p->check == 2 || p->check ==

3) && nowTime-p->outtime >=HItime)

169 {

170 if(p->check == 2 || ( p->check ==

3 && p->outtime-p->time >=10)

)

171 {

172 if(dir == 1)

173 {
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174 AddErlang(p,p->outtime ,1)

;

175 Nrecord[p->outtime/deltaT

].handoverOut++ ;

176 }

177 else if(dir == 2)

178 {

179 AddErlang(p,p->outtime ,2)

;

180 Srecord[p->outtime/deltaT

].handoverOut++ ;

181 }

182 }

183 p->time = nowTime ;

184 p->deltaT = nowTime/deltaT ;

185 p->outtime = 0 ;

186 p->check = 1 ;

187 p->sessionId = sessionId ;

188 }

189 else

190 {

191 p->time = nowTime ;

192 p->deltaT = nowTime/deltaT ;

193 p->check = 1 ;

194 }

195 }

196 else if((p->cellId == targetCell1 || p->

cellId == targetCell2) && (cellId !=

targetCell1 && cellId != targetCell2))

//handoverOut

197 {

198 if(cellId%10000 != p->cellId%10000)//

leave this BS set

199 {
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200 if(p->check == 0)

201 {

202 if(nowTime-p->time <=

limiteErlang && nowTime-p

->time >= 10)

203 {

204 if(dir == 1)

205 {

206 AddErlang(p,nowTime

,1) ;

207 Nrecord[nowTime/

deltaT].

handoverOut++ ;

208 }

209 else if(dir == 2)

210 {

211 AddErlang(p,nowTime

,2) ;

212 Srecord[nowTime/

deltaT].

handoverOut++ ;

213 }

214 }

215 p->check = -1 ;

216 p->time = 0 ;

217 p->deltaT = 0 ;

218 p->sessionId = sessionId ;

219 }

220 else if(p->check == 1 && nowTime-

p->time >= HItime)

221 {

222 if(nowTime-p->time <=

limiteErlang)

223 {
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224 p->through = true ;

225 p->filter = false ;

226 if(dir == 1)

227 {

228 AddErlang(p,nowTime

,1) ;

229 Nrecord[p->time/

deltaT].handoverIn

++ ;

230 Nrecord[nowTime/

deltaT].

handoverOut++ ;

231 }

232 else if(dir == 2)

233 {

234 AddErlang(p,nowTime

,2) ;

235 Srecord[p->time/

deltaT].handoverIn

++ ;

236 Srecord[nowTime/

deltaT].

handoverOut++ ;

237 }

238 N[p->time/deltaT]++ ;

239 }

240 p->check = -1 ;

241 p->time = 0 ;

242 p->deltaT = 0 ;

243 p->sessionId = sessionId ;

244 }

245 }

246 else if(nowTime-p->time >= HOtime)

247 {
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248 if(p->check == 0)

249 {

250 if(nowTime-p->time <=

limiteErlang)

251 {

252 if(dir == 1)

253 {

254 AddErlang(p,nowTime

,1) ;

255 Nrecord[nowTime/

deltaT].

handoverOut++ ;

256 }

257 else if(dir == 2)

258 {

259 AddErlang(p,nowTime

,2) ;

260 Srecord[nowTime/

deltaT].

handoverOut++ ;

261 }

262 }

263 p->check = -1 ;

264 p->time = 0 ;

265 p->deltaT = 0 ;

266 p->sessionId = sessionId ;

267 }

268 else if(p->check == 1 && nowTime-

p->time >= HItime)

269 {

270 if(nowTime-p->time <=

limiteErlang)

271 {

272 p->through = true ;
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273 p->filter = false ;

274 if(dir == 1)

275 {

276 AddErlang(p,nowTime

,1) ;

277 Nrecord[p->time/

deltaT].handoverIn

++ ;

278 Nrecord[nowTime/

deltaT].

handoverOut++ ;

279 }

280 else if(dir == 2)

281 {

282 AddErlang(p,nowTime

,2) ;

283 Srecord[p->time/

deltaT].handoverIn

++ ;

284 Srecord[nowTime/

deltaT].

handoverOut++ ;

285 }

286 N[p->time/deltaT]++ ;

287 }

288 p->check = -1 ;

289 p->time = 0 ;

290 p->deltaT = 0 ;

291 p->sessionId = sessionId ;

292 }

293 }

294 else if(p->check == 1 && nowTime-p->

time < HItime)

295 {
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296 p->check = -1 ;

297 p->time = 0 ;

298 p->outtime = 0 ;

299 p->deltaT = 0 ;

300 }

301 else if(p->check == 1 && nowTime-p->

time >= HItime)

302 {

303 if(dir ==1)

304 {

305 Nrecord[p->time/deltaT].

handoverIn++ ;

306 }

307 else if(dir == 2)

308 {

309 Srecord[p->time/deltaT].

handoverIn++ ;

310 }

311 N[p->time/deltaT]++ ;

312 p->through = true ;

313 p->filter = false ;

314 p->check = 2 ;

315 p->outtime = nowTime ;

316 }

317 else if(p->check == 0)

318 {

319 p->check = 3 ;

320 p->outtime = nowTime ;

321 }

322 }

323 else if((p->check == 2 || p->check == 3))

324 {

325 if(p->check == 2 || ( p->check == 3

&& p->outtime-p->time >=10))
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326 {

327 if(dir == 1)

328 {

329 AddErlang(p,p->outtime ,1) ;

330 Nrecord[p->outtime/deltaT].

handoverOut++ ;

331 }

332 else if(dir == 2)

333 {

334 AddErlang(p,p->outtime ,2) ;

335 Srecord[p->outtime/deltaT].

handoverOut++ ;

336 }

337 }

338 p->check = -1 ;

339 p->time = 0 ;

340 p->deltaT = 0 ;

341 p->sessionId = sessionId ;

342 }

343 }

344 p->cellId = cellId ;

345 p->sessionId = sessionId ;

346 }

347 break ;

348 }

349 if(p->next == NULL)

350 break ;

351 p = p->next ;

352 }

353 if(f == false)

354 {

355 if(finalId == 0)

356 {

357 p->next = new Phone(nowTime) ;
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358 p = p->next ;

359 p->IMSI = IMSI ;

360 p->cellId = cellId ;

361 p->sessionId = sessionId ;

362 p->call = true ;

363 p->next = NULL ;

364 dir=search(IMSI,nowTime) ;

365 if((cellId == targetCell1 || cellId ==

targetCell2))

366 {

367 p->time = nowTime ;

368 p->deltaT = nowTime/deltaT ;

369 p->check = 0 ;

370 N[p->time/deltaT]++ ;

371 p->through = true ;

372 p->filter = false ;

373 }

374 }

375 }

376 }

377 }

378 }
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