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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 previous work 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.

Index Terms: Lin-Chang-Huangfu (LCH) Scheme, Mobile Switching Center (MSC), telecom-

munication, vehicle speed
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FOEER 2 1 fridig s 2 2 izt

ifstream in1 (RNC321.c_str()) ;
ifstream in2(RNC311l.c_str())_;
ifstream in3(RNC353.c_str()) ;
string tmp ;

int IMSI ;

string Time ;

while (in1 >> .IMSI >> Time)
{

nn

string type =
string subType = ""
int cellld ;

int sessionlId ;

inl >> tmp ;
type += tmp ;

while(inl >> tmp)

{
if (tmp [0]>=65 && tmp[0]<=90)
break ;
type += " " 3
type += tmp ;
b

subType += tmp ;

while (inl >> tmp )
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27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

if (tmp [0]>=48 && tmp[0]<=57)
break ;
subType += " " ;
subType += tmp ;
3
inl >> cellld >> sessionId >> tmp >> tmp >> tmp >> tmp;

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

minute = atoi(Time.substr(3,2).c_str()) ;
second = atoi(Time.substr(6,2).c_str()) ;
int nowTime = hour*3600+minute*60+second ;
if (subType == "Normal loc updating")
{
if (cellId’10000.-.==-3483 ||.cellId%10000 == 3488 || cellld
%#10000 == 9929) // North
{
if (Nhead == NULL)
{
Nhead '= new treenode (IMSI,nowTime) ;
}
else
{
treenode *p = Nhead ;
while(p != NULL)
{
if (p->IMSI > IMSI)
{
if (p->left == NULL)
{
p->left = new treenode (IMSI,nowTime)
break ;
}
else
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59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

71

78

79

80

81

82

83

84

85

86

87

88

89

90

91

p = p~>left ;
X
b
else if (p->IMSI < IMSI)
{
if (p->right == NULL)
{
p->right = new treenode
break ;

(IMSI,nowTime)

}
else if(cellId?%10000 == 3417 || cellId’10000 == 8494 ||
cellId%10000 == 3286) // South
{
if (Shead == NULL)
{
Shead = new treenode (IMSI,nowTime) ;
}
else
{

treenode *p = Shead ;

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
103
104
105
106
107
108
109 (IMSI ,nowTime) ;
110
111
112
113

114

115
116 }

117 else

118 {

119 break ;
120 }

121 }

122 }

123 }

124 }

125 if (type == "Voice call")
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134

135

136
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138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

int x = -1 ;

if(cellId’%10000 == patternl)

)
[
4]
0]
-
'—h
~
(¢]
0]
=
=
—
Q.
=
[y
(@}
o
o
o
1]
]

®
[}
0
0]
-
Hh
~
(¢
0]
[}
H
Q.
=
-
o
o
o
o
Il
I

if (x>=0)

{

pattern2)

pattern3)

if (extrahead == NULL)

{
extrahead = new treenode (IMSI,nowTime) ;
extrahead->sessionlId = sessionlId ;
extrahead->check[x] = 1 ;

extrahead->count++ ;

extrahead->cell = x ;

else
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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->sessionld = 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->sessionld = 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

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

else
{
p->count++
if (p->sessionId == sessionId)
{
p->check[x] = 1 ;
if (x-p->cell == 0 && p->count<=3)
{
p->count-- ;

else if (p->count == 3)
{
if ((p->dir == 1 && x>p->cell)
dir == 2 && x<p->cell))
{
p->check[x] = 0 ;
p->count-- ;
}
}
}
else
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227 {

228 for(int i=0;i<patternNum;i++)
229 p->check[i] = 0 ;

230 p->sessionld = 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
239
240
241
242
243
244
245
246
247
248

249 string type = ""

250 string subType = ""
251 int celllId ;

252
253 in2 >> tmp ;

254 type += tmp ;

255 while (in2 >> tmp)

256 {

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

259 type += " " 3

260 type += tmp ;
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261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

271

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

}
subType += tmp ;

while(in2 >> tmp )

{
if (tmp [0]>=48 && tmp [0]<=57)
break ;
subType += " " ;
subType += tmp ;
}

in2 >> cellld >> tmp >> tmp >> tmp >> tmp >> tmp;
hour = atoi(Time.substr(0,2).c_str()) ;

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

second atoi (Time.substr(6,2).c_str()) ;
int nowTime = hour*3600+minute*60+second ;
if (subType == "Normal-loc updating")
{
if (cellId’%10000 == 8440 || ¢cellId’%10000 == 9357 || cellld
%0000 == 8422 || cellId%10000 ==7175 || cellId?%10000

==3236)

treenode *p = Nhead ;

while(p != NULL)

{

if (p->IMSI > IMSI)
{

p = p—>left ;
+
else if (p->IMSI < IMSI)
{

p = p->right ;
X
else
{

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

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

{
Timeslot tmp ;
tmp.begin = p->time ;
tmp.end = nowTime ;
p->T.push_back (tmp) ;
p->flag = true ;
}
break ;
}
}
+
}
}
while(in3 >> IMS
{
string type
string s
int cell
in3 >> tmp
type += tmp
while (in3 >> tmp)
{
if (tmp [0]>=65 && tmp[0]<=90)
break ;
type += " " ;
type += tmp ;
}
subType += tmp ;
while (in3 >> tmp )
{
if (tmp [0] >=48 && tmp[0]<=57)
break ;
subType += " " ;
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327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

subType += tmp ;
by
in3 >> cellld >> tmp >> tmp >> tmp >> tmp >> tmp;

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

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

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

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

if (subType == "Normal loc updating")

{
if (cellId%10000 == 3578 || cellId’%10000 == 3642)
{

treenode *p = Shead ;

while (p:!= NULL)

{
if (p->IMSI-> IMSI)
{
p = p~>left ;
)
else if (p->IMSI < TIMST)
{
p.= p->right ;
X
else
{
if (p->time < nowTime && nowTime-p->time<=3600)
{
Timeslot tmp ;
tmp.begin = p->time ;
tmp.end = nowTime ;
p->T.push_back (tmp) ;
p—->flag = true ;
}
break ;
3
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361

362

363

364

365

366

367

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

inl

in2.

in3.

.close() ;

close() ;

close() ;

BRI E R R AR A

while(in >> IMSI >> Time)

{

string type = ""
string subType
int RNC
int cellld
int sessi

int fina

in >> tmp
type += tmp
while (in >>
{
if (tmp [0] >=65 &&
break ;
type += " " ;
type += tmp ;
}
subType += tmp ;

while(in >> tmp )

{
if (tmp [0] >=48 && tmp [0]<=57)
break ;
subType += " " ;

subType += tmp ;
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43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

by
RNC = atoi(tmp.c_str()) ;
in >> cellld >> sessionId >> finalld >> tmp >> tmp >> tmp;

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

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

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

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

Phone *p;

if (type == "Voice call")
{
if (head == NULL)
{
if (finallId ==.0)
{
head = new Phone(nowTime) ;
head->IMSI = IMSI ;
head->cellld = cellld ;
head->sessionld = sessionlId ;

head->call = true ;

head->next NULL ;
dir=search (IMSI,nowTime) ;
if ((cellld == targetCelll || cellld == targetCell2))
{
head->time = nowTime ;
head->deltaT = nowTime/deltaT ;
head->check = 0 ;
N[nowTime/deltaT]++ ;
head->through = true ;

head->filter = false ;
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60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

else

bool f

p

head

false

b

while (1==1) //

{

;//flag of IMSI exists

check IMSI exists or not

if (p->IMSI == IMSI)
{
f = true ;
if (finalld == 1)
{
if (p->call == true)
{

p->call = false ;
dir=search (IMSI ,nowTime) ;
if((cellld == targetCelll || cellld ==

targetCell2) && p->cellld == cellld )

p->through = true ;
p—>filter = false ;
if (p->check == 1)//handover in
{
if (nowTime-p->time <=
limiteErlang && nowTime-p->

time >= 10)

if (dir == 1)
{
Nrecord[p->time/deltaT].
handoverIn++ ;

AddErlang (p,nowTime ,1) ;
}

else if (dir == 2)
{
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90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

Srecord[p->time/deltaT].
handoverIn++ ;

AddErlang (p,nowTime ,2) ;

}
N[p->time/deltaT]++ ;
}
}
else if (p->check == 0)
{
if (nowTime-p->time <=
limiteErlang && nowTime-p->
time >= 10)
{
if(dirz == 1)
{
AddErlang (p,nowTime ,1) ;
}
else if (dir == 2)
{
AddErlang(p,nowTime ,2) ;
}
+
F
}
else if((cellld !'= targetCelll && cellld
= targetCell2) && (p->check == 2 ||
->check == 3))//session end ouside
{

p->through = true ;
p—>filter = false ;
if (p->check == [l ( p->check ==

&% p->outtime-p->time >=10))
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118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

else

Nrecord[p->outtime/deltaT].

handoverQut++

I

AddErlang(p,p->outtime,1)

b

I

}
else if(dir == 2)
{
Srecord [p->outtime/deltaT].
handoverQut++ ;
AddErlang(p,p->outtime,2)
}
J;
+
+
p—>sessionld = 0 ;
p->check =.-1 ;
p—>cellld = cellld ;
p—>filter = false ;

p->through = false ;

p->startime = 0

if (p->call == false) //new call
{
p—>call = true ;
p->sessionld = sessionld ;
p—->startime = nowTime ;

dir=search (IMSI,nowTime) ;
if ((cellld == targetCelll ||

targetCell2))

p~->time = nowTime ;

p->deltaT = nowTime/deltaT

48
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149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

p—>check = 0 ;
N[p->time/deltaT]l++ ;
p->through = true ;

p—>filter = false ;

}
else //handover
{
dir=search (IMSI ,nowTime) ;
if ((cellld == targetCelll || cellld ==
targetCell2) && (p->cellld!=
targetCelll && p->cellld !=

targetCell2))//handoverln

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

outtime<HItime)

{
p->check' = 1 ;
"
else if (p->check == 3 && nowTime-p->
outtime<HItime)
{
p->check = 0 ;
}
else if ((p->check == 2 || p->check ==
3) && nowTime-p->outtime>=HItime)
{

if (p->check == |1 ( p->check ==
3 && p->outtime-p->time >=10)
)

if (dir == 1)
{
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174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

}

AddErlang(p,p->outtime,1)
Nrecord[p->outtime/deltaT

] .handoverQut++ ;

}
else if(dir == 2)
{
AddErlang(p,p->outtime,?2)
Srecord [p->outtime/deltaT
] .handoverQut++ ;
}
}
p~->time = nowTime ;

p->deltaT = nowTime/deltaT ;
p—>outtime = 0 ;

p—>check =1 ;

p->sessionld =.sessionld ;

else

p->time = nowTime ;

p->deltaT = nowTime/deltaT ;

p—>check =1 ;

else if ((p->cellld == targetCelll || p->

cellld == targetCell2) && (cellld !=
targetCelll && cellld !'= targetCell2))

//handoverQOut

if (cell1Id%10000 '= p->cellId%10000)//

leave this BS set
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201

202

203

204

205

206

207

208

209
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211

212

213

214

215

216

217

218

219

220

221

222

223

51

if (p->check == 0)
{

if (nowTime-p->time <=
limiteErlang && nowTime-p

->time >= 10)

{
if (dir == 1)
{
AddErlang (p,nowTime
1)

Nrecord [nowTime/
deltaT].

handoverQut++ ;

ecord[nowTime/
deltaT].

handoverQOut++ ;

p—>check = -1 ;
p->time = 0 ;

p—>deltaT = 0 ;

p—>sessionld = sessionlId ;

}

else if(p->check == 1 && nowTime-
p->time >= HItime)

{

if (nowTime-p->time <=

limiteErlang)




224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

p—>through = true ;

p—>filter = false ;

if (dir == 1)
{

AddErlang(p,nowTime
»1)

Nrecord[p->time/
deltaT].handoverIn
++

Nrecord [nowTime/

deltaT].

handoverQut++ ;

if (dir == 2)

AddErlang (p,nowTime
»2)
cord[p->time/
deltaT].handoverlIn
++

Srecord[nowTime/

deltaT].
handoverQOut++ ;
}
N[p->time/deltaT]++ ;
}
p->check = -1 ;

p->time = 0 ;

p—>deltaT = 0 ;

p—>sessionld = sessionlId ;
3
b
else if (nowTime-p->time >= HOtime)
{
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248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

if (p->check == 0)

{

if (nowTime-p->time <=
limiteErlang)

{
if (dir == 1)
{

AddErlang(p,nowTime
1)

Nrecord[nowTime/
deltaT].

handoverQut++ ;

if (dir == 2)

AddErlang (p,nowTime
»2)
cord[nowTime/
deltaT].

handoverQut++ ;

p—>time = 0 ;

p—->deltaT = 0 ;

p->sessionld = sessionld ;

}

else if (p->check == 1 && nowTime-
p->time >= HItime)

{

if (nowTime-p->time <=

limiteErlang)

p—>through = true ;
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273

274

275

276

271

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

}

o
o
o
o

}

else if (p-

time <

54

p—>filter = false ;

if (dir == 1)
{

AddErlang(p,nowTime
1)

Nrecord[p->time/
deltaT].handoverIn
++

Nrecord [nowTime/

deltaT].

handoverQut++ ;

AddErlang (p,nowTime
»2)

scord [p->time/
deltaT].handoverIn
++
ecord[nowTime/

deltaT].

handoverQut++ ;

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

>check = -1 ;

>time = 0 ;

>deltaT = 0 ;

>sessionld = sessionlId ;
>check == 1 && nowTime-p->
HItime)




296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

312

313

314

315

316

317

318

319

320

321

322

323

324

325

p—>check = -1 ;
p—>time = 0 ;
p->outtime = 0 ;

p—>deltaT = 0 ;

}
else if(p->check == 1 && nowTime-p->
time >= HItime)
{
if (dir ==1)
{
Nrecord[p->time/deltaT].
handoverIn++ ;
b
else if(dir == 2)
{
Srecord[p->time/deltaT].
handoverIn++ ;
}
N[p->time/deltaT]++ ;
p->through = true ;
p—>filter = false ;
p->check = 2 ;
p->outtime = nowTime ;
}
else if (p->check == 0)
{
p->check = 3 ;
p->outtime = nowTime ;
}
}
else if ((p->check == 2 || p->check == 3))
{
if (p->check == [1 ( p->check == 3

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

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

if (dir == 1)
{
AddErlang(p,p->outtime,1) ;

Nrecord [p->outtime/deltaT].

handoverQut++ ;
}
else if(dir == 2)
{

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

Srecord[p->outtime/deltaT].

handoverQut++ ;

break ;

}

if (p->next == NULL)
break ;

P = p->next ;

}
if (f == false)
{
if (finalId == 0)
{
p->next = new Phone(nowTime) ;

56




358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

P = p—>next
p—>IMSI = IM
p->cellld =

p—->sessionld

p—>call tr

p->next

SI ;

cellld ;

= sessionlId ;

ue ;

NULL ;

dir=search (IMSI ,nowTime) ;

if ((cellld == targetCelll || cellId
targetCell2))

{
p~>time = nowTime ;

ime/deltaT

57

b




	張裕隆論文封面
	張裕隆論文內頁
	0056526

