
Index

acceptability, 19–22, 35–36, 102
accessability, 20
accommodation, 192
acoustic leakage, coupling, 89–91, 177,

193–194, 199, 236–237
advantage of access, 46
advantage factor (A), 46, 259
anchor (point), anchoring, 33, 155,

189–190, 194, 268, 271
articulation, 3–4, 197, 203

comprehensibility, 9–11, 25
artificial

ear, 29
mouth, 29

assessment, 16–18, 23–48, 99, 113, 281
assimilation, 192
asymmetry, 77, 98
asynchronous transfer mode (ATM), 55
attribute scaling, see scaling, attribute

scaling
auditory

event, 1–3, 86
perception, 1, 8, 11, 58, 154
test, 1–3, 11, 16–18, 23–39, 43, 49,

75–78, 85, 111–127, 130–140,
147–151, 154–162, 163–168,
172–173, 176–188, 192–204, 225,
234, 241–242, 251–254, 265–275

bandpass, 85–91, 93, 175–188, 193–204,
226–227

bandwidth, 5–7, 57–61, 84–91, 99, 100,
103–105, 175–197, 200–203,
208–210, 234–235, 274–275

critical, 5–6, 87–88, see also Bark,
critical-band rate

equivalent rectangular bandwidth (ERB),
187–188, 209–210

Speech Quality of VoIP: Assessment and Prediction Alexander Raake
 2006 John Wiley & Sons, Ltd

Bark, 5–6, 184–188, 208–210
binaural loudness, 194
bit–errors, see error, bit–error
Burst Ratio (BurstR), 45, 67, 106, 128–129,

132–133, 139, 205–206
burst(y) (packet) loss, burstiness, 45,

64–67, 70, 77, 104–108, 128–146,
162–171, 205–206, 223, 271–273

call
clarity index (CCI), 43, 47–48
set–up, 52–53, 100, 227, 230, 233

CDMA 2000, 54
channel coding, 59, 78, 228
clarity, 93
code domain multiple access (CDMA), 54,

78
coder, codec

wideband, 59, 61, 189–191, 208–210
coder, codec, coding, 40–42, 46–47, 57,

58–61, 71–75, 78, 84, 89, 92–96, 100,
103, 105–106, 116–120, 122–123,
124–129, 152–158, 170–172,
189–191, 206–207, 208–210,
226–231, 233–234, 252, 266, 271

codec impairment, see impairment,
impairment factor, equipment
impairment factor

color of sound, 60, 93
coloration, 86–89, 93, 184
comfort noise, see noise, comfort noise
communication efficiency, 22
composition

desired composition, see nature, desired
nature

perceived composition, see nature,
perceived nature

comprehension, 9–11, 13–14,

CO
PYRIG

HTED
 M

ATERIA
L



304 Index

context, 1, 4, 8, 9–11, 12–13, 15, 20,
25–27, 30, 39, 51, 87, 91, 99–102,
177, 184, 197–198

conversation
effectiveness, 21–22
task, 30–32

critical bands, 5–6, 83, 87–88, 188
critical-band rate, 5–6, 188
cumulative distribution function (CDF),

222

delay
absolute (Ta), transmission delay, delay,

10, 13, 22, 30, 32, 44, 46, 53,
55–56, 58, 61–63, 154, 219,
220–223, 227, 231–234, 242,
268–273,

mean one-way (T), 44, 79, 106, 149, 154,
159, 161, 227

roundtrip (Tr), 44, 79–80, 226–227, 229,
268, 273,

variation, see jitter
device (INMD), see INMD
D–factor (Ds, Dr), 45, 268, 273
diagnostic acceptability measure (DAM),

35–36
dichotic, 241
digital circuit multiplexing equipment

(DCME), 48, 114
digital subscriber line (DSL), 78–79
diotic, 193–196, 235–236
distortion

linear distortion, 85–91, 106–108,
175–189, 194

non-linear distortion, 58–61, 81, 91–98,
106, 189–190, 208–210

time-varying distortion, 103, 111
distribution, 228, 242–243

equilibrium, 218
Pareto, 221
Weibull, 221, 223

dummy head, see head and torso simulator
duration

call/conversation duration, 30–32, 52, 61,
138, 150, 271–272

memory, 8, 12
packet loss-related, 72–74, 77, 86, 113,

115, 124, 132, 137–138, 162, 242,
271–272

perceived duration, 15, 72, 86
phoneme/syllable duration, 4, 74, 79

stimulus duration, 28, 123–124, 145, 182
talkspurt duration, 62

ear reference point (ERP), xviii
ease of communication, 21–22
echo, 30, 46, 61, 83, 86, 98, 235, 256–257

attenuation, 79, 213, 242,
canceller (EC), cancellation, xxii, 29–30,

52, 80–82, 106,
delay, see delay, mean one-way delay
echo loss, 44
listener echo, 44, 48, 80, 106, 225–228,

256–257
talker echo, xxv, 22, 43, 44, 56–57,

79–82, 91, 101, 106, 107, 154–155,
158–162, 166–170, 225–228,
238–241, 256–257, 268–271, 274

talker echo loudness rating (TELR),
44, 79–80, 106, 154, 157–162,
166–168, 256–259, 266, 269–274

weighted echo path loss (WEPL), 44, 48,
259, 274

effectiveness
conversation effectiveness, 21–22

efficiency, 149
communication efficiency, see

communication efficiency
service efficiency, 22

E–model, xxiii, xxv, 33, 34, 43–46, 47–48,
56, 58, 60–61, 79, 82–83, 97, 98,

additivity property, 45–46, 98, 151–162,
206–208,

algorithm, 43–46, 104, 105–108,
113–123, 128–129, 131–135,
138–146, 149, 151–162, 163–172,
175–188, 189–190, 205–210, 224,
226, 252–254, 255–259, 277–280

emotion, 1, 4, 14, 20, 84, 100
equipment, 58

terminal equipment, see user interface
equivalent-Q method, 92, 178–179,

251–253
error, 150, 213, 232, 258

bit error, 54, 57, 63, 78–79, 94–96,
223–224, 228, 266

correction, 59, 61, 70, 223 (see also
packet, loss, packet loss
concealment)

forward error correction (FEC), 57, 63,
70, 72–73, 219–223



Index 305

root mean squared error (RMSE), 94,
120, 146, 171, 186–187,

transmission error, 22, 40, 60, 70, 73, 94,
108, 117, 124, 252

expectation
factor (A),see advantage factor
statistical, 65, 137, 218–219
user expectation, xxiii-xxv, 8, 15, 51, 90,

91, 102–103, 109, 113, 176,
191–203, 234, 251

experience, xxii, 15, 22–23, 63, 86–87,
100–101, 110, 190–192, 213, 251

feature, 281
desired feature, xxiii-xxv, 15–19, 38, 49,

99–102, 190–203, see also nature,
desired nature

perceived feature, xxii-xxv, 15–19, 24,
35, 49, 72, 74, 88, 99–100, 113,
191, 213

FEC, see error, forward error correction
formant, 3–4, 7
forward error correction (FEC), see error,

forward error correction
frame, 58, 59, 70, 73–75, 78,

frame erasure, frame loss, xxiv, 54, 70,
73–75, 78, 94, 111, 118, 153, 223

size, 75, 230
frequency

center frequency, 6, 184–188, 208–209
component, 5, 60, 89–90, 175, 177, 183,

196, 199, 213, 235
cut-off frequency, 85, 89, 199, 234
fundamental frequency, 3–4, 202–203
perception, 3, 5–8, 38, 43–44, 83, 85–91,

92–97, 104–105, 175–189,
193–197, 199–203, 208–210,
226–227, 234–238, 245–250

word frequency, 11
frequency distortion, see distortion, linear

distortion

General Packet Radio Services (GPRS), 54,
78–79

Gilbert model, 67–68
Gilbert-Elliott model, 67–68
Global System for Mobile communication

(GSM), 52, 54–55, 57, 59, 75, 78, 79,
93–96, 114–115, 119, 125, 210, 223,
226–228, 230, 265–267

GoB, 258

handset, 13, 45–46, 55, 57, 79, 84–85, 89,
90–91, 100–101, 107, 113, 126, 175,
177, 182, 188, 192–197, 199,
235–237, 240, 249–250, 259

hands-fee terminal (HFT), 235, 238–241
head and torso simulator (HATS), 29–30,

195, 234, 250
headphone, 29, 105, 177, 192–196,

213–214, 228, 235–236, 238–240
headset, 89, 90–91, 100, 235,

247–248
Hi-fi phone, 177–196, 199, 235–237
hybrids, 79

impairment
factor, 45–46, 151–153, 255–259

delayed impairment factor (Id ), 45–46,
115, 170, 205, 257

effective equipment impairment factor
(Ie,eff ), 45–46, 117, 125, 128,
151–157, 170, 205–206, 258

equipment impairment factor Ie, 46,
60, 105–106, 117–119, 125–126,
132, 141, 153, 189, 206, 209–210,
224, 252, 258–259, 268, 273

impairment factor for bandwidth
restriction (Ibw ), 186, 208

impairment factor for speech clipping
(Icl), 115

packet loss impairment factor (Iloss),
122

simultaneous impairment factor (Is),
45–46, 122, 256

wideband equipment impairment factor
Ie,wb, 189–190, 209–210

in–service non–intrusive measurement
device (INMD), 43, 47–48

instrumental
measure, 24, 40–42, 49–50,
measurement (methods), 1, 18, 24,

39–48, 58, 62, 103–108, 147, 153,
228, 233–235, 253

intelligibility, 9–11, 11–13, 25–26, 35–36,
70, 78, 84, 85, 87–89, 93, 120, 143,
162, 165–166, 169, 197–198, 203,
206–207, 282

intermediate reference system (IRS), 82,
85–88, 90–91, 177, 182–183, 188,
192–196, 226, 235, 237–238

internet protocol (IP), 48, 52–57, 68, 79,
117, 220–223, 229–233



306 Index

interview, 32
isometric evaluation, 24, 35–36

jitter, 22, 53, 55–57, 61–63, 72–74, 100,
106–107, 220–223, 231–232

buffer, 55–57, 72–74, 76, 107, 220–223
distribution, 221, 231–232

LBR, see low bit-rate redundancy
linear distortion, see distortion, linear

distortion
listener sidetone, see sidetone
listening–effort, 3, 26, 35, 85, 203
Local Area Network (LAN), 53
Lombard effect, 13, 22, 84
loudness, 6, 8, 13, 15, 26, 38, 43–44,

76–78, 82–83, 84, 86, 87, 89, 93, 98,
108, 233, 237

binaural loudness, 194
rating, 43–44, 48, 82–83, 98, 106, 170,

199, 207, 226, 234, 255–257
overall loudness rating (OLR), 43–44,

106, 170, 255–256
receive loudness rating (RLR), 43–44,

106, 194, 226, 234–235, 255–259
send loudness rating (SLR), 43–44,

106, 121, 155–157, 170,
226–227, 234–235, 237, 255–259

talker echo loudness rating (TELR),
see echo, talker echo, talker echo
loudness rating

Loudspeaker-Enclosure-Microphone system
(LEM), 80–81

low bit-rate redundancy (LBR), 57, 70

magnitude estimation, 33, 87, 93, 187
Markov model, Markov chain

2-state, 64–68, 72, 75, 123–129, 135,
137, 220, 267

3-state, 135–137, 138–140, 142–145,
151, 162, 170, 271–274

4-state, 68–69, 135, 138, 141, 147–148,
171, 217–219, 232

n-state, 68, 232
masking, 6, 58, 79, 82–84, 122, 156–157,

162, 168–170, 207, 257
backward recognition masking, 8

mean opinion score (MOS), 26–27, 31,
33–34, 251–254, 258

MOS-LQO, MOS-LQS, MOS-LQE, 253

mobile communication, 52–53, 84, 94, 212,
228

modulated noise reference unit (MNRU),
60, 92, 99, 177, 226, 251–253

monitoring, 18, 20, 43, 46–48, 72,
103–108, 130–141, 228

monotic, 89, 193–196, 235–236
MOS, see mean opinion score
motivation, 15, 21, 100
mouth reference point (MRP), xviii,

193
multidimensional

assessment, 35–39, 59–60, 91–98, 99,
151–154

scaling (MDS), 35–37, 59–60, 91–98,
99, 151–153, 163

nature
desired nature, 15–19, 20, 38, 99–102,

113, 176, 190–203, 215–216, 281,
see also feature, desired feature

perceived nature, 15–19, 20, 196, 215,
281, see also feature, perceived
feature

narrowband (NB), 28, 57–59, 61, 82–83,
85–90, 101, 104–105, 176–181,
181–188, 189–190, 192–197,
208–210, 226–231, 245–246

naturalness
perceived, 12, 37, 42, 60–61, 87–92, 95,

121–122, 187
of situation, 15, 30–32, 182, 236,

network
access, 101
element, component, 16, 18, 29, 40–42,

56–58, 61, 99, 108
planning , xxiii, 16, 18, 20–46, 175
simulation, 228, 231–232

noise, 83–85, 155–157, 163–165,
168

ambient noise, 84, 91
background, 56–57 , 84, 104
circuit noise, 44, 84, 101, 189
comfort noise, 37, 57, 58, 84
floor, 44, 228, 255
impulsive noise, 48, 84
line noise, 44, 46, 83–84, 86, 121, 138,

151, 154–157, 162–165, 168–172,
206–208 see also noise floor, circuit
noise



Index 307

signal–correlated noise, 46, 60, 76, 77,
84, 92

suppression, 85
non-linear distortion, 175–203, 208–210
normalization, 92, 118, 125, 126, 155, 158,

159, 178, 179, 184, 185, 251–254

OLR, 43–44, 106, 170, 207, 255,
256

order effects, 150

packet, 52–53
arrival time, 222, 223
delay, 57, 221
header, 53, 55, 57, 104
loss, 63–78, 113–123, 151–172,

205–206, 219–223
packet loss concealment (PLC), 56, 70,

112, 117, 206, 230, 268
packet loss percentage (Ppl ), 45, 63,

113, 115, 123, 127, 132, 134,
146, 164, 206, 258

packet loss probability (ppl ), 222
distribution, 58, 63–69, 70, 72, 74, 84,

108, 124, 130, 137, 220, 243,
robustness factor (Bpl), 45, 117, 119,

122, 123
network, 57, 59, 63, 65, 72, 220, 222
size, 52, 63, 69, 71–75

packet-based system, 20, 59
packet-based transmission, xxii, 59, 75–76,

103, 108, 111
payload, 52, 71

size, 71
perceptual analysis measurement system

(PAMS), 41
perceptual evaluation of speech quality

(PESQ), 40, 41, 48, 74, 75, 104, 105,
108, 254

perceptual speech quality measure (PSQM),
41, 48, 73, 104

pitch, 5, 7–8, 15, 86
fundamental frequency, see fundamental

frequency
playout

delay, 221, 222
PLC, 45, 56, 57, 63, 70, 72–75, 94, 106,

108, 112, 113, 115–123, 129, 206,
230, 268, 271

polarity profile, 35
PoW, 258

power law, 87, 187
prediction model, 40, 43, 48, 82, 152,

214
input parameters, 155, 268

presentation method, 25, 26, 89
price, 101
prosody, 4
psophometer, 234
psychological factors, 45
psychometric methods, 25
public switched telephone network, 51,

225

Q, 92, 178, 251–252
quality, 15

apparent quality, 213
assessment, 16–18, 192, 197, 238
elements, 18–19, 20, 21, 51–110,

219–223
end–to–end quality, 19
event, 17, 28, 77
feature, 16–21, 24, 40, 43, 49, 51, 55,

58, 59–61, 62, 71–72, 74–75,
76–78, 79, 80–82, 84–85, 86–90,
91–99, 103, 108–109, 111,
151–173

instantaneous quality, 19, 28, 49, 72, 76,
132, 140, 282

integral quality, xxiv, 19, 24, 26–28, 33,
37, 40, 42, 54, 59–60, 76–78, 81,
85, 93–96, 99, 112, 129–147,
151–157, 167–170, 182, 206,
215–216, 269, 277–280

mouth–to–ear quality, 19, 41, 47, 85
overall quality, 19, 38, 109, 152, 153,

175, 194
perception, 16, 49, 71, 197–203, 214
planning quality, xxii, xxiii, 43–46, 135,

151, 214
of experience(QoE), 20, 282
of service (QoS), 19–22, 55–56
speech quality, 1–22, 23–50, 103–108
speech sound quality, 86–90
speech transmission quality, 8, 19, 22,

74, 78, 91, 94–95, 119, 152, 153,
192, 282

subjective and objective quality, 17–18,
24, 281

test, 16–18, 24, 26–30
user directed quality, 16, 18, 20–21, 55
voice transmission quality, 21, 22



308 Index

quantizing distortion, 256–257
unit (qdu), xvi, 256–257

questionnaire, 102–103, 112

rating
absolute category rating (ACR), 26, 28,

88, 96, 194, 265
comparison category rating (CCR), 27
degradation category rating (DCR), 27
paired comparison rating (PC), 26, 27,

28, 37, 40, 87, 181
real-time transport

control protocol (RTCP), 107
control protocol extended reports (RTCP

XR), 107
protocol (RTP), 52, 57, 104, 124

reference
internal, 41, 91
signal, 19, 25

reliability, 25, 105
RLR, 43, 44, 106, 194, 226–228, 234,

255–257, 259, 268, 273
robust header compression (ROHC), xix
root mean squared error (RMSE), 94, 96,

119, 146, 171, 186, xix
running quality index, 40, 49, 87

satisfaction, 19, 20, 27
scale

CCR, 27, xvii
conversation quality scale, 27
CR–10 scale, 33, 34, 126, 138, 154, 155,

181, 265, 269, 272,
DCR scale, 27, 28
level, 25
loudness preference scale, 39
psychological scale, 45
transmission rating scale, 45–46

wideband extension, 178, 179
scaling, 2, 3, 9, 13, 14, 15, 41–46, 48, 49

absolute category scaling, 26–27, 28, 85,
88, 96, 194, 265

attribute scaling, 35, 94, 96
category–ratio scaling, 33
multidimensional scaling, 2, 9, 13–14,

41–43, 45, 46, 48, 49
ratio scaling, 45, 86, 98, 155, 181

schema, 15, 18, 22, 25
semantic differential, see scaling, attribute

scaling

semantically unpredictable sentences (SUS),
23

semiotic triangle, 2
service, 102

integrity, 52, 216, 225
operability, 19–20
performance, 19–20
security, 19–20
serveability, 19–20
support, 19–20

sesssion initiation protocol (SIP), 52
short message service (SMS), xix, 100
sidetone, 45, 79, 91, 225, 227, 235, 240,

257,
listener sidetone rating (LSTR), xv, 45,

91, 259
masking rating (STMR), xvi, 45, 91, 257,

259
sign, 2, 197
signal-to-correlated-noise-ratio, 76, 77, 252
signal-to-noise-ratio (SNR), xix, 39, 46, 83,

85, 156–157, 170, 191, 207, 211,
255

SLR, 43, 44, 156, 170, 226, 227, 235, 259,
268

SNR, see signal-to-noise-ratio (SNR)
sojourn, 69, 123, 137, 148, 217–219

time, 123, 137, 141, 148
sound

event, xvi, 1, 86
quality, 86–90, 97, 109, 182, 274–275

speech sound quality, see quality,
speech sound quality

speaker, 3–4, 81, 87, 115, 127, 150,
202–203, 274

alternation rate (SAR), 148, xix
speech, 1–13

clipping, 81, 82, 115, 117
coding,codec, xxiv, 55, 58–59, 78, 117,

214
form and content, 81–82, 115, 117
intelligibility, 10, 84, 85, 88, 169, 211,

212, 216
level, 4, 26, 46, 83, 98, 156, 193, 198
perception, 3, 4–13
production, 3, 58
quality, see quality, speech quality
recognition, 9, 10, 243
speech sound quality, see quality, speech

sound quality
synthesis, 25, 119, 122, 197, 198, 243



Index 309

spoken dialogue systems, 20, 121, 243
SUBMOD model, 43, 47, 48, 176

talker echo loudness rating (TELR), see
echo, talker echo, talker echo loudness
rating

technologies, 23, 52, 54, 78–79, 100, 111,
215, 226, xxi

telecommunication system, xxii, 18, 30, 39
Telekom objective speech quality measure

(TOSQA), 41, 105
telephone line simulation, 193, 225
TELR, 44, 79, 154, 158, 159, 160, 167,

168, 256, 257, 259, 270,
terminal

coupling loss (TCLw ), 44, 79, 268
equipment, 194

terminal equipment, 194
hands–free terminal, xviii, 56, 57, 79, 80,

88, 89, 90–91, 96, 97, 193, 238–241
test, 16, 25–32, 92, 94, 123–126, 241,

265–275
articulation and intelligibility test, 25
auditory test, xxii, 2, 11, 16, 25, 49, 76,

85, 265–275
Cluster Identification test (CLID test), 25
conditions, 31, 35, 124, 127, 138, 139,

140, 155, 167, 177, 189, 231, 252,
265, 268

conversation test (CT), 3, 26, 29, 30–32,
99, 101, 113, 114, 115, 119, 135,
138, 142–146, 148, 154, 165–166,
227, 268–274

diagnostic rhyme test (DRT), xvii, 26
double–talk test, 29–30, 47, 49, 63, 79,

81, 82, 147, 148, 169
informal test, 237
interactive short conversation test (iSCT),

32, 147–151, 261–263
interference test, 26
isopreference test, 26, 28, 92
Kandinsky test, 31
laboratory test, 16, 27, 225
language material, 124
listening–only test (LOT), xviii, 114,

115, 119, 177, 178, 194, 267
modality, 25
modified rhyme test (MRT), xviii, 26
scenario, 1, 16, 31–32, 261–263, 269
short conversation test (SCT), 31–32, 49,

149–150, 155, 166, 268, xix

speakers, 127, 262, 263
subjects, 16, 30, 32, 34, 36, 94, 99,

101–102, 119, 131, 138, 142, 144,
147, 154, 157, 161, 164–165, 270,
272–273

talking and listening test, 30
timbre, 86–87, 88–91, 184
time-varying, 3, 61, 63, 78, 80–82

delay, 61
distortion, 14, 19, 22, 28, 31, 53–54, 61,

71–72, 74–75, 76–78, 81–82, 94,
96, 101, 103, 111–173, 205–208

noise, 52, 77, 84
quality, 8, 19, 28–29, 31, 49, 71–72,

76–78, 108, 129–147, 162–168,
205–207

transmission
control protocol (TCP), 52, 53, 221, xix
elements, 107–108
errors, 14, 22, 40, 44, 60, 252
parameters, xxiv, 225
paths, 43, 44, 59, 84, 90, 225
planning, 175
rating factor, 46, 132, 155, 157–158,

161, 167–168, 178, 213

universal mobile telecommunications
service (UMTS), 54, xix

usability, 22
user, 90–91, 192–197, 234–241, 247–250

group, 25, 34, 101–102
interface, 194–196

user datagram protocol (UDP), 52, 53,
221

utility, 22

validity, 25, 34, 35, 36, 98, 105, 107–108,
151

voice, 9, 13, 30, 58, 199
quality, 8, 108, 200

voice activity detector/detection (VAD), 57,
58, 108, 120, 230, 271, xix

voice over internet protocol (VoIP), 18,
51–110, 211, 229–233, xix

W-CDMA, 54
Weibull distribution, 221, 223
wideband (WB), 59, 61, 89, 175–203,

208–210, 234, 235, 246, 248, xix, xxv
wireless local area network (WLAN), 52,

63, 78, 111


