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Abstract 

End-to-end tests and evaluations, as a proof of concept, 
are essential tools in the development of innovative 
telecommunication concepts and platforms.  

Within the integrated project MUSE (Multiservice 
access everywhere) we have put extensive efforts in 
defining a complete test suite for full-service end-to-end 
testing. This test suite describes what and how to test. In 
this paper we focus on one specific aspect of the test suite 
i.e. perceived Quality of Service.  

The test suite for Voice over IP is presented and the 
results from a test setup between the Netherlands and 
Sweden, where the perceived QoS have been estimated for 
a particular network connection. 

 

 

Introduction 
 
The overall objective of MUSE is the research and 

development of a future low cost, full service access and 
edge network, which enables the ubiquitous delivery of 
broadband services to every European citizen. The project 
integrates studies in the following areas: 
• Access and edge network architectures and techno-

economical studies 
• Access and edge platforms 
• First mile solutions  
• Interworking of the access network with home 

gateway and local networks 
 
The high bandwidth access solutions developed within 

MUSE should have multi-service and multi-hosting 
capability, enable low investment cost and operational 
expenses and they should be easy to use and utilize for the 
end users. 

In MUSE novell access platforms are developed 
enabling end-to-end solutions. 

Within the MUSE lab trials and demonstration 
Taskforce (TF4) extensive effort is put in defining a 
complete test suite for full-service end-to-end testing. This 
test suite describes what and how to test.  

In this paper we will focus on the test methods with 
respect to perceived QoS.  

 

 

Motivation for a focus on perceived QoS 
 
There are several perspectives with respect to QoS: 

perceived QoS, network quality, terminal quality and QoS 
mechanisms that are supported by the network entities, see 
Figure 1. 

 

 
Figure 1: Four QoS perspectives 

 
A preliminary consideration has to be done about the set 

of definitions related to QoS and network performance that 
are defined in ITU-T E.800 [1]. Regarding the user 
perceived service quality, e.g., for the voice service, 
examples of general key performance indicators (KPI) are: 

 
• Call set-up time, 
• Dial Tone Delay, 
• Call Success Ratio, 
• Call Completion Rate, 
• Billing correctness, 
• End-to-end perceived transmission quality. 

 
Throughout this paper, only the last KPI, the perceived 

transmission quality, will be discussed extensively.  
The MUSE lab trials will have a focus on the perceived 

QoS because in the end the European citizen has to be 
satisfied with the quality of the services enabled by the 
novel access platforms developed. Therefore each selected 
application will be analyzed in terms of these perceptual 
quality factors.  

We have tested and evaluated this concept for a 
particular Voice over IP (VoIP) device, for which we 
present the test suite and the results from test setup between 
TNO in the Netherlands and Acreo in Sweden. 
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Measuring perceived QoS 

For each application that will be tested in MUSE we aim to 
measure the perceived QoS, under varying network 
conditions. Following ITU-T P.800 [2] we rate the 
perceived QoS on a five point scale, the Mean Opinion 
Score (MOS), see  Table 1. 

 
MOS Absolute 

quality Impairment 

5 Excellent Imperceptable 

4 Good Perceptable, not 
annoying 

3 Fair Slightly annoying 
2 Poor Annoying 
1 Bad Very annoying 

Table 1: Definition of MOS scale, based on Opinion Scores 

 
The methods to determine perceived QoS can be based 

on subjective or objective measurements. Alternatively, 
network quality parameters can be used to predict perceived 
QoS. These three methods are briefly discussed below. 

 
Subjective measurements 
 
Since network services are targeted to human users, it is 

necessary at some point, in a controlled way, to measure the 
reactions and experiences of users. It might seem 
impossible to measure a subjective experience, but there are 
scientifically developed psychological and psychophysical 
methods to do that. Some of these have been adapted to 
certain applications and then standardised, e.g. ITU-R Rec. 
BT 500-11 [3] for quality of television pictures. 

 
The repeatability and stability of subjective data are 

often questioned, since the response of a single user can 
vary if a particular experiment is repeated. However, the 
average of a panel of users is stable. For instance, in the 
evaluation of video quality performed by Video Quality 
Expert Group (VQEG), the correlation between two 
different laboratories that ran the same experiment was 
0.97, see [4]. 

 
Objective measurements  
 
Although there are well-tested procedures to perform 

subjective measurements, there are several problems with 
them, i.e., they require a lot of work, careful preparation 
and they take long time to perform, which also make them 
expensive. Furthermore, it is not possible, or at least is very 
difficult to use them for measuring in-service applications. 
It would, therefore, be useful to have objective 
measurement procedures, based on computer software 
programs, which could be used as an alternative. 

For objective quality measurements such as PESQ (for 
voice, see [5]) and VQM (for video, see [6]) one needs the 
original signal (at least in reduced form) and the degraded 
signal in order to compute the perceived quality. 

 
 
Using network quality to predict user-perceived quality 
 
 
A completely different approach is to use a 

computational model that predicts the subjective quality of 
an application based on transmission characteristics. 
Obviously such a computational model should be trained on 
datasets with subjective data. 

 
For Voice, this approach is standardized and has led to 

the so-called E-model [7]. The E-model relates network and 
terminal characteristics, such as delay, packet loss ratio, 
used codec, to perceived quality, as expressed in a MOS 
score. 

 
For Video, the mapping between network performance 

and perceived quality is not understood as good as for 
Voice. Verscheure et al [8] propose a mapping between the 
MOS score versus coding rate and packet loss for MPEG-2 
video. 

 
For Web browsing no mapping is known between user 

perceived quality and network quality. However, Khirman 
et al [9] have established a relation between response times 
and the cancellation rate of web page requests.  

Applications to be tested in MUSE 
 
Within the MUSE lab trials and demonstration 

Taskforce (TF4) it is decided to take into account the 
perceived QoS of five applications: 

 
• Voice-over-IP 
• Streaming Video 
• Videoconference 
• Web browsing and bulk data 
• Interactive Gaming 
 
The perceived QoS for VoIP can be measured by using 

the objective methods PESQ [5] in combination with the 
subjective test suite suggested in [10]. For Streaming Video 
and Videoconference in principal the visual quality can be 
measured by using ITU-T J.144 [6]. A method to determine 
the end-to-end perceived audio-visual quality is currently 
under study in MUSE TF4. For web browsing a method 
that maps the QoS metrics “response time” and “data 
download time” to MOS ratings, is currently under study in 
ITU-T Rec. G.E2EEIPP [11].   For Interactive Gaming no 
general mapping is known between user perceived quality 
and network quality. However, for the First Person Shooter 
game Xblast, Schaefer et al [12] suggest a mapping between 
response time and the MOS score. 
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The following picture depicts the hierarchy of preferred 

test methods for perceived quality: 
 
 

 
Figure 2: Preferred test methods for perceived QoS 

 
 

Conditions under which to test 
 
Obviously the perceived QoS tests have to be performed 

for all access platforms that are developed in MUSE under 
a number of scenarios. These scenarios mainly differ with 
respect to traffic conditions on the access platforms. 

 
 
With respect to the traffic conditions we consider: 
 

• the traffic load on the access network,  
• i.e., light, mild or heavy  

 
• the traffic mix, i.e., single play  or multi play, 

• single play can be defined as “only the 
application under study”,  

• for multi play at least two applications are 
running over the access network 
simultaneously 

 
Within MUSE TF4 we intend to do perceived QoS tests 
for the following two multi play scenarios: 
 

• voice + video + Web browsing, 
• voice + video + Interactive Gaming 

 
Note that in order to deliver multi play successfully the 
access network should support some form of QoS 
differentiation. With the perceived QoS tests one can 
validate whether the QoS mechanisms work appropriately. 

Test method for VoIP 
 
The conversational quality is determined by three 

aspects: listening quality (“how well can I hear the other 
person?”), talking quality (“how well can I hear myself?”) 
and interaction quality (“how well is it possible to 
communicate interactively?”).  

 
Each quality aspect is expressed on the MOS scale, see 

Table 1. 
 
Because the MOS can refer to different aspects we 

propose the following notation, which is currently also 
considered within ITU-T Study Group 12: 

 
 MOS-CQ = MOS overall conversational quality 
 MOS-LQ = MOS Listening Quality 
 MOS-TQ = MOS Talking Quality 
 MOS -IQ = MOS Interaction Quality 
 
Because the overall conversational quality is determined 

by the weakest of the other three aspects we have 
 
 MOS-CQ = min{ MOS-LQ, MOS-TQ, MOS-IQ}. 
 
For MUSE we require that MOS-CQ ≥ 3.6. Note that 

this condition should be verified at both sides. 
 
The architecture for the test is depicted in Figure 3. 

 
Figure 3: Architecture of VoIP test 

 
In order to determine the conversational quality of a 

voice link we will use a combined objective/subjective test 
suite as proposed by Beerends [10]. We will denote the 
conversational quality at SIDE A and SIDE B by 
A_MOS_CQ and B_MOS_CQ respectively.  

 
All tests described by Beerends [10] are truly end-to-

end tests, i.e. between measurement points MP1 and MP4 in 
Figure 3. 

 
The test suite consists of the following six steps: 
 

A. One-way listening, speech quality  
B. One-way talking, side tone/echo quality 
C. One-way talking, echo quality, maximum criticality 
D. One-way talking, background noise quality 
E. Two-way interaction, full/semi-full/half duplex quality 
F. Two-way interaction, delay 

 
The conversational quality is determined by the 

minimum MOS obtained in tests A-F.  
 
It should be noted that Test A uses the objective method 

PESQ, see [5]. 
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Experimental results for VoIP 
 
In order to obtain experience with the test suite for 

perceived VoIP quality we have set up an experiment 
between TNO (Delft, the Netherlands) and Acreo 
(Stockholm, Sweden) using the Infineon INCA-IP VoIP 
phone prototype board. In the experiment a VoIP call was 
set up between the TNO TestLab and the Acreo TestBed 
over the Internet. 

 
For this hardware IP phone G.711 a-law codec was 

used, with echo suppression on in Delft and off in 
Stockholm. For the PESQ measurement we used a reference 
sample file that contains 30 seconds (8 phrases) of Dutch 
speech of both a female and male speaker, sampled at 
16kHz. 

 
The results of the experiment can be summarized as 

follows: 
 

• The overall quality is adequate in Delft 
(TNO_MOS_CQ: 3.62) and good in Sweden 
(ACR_MOS_CQ: 4.0) 

• The echo suppression is not perfect, but still acceptable 
(in Delft background noise switching –probably caused 
by echo suppression- and soft echo was audible).  
Good echo suppression –including comfort noise- or 
even an echo canceller should be able to perform 
better. 

 
Analysis of the PESQ disturbance on a frame basis shows 
that the slightly degraded speech quality in Delft is possibly 
caused by a low frequency component (“humming”) in the 
measurement (not causing disturbance during active 
speech). This could be caused by electromagnetic 
interference on the VoIP test board.  

 

The generic conclusion is that the test suite to determine the 
perceived QoS of VoIP is easy to apply and can be 
conducted in about an hour, excluding preparation of the 
test and measurement setup.  

 
In addition to the above objective and subjective quality 

methods we have also performed a number of network 
measurements by using PTAnalyzer software/hardware 
from Prosilient, see [13]. 

The figure below shows the test set-up of the 
measurement.  

 

 
Figure 4: Test set-up for the Prosilient measurement probes 

 
The measurement traffic passes the access networks of 

TNO Labs and Acreo Testbed and best-effort Internet 
connecting the two sites. Referring to Figure 3, this means 
that the measurements took place between MP2 and MP3. 

 
Since the measurement goes over best-effort Internet 

between Acreo and TNO, the path as well as the jitter and 
delay will vary in an uncontrolled manner. A trace route 
from the probe at Acreo to the probe at TNO revealed 16 
hops between the two probes. 

 
An emulation of VoIP traffic was started Wednesday 

Apr 20 15:11:41 CEST 2005 and was running for one 
week. 

Two UDP streams of 64 kbps payload and G711 
CODEC were launched between the two sites to simulate a 
VoIP call. This measurement showed good (From Acreo to 
TNO) or excellent (from TNO to Acreo) quality, as shown 
below in the QoS chart. Note that this is in line with the 
results obtained through the test suite. 

The MOS QoS chart shows the quality over time. Here 
the MOS-value is deduced from network delay, network 
jitter, packet loss and codec characteristics by means of the 
E-model [7]. Is should be noted that the scale used in Figure 
5 is not exactly the same as in Table 1. For instance, Figure 
5 shows a region of MOS 0 but this actually should be 
MOS 1. This bad quality is due to a spike in the packet loss. 
The origin of the packet loss is unknown. 
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Figure 5: MOS chart for the stream from the TNO probe to 
the Acreo probe 

Conclusions 
The present paper describes a part of the the complete 

test suite defined in MUSE for the full-service end-to-end 
testing. 

Among the several components of QoS, the perceived 
QoS has been selected as the relevant Key Performance 
Indicator, since it constitutes the component that is expected 
to affect the European citizens in a major degree. 

As a tutorial support, three types of measurement 
methods have been indicated and described, as being 
available to obtain perceived QoS, i.e., subjective 
measurements, objective measurements, and the use of 
network quality to predict user-perceived quality. 

The selected applications used as basis of study in the 
MUSE project have also been indicated, i.e., VoIP, 
Streaming Video, Videoconference, Web browsing and 
bulk data, and Interactive Gaming. 

After that, the scenarios that should be used in real 
testing conditions have been pointed out, together with the 
conditions under test in terms traffic conditions. 

Then, the test suite for measuring perceived QoS for 
VoIP has been described. Finally, we describe an 
experiment where we applied the test suite to determine the 
perceived QoS of a real-life VoIP call between TNO (the 
Netherlands) and Acreo (Sweden). The test suite to 
determine the perceived QoS of VoIP is easy to apply and 
can be conducted in about an hour, excluding preparation of 
the test and measurement setup. 
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