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Abstract. This paper presents the study of VoIP quality measurements from 
two popular codecs, G.711 and G.729, using the methods of Perceptual 
Evaluation of Speech Quality (PESQ) and Thai speech. In this study, from four 
lists of Thai speech, it has been found that G.711 provides better voice quality 
than G.729 in every condition of packet loss. Also, it has been found that 
Objective Listening Quality - Mean Opinion Score (MOS-LQO) of male speech 
is slightly higher than MOS-LQO of female speech, whereas MOS of child 
speech is the lowest. Then, MOS-LQO values from four Thai speech lists have 
been compared. Next, MOS-LQO from PESQ of male and female speech at the 
best condition have been compared with the Subjective Listening Quality Mean 
Opinion Score (MOS-LQS) from ACR listening tests in another laboratory. 
Lastly, referring to packet loss effects, objective MOS from PESQ have been 
compared with subjective MOS from conversation tests. It has been found that 
there is no significant difference among MOS-LQO from the four Thai speech 
lists, but it has been found that there is a significant difference between 
subjective MOS and objective MOS from each codec in each condition. 
Therefore, one can say that this is evidence that PESQ requires intensive study 
with Thai speech to modify PESQ for VoIP quality measurement in Thai 
environments confidently. 

1 Introduction 

VoIP quality measurement is one of the interesting issues referring to VoIP 
technology. Particularly, research on VoIP quality measurement based on Thai speech 
is very interesting because Thai is a tonal language, which is unique. At this moment, 
it still requires deep investigation, although some issues with the Thai language have 
been studied already, for example, subjective MOS studies with G-family codecs 
using subjective tests and Speex using PESQ [1-2].  

Therefore, this study has been conducted in order to investigate VoIP quality 
measurement using PESQ with Thai speech, which has been applied to the Thai 
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Speech Set for Telephonometry (TSST) [3], with unofficial collaboration between 
Faculty of Information Technology, KMUTNB, and School of Information 
Technology, KMUTT. 

2 Background 

VoIP quality measurement methods have been mainly classified into subjective 
methods and objective methods [4] [5]. Some of those are presented as follows:  

2.1 Subjective Methods   

Subjective result of voice quality is an important issue because it is necessary to be 
benchmarked for objective measurement tool calibration. It has been stated in [2] that, 
in general, it is agreed that subjective result of voice quality evaluation gives better 
reliability that the result from objective measurement.        

Conceptually, subjective testing seems a very simple idea to obtain Mean Opinion 
Score (MOS), which is a key quality indicator for speech communication that is 
standardized by ITU-T [6]. MOS is the average of scores, using a 5-point scale 
(5=Excellent, 4=Good, 3=fair, 2=poor, 1=bad) from individual scores. However, for 
reliability of MOS, it requires 16 subjects or more, requiring controlled conditions 
(e.g., packet loss effects) in a quiet environment, such as a soundproof room [7].  

Absolute Category Rating (ACR) testing is one of the better known subjective 
methods. This method has been issued by ITU-T; its result is a MOS of listening 
quality, which refers to how subjects rate what they hear during a call or speech 
sample [6-7]. It is used to obtain the absolute quality of the voice sample, through the 
direct hearing of the speech sample, without a reference speech sample [7].  Of 
course, ACR testing requires standard speech files; otherwise, variability in scores 
might be high. That means the MOS result might suffer from unreliability. 
Nevertheless, for its limitation, some effects such as delay effects cannot be tested 
using this method. 

Therefore, conversation testing can be an alternative, particularly to evaluate 
conversational quality, which refers to how subjects rate the overall quality of a call 
impacted by, for example, echo and/or delay effects, thus it is the most realistic 
atmosphere recommended by ITU-T because this method can reach the same standard 
of realism [5] [7] [8]. Moreover, this method does not require speech files, while each 
round of testing can provide two scores. Therefore, with the same numbers of 
subjects, it should be able to decrease time of 50% to gather scores.  

2.2 Objective Methods 

Even though there is no objective measurement method that can replace subjective 
measurement method perfectly, objective measurement method has several 
advantages, such as, shorter time consumption, no collaboration with a lot of subjects 
and fewer endeavors [2, 9]. 
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There are several objective measurement methods for speech communications, 
However, the major methods are PESQ for intrusive methods and E-model for non-
intrusive methods, which have been confirmed by the search results from 
IEEEXplore®, as shown in Table 1 [10] [11]. In that table, it can be seen from the 
search that the results of PESQ are higher than results of the E-model. 

Table 1. Research directions using PESQ and E-model in last five years 

Objective Method Result Remark 

PESQ 41 
Jan 2009 – Aug 2013 

E-model 37 

For PESQ, which has been used in this study, it has been surveyed from [5] [12] 
[13] [14] [15] [16] and summarized in [17] as follows: 

- PESQ is state-of-the-art in terms of objective voice quality measurement and has 
been claimed to have very high correlation with the subjective voice quality 
measurement methods 

- it is the most common and popular method of intrusive measurement methods, 
including the original version, P.862 that supports narrow-band telephone networks 
and speech codecs, and P.862.2 which supports wideband telephone networks and 
speech codecs 

- the original ITU-T P.862 PESQ supports only narrow-band telephone networks, 
whereas its new version was extended to support wideband telephone networks   

- it uses the strength of both Perceptual Speech Quality Measurement (PSQM) and 
Perceptual Analysis Measurement System (PAMS), which are psycho-acoustic and 
cognitive models, and a time alignment algorithm respectively 

- it is recommended to evaluate the impact of a codec to voice quality and to test 
the networks before operation 

- it can be applied to evaluate several factors, such as transmission errors, codec 
errors, noise in the system, packet loss and time clipping 

- it works as the model that compares the degraded signals to the original signals, 
instead of subjective evaluation   

- this model permits the discovery of time jitter and identification of frames 
involved and which frames are affected by the delay and erased in order to prevent a 
bad score  

- the average correlation between PESQ scores and the subjective scores was 
0.935, reported in [14], whereas, it is claimed in [16] that the correlation is up to 0.95. 

2.3 Thai Language and Thai Sound System 

The Thai language is a tonal language used as the official language in Thailand  
that has population of over 65 million people. There are 44 Thai consonants that  
are classified into three groups known as High, Middle and Low class consonants. 
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The phoneme of Thai consists of 21 initial consonants, 11 cluster consonants, 9 final 
consonants, 21 vowels (consisting of short vowel, long vowel and diphthong) [18]. 
Particularly, there is a tonal feature that is very important for the Thai sound system, 
due to different tones of Thai speech which change the meaning of Thai words [18]. 
There are five tones shown in Table 2. 

Moreover, from the research on neuroscience, it has been reported in [20] that from 
the study using Electroencephalogram technique and Low-Resolution Brain 
Electromagnetic Tomography (LORETA) with the Mismatch Negativity (MMN), 
with 9 Thai native listeners who do not have Chinese knowledge, that only the left 
hemisphere (LH) of Thai native speakers were activated significantly when listening 
to the condition with Thai speech which is their mother language, whereas, their right 
hemisphere (RH) were activated when listening to the condition with Chinese speech. 
Besides, it has been reported in [21] that the part of LH was predominant in the 
perception of the prosody of Thai speech sound, while the prosody of Chinese speech 
sound was dominated by part of the RH. That means only the left hemisphere can 
significantly respond to native speech sounds. 

For speech samples that are necessary for the listening tests and different kinds of 
objective voice quality tests, ITU-T recommended that the speech samples must be 
meaningful and easy to understand [5], therefore, the ‘Harvard sentences’ that have 
been used widely cannot be used for voice or speech quality measurement in 
Thailand, due to those sentences are only in English [22].  

Instead of using a set of Thai speech from the ‘Multi-lingual speech database for 
telephonometry 1994’ that’s provided by NTT-AT with expensive costs [22], local 
Thai speech sets have been considered. However, instead of following [2] using the 
well-known Thai speech corpus ‘LOTUS’, which has been noted that many sentences 
are not simple when compared with the Thai Speech Set for Telephonometry (TSST) 
[3] [4]. TSST has therefore been considered for application, following [23] for further 
investigation. Some parts of speech sentences of TSST are shown in Table 3. 

2.4 Related Works 

In 2002, it was reported that results from the study with English and Dutch speech 
with loss effects using PESQ in [24] that the voice quality from male speech is higher 
than the voice quality from female speech.   

Table 2. An example of Thai words with five tones 

 Thai Tone 

 Mid Low Falling High Rising 

Word   /    

Phonetic 
Symbol      

Meaning noun classifier 
of a flute 

set or 
group to tell/alcohol a (pig or  

duck) pen 
to sharpen 
(a pencil) 

 



246 K. Yochanang et al. 

Several years later in 2008, there was one research work from the same laboratory 
that is consistent with [24]. It presented voice quality with the GSM codec, English 
speech and six conditions [12]. It has been found that the voice quality from male 
speech using PESQ is higher than the voice quality from female speech. While it is 
inconsistent with [24], when using 3SQM, it was found that the voice quality from 
female speech is higher than the voice quality from male speech. 

Similar to [25], the study with G.711 and G.729 using PESQ, it has been observed 
that the results from the experiment with delay effects of the voice quality from 
English female speech is slightly higher than the voice quality from English male 
speech. However, it has been observed from the same article that it is inconsistent 
with Chinese speech because the voice quality of Chinese male speech is slightly 
higher than the voice quality of Chinese female speech. Nevertheless, with loss 
effects, it has not been observed clearly from the experiment with G.711 about the 
differences of the voice quality from English male speech and English female speech, 
while the result of Chinese speech is consistent with the result of the experiment with 
delay effects. 

For the study with Thai, both male and female speech, with Speex codec using 
PESQ [2], the result from the experiment with Thai speech is consistent with [24], 
and [12] that used PESQ tests. It has been observed that the voice quality from Thai 
male speech is higher than the voice quality from Thai female speech. 

However, all above were mainly from objective tests using PESQ, the results are 
inconsistent with the result from the subjective tests, because it has been shown in 
[26] from interview tests, the voice quality from the female interviewer is slightly 
higher than the voice quality from the male interviewer. Besides, it has been 
compared between G.711 and G.729 referring to loss effects in [8] using conversation 
tests but it did not analyze type or gender of speech.  

Therefore, it is still necessary to investigate and analyze Thai speech, both male 
and female.  

3 Methodology 

From Table 3, the speech lists have been adopted from [23], which follows [27] that 
recommended to have the length of each speech sample around 8-30 s, as shown in 
Table 4, as follows: 

1) List2: there are three forms of speech samples (A, B and C). Each speech 
sample, with the length of 8 s, consists of two speech sentences. For each form, there 
are 2 child speech samples (a boy and a girl), 4 female speech samples and 4 male 
speech samples; therefore, totally there are 30 speech samples for this speech list. 

2) List3: there are three forms of speech samples (A, B and C). Each speech 
sample, with the length of 8 s, consists of three speech sentences. Similar to List2, for 
each form, there are 2 child speech samples (a boy and a girl), 4 female speech 
samples and 4 male speech samples; therefore, totally there are 30 speech samples for 
this speech list. 
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3) List4: there are three forms of speech samples (A, B and C). Each speech 
sample, with the length of 10-12 s, consists of four speech sentences. Similar to List2, 
for each form, there are 2 child speech samples (a boy and a girl), 4 female speech 
samples and 4 male speech samples; therefore, totally there are 30 speech samples for 
this speech list. 

Table 3. Selected Speech Samples for creating Subgroups of TSST as a Small Size Approach 

Speech Group No. Thai Sentences (or Phrases) with English Meaning 

G1-1 สวัสดีครับ/คะ (Hello.) 

G2-1 หมายเลขที่ทานเรียกไมสามารถติดตอไดในขณะนี ้(The number you've tried to reach cannot be connected.) 

G2-2 คิดถึงนะ (Miss you.) 

G4-1 สอบถามขอมลูอืน่เพิม่เติมอีกไหมครบั/คะ (Would you like to ask for more information?  )  

G5-1  ตอไปเปนขาวในพระราชสํานัก (Next, it is the royal news.) 

G5-2 Where have you been? (ไปไหนมาเหรอ ) 
G6-1 กรุณาถือสายรอสักครูครับ/คะ (Please hold on one moment.) 

G6-2 ยินดีตอนรับครับ/คะ (Welcome.) 

G7-1 วันนีจ้ะไปเที่ยวที่ไหนดี (Where are we going today?) 

G7-2 ไมไดเจอกนัต้ังนาน (Long time no see.) 

G8-1 กําลังจะไปไหน (Where are you going?) 

G8-2 ขอรบกวนเวลาสักครูนะครับ/คะ (Please give me sometime.) 

G9-1 วันนีไ้ปกนิขาวที่ไหนกนัด ี(Where will we go to eat today?) 

G9-2 จะกลับเมือ่ไหร (When will you come back?) 

G11-1 ดูแลรักษาสุขภาพดวยนะ (Take care of your health.) 

G11-2 ตกลงนะครับ/คะ (Are you ok?) 

G12-1 กรุณาติดตอกลับมาใหม (Please contact again.) 

G12-2 กลับถงึบานหรอืยัง (Have you reached home?) 

G13-1 วันนีเ้รียนวิชาอะไร (What subject are you going to study today? or What subject have you studied today?) 

G13-2 จะกลับถึงบานกี่โมง (When will you reach home?) 

G14-1 กําลังทําอะไรอยูเหรอ (What are you doing now?) 

G14-2 วันนีร้ถติดมากเลย (Traffic is/was bad today.) 

G15-1 ขณะนี้เวลาแปดนาฬิกา (Now, the time is eight a.m.) 

G15-2 ขอโทษนะครบั/คะ (I’m sorry.) 

G17-2 ยุงอยูหรือเปลา (Are you busy now?) 

G18-2 ต่ืนนอนหรอืยัง (Have you woken up yet?) 

G20-1 วันนีอ้ากาศรอนมาก (Today is very hot.) 

G22-2 กินขาวหรอืยัง (Have you eaten food?) 

G23-1 ขอบคุณมากครับ/คะ (Thank you very much.) 

G24-1 นอนหลับหรอืยัง (Have you slept yet?) 

G25-2 แคนี้กอนนะครับ/คะ (Ok, I have to hang-up now.) 
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Table 4. Lists of TSST that were created and selected for this study 

Subset of TSST Item Length (s) Speech group no. 

List2 

A 8 
G12-2 
G20-1 

B 8 
G6-1 

Subset of TSST 

C 8 
G4-1 
G8-2 

List3 

A 8 
G2-2 

G10-2 
G22-2 

B 8 
G13-2 
G15-2 
G18-2 

C 8 
G14-2 
G17-2 
G24-1 

List4 

A 10 

G2-2 
G14-2 
G22-2 
G23-1 

B 10 

G8-1 
G10-2 

G15-2 
G25-2 

C 12 

G1-1 
G2-1 

G8-2 
G6-1 

List10 

A 30 

G5-1 
G5-2 
G6-1 
G6-2 
G7-1 
G7-2 
G8-1 
G8-2 
G9-1 
G9-2 

B 30 

G11-1 
G11-2 
G12-1 
G12-2 
G13-1 
G13-2 
G14-1 
G14-2 
G15-1 
G15-2 
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4) List10: there are two forms of speech samples (A and B). Each speech 
sample, with the length of 30 s, consists of ten speech sentences. Also, for each form, 
there are 2 child speech samples (a boy and a girl), 4 female speech samples and 4 
male speech samples; therefore, totally there are 20 speech samples for this speech 
list. 

Then, all speech lists, which consist of 110 speech samples, were tested using the 
PESQ tool and the network simulator in VoIP Lab, KMUTT with G.711 (A-law) and 
G.729, referring to packet loss effects (0%, 2%, 6% and 10%). Totally, there are 8 
under test conditions (2 codecs x 4 loss conditions). Each speech sample was repeated 
10 times per condition; therefore, the gathered data from this study are 8,800 records 
totally. 

4 Results and Discussion 

After obtaining the data and MOS-LQO [2], only comparison between MOS-LQO 
provided by G.711 and G.729 but also three issues have been considered, type of 
speech (child, female and male) and comparison between the results from G.711 and 
G.729, and the comparison among the results from four lists of speech samples. 
Moreover, the trends of results from PESQ tests were compared with the subjective 
results from the other study in another laboratory. The results are shown below:  

4.1 Comparison of MOS from Thai Speech of Child, Female and Male    

For overall, as shown in Fig. 1 – Fig. 4, referring to packet loss effects, MOS- LQO 
from G.711 is higher than G.729. It is consistent with the subjective result as reported 
in [8]. Then the type of speech has been compared, as shown in Fig. 1 – Fig. 4, it can 
be seen that: 

1) At the best condition of packet loss (0%), the MOS-LQO from G.711 no 
significant difference among child speech, female speech and male speech was found. 
Whereas, it has been discovered that there is a slight difference among three of them 
from G.729, for male speech over female speech over child speech. 

2) For overall, it can be seen that MOS-LQO from G.711 is better than MOS-
LQO from G.729 in each condition under testing. 

3) At the packet loss of 2%, 6% and 10%, the MOS-LQO from both G.711 and 
G.729, differences among three of them from G.729, for male speech over female 
speech over child speech were discovered. 

4) The results from all speech lists tend to be in the same manner that MOS-
LQO from male speech is higher than female speech, whereas MOS-LQO from child 
speech is the worst. This might be one of the reasons that ITU-T does not provide 
child speech samples in [28]. For overall, the result from this study is consistent with 
the results from PESQ tests in [24] [12], whereas, it is inconsistent with the observed 
results from 3SQM tests in [12] and PESQ tests in [25]. 
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Fig. 1. Comparison of MOS among child speech, female speech and male speech from List2 

 
 

Fig. 2. Comparison of MOS among child speech, female speech and male speech from List3 

Moreover, it is inconsistent with the result from [26]. It has been reported that 
interviewees prefer female interviewer over male interviewer, which might stem from 
the gender of speech. 

Therefore, from the results, it can be summarized that PESQ tool responds to low 
speech frequency over high speech frequency because fundamental frequency of male 
speech is lower than female speech and child speech, as presented in [9]. This is 
evidence which can be used to improve objective tools when working with male and 
female speech. Of course, at present, child speech samples should not be used when 
studying objective methods (e.g. PESQ).  
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Fig. 3. Comparison of MOS among child speech, female speech and male speech from List4 

 
 

Fig. 4. Comparison of MOS among child speech, female speech and male speech from List10 

4.2 Comparison of MOS from Four Speech Lists  

As shown in Table 5, the results without MOS-LQO from child speech, one can see 
no difference of MOS-LOQ provided by G.711 from four speech lists, the maximum 
difference is 0.02 at packet loss of 2%, whereas MOS-LQO is exactly the same, 2.59, 
at packet loss rate of 10%. While, the standard deviation tends to be higher when the 
packet loss rate is increased.  

For the results from G.729, as shown in Table 6, although there is no significant 
difference among the four speech lists, it can be observed that MOS-LQO values from 
List10 in all conditions are higher than List2 –List4, whereas, the standard deviation 
values from List10 are lower than the others.  

Therefore, it can be summarized that each Thai speech list from TSST can be used 
with PESQ tool with confidence. 
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Table 5. Comparison of MOS-LQS values among four speech lists with G.711 

Loss 
(%) 

MOS Standard Deviation 

List2 List3 List4 List10 List2 List3 List4 List10 
0 4.42 4.41 4.42 4.42 0.06 0.06 0.05 0.05 
2 3.66 3.66 3.64 3.64 0.30 0.30 0.27 0.27 
6 2.96 2.95 2.95 2.95 0.33 0.33 0.35 0.35 

10 2.59 2.59 2.59 2.59 0.31 0.32 0.34 0.34 

Table 6. Comparison of MOS-LQS values among four speech lists with G.729 

Loss 
(%) 

MOS Standard Deviation 

List2 List3 List4 List10 List2 List3 List4 List10 
0 3.76 3.82 3.77 3.85 0.19 0.15 0.15 0.14 
2 3.17 3.21 3.21 3.29 0.31 0.26 0.28 0.19 
6 2.56 2.60 2.57 2.70 0.28 0.26 0.26 0.18 

10 2.22 2.25 2.24 2.37 0.25 0.25 0.25 0.17 

4.3 Comparison of Objective MOS and Subjective MOS  

Similar to Section 4.2, MOS-LQO values from child speech were discarded, MOS-
LQO from PESQ of male and female speech at the best condition have been 
compared with MOS-LQS from ACR listening tests in another laboratory [9], it has 
been found that MOS-LQO of 4.41-4.42, as in Table 5, is slightly higher than  
MOS-LQS of 4.23 for G.711, whereas MOS-LQS of 4.18 is higher than MOS-LQO 
of 3.76-3.85, as in Table 6, for G.729. 

Without available subjective MOS from listening tests referring to packet loss 
effects, the result of objective MOS, MOS-LQO, from G.711 and G.729 in this study 
with Thai speech has been compared with the result of subjective MOS, MOS-CQS 
[1], from conversation tests that are available in [8].  

As shown in Fig. 5, G.711, MOS-CQS is lower than MOS-LQO at the best 
condition of packet loss. However, MOS-CQS is higher than MOS-LQO at the other 
conditions, particularly packet loss of 6% and 10%. 
 

 
 

Fig. 5. Comparison of MOS-LQO and MOS-CQS from G.711 
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Fig. 6. Comparison of MOS-LQO and MOS-CQS from G.729 

For G.729, as shown in Fig. 6, it can be seen that MOS-CQS at each condition it is 
higher than MOS-LQO significantly, particularly at packet loss of 2%, 6% and 10%. 

However, this issue should be re-investigated and compared to MOS-LQS and 
MOS-LQO using Thai speech. Then, the localization-mapping factor based on Thai 
users should be found for PESQ calibration.   

5 Conclusion and Future Work 

This paper presents the comparative study of VoIP quality measurement from 
G.711(A-law) at 64 Kbps and G.729 at 8 Kbps using PESQ and Thai speech, referring 
to packet loss effects.  

From this study with Thai speech, firstly, it has been found referring to packet loss 
that MOS-LQO from G.711 is slightly higher than MOS-LQO from G.729 in each 
condition. Also, it has been found that MOS-LQO from Thai male speech is higher 
than MOS-LQO from Thai female speech. Whereas, MOS-LQO from Thai child 
speech is the lowest, compared to the others. Therefore, it can be summarized that 
PESQ tends to give higher values of MOS-LQO for speech sample that have low 
fundamental frequency like male speech, due to the fundamental frequency of male 
speech is lower than female and child speech. Thus, PESQ should be improved to 
include this issue as future work. 

Secondly, it has been found that there is no significant difference from this study 
that MOS-LQO from four speech lists (List2, List3, List4 and List10), although MOS-
LQO from List10 seems slightly higher that MOS-LQO from others. Therefore, each 
of them can be used with confidence. 

Lastly, it has been found that there are significant differences between objective 
MOS from PESQ and subjective MOS from conversation tests. Therefore, the MOS-
LQS should be conducted using the four speech lists in this paper and then compared 
with MOS-LQO from this study as future work, in order to modify PESQ for Thai 
speech especially.  
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