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Introduction

Packet loss is a key factor determining the quality of
many multimedia applications. These applications
experience degradation in quality with increasing packet
loss and delay in the network. The impact of lost packets
on voice quality has been investigated in many
publications [1, 2]. Performed research shows that sparse
lost packets only slightly worsen speech quality. Voice
quality is deteriorated much more when lost packets are
bursty. In such conditions parts of words or even complete
words may be lost.

Performed researches show that GSM communication
conditions are constantly varying. Lost packets are rare
when user is in good communication conditions. Otherwise
the number of lost packets is increasing and they become
bursty. The probability of lost packets also depends on
channel codes and consequently on parity bits. The
experimental investigations of GSM frame-level error
traces have been carried out at the reliable link layer
(Radio Link Protocol — RLP). The models of lost packet
series in GSM network were developed based on these
RLP experimental results [3, 4].

In GSM channel coding of RLP packets is specified in
[5] while channel coding of speech data is specified in [6].
The channel codes of RLP packets are not the same as
channel codes of speech data. Speech data are protected
with different number of parity bits compared to RLP data
packets. Various voice codecs have different channel
coding schemes. This is the main difference between voice
and RLP packet encoding. Therefore the models of RLP
lost packet series can’t be applied for investigation of voice
transmission systems.

In this paper we present a method for collection of lost
speech frame traces in GSM system. The main idea of
measurements is based on speech frame substitution (SFS)
function which is implemented in many codecs. The basic
substitution operation for lost frames is the repetition of the
last good received frame. As a result, substituted and
previous frames become highly correlated.

Voice codecs

The human speech consists of talkspurt and silence
time intervals (Fig. 1) which are separated by the
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functional Voice Activity Detector (VAD) in voice
encoder. GSM is a digital system, so speech signals,
inherently analog, have to be digitized. There are several
types of codecs used for voice coding: GSM 06.10 FR,
GSM 06.20 HR, GSM 06.60 EFR, AMR-n.

In all GSM systems speech signal v(t) is divided into
T =20 ms time intervals (voice frames)

vi(t) = {v(t),when (i-DT <t<iT, (1)

0, otherwhere.

Each of voice frames is encoded v; (1) = C;.
The voice coder delivers to the channel encoder a
sequence of data blocks ¢;, where i =1, 2, ... (Fig. 1).

Voice

«—— Talkspurt ——»«— Silence

TR T t
fhh 61 H B t;
VOI]Se C1 C C3 Ci
pac ets
(1111 [] []
1 2 3 i

Fig. 1. Time diagram of voice encoding

Using different codecs on the same voice signal we
get different data blocks c;. Every pronounced word is

represented by a particular set of data blocks C = {Ci}il=1
which can be recomposed as vector

C= CiCy ...Cy. (2)

The number | of data blocks in the set depends on
length of pronounced word and varies for different words.
Voice signal contains many words, therefore each of them
is coded with different vector C.

The voice talkspurt intervals are coded into data blocks
{ci} and then sent to communication channel. In the silence
intervals only particular silence descriptor (SID) frames are
transmitted, therefore VAD disconnects the transfer of
voice frames for this time period (this is called
discontinuous transmission).

In GSM FR speech encoder one data block
corresponds to one speech frame and contains 260



information bits, including 182 bits of class 1 (protected
bits), and 78 bits of class 2 (not protected).

The class 1 bits are divided into the class 1a and class
1b. The most important class la bits are protected by a
cyclic code (3 parity bits) and the convolutional code
whereas the class 1b bits are protected by the convolutional
code only [6]. Class 2 is without any protection.

When the channel decoder has decoded transmitted
data block, the CRC is checked and if it is wrong, the
whole speech frame is discarded. Then decoder uses
speech frame substitution function SFS [7].

Marking of substituted frames

Normal decoding of lost speech frames would
result in very unpleasant noise effects. In order to improve

the subjective quality, lost speech frame Vi* (t)is

substituted with either a repetition or an extrapolation of
the previous good speech framevj_;(t). This substitution

is done so that it gradually will decrease the output level,
resulting in silence at the output [7]

Vi ()= avi_i (1), 3)

where a <1, i — frame number.
After the substitution, strongly correlated adjacent

segments V;_, (1), vi* (t) of the signal are created
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iT

Ei= [viadt 5)

>i-DT

is the energy of i-th signal segment.

According to eq. (3) the energy of substituted frame is
lesser compared to the energy of last good frame. These
two features of substituted frame - strong correlation and
decreasing energy are used as metrics for detection of lost
voice packets.

Experimental test-bed

The scheme of experimental test-bed, integrated in
GSM network infrastructure, is showed in Fig. 2. It
consists of stationary and mobile parts. The stationary part
— desktop PC1 with acoustic system for communication
status monitoring and mobile phone MS1 are connected to
the PC1’s sound card. This part is immovable during the
measurements.

| PC1 || MS1 |5 GSMnetwork |s| Ms2 |l PC2 |

Fig. 2. Measurement scheme

The mobile part — laptop PC2, mobile phone MS2,
connected to the PC2’s sound card. PC1 is generating
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special test signal which simulates voice signal. The test
signal is sent to microphone circuit of MSI1. Then
connection between MS1 and MS2 is established.
Depending on the position of MS1 and MS2 in the GSM
network, connection process involves one or two base
transceiver stations and mobile switching center.

In order to investigate lost frames in particular radio
channel, it is important to have one of the mobile phones
(MS1) in exceptionally good communication conditions
where all packets are transmitted without loss. The second
mobile phone (MS2) should be located in the area of
investigation.

The described test-bed measures lost frame traces in
the radio channel between base transceiver station and
MS2. The received test signal is passed to PC2. The
special software analyzes this signal and creates the
information file about good and erased (lost) packets.

The lost voice packet traces have to be used in order to
evaluate voice quality and simulate codec behavior.

Test signal

The real speech signal has silence periods in which
only SID frames are transmitted. From another point of
view, VAD analyzes incoming signal and disconnects the
transmission if this signal is not similar to the speech. In
this case receiver generates comfort noise.

The proposed system can actually decide which
decoded voice packets are correctly received and which are
decoded after the substitution, only if it uses special test
signal.

The spectrum of voice simulating signal S(t) must be
similar to the spectrum of the real speech. The duration of
test signal period should be long enough, at least several 20
ms time intervals.

It is experimentally investigated, that VAD does not
disconnect transmission when the test signal consists of
sinusoid segments with different frequencies

S(t) =s(t, Q) = Asin(Qjt— ;) , (6)
where (I-DT <t<iT,i=12,3,....

The correlation between good received adjacent
speech frames must be minimal to ensure correct detection
of lost packets. The SFS function in the decoder after the
substitution crates correlated voice signal which is the
criteria for determining of the lost packet position in the
trace. That is, when

RGsi (D), si(t=T)) << 1. ™)

Eq. (6) fulfils this condition when each pair of any
sinusoid segments has following frequencies €Q; and ;.

Qi -0 =k, ®)
T
where k — any integer number.
The frame of test signal and MS frame are not timed.
The frame position in test signal is shifted by r=t,—1t,
compared to MS frame. In this case the test signal passes

minimum correlation condition (7), when the frequencies
of sinusoid segments €; are multiples of Qy=27/T and



k>>1 in eq. (8). In the GSM system we have
FO = Qo/ 2= 50Hz.

From codec description [8] we notice, that frequency
response has less variation in the frequency range from 250
Hz to 1300 Hz. To avoid distortions of amplitude the
frequency band of test signal must be limited to this range.

The test signal which corresponds to conditions

mentioned above can be expressed:

S(t) =S (1) +5(t-T)+s7(t-2T)+ )
+S,(t=3T)+...+55(t—=10T) + s, (t =11T),

sin(Q; -t), t[0,T],

0, te[0,T],

fi =250+100-(i—-1)Hz,i=1,2, ..., 11, T =20ms.

The test signal (9) has following features:

The energy E; of sinusoid segments is constant;
The adjacent frames of the test signal have
minimum correlation.

These features determine the analysis algorithm of
received test signal. There are two successive analysis
windows and each of them has duration of 20 ms. They
move over received test signal and the correlation between
segments of signals which are inside these windows is
calculated:

where s;(t) = {

1. If correlation is small, the frame was received
without errors;

2. If correlation is strong, the frame was lost. We
assume that this is the first lost frame;

3. If there are more consecutive lost frames, they
can be detected by observing strong correlation
and decreasing energy.

In Fig. 3 theoretically calculated normalized

correlation is showed, when one frame at t; = 0.04 s, series
of two frames at t,=0.22 s and series of three frames at
t;=10.42 s were lost. At these time moments the correlation
coefficient reaches one. The correlation between adjacent
frames in other time periods is considerably smaller.
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Fig. 3. Theoretically calculated standardized correlation

In Fig. 4 normalized correlation of test signal that was
propagated through the real GSM system is shown. In the
time interval where one frame was substituted, correlation
coefficient reaches one as in theoretical calculation case.

The increased correlation in other time intervals
(compared to the theoretical calculation) is a result of
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signal distortions in the real GSM speech codec and voice
input-output channels.
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Fig. 4. Experimentally estimated standardized correlation
Experiments and results

Characteristics of the radio channel are varying and
depend on noise, frequency hopping, interference with
other transmitting stations, etc. Single frame can be lost at
any time, but regular losses of frames (significant speech
quality degradation) occur when the received signal level
is below — 80 dBm. We are interested in the voice quality
when end-user is in bad communication conditions and
therefore, the place of experiment must be chosen
respectively.

The measurements were performed in a wooded area
to ensure low signal level. In Fig. 5 preliminary frame
erasure trace is showed, which is collected by moving (at
40 km/h) from a forest (bad communication conditions) to
a small town (good communication conditions).
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Fig. 5. Experimentally collected frame erasure trace

The trace is 40000 frames long and consists of 1, 2 and
3 successively erased frame series (null length means good
received frame).

Conclusion and future work

In this paper, we have presented a framework for
measurement and collection of voice frame erasure traces
in GSM network. For measurements we created special
test-bed system. The main idea of measurements is based
on speech frame substitution function which is
implemented in the codec. The proposed scheme of
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The experimental investigation of individual voice quality is carried out in common GSM communication system. There are
scientific publications in which methods of GSM frame-level error measurements are presented. These works involve data transfer
channel, RLP packet traces. In this paper we take note, that in GSM cellular communication system voice and RLP packets are coded
with different channel codes, voice packets have different calculation of parity bits. We have presented a framework for measurements
and collection of voice frame erasure traces in GSM network. For measurements we constructed special test-bed system. The main idea
of measurements is based on speech frame substitution function which is implemented in the codec. The scheme of experimental test-
bed, integrated in GSM network infrastructure, consists of stationary and mobile parts. The stationary computer generates the special
test signal. The measurements of lost frames are performed in mobile part by using end-user equipment. The collected traces of erasure
frames will be used for development of models of lost voice frame series and for estimation of individual voice quality. The preliminary
voice frame erasure trace analysis is presented. I11. 5, bibl. 8 (in English; summaries in English, Russian and Lithuanian).

A. Kasukac, JI. I'ypmnuc. HMccienopanue norepsHHbix B GSM cern mnotoxoB ¢peiiMoB rosoca // DJIeKTPOHHKA H
snexkrporexHuka. — Kaynac: Texnosnorus, 2006. - Ne 4(68). — C. 47-50.

Ha mnpumepe pacnpoctpaneHHoir GSM cucrteMbl IPOBOAUTCS SKCIEPUMEHTANBHOE MCCIEHOBAHHE CIIOCOOOB OLEHKU
WHJVBUIYalbHOTO KadecTBa Iepejnayd royoca. B HaydHoOl medaTn MMeroTcst paboThl, B KOTOPBIX OIMCAH CIIOCOO OINpeAeNeHust
omnbOoyHbIX MakeToB B GSM ceTH, mpencTaBieHBbl pe3yNbTaThl M3MEPEHHH M HAa MX OCHOBE pa3paboTaHHble Mozpendn. OmHaKo
YTIOMSIHYTHIE JaHHbIE TTOTyYeHBI TS KaHaja Iepefadn JaHHbIX Ha ocHoBe RLP mpotokona. B mannoilt pabore oOpamaercs BHUMaHHE
Ha TO, uTo B GSM cucTeMe makeThl Tojoca KOMUPYIOTCS HE TEMHM KaHAJIbHBIMH KOJAMH KakK [aHHBIC, MHA4e OIpPEACIIIOTCS
KOHTpOJbHBIE OWTHI. IIpemmoxkeH MeTox ompeneneHHs CepHil MakeToB, CTepTHIX Hpu mnepenade mo GSM ceru. OH ocHOBaH Ha
creru(UKe BOCCTAHOBJICHUSI CTEPTHIX ITAKETOB B JEKOAEPE MCTOYHHKA. V3MepeHus MpOM3BOIATCS C IPHMEHEHHEM 000pyIOBaHHUS
MOJIB30BAaTENs, MOATOMY ITOJyYCHHBIC IAaHHBIC MPUTOJHBI JUI OLEHKM HWHIVBHMIyaJbHOIO KadecTBa cepBHca. sl SKCHEPHMEHTOB
NPUIUIOCH Pa3paboTaTh CIENUATBHYI0 U3MEPUTENBHYIO CUCTEMY, CO3/1aTh CIIENUAIbHBIN H3MEPHUTENbHBIN curHait. CUrHan peagbHOro
rojoca u3-3a NpUCYIIUX UHTEPBAIOB MOJYAHUS Ul U3MEPEHUI HenpuroaeH. [IpencTaBiens! 1aHHbIE IPOBEACHHBIX U3MepeHuid. Un 5,
6u6s1. 8 (Ha aHTTIMICKOM SI3bIKe; pedepaThl HAa AHTTMHCKOM, PyCCKOM M JIATOBCKOM $I3.).

A. Kajackas, D. GurSnys. GSM tinkle prarasty balso pakety srauty tyrimai // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2006. — Nr. 4(68). — P. 47-50.

Individualios balso kokybés eksperimentiniai tyrimai atlickami paplitusios GSM ry$io sistemos pagrindu. Mokslinéje spaudoje yra
darby, kuriuose aprasyti GSM pakety lygmens klaidy matavimo biidai, pateikti tyrimo rezultatai bei iStrinty pakety seriju modeliai.
Minimi darbai remiasi duomeny perdavimo kanalu, RLP pakety srautais. Siame darbe atkreiptas démesys, kad GSM korinio ry$io
sistemoje balso paketai yra koduojami kitokiais kanalo kodais nei duomenys, kitaip skai¢iuojami kontroliniai bitai. Pasitilytas GSM
sistemoje iStrinty balso pakety srauty matavimo metodas. Jis pagristas dekoderio prarasty balso pakety pakeitimo algoritmo ypatumais.
Matavimai atlickami naudojant vartotojo iranga, todél gauti duomenys tiesiogiai tinka individualiai paslaugos kokybei vertinti.
Matavimams teko sukurti specialig sistema, specialy balsg imituojanti signala. Iprastinis balso signalas dél jame pasitaikanciy tylos
intervaly néra tinkamas. Pateikti pirminiy matavimy rezultatai. Il. 5, bibl. 8 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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