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Abstract. This paper introduces the audio part of the 2010 community-
based Signal Separation Evaluation Campaign (SiSEC2010). Seven speech
and music datasets were contributed, which include datasets recorded in
noisy or dynamic environments, in addition to the SiISEC2008 datasets.
The source separation problems were split into five tasks, and the results
for each task were evaluated using different objective performance crite-
ria. We provide an overview of the audio datasets, tasks and criteria. We
also report the results achieved with the submitted systems, and discuss
organization strategies for future campaigns.

1 Introduction

SiSEC2010 aims to be a large-scale regular campaign that builds on the ex-
perience of previous evaluation campaigns (e.g., the MLSP’05 Data Analysis
Competitio, the PASCAL Speech Separation Challenge [I], and the Stereo
Audio Source Separation Evaluation Campaign (SASSEC) [2]), and the first
community-based Signal Separation Evaluation Campaign (SiSEC2008) [3]. The
unique aspect of this campaign is that SISEC is not a competition but a scientific
evaluation from which we can draw rigorous scientific conclusions.

This article introduces the audio part of SISEC2010. In response to the feed-
back received at SISEC2008, SISEC2010 was designed to contain more realistic,
and consequently, more challenging datasets, which had not previously been
proposed for a large scale evaluation. Such datasets include recordings made in
more reverberant rooms, under diffused noise conditions, or under dynamic con-
ditions. We also repeated some of the typical tasks employed in SISEC2008 (e.g,
underdetermined and determined mixtures) with some fresh datasets.

Datasets and tasks are specified in Section [2] and the obtained outcomes in
Section 3l Due to the variety of the submissions, we focus on the general outcomes
of the campaign and ask readers to refer to http://sisec.wiki.irisa.fr/ for
further detail.

! http://mlsp2005. conwiz.dk/index . php@id=30.html
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2 Specifications

This section describes the datasets, tasks and evaluation criteria, which were
specified in a collaborative fashion. A few initial specifications were first sug-
gested by the organizers. Potential participants were then invited to provide
feedback and contribute additional specifications. All materials are available at
http://sisec.wiki.irisa.fr/.

2.1 Datasets

The data consisted of audio signals spanning a range of mixing conditions. The

channels z;(t) (1 < i < I) of each mixture signal were generally obtained as
[B]: z;(t) = Z}]:1 sy (t), where 578 (t) = Z}]:1 >, aij(1)sj(t — ) is the spatial
image of source j (1 < j < J) on channel i, namely the contribution of source 4
to the mixture in channel j, s;(t) are source signals, and a;; are mixing gains.

Seven distinct datasets were provided for SiISEC2010:

D1 Under-determined speech and music mixtures
This dataset includes dataset D1 from SiSEC2008 [3], and a fresh dataset
consisting of 30 stereo mixtures of three to four audio sources of 10 s duration,
sampled at 16 kHz. The room reverberation time (RT) for the fresh dataset
was 130 ms or 380 ms.
D2 Determined and over-determined speech and music mixtures
For this category, SISEC2010 had the following four datasets.
D2-1 Determined and over-determined speech and music mixtures
This dataset contains two sets of 2 X 2 (#sources X #microphones),
3 x 3 and 4 x 4 mixtures. The RT of the recording room was about
500 ms, and microphones were arranged as a linear array with a spacing
of approximately 10 cm. This dataset also includes dataset D2 from
SiISEC2008 [3], which consists of 21 four-channel recordings of two to
four speech or music sources acquired in four different rooms.
D2-2 Robust blind linear/non-linear separation of short two-source-
two-microphone recordings
This dataset consists of 36 mixtures of different sources, located at three
different positions in two environments. Each recording is 1 second long.
The mixtures are six combinations consisting of a target speech signal
and a jammer source (male/female speech, sneeze, laugh, glass break or
TV sport noise). The data were recorded with directional microphones
that were 8 cm apart, in an ordinary living room or study room.
D2-3 Overdetermined speech and music mixtures for human-robot
interaction
These data include 27 recordings of three sources, which were recorded
with five microphones attached to a dummy head. We consider three dif-
ferent microphone configurations, in three rooms: an anechoic laboratory
room, a fully equipped office and a cafeteria. The source signals include
male and female speech and music.
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D2-4 Determined convolutive mixtures under dynamic conditions

This dataset consists of two kinds of scenarios. One comprises the short
(1-2 seconds) mixtures of two sources obtained with a stereo microphone
(D2-4i). The other is a sequence of audio mixtures obtained by the ran-
dom combination of source locations and utterances (D2-4ii). Here, up
to two sources are active at the same time. The components are gener-
ated by convolving random utterances with measured impulse responses,
which were measured in a real room (RT~700-800 ms). The microphone
spacings were 2, 6, and 10 cm.

D3 Professionally produced music recordings
This dataset contains five stereo music signals sampled at 44.1 kHz, which in-
clude the same data as these in D4 used in SiSEC2008 [3], and new recordings
for SISEC2010. In addition to 20-second snips to be separated, full-length
recordings are provided as well. The mixtures were created by sound engi-
neers, and the ways of mixing and the mixing effects applied are unknown.

D4 Source separation in the presence of real-world background noise
These data consist of 80 multichannel speech mixtures in the presence of
several kinds of real-world diffused noise. Noise signals were recorded in
three different real-world noise environments (in a subway car, cafeterias,
and squares), and each noise signal was recorded at two different microphone
positions, the center or corner of the environment. There were one or three
sources. Two types of microphone arrays, a stereo or a 4-element uniform
linear array, were employed.

Datasets D1, D3 and D4 include both test and development data. The true
source signals and source positions underlying the test data were hidden to
the participants, while they were provided for the development data. The true
number of speech/music sources was always available.

2.2 Tasks

We specified the following five tasks:

T1 Source counting T4 Source spatial image estimation

T2 Mixing system estimation T5 Source DOA estimation

T3 Source signal estimation

These tasks consist of finding, respectively: (T1) the number of sources J,
(T2) the mixing gains a;; or the discrete Fourier transform a;;(v) of the mix-
ing filters, (T3) the source signals s;(t), (T4) the spatial images siz-;“g(t) of the
sources for all channels ¢, and (T5) the direction of arrival (DOA) of each source.
Participants were asked to submit the results of their systems for T3 and/or T4,
and optionally for T1 and/or T2 and/or T5.

Two oracle systems were also considered for benchmarking task T4: ideal
binary masking over a short-time Fourier transform (STFT) [4] (O1) and over
a cochleagram [5] (O2). These systems require true source spatial images and
provide upper performance bounds for binary masking-based systems.
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Table 1. Average performance for tasks T3 or T4 for instantaneous dataset D1. Figures
relate to T4 when the ISR is reported and to T3 otherwise.

dataset Test Test2

System 9] [10)* 01 02 [9] o1 02
SDR OPS 13.560.7 7.7 36.2 10.5 55.0 8.1 39.3 12.8 53.2 9.3 40.5 8.4 33.9
ISR TPS 24.0 75.2 58.3 20.0 68.1 14.4 49.4 22.8 70.6 17.0 55.5 14.4 46.4
SIR IPS 20.577.1 18.2 67.8 21.6 79.3 17.4 71.4 19.8 70.7 18.7 65.6 17.0 61.8
SAR APS 14.8 73.2 8.4 36.9 11.560.3 9.1 45.5 14.1 64.8 10.2 49.6 9.6 35.7

Table 2. Average performance for task T4 for convolutive dataset D1. Correlation
between the classical (SDRs etc.) and the auditory-motivated measures (OPS etc.)
was 0.6-0.68.

Test:RT=130ms Test:RT=250ms Test2: RT=130ms  Test2:RT=380ms
SDR ISR SIR SAR SDR ISR SIR SAR SDR ISR SIR SAR SDR ISR SIR SAR
OPS TPS IPS APS OPS TPS IPS APS OPS TPS IPS APS OPS TPS IPS APS

System

@? 26 73 48 75 14 56 25 74 29 86 63 92 06 50 05 6.8
32.2 55.2 50.4 59.7 25.7 46.2 41.0 52.5 34.8 58.4 54.2 60.6 15.8 38.3 27.2 41.1
1] 53 102 99 71 39 85 73 69 36 84 65 7.1 21 59 33 6.0
25.7 53.8 49.8 40.4 21.5 50.1 43.7 35.6 20.5 45.2 37.2 40.0 11.6 36.2 22.9 26.2
22 31 64 38 79 1.9 54 1.9 83 25 62 34 101 02 34 -0.8 8.2
30.3 55.2 44.4 64.6 21.2 45.3 29.8 59.8 27.9 52.1 36.3 76.5 14.3 32.3 14.5 68.5
M3 2.7 62 41 83 1.7 55 2.7 88 3.2 67 43 91 09 40 -06 74
33.5 55.0 45.1 78.0 27.5 48.3 36.2 77.0 32.9 56.9 49.0 61.7 11.7 31.3 13.8 50.0
O1 9.7 183199 10.2 87 16.2 194 104 10.2 18.1 19.6 11.0 9.2 16.8 18.5 9.9
52.4 68.9 79.5 57.2 50.6 63.8 78.3 56.4 52.0 59.8 77.9 59.2 41.6 50.0 72.5 48.8
02 69 121165 76 6.6 11.516.0 79 7.3 13.6 16.0 7.9 6.2 11.8 144 6.5
34.7 48.2 69.3 39.6 31.8 41.9 65.1 37.9 27.5 41.0 61.3 32.2 18.2 28.2 49.6 20.7

2.3 Evaluation Criteria

Task T2 was designed to be evaluated by using the mixing error ratio (MER),
which was proposed in SiSEC2008 [3]. However, because we had no entrant for
task T2, we skipped the T2 evaluation.

Tasks T3 and T4 were evaluated via the criteria in the BSS EVAL [612],
termed the signal to distortion ratio (SDR), source image to spatial distortion
ratio (ISR), signal to interference ratio (SIR) and signal to artifacts ratio (SAR).

In addition, new auditory-motivated objective measures [7] were used to as-
sess the quality of the estimated signals for T3 and T4 in the stereo cases. Four
performance measures akin to SDR, ISR, SIR and SAR are given: overall per-
ceptual score (OPS), target-related perceptual score (TPS), interference-related
perceptual score (IPS) and artifact-related perceptual score (APS). Here, a new
method for estimating the distortion components is employed based on a gam-
matone filterbank, and the salience of the target, interference and artifact distor-
tions are calculated by using the PEMO-Q measure [§]. It has been confirmed

2 The system is an extended version of the reference.
3 Figure computed by averaging over an incomplete set of mixtures or sources.
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that these auditory-motivated measures improve the correlation to subjective
measures compared to classical SDR, ISR, SIR and SAR [7]. The new measures
are expressed in terms of a figure between 0 and 100 (not in dB).

Task T5 was evaluated from the absolute difference between the true and
estimated DOAs.

3 Results

A total of 38 submissions received for the audio tasks. Their average performance
values are given in Tables [IltoBl The details and all the results are available at
http://sisec.wiki.irisa.fr/. It should be noted that the presented values
are the absolute values, not the improvements from the values for mixtures.
Although a close analysis of each table is beyond the scope of this paper, what we
observed was following. We can obtain good results for instantaneous/anechoic
mixtures (e.g., Tables [l and [l), however, the separation of reverberant mixtures
still remains challenging, especially in underdetermined scenarios (e.g., Table[2]).
The realistic datasets (D2-2, D2-4 and D4) attracted a relatively large number
of participants as shown in Tables [ 6] and

Some tasks were evaluated with the new auditory-motivated objective mea-
sures (e.g., Tables [0 2 [0 and B]). Sometimes, the performance tendency was
the opposite of that with BSS EVAL. More detailed investigations are required,
however, it seems that binary mask based methods tend to achieve a poorer
grade than non-binary mask approaches.

Table 3. Average SIR for task T3 over dataset D2-1

Cushioned rooms Office/lab rooms Conference room New office room

System. ;4 =2J=3J—4J=2J=3J—4J=2J=3J—4
4 8.0° 6.8° 4.5° 11.6 7.8 9.0
M5 32 09 01 90 20 -20 43 -03 -31 52 26 15
M52 42 40 44 64 44 -1.2 49 09 -22 93 60 47
[16] 13.7 104 10.0

Table 4. Average performance for dataset D2-2. SIR* and SDR* in [I7] for linear
systems were also evaluated according to the dataset providers’ proposal.

speech+speech speech+(sneeze or laugh) speech+(glass or TV noise)

System SIR* SDR* SDR SIR SAR SIR* SDR* SDR SIR SAR SIR* SDR* SDR SIR SAR

[8 85 50 37 87 186 6.1 33 19 6.8 16.7 94 53 4.7 9.8 19.1
@ 81 08 -09 84 232 63 00 -1.8 73 272 11.3 0.6 -1.2 11.3 184
200 79 64 59 94 97 74 50 35 86 78 81 56 56 95 93
21 115 82 7.7 122188 10.6 6.2 4.0 11.317.0 99 6.4 6.1 10.7 155
[21? 3.1 16.3 10.1 2.7 14.0 10.3 2.6 128 8.1
[16] 2.0 5.5 10.5 45 94 123 04 25 8.0
14 0.6 6.2 5.0 0.5 7.0 3.7 -0.6 55 4.3
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Table 5. Average SIR for dataset D2-3 for three microphone configurations C1-C3

Anechoic Cafeteria Office
System C1 C2 C3 C1 C2 C3 C1 C2 C3
[16] 24.6 23.4 22.8 9.2 15.0 12.9 11.9 12.7 13.3
[14] 5.5 13.6 125 3.7 4.8 5.7 2.5 3.6 4.3

Table 6. Average performance for dataset D2-4. For D2-4ii, the evaluation was per-
formed only considering the segments where two sources overlap.

dataset D2-4i dataset D2-4ii
System SDR SIR SAR System SDR SIR SAR System SDR SIR SAR
221 32 99 52 [23] 32 81 61 [23] 25 86 5.0
221> 42 117 58 [2I] 56 11.3 7.6 [2I] 4.6 10.7 6.8
22> 3.7 106 55 [2I*> 6.2 13.8 74 [24] 45 99 7.2
25> 2.1 92 3.9

Table 7. Average performance for dataset D3

Development data Test data
SDR ISR SIR SAR OPS TPS IPS APS SDR ISR SIR SAR OPS TPS IPS APS
[26] 2.1 6.5 7.9 29 26.6 49.9 51.5 43.7 1.3 6.7 4.7 0.9 31.7 49.0 49.9 46.3
27?3 09 112 co -0.8 24.9 56.4 89.6 6.0 -1.1 7.5 oo -2.1 21.3 39.0 89.6 3.7
28] 33 80 7.2 53 17.3 45.0 274 48.1 22 6.2 6.2 3.9 18.7 40.9 30.4 454
Ol 6.5 18.320.0 6.7 31.8 64.3 70.0 30.7 5.8 20.821.2 5.6 24.9 53.6 62.0 23.2
02 35 84 17.0 3.3 29.2 47.5 63.8 30.2 2.9 89 149 1.7 20.9 34.2 53.0 21.8

System

Table 8. Average performance for source separation of dataset D4. Figures relate to
T4 when the ISR is reported and to T3 otherwise. [29], [14], [30] and [31] also addressed
task T5. Results can be found at http://sisec.wiki.irisa.fr/.

2-ch x 1-src 2-ch x 3-srcs 4-chx 1-src 4-ch x 3-srcs
SDR ISR SIR SAR SDR ISR SIR SAR SDR ISR SIR SAR SDR ISR SIR SAR
OPS TPS IPS APS OPS TPS IPS APS OPS TPS IPS APS OPS TPS IPS APS
[13] 2.7 16.1 44 119 1.3 70 19 7.7 3.0 157 4.0 128 2.6 7.7 43 9.1
36.3 69.9 45.2 88.3 18.6 42.3 23.7 63.4

System

29 -9.3 -7.2 14.1 8.0 8.1 -4.3 12.2 8.1
33.5 49.9 55.5 53.8
4 3.2 0 32 05 52 5.0 7.4 co T4 48 13.7 6.3

B0 -12.2 -7.7 6.2 8.8
19.3 35.2 34.8 40.6

B1* -86 -32 7.5 5.4
16.3 39.4 35.2 28.3

[[6] 2.5 16.0 4.0 12.8 7.5 17.1 104 14.3 3.5 13.8 5.3 11.2
38.4 73.4 51.2 78.4



120 S. Araki et al.

4 Conclusion

This paper presented the specifications and results of SISEC2010. We hope that
SiSEC2010 will provide a common platform for the source separation research
field. This time, we welcomed all proposed tasks and datasets and finally we had
seven datasets. This increase in the number of active participants is the product
of a series of evaluation campaigns. On the other hand, we think that seven
datasets may have been too large to collect sufficient number of participants for
each task, and to evaluate all the submissions in detail. We may need a framework
for pre-selecting the task/dataset proposals. In addition, perhaps it is time to
reorganize the specifications and datasets in a series of SiSECs for prospective
evaluation campaigns and future source separation research. We invite all willing
participants to join a continuous collaborative discussion on the future of source
separation evaluation.

Acknowledgments. We thank all the participants, as well as B. Losch, Z.
Koldovsky, P. Tichavsky, M. Durkovic, M. Kleinsteuber, M. Rothbucher, H.
Shen, F. Nesta, O. Le Blouch, N. Ito, L.C. Parra, M. Dyrholm, K.E. Hild II, M.
Vinyes Raso and J. Woodruff, for sharing their datasets and evaluation codes.
Our special thanks go to V. Emiya, who helped us to evaluate all the stereo
submissions with the new auditory-motivated objective measures.

References

1. Cooke, M.P., Hershey, J., Rennie, S.: Monaural speech separation and recognition
challenge. Computer Speech and Language 24, 1-15 (2010)

2. Vincent, E., Sawada, H., Bofill, P., Makino, S., Rosca, J.: First stereo audio source
separation evaluation campaign: Data, algorithms and results. In: Davies, M.E.,
James, C.J., Abdallah, S.A., Plumbley, M.D. (eds.) ICA 2007. LNCS, vol. 4666,
pp. 552-559. Springer, Heidelberg (2007)

3. Vincent, E., Araki, S., Bofill, P.: The signal separation evaluation campaign: A
community-based approach to large-scale evaluation. In: Adali, T., Jutten, C.,
Romano, J.M.T., Barros, A.K. (eds.) ICA 2009. LNCS, vol. 5441, pp. 734-741.
Springer, Heidelberg (2009)

4. Vincent, E., Gribonval, R., Plumbley, M.D.: Oracle estimators for the benchmark-
ing of source separation algorithms. Signal Processing 87(8), 1933-1950 (2007)

5. Wang, D.L.: On ideal binary mask as the computational goal of auditory scene
analysis. In: Speech Separation by Humans and Machines. Springer, Heidelberg
(2005)

6. Vincent, E., Gribonval, R., Févotte, C.: Performance measurement in blind audio
source separation. IEEE Trans. on Audio, Speech and Language Processing 14(4),
1462-1469 (2006)

7. Emiya, V., Vincent, E., Harlander, N., Hohmann, V.: Subjective and objective
quality assessment of audio source separation. IEEE Trans. on Audio, Speech and
Language Processing (submitted)

8. Huber, R., Kollmeier, B.: PEMO-Q — a new method for objective audio quality
assessment using a model of auditory perception. IEEE Trans. on Audio, Speech,
and Language Processing 14(6), 1902-1911 (2006)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

SiSEC 2010: Audio Source Separation 121

Ozerov, A., Vincent, E., Bimbot, F.: A general modular framework for audio source
separation. In: Vigneron, V. (ed.) LVA/ICA 2010. LNCS, vol. 6365, pp. 33-40.
Springer, Heidelberg (2010)

Rickard, S.: The DUET blind source separation algorithm. In: Blind Speech Sep-
aration, Springer, Heidelberg (2007)

Sawada, H., Araki, S., Makino, S.: Underdetermined convolutive blind source sep-
aration via frequency bin-wise clustering and permutation alignment. IEEE Trans.
on Audio, Speech and Language Processing (in press)

Arberet, S., Ozerov, A., Duong, N.Q.K., Vincent, E., Gribonval, R., Bimbot, F.,
Vandergheynst, P.: Nonnegative matrix factorization and spatial covariance model
for under-determined reverberant audio source separation. In: Proc. ISSPA (2010)
Duong, N.Q.K., Vincent, E., Gribonval, R.: Under-determined reverberant audio
source separation using local observed covariance and auditory-motivated time-
frequency representation. In: Vigneron, V. (ed.) LVA/ICA 2010. LNCS, vol. 6365,
pp. 73-80. Springer, Heidelberg (2010)

Vu, D.H.T., Haeb-Umbach, R.: Blind speech separation employing directional
statistics in an expectation maximization framework. In: Proc. ICASSP, pp. 241—
244 (2010)

Ono, N., Miyabe, S.: Auxiliary-function-based independent component analysis for
super-gaussian sources. In: Vigneron, V. (ed.) LVA/ICA 2010. LNCS, vol. 6365,
pp. 165-172. Springer, Heidelberg (2010)

Sawada, H., Araki, S., Makino, S.: Measuring dependence of bin-wise separated
signals for permutation alignment in frequency-domain BSS. In: Proc. ISCAS, pp.
3247-3250 (2007)

Schobben, D., Torkkola, K., Smaragdis, P.: Evaluation of blind signal separation
methods. In: Proc. ICA, pp. 261-266 (1999)

Koldovsky, Z., Tichavsky, P., Malek, J.: Time-domain blind audio source separation
method producing separating filters of generalized feedforward structure. In: Vi-
gneron, V. (ed.) LVA/ICA 2010. LNCS, vol. 6365, pp. 17-24. Springer, Heidelberg
(2010)

Koldovsky, Z., Tichavsky, P., Malek, J.: Subband blind audio source separation
using a time-domain algorithm and tree-structured QMF filter bank. In: Vigneron,
V. (ed.) LVA/ICA 2010. LNCS, vol. 6365, pp. 25-32. Springer, Heidelberg (2010)
Loesch, B., Yang, B.: Blind source separation based on time-frequency sparseness
in the presence of spatial aliasing. In: Vigneron, V. (ed.) LVA/ICA 2010. LNCS,
vol. 6365, pp. 1-9. Springer, Heidelberg (2010)

Nesta, F., Svaizer, P., Omologo, M.: Convolutive BSS of short mixtures by ICA
recursively regularized across frequencies. IEEE Trans. on Audio, Speech, and Lan-
guage Processing 14 (2006)

Yoshioka, T., Nakatani, T., Miyoshi, M., Okuno, H.G.: Blind separation and dere-
verberation of speech mixtures by joint optimization. IEEE Trans. on Audio,
Speech, and Language Processing (2010) (in press)

Malek, J., Koldovsky, Z., Tichavsky, P.: Adaptive time-domain blind separation of
speech signals. In: Vigneron, V. (ed.) LVA/ICA 2010. LNCS, vol. 6365, pp. 9-16.
Springer, Heidelberg (2010)

Loesch, B., Yang, B.: Adaptive segmentation and separation of determined convo-
lutive mixtures under dynamic conditions. In: Vigneron, V. (ed.) LVA/ICA 2010.
LNCS, vol. 6365, pp. 41-48. Springer, Heidelberg (2010)

Araki, S., Sawada, H., Makino, S.: Blind speech separation in a meeting situation.
In: Proc. ICASSP, pp. 41-45 (2007)



122

26.

27.

28.

29.

30.

31.

S. Araki et al.

Ozerov, A., Fevotte, C.: Multichannel nonnegative matrix factorization in convo-
lutive mixtures for audio source separation. IEEE Trans. on Audio, Speech and
Language Processing 18(3), 550-563 (2010)

Bonada, J., Loscos, A., Vinyes Raso, M.: Demixing commercial music productions
via human-assisted time-frequency masking. In: Proc. AES (2006)

Spiertz, M., Gnann, V.: Unsupervised note clustering for multichannel blind source
separation. In: Proc. LVA /ICA (2010) (submitted)

Even, J., Saruwatari, H., Shikano, K., Takatani, T.: Speech enhancement in pres-
ence of diffuse background noise: Why using blind signal extraction? In: Proc.
ICASSP, pp. 4770-4773 (2010)

Okamoto, R., Takahashi, Y., Saruwatari, H., Shikano, K.: MMSE STSA estimator
with nonstationary noise estimation based on ICA for high-quality speech enhance-
ment. In: Proc. ICASSP, pp. 4778-4781 (2010)

Takahashi, Y., Takatani, T., Osako, K., Saruwatari, H., Shikano, K.: Blind spatial
subtraction array for speech enhancement in noisy environment. IEEE Trans. on
Audio, Speech and Language Processing 17(4), 650-664 (2009)



	The 2010 Signal Separation Evaluation Campaign (SiSEC2010):Audio Source Separation
	Introduction
	Specifications
	Datasets
	Tasks
	Evaluation Criteria

	Results
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




