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Table 1 Speech and music sources obtained from
SiSEC2011 [16]

Signal type Source Data name Length
3 ! Male speech dev2 male4 inst_src_2.wav 10.0 s
peech Female speech  dev3_female4_inst_src 2.wav  10.0s
. Drums devl_wdrums_src_3.wav 11.0s

Music
Bass devl_wdrums_src_2.wav 11.0s
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Fig. 5 Input (left) and estimated signals of con-
ventional (center) and proposed DPSs (right): male
(top) and female (bottom) speech.
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Fig. 6 Input (left) and estimated signals of conven-
tional (center) and proposed DPSs (right): drums
(top) and bass (bottom).

HEF—RD R XA T 2EEER RS, L
HREDBE WY T u—FTH 2 L RBENT.

5 FL&

AT, $ERDPS O bHREICES§ 2 5 Hii 21T -
7= EBEERID, 2R DPSIET Y R EX A DT —
&ty MR LU TEET 10 dB BLE® SDR OH#ED
Y, FULHERESEWZ & 2R L.

HEE AW O—IRE JSPS BHAE 19K20306 K O
22H03652 DB E 3213 72dDTH 5.

SE X

[1] H. Sawada, N. Ono, H. Kameoka, D. Kitamura, and
H. Saruwatari, “A review of blind source separation meth-
ods: Two converging routes to ILRMA originating from
ICA and NMF,” APSIPA TSIP, vol. 8, no. el2, pp. 1-14,
2019.

[2] P. Comon, “Independent component analysis, a new con-
cept?,” Signal Process., vol. 36, no. 3, pp. 287314, 1994.

[3] P. Smaragdis, “Blind separation of convolved mixtures in
the frequency domain,” Neurocomputing, vol. 22, pp. 21—
34, 1998.

[4] N. Q. K. Duong, E. Vincent, and R. Gribonval, “Under-
determined reverberant audio source separation using a
full-rank spatial covariance model,” IEEE TASLP, vol. 18,
no. 7, pp. 1830-1840, 2010.

[5] N. Murata, S. Ikeda, and A. Ziehe, “An approach to blind
source separation based on temporal structure of speech
signals,” Neurocomputing, vol. 41, no. 1-4, pp. 1-24, 2001.

[6] H. Saruwatari, T. Kawamura, T. Nishikawa, A. Lee, and
K. Shikano, “Blind source separation based on a fast-
convergence algorithm combining ICA and beamforming,”
IEEE TASLP, vol. 14, no. 2, pp. 666—678, 2006.

[7) H. Sawada, S. Araki, and S. Makino, “Measuring depen-
dence of bin-wise separated signals for permutation align-
ment in frequency-domain BSS,” Proc. ISCAS, pp. 3247—
3250, 2007.

[8] T. Kim, H. T. Attias, S.-Y. Lee, and T.-W. Lee, “Blind
source separation exploiting higher-order frequency depen-
dencies,” IEEE TASLP, vol. 15, no. 1, pp. 70-79, 2007.

b SRR SR

— 350 -

B Conventional DPS

[ M Observed signal

B Proposed DPS

1 2 3 4 5 6 7 8 9 10
Test data pattern
(a)

Average

1 2 3 4 5 6 7 8 9 10

Test data pattern Average

Fig. 7 Average SDR for in-domain test data: (a)
speech mixtures with speech models and (b) music
mixtures with music models.

[ B Observed signal O Conventional DPS & Proposed DPS ]

1 2 3 4 5 6 7 8 9 10

Test data pattern Average

1 2 3 4 5 6 7 8 9 10

Test data pattern Average
(b)

Fig. 8 Average SDR for out-domain test data: (a)
music mixtures with speech models and (b) speech
mixtures with music models.

[9] N. Ono, “Stable and fast update rules for independent vec-
tor analysis based on auxiliary function technique,” Proc.
WASPAA, pp. 189-192, 2011.

[10] D. Kitamura, N. Ono, H. Sawada, H. Kameoka, and
H. Saruwatari, “Determined blind source separation uni-
fying independent vector analysis and nonnegative ma-
trix factorization,” IEEE/ACM TASLP, vol. 24, no. 9,
pp. 1626-1641, 2016.

[11] D. Kitamura, N. Ono, H. Sawada, H. Kameoka, and
H. Saruwatari, “Determined blind source separation with
independent low-rank matrix analysis,” in Audio Source
Separation, S. Makino, Ed., pp. 125-155. Springer, Cham,
2018.

[12] S. Yamaji and D. Kitamura, “DNN-based permutation
solver for frequency-domain independent component anal-
ysis in two-source mixture case,” Proc. APSIPA ASC,
pp. 781-787, 2020.

(13] S, FHOF, JRAH, Y= 2— 5 L5 o b7 — 213
{o8=3 27— a VRPHEDEIINGT,” EFEER, EA2022-13,
vol. 122, no. 20, pp. 62-67, 2022.

[14] K. Matsuoka and S. Nakashima, “Minimal distortion prin-
ciple for blind source separation,” Proc. ICA, pp. 722-727,
2001.

[15] D. Yu, M. Kolbak, Z.-H. Tan, and J. Jensen, “Permutation
invariant training of deep models for speaker-independent
multi-talker speech separation,” Proc. ICASSP, pp. 241-
245, 2017.

[16] S. Araki, F. Nesta, E. Vincent, Z. Koldovsky, G. Nolte, A.
Ziehe, and A. Benichoux, “The 2011 signal separation eval-
uation campaign (SiSEC2011):-audio source separation,”
Proc. LVA/ICA, pp. 414-422, 2012.

[17] E. Vincent, R. Gribonval, and C. Févotte, “Performance
measurement in blind audio source separation,” IEEE
TASLP, vol. 14, no. 4, pp. 1462-1469, 2006.

202249 A



