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Separation of Polyphonic Musical Sound and Estimation of Musical Instruments

Using Resonator Comb Filters

TOKAIRIN Tomoya, KITAMI Shinichiro and MUROYA Ryohei

In this paper, we propose a system to separate polyphonic musical sound and to estimate

musical instruments using parallel connected resonator comb filters. The system devides polyphonic

musical sound into harmonic components using comb filters. Then, the system estimates musical

instruments from the auto-correlation functions of the separated harmonic components. To verify

the efficiency of the system, we have conducted computer simulations. Exprimental results show

that the proposed system is useful to estimate musical instruments.
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01: 0000000000 (a=0.75)

AS | OB | CL [ FL | HR [ PF | TR [ VC [ VL | VN
AS [ 31.0% | 64% | 15.2% | 3.6% | 0.0% | 55% | 14.8% | 7.2% | 10.6% | 5.7%
CB 0.0% | 51.4% 7.8% 0.3% 9.4% 7.6% 3.3% 2.3% | 10.1% 7.8%
CL [ 105% | 8.8% | 388% | 5.0% | 0.0% | 14% | 11.1% | 3.0% | 204% | 1.1%
FL | 00% | 35% | 24% | 608% | 0.0% | 6.9% | 22.6% | 00% | L1% | 2.1%
HR 2.2% 4.3% | 23.6% 4.3% | 42.7% 4.7% 8.2% 0.0% 8.4% 1.5%
PF | 2.7% | 152% | 6.1% | 5.7% | 4.2% | 37.1% | 9.8% | 0.0% | 174% | 1.9%
TR | 4.2% | 34% | 16.7% | 6.0% | 3.2% | 2.0% | 525% | 1.1% | 45% | 6.5%
VvC 2.5% 8.5% | 10.4% 6.4% 3.5% | 14.8% 6.4% | 16.0% | 31.0% 0.6%
VL | 24% | 46% | 9.7% | 0.6% | 149% | 65% | 3.9% | 05% | 54.8% | 2:2%
VN | 03% | 92% | 1.6% | 4.3% | 24.2% | 12.8% | 9.0% | 14% | 9.8% | 27.4%
020000000000 (a=0.80)
AS | OB | CL [ FL | HR [ PF | TR [ VC [ VL | VN
AS [[207% | 8.0% | 14.0% | 39% | 0.0% | 55% | 150% | 7.2% | 11.7% | 5.0%
CB 0.0% | 57.7% 5.2% 0.0% | 10.8% 8.3% 1.9% 0.0% 6.5% 9.6%
CL [ 10.9% | 9.8% | 37.0% | 4.9% | 0.0% | 2.3% | 9.6% | 4.9% | 20.6% | 0.0%
FL | 00% | 34% | 2.6% | 61.5% | 0.0% | 4.5% | 238% | 0.0% | 1.9% | 23%
HR 1.8% 4.3% | 23.0% 4.2% | 44.0% 4.9% 7.2% 0.0% 8.8% 1.9%
PF | 2.9% | 17.3% | 6.1% | 6.1% | 4.0% | 34.3% | 105% | 0.0% | 18.1% | 0.7%
TR | 45% | 49% | 15.1% | 6.5% | 2.5% | 2.7% | 548% | 1.0% | 5.1% | 3.0%
VC 2.3% 7.8% | 11.1% 6.5% 5.4% | 19.7% 6.0% | 12.7% | 28.5% 0.0%
VL | 23% | 51% | 10.0% | 0.1% | 15.7% | 4.3% | 1.9% | 1.7% | 57.1% | 1.8%
VN 0.6% | 10.2% 2.7% 4.2% | 21.7% | 12.3% 5.4% 2.7% | 11.4% | 28.6%
030000000000 (a=0.85)
AS [ CB [ CL [ FL [ HR [ PF [ TR [ VC | VL | VN
AS | 30.2% | 12.7% | 11.3% 4.0% 0.2% 6.9% | 14.4% | 7.1% | 11.1% 2.3%
CB | 0.0% | 64.7% | 1.1% | 0.0% | 59% | 8.2% | 1.5% | 0.0% | 7.1% | 11.5%
CL | 11.2% | 85% | 358% | 5.7% | 0.0% | 38% | 8.0% | 5.6% | 21.4% | 0.0%
FL | 00% | 3.9% | 2.9% | 594% | 0.0% | 1.4% | 27.1% | 0.0% | 34% | L.9%
AR | 0.5% | 3.3% | 22.6% | 4.1% | 48.7% | 5.6% | 5.6% | 0.0% | 7.3% | 2.3%
PF | 2.7% | 139% | 58% | 6.6% | 4.6% | 37.1% | 12.0% | 0.0% | 17.0% | 0.4%
TR | 41% | 64% | 6.0% | 64% | 34% | 1.6% | 642% | 0.1% | 71% | 0.6%
VC | 1.3% | 68% | 5.9% | 68% | 81% | 25.1% | 5.2% | 85% | 31.6% | 0.0%
VL 2.3% 5.6% | 10.1% 0.2% | 13.4% 3.2% 21% | 2.1% | 58.2% 2.8%
VN | 0.7% | 84% | 2.1% | 3.9% | 19.6% | 16.1% | 3.2% | 4.2% | 12.6% | 29.1%
040000000000 (a=0.90)
AS | CB | CL [ FL | HR | PF | TR | VC | VL | VN
AS | 32.5% | 18.6% | 92% | 78% | 02% | 85% | 13.7% | 33% | 52% | 09%
CB | 0.0% | 64.6% | 00% | 0.0% | 47% | 8.0% | 09% | 0.0% | 7.1% | 14.6%
CL | 10.4% 7.5% | 37.5% 5.2% 0.0% 7.1% 7.8% | 3.2% | 21.4% 0.0%
FL | 00% | 1.5% | 3.8% | 75.9% | 0.0% | 0.0% | 105% | 0.0% | 68% | 1.5%
AR | 0.0% | 35% | 21.6% | 4.9% | 54.0% | 83% | 0.1% | 0.0% | 53% | 2.3%
PF 5.4% | 12.2% 5.0% 7.2% 7.2% | 40.3% 9.0% | 0.0% | 13.6% 0.0%
TR | 2.9% | 69% | 02% | 62% | 4.7% | 2.5% | 66.3% | 0.0% | 10.3% | 0.0%
VC | 05% | 69% | 5.0% | 5.0% | 11.9% | 32.6% | 3.2% | 3.7% | 31.2% | 0.0%
VL 2.8% 2.4% | 13.1% 0.0% 9.9% 2.4% 2.4% | 2.5% | 60.5% 4.1%
VN 0.9% 6.4% 2.3% 2.7% | 16.9% | 22.4% 32% | 4.1% | 151% | 26.0%
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AS CB CL FL HR PF TR vC VL VN | 00O
AS-CB | 29.1% | 37.8% 4.8% 5.6% 1.7% 3.2% 9.7% | 0.2% 7.9% 0.0% A
AS-CL | 34.4% 9.3% | 13.8% 3. 7% 0.6% 8.6% | 12.6% | 0.3% | 16.9% 0.0% B
AS-FL | 19.9% | 10.5% 2.3% | 32.9% 0.9% 5.6% | 20.9% | 0.2% 6.7% 0.0% B
AS-HR | 25.2% 6.5% 3.4% 5.5% | 29.0% 9.0% 8.8% | 0.5% 9.0% 3.2% A
AS-PF | 41.0% 8.9% 0.8% 8.2% 1.3% | 13.7% | 13.1% | 0.0% | 12.9% 0.0% A
AS-TR | 29.6% 4.9% 0.3% 5.9% 0.3% 7.3% | 42.4% | 0.0% 9.3% 0.0% A
AS-VC | 35.8% 9.3% 0.9% 7.5% 3.9% | 12.7% | 12.5% | 0.0% | 17.4% 0.0% A
AS-VL | 13.5% 9.2% 8.4% 3.0% 8.9% 3.9% 72% | 0.0% | 43.7% 2.2% A
AS-VN | 23.8% 8.1% 2.5% 71% 4.4% 7.8% | 18.9% | 3.0% | 18.1% 6.4% C
CB-CL 8.6% | 29.4% | 23.8% 3.2% 2.4% 6.0% 6.0% | 0.8% | 17.8% 2.0% A
CB-FL 1.9% | 27.3% 2.7% | 36.9% 1.9% 6.6% | 12.8% | 0.3% 8.1% 1.6% A
CB-HR 0.3% | 35.4% 7.9% 2.4% | 32.6% 7.0% 1.6% | 1.2% 5.8% 5.8% A
CB-PF 0.3% | 52.1% 51% 2.5% 3.9% | 19.7% 2.3% | 0.0% 9.2% 4.8% A
CB-TR 1.5% | 34.4% 6.3% 2.7% 3.5% 3.9% | 35.2% | 0.0% | 10.3% 2.1% A
CB-VC 1.0% | 41.1% 6.6% 1.9% 7.6% | 13.3% 3.9% | 0.2% | 19.4% 5.0% A
CB-VL 2.6% | 21.6% 9.6% 0.2% | 10.9% 4.0% 1.6% | 0.0% | 45.8% 3.9% A
CB-VN 1.8% | 27.9% 5.6% 3.9% 6.9% 7.0% | 14.6% | 5.4% | 16.8% | 10.1% C
CL-FL 6.6% | 10.3% | 15.1% | 33.3% 0.1% 7.1% | 13.7% | 0.9% | 12.9% 0.0% A
CL-HR 7.9% 6.6% | 25.1% 3.8% | 24.2% 7.8% 53% | 1.1% | 15.6% 2.6% A
CL-PF | 12.8% 5.9% | 28.6% 3.6% 0.9% | 18.5% 8.4% | 1.0% | 20.3% 0.0% B
CL-TR 9.9% 6.7% | 23.5% 2.9% 1.8% 5.5% | 30.5% | 1.2% | 18.0% 0.0% A
CL-VC | 15.4% 5.8% | 22.7% 0.8% 4.9% | 18.7% 8.7% | 0.2% | 22.8% 0.0% A
CL-VL 8.1% 6.2% | 20.1% 1.5% 5.7% 4.7% 52% | 0.7% | 45.9% 1.8% A
CL-VN 7.9% 7.8% | 16.4% 3.8% 4.0% 9.2% | 19.5% | 4.0% | 18.9% 8.6% C
FL-HR 2.0% 9.5% 3.9% | 38.6% | 16.2% 7.9% | 12.0% | 1.5% 7.0% 1.5% A
FL-PF 2.4% | 13.3% 1.2% | 48.4% 0.4% | 13.3% | 15.1% | 0.3% 5.5% 0.0% B
FL-TR 2.7% 8.5% 0.6% | 41.1% 1.2% 6.5% | 29.9% | 0.9% 8.6% 0.0% A
FL-VC 1.9% 8.5% 0.9% | 46.5% 22% | 14.6% | 13.7% | 0.1% | 11.6% 0.0% C
FL-VL 2.9% 9.3% 5.9% | 23.4% 5.6% 4.9% | 11.0% | 0.5% | 34.9% 1.6% A
FL-VN 2.9% 9.4% 1.9% | 34.3% 3.9% 9.5% | 17.2% | 3.0% | 10.8% 71% C
HR-PF 0.3% 3.9% 5.0% 3.1% | 56.9% | 21.1% 1.2% | 0.0% 2.6% 5.8% A
HR-TR 5.2% 5.2% 4.8% 6.6% | 35.9% 9.8% | 26.2% | 0.0% 2.9% 3.4% A
HR-VC 0.4% 4.5% 7.7% 5.3% | 50.4% | 17.1% 0.4% | 0.0% 9.7% 4.5% B
HR-VL 2.6% 4.6% 8.8% 0.5% | 25.1% 4.2% 41% | 0.0% | 44.7% 5.4% A
HR-VN 1.5% 7.8% 4.1% 4.5% | 29.3% 8.8% | 13.8% | 4.7% | 12.0% | 13.4% B
PF-TR 0.6% 0.8% 0.0% 3.1% 3.5% | 22.1% | 62.0% | 0.0% 7. 7% 0.0% A
PF-VC 0.7% 2.7% 0.7% 51% 9.1% | 53.2% 4.7% | 0.0% | 23.9% 0.0% A
PF-VL 1.9% 3.1% 9.8% 1.2% 8.7% | 10.3% 2.3% | 0.0% | 59.6% 3.3% A
PF-VN 2.6% 5.8% 1.8% 6.3% 8.0% | 19.4% | 16.9% | 6.4% | 17.7% | 14.9% C
TR-VC 0.2% 1.8% 0.4% 1.8% 7.8% | 14.5% | 55.7% | 0.7% | 16.9% 0.2% A
TR-VL 4.5% 4.4% 6.2% 1.5% | 11.9% 4.4% | 14.6% | 0.4% | 48.9% 3.2% A
TR-VN 1.3% 4.7% 1.4% 4.9% 9.1% 7.6% | 39.4% | 5.4% | 15.1% | 11.2% B
VC-VL 0.4% 5.1% 8.2% 0.4% | 11.1% 8.5% 2.7% | 0.1% | 61.7% 1.9% A
VC-VN 0.9% 4.5% 2.3% 3.7% | 10.1% | 16.9% | 18.4% | 6.0% | 24.4% | 12.8% D
VL-VN 3.7% 4.4% 4.8% 41% | 10.1% 6.2% 9.5% | 3.3% | 46.6% 7.4% C
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