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1. INTRODUCTION
Propose a pitch-aware speech separation ap-
proach:

1. training a pre-separation model to separate
mixed sources

2. training a polyphonic pitch-tracking net-
work

3. incorporating estimated pitches for final
pitch-aware speech separation

Tested on WSJ0-2mix, the improved performance
of 12.0 dB SDR is the best-reported result without
using any phase information.
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3. OBJECTIVE FUNCTION
⇒ Deep Clustering (DPCL) [1, 2]

LDPCL(V, Y ) = ‖V V T − Y Y T ‖2F = ‖V TV ‖2F − 2‖V TY ‖2F + ‖Y TY ‖2F ,

where V : embedding matrix and Y : corresponding label matrix (i.e., IBM).
⇒ Utterance-level Permutation Invariant Training (uPIT) [3]

LPSA = min
π∈P

1

B

∑
c

∥∥∥M̂π(c) � |X| − (|Sc| � cos(∠Sc − ∠X))
∥∥∥2
2
,

where M̂c: c-th estimated mask; |X|: mixture magnitude; |Sc|: magnitude of c-th reference source;
∠Sc: phase of c-th source; ∠X : mixture noisy phase.
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5. EXPERIMENTAL RESULTS

Approaches MF FF MM SG AVG

DPCL - - - - 10.5
DPCL (Our) 11.8 8.3 9.2 8.9 10.4

+ Random 11.9 8.5 9.4 9.2 10.5
+ Energy 12.5 12.6 11.6 11.9 12.2
+ Oracle 12.5 12.5 11.6 11.8 12.2

uPIT - - - - 9.6
uPIT (Our) 11.3 7.1 7.9 7.7 9.5

+ Random 11.5 7.2 8.1 7.8 9.7
+ Energy 13.7 13.9 12.8 13.1 13.4
+ Oracle 13.7 13.8 12.8 13.0 13.3

DPCL++ 12.2 - - 9.6 11.0
ADANet - - - - 11.0
uPIT-ST 12.4 - - 7.7 10.2
Chimera++ - - - - 11.2
CASA-E2E 12.4 - - 9.8 11.2

two-stage
+ DPCL 12.1 9.0 9.7 9.5 10.8
+ uPIT 13.3 10.1 10.8 10.6 12.0

6. SEPARATION EXAMPLES

https://wangkenpu.github.io/jekyll/
update/2019/05/03/ICASSP19_Demo.
html

7. PITCH TRACKING

Source 1 Source 2
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Shared Model Non-Shared ModelNon-Shared Model

# Parames (×106) 14.48 14.84
Shared Model Y Y N N
Joint Training Y N Y N

Valid VUV Err (%) 5.9 5.6 5.9 5.9
F0 RMSE (Hz) 12.6 12.7 12.9 13.0

Test VUV Err (%) 6.1 5.8 6.2 6.2
F0 RMSE (Hz) 14.6 14.6 15.0 14.8

8. CONCLUSION & DISCUSSION
• Pitch is instrumental for speech separation.
• Significant improvements obtained with es-

timated pitch.
• Reasonable permutation strategy is the key

to make pitch-aware approach effective.
• To be combined with time-domain ap-

proach or phase reconstruction process in
the future.
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