
ֵͬы  
1ᶥ (4/14) 

 

Ḹ ›ἶ Ḹἶᾐ  

  

hiroshi_saruwatari@ipc.i.u-tokyo.ac.jp 



˔ὑ 

Â04/14: 1ᶥ Ṷ ֵͬы  

Â04/21: 2ᶥ Ι Ѧᶦἧѝ  

Â04/28: 3ᶥ ѝ  

Â05/12: 4ᶥ ѝ  

Â05/19: 5ᶥ ꜘ 

Â05/26: 6ᶥ  

Â06/02: 7ᶥ Ṷֻ Ẁ  

Â06/09: 8ᶥ Ṷֻ Ẁ  

Â06/16: 9ᶥ ḹ ѰⱣ 

Â06/23: 10ɩ  Ḹы  

Â06/30: 11ɩ   

 

 

 



 ͔

Â  

Âhttp://www.sp.ipc.i.u-tokyo.ac.jp/~saruwatari/  

 Ḹ ʝ Ὑ  

Â ͔ 

Â ᶥ ї ⱳ 

 



Ṷ ֵͬы  



 

Å  

ï cf.  

ï  

ï  Ҝ  
 

Å
 

Å  

 

 

 

  



 

 

 

  

 

 

 

 etc. 

 

 

 

 etc. 

 

 

 

 

 



ꜘ ˺ ѝBlindSourceSeparation  

Â ֻ ͬ  ֵ     Ϸ ֵͬ ֝ ї 

Â Ḹ   ѫ  

 

ü [ ] W  

ü [ ] p(y)  

Ҝ  

W 



ꜘ ˺ ̭ ̧ ḨBSS 

Å  

2 m 

Source 1 

Source 2 

2.83 cm 

70 

Source 3 

2.83 cm 

50 

20 

[Kitamura, et al. 2015] 



ꜘ ˺ ⱩẐἧ  BSS 

4ch DSP TI C

BSS 2005  

2009  

 

[Saruwatari, et al. 2009] 



/ 14 

Â  

Â  r ij ,n DNN  

Â Independent Deeply Learned Matrix Analysis: IDLMA[
 2018] DNN  

 

 

 

 

DNN  

 (DNN )  (  

DNN
 

 

 

 

 DNN  

F
re

q
u

e
n

c
y

F
re

q
u

e
n

c
y

Time

 
 

 

r ij ,n 
 



/ 14 

DNN  

Proposed method (IDLMA) 

Good 

Â 10 1  DNN  

DNN+WF 

ILRMA 

Duong+DNN 
 

 

( ) 



ꜘ ˺  θ

Â ֵͬ  

Time 

F
re

q
u

e
n

c
y 

Time 

F
re

q
u

e
n

cy
 

Â ֵ֒ͬ  

[Kameoka, et al.] 



ꜘ ˺ Ṷֻ  

ףּ¬   ºלּ

 

● ◐ 0ÒÏÂÁÂÉÌÉÔÙ◐ȿ● 

ü לּ ◐  ●  ︣   Ḵ ẓפּ
 

ü רּ לּ  Ḵפּלּ

ï ︢ ẓ ḭ ךּ ḭ אל  רּ
 

ü ךּ︡  Ḵפּ

ï ṡ ךּ︡ Ṣ ḱ  



ꜘ ˺ Ṷֻ  

ףּ¬   ºלּ

 

צּ ḵ 



GANṕ Ṗ-DNN  
[Saito, et al.; ICASSP2017  SLP Student Grant ḱTAF ]  

  



GANṕ Ṗ-DNN  
[Saito, et al.; ICASSP2017  SLP Student Grant ḱTAF ]  

IEEE/ACM Transactions ASLP 

 



ꜘ ˺ Ṷ Ṷᾍ  
[Shikano, Saruwatari, et al. 2009] 



ꜘ ˺ Ѧ ὑ  

 

 

 

 

 
 

 

 

 

 

 
 

 
  

[Saruwatari, et al. 2012] 



 
 

 

 

[Koyama, et al. 2014] 



ֵͬы Ḩ  



Ѹ 

Âֿ ֻ  

Â       ̠  x ˗  y ֿ  

 

Â ̏  

Â       ̠  x ʤ ˗  y  

 

 

Âק ӓ 

Â  
 

Â  ר

Â     y  Ҟ           



ὑ  

Â  

 

   :  
   : Ẑ π  

Ẑ π Ẇ                       
Ẑ π ї                       

             ̓  



ᾣ↓ ˗Ѽ  

Â  

 

 

Â      

Â     ᾣ↓  

Â    ˗Ѽ  

Â     ˗♥  

  

 

 



 

Â       

͈1  ѝ⁹ (Normal distribution) 

 

 

 

 

 
 
 

͈2  Poissonѝ⁹ 

 

̊♥                 

2 Ϸ ḹֻ 

̊♥               

₳᷈ ѝ  



ѝ⁹ ♫ Ẁ ר  

Â                                                        

β        ♫ װ  

Â         

Â    ◐Ẁ ѝ⁹ ♫  

 

Â        ֻ ѝ⁹ ♫ 

 

 
 

    ʦ ʤ     ̏ ♅Ι 



Poissonѝ⁹ ♫ Ẁ ר  

Â                                                  

β        ♫ װ  

Â         

Â                           

 
˘ ѝ⁹ 



ὑ 

ᵂ  

ᵂ  

ӓ 

̌ὑ  W

ᾣ ὑ Ẏ˗♥ ὑ  
  ᾛ₳᷈˘ˆ  ὑ  

ὑ ᵂ 

                   ӓ 

ὑ  



ML ὑ MAP ὑ MMSE ὑ  

Â    ʦ ʤ    ὑ  

Â ᾣ(Maximum Likelihood) ὑ  

 

Â Ẏ˗♥ (Maximum A Posteriori) ὑ  

 

Â ᾛ₳᷈˘ˆ (Minimum Mean Squared Error) ὑ  

 

 

 

 

 

 

MAP ὑ  
̌ὑ ḹֻ ► 



Ṷ ֵͬы ᵂ ẉ ᵂ  

Â ֵͬы  

Â ѝ 

Â ֒ 

  

Â Ṷ Ḹы  

Â ⱪ ї 

Â Ṷ  

Â  

Â Ḹы  

Âẉ  

Â Ҳ  

  

ẏ  

L
o

g-
fr

e
q
u
e
n
cy

 
Time 



ₑ ᵂ  

 

Å  

Å  

Å  

Å  Ҝ AR  

 

 

 

 Ҝ  

 

̟ ҜẎ₦ Ḹᶿ  



 
 

Å
 

 

 
Å [ ] 

 Ҝ  

    

Å
 [ ] 

 Ҝ  

    

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



ᾣ↓ ̌ὑ 

Â       
              ӓ 

 

˗Ѽѝ⁹ ̌ὑ 

Â  ̒   
         ӓ 

 
 

ᵂ  

Â  Y  ̒   h   

Â ᾣ ὑ                MAP ὑ             

MMSE ὑ            ˗♥ѝ⁹ 

 

 
ᵂ  

 

ԍᶦ  
  ԍᶦ  

ԍᶦ 

 

Ѱ  
/ Ѹ 



Ṷ ◐˔ ѝ ᾣ ὑ 

Â  

Â ˔  ᾛӓ  

Â ᾛ˘ˆ  ὑ 

Â ◐  

Â ᶥₒ AutoRegressive system  

Â Ṷ  

Â ᾣ ὑ 

Â ӓ 

Â  

Â ᾣ ὑ 

Â Έ  



˔  ᾛӓ 

ÂҲ ֵӓ ꜘ  

Âᾜ Ṷֵͬ  

ÂW ◐˔  ᾛӓ 

Â ѵ ֵͬ Ι  ֒ Ι 
           ◐ ֻ ˔  

Â ˔  ᾛ  
ֻ͜ ˔ ͜  

 

time 



ᾛ˘ˆ  ὑ ὑ╛ӓ 

Â                        
 

Â  

 

 
Â ᾛ                   



ᾛ˘ˆ  ὑ ὑ╛ӓ 

Â ╛ ₒ  

̊ʣ ˔ ͜  
̊ʤ ╛  

╛ Yule-Walker ╛  



Levinson-Durbin-Itakura  

Â Yule-Walker ╛ 
ʝ ╛  

Âʝ ḹֻ   
 Gauss ֒  
Â‼ Ιᾍ Ѧ ḹֻ  

 Choleskyѝ  
Â‼ Toeplitz Ѧ ḹֻ  

 Levinson  

Toeplitz Ѧ ֳ ‼  
͜  

 
LDI Ἥ᷀ 

βʣ ♥  



◐  

Â ʦ ֵͬ ˔  їҘ ◐  

 

 

 

 

 

 

 

Â̝  ЊҘ ʦ ֵͬ їҘ ◐  

ʦ ͬ  ֵ ˔  

Ҳ₳᷈ Ћ  

˔  ʦ ͬ  ֵ

ᶥₒ Ћ  



Ṷ  

Â˲ Ṷ  

ÂṶₑ Ḩ Ҳ Ṷ ̂  

ÂṶ  
Â̬ Ẑ  

Â В  Ҝ ᶥₒ AR  

 

 

 

 Ҝ  

 



Ṷ  

ÂṶₑ Ҳ ̌ὑ 

ÂGaussר  

Âὑ₡ר   

Â   ר

 

ÂṶ ר ̌ὑ 

Â ᶥₒ Ћ  

Toeplitz Ѧ 



ᾣ ὑ 

Â˹ ̌ὑ  
Â   

Â   

  

  
 

Â ֵͬ  Ὥ↓ ᾣ↓  

Â  

Âᾍ ᾣ↓  

 

 

Âlogdet  



ӓҧ  

Â̊ ʣ ר   ̌ὑ  
ϼ ᾣ ὑ           

 

 

Â  
̊ʣ ק Ḣ ὑ╛ӓ  



ק Ḣ ὑ╛ӓ 

Â Ḣ  

Â  

Â   
 

Âק Ḣ FourierẀ Ḣ  

Â         FourierẀ Ѧ Ὥ↓  


