


•

▪ 𝑧1, 𝑧2, ⋯ , 𝑧𝑁 𝑦1, 𝑦2, ⋯ , 𝑦𝑀 (≈ 𝑠1, 𝑠2, ⋯ , 𝑠𝑀)

𝑠1, 𝑠2, ⋯ , 𝑠𝑀 𝑧1, 𝑧2, ⋯ , 𝑧𝑁

𝑨 𝑨

𝑎11

𝑎21
𝑎12

𝑎22𝑠2

𝑠1

𝑦2

𝑦1𝑤11

𝑤21
𝑤12

𝑤22𝑧2

𝑧1



•

▪

▪

▪



•

▪ 𝑠(𝑡) 𝑀

▪ 𝑚 𝜏𝑚

𝒛 𝑡 =

𝑧1(𝑡)
𝑧2(𝑡)
⋮
𝑧𝑀 𝑡

=

𝑠(𝑡 − 𝜏1)
𝑠(𝑡 − 𝜏2)
⋮

𝑠(𝑡 − 𝜏𝑀)

𝒛 𝜔 =

𝑍1(𝜔)
𝑍2(𝜔)
⋮
𝑍𝑀 𝜔

𝑍𝑚 𝜔 ≡  
−∞

∞

𝑧𝑚 𝑡 𝑒
−𝑗𝜔𝑡𝑑𝑡 =  

−∞

∞

𝑠 𝑡 − 𝜏𝑚 𝑒
−𝑗𝜔𝑡𝑑𝑡 = 𝑒−𝑗𝜔𝜏𝑚𝑆(𝜔)

𝑆 𝜔 ≡  
−∞

∞

𝑠 𝑡 𝑒−𝑗𝜔𝑡𝑑𝑡 𝒂(𝜔) =

𝑎1
⋮
𝑎𝑀
≡
𝑒−𝑗𝜔𝜏1

⋮
𝑒−𝑗𝜔𝜏𝑀

𝒛 𝜔 = 𝒂(𝜔)𝑆(𝜔)



•

•

•

𝑎𝑚(𝜔) = exp 𝑗 𝑚 − 1 −
𝑀 − 1

2

2𝜋𝑑𝑥
𝜆
sin 𝜃𝑠

𝜏𝑚 = − 𝑚 − 1 −
𝑀 − 1

2

𝑑𝑥
𝑐
sin 𝜃𝑠

𝒑𝒎 = 𝑚 − 1 −
𝑀 − 1

2
𝑑𝑥, 0, 0

𝑇

𝒂(𝜔) = 𝑒−
𝑗 𝑀−1 𝜓
2 1, 𝑒𝑗𝜓, 𝑒𝑗2𝜓, ⋯ , 𝑒𝑗 𝑀−1 𝜓

𝑇
𝜓 =
2𝜋𝑑𝑥
𝜆
sin 𝜃𝑠

𝑑𝑥

𝜃𝑠

𝑥

𝑦

𝑆(𝜔)

𝒛 𝜔 = [𝑍1 𝜔 , 𝑍2 𝜔 ,⋯ , 𝑍6(𝜔)]

𝒛 𝜔 = 𝒂(𝜔)𝑆(𝜔)



•

▪

•

▪

▪

𝜔

0

−𝜋

𝜋

𝜔

𝑎𝑚(𝜔) = exp(−𝑗𝒌
𝑇𝒑) = exp 𝑗

2𝜋

𝜆
𝒖𝑇𝒑𝑚



• y = 𝑓(𝑥) 𝑥

▪ 𝑦

▪

𝑍1 𝜔

𝑍2 𝜔

𝑆 𝜔
𝒛 𝜔 = 𝒂(𝜔)𝑆(𝜔)

𝑍1(𝜔)
𝑍2(𝜔)

=
𝑎1(𝜔)
𝑎2(𝜔)

𝑆(𝜔)

𝑆 𝜔 ∼ 𝑁𝑐(0,1) 𝒛 𝜔 ∼ 𝑁𝑐(0, 𝒂 𝜔 𝒂
𝐻(𝜔))

𝒂(𝜔) =

𝑎1
⋮
𝑎𝑀
≡
𝑒−𝑗𝜔𝜏1

⋮
𝑒−𝑗𝜔𝜏𝑀



• 𝑁 𝑀

𝒛 𝜔 =

𝑍1(𝜔)
𝑍2(𝜔)
⋮
𝑍𝑁(𝜔)

𝒔 𝜔 =

𝑆1(𝜔)
𝑆2(𝜔)
⋮
𝑆𝑀(𝜔)

𝑆1(𝜔)

𝑆2(𝜔)

𝑍1(𝜔)

𝑍2(𝜔)

𝑍3(𝜔)



• 𝑁

▪

▪

𝑨 𝜔 = [𝒂1(𝜔),⋯ , 𝒂𝑁(𝜔)]

𝒛𝑠(𝜔) = 

𝑖=1

𝑁

𝒂𝑖 𝜔 𝑆𝑖 𝜔 = 𝑨(𝜔)𝒔(𝜔)

𝒔(𝜔) =

𝑆1(𝜔)
𝑆2(𝜔)
⋮
𝑆𝑁(𝜔)

𝑀 ×𝑁

𝒂𝑛(𝜔) 𝑛

𝒛𝑠 𝜔 = 𝒂(𝜔)𝑆(𝜔)

𝒛𝑠 𝜔 =

𝑍𝑠1(𝜔)
𝑍𝑠2(𝜔)
⋮

𝑍𝑠𝑀(𝜔)



• 𝒛 = 𝑨𝒔 + 𝒗

▪

▪

𝑝 𝒗 = 𝑁(𝒗|𝟎,𝑲)

𝒛 = 𝑨𝒔 + 𝒗

𝑝 𝒗 = 𝑁(𝒗|𝟎,𝑲) 𝑝 𝒛;𝚯 = 𝑁 𝒛 𝟎, 𝑨𝚪𝑨𝐻 +𝑲

𝒛 = 𝑨𝒔 + 𝒗𝑝 𝒔 = 𝑁(𝒔|𝟎, 𝚪)

𝚯 = {𝑨, 𝒔,𝑲} 𝑝(𝒛;𝚯)

𝚪 = 𝐸 𝒔𝒔𝐻 (= diag 𝛾1, ⋯ , 𝛾𝑁 )

𝚯 = {𝑨, 𝚪,𝑲} 𝑝(𝒛; 𝚯)

𝑝 𝒛;𝚯 = 𝑁 𝒛 𝑨𝒔, 𝑲

𝑨 𝑁 {𝜃1, ⋯ , 𝜃𝑁}

𝚪 𝑁 {𝛾1,⋯ , 𝛾𝑁}

𝑝(𝚯)
𝑝 𝚯|𝒛 =

𝑝 𝒛 𝚯 𝑝 𝚯

𝑝 𝑧





•

▪

▪ 𝒛

▪

ℎ(𝑡)𝛿(𝑡) ℎ(𝑡)

ℎ 𝑡 = ℎ 𝑡 ∗ 𝛿 𝑡



•

▪

𝑠(𝑡) 𝑧(𝑡)

ℎ(𝑡)

𝑧 𝑡 = ℎ 𝑡 ∗ 𝑠 𝑡 + 𝑣(𝑡)

𝑣(𝑡)



•

𝑠(𝑡)

𝑆(𝜔)

ℎ(𝑡)

𝐻(𝜔)

𝑧(𝑡)

𝑍(𝜔)



•

▪

▪

𝛿 𝑡 TSP 𝑡 iTSP 𝑡

= ∗



•

▪

ℎ 𝑡 ∗ TSP(𝑡)

ℎ 𝑡 ∗ TSP 𝑡

∗

iTSP 𝑡ℎ 𝑡 ∗ TSP 𝑡 ∗ iTSP 𝑡 = ℎ(𝑡)



•







•

▪ 𝑁 𝑀

𝒛 = 𝑨𝒔 = 

𝑖=1

𝑁

𝒂𝑖𝑠𝑖

𝒚 = 𝑾𝒛

𝑎11

𝑎21
𝑎12

𝑎22
𝑠2

𝑠1

𝑦2

𝑦1
𝑤11

𝑤21
𝑤12

𝑤22
𝑧2

𝑧1

𝒛 = 𝑨𝒔

𝒚 = 𝑾𝒛 = 𝑾𝑨𝒔 𝑾 = 𝑨−1 𝒚 ≈ 𝒔

𝑀 = 𝑁



•

▪

•

▪

𝒚 = 𝑾PCA𝒛 𝒚 = 𝑾ICA𝒛𝒛

𝑦1
𝑦2
=
𝑤11 𝑤12
𝑤21 𝑤22

𝑧1
𝑧2
= 𝒘1𝑧1 +𝒘2𝑧2



•

▪

•

▪

𝒁(𝜔)

𝒁(𝜔′)

𝒀 𝜔 = 𝑾(𝜔)𝒁(𝜔)

𝒀 𝜔′ = 𝑾(𝜔′)𝒁(𝜔′)

𝒀(𝜔)

𝒀(𝜔′)





•

▪

𝑓

𝑡

𝑓

𝑡

𝒙𝑡𝑓 = [𝑥𝑡𝑓1, 𝑥𝑡𝑓2, ⋯ , 𝑥𝑡𝑓𝑀]

𝑚 = 1

𝑚 = 2 𝑛 = 1

𝑚 = 1

𝑚 = 2



𝑓

𝑡

𝑓

𝑡

𝑚 = 1

𝑚 = 2

𝑚 = 1

𝑚 = 2

𝑛 = 2

•

▪

𝒙𝑡𝑓 = [𝑥𝑡𝑓1, 𝑥𝑡𝑓2, ⋯ , 𝑥𝑡𝑓𝑀]



•

▪

𝑓

𝑡

𝑓

𝑡

𝒙𝑡𝑓 = [𝑥𝑡𝑓1, 𝑥𝑡𝑓2, ⋯ , 𝑥𝑡𝑓𝑀]

𝑚 = 1

𝑚 = 2 𝑛 = 1

𝑚 = 1

𝑚 = 2

𝑛 = 2



•

▪ 𝑡 𝑓 𝑘 𝑧𝑡𝑓 = 𝑘

▪ 𝑯𝑓𝑑 𝑓 𝑑

𝒙𝑡𝑓 ∼ 𝑁𝑐 𝒙𝑡𝑓 𝟎, 𝜆𝑡𝑓𝑯𝑓𝑑𝑧𝑡𝑓

−1

𝑑1 𝑑2
𝑑3

𝑑𝑖

𝑡 𝑓

𝑯𝑓𝑑 ∼ 𝑊𝑐 𝒂𝑓𝑑𝒂𝑓𝑑
𝐻 + 𝜖𝑰

−1
, 𝜈0

𝑓 𝑑



•

▪

𝑚 = 1

𝑚 = 2

𝒙𝑡𝑓 ∼ 𝑁𝑐 𝒙𝑡𝑓 𝟎, 𝜆𝑡𝑓𝑯𝑓𝑑𝑧𝑡𝑓

−1

𝑡 𝑓

𝝅𝑡𝑓 ∼ HDP(𝛼, 𝛾, 𝜷)

(𝑘 → ∞)

𝑘

𝜋𝑡𝑓𝑘

𝑧𝑡𝑓 ∼ Categorical(𝝅𝑡𝑓)









•

•

×

×

⋯ ⋯

⋯



•

▪

▪



•

▪ 𝑘 𝑡 𝑓 𝜆𝑡𝑓
𝑘

𝜆𝑡𝑓
𝑘
= 

𝑙=1

𝐿

𝑤𝑓
𝑘,𝑙
ℎ𝑡
𝑘,𝑙

×

×

⋯ ⋯

ℎ𝑡
𝑘,𝑙𝑤𝑓

𝑘,𝑙

𝜆𝑡𝑓
𝑘



•

▪ 𝑘 𝑡 𝑓 𝜆𝑡𝑓
𝑘

𝜆𝑡𝑓
𝑘
= 𝑤𝑓
(𝑘,𝑙′)
ℎ𝑡
(𝑘,𝑙′)

𝑙′

×

×

⋯ ⋯

ℎ𝑡
𝑘,𝑙𝑤𝑓

𝑘,𝑙

𝜆𝑡𝑓
𝑘



•

▪ 𝑡 𝑓

𝒙𝑡𝑓 ∼ 𝑁𝑐 𝟎, 

𝑘

𝜆𝑡𝑓
(𝑘)
𝑮𝑓
(𝑘)

𝒙𝑡𝑓
(1)
~𝑁𝑐 𝟎, 𝜆𝑡𝑓

1
𝑮𝑓
1

𝒙𝑡𝑓
(2)
~𝑁𝑐 𝟎, 𝜆𝑡𝑓

2
𝑮𝑓
2



•

▪ 𝑡 𝑓

𝒙𝑡𝑓
(1)
~𝑁𝑐 𝟎, 𝜆𝑡𝑓

1
𝑮𝑓
1

𝒙𝑡𝑓
(2)
~𝑁𝑐 𝟎, 𝜆𝑡𝑓

2
𝑮𝑓
2

𝒙𝑡𝑓 ∼ 

𝑘

𝜋𝑡𝑓
𝑘
𝑁𝑐 𝟎, 𝜆𝑡𝑓

𝑘
𝑮𝑓
𝑘



•

▪

▪

𝑁𝑐 𝟎, 

𝑘

 

𝑙

𝑤𝑓
𝑘,𝑙
ℎ𝑡
𝑘,𝑙
𝑮𝑓
𝑘

 

𝑘

𝜋𝑡𝑓
𝑘
𝑁𝑐 𝟎, 

𝑙

𝑤𝑓
𝑘,𝑙
ℎ𝑡
𝑘,𝑙
𝑮𝑓
𝑘

𝑁𝑐 𝟎, 

𝑘

 

𝑙

𝜓𝑡𝑓
𝑘,𝑙
𝑤𝑓
𝑘,𝑙
ℎ𝑡
𝑘,𝑙
𝑮𝑓
𝑘  

𝑘

 

𝑙

𝜋𝑡𝑓
𝑘
𝜓𝑡𝑓
𝑘,𝑙
𝑁𝑐 0,𝑤𝑓

𝑘,𝑙
ℎ𝑡
𝑘,𝑙
𝑮𝑓
𝑘

∑



•

▪

▪

▪

▪


