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In the human community, there are various interactions and humans can learn them by observing them or
interacting with others. For realizing robots that can coexist with humans, it is important for robots to be able
to learn appropriate interactions in the community. In this paper, we propose the novel model coupled Gaussian
process hidden semi- Markov model (Coupled GP-HSMM) that enables robots to learn rules of interaction between
two persons by observing it in an unsupervised manner. The continuous motions of the persons are segmented
into discrete actions based on GP-HSMM, and relationships between the actions are extracted. Moreover, all
corresponding actions are not simultaneously conducted by two persons in actual interaction and coupled GP-
HSMM models such lags between actions. We conducted experiments using motion data of interaction games
and experimental results showed that coupled GP-HSMM can estimate actions, lags between them and their
relationships.
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Xc c
xαj′ xβj Xcαj′ Xcβj

GP-HSMM
β j cβj

β j − 1
cβ,j−1 α cαj′

cαj′ ∼ P (c|cα,j′−1) (1)

cβj ∼ P (c|cβ,j−1,cαj′) (2)

xαj′ ∼ GP(x|Xcαj′ ) (3)

xβj ∼ GP(x|Xcβj ) (4)

Sα Sβ Coupled GP-HSMM

2.1
i xi

i
x (i,x) inew

xnew (13)

p(xnew|inew,x, i) ∝ N(kTC−1i, c− kTC−1k) (5)

xi c
GP(xi|Xc)

GP(x|Xc) = p(x0|i,Xc,0, I)

× p(x1|i,Xc,1, I)

× p(x2|i,Xc,2, I) · · · . (6)

2.2
α cαj′

β cβj
2

dj

p(dj) = N (d|0, σ2) (7)

2.3
Sα Sβ

xα = xα1xα2 · · ·xαN

xβ = xβ1xβ2 · · ·xβN P (xα,xβ |Sα,Sβ ,Θ)

argmax
Θ

= P (xα,xβ |Sα,Sβ ,Θ) (8)

Blocked Gibbs
Sampler
2.3.1 Blocked Gibbs Sampler

Sβn xβnj(j =
1, 2, · · · , Jn)

Xc P (cβ |c′β)
P (cβ |cα)

Xβn,cβn,dβn ∼ P (Xβ ,cβ ,dβ |Sβn,Θ),

Xβn = {xβn1, · · · ,xβnJn}, (9)

cβn = {cβn1, · · · , cβnJn}, (10)

dβn = {dβn1, · · · , dβnJn}. (11)

Sβn

Xc

P (cβ |c′β) P (cβ |cα)
α β

Sα

[Uchiumi 15]
Forward filtering-Backward sampling

2.3.2 Forward filtering-Backward sampling

Forward filtering-Backward sampling
Forward filtering

t k c
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Aβ [t][k][cβ ][d] = GP(st−k:k|Xc)p(cβ |cαt+d)p(d)

×
K∑

k′=1

C∑

c′=0

D∑

d′=−D

p(cβ |c′β)α[t− k][k′][c′β ][d
′] (12)

C K D
p(d) p(cβ |c′β)

p(cβ |cαt+d)

p(cβ |c′β) =
Nc′βcβ

+ λ

Nc′β + Cλ′ (13)

p(cβ |cα) =
Ncαcβ + γ

Ncα + Cγ′ (14)

Nc′β Nc′βcβ
c′β

c′β cβ
Ncα Ncαcβ cα α

cα cβ
k′ c′β d′ t−k

(12)
Forward filtering Back-

ward sampling

2.4

Coupled
GP-HSMM α j′ cαj′

β j cβj

1. α cαj′ β cβj

P (cβj |cαj′ )

2. β cβj β cβj+1

P (cβj+1 |cβj )

3. α cαj′ α cαj′+1

P (cαj′+1
|cαj′ )

4. α cαj′ β cβj α cαj′+1

β cβj+1 P (cαj′+1, cβj+1|cαj′ , cβj)

3.

kinect
kinect 30fps 4fps

1: P (cβ |cα)

β cβj

0 1 2 3 4
0 0.94 0.00 0.00 0.03 0.03

α 1 0.05 0.92 0.01 0.01 0.02
cαj′ 2 0.09 0.01 0.89 0.00 0.00

3 0.01 0.01 0.08 0.62 0.28
4 0.01 0.01 0.05 0.30 0.64
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