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Unsupervised Learning for Spatial Concepts
by Using Self-position and High-level Features
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In this paper, we propose a novel model to form place concept by using stochasitically integrating positional
and visual information. Many conventional self-localization method can estimate robot’s self-position statistically.
However, for human-communication, the robot has to estimate not only its self-position but also place concepts

such as ”kitchen” and ”living room”.

Our proposed method learns place concepts by using visual information

and positional information. In our proposed method, as visual information and, robots use object recognition
result obtained by Convolutional Neural Network. Moreover, as positional information, the robot uses the position
estimated by Monte-Carlo Localization (MCL) and proposed method integrates their information statistically. The
experiment to learn place concepts was performed in a real environment by using a robot integrated our proposed
method. The performance of the learned place concept was evaluated by comparing with human place-concepts.
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1: Graphical model of the proposed method
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Algorithm 1 The Learning Place Concepts by Gibbs sam-
pling
X = {1’1,:132, .. ~,.’EN}
F = {f1,f2,--',fzv}
procedure LEARNING PLACE CONCEPTS(X,F,L,N)
Ci = {Ciy,Chyr-+ Ciy }
//(1)Initializing p, 3
p, X = Initialize()
//(5)Repeating from (2) to (4)
for i =1 to iteration_-number do

//(2) Allocating the data to each place concept by
the sampling of the index of place concept C\
fort =1to N do
Ct Np(Ct | mt7ft74p7/'b72)
end for
//(3) Sampling parameters of Gaussian distribu-
tions p and X
for c=1to L do
Hey Xie ™~ p(Xc | MmEC)p(MC:EC)
end for
//(4) Sampling parameter of a multinomial distri-
bution ¢
for c=1to L do
pe ~ p(Fe | pe)p(pe)
end for
end for
return u, Y, ¢
end procedure
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A:In front of the door

B:In front of the book shelf

C:In front of the book stand

D:The side of chair yard

E:In front of the umbrella stand

F:In front of the partition

G:In front of the air cleaner

H:Meeting space

I:In front of the cabinet (Students working space)

J:In front of the cabinet(secretaries working space)

K:In front of the Sever machine

L : The place for something

M:In front of the white shelf (the side of meeting space)

N:In front of the white shelf(The side of secretaries working space)
O:In front of the white shelf(The side of student working space)
P:In front of the desk

Q: In front of the white board

R:Others
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