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FUtU re Of AI/RObOtS where are we heading?
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Symbol Emergence in Robotics
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Example of home service robot
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Integrate as a whole!
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consciousness

* How can we integrate everything?



What is “Intelligence”?
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La ng Uage an aspect of intelligence
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We can talk about something even doesn’t exist
What is the correct meaning?
There must be “NO” correct meaning
What is understanding?
“Prediction” can answer this question
Something that comes to mind
That is what it “means” for the person at the moment
I'm sure robots can do this!




What is “understanding”? naive view

5P
LAl RO T

 HEERT : BESEIE LT RE
BT D PR
ll*ﬁﬁ:ll
P71

e ORY MMCEKBE:

« Symbol grounding problem

Concept space
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The other way round

Concept space
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Multimodal Generative Model (unsupervised learning)

Multimodal supervised learning (discriminative model)

Observation Latgnt variable  Output 00 Combinatorial problem
&A RN ZER H 7 O AZAbEAS

Multimodal unsupervised learning (generative model)
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Latent variables
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Idea

« Segmentation and categorization
« Gaussian process and hidden Markov models

auditory

motor (torque)
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Multimodal categorization

OCategorization of multimodal data
- WILFE—HINATFIVE—>3>
« Multimodal Latent Dirichlet Allocation (MLDA, MHDP, --- )

[Nakamura+ 09]

. Dirichlet prior

. multinomial parameters
. categories

. multimodal infromation

. multinomial parameters

. Dirichlet prior

[ Inference of the parameters ,B*and @ by Gibbs Sampling }

[Nakamura + 09] Nakamura,T. et al., Grounding of word meanings in multimodal
concepts using LDA, in Proc. IROS2009, pp.3943-3948, 2009
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Integrated cognitive mode|
probabilistic generative model

Model-based Building block
planning (module)
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Hierarchical connection of modules

based on functions of the brain
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Integrated cognitive model

deep generative model
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(temporal learning)
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Hierarchical connection of modules
based on functions of the brain



Implementation on a real robot
3 ROS

H organization

_ Sensors

camera

decision-making

v

actuators

microphone

encoders

N

proprioception

hand Haptic sensor

A

data

Tactile sensor

Data from various sensors
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Long-term learning experiment (isninara+ 16

- 3 ~ 5 KFfEl/H x 1H0A (100 BFEE L)
« 500 YK (81 HFTV) ={EF
* Over 100 hours of interaction

« Using 500 objects (81 categories)

4 b |
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Long-term learning experiment (isninara+ 161

. 300014 EFEFE (3001 =—HiFE) 100HHEIREIE/S
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i Classification Acc,

Perplexity of LM

U Speech Recognition Acc.




Number of words
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Vocabulary development

understanding

Bl
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About 180words in 16-month

production

#
2

4 o
o j—o—»—c»-p-&-c"':} et

16 17 1B 1% 20 X 22 [ M 2% M N O® M 3

age

About 60words in 16-month
About 1000words in 3 years old

Bates et al, 1995
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Findings
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Learning from teleoperation
for domestic service robot

Iwata et al. “Learning and generation of actions Miyazawa et al. “Integrated cognitive arcr’\,itecture
from teleoperation for domestic service robots,” for robot learning of action and language,
IROS 2018

- Frontiers in Robotics and AI, 2019

Currently working on experiments @ three different real home environments
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After learni NJ (autonomous task execution)




23

Challenges

Communication (sociality)
« Self/other discrimination
« Mirror neuron system

Emotion/affection
- Information on body (interoception)
« Rewards

Higher level cognitive functions -
« Induction, deduction, abduction
« Causality
« Counterfactual
« Explainability

Consciousness

> sudo apt install intelligence Various experiences Raise to 10 years old



