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プレゼンターのノート
プレゼンテーションのノート
Good afternoon everyone.
I’ll be talking about “Symbol Emergence in Robotics:�Language Acquisition via Real-world Sensorimotor Information”
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プレゼンターのノート
プレゼンテーションのノート
I'm Tadahiro Taniguchi, associate professor at Ritsumeikan University in Japan.
Currently, I'm a visiting associate professor at Imperial College London in my sabbatical term.

My original background is mechanical engineering.
But, after receiving PhD, I have been gradually changing my field to machine learning and artificial intelligence to pursue  my research goal.

Now, I'm leading the “Emergent System Laboratory“ at Ritsumeikan University.
 
Our group covers the application of machine learning, cognitive robotics, decentralized autonomous systems, and human communication.
Recently, we have titled our main research field symbol emergence in robotics.
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Symbol emergence in robotics
using probabilistic generative models

spatial concept formation

\t'[lliMliHIl the information

Integration of imitation and Multimodal World modeling
reinforcement learning for manipulation

The robot finds unseen objects
Multimodal object categorization



プレゼンターのノート
プレゼンテーションのノート
First let me show you some videos to give some flavors of our studies.
�How can we make a robot more cognitive and developmental based on its sensorimotor experience is a central question in cognitive and developmental robotics. In this sense, our studies are in line with the study of cognitive developmental robotics.

Also, I want to mention that the models used in these robots are based on probabilistic generative models, partially at least.

I will explain the details of some of them at the later part of this talk.
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ARTICLE INFO ABSTRACT

Artide history: Building 2 human-like integrative artificial o T
Ayailable online 9 March 2022 (ACI), is the holy grail of the artificial intel P :
Kevwords: that enables an artificial system to achieve cognitive develop
En_gnirive architecture brain and cognitive science. This paper de: pgi

Probabilistic generative model by integrating elemental cognitive modules

Brain-inspired artificial intelligence approach is based on two ideas: (1) brain-

Artificial general intel_lige:nce human-level intelligence, and (2) a probabilip

Developmental robotics to develop a cognitive system for developmy

ment framework is called a whole brain PG
cognitive architectures in that it can learn
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Taniguchi, Tadahiro, et al. "A whole brain probabilistic generative model: Toward realizing cognitive
architectures for developmental robots." Neural Networks 150 (2022): 293-312.
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Extension of BRA-driven development [Yamakawa+ 2021]
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O Yamakawa, Hiroshi. "The whole brain architecture approach: Accelerating the development of
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O Taniguchi, Akira, Ayako Fukawa, and Hiroshi Yamakawa. "Hippocampal formation-inspired
probabilistic generative model." Neural Networks 151 (2022): 317-335.
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ARTICLE INFO ABSTRACT

Arricle history: In building artificial intelligence (Al) agents, referring to how brains function in real environments
Available cnline 8 April 2022 can accelerate development by reducing the design space. In this study, we propose a probabilistic
model (PGM) for navigation in uncertain environments by integrating the neuroscientific
]muwlcdgv: of hippocampal formation (HF) and the engineering knowledge in robotics and Al namely,
simultanecus localization and mapping (SLAM). We follow the approach of brain reference architecture
(BRA) (Yamakawa, 2021) to compase the PGM and outline how to verify the model. To this end, we sur-
vey and discuss the relationship between the HF findings and SLAM models. The proposed hippocam pal
formation-inspired probabilistic generative model (HF-PGM) is designed to be highly consistent with the
anatomical structure and functions of the HF. By referencing the brain, we elaborate on the importance
of integration of egocentric/ allocentric information from the entorhinal cortex to the hippocampus and

the use of discrete-event gqueues.
€ 2022 The Author(s). Published by Elsevier Led. This is an open access article under the CCBY i
(http: /creativecommons. org licenses by 4.

Keywards:

Eraif-inspired artificial inrelligence
Erain reference architecrure
Hippacam pal formation

Simultanecus localization and mapping
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1. Introduction typical approach in computational geometry and robotics. Spatial

cognition and place understanding are important challenges that

Brain-inspired Probabilistic Generative Model
for Double Articulation Analysis of Spoken
Language\
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Abstraci—In human spoken language, words are connected
to form a sentence, and words are composed of phonemes
or syllables. This hierarchy structure is a double articulation
structure. Here, the function of analyzing the double articulation
structure is called double articulation analysis. The human brain
has a function to analyze the double articulation structure.
However, existing methods of spoken language acquisiion using
a double articulation analyzer are not designed with refi

Maoko Muro
Graduation School of Information Science and Engineering
Ritsumeikan Universiry
Kusatsu, Shiga, Japan
muro. maoko®em. ci.ritsumel. ac.jp

Tadahiro Taniguchi
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guage, it is important to promote correspondence and fusion
with each other. Tt is assumed that some regions in the brain
are responsible for the function in order for the double artic-
ulation structure to be processed. However, it is still unsolved
(although partial knowledge has been gathered) where and
how the DAA is actually performed in the human brain [2].

to brain circuitry. This study proposed a probabilistic graphical
model as a double articulation analysis hypothesis that can be
realized in the brain based on many neuroscience surveys We

In contrast, there are computational models that allow for
DAA [3]-[5]. Nonparametric Bayesian double articulation
analyzer (NPB-DAA) [3] is an unsupcn'w.d learning method

In building artificial intelligence (Al) agents, referring to how
brains function in real environments can accelerate develop-
ment by reducing the design space. Hippocampal formation (HF)
supports crucial neural capabilities. such as spatial cognition,
self-localization for navigation, mapping, and episodic memory.
In neuroscience, HF and its functions have attracted increasing
attention in recent years. The hippocampus has long been con-
sidered the brain revjon responsible for configuring the cognitive
map (0'keefe & Nadel, 1578; Tolman, 1948). To this end, de5|g-
nated neurons, such as place cells in the thpocampus (Okee
& Nadel, 1978) and grid cells in the medial entorhinal cunex
{MEC), exist to execute these functions (Fyhn et 2004; H;
ing et al, 2005). From the perspective of computational neu-
roscience, numerous computational model-based studies have
foecused on functions involving the hlppucarnpus (?amn:u et al.,
2018; Kowadlo et al, 2015; Ma 2015; rd et al,
2004; Schapiro et al., 201 Stle.t_oro'.uch et 2 ZE'].MDTIgSIdE
these computational studies, the use of brain-inspired Al and
intelligent robotics is crucial to the implementation of these

spatial functions. From an engineering perspective, simultaneous
localization and mapping (SLAM) (Thrun et al., 2005) represents a
#* Corresponding author.
E-mail addresses: a.raniguchi@em. [A. Taniguchi),

Tukawa@yairilab.net (A. Fukawa), ymiwewh,

rive.org (H. Yamakawa).
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must be overcome to facilitate the advance of robotics (Taniguchi
et al, 2019). However, despite the abundancy of neuroscience
knowledge related to HF and the progress in Al technology. com-
bining knowledge from both fields and applying it to robotics
remains a major challenge.

Purposes: This study aims to bridge the gap between neu-
roanatomical/biological findings of the HF and engineering tech-
nologies of probabilistic generative models {PGMs), particularly in
Al and robotics. This paper is a feasibility study on the method-
ology proposed by Yamakawa (2021). We establish a correspon-
dence between the function/structure of the HF in neuroscience
and spatial cognitive methods in robotics. The main ohjectives of
this study are as follows.

« To provide suggestions for the construction of a computa-
rional model with functions of HF by surveying the associa-
tion between SLAM in robotics and HF in neuroscience.

» To construct a brain reference architecrure (BRA) that oper-
ates with biologically valid and consistent functions, as a
specification for implementing a brain-inspired model.

Type of paper: This report is a hypothesis-suggestion pa-

per that presents a novel argument. interpretation, or model
intended to introduce a hypothesis/theory, based on a litera-
ture review, and provides the direction for its verification. We

ses/y 4.0}
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Taniguchi, Akira, Ayako Fukawa, and Hiroshi Yamakawa. "Hippocampal formation-inspired probabilistic generative model." Neural
Networks (2022).

A. Taniguchi, M. Muro, H. Yamakawa, T. Taniguchi, Brain-inspired Probabilistic Generative Model for Double Articulation Analysis
of Spoken Language, ICDL 2022



~/ SERKET: An Architecture for Connecting Stochastic Models
to Realize a Large-Scale Cognitive Model [Nakamura+ 18]
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O Connecting cognitive modules developed as probabilistic generative models and
letting them work together as a single unsupervised learning system.

O Having inter-module communication of probabilistic information and
guaranteeing theoretical consistency to some extent.

O Neuro-SERKET supports deep generative models, i.e., VAE, as well.

Nakamura T, Nagai T and Taniguchi T, SERKET: An Architecture for Connecting Stochastic Models to Realize a
Large-Scale Cognitive Model. Front. Neurorobot. 12:25. (2018) doi: 10.3389/fnbot.2018.00025

Taniguchi, T., Nakamura, T., Suzuki, M. et al. Neuro-SERKET: Development of Integrative Cognitive System
Through the Composition of Deep Probabilistic Generative Models. New Gener. Comput. 38, 23—48 (2020).

https://doi.org/10.1007/s00354-019-00084-w
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But when we look at the previous models, we could notice that most of them are just a combination of several cognitive modules represented by probabilistic generative models.
Therefore, we proposed a framework called SERKET.
SERKET framework allows us to connect cognitive modules developed as probabilistic generative models and letting them work together as a single unsupervised learning system.
It allows us to develop an integrative cognitive model in a cost-efficient and distributed manner.



Example: unsupervised categorization of image and speech
[Taniguchi+ 2020]
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Table 4 Classification accuracy in the GMM and LDA modules
Model Accuracy (%) Features introduced in Neuro-SERKET

GMM LDA Head-to-head Tail-to-tail Neura

VAE GMM LDA ASR 62.0 274

VAE GMM LDA + ASR 62.0 91.8 v

VAE + GMM LDA + ASR 63.7 91.8 v v
VAE + GMM + LDA + ASR 91.0 93.7 v v v
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Fig. 5 The original graphical model of the integrative PGM (VAE4+GMM+LDA+ASR). Fig. 6 Decomposed modules and communication between them following the Neuro-
Each block shows each module. SERKET framework.

Taniguchi, T., Nakamura, T., Suzuki, M. et al. Neuro-SERKET: Development of Integrative Cognitive System
Through the Composition of Deep Probabilistic Generative Models. New Gener. Comput. 38, 23—48 (2020).
https://doi.org/10.1007/s00354-019-00084-w
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This is just an illustrative example of the SERKET we showed in our paper.
We connected "variational autoencoder," "Gaussian mixture model," "latent Dirichlet allocation," and an off-the-shelf "automatic speech recognition system including unsupervised lexical acquisition" using the SERKET framework.
By combining these modules, we successfully perform joint clustering of MNIST image data and speech signals.
Further application of the framework to real robotics is being carried out.


e Online spatial concept formation and lexical
acquisition: SpCoSLAM [Taniguchi+ 2017]
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Akira Taniguchi, Yoshinobu Hagiwara, Tadahiro Taniguchi and Tetsunari Inamura, Online Spatial Concept and Lexical Acquisition witt
Simultaneous Localization and Mapping, IEEE IROS 2017
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We want to explain this view, with introducing our work about spatial concept formation.

We developed a machine learning method called SpCoSLAM, online simultaneous spatial concept acquisition, and localization and mapping.
This can form a map, find a cluster of positions, and discover words representing places from speech signals simultaneously by integrating multimodal information.


What's important for robots that live together with us and provide services to us is not only object category and lexical knowledge but also knowledge of places.
For example, "please go to the kitchen and bring me a bottle" is a very popular task in the human-robot interaction scenario in service robotics. Here, there are two nouns in this sentence. "Bottle" is an object name, and "kitchen" is a place or space name. 
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In multimodal object categorization, the robot integrated visual, auditory and haptic information. 
We consider the spatial concept formation in the similar way

This is the graphical model of SpCoSLAM.
This integrates SLAM, position clustering, word discovery, visual recognition, and speech recognition into a single model.




~ Notably, Cross-modal inference provides

“functions” to a cognitive system
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Let me mention cross-modal inference here.
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