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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

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.



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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新学術領域「人工知能と脳科学の対照と融合」(2016-2021)
領域代表・銅谷賢治

視覚や聴覚といった個別のモダリティ
その神経系による処理にとどまらず，
脳の構造に学び，マルチモーダルかつ全脳
的な認知アーキテクチャを構成する方法論
に関する議論へと発展．

実世界で作動し発達し続ける真のAGIに向けて



WB-PGMの２つのポイント
① Brain-inspired AI
② PGM-based cognitive architecture



Extension of BRA-driven development [Yamakawa+ 2021]

 Yamakawa, Hiroshi. "The whole brain architecture approach: Accelerating the development of 
artificial general intelligence by referring to the brain." Neural Networks 144 (2021): 478-495.

 Taniguchi, Akira, Ayako Fukawa, and Hiroshi Yamakawa. "Hippocampal formation-inspired 
probabilistic generative model." Neural Networks 151 (2022): 317-335.
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Achievements of WB-PGM-based approach

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]

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

 Connecting cognitive modules developed as probabilistic generative models and 
letting them work together as a single unsupervised learning system.

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

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

プレゼンターのノート
プレゼンテーションのノート
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.



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

Example: unsupervised categorization of image and speech
[Taniguchi+ 2020]

プレゼンターのノート
プレゼンテーションのノート
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.



Online spatial concept formation and lexical 
acquisition: SpCoSLAM [Taniguchi+ 2017]

Akira Taniguchi, Yoshinobu Hagiwara, Tadahiro Taniguchi and Tetsunari Inamura, Online Spatial Concept and Lexical Acquisition with 
Simultaneous Localization and Mapping, IEEE IROS 2017
Akira Taniguchi, Yoshinobu Hagiwara, Tadahiro Taniguchi, Tetsunari Inamura, Improved and scalable online learning of spatial 
concepts and language models with mapping, Autonomous Robots, 2020. DOI: 10.1007/s10514-020-09905-0

プレゼンターのノート
プレゼンテーションのノート
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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プレゼンターのノート
プレゼンテーションのノート
In multimodal object categorization, the robot integrated visual, auditory and haptic information. We consider the spatial concept formation in the similar wayThis 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

Image to position:
Recalling its self-location from visual information

Position to image:
Imagining the target position visually

Speech/language to position:
Estimating the position from a user's utterance

Position to speech/language:
Telling the robot's position linguistically

Image to speech/language:
Recognizing a image representing a place

Speech/language to image:
Recalling an image represented by a word

プレゼンターのノート
プレゼンテーションのノート
Let me mention cross-modal inference here.



まとめと展望
まとめ
 脳に学び確率的生成モデルに基づき全脳の認知アーキテ
クチャの構成を目指すWB-PGMのアプローチについて紹
介した．

 いくつかのWB-PGMのアプローチに基づく仮説生成とモ
デル構築の事例について紹介した．

展望
 WB-PGMのアプローチはフレームワークとして明らかに
なったが，その開発自体は今後の課題である．多くの研
究者や開発者と協調しての研究開発推進が期待される．

神経科学知見からBrain Information Flow(BIF)を構築する。
 BIFから仮説的コンポーネント図(HCD)やPGMを設計する。
 HCDやPGMに基づいて実装と計算機実験を行う

そのためのWBAレクチャー！！
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