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AI-ROBOT(생명체)

• Perception

• 로봇(생명체)이 일하는 공간(환경)안에서

• 로봇(생명체)이 이용 가능한 센서로부터 얻은 공간(환경) 정보로부터

• 하고자 하는 작업 달성(생명유지)에 필요한 정보를 추출

• Action

• 작업 달성(생명유지)를 위해서 환경에 적용할 최적의 적합한 행동을

실수없이 시의 적절하게

• 배우거나, 선택하거나, 만들어 낼 수 있는 로봇(생명체)
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Environment

Sense

Think
(perception-Action

(Planning))

Act

Task
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AI Robot 분야의 기술적 도전

AI Robot Challenge 

지능 로봇의 한계를

극복하기위한 과제

이론적 도전

일반 통합 원리의 발견을 위한 도전

기술적 도전

인공지능 통합일반원리

Perception • 소재, 부품, 장비

• 지능 알고리즘 및 시스템

Action

로봇 통합일반원리

Learning

구현적 도전
(Implementation challenge)
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Information-Theoretic Principles for Brain, AI and Robot

6

(Kare Fristone, Beren Millidge)

𝐴 = 𝜋𝑟2

인공지능 통합 원리
Perception 

The Information 
Bottleneck principle

min
𝑓

𝐼 𝑓 𝑥 ; 𝑥 − 𝜆 𝐼(𝑓 𝑥 ; 𝑡𝑎𝑠𝑘)

𝑞𝜙(z|x) 𝑝𝜃(x|z)

The Free Energy Principle

자연지능 생명체(Brain)
Perception <->Action

(=Surprise Minimization Principle)

Surprise = − log𝑃(𝑜𝑡)

𝐹 = − log 𝑃 𝑜𝑡 + 𝐾𝐿[𝑄(𝑠𝑡)||𝑃 𝑠𝑡 𝑜𝑡 ]

𝑄 𝑠𝑡 = argmin
𝑄

𝐹𝑄 𝜋 = 𝜎(σ𝜌≤𝑡 𝐹(𝜋, 𝜌) + σ𝜏>𝑡𝐺(𝜋, 𝜏)) 

𝑑𝑑

로봇 통합 원리
Action

The Path Integral Principle

𝑡𝑠

𝑡𝑓

0

1

3

2

sample trajectories

𝑅𝑡
𝑖 = 𝑞𝜏 +න

𝑡

𝑇

𝑞 Χ𝑖 +
1

2
𝒖𝑡
𝑇𝑹𝒖𝑡𝑑𝜏𝑡

𝑤𝑡
𝑖 = exp(−𝜆𝑅𝑡

𝑖)

𝒖𝑡
𝑛𝑒𝑤 =

σ𝑖𝑤𝑡
𝑖𝒖𝑡

𝑖

σ𝑖𝑤𝑡
𝑖

(Naftali Tishbi, S. Soatto) (Bert Kappen, Stefan Schaal)



Free-Energy(Surprise) Principle:
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Environment(o)
𝑝(𝑠)

(unknown state)

Sense

Act(𝑎)

Brain

Think
(Perception-Action(Planning))

𝑄(𝑠, 𝑎)
= 𝑄 𝑎 𝑠 𝑄(𝑠)

(Estimated environment state)
(𝑄 𝑠 , 𝑄 𝑎 𝑠 )

𝑝 𝑠𝑡, 𝑎𝑡, 𝑜
= 𝑝 𝑜 𝑠 𝑝 𝑎 𝑠 𝑝(𝑠|𝑠𝑡−1, 𝑎𝑡−1)

Markov Blanket

(외부와 내부의 경계)

𝐾𝐿(𝑄(𝑠, 𝑎)||𝑝 𝑠, 𝑎, 𝑜, 𝑠<𝑡, 𝑎<𝑡 )

차이를최소로



= 𝐾ℒ (𝑄 𝑠, 𝑎 ∥ 𝑝 𝑠, 𝑎, 𝑜, 𝑠<𝑡, 𝑎<𝑡

= 𝐾ℒ 𝑄 𝑎|𝑠 𝑄 𝑠 ∥ 𝑝 𝑜 𝑠 𝑝 𝑎 𝑠 𝑝 𝑠 𝑠𝑡−1, 𝑎𝑡−1

= −න𝑄 𝑠 log 𝑜 𝑠 + 𝐾ℒ(𝑄(𝑠) ∥ 𝑝(𝑠|𝑠𝑡−1, 𝑎𝑡−1))

+𝐸𝑄(𝑆)[𝐾ℒ 𝑄 𝑎 𝑠 ∥ 𝑝 𝑎 𝑠 ]

Auto Encoder Prection of Dynamics(Equivariance property 포함)

KL-control theory(⇒Maximum Entropy Reinforcement Learning)

Free Energy(Information)
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−𝐾𝐿(𝑄 𝑎 𝑠 ∥ 𝑝 𝑎 𝑠 = න𝑄 𝑎 𝑠 log 𝑝(𝑎|𝑠) + 𝐻(𝑄 𝑎 𝑠 )

𝐸𝑟𝑔𝑜𝑑𝑖𝑐𝑖𝑡𝑦 ⇒ 𝑝(𝑎|𝑠) ∝ 𝜎[𝑒−𝛿𝐺 𝑠,𝑎 ]

surprise

KL minimization ⇒ maximum Entropy Reinforcement Learning

• 미래에 기대되어지는 보상의 합을 최대로 하는 행동 (내가 기대하고 상황이 틀리지 않도
록 하는 행동을 배우거나 시행한다)을 시행하되, 가급적 여러가지 행동을 해 보아야 한다.

KL-Control Theory
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Information Bottleneck Principle

𝐴 = 𝜋𝑟2

인공지능 통합 원리
Perception 

The Information 
Bottleneck principle

min
𝑓

𝐼 𝑓 𝑥 ; 𝑥 − 𝜆 𝐼(𝑓 𝑥 ; 𝑡𝑎𝑠𝑘)

𝑞𝜙(z|x) 𝑝𝜃(x|z)
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Path Integral Principle
(Control as Inference)
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Optimal Control
(Hamilton-Jacobi

-Bellman Equation)

Sampling of Path and Integral of 
cost along the paths⇔

𝑅𝑡
𝑖 = 𝑞𝜏 +න

𝑡

𝑇

𝑞 Χ𝑖 +
1

2
𝒖𝑡
𝑇𝑹𝒖𝑡𝑑𝜏𝑡

𝑤𝑡
𝑖 = exp(−𝜆𝑅𝑡

𝑖)

𝒖𝑡
𝑛𝑒𝑤 =

σ𝑖𝑤𝑡
𝑖𝒖𝑡

𝑖

σ𝑖𝑤𝑡
𝑖

𝑡𝑠

𝑡𝑓

0

1

3

2

sample trajectories

KL control theory

The control computation is ‘reduced’ to a (graphical model) 
inference problem.

Dynamics: 𝑝𝑥𝑦
𝑡 𝜋

Cost: 𝐶 𝜋0:𝑇 = 𝑅
DP Bellman Equation

restricted class

approx inference
Free dynamics: 𝑞𝑥𝑦

𝑡

𝐶 = 𝐾𝐿(𝑝||𝑞𝑒𝑥𝑝 𝑅 )

approximate  𝐽

Optimal  𝜋

Optimal solution:

𝑝(𝑥1:𝑇|𝑥0 =
1

𝑍
𝑞 𝑥1:𝑇 𝑥0 exp(𝑅 𝑥0:𝑇 )

Path integral control can be obtained as a 
special case of the KL control formulation.

Path Integral Control Theory



Conceptual Diagram of FEP-based Robot Learning/Control
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Bounding  
Box

1.
2.
∶
∶

Action control
(Path-Integral Reinforcement Learning/Control)

𝒇𝟑

𝒇𝟏 𝒇𝟐

𝒇𝟒

𝒇𝟓

reconstruction(Loss1)

attended
reconstruction

(Loss3)

attended
reconstruction
error(Loss2)

regression
(position 

orientation)

ℇ

𝒇𝟔

Dynamics
Prediction Loss

(Loss4)
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Additional Information-Theoretic Principles
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• Complexity-Information Theory (Suh, Lee and Cho – Motion Significance/Complexity)

- 언제, 어디에 집중(Attention)해야 하는가?

• Empowerment Theory

- Maximum information-channel capacity



COGAPLEX
(2017년 8월~)

Robot Manipulation

Robot Navigation

COGnition +        

= Key to open comPLEX world
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로봇 작업 프로그램 생성 및 작업 계획

• Assembly sequence: Set-top box – Power Cable – HDMI Cable

AI-Manipulation Examples:

• Imitation Learning and Reinforcement Learning in Fitting Task
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학습된 Embedding space 를 이용한 USB 파지 (위치/방향의 변화 고려)
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Piece-Picking(In Cluttered Environment)(2D)
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X4
Piece-Picking(3D)
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3D Perception

3D scanning 자동차 조립 공정 (글라스 장착) X2 20

RoBoEYE CoPicK-3D Vision



KITTI Benchmark Depth Prediction Depth Estimation Network

3D Perception: Monocular Depth Estimation
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AI-Navigation Examples:
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서빙고

Pepper Service Robot Logistic Robot



맺음말
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Human Brain-Level AI is still missing.
Human Brain-Level AI-Robot is still missing.

In 2045
• Computing power: 1,000,000 times growth

• Software/ML Algorithm: Over 3 breakthroughs

• Artificial body(sensor/actuator): 10 times growth

뇌정보이론기반반도체 뇌정보이론기반 ML 뇌 정보 이론 기반 Smart Actuator


