
RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

Accelerating Life Sciences by AI and Robotic Biology

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

RIKEN BDR
Laboratory for Biologically Inspired Computing

Koichi Takahashi, Ph.D.

Accelerating Life Sciences by AI and Robotic BiologyAccelerating Life Sciences by AI and Robotic BiologyAccelerating Life Sciences by AI and Robotic BiologyAccelerating Life Sciences by AI and Robotic BiologyAccelerating Life Sciences by AI and Robotic BiologyAccelerating Life Sciences by AI and Robotic BiologyAccelerating Life Sciences by AI and Robotic BiologyAccelerating Life Sciences by AI and Robotic BiologyAccelerating Life Sciences by AI and Robotic Biology



The fifth paradigm of science： Automation

The first paradigm
The second paradigm 
The third paradigm
The fourth paradigm 

Empiricism  (experimentation)
Theory
Simulation
Data
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Robotic Biology Prototyping Laboratory



LaaS:    Laboratory as a Service

Robotic Biology
Lab experiments as programming of physical and chemical processes 
Robots in the cloud execute actions and acquire dataJST MIRAI

project members:

RIKEN
AIST
Tsukuba U.
U. Tokyo
Keio U.
U. British Columbia

RBI / YASKAWA
TECAN Japan
Epistra Inc.

(more to come)



Rapidly emerging robotics for life sciences
AIST/YASKAWA
LabDroid Maholo

TECAN 
Freedom EVO



LabDroid Maholo

VortexVortexVortexVortexVortexVortexVortex 384-well plate384-well plate384-well plate384-well plate384-well plate384-well plate384-well plate Discard sup. Discard sup. Discard sup. Discard sup. Discard sup. Discard sup. Discard sup. 

MixerMixerMixerMixerMixerMixerMixer

CentrifugeCentrifugeCentrifugeCentrifugeCentrifugeCentrifugeCentrifuge

Demo: Molecular Biology ExperimentDemo: Molecular Biology ExperimentDemo: Molecular Biology ExperimentDemo: Molecular Biology ExperimentDemo: Molecular Biology ExperimentDemo: Molecular Biology ExperimentDemo: Molecular Biology Experiment



Flexibility for protocol changes

GenomicsCell culture Proteomics
Metabolomics



Consortium



LabCode:  experimental protocol description language

Different vendors,
different languages

LabCode
common language

Before Now Next

Everything in the facility
interprets LabCode

Common language

Common workflow 
description from 

experiments planning, 
experiments execution, 

data processing to 
hypotheses generation.

Protocols sharing
Users community

Common workflow



Pareto principle at work;  citations distribution in Nature Protocols

Top １００: ４４％、５００: ８０％

80% head 20% tail

Data by Ozawa et al. (Epistra Inc.)



Major automation burdens in biology

Frequent protocol changes

Lots of tacit knowledge

Thousands of different protocols



All connected on the network and interpret the same language

Partly
automated

Status quo:   machines do not know each other

To be:   machines work together

Current laboratory automation is not really lab automation

Cell culture machine Liquid handling machine Imaging / analysis

human laborhuman labor



Protocols exchange between six robot labs
A remote experimentation PoC

TMDU Keio

AIST Cell based drug screening

ChIP-qPCR

ChIP-MS

High-content Cell-
based Screening

Chip

Yachie et al.  in prep.

Kyushu U.



-- A minimum prototype of AI-driven life science

●A closed-loop, autonomous system
recognition ‒ prediction
- decision making - execution

●HEK293 cells 
(also works with iPS cells)

●Minimizes human labor

Ochiai, Motozawa et al.  SLAS Technology 2020.

Operation started in Jan. 2020
→ helped protecting precious cell samples under COVID-19 lab-shutdown.

Automated microscope 
(thermo fisher EVOS)

Autonomous passage culture

Execution
(robot) Recognition

(ML)

Cell state prediction
(model based)

Decision making
(rule-based)       





Implementing tacit knowledge
1. Programming 2. Modifications and adjustment

3. AI optimization

before after

Under development: motion capture
・Machine learning of lab expert`s evaluation criteria
・Evaluation function is used in Bayesian optimization More efficient

implementation
of step 1 and 2.

Direct
generation of
robot trajectory.

By robot engineer By lab expert



Autonomous induction of clinical-grade RPE cells from iPS cells
(RPE:  Retinal Pigment Epithelium)
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w/ Masayo Takahashi
RIKEN / VC’
Epistra Inc.

Kanda et al. bioRxiv 10.1101/2020.11.25.392936v1 (2020), Kanda et. al submitted.

→ 10x acceleration of research process (five years to a half year)

Automated expriments planning：
A new method for noisy, highly parallel, and cost- and time-consuming
biological experiments  (a variant of batch Bayesian optimization)



Automation
/ AI

ModelData

Towards the fifth paradigm of science

Knowledge representation

Simulation

Discovery of patterns / laws

Knowledge extraction

Robotic experiments
Automated experiments design
Automated hypotheses generation

Human centric
AI-driven science

Machine learning

Prediction


