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* This work is conducted under the NEDO project “Basic Technology Development of an AI System That Grows with the Learner / 
Development of Basic Technology for AI That Understands and Learns Human Intentions and Knowledge / Development of human 
collaborative AI infrastructure technology that supports the manifestation and transmission of tacit knowledge of skilled workers”.



Contents

2

• Overview of the project “Development of Human-collaborative AI Platform 
Technology to support the Elicitation and Transfer of Expert Tacit Knowledge”

• FRAM modeling and simulation of adaptive working behavior 
• Database platform
• Summary



Development of Human-collaborative AI Platform Technology to support the 
Elicitation and Transfer of Expert Tacit Knowledge

−Univ. of Kyoto, AIST and Mitsubishi Electric Corp.−

3

Background and Aim
Development of AI technology to elicit tacit knowledge of adaptive experts dealing with 
variable variety and quantity production as well as various market needs and develop skilled 
workers in a short period of time, to prepare for labor shortage in manufacturing industry

Expected Applications
• Training system for learning skills, remote OJT 
• Remote instruction system of tacit knowledge
• Cyber-Social Co-Coaching System 
• Human collaborative robots working with experts
• Robots conducting highly difficult adaptive work

Research Topics
(1) Eliciting, analyzing and learning tacit knowledge
(2) Modeling adaptive skills including tacit knowledge

(3) Interactive AI promoting transfer and acquisition of sensory skilled behavior
⇒FRAM modeling and Database Platform construction



Relationships between 3 research topics
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Transfer and training system of adaptive skills based on AI technology platform involving neural 
natural language analysis, function representation modeling, and skill evaluation and instruction

(1) Eliciting, analyzing and learning tacit knowledge
• Tacit knowledge elicitation interview model
• Probabilistic latent semantic structure analysis of interviews

(2) Modeling advanced skills including tacit knowledge
• FRAM model representing interaction between behavior functions
• Database platform managing FRAM models and analysis results

(3) Interactive AI promoting transfer and acquisition of sensory skilled behavior
• Skilled behavior evaluation model using interactive AI
• Instruction system for supporting acquiring skilled behavior

Key words representing tacit 
knowledge and their relationships 

Standard process FRAM model
Modification modelWork results including 

sensing data

W
ork results including sensing data



Modeling of adaptive working behavior process including tacit knowledge
−Analysis of adaptive working behavior process by FRAM−
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Objective: Clarifying mechanisms of working behavior process of 
adaptive experts

Target: Working behavior process including tacit knowledge difficult 
to verbalize 

Method: Simulation based on FRAM models representing working 
behavior process of adaptive experts
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FRAM model representation of adaptive working behavior (1)
−Modeling of an adaptive expert’s skills−
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Adaptive skilled working behavior process: Network of monitoring, estimating and responding

Difference of couplings 
causes difference of skills. 

Skilled expert: Stable operation Ordinary worker: Difficulty in
handling disturbance

Probabilityof
Action

Failure 
(PAF)

TimeTime

Probabilityof
Action

Failure 
(PAF)



FRAM modeling and simulation of adaptive working behavior (2)
−Drawing FRAM model (FRAM Model Visualizer) −
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• Describing all the possible functions involved in the target of analysis
• Starting from the most important function, describing potential couplings between 

functions exhaustively with attention to their incoming aspects (Input, Precondition, 
Resource, Control, Time)

FRAM model of centering operation of thick plate leveler shear line

Most important function



FRAM modeling and simulation of adaptive working behavior (3)
−Instantiation of potential couplings (FRAM Model Visualizer) −
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• Instantiating couplings used for the simulation from the potential couplings

Potential couplings

Instantiated couplings

Instantiation



FRAM modeling and simulation of adaptive working behavior (4)
−Value assignment to analysis parameters (Excel)−
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① Information about couplings
② Weights of CPCs for each function
③ Dependency among CPCs
④ Influence of PAF variability propagation in 

individual aspects of each function on CPCs
WeightCPC (Common Performance Condition)

100Availability of resource

60Training and experience

20Quality of communication

5Human-Machine interaction

60Access to procedures

40Working conditions

60Number of simultaneous goals

80Available time

10Circadian rhythm

10Crew collaboration quality

5Adequacy of organization

Excel sheet

② Deciding 
weights of 
CPCs for 
each function

④ Designating influence of 
PAF variability propagation 
in individual aspects of 
each function on CPCs

PAF
variability

propagation



FRAM modeling and simulation of adaptive working behavior (5)
−Execution of simulation (Visual Studio + Gnuplot) −
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① Describing a simulation scenario
Simulation scenario: time-series data of variability occurrence
Variability: Change of CPC values, Stop and restart of functions, 

Disconnect and reconnect of couplings
② Executing simulation

Line charts showing change of each function’s PAF over time
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Objective of the Database Platform (DB-PF)
−Construction of database for reusability of the FRAM models −
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Flow chart of analysis procedure by FRAM model
Analysis of working behavior (interaction among working functions)

Drawing FRAM model 
(FRAM Model Visualizer)

Value assignment to analysis parameters 
(Excel)

Execution of simulation 
（Visual Studio + Gnuplot）

Simulation scenario



Challenges in reuse of FRAM model data
−Systematization and automatization of person-dependent tasks−
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Flow chart of analysis procedure by FRAM model
Analysis of working behavior (interaction among working functions)

Drawing FRAM model 
(FRAM Model Visualizer)

Value assignment to analysis parameters 
(Excel)

Execution of simulation 
（Visual Studio + Gnuplot）

• FRAM modeling is a skilled work.
• It is difficult to grasp and manage 

relationships among the potential 
and instantiated coupling models.

• Workload of Excel data input is heavy.
• It is difficult to manage 

correspondence and consistency 
between Excel and FRAM model data.

• It is difficult to graps and manage 
correspondence between simulation 
scenarios and manual input data to 
simulators. 



Approach to reuse of FRAM model data
−Integrated environment for data handling and management utilizing a database−
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Flow chart of analysis procedure by FRAM model
Analysis of working behavior (interaction among working functions)

Drawing FRAM model 
(FRAM Model Visualizer)

Value assignment to analysis parameters 
(Excel)

Execution of simulation 
（Visual Studio + Gnuplot）

Database (MariaDB)

FRAM 
model

Simulation
data

FRAM modeler
• FRAM model drawing
• Potential-instantiated couplings 

/ Value assignment / 
Simulation scenario-data 
management

Simulator

Simulator invocation 
program
• Data transfer

Database connection 
interface



Compatibility with the existing software applications
−Import and export functions−
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Custom made for 
individual simulators

Import
Export

Import
Export

FRAM Model Visualizer

Excel

Visual Studio & Gnuplot

Flow chart of analysis procedure by FRAM model
Analysis of working behavior (interaction among working functions)

Database (MariaDB)

FRAM 
model

Simulation
data

FRAM modeler
• FRAM model drawing
• Potential-instantiated couplings 

/ Value assignment / 
Simulation scenario-data 
management

Simulator

Simulator invocation 
program
• Data transfer

Database connection 
interface



FRAM modeling support
−FRAM model generator−
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FRAM model
generator

Custom made for 
individual simulators

Import
Export

Import
Export

FRAM Model Visualizer

Excel

Visual Studio & Gnuplot

Flow chart of analysis procedure by FRAM model
Analysis of working behavior (interaction among working functions)

Database (MariaDB)

FRAM 
model

Simulation
data

FRAM modeler
• FRAM model drawing
• Potential-instantiated couplings 

/ Value assignment / 
Simulation scenario-data 
management

Simulator

Simulator invocation 
program
• Data transfer

Database connection 
interface



FRAM model generator
−Generating a FRAM model based on a matrix diagram representing couplings−
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Analysis of working behavior (interaction among working functions)

FRAM
model

model
table function 

table aspect
table link_model

table

…Function 2Function 1
TCRPITCRPI

✓✓-----Function 1
-----✓Function 2

:::
Check couplings between functions

Automatic generation 
of FRAM model data

Excel file
Export

Import



Overview of the FRAM Modeler (1)
−Startup screen−
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Drawing a FRAM model 
with potential couplings

Information on 
the selected 
function

CPC dependency
CPC weights and related 
aspects



Overview of the FRAM modeler (2)
−Matrix diagram representing couplings between functions−
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Excel



Overview of the FRAM modeler (3)
−Instantiation of couplings between functions−
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Instantiating couplings
• Removing unnecessary couplings from 

the potential model
• Storing / managing different 

instantiated coupling models



Overview of the FRAM modeler (4)
−Setting of membership functions (CPC -> PAF calculation functions)−
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Membership functions
• Selecting and modifying 

one of the prepared 
template functions 



Overview of the FRAM modeler (5)
−Describing and executing simulation scenarios−
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Selecting an instantiated 
coupling model

Registering available 
simulators (applications)

Describing simulation scenarios
• Describing scenarios as time-series data of variability occurrence
• Storing and managing different scenarios
• Exporting CSV files representing scenarios for external application uses



Overview of the FRAM modeler (6)
−Invocation of the external simulator−
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Custom made for 
individual simulators

Import
Export

Import
Export

FRAM Model Visualizer

Excel

Visual Studio & Gnuplot

Database (MariaDB)

FRAM 
model

Simulation
data

• FRAM model drawing
• Potential-instantiated couplings 

/ Value assignment / 
Simulation scenario-data 
management

Simulator

Simulator invocation 
program
• Data transfer

Database connection 
interface

Simulation scenario described as time-
series data of variability occurrence

Importing a scenario CSV file



Summary
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• Integrated environment from FRAM model creation to simulation
• Data handling and management utilizing a database
• Compatible with the existing software applications
• Keeping correspondence and consistency among FRAM models, 

parameter values and simulation scenarios
• Eliminating manual data transfer between the software applications

• Support for FRAM modeling
• FRAM model generation based on a matrix diagram representing 

FRAM couplings
• Interfaces to external applications

• Simulator invocation program
• Database connection interface


