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Development of Basic Technology for Al That Understands and Learns Human Intentions and Knowledge / Development of human
collaborative Al infrastructure technology that supports the manifestation and transmission of tacit knowledge of skilled workers”.
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* Overview of the project “Development of Human-collaborative Al Platform
Technology to support the Elicitation and Transfer of Expert Tacit Knowledge”

« FRAM modeling and simulation of adaptive working behavior

« Database platform

s Summary
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Development of Human-collaborative Al Platform Technology to support the

Elicitation and Transfer of Expert Tacit Knowledge
— Univ. of Kyoto, AIST and Mitsubishi Electric Corp. —

Background and Aim
Development of Al 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

=FRAM modeling and Database Platform construction
(3) Interactive Al promoting transfer and acquisition of sensory skilled behavior
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Relationships between 3 research topics

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

Key words representing tacit

knowledge and their relationships

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

Standard process FRAM model

Work results including Modification model
sensing data

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

ejep buisuas buipnpul s3jNsad MJI0M

Transfer and training system of adaptive skills based on Al technology platform involving neural

natural language analysis, function representation modeling, and skill evaluation and instruction
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Modeling of adaptive working behavior process including tacit knowledge
— Analysis of adaptive working behavior process by FRAM —

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 modeling and simulation of adaptive working behavior
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FRAM model representation of adaptive working behavior (1)
—Modeling of an adaptive expert’s skills —

Adaptive skilled working behavior process: Network of monitoring, estimating and responding

Monitoring

Estimating | |Responding

Distribute @
e

attention u ©

SE T > T2
> o O . : : > = O
199 Difference of couplings e g
N3 : causes difference of skills. L2
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=9 So
® I i i | Time ® 5 i I I | Time
Skilled expert: Stable operation Ordinary worker: Difficulty in

handling disturbance
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FRAM modeling and simulation of adaptive working behavior (2)

— Drawing FRAM model (FRAM Model Visualizer) —

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) &

Most important function

£ R)

(P R}

FRAM model of centering operation of thick plate leveler shear line
EZIAZREAFE AN EEFNS SRR
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FRAM modeling and simulation of adaptive working behavior (3)
— Instantiation of potential couplings (FRAM Model Visualizer) —

« |nstantiating couplings used for the simulation from the potential couplings

Instantiation

Potential couplings

P —

Instantiated couplings
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FRAM modeling and simulation of adaptive working behavior (4)
—Value assignment to analysis parameters (Excel) —

Information about couplings
Weights of CPCs for each function
Dependency among CPCs -
Influence of PAF variability propagation in
individual aspects of each function on CPCs ]

CPC (Common Performance Condition) Weight J Q Excel sheet

@@@@

Availability of resource 100 of tcomerins N

Training and experience 60 \ )

Quality of communication 20 N

Human-Machine interaction 5 PAF

Access to procedures 60 Variabi_“ty

Working conditions 40 propagation

Number of simultaneous goals 60 o @ Designating influence of
Avallable time 80 Demdmg PAF variability propagation
L 10 weights of in individual aspects of
Crew collaboration quality 10 CPCs for each function on CPCs
Adequacy of organization 5 each function
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FRAM modeling and simulation of adaptive working behavior (5)
— Execution of simulation (Visual Studio + Gnuplot) —

(D 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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lng(PAF) [-]
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Meeds of Centering s
Deviation visualized on Strip - -
Owperation of Pitch Coniroller -
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Wariability 1 ‘\-4[I

&

\

0 5

10
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Variability 1 —\_4
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Cantering Oparalion s
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Deviation vigualized on Siip s

Operafion of Pitch Controller =
Expacled Strip Localion al Trim 1
Instruction from Chilel Engomesr 31 Trirm s—
Effeciivensss of Operalion Adopled s
Pradict Sinp's Direction —

Wound Cail Slalus
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Simulation Time |<]
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e Database platform
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Objective of the Database Platform (DB-PF)

— Construction of database for reusability of the FRAM models —

Flow chart of analysis procedure by FRAM model

:( Analysis of working behavior (interaction among working functions)

Drawing FRAM model (=) A=)
(FRAM Model Visualizer) |~

!

Value assignment to analysis parameters A
(Excel) e
Execution of simulation B
(Visual Studio + Gnuplot) S
Simulation scenario — > B
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Challenges in reuse of FRAM model data

— Systematization and automatization of person-dependent tasks —

Flow chart of analysis procedure by FRAM model

:( Analysis of working behavior (interaction among working functions)

< L
. « FRAM modeling is a skilled work.
Drawing FRAM moqel * It is difficult to grasp and manage
(FRAM Model Visualizer) relationships among the potential
1 and instantiated coupling models.

. . « Workload of Excel data input is heavy.
{Value assignment to analysis parameters . Itis difficult to manage

(Excel) correspondence and consistency
between Excel and FRAM model data.
< L

Execution of simulation
(Visual Studio + Gnuplot)
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Approach to reuse of FRAM model data

—Integrated environment for data handling and management utilizing a database —

Flow chart of analysis procedure by FRAM model

'( Analysis of working behavior (interaction among working functions)

< > _ | FRAM modeler
Dravving FRAM model =1« FRAM .moglel dra\_/vmg |
_ ) « Potential-instantiated couplings
(FRAM Model Vlsuallzer) gﬁg / Value assignment /
- - 7] Simulation scenario-data
] management
Value assignment to analysis parameters | [ l
¢ Database (MariaDB)
@ Simulator invocation < >
. . . FRAM |.”|Simulation
Execution of simulation || Bata transter *
(Visual Studio + Gnuplot) { ¥
. Database connection
Simulator <— nterface
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Compatibility with the existing software applications
— Import and export functions —

Flow chart of analysis procedure by FRAM model

:( Analysis of working behavior (interaction among working functions)

| FRAM modeler
_== |+ FRAM model drawing
> | « Potential-instantiated couplings

/ Value assignment /

b Simulation scenario-data
L
¢ Database (MariaDB)

management
= S Simulator invocation - -
“““ = Custom made for ——> | program FRAM [ "|Simulation
A e i ) ] individual Simu|ators O Data tranSfeI’ mOdeI data

v 4

S | Database connection
imulator < interface

Visual Studio & Gnuplot |
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FRAM modeling support
—FRAM model generator —

Flow chart of analysis procedure by FRAM model

:( Analysis of working behavior (interaction among working functions)

~_———"" FRAM model | ___| FRAM modeler

Export ﬁ@

generator _#~ |« FRAM model drawing
> | « Potential-instantiated couplings
Import | / Value assignment /

-« Simulation scenario-data

management
>
Import s
Export S
¢ Database (MariaDB)
Simulator invocation - -
""" = : Custom made for ——> | program FRAM :Simulation
individua| Simu|ators O Data tranSfeI’ m0d6| data
Visual Studio & Gnuplot - i ¢| Database connection
ptot Simulator interface
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FRAM model generator

— Generating a FRAM model based on a matrix diagram representing couplings —

3 ey @77 s AR en @ BRELY o F sma:@® - 0O x

Function 1 Fu nction 2 i e e
AB | Jx  TOSTEP ON FOOT BRAKE v

A 1 Lo T
P R C | | P R C T 1| [TORELEASE FOOT BRAKE TO START ENGINE TO RELEASE PARKING BRATO SHIFT FROM PARK TO [TO FASTEN §
P e
TO R FOOT BRAKE

Function 1 v J

Function 2 v N

Check couplings between functions

model —. .
table | function

table aspect
table| |ink_model

table
7/

Automatic generation
of FRAM model data
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Overview of the FRAM Modeler (1)

— Startup screen —
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Overview of the FRAM modeler (2

— Matrix diagram representing couplings between functions —
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Overview of the FRAM modeler (3)

—Instantiation of couplings between functions —

@ FRAMETIV RS
27 wE V-

FF)14 | Setup_sample
EEOEETTI

1#E Centering operation
THAETEIR

on Strip

(1) visualized (0)

D
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X
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W AENESTTIES
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Input /

Instantiating couplings

« Removing unnecessary couplings from
the potential model

« Storing / managing different
instantiated coupling models

WE ST /
y
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Overview of the FRAM modeler (4)

— Setting of membership functions (CPC -> PAF calculation functions) —

Controller |
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|6 |Conditon of Work Crew Collabolation
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9_[Circadian Rhythm
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Membership functions

« Selecting and modifying
one of the prepared
template functions
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Overview of the FRAM modeler (5)

— Describing and executing simulation scenarios —

¥ FRAMEFIVIESE - (m] X
274N BE Y-

EFI4A Setup_sample 12 Centering operation
HEOEEETIV HREIEIR
s -
| |
. . . 1hEEIERE v
Selecting an instantiated - g Registering available

coupling model

O Q——Q i ® \ OO
00 B—GS @ vzal-vayF-9EE
(T—©) r I GHEEE T

e @ Deviation
_|

I
| . o

o =— simulators (applications)
I

/

] Original v ETEEEEOEAE
visualize
on Strip VEa L= aT-2MFEIAIE it
0-¢ [0Q O—Q |y :
T Wound Caoi _ | &% w/E
Q cﬂ.fri:locwiljer 0, Status o 2 5 = R » Execute_Simulation.bat
vFUA2 2 OTCPCIZERE S RICBFBRETD B8 HfR framSimProc.bat
0 @ e e RIEY I D4 LA
. B DEVER Time f#51 VariabilityB T Value|
Wi - FiEm | BEESIRS TTRE. Super FunctionfS® vz " 0[CPC |1. Availability of Resource _ 100
B #3 2/CPC |2.Ti d E i 50
CPOTRTEMAIE : , = [y Link |3 Deviaton isualized on S¥1p >> P@T_ Cortering Operal o
CPC a[revemn| 1[ 23] a[ 5] 6] 7] 8] caser 4/Func 8. Predict Strip's Direction 0
|1 |Availability of Resource 100| 3 ] TICTICT] ‘Casez
T miSiaus: auAus 7 ——
["4_[HMI and operational support 100 T H I | ey i
5 |Access to procedures 100 3 R B R . .
6 _|Condi Wi 00 3
- S w—Describing simulation scenarios
8 |Available Time 100 3
ocanrin =i+ Describing scenarios as time-series data of variability occurrence
11 |Organization Factor 100! 4 . . . .
« Storing and managing different scenarios
72810 THIER cPd] H H H H H H
LB e Exporting CSV files representing scenarios for external application uses
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Overview of the FRAM modeler (6)

—|nvocation of the external simulator —

|£ | FRAMYZ2L-9 U &L = O X
yFuA
Time | 7851 | Variability&#F | value|
0/CPC |1. Availability of Resource | 100
2|CPC |2. Training and Experience | 50| N ;
3|Link |3. Deviation visualized on Strip >> P@1. Centering Operation | 0| | FRAM _moqel dra\_/vmg .
4Func [8. Predict Strip's Direction [~~~ o | » Potential-instantiated couplings
Simulation scenario described as time- / Value assignment /
series data of variability occurrence N Simulation scenario-data
' — '[F1] management
%szﬂ LEZaL-alRTHZ 100 FRAMY Za L-A# [ |35 Eh ||

Importing a scenario CSV file

FRAM:/Z 2 L—Ae#h 7 71 )4 Execute_Simulation.bat

Database (MariaDB)

Simulator invocation <> N>
Simulation
data

"""""" - B Custom made for —> | program :
e | individual simulators « Data transfer model
Database connection

3 Il 4
Visual Studio & Gnuplot . . Simulator |le— interface
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Summary

* 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
e 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
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