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&Ky My self-introduction a

A‘;'Q’

I specialize in developing highly safety | &=
and reliable embedded systems. ‘\1‘

- Mainly experienced in new development of embedded software for
information home appliances, in-vehicle software PF development, etc.

Started functional safety development in 2006. Successful acquisition of A r

IEC 61508 process certification in 2010 for the first time in Japan.
Moreover in 2012, ISO 26262 process certification is the first time
in the world.

Leading business centered on functional safety / product safety / Al
safety (supporting more than 100 companies in Japan)

Organize methods for conforming to functional safety standards for Al
and make international technical proposals (publish technical paper)
https://arxiv.org/abs/2008.01263

Contributed to the formulation of the AI functional safety
standard (ISO/IEC TR 5469) at ISO/IEC JTC1/SC42 WG3

November 2022: Publish a book that explains the points of safety
assurance measures for Al systems in a story style

© 2025 WITZ Corporation All rights reserved.
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https://arxiv.org/abs/2008.01263

INDUSTRY-ACADEMIA-GOVERNMENT JOINT RESEARCH:
“RESEARCH AND DEVELOPMENT OF SAFETY CASE TECHNOLOGIES 2
FOR AI SYSTEMS SUCH AS AUTONOMOUS DRIVING” %

SEAMS Project https://www.seams-p.jp/
Ministry of Economy, Trade and Industry (METI) Support Project (2017 to 2019)

E

<Main R&D results>
1. Functional safety design/evaluation patterns for Al systems

* "Safety design concepts for statistical machine learning components toward
accordance with functional safety standards”
®* Akihisa Morikawa (Witz Corp.), Yutaka Matsubara (Nagoya Univ.), https://arxiv.org/abs/2008.01263

2. How to quantify uncertainty in Al systems
* basedonIEC/TS 62998-1

3. Building a reliable ML development process (procedures, templates and
checkllst%

* based on 8.5 of UL 4600, Annex B of ISO/TR 4804, Automotive SPICE v4, ISO/PAS
8800, etc

4. Comprehensive verification method for complex conditions (using virtual
simulation)

5. Safety design for a number of specific Al systems

© 2025 WITZ Corporation All rights reserved.
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&K Agenda p 3

1.Technical issues for the future society we envision
2.0ur R&D Project “HMCES Project”

3.[Theme 1] Human-Machine Co-Evolution System
Guidebook (HMCES Guidebook)

4.[Theme 2] Verification platform for Co-Evolution System
5.[Theme 3] Evaluation using example applications

6.Future tasks

© 2025 WITZ Corporation All rights reserved.



Serious problems

In Japan

- Decrease in
productivity (aging
society, shortened
working hours, etc.)
- Low sense of
happiness (51st in
world happiness
rankinQ)

Advanced symbiotic
society of humans and

machines (with Al)

* improves well-being by
optimizing for each
individual

* continues to improve
productivity, convenience,
safety, and happiness

) of

humans, machines (Al), and society

1. Not only Al's improvement
2. Changes in human values and behavior
3. Changes in laws, infrastructure, lifestyles

© 2025 WITZ Corporation All rights reserved.




X Issues of continuous evolving social system

In future societies with fully co-evolution systems,
conventional safety standards (SOTIF, functional safety) might
not be enough to address below risks.

Technical Issues Conventional systems Co-evolution systems

(1) Verification timing for Conduct thorough Since the system is constantly

continuous changing verification before release. changing, there is no timing

systems for verification.

(2) Assurance methods for Extract potential unknown It is possible to detect

the quality and safety of risks from the assumed deviations (concept drift) from

unknown systems system (using guidewords) the assumed system and stop
and implement risk the system. However, this is
mitigation measures (SOTIF). inconvenient.

(3) In response to machine Compliance with safety Humans need enough

and environmental changes, operation rules for the flexibility to keep up with

human need time to adapt assumed system changes.



&% Organization of HMCES Project 6
[R&D Budget] maaessssssssssssssm) [Management]

Ministry of Economy, Trade The Public Foundation of Chubu Science and
and Industry (M ETl) Technology Center (CSTC)
[Advisors/Observers]
[R&D members] * Japanese members of ISO/IEC
JTC1/SC42
WITZ Group °* Big maker companies
* Imaginary [Project Leader] * Mitsubishi
e Witz * Suzuki
_ * Aisin
 Nagoya University [Sub Leader] : 'I\_lfl?tidelq_
. . * Hitachi
. Natlona_l Inst!tute of Advanced . Japan Automobile Research
Industrial Science and Technology Institute (JARI)
( Al ST) * Certification bodies

e UL Japan
« Gomes Company * DNV

© 2025 WITZ Corporation All rights reserved.



Arrangement of requirements to ensure the safety
[Theme-1] and security of human-machine cooperative systems 7

P o gu?anl-l\:l.achine ™ Standardization activities
U Systems
GUIDEBOOK

(for Al system, Collaborative
System operation

Safety, etc)
requirements/social
rule requirements for

safety
@vanced symbiotic soci@

of humans and machines

»

&

Requirements for
human-machine
cooperative system
development for
safety

[Theme-3]

Contribution

Feedback Guidelines / laws

Advanced Pilot
APPLICATION

£} o
— “ﬂi V)
> - TS
Development of integrated control ‘
robot for hands, feet, eyes, ears,

and mouth social

< Examples of application>
* Intelligent collaborative robot
(in factory)
- Housekeeper robot (in-house)
- Secretary robot (in the office)

= etc

[Theme-2] implemen

a n Human-Machine tation

Co-Evolution

O U Systems
PLATFORM

© 2025 WITZ Corporation All rights reserved.



&K Agenda )

3.[Theme 1] Human-Machine Co-Evolution System
Guidebook (HMCES Guidebook)

© 2025 WITZ Corporation All rights reserved.



Guidebook against issues of continuous
W evolving social system

<Co-evolution Guidebook>

Supporting the Safety and Security of continuous
evolving social system
v Establish new design and verification methods

v'Guides to enable human flexibility and adaptability

Apply

<Key Existing Technologies>
-Human-Machine Teaming (HMT)

Human behavior analysis

-Resilience Engineering (Safety II)

-Collaborative Safety

-Other several AI standards (by SC42)

© 2025 WITZ Corporation All rights reserved.




X Table of contents of HMCES Guidebook (1/3) 10

1. About this guidebook 3. Co-evolution system Lifecycle
1.1. Position and Intended Audience of This Guidebook 3.1. Lifecycle Overview
1.2. Future Society with Human-Machine Co-evolution 3.2. Recommendations from the Perspective of
1.2.1. Challenges of Modern Society Assumed in This Co-evolution Systems
Guidebook and the Vision of a Future Society for Improvement 3.2.1. [A] Inception
1.2.2. Human-Machine Co-evolution 3.2.2. [B] Design and development
1.3. Need for a Guide for Co-evolution Systems 3.2.3. [C] Verification and validation
1.3.1. Unresolved Issues in Existing AI System Guidelines 3.2.4. [D] Deployment
1.3.2. Organizing Unresolved Issues and Existing Practices 3.2.5. [E] Operation and monitoring
1.3.3. Role of This Guidebook 3.2.6. [F] Re-evaluation
1.4. Scope of Application 3.2.7. [G] Retirement
1.5. Glossary 329 Q) Securtty and privagy e
1.6. Referenc_es . . 3.2.10. [R] Accountability, transparency and
1.7. Future Discussion Topics explainability
. . 3.2.11. [S] Safety, resilience, robustness and
2. Human-Machine Co-evolution Systems fairness
2.1. Structure of Co-evolution Systems 3.3. Stakeholder Roles in Each Lifecycle Phase
2.1.1. Definition of Co-evolution System Structure 3.4. Recommendation Numbering
2.1.2. Co-evolution Levels
2.1.3. Examples of Co-evolution System Structures
2.2. Details of Unresolved Issues in Co-evolution Systems | ¢« HMOCES Guidebook Ver.1.0.0
2.2.1. Unresolved Issue 1: Human-Centric Multi-Objective
Evolution and Consensus Building e Q7 pages
2.2.2. Unresolved Issue 2: Change Management for . .
Continuous Evolution of Humans, Machines, and Environments ° Pu bl'C release iIN May 2025
2.2.3. Unresolved Issue 3: Addressing Systems with i}
Unpredictable Future Changes (EN)httDS://dOI.Orq / 10. 18999/ 2012890
2.3. Co-evolution Framework . -
2.4. Key Measures for Co-evolution Systems (JP) https://dol.org/10.18999/2012742

© 2025 WITZ Corporation All rights reserved.


https://doi.org/10.18999/2012890
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5> Definition of stakeholders and lifecycle 11

d

Defining Co-evolution Systems and Stakeholders

22989:2022)

phase

Definition of the co-evolution system lifecycle (based on Figure.3 of ISO/IEC

Organize the recommendations for human-machine co-evolution for each

<Concept of Co-evolution system> <Co-evolution system Iifecycle>

~

Compliance with
Rules, Proposal of [““3"* fon
New Policies/Rules

( Compliance with

Rules, Proposal of
New Policies/Rules

~Policy/Rule

[B] ] [ [c) ] [ H [E] ] [ ) } [
Desisn and \"erlflcah [0l I]De:ra‘tlm [G
develaplm Dep | oyment Ret i

valtat ion
va | cht ion monii 'tD ing

Policy/

Policy/

=

- Rule Rule

[P] Risk marnagement and govermance

[0] Security and privacy

[R] Accountability, trarsparency and explainability

[5] Safety, resilience, robustness and fairmess

i i | S

Requirements, Data Al- Data E
equipped Developers
S Machines , (
upport Lifecycle
\ Management / (
Monitoring, . Data, Change
Evaluation Notification

w cueo v Z Corporation All rights reserved.



Relationships between phases and 12
W stakeholders /

 Clarifying the roles of stakeholders in each phase

<Relevant Stakeholders for each phase> |

Phase (System Stakeholders v v v v
[E] Operation o .
Development) Developers Users Rule Makers Assessors o (System (System (Monitoring (Data Collection on
and monitoring _ .
v v Malntlepgnce. Operation) Regpllatory Activities and
v (System Acquisition of Revisions) Changes)
(Al Inoeption (Concept Design) Introduction (Basic Rule - Operational Data)
Formulation)
Planning) v
v v v (Evaluation of Rule
v (Formulate detailed (Regulatory v Compliance in
[B] Design and . (Analysis and v
(System - rules for phases [D] compliance [F] Re- (Rule Evaluation, Operations, Multi—
development , Evaluation of (Operational
Development) to [G], rule evaluation of evaluation Decision on Rule Perspective
‘ I Functions and Evaluation) o
retirement) formulated rules) Revisions) Assessment,
v Performance) -
[C] Verification sadback to
(System — — _
and validation Stakeholders)
Verification) v
v v v (Verification of
v erification o
[D] (s (System [G] Retirement (System (System - Comoli 0
ystem - - ompliance wi
Deployment . Deployment and Disposal) Disposal) )
Provision) Evalintion) Disposal Rules)
valuation

¢ Activities in parentheses are examples of main activities.

© 2025 WITZ Corporation All rights reserved.



X Table of contents of HMCES Guidebook (2/3)

13

4. Recommendations for developers

4.1. [A] Inception

4.2. [B] Design and development

4.3. [C] Verification and validation

4.4. [D] Deployment

4.5. [E] Operation and monitoring

4.6. [F] Re-evaluation

4.7. [G] Retirement

4.8. [P] Risk management and governance

4.9. [Q] Security and privacy

4.10. [R] Accountability, transparency and explainability
4.11. [S] Safety, resilience, robustness and fairness
4.12. [T] Others

5. Recommendations for Users

5.1. [A] Inception
.2. [B] Design and development

.3. [C] Verification and validation

4. [D] Deployment

.5. [E] Operation and monitoring

.6. [F] Re-evaluation

.7. [G] Retirement

.8. [P] Risk management and governance

.9. [Q] Security and privacy

.10. [R] Accountability, transparency and explainability
.11. [S] Safety, resilience, robustness and fairness

.12. [T] Others

vuuuuuuuuuuul

6. Recommendations for Rule Makers
6.1. [A] Inception

6.2. [B] Design and development

6.3. [C] Verification and validation

6.4. [D] Deployment

6.5. [E] Operation and monitoring

6.6. [F] Re-evaluation

6.7. [G] Retirement

6.8. [P] Risk management and governance

6.9. [Q] Security and privacy

6.10. [R] Accountability, transparency and explainability
6.11. [S] Safety, resilience, robustness and fairness
6.12. [T] Others

. Recommendations for Assessors
. [A] Inception
. [B] Design and development
. [C] Verification and validation
. [D] Deployment
. [E] Operation and monitoring
. [F] Re-evaluation
. [G] Retirement
. [P] Risk management and governance
. [Q] Security and privacy
7 10 [R] Accountability, transparency and explainability
7.11. [S] Safety, resilience, robustness and fairness
7.12. [T] Others

NNNNNNNNNN
VCONOCUPL,WNE

© 2025 WITZ Corporation All rights reserved.



X Table of contents of HMCES Guidebook (3/3) 14

8. Appendix: Requirements for Human-AI Interaction Extracted from References

9. Appendix: Technologies for Verifying and Maintaining the Safety of Co-Evolution
Systems

9.1. Simulation Using Virtual Environments

9.2. Formal Verification

9.3. Resilience Engineering

10. Appendix: Evaluation Metrics for Co-Evolution Systems

© 2025 WITZ Corporation All rights reserved.



KK Metrics related to human-machine cooperation15
/

« Evaluation metrics are essential to promote, analyze, and improve the co-
evolutionary system

<Base metrics>

» HMT: Common Metrics to Benchmark Human-Machine Teams (HMT): A Review
(https://ieeexplore.ieee.org/document/8404030)

> Resilience engineering: Resilience Engineering Indicators and Safety Management: A Systematic
Review (https://www.sciencedirect.com/science/article/pii/S2093791120302663)

« In addition, organize human-related metrics

> individual abilities and characteristics, team metrics, conditions that affect system collaboration

138 metrics Human/ Macl?ine measurement Applifability
1
! ! | | ‘mem ]

Metrics/ RE indicators [ EET R HmnE Users Developers Rule Makers

UsersMllz L4 SAELVER AT AMIC LI S LR R {F: mw':“mb?:;_':j TAFLMITIERHEELL I—HMICIETHRELL o %25 ELTHRERELLY HIRCLDIENFRELL

I LT ERRLAEE BT |
I ST ikt - WE LRSS 52 s
P “Person daptabiity, and | oo T BB T 1 FHRBICRAT & 38

415
pefaam sl O A NS e A mES s E fn g,

1| Adaptability T

we
solving

LDR LGS R L TR
NA[105]. [L06].
“Aeademic resience and the

Cs: Confidence, contiol, O - S T 30 THRE - I T, S G T o
onmposune, and commitment,” | AT 48 e lE IR & B S

© 2025 WITZ Corporation All rights reserved.



&K Co-evolution Framework 16

Proposal for Evolution Support Measures

. - . All
Real Space Virtual Space (Model, Digital Twin) ( stakehold
Compliance with \ ers
i Rules. Proponal o Congtance w | Reflection of ";‘,?pm,z;’o"? y
New PociesRules Rules, of h n . "
New Picesiies |  ChBNGES ENoMon EUppodt Speciuﬁcatlon of
> ' Evolution Support
Measures
\_ Managarmaet -
o Data Collection, e Data Collection,
Momton_ng, Change Momtonpg. Change
' Evaluation Notifications Evaluation Kotificalions
Analysis and : :
Evaluation of Co- : ..
. Evaluators evolution Level, of Co-evolution in Future
evolution in Real Risk Analysis and Evaluation :
, Evolution
Evolution l Evaluation Results
- Consideration of Risk
stakehold Countermeasures Request for Revision of
Reflection of Evolution ers Evolution Support Measures /
Support Measures and Notification of Disapproval
Countermeasures Agreement Agreementon Co-evolution Disagreement (Reason Recorded)

Support Measures

© 2025 WITZ Corporation All rights reserved.



Positioning of co-evolution necessary 17
W for future society

GOAL Well- oo Addressmgm
(Issues we want being OElEmIL: unresolved by existing
to solve for guides for Al W

future society)

AN
Problem solving Human-Machine Lg.
cor[lc\?pt CO' EVOI Ution New rioke :cf people c.annot predl-ct or
. oresee things, they will become
@ Measu res tO ag(l)silg\?o(lju%ieoao confused and there is a concern
that risks will increase.
promote co-
L evolution @Measures to
Methodology Human-Machine reduce new risks
(How to appropriately Co-Evolution
realize co-evolution)

SyStem Ilfe CVCIe
Systems
GUIDEBOOK

© 2025 WITZ Corporatio



&K Agenda P 18

4.[Theme 2] Verification platform for Co-Evolution System

© 2025 WITZ Corporation All rights reserved.



& 2 main roles of virtual space 19

= Monitoring the real space
. events and changes that are actually occurring in the field
. Known-known events: sufficiently predictable

. Known-unknown events: not easy but are somewhat
predictable

= Simulation for unknown conditions
. providing an opportunity to take countermeasures in
advance

. Unknown-known events: not clearly known at this time but
could occur in the future

. Unknown-unknown events: not expected at all

© 2025 WITZ Corporation All rights reserved.



W for Co-evolution System

Overview of our Verification Platform 20

d

® Functionality extension for co-evolution system

>

>

>
>

Future prediction verification by comprehensive pattern
execution
Accelerated verification

Simulating human-machine interactions

Individuality expression by incorporating a human model

> e.g. capability, evolutionary model, physical condition,
judgment preferences, etc.

Integrated evaluation for safety and efficiency
Reinforcement learning using simulated execution and
verification results

© 2025 WITZ Corporation All rights reserved.



K Comprehensive accelerated verification example

Simulation verification of the effectiveness Accelerated verification is
of avoidance action control by predicting carried out by simulating all
the possibility of collision between AMR possible future patterns. The

and people and obstacles in the future results are comprehensively
40x speed evaluated to select and

propose the optimal solution.

AMR route Avoidance point 2

-‘:':;1}:’,— e e — - ——— — _‘__';-_\_‘ Ll ‘I]l“ Y




An example of human-machine co-evolution 79
P simulation b

W Evolution:

« The time required for human and machine work is reduced according to certain rules
depending on the number of tasks.

« All of these evolution-related parameters and rules can be set arbitrarily (including ON/OFF).

B Machine-to-human interaction elements:

« The function that allows machines to call humans to the production site under certain
conditions.

« This function can be set to ON/OFF arbitrarily.

Evolution Interaction elements —
example § Priority work
: i in progress
Working - 4.0s » 3.6s Calllng
speed Walker BELD—# T RTR

| __%T%
/ - K >
(4 N

&

Display during human evolution
Before evolution — After evolution

l E_m“ AMR is calling worker €

The person called is working

© 2025 WITZ Corporation All rights reserved.
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5.[Theme 3] Evaluation using example applications

© 2025 WITZ Corporation All rights reserved.



&K Scenario

Workers produce parts at production sites.

Workers ship parts at shipping sites.

Workers can move to sites depending on the work situation.

The production speed at a production site is determined by the skill of the worker assigned to the site.

The AMR collects parts at the production site and transports them to the shipping site.

The AMR follows a predetermined route (point ID).

If an obstacle is found, the AMR will take evasive action to ensure that the route is taken.

If the AMR takes evasive action N times on the same route, it will reoptimize the route so that it is not used.
The commander (the human commander) monitors the work situation on a monitoring screen.

If a change in plan occurs, the commander gives voice instructions to the AMR. The commander also decides
on the placement of workers based on recommendations from the control center.

Help WidgetD %Rt

L
e =I11 il
RERLE E—— BEEEE
InitialBase3 = = InitialBase4
= v
= N\
) ‘
InitialBase5 (- |
Jlillllllll//,//
I = Z
=[ 2
= © = EECEETERS
e oo NI aigases
InitialBase? ///// ;
/// module_id : 17
2 ﬁ]‘fﬁ%iﬁ(:r"fﬁ)/
= InitialBase6
|
Y r“\ A
HELXEE FEEEE

InitialBase1
module_id * 3

LR

InitialBase2

I

e
[

—
pa
—
—
—|
—1

= BRIEHRAMRE O
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&K System Configuration B

Environment
(workers, AMRs,
bases, obstacles,

etc.)

Providing environmental

information (Various data)

Movement instructions Visually check

to workers the work status
AMR Plan Order
Human-machine Human-machine
interaction interaction
~ S vetaest aeoekes deplomman Provides.
((Ij-lotr:an?ng q > Machine DB and logs , Developer
er) (Control Center) |« (engineer)

J Recommendations System Updates
<Human evolution> <Machine evolution>
Gain insights from multiple Developers will analyze
I‘ecommendations al‘ld enV|r0nmenta| environmental data and the
CO"ditiOl:‘S-, and become able to make commander's past Choicesl and use
new decisions. _ the data in future system updates.
(Accumulation of experience, (System updates)

improvement of judgment ability)
© 2025 WITZ Corporation All rights reserved.



Comparison of co-evolution and 26
W non-co-evolution

Non-co-evolution system Co-evolution system

B % s BHmh oA
A7 . BHE7IA
_Help Widget (0=
.

MR1MEESR

T

(TOTTTERTTEE

Workers detect vacant locations and
provide support
AMR transportation plans are updated
frequently
« Improved productivity across the entire
© 2025 WITZ Corporation Al r&)éﬁmm




&K Example: Recommendation function

27

d

Machine makes recommendations regarding staffing.
This time, machine proposes a plan that specializes in specific parts and a balanced plan that

strengthens production.

2

[REQUEST] I want to increase the
production of part A.

[PLAN A] A plan focused on improving

the production of specific parts

Move workers A, B, E, and F to the base X.

As a result,

the production rate of part A will decrease
from 3 to O units per minute.

The production rate of part B will increase
from 3 to 13 units per minute.

The production rate of part C will decrease
from 3 to 0 units per minute.

The production rate of part D will decrease
from 4 to 0 units per minute.

© 2025 WITZ Corporation All rights reserved.

[PLAN B] A balanced plan
with enhanced production

Move workers B, E, and F to base X, D to
base Y, and C to base Z.

As a result,

the production rate of part A will decrease
from 3 to 1 per minute.

The production rate of part B will increase
from 3 to 9 per minute.

The production rate of part C will decrease
from 3 to 2 per minute.

The production rate of part D will decrease
from 4 to 1 per minute.



Findings gained from evaluating the 28
W behavior of co-evolution systems P

« Proposals made by machines (Al) only satisfy the needs of humans.
Therefore, it is difficult for a machine to make a proposal that takes into
account all the disadvantages of changing the plan and all hidden
prerequisites. > Frame problem

« Human judgment is essential to make a comprehensive decision
based on various hidden conditions.

—In this case, a recommendation was made to increase a certain
production volume, but because the overall situation was not taken into
consideration, the negative effect was that production at other production
sites could not be carried out. =>The optimal solution is to make an
optimal plan based on the recommendation.

<Frame problem>

In the real world, it is extremely difficult to properly extract the conditions necessary to solve
problems other than those that have been set. As a result, AI makes decisions without considering
any phenomena other than those that have been set as a problem.

© 2025 WITZ Corporation All rights reserved.



&K Future tasks 29

/
o« Improvement of our guidebook
. By clarifying the specific features of co-evolution system

. By clarifying importance of the recommendations in the
guidebook

o Improving the functionality of our verification platform
. Actually using it and feed it back

o Safety assurance technology for co-evolution and
teaming in an avatar society

© 2025 WITZ Corporation All rights reserved.



Thank you

Akihisa Morikawa = morikawa@witz-inc.co.jp
WITZ Corporation % https://www.witz-inc.co.jp
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