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Our purpose:

This conference theme is:

“Sustainable Operations and Digitalization in SMEs in
a Post-Pandemic Era:

Challenges and Opportunities.”

Under this theme we explore here:

* Recent advances and emerging opportunities
for production researchers worldwide --

Resilience & Sustainability of production;

* How can cyber-collaborative production
overcome disruptions and sustain our life?
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Outline

1. Be Resilient and sustainable =2
overcome disruptions

2. Cyber-Collaborative Production (CCP) models to
overcome disruptions

3. C-AR, Cyber-Collaborative augmented
production in factories & supplies of the future

4. Summary and opportunities

...... Is it a dream for SMEs?
No! Look at your cellphone ()
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What is Cyber? What is Cyber-Collaborative?

»  Cyber: - digital software & hardware

1. Computing

2. Communication (incl. Internet, 10T)

3. Real Time Control

4. Digital brain models (cybernetics, Al, learning, 10S)

» Cyber-Collaborative Production & Logistics:

1. Cyber

2. Physical items & systems

3. Networked

4. cc-Work & cc-Management
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https://engineering.purdue.edu/~prism/research/Plenary%20Nof_%20ICPR-26%20Taiwan%20July%2018%202021.pdf

Disruptions in
Production, Supply Chains/Supply Networks,
e-Work, and Cyber Physical Systems

* Disturbances and obstacles that interrupt normal
operations, activities, and processes.

° Example: A pandemic is a series of disruptions
that propagate, and cause damages.

» They continue now, post-pandemic

1. Disruptive failures 2 Damaging
2. Disruptive innovations =  Opportunities
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Lessons learned: Production researchers’ roles

1. Understand disruptions’ characteristics

2. Predict, diagnose, prevent, recover from
disruptions

3. Prepare the workforce of the future

» Massive data to collect, analyze, learn from

» Share intelligence, knowledge, skills, tasks

» Use data science & O.R. to develop cyber
collaborative logic + augmentation to do that
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Resilience by Disruptions’ Prediction, Prevention & Response

Labs; Facilities;
Hospitals

Healthcare & Supply
Staff

On-site
expert

\
\ -l V]
/

Remote
experts

Medical & Production
researchers

. Labs; Facilities;
Labs; Facilities; Hospitals
Hospitals

[1,2]
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Disruptive Innovations: Vaccines; Treatments; Telemedicine

Domain Health Insurance Medical
Expertise Claim Data Records

Environmental factors

‘Blomedicalrormation _ &4
Integration Platform

=S
Medlcal or surglcal treatments adwce '

IIIustrated telemedlcme and tele-critical care model for the future
[3]

9 ICPR 2022 Curitiba




Wearables, e-Textiles, and Soft Robotics for Personalized Medicine

a
=

Hearing Aids

| |

Smartclothes

c) Monitor,

l diagnose, predict,
deliver/Prevent

= Smart bandages

Tattoos d Cell Site
Body Area Network

= Smart stickers

o ¥ [~ 2
g F
N | GQBIuetooth e .
Smartwatches Subcutaneous inter ™ Wea ra ble b|0'

Sensors
& ' H ‘ I electronics
N ‘ﬁ @ = Implantable soft

Electronic
Shoes

Socks S S robotics to
monitor and to
deliver drug,
therapy, nutrition

a) Wearables collect data;
b) Data analyzed locally/sent to analysis

[4, 5]
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Robotic Delivery in Production/ Nano structure

Triggers material
handling vehicles
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L

Remote monitoring of
& equipment/tool health
conditions

! i\n\ Transport
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map data Rohot
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demand
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.‘f: Augmented

Customized
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t size 1

On-demand collmon
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Autonomous material
handling vehicle

. Sensmg products
and materials

ngate with
maps and sensors [6]
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Cyber collaborative Response to Disruptions and their
Propagation (CRDP)

CRDP O
Formulation O O O
1. framework to O 000
O O O

understand;
2. network modeling;

3. model and develop
cyber logic;

4. applied for supply
networks of power,
goods, foods, water,
information.

- Dizruption Propagation
[ 7 ] .Dlsrupted node removed restrained
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Example: Cyber vs. non-cyber protocols in the disruption
propagation repair case of complex production systems

1. Disruptions are not known to operators ahead of time.

2. Strategic resources can be deployed to prevent / handle
disruptions, with dynamic response capabilities.

3. Strategic resources can also cover multiple nearby
nodes.

4. For better disruption prevention results, the best
allocation combinations for prevention coverage were
determined.

5. Network analyses tested the extent of damages in
affected systems, after a certain amount of time.

6. Experiments indicate: Cyber protocols provide

significantly better resilience. 7.8, 9]
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Compare protocols in the examples analyzed
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Food supply chain security by agricultural robotic + cyber
systems for early detection, diagnosis, and treatment

Agriculture CPS network
[10, 11, 12]

Agricultural Robotic System
with HUB-Cls [13]

ICPR 2022 Curitiba



Cyber collaborative Augmented Reality (C-AR) for CCP

1. Augment human-machine-team interfacing/sharing: knowledge, skills, and data (L)

2. Augment by simulating and distributing 2D / 3D / video results and instructions (R)

Input/Output Devices [ _ 3 Graphical User Interface

Man Machine Interface

/l\

Image Composition

AR-Tracking

2D- 3D-
SO Ren- Ren-
ser Interactio dering || dering |

Event Handling

oy e
Model

AR-Partial Model

(PDA, Notebook (ijectlon) (PC)

Application Scenarios

[Faso LA WAN] el

Tmuml«[an on Medium

it

Scalable Remote Graphics [Graphics on Site|
(PC-Cluster, Server-Functionality)|| (Notebook)

Common 3D-Rendering Interface for all Systems

[14]

A. Real-time, dynamic simulations and predictive decision support
B. Optimal allocation and distribution of C-AR to individual (H/M/T)

C. Authoring

adaptive C-AR
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Authoring and creating effective AR presentations

1. An expert demonstrate task performance [15, 16, 17]
2. AR system captures/adapts a digital embodiment of expert
(= Avatar) to create AR Tutor
3. Learner-worker uses smart glasses to observe, understand,
execute the task

(1) Expert demonstration (2) Learner observation




Dimensions and features of the design space with

existing AR authoring systems 18]
ProcessAR
Deveioped far
r,. Recording and Replay
psynetrenous Leaming) i Microsoft Dynamics 365
Yufora Caphure
> | \
| f
L @ AN
Agynchronous Efﬂl:::-:;i[:ﬁr?g p.ﬂ.r:irfa{:ﬁ::s

Recording and Replay

~
Multi-Object Awareness \ =2

=]

P . Jo -_

—_— Custom 3D
Adaptive Navigation Around Animations
"\. Point-of-\View Triggers Workspace \_ p
-1

18 ICPR 2022 Curitiba




AR Capture System

d.

b
C.
d

Captures with stereo and fisheye cameras
Fisheye camera view
Backpack computer

— Creates upper body embodiment
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Tutoring elements of AR e.g., AdapTutAR

AR tutoring elements to convey knowledge to worker: (a) Avatar;
(b) animation and arrow; (c) step instruction; (d) sub-task
description.

[17]
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HUB-ClIs architecture: Protocols & algorithms collect,
learn, predict, prevent

Interaction «+—»
Data ‘==
Information +—

» Augmented Reality [ ] r=- [oT Data
I
Virtual Assistant || ") 22 Software Systems
M 7 - y
Worker HUB-CI
e L = Direct Expert
3 Wearable Sensors |, — Instructions
I 1
...... | [ ———
s{ Collaborative Robot T Robot Management
+ System
-> other workers -> other HUBs -> other sources
Interaction Tier Collaboration Tier Intelligence Tier ~ [19]
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Summary

Five realizations on disruptions and opportunities:

1. We can never assume there is no disruption coming just
around the corner. Or that it will take another 100
years to occur.

2. Our civilization knows how to survive when terrible

events happen. (We hope.)

3. Disruptions can have negative impacts, and can have

positive effects.

4. Being prepared ahead of time for uncertain yet eventual

disasters is preferred.

5. Production researchers have been contributing.

Let’s continue being prepared.
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Digital & Cyber in Production Automation:
Augments abilities of workers, robots, and organizations

CYBER (Cybernetics) = Computing + Communication + Real-
time control + Brain models for collaboration protocols
Increasing levels of computers, communication, mobility,
and computational intelligence lead to higher levels of
automation intelligence, and of resilience to internal and
external disruptions.

Digital & Cyber Augmentation

1.0 Computerized

2.0 Computer Integrated

3.0 Internetworked + Mobile
4.0 Cloud-Based + Machine Learning
5.0 Cyber-Physical + Cybernetics

24 Digital & Cyber Convergence
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