~ Atlanta, Georgla USAe

KALEIDOSCOPE

ATLANTA

PREPARING FOR THE Al ERA UNDER
THE DIGITAL HEALTH FRAMEWORK

Shan Xu T SR
China Academy of Informatlon and - > 3 f
Communication Technology (CAICT) | p. e
xushan@calct ac.cn B ba TH D ‘

4-6 December -“’L-v- e & SN

v . ) > 4 '\, ) 2
'7’ e B 5 .
™ e e Wy > e Ig'”’ .
- M AW Y < A -" 1



KALEIDOSCOPE

ATLANTA

|ﬂtE”|QEﬂCEframeWDrk information

Technical renal Automaticpolicymakers Redes signing Wh at are
personal Development _calculator  Challenges

vard |DTW'W authenticated '

pu %l | aaicet€Chnologies ¢ we talking
I oorlﬂe% 1-g/ practice giDbc]i-:redibIe TiEiCliltj about
Working

Designin
’ p?an 5G IﬂdITA| yeal S Rt When we
optical Nepal I t hmapplng talk about

Facilitating trends diseasgs urce

Sider Dlgltal ICT for

future patlentS 0
keyrachallenges standardization health *
{rmﬁpie dc foot

N ||ght|iig monitoring non-intrusjve

Intelligence

protections odern Thought-based

Dpp@itLliiitlEf E -
ssential o
* Word cloud statistics for

all papers of Kaleidoscope

4-6 December

Atlanta, Georgia, USA



KALEIDOSCOPE

ATLANTA

What this paper is going to deliver:

Key Concept

Framework of “ICT for health”
Interaction between health and ICT
Towards Al for health era
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KEY CONCEPT

The field of digital health is dynamic and progressing rapidly. eHealth,
medical informatics, health informatics, telemedicine, telehealth and
mHealth are some of the terms that have been used over the last five decades,
depending on the available technologies and accessibility of the baseline
infrastructure. These terms have been used to describe the application of
information and communication technologies (ICTs) to areas of health, health
care and wellbeing. More recently, the term digital health has been selected to
embody integration of concepts yet be flexible enough to foster diversity of
purposes, technologies and other specificities.

From “Global Strategy on Digital Health 2020-2024”, WHO
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Health Side

World: Population (Age 60+)

« Demand: aging trend
— over age 65 (16%) in 2050

— chronic diseases “
¢ Supply: |ags behlnd B : gnneﬁgi:pedidion interval
—  4.1% growth of radiologists — Gosemad o
== +i-0.5 child . .
— 30% grow‘th Of Images o — 60 sample trajectaries

Fopulation (billion)

« Gap between supply and
demand is waiting for new
technological productivity S0 T Ot

tobefiled. [ e
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Health Framework

Management
i | Staff General practitioner Equipment Imaging Testing
Health < —! >
record | | eeeens Specialist Nurse | | |  «oouns Monitor Surgery
AN VAN

N V.

. Doctor reservation F#| Check-in & triage [ Payment/ pre-pa » Symptom check
Service J yment pre-pay |

v

...... Monitor & recover [€4 Medical treatment |* Laboratory test <1 Image inspection

Endogenous factors when considering single healthcare institution
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ICT Penetration

- Deep Neural Nets (Deep Leaming)
VPA-Enabled Wireless Speakers

* Arrival of the fourth
. . - Prescriptive Analytics —
industrial revolution Gt

Intelligent Applications
Conversational User Interfaces

— Fifth generation (5G) Semar Robols

Deep Neural Network ASICs
Al PaaS

communications G

Natural-Language Generation
— Machine-to-machine e
. . Al-Related C&S| Services

(M2M) communications R e

— Cloud computing i
. Artificial General Intelligence

— Internet of things (loT) Aloamance
— Big data

— Al and machine s of July 20

Peak of ; :
Innovation Trough of Slope of Plateau of

Iearnlng(M L) Trigger Ex:}'(‘:’(l;?;‘;f]cns Disillusionment Enlightonment Productivity

Machine Leaming

NLP
Robotic Process Automation Software
- Virtual Assistants
Cognitive Computing
FPGA Accelerators
Speech Recognition —

Computer Mision Ensemble Leaming

Predictive Analytics
Autonomous Vehicles

GPU Accelerators
Commercial UAVs (Drones)

expectations

Virtual Reality

Knowledge Management Tocls
Augmented Reality

time
- etC . Plateau will be reached:

O lessthan2years © 2to5years @ 5to10years A morethan 10years & obsolete before plateau
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Digital health framework

Endogenous factors when considering single healthcare institution

ICT factors

Application

Platform

Data resource

Network

Management

Staff General practitioner Equipment Imaging Testing

N

Health S—/
record [ | tC Specialist Nurse | | | 77 Monitor Surgery

AN AN
) ion L | i > - - Symptom check
Service Doctor reservation »| Check-in & triage Payment/ pre-pay |-» ymp
v

""" Monitor & recover |44 Medical treatment [« Laboratorytest [«{ Image inspection

Sensors
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Development Track

Key mode:
» Start from: 1960s
» Digitization of data;

Landmark event:

B hospital information
system (HIS)

B management information
system (MIS)

&

Stage 1: Institutional

informationization
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Key mode:
» Start from: late 1980s
Community network

Landmark event :

B electronic health records
(EHR)

B npationwide health
information network

Key mode:

* Big data

* Computing platforms

* Personalized applications

Landmark event :

m Al/ML

Auxiliary diagnosis
IBM Watson
DeepMind

&

Stage 3: Service
intelligentization




KALEIDOSCOPE

ATLANTA

Stage 1: Institutional informationization

Endogenous factors when considering single healthcare institution ICT factors
Management C e '
. 1
A "= | _Soluton_;
Staff General practitioner Equipment Imaging Testing ) /1 Software
4N N
Health <W>
record [ | v Specialist Nurse | | | 7777 Monitor Surgery
Platform
£ Z's
N l/ l; <<: Data resource
. ion F -i i - - - Symptom check
Service Doctor reservation »| Check-in & triage |-®» Payment/ pre-pay [-» ymp NG
v
""" Monitor & recover |<€{ Medical treatment [« Laboratorytest |¢{ Image inspection Sensors
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Stage 2: Regional informationization

Endogenous factors in single healthcare institution
Management
i Staff General practitioner Equipment Imaging Testing
Health —
record | | @ e Specialist Nurse | [ | == Monitor Surgery
AN
Service Doctor reservation [®| Check-in & triage [®| Payment/ pre-pay ["® Symptom check
v
------ Monitor & recover [*] Medical treatment [€7 Laboratory test [¥1 _Image inspection

ICT factors

Application

Platform

Data resource

VANV
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Endogenous factors in single healthcare institution
Management
Staff eneral practitioner Equipment Imaging Testing
Heaith
somvica  [oorrevereaten | o Grecim s ge | o] Faymarsrorapay | o] Svmorom oneor |
¥
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Multiple institutions collaboration network

2

Endogenous factors in single healthcare institution

Management
Staff Equipment Imaging Testing
Health
p Vo
Service | Doctor reservation |>[ Check-in & triage }-l Payment/ pre-pay | -I Symptom check }
£3
| Monitor & recover |4{ Medical treatment |4| Laboratory test |-{ Image mspec(ianl

Network
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Stage 3: Service intelligentization

Endogenous factors when considering single healthcare institution ICT factors
Management L é_ (;_l-Lit-I_(;_l’; ______ I
ﬁ] Staff General practitioner Equipment |maM Testing <\IA::' Application |
recod | | @ --eee. Spec/izilist Nuse | | 1 e Mc;rli\tors Surgery <::| Platform |
4 U U <:j Data resource |
Service Doctor reservation [®| Check-in & triage » Payment/ pre-pay [ Symptor: check | Network |
------ Monitor & recover  [*] Medical treatment | Laboratory test %1 Image inspection | Sensors |

Multiple institution collaboration network%
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Endogenous factors when considering single healthcare institutes
Management
Endogenous factors when considering single healthcare institutes —
R e Equipment
nanagement
staff General practitioner Equipment <:>
' - -
Service |Ducmrmservamn |»>‘ Check-in & triage |..( Payment/ pre-pay |->| ‘Symptom check |
N *
‘ Wonitor & recover ‘-«{ Medical treatment |‘«{ Laboratory test H Image inspection |
service ‘ Doctor reservation }»»l Checicin & triage }»»{ Payment/ pre-pay ‘.l Symptom check |
2
| Monitor & recover |<«| Medical freatment ‘*«{ Laboratory test H Image inspection ‘
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: A .
I E R Is co m I n g EEnm Preparing for the Future of Artificial Intelligence 2016.10
The National Artificial Intelligence Research and
Development Strategic Plan A
. . Artificial Intelligence, Automation and the Economy 2016.12
* Following the track of service
. . . . . Artificial Intelligence and National Security 2018.07
intelligentization, Al is one of the . - . .
Executive Order on Maintaining American Leadership in 2019.02
H ifi 1 Artificial Intelligence :
mOSt S|gn|f|Cant trends In lCT The National Artificial Intelligence Research and 2019.06
Development Strategic Plan:2019 Update :
. . . Artificial Intelligence for Europe 2018.04
* Frequent and intensive national
. . Declaration of Cooperation on Artificial Intelligence 2018.04
strategies on Al also have their
. t th d | t f A f European Coordinated Plan on Artificial Intelligence 2019.2
p”O” y on € deve Opmen 0 | TOr Artificial intelligence: opportunities and implications for 2016..11
health . the future of decision making -
Growing the Artificial Intelligence Industry in UK 2017.10
. . Al in the UK_ ready, willing and able? 2018.04
« The following sections extract the
. . .. Industrial Strategy: Artificial Intelligence Sector Deal 2018.04
interaction of Al on digital health . BN
A new generation of artn|‘|C|aI_|nteII|gence development 2017.07
separately from the stage 3 and et
. . Next generation artificial intelligence promotion strategy 2016.7
discuss the preparation.
Artificial intelligence technology strategy 2018.6

4-6 December

Atlanta, Georgia, USA




KALEIDOSCOPE

ATLANTA

Al FOR HEALTH

Data Computer abilities Algorithm
Images CPU GPU Deep learning & Machine Learnin
Key Factors N b learning g
£ Al Records FPGA ASIC .. Medical knowledge atlas
o Health data Task deployment Natural language processing

’ EARLY SCREENING
AUXILIARY DIAGNOSIS

BLACK BOX from

user perspective — —_— Remote Monitoring
{) Health management
Input Al Platform Output
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DATA: Comprehensive description

* Horizontal expansion « Vertical expansion
— Full coverage of a life cycle — Deep description of life
— Keen perception of sensors — From the individual level,
— Strong analytical ability of Al anatomical level, tissue,

metabolism, to protein,

. enetic aspects.
— Active health: from “treat J P

d?seases: to “prevent — Precision medicine: genome
diseases”, alleviating the gap sequencing technology &
between supply & demand cross-application of big data.
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COMPUTING ABILITIES: Customized

 Processors * Network architecture
— Central processing unit (CPU) — Combination of cloud and
— Graphics processing unit (GPU) edge computing to support
— Field-programmable gate array flexible requirements.
(FPGA)

. L — Cloud: pay-per-use, on-
— Application specific integrated demand access, training task

;:ircuit (ABSKZ%:Z;V”' be the — Edge: adaptive to application
argest by scenarios, inference tasks
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ALGORITHM: integrated with health process

« Service integration « Management integration
— reservation, triage, payment, — Effective control of staff and
symptom check, image equipment inside the institution
inspection, laboratory test, - Staff management:
medical treatment, monitoring. performance appraisal &
« Al Virtual assistant auxiliary talent training, etc.
’ x:g;}cséi;maglng aided * Equipment & drug operati(_)n:
loT sensors and Al analysis
* Clinical decision support on equipment failures; drug
system (CDSS) mining and drug optimization.
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COMPANY & PRODUCT

. —— | REGULATORY AUTHORITY
! [ Demand analysis ] o ) UPDATE &
I d t : [ Feature design ] : : [ Submit an application ] 1 ROBUSTNESS
ndustry ! ! ! _ I
perspective i [ Model development ] : : [ Reports review ] i ‘
| ; g E USERS
| Product internal testing ) N CLINICAL TRIALS ] SRt -
; [ [ — ! : Industrial j
. | INDUSTRY BENCHMARK ASSESSMENT | |:> ; [ Application passed ] 5 |:> . application |
Data Computer abilities Algorithm
. Images CPU GPU Deep learning & Machine Learning
TeChm(t:_aI Records FPGA ASIC .. Medical knowledge atlas
perspective Health data Task deployment Natural language processing
EARLY SCREENING
) AUXILIARY DIAGNOSIS
Users L
. Remote Monitoring
perspective
Health management
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CORRESPONDING PREPARATION

« Collaboration mechanism: Expertise from the health and Al community
are of great importance to promote this cross-domain task.

— Top-level design, Information exchange, Financing...

- Standardization: act as an accelerator for integration innovation under the
overview control of the collaboration mechanism.

— Data format and interface; Data quality and evaluation methods...

* Regulation: define the bottom line of the industry and maintain its legality.
— Reliability, Security, Ethics ...
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Exogenous factors
Collaboration mechanism Standardization Regulation
[Top-level design | Financing Data format | Interface ” Data quality Reliability Security Ethics
Info exchange | eeeeee | | meeee L i
] L 1 L 1 L
Endogenous factors when considering single healthcare institution ICT factors
e .
Management i __ Solution
Staff General practitioner Equipment Imaging Testing | Application |
Health <
record | [ eeeees Specialist Nurse | | | e Monitors Surgery | Platform |
7 7N
{} ]\/[ | Data resource |
Service Doctor reservation  [™| Check-in&triage [ ®| Payment/pre-pay [~™] Symptonlcheck | Network |
------ Monitor & recover <41 Medical treatment | *7__ Laboratory test 41__Image inspection | Sensors |

j Multiple institutes collaboration network @

Enuugenous factors when :Dnsidenng Slﬁg|B healthcare institutes Enungenous factors when :Dnsidenng slngla healthcare institutes
Management Management

|Dm:lorreservat|nn )»»‘ Check-in & triage }»b{ Payment/ pre-pay ‘->| Symptom check

[ Doctor reservation |+ chectin s triage | +| payment pre-pay |-»| Symptom check | Service
¥ v

‘Monilnr&recmtet |<~{ Medical treatment ‘*«{ Laboratory test H Image inspection | - ‘Monilor&reccvef |<«{ Medical treatment ‘4«{ Laboratory test H Image inspection

Service

4-6 December

Atlanta, Georgia, USA 3



KALEIDOSCOPE

ATLANTA

CONCLUSION

“What are we talking about when we talk about ICT for health? ”

« Key Concept: Clear its core position for “Digital health”

 Framework: draft of digital health framework and corresponding factors
* Interaction between health and ICT factors : through different stages

« Towards Al for health era: Supplement for exogenous factors
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