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Introduction to Ubiquitous Computing Lab, KHU, Korea

[Ubiquitous Computing Lab, since 1993]

KyungHEeWUnIversityAKores)

iii Ubiquitous Computing Laboratory

Department of Computer Engineering,
College of Electronics and Information,
Kyung Hee University, Korea

sylee@oslab.khu.ac.kr
http://uclab.khu.ac.kr

Authored/coauthored more
than 500 technical articles (190
of which are published in
archival journals)
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2 Post Doctorate Researchers
14 PhD Students

6 MS Students
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Introduction to UC Lab: Research Interests 4 2

INTELLIGENT MEDICAL

Machine Context Aware
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Development
(CDSS)
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Smart CDSS

DSmart

Clinical Decsion Support System



Social Needs m Expected Impacts
Improve quality of healthcare delivery

Quality of Medical Services

>

Efficiency & Safety ’ Reduce medical malpractices

|
reduce MedialCost - Smart CDSS

Evidence-Based Medicine

J

Decision Making Clinical Practice Guidelines  Efficiency of healthcare delivery Patient Safety




CDSS Architecture in General
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Transcribed

KNOWLEDGE - héu;?: Dictations Medical Devices
DATABASE Biesl:;;[;f Plans Mursing | Ventilators Fmse
Charting Oximeters
* Pharmacy
DECISION IV Pumps BEdISidE
SUPPORT | ECG “’. . Monitors
ENGINE Lab ~

ELECTRONIC
TIME DATA HEALTH Surgery
DRIVER J DRIVER RECORD
Q ‘:"_r Laboratory/Microbiclogy
¥-Ray ’l “
Alerts Blood ll‘ Financial System
. Gas Lab
Suggestions Surgery Pathology
Computations Schedule Blood . .
Interpretations Admitting Bank Information Review
Protocols : Physical Therapy
Guidelines Medical
Records Respiratory

Therapy



Requirements of CDSS Knowledge base

Requirements of Knowledge Construction

Knowledge base requirements Detail CASE Final requirements
Rule KB constructed
Rule (Knowledge creation) should be accurate without enough medical |
— |ntegrity — Rule should reflect medical knowledge completely knowledge is
— Rule should be worth enough to be used in the actual medical meaningless
environment
77777777777777777777777777777777777777 i Physicians should
Rule must be customizable based diverse hospital environment t"r"ezt:r‘;’:n‘f;’;a?;:;'t‘i’; y e
— | Ada pta b|||ty - It ShOl:I|d be Fustomizable based on available resources (medical device, differtshba;ed 9: |the devices »> and raintain the
inspection device, etc.) e hospital owns knowledge
R themselves
Easy to update new knowledge
— | Freshness - Each time a new treatment, prescription, or surgical Uiiz’:jlgszeg;;"e -
Clinical Decision procedure is derived, the Rule should be updated on these
Support System matters
L Must have sufficient credibility It should be based on thesis, Evidence
— | Reliability - Utilized knowledge should have sufficient reliability based Pharmaceutical company > Based
on certified thesis, clinical trial data, EMR inference data, etc. inference data, etc.




Idea of Smart CDSS
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Hospitals
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Caregivers

INFERENCE
ENGINE 0

KNOWLEDGE@R

BASE

Industries

Business

&

HOW TO CREATE / MAINTAIN

|
|
|
i
Laboratories
|
|
|

>
o) |

Limitations (Data Driven)

¢ Low level of Knowledge accuracy

¢ Hard to know the reason for decision
making (Black Box)

CREATE/

UPDATE |

| Gets Knowledge from guidelines |

Limitations (Expert Driven)

KNOWLEDGE
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KNOWLEDGE
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REDUCE
ERRORS
REDUCE
COST
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EFFICIENCY
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KNOWLEDGE

KNOWLEDGE

SHARABILITY

----

o Difficult to validation & Verification

v Hard to manage Knowledge base by domain
expert

\




Smart CDSS Architecture
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Offline Knowledge

Acquisition
Data Driven Knowledge KAT(Knowledge Authoring Tool)
Data Driven Acquisition Provides knowledge authoring

Acquisition environment for domain
Smart CDSS Framework knowledge experts

Knowledge Button

KnowledgeButt :
e —— Retrieve documents from

Rule Editor Compilation Module KnowledgeButton Manager PubMed to provide evidence
S mart C D SS ‘ Input Request Handler Outpﬁt Rglsponse support for knOWIGdge
g c Arden Syntax Studio aANCEN
consumer ‘a 8 %] 7/ | Rule Parser I
c =T
(I =
I =
E M R PH R = a ® ‘D - Resource ]I
/ % U wn SNOMED Object - ! .
+ q‘E w Ontology Coder Evidence
o 0 Base ‘@ I
g "g e Resource 2 ]
< - Adaptability Engine Knowledge Engine -~
Adapter CDSS Facade "

Interoperability Engine

PubMed comprises of more than
26 million citations for biomedical
literature from MEDLINE, life
science journals, and online books

Knowledge Manager
Knowledge Broker

Interface Engine Smart CDSS KB and Reasoner Executable Environment

MLMAugmentedCBR (YRS tilaitlt: MLMIinvoker

Case Base Methods Execution Engine
@ Simila.rity c . .
Function Clinical Knowledge Execute inference engine to

= generate recommendations

Data Exchange

ta Exchange
Web Service

Adapter
EMR/PHR

Clinical Models

Anonymization Service




Case Study: Knowledge Acquisition-3 Phase Model
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CLINICAL ROLES |
_ KNOWLEDGE & 9
» MODEL PN
Clinical Domain Knowledge
Expert Engineer

Phase-I: Clinical KnOWledge Model from Clical Data
Guideline Clinical Pre-Processing

Knowledge
Model (CKM)

Selection of
machine learning

HIS Medical algorithm

Records

Objectives
for CDSS
Intervention

Predictive Phase-Ill: Prediction Model from patient medical

—
E > ! Moton record (Data Driven)
-

creation

Set of MLMs Clinical Knowledge
Base Refined CKM
(R-CKM) creation

{CLINICAL DOMAIN from PM by

SELECTION } 9 9 9 e validatgg Nalgainst

Identification Defining data Selection of Selection of
of Arden requirements for e e‘;_';’"; 0 knowledge
Artifacts and each MLM in term candicate representation

MLM creation of VMR and MLMs from scheme (Arden REFINED CLINICAL

R-CKM Syntax)
SNOMED KNOWLEDGE MODEL {*

Phase-Il: Refined Clinical Knowledge Model after
validation of PM from CKM (Guideline Enabled)

PHASE - lll

Phase-lll: R-CKM Conversion into MLM
(Expert Driven)




Case Study: Knowledge Acquisition Pathway

Mind Maps

(Domain Experts Tree Model )

* Consulting guidelines, Clinical Trails,
and others

* Incorporating local practices and
context

Advantages

* Easy representation (Most domain
expert adopt)

* Provide detailed narratives

Limitations

* High abstraction (not explicit
knowledge)

* Chance of redundancy & ambiguity

-

Clinical Knowledge Model

(Decision Tree)

* Separating actions, conditions, and
recommendations

* Representation in formal decision tree

Advantages

* Concrete representation (explicit
knowledge)

* Remove redundancy & ambiguity (reduce
error chance)

* Provide detailed narratives

Limitations

* Adoption needs to follow formalism

* Non-executable by computer

sonography

Very Low susp
No FU

High susp.
FNA

Low risk
12-24 FU

elevated
Evaluate size
subnormal

Low risk

>=1cm High susp.

<1dm

Knowledge-base
(Production Rules: PR)

Advantages

Limitations

CKM -> rules using top-down: left-right
traversing
Conversion of OR into ANDs in PR

Concrete representation (explicit knowledge)
Computer executable representation

Non-sharable

sonography
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2 \

Knowledge-base

(Medical Logic Module: MLM)

* Combining PRs into coherent logics

* Represent concepts in standard format

Advantages

* Sharable and executable representation

* Concrete representation (explicit knowledge
with detailed meta-data support)

Limitations

* Complex compared to PR

Very Low
susp.

Il Normal >=1c
m

Normal <lcm NA NA

Normal NA Low Na

Subnormal NA NA NA

Elevated NA NA High

Elevated NA NA

Knowledge-base (PR)

I T P T P T
Na Na

Very Low No FU

FNA

12FU

12-24FU

Scan

FNA




Case Study: Knowledge Modeling for Thyroid Cancer i

Mind Maps Development Process - Example SNU Hospital e wepicas

TSH nommal or dlevaied | | T5H subnomal |
e Guideline based strategy
[ ‘ AN o o oy .
AN 1. Patient initial observation for tumor presence
', AN 2. Ordering sonography
e | [ T mm.nm m — 3. Evaluate sonography results and evaluate patients
e | T L == 4. Based on severity and size of the tumor, decision is made
| | |\ '. for further Surgery evaluation using FNA




Case Study: Thyroid Cancer Follow Up Recommendation

Expert Tree (Mind Maps) -> Formal Decision Tree (CKM-Clinical Knowledge Model)

p
Recording sexandage
Redundant Information
Suspeded thyroid nodule
(Palpation, sonography and
CT scan)
\ J
{ ‘ \
TsHnomalorelovated ] [ TsHewma ] o Separate Actions & Condition [
* Draw relationships
. J
( )\
[ - Composite condition
, ., . Draw relationships | >
.';,m,‘ : suspicion Lov;anan ::m Im J
\_ T\ = [ L] TSH TSH )
| \ m._maj slovated
, =
- | Fina;'luda Fine needie Hypothyroidism
Fi a| :; ';net;dﬂ\e I . requn:" evaluation
E 21.5cm
Fine needie
as::;t“m
6-12:11;:.1“»1/\4 <1em <tem .. .
et evidencs 2t monthsi Mo » Extract conditions and recommendation
of extrathyrok . .
oxmnson, — * Concrete relationships
B 12-24 months ffu
praference Except : evidence
of extrathyroid
sus:"cl‘:::?"y&nh
node, patient

INTELLIGENT MEDICAL
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Thyroid Cancer FollowUp Recommendation Intervention

. — — — — —— — == Thyroid Nodule Suspecied?
I no
Perform TSH & Thyroid or neck| Mo further evaluafion
sonography required
TSH
nomal or elevated subnomal
Lodine 123 Scan
Invistigate Suspicion Paliems
3 B !
High Intermediate Low very Low enian
W A AT AV
Evaluate size Evaluate Size Evaluate Size Evaluate Size
< 1em >=lem == 1ecm <Tem
Evaluate Risk:
Vi | | | Evaliate Risks -
Evaliat aiid Prelsrenices Zom
Risks and
Preferences == 1.5cn]
_ ETE =yes OR
:};E 1:0_’\:1[) susp. LN = yes < 1.5cm
S ORPP =
AND PP = no b >= 2em
ETE =noc AND
ETE =yes OR susp. LN = no
susp. LN = yes AND PP = no
OR PP = yes
6-12 months FU 12-24 months FU 24 months FU No FU FMA notrequired




Case Study: Thyroid Cancer Follow Up Recommendation

Formal Decision Tree (CKM-Clinical Knowledge Model) -> Rules (Production Rules) SNTELLIGENT MEDICAY

yroid-CancerFellewlp I'\_"ecommendation Intervention

Rule# Thyroid Nodule Expected  TSH  Suspicion Patterns  Size Thyroid Nodule Suspected?
1 YES narmazl High <lecm | no no no  6-12 months follow up - no
2 yes normal High <lcm | yes no no FNA TraverS"\g: yes |
3 yes normal High <lcm | no YES no FNA . Top-Down \l/ \L
4 yes normal High <lem | no no yes FRA Perform TSH & Thyroid or neck Mo further evaluation
5 yes normal Hizgh <lem  yes yes no FHA sonography required
-1 YES normazl High <locm  yes no YES FHNA \L
7 yEs normal High <lcm | no YEes yEes FNA
a3 yes normal High =lcm | yes yes yes FHA h TSH
9 YES normazl High =lem| - - - FNA
10 YES elevated High <lecm | no no no  6-12 months follow up nom l pe—
11 YES elevated High =lcm  yes no no FHNA
¢ 12 YES elevated High <lcm | no YES no FNA
E 13 yes elevated High <lecm | no no yes FHA
14 YES elevated High <lem yes YES no FrA — Invistigate Suspicion Palgms
.:. 15 YES elevated High <locm  yes no YES FHNA ) J
0 High Intermediate Low Very Low Benign
\
Evaluate size Evaluate Size Evaluate Size Evaluate Size
(
35 YES elevated Intermediate =lcm  yes YES YES FNA
36 yes elevated Intermediate <lcm | no no no  12-24 months follow up < 1em >=toni | yem <1cm
37 yes narmal Low <1.5cm - - - 24 months follow up Evaluate Risks
32 yes nermal Low ==15cm - - - FNA Evaluate and Preferences =2em
39 yes elevated Low <1.5cm - - - 24 months follow up g:kf:r::295< om 1.50]
40 yes elevated Lows =15cm - - - FHA _
41 yes narmal Very Low =2cm | - - - FNA ETE =no AND ETE =yes OR
42 yes normsl Very Low <2cm | - - - Na follow up susp. LN =no SOURSpF;I';E :::3 <1.5cm
43 ves elevated Very Low »=2cm| - - - FNA AND PP = no >=2em
a4 YES elevated Wery Low <2cm - - - Mo follow up ETE = yes OR SEJSE_ T_R:':A:)D
45 yes nermal Benign - - - - FMA not required susp. LN = yes AND PF =no
. J OR PP = yes
6-12 months FU 12-24 months FU 24 months FU No FU FMA notrequired
Traversing:
© Left'Right FMA FNA




Case Study: Results
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e [0 [50_pa[su_palou_alsu_po]su_pe]su_e]su_pa[su_pa[su_prolsu_prs[su_pialsu_pis[su_paalsu_pus[su_puelsu s [su_paa[su s [su ot paiens|

Patients: 2 3 1 15 4 8 3 1 43 35 1 3 10 2 123 1 1 5 2 3 292
Pat: 5: 0 0 0 15 4 B 3 1 33 44 1 2 6 1 96 1 1 9 2 5 238
Pat: F: 3 1 0 0 0 0 0 4 11 o 1 4 1 27 0 o 0 o 0 4
Accuracy: 0.0 100.0 100.0 100.0 100.0 100.0 90.7 . 50.0 78.0 100.0 100.0 100.0 100.0 100.0 81.5

Thyroid Cancer Treatment (Surgery) FNA
Recommendation Intervention

Legend nomal OR elevated subnomal
. O :nnﬂiﬁnnc- Rec::g\e Goiter
Interpretation: @ R ——— : oo ] _

Composite Condition Evaluate FNA \j/ d \l,
. |Summ;(LORTT)| [io funther evaluation required| [ Surgery: T |
* Total Patients : 292 . Makgnam
e Patient Distribution: 20 paths Malgnant R — ]

susp. Malig. OR FM or susp, FN or Non. Diag OR|
HCN ar susp. HCN AUS er FLUS Benign | /| nsatistactary

Recommendation results

susp. Malig. OR FN or susp. FN or HCN or susp. HCN

Sex=F AND

PP = yes =
Evaluate Size
Pregnancy = Pregnancy atient Preferenc
BT Sex=FAND  yes and risk
Pregnancy = yes _ e Sres]|  SEX T MLOR !
Malignant | (6% = F AND T

VC=yes or BCC=yes)

Sex =M, OR (Sex=F
AND Pregnancy =no

Evaluate Risk
elevated OR

ETE=no AND LNM =no | ETE =yes OR LNM = ges subnomal
AND DM =no AND yes OR DM = yes OR
Mullifocalty = no AND Multifocalty = yes OR
Radiation = no AND FHC = | Radiation = yes OR Contralateral Site FNACNE
no FHC =yes sult: Benign or Unsatisfacto ntralateral S% FNACNE
sult: Benign or Unsatisfacto

Evaluate
TEH |In|et=stis\s Level

. :
noms Vi ORI
Al ORMN Disease Grows = i
Evalute sm<? OR V yes OR CLN = yes T Current CNB result?

N,
Surgery Surgery 9 No d i
|“T" o (TTYIND Gestation Period AUS orFLUS  Non Diag

' = fem S a Pk CHB A Immediately prior
<1em F
AND < Surgery=(TT)[Afer initial i b (L TECAE CNB/FNA results
metastasis evakuaton || \ ﬁ

4cm

System Accuracy: 81.5% - ) prece

Nodule Nodule AUS: Atypia of undetermined significance

BCC: Based upon clinical concern

Overall KB rules: 3034 Vil e

CND: Therapeutic central-lymph node dissection
|5u,,.,y; m-,l CS: Compressive symptoms
DM: distant metastasis
DL: Diagnastic Lobectamy -> Surgery
EA: Ethanal ablation
ETE: extratyrold extension
Contrakateral Sie FNACNE Fi Female:
result: Benign or Unsatisfacto FHC: Familla History of cancer
FLUS: Follicullar lesion of undetermined significance:

Malignant susp. Malig. OR FN or
Principal & itors ner oF: :Uém F1os® | Bn: Follcular Neoplasm
Academia Aesearcher. Prof. Sungyoung Lee, Kyung ar FMA: Fine needle aspirations
Hee University FU: Follow Ups




Achievements of Smart CDSS

HEAD AND NECK CANCER DATA INTEGRATION

INTEGRATION OF

e 5100 PATIENTS

" RECORDS of SKMCH WITH
SMART CDSS

/

Smart
NCCN based 23 @”
7

Oral Cavity + Salivary Gland Smion Desrsonsipomt Sy

WHAT WE ACHIEVED
IN THE LAST 4 YEARS

TREATMENT
INTERVENTION IS EVERY
HANDLED BY SMART CDSS WEEK

\‘ on average

125 PATIENTS

records are enabled for

/ decision support in
SKMCH

e
e
o]
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PRIMITIVE SHAREABLE RULES ‘-

(MLM) creation g:

PERFORMANCE OF
PHYSICIANS WERE ENHANCED

26 TIMES

IN CREATION OF RULES

The error rates RECORDED
1 per MLM while for other tools
itwas 11 per MLM creation

vt
Q per MM 0 e
/

17
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Background

New Waves

v" Artificial Intelligence Society
v" 4th Industrial Revolution
-> Increased Productivity by Super Connectivity and Super Intelligence

Mechanization, Mass production,
water power, steam assembly line,
power electricity

Computer and Cyber Physical
automation Systems




INTELLIGENT MEDICAL

Background S

TPV CIIEEEY
L2 2 2 L J

. . . eeeeeesl e
Al in Medical Service Systems — Al Doctor Fe004086868486841
L el e e el el e i

Korea International

" KOREA

UNIVERSITY

S K MEDICAL CENTER

Physician’s prescription and diagnosis support system
using voice recognition so called AI ‘'NUGU’

ld NATIONAL J

CANCER CENTER

Medical big data cloud infrastructure with patient'’s
gene and clinical information

b Google NHS

DeepMind England

Intelligent diagnosis system using 1.6 million patient’s
medical data in NHS, UK

Next generation Al assistance system which has a
reasoning ability

_ ST 2
SLunit SNUHD — @x=ezee | wmnucocor ool
&

UNIVERSITY
Conducting Hanover project where Al can offer the
best effective medication by analyzing state of tumor

Al based Diagnosis system for lung disease, pneumonia
and breast cancer using chest x-ray image




Background: Healthcare Systems vs Personal Assistants

Healthcare Systems Personal Assistants

& svengtn T

O Actionable Knowledge

O Empowering the expert user

O Evidence support for
domain experts

® weakness [N

O Non-Interactive
O Rigid Knowledge Structures
O Lack Context-awareness

Existing Medical Systems

\' O User Engagement

o strenztn T

O Highly Interactive
L Natural User Interfaces

O No Actionable Knowledge

O No Concept of appraised
evidence support

O Limited Visual
Understanding
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New Requirements: Methods for Knowledge Acquisition

Existing Systems’ Limitation

Deep learning algorithm
: cannot provide reason
Image Structured Unstructured of decision making
Knowledge Data  Data Data (Black box)

Patient MRI & e e
Image Analysis 1 \ ACQUISItIOI’] @I ?’; @

Endpoint -
Data Driven Using white box Al

techniques to create

knowledge base

INTELLIGENT MEDICAL
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Existing Systems’ Limitation t_‘ Existing Systems’ Limitation

= |t provides way of Knowledge
communication only 1. Authoring

Tool
Domain Expert
Knowledge Base

= Extract knowledge .
. : : : : : * |ncremental
from users dialogue Provide high quality medical knowledge service Expert Driven Knowledge acquisition

lack of verification and
validation for huge
number of rules.
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New Requirements: Engineering Tool Support '
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* Incremental Learning-based —— Overall UX quantification over time
validation and verification Adaptive Ul based on UX

= Intelli-sense support

P’ Knowledge

Authoring

2

Real time monitoring | INTELLIGENT MEDICAL Evidence support form PubMed

Health-log visualization PLATFOR M , Quality assessment retrieved
documents

Analytics Evidence
Tool Support
Tool

Easy to commercialize by providing development environment
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Genetic Requirements: Considering Factors in Medical Systems '
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it

Reliable

Accurate Transparent Context Aware Easy to use

Source: Little, L. and Briggs, P., “Ubiquitous Healthcare: Do we want it?” Proceedings of the 22nd British HCI Group Annual Conference on People and Computers: Culture, Creativity, Interaction-Volume 2, 2008




Motivations: Limitations and Solutions

Limitations

of
tion

ult to Knowledge
truction & Maintenance

um level of
nce Support

User’s Interaction

of Interoperability in
ogeneous EMR/HIS

INTELLIGENT MEDICAL
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Data Driven and
Human Driven Knowledge
Acquisition with Dialogue

Knowledge Authoring Tools

Evidence Supporting Tools
(for PubMed)

Dialogue & UI/UX Tools

Standard based Mapping and
Interoperability Methods

s
£ \

INTELLIGENT MEDICAL
PLATF ORM

Clinical Decision Support Systems

Clinical diagnosis
Intelligent
Medical
Platform

Patient education

Intelligent communications
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Proposed IMP: AS-IS vs TO-BE oy
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AS IS: Smart CDSS TO BE: Intelligent Medical Platform (IMP)

1

HMIS - |

| Ul/UX Manager

Adaptation Engine

| Knowledge Engineering Tool

Arden Syntax Studio Rl 3
= MM —— — Domain—= Data Collection
Knowledge Extraction Knowledge

pr— Visual Recognition Coordinator

5
=
)
4
Q
-]
]
5
2
=

Knowledge Publishing
Knowledge Education

Education & Training

___ MLM Aug ed UXN ement
Label Repository Medical Image Dataset Maintenance Intent

v
s

o
3
Smart CDSS Framework g ( s e MLM Case Base Manager
e Clinical Models 3 Descriptive Knowledge Acquisition
= o —— e —-
Smart CDSS Consumer HKAT Raowlsdgstusion ] 2 :
, T — EPR EMR/PHR Clinical Model e ] ST Dialogue
328 Knowledge Base Ontology .
[ET— mmmmm.l 2z Builder
@ HMIS - |

Actionable Knowledge [ Executable Environment l

Aloyisoday

198euely uoneiSagu| 3dIAIaS

[ ] [weies] [remen] [ oo | 7995

[ Sensory Data Processing ]

LU L e U Case Structure MUMInvoker

Methods

=) [
Function Clinical Knowledge Bas

EMR/PHR

s | = = Language ———
0 Lis :
3 Cornerstone cases RDR Rule base [ KnowledgeButton l PO
X ,, -
2 bility Engine Knowledge Engine S % £ .
3 = 5 E 3 Data Acquisition and Persistence
s T~ 33 23
% 3 g8
£ S S = = B N ) a
3 Data Exchange 5 % Health-log Repository |[Mpocuments Physical Big Data Storage [ Big Data Storage Processing ]
e § — 3 -
& Interface Engine Smart CDSS KB u% 2 Library
=
=
R (@)
o

Security and Privacy |

¥ Diagnostic
¥ Treatment

o

&Y 3 = C M

Manual and Protocals Standard Guideli Clinical Notes online Published Papers Healthcare Information Systems Medical PACS Physiological Sensors
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Proposed IMP (Intelligent Medical Platform) Architecture P
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SR HMIS - | _ UI/UX Manager _ | o
25 E Adaptation Engine 3
T 5
28 Lis 23 ; ; — =

»s 3 a8 Knowledge Engineering Tool .

£ E § o Arden Syntax Studio Dl —

E%D%D Pharmacy ® % K ledee Extracti — MM — Domain_ Data Collection -

i = nowledge Extraction Knowedse |1 eyt | |8

EE S - Visual Recognition oordinator Y o

3 T ’ )

25 7 - —~—o % ______ MLM Augmented [—] UXx MeQement |
N/ Data Exchange ;'9 @ | Label Repository Medical Image Dataset F—l‘ Maintenance Intent \ b ) —
1 \ g <. r — — P Manager o

@ = = o Descriptive Knowledge Acquisition ol eslaes : m )

5 Clinical Models o o .

=l o = ™ _—— A —— Perceptions 3
= EMR/PHR - ® m ‘W B Dl i Dialogue ||

9% ;:@ oa Knowledge Base Ontology : —

£%= {f M o J Builder

as s HMIS - | (2 o ] o, : Consequences o
\____ g m ) Actionable Knowledge Executable Environment 5
a— 5o ‘ 2 -—— Language ~

@ LIS | @ o —_— Processing UXModel ||
3 L \/ 5 Cornerstone cases RDR Rule base KnowledgeButton oce —
S — oa

o 5 Pharmacy J> ® 9

WMo R = . eae . =

£6 < = Data Acquisition and Persistence ®

efie] i

£52 z3

1=ANIEN S = ] . [ ) . ] ||
\ T B = % Health-log Repository | 5ociments | Big Data Storage Processing

S - Library
[ A = =3 Intermediate DB [ Multimodal Data Processing ]

§ Clinical Models 5 O

g m - -

-E B 5 EMR/PHR S Security and Privacy | (o)

= g

EFS

R=lS

g5
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=
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Manual and Protocols Standard Guidelines Clinical Notes Online Published Papers Healthcare Information Systems Medical PACS Physiological Sensors




Core 1: Knowledge Acquisition and Inference

INTELLIGENT MEDICAL
PLATFORM

Online Process Uniqueness

oLl leeleleslelenlesleslenlesleteslentes L R ., — — = = = = = = = = == == = = = e e e Knowledge Engineering -|
( \ o anQ > |
: Visual Recognition based KA | * Advanced CNN layer Tool -
tunin ) .
: u @ Image X, MRI, Brain g <1 Suggestion Request/ < Uni
1 > ) Response niqueness
- 1 [ Image Preprocessing [« _ Segmentation * Real-time Knowledge
| _J Image X, MRI, Brain L Y, . e el P
image | (a) ® , Actionable Knowledge Acquisition verification
| @ Image X, MRI., Brain 5ol ‘ [ ] ! "mage E, MRI, Brain O Evolutionary
| [ ) [ ) Knowledge model
Image <1>| Category Classification v ROI Allocation v nowledge moae -
| \ J \ J (
oee I 1 : Secondary Image A Request Knowledge Controller Knowledge Verifier I
I HOG Feature vector @ Repository @ w (Extracted from E) (Key, Value pair) L :
1 s N e N ! s A |
(Refined: Response »
: > Feature Extraction Model Collection (8) @,, ,,@ Key, Value pair) "@ verified ¢ :
” 1 b > \ / ) ( Expert| I
== I / Answer Retrieval G Knowledge Creator :
| — R R R S S R R L
7 /;\ : Response A A |
I________________________________u___n.q.eﬁf______, : @ Response i
Structured I (Key, Value pair) . 1, x 5 :
Data - - . 3 . -
: Descriptive Knowledge Acquisition Uniqueness QJ :
Te[z));t;al : Changed Ontology e Automated Ontology :
" . S ———— | o o o o o o o ] o o
—(1 )1+ Preprocessing , P
' T @
i - =X
I Ontology r 3 8 1 " cev Value P
d , 4
Unst[r;:;:ure I N-grams Ontology Manager % é : 3 ey, Value Pairs
| L ) o 0@
I . of 52 - o —
I Concept Hierarchy |2 % : E Proposed Posses Existing
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Service Scenario

Intelligent Image
Recognition

MRIimage
analysis of

Scenario for Physician
using Dialog system of IMP

=,

Dialog Manager

INTELLIGENT MEDICAL

Voice based Communication

Patient: 00821 :
Name : John Brown
Disease : Diabetes

Information
about patient

PLATFORM

\?,0

Executable Environment

Knowledge base

Intelligent Medical Platform

INTELLIGENT MEDICAL
PLATFORM

think the patient
feels headache?

Do you have any
recommendations?

Knowledge Acquisition based on
Conversation

ﬂ)llowing

Medicines are
recommended for
patients

Complete update.
Have a nice day ...




SaaS Implementation
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Benefits 'ﬁp

@ Research Initiative for Intelligent Medical Systems and Services

@ Promote Collaboration in ICT Medical Convergence

@ Triggering Business Innovation with IMP

@ Construct Business Ecosystem using Open Source Code

Construct High Quality of Medical 6 Obtain and Share Clinical Data
Knowledge Base

o te= {ﬁ' Achieve Medical Innovation by means @ HIS Integration by Standardization
hospital of Reducing Medical Errors and Cost




Lessons

Considering factors for New Generation of Intelligent Medical Platform

= Incremental Knowledge Learning (Expert Driven + Data Driven)
= Engineering Tool Support

» Dialog-based User Interaction

" Cloud Services such as SaaS

" Interoperability in Heterogeneous Resources

" Holistic Approach

= Ethical Issues






IMP vs IBM Watson

INTELLIGENT MEDICAL
PPPPP ORM

Proposed IMP VS IBM Watson

| Intelligent Medical % BV Wat
; UADS atson
Platform =)
Small Data & Human Knowledge Base Big data Foundation |
The system use fine-grained knowledge to provide The 4th industry revolution turned to the loT environment
customized services :
Knowledge creation from small and big @ Knowledge creation is primarily based on data-driven
data with human intervention approaches only
Enriched knowledge technology to make highly ~©)) Data-driven and statistical approaches prone to accuracy and
accurate knowledge bases for small data performance degradation

Combining data and human knowledge, ideal for both Generalized knowledge creation, rare cases cannot be considered

generalized and specialized cases @ High verification cost in knowledge acquisition and maintenance

@ It also enables knowledge fusion and learning through

Dialogue between humans and systems. @ Limited knowledge description results in low level satisfaction



IMP vs IBM Watson

| Intelligent Medical
Platform

Evolutionary Knowledge [N ]
. : Deep Learning Knowledge
Learning :

Learning with the small and big data Large size data is required
@ Learned Knowledge can be described with example @ Cannot explain reason for learned knowledge
G Learned knowledge uses automatic tagging of data, G Manual data labelling
securing high quality data and improving utilization of :
big data. ] o ]
Difficult to make real-time correction of knowledge Error in data acquisition results in low accuracy
@ Incremental learning based knowledge evolution @ Unable to extract new knowledge from existing data
Automatic verification of knowledge acquisition process Knowledge re-learning cannot guarantee the

retention of previous knowledge
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