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Introduction to Ubiquitous Computing Lab, KHU, Korea

[Ubiquitous Computing_ab,sincel1993

Ubiquitous Computing Laboratory
KyungHEeWUnIversityAKores)

Departmentof Computer Engineering,
College oElectronicsand Information,
KyungHeeUniversity,Korea

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

Authored/coauthoredmore

than 500 technical articles (190
of which are published in
archivaljournals)

Current Members (25)

2 Post Doctorate Researchers
14 PhD Students

6 MS Students

3 Undergraduate Students
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Introduction to UC Lab: Research Interests 4
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Smart CDSS

DSmart

Clinical Decsion Support System



What is CDSS (Clinical Decision Support Systems) & Why CDSS?

INTELLIGENT MEDICAL

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
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Requirements of CDSS Knowledge base

Requirements of Knowledge Construction

Knowledgebase requirements Detall CASE Final requirements
_ RuleKB constructed
Rule (Knowledge creation) should be accurate without enough medical|__
— |ntegrity T Rule should reflect medical knowledge completely knowledge is
T Rule should be worth enough to be used in the actual medical meaningless
__envionment
. . . . - Physicians should
Rule must be customizable based diverse hospital environme t':’éﬁ;{‘rggnﬁfaf]’;a;“;gf;t‘l’g‘n ygenerate
— Adaptabi”ty -1t should be customizable based on available resources (medical devif differs based on the devices| T > Sl Tl e
inspection device, etc.) the hospital owns knowledge
S themselves
Easy to update new knowledge Uodate of |
: e H ate of new rule
N o Freshness - Each tlmg a new treatment, prescription, or surgical Zhould be easy |
Clinical Decision procedure is derived, the Rule should be updated on these
Support System matters.
C Must have sufficient credibility it should be based on thesis, Evidence
— | Reliability - Utilized knowledge should have sufficient reliability based |  Phamaceuical company |— ol
. i L. . . clinical trial data, EMR
on certified thesis, clinical trial data, EMR inference data, etc. inference data, etc.




|dea of Smart CDSS

Limitations (Data Driven)

Hospitals
¢ Low level of Knowledge accuracy
physicians ﬂ Caregivers « Hard to know the reason for decision \
@ ) @ making (Black Box) i
< s , | KNOWEEDGE [ioHs
\
;m | ENGINEERING KuouiEanic -
I ACQUISITION
|
INFERENC : | 'EE%%%ES &
ENGINE 4 V  REDUCE
KNOWLEDC! Laboratorle:s K ﬁ/loPsRTOVE =
BASE = 3 : I EFFICIENCY Al
dx) ) |
Industries Business CREATE
Ter e | KNOWLEDGE
= | I
|| : I KNOWLEDGE
| | Gets Knowledge from guidelines | I SHARABILITY
|
I Limitations (Expert Driven) 1
J

HOW TO CREATE / MAINTAII ¢ Difficult to validation & Verification

+ 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 i environment for domain
Smart CDSS Framework knowledge experts

Knowledge Button

e .
Hps R Retrieve documents from

KnowledgeButton Manager

Rule Editor Compilation Module PubMed to provide evidence
Smart CDSS Ii Input Request Handler U RS SUDDOI't for knOWIGdge
(5} c Arden Syntax Studio fiandler
Consumer < ) (L) | Rule Parser I
< =
g ZT = :
= L @ Resource
E M R/P H R I 8 0 SNOMED e | Object L .
,.‘E © 0 Ontology. Coder Evidence
o = ) Base I
-‘8 g © Resource 2 ]
< - Adaptability Engine Knowledge Engine -
Adapter ABQQ D_ _bec -/

Interoperability Engine

A PubMed comprises of more than
nowledge Manager - . . .
oEGE e 26 million citations for blomedlcal
literature from MEDLINE, life

science journals, and online books

Adapter
EMR/PHR

Interface Engine Smart CDSS KB and Reasoner Executable Environment

MLMAugmentedCBR MLMInvoker

Case Base Methods Execution Engine
= Simiarity | f— 522 ) _
Elnction Clinical Knowledge Execute inference engine to

Z generate recommendations

HL7 Exchange
Service

Clinical Models

Anonymization Service




Case Study: Knowledge Acquisition -3 Phase Model
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CLINICAL ROLES ‘
KNOWLEDGE
> ﬁ'. e
ah

MODEL
Clinical Domain Knowledge
Expert Engineer

Phasel: Clinical KiYowledge Model from Sirical Data
Guideline Clinical Pre-Processing

Knowledge
Model (CKM)

Selection of
machine learning

HIS Medical algorithm

Records

Objectives
for CDSS
Intervention

Prodictive Phasell: 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

|dentificati - Selection of
dentification Defining data Selection of knowledge

of Arden requirements for . €
Artifacts and | | each MLM in term candidate representation
MLM creation of VMR and MLMs from scheme (Arden
SNOMED R-CKM Syntax) REFINED CLINICAL ,
KNOWLEDGE MODEL

PHASE - lll

Phasell: Refined Clinical Knowledge Model afteé

validation of PM from CKM (Guideline Enabled)
Phaselll: RCKM Conversion into ML

(Expert Driven)




Case Study: Knowledge Acquisition Pathway ﬁﬁp

PLATFORM

Mind Maps Mind Maps
(Domain Experts Tree Model ) ||\</|ndQV\|/|I_edg|v|edb|a-S|\?LM
A Consulting guidelines, Clinical Trails et et -ogic vViodule. ) :
and others A Combining PRs into coherent logics
A Incorporating local practices and A Represent concepts in standard format
Advantages
context _
o Very Low susp A Sharable and executable representation
Advantages : es
A Easy representation (Most domain — il A Concrete representation (explicit knowledge
expert adopt) _ V\(ith_detailed metadata support)
A Provide detailed narratives E”&ltoartrl]g?esx compared to PR
Limitations g
A High abstraction (not explicit
knowledge) elevated
i I subnormal
kA Chance of redundancy & amblgwty)

X Very Low
Highsusp susp

>=1cm

( . . <lgm
Clinical Knowledge Model =D N

(Decision Tree)
A Separating actions, conditions, and

recommendations ( | )
A Representation in formal decision tree Know edgebase Knowledgebase (PR)
Advantages (Production Rules: PR)
A Concrete representation (explicit A CKM-> rules using tolown: leftright s = = e =]
knOWIGdge) traverSIng 1 Normal >=1¢ Na Na FNA

A Conversion of OR into ANDs in PR

D

A Remove redundancy & ambiguity (reduc

12FU

<lcm NA

Normal

-2

error chance) ACEITIEEE _ i = |
A Provide detailed narratives A Concrete representation (explicit l_<now|edge Ee—— ” .
Limitations A Computer executable representation B . o
A Adoption needs to follow formalism Limitations el O O T e

L A Non-executable by computer ) \A Non-sharable




Case Study: Knowledge Modeling for Thyroid Cancer i

Mind Maps Development Process - Example SNU Hospital

INTELLIGENT MEDICAL

[
] Guideline based strategy
I. \ )
h \ 1. Patient initial observation for tumor presence
| NN 2. Ordering sonography

P m v | [ompmm] |\ 3. Evaluate sonography results and evaluate patients

'm e T lm | i = 4. Based on severity and size of the tumor, decision is made
| L\ | for further Surgery evaluation using FNA

I| | | \ \ Vo




Case Study:. Thyroid Cancer Follow Up Recommendation

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

( ) Thyroid Cancer FollowUp Recommendation Intervention

Patients
Recording sexandage
. — — — — —— — == Thymid Nodule Suspected?

Redundant Information X | o

Suspeded thyroid nodule
(Palpation, sonography and

L ) ) Perform TSH & Thyroid or neck] No further evaluation
sonography required
{ ‘ N\ \L
TsHnomsioreaed | [_tsnswema ] A Separate Actions & Conditions TsH

A Draw relationships

nomal or elevated subnomal

lodine 123 scan

| |

\ J
f \ Lodine 123 Scan
- A Compos|te Cond|t|on Invistigate Suspicion Patems
\ A Draw relationships
3 B !
High Intermediate Low very Low enian
{ Nonodue ] v v U v
| / Evaluate size Evaluate Size Evaluate Size Evaluate Size
High o Low Very Low Benignpattem [
pattern SUSPICION pattern Suspicion Y .‘
T\ L ‘ =i TSH TSH
k ‘ ‘ I “ ml.mal elevated j <1em ==1cm == 1em =1em
\ ‘ ‘ ‘ ‘ / ‘ Ay [ | |y Evaluate Risks o
| | Evalake G TG IciClves e
| 3 E == T = Risks and
Fine needie ine ne lypothyroidism = 1.5
Fine needle o iration not evaluation Preferences . e
aspiration 22cm required
: o I ETE =no AND ETE =yes OR
Fine needie | N susp. LN = yes <1.5cm
= ‘ susp. LN =no OR PP = yes
T =1cm | | AND PP = no == Zem
6-12months flu <1cm <1cm A L. ; ETE =noc AND
Except: evidonce ‘ 2t montheiia Mot Extract conditions and recommendation ETE -yes OR susp. LN = no
of extrathyroid . . susp. =yes AND PP = no
iy = A Concrete relationships OR PP = yes
suspicious lypmh
Fodeioetat 12-24 months flu
preference )
Except : evidence
of extrathyroid
extension, 6-12 months FU 12-24 months FU 24 months FU No FU FMA notrequired
suspicious lypmh
node, patient
preference




Case Study: Thyroid Cancer Follow Up Recommendation

Formal Decision Tree (CKM  -Clinical Knowledge Model) prrmLLcanT Mot

yroid-CancerFellewlp Recommendatlon Intervention

Rule# Thyroid Nodule Expected TSH Suspicion Patterns ~ Size Thyroid Nodule Suspecied?
1 YES narmazl High <lecm | no no no  6-12 months follow up . . I ] no
2 yes normal High <lcm | yes no no FNA TraverSIng yes \l/
3 yes normal High <lcm | no yes no FhA ATO[}DOWH \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 : — l o :
nomal or eleva subnomai
11 YES elevated High =lcm  yes no no FHNA
¢ 12 YES elevated High <lcm | no YES no FNA Lodine 123 Scan
E 13 yes elevated High <lecm | no no yes FHA - -
4 14 YES elevated High <lem yes YES no FHA _— Invistigate Suspicion Fakgms
:. 15 YES elevated High <locm  yes no YES FHNA ) J
o High Intermediate Low Very Low Benion
\
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 Risks and
Preferences == 1.5em|
40 yes elevated Low =15cm - - - FNA _
41 yes narmal Very Low =2cm | - - - FNA ETE =no AND ETE =yes OR
42 yes normsl Very Low <2cm | - - - Nao follow up susp. LN =no SOURSpF;I';E ::fs <1.5cm
43 ves elevated Very Low »=2cm| - - - FNA AND PP = no >=2em
ETE =no AND
a4 YES elevated Wery Low <2cm - - - Mo follow up ETE = yes OR Bt - no
45 yes nermal Benign - - - - FMA not required susp. LN = yes AND PF =no
\ J ORPP=yes
6-12 months FU 12-24 months FU 24 months FU No FU FMA notrequired
A Left-Right Fra FIiA




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: 4
Pat: 5: 0 4
Pat: F: ]
Accuracy: 100.0

100.00 100.0

8 3 1 43 35
B 3 1 33 44
0 0 0 4 11
100.0 90.7

1
1
o

3
2
1

10
5]
4

2
1
1
50.0

123 1 1
96 1 1
27 0 o

78.0 100.0

Interpretation:
A Total Patients : 292
A Patient Distribution: 20 paths

ACCURACY:

System Accuracy: 81.5%
Overall KB rules: 3034

Thyroid Cancer Treatment (Surgery)
Recommendation Intervention

Legerd

D Condition - Rectangle

Activity - Curved Box
Composite Condition

100.0 100.0

Evaluate FNA
Recommendation results

5 2
9 2
0 o
100.0

)

no

3 292
5 238
0 4
100.0 81.5

TSH
orNA

nomal OR elevated subnomal

no

\/ ves
|Sumw‘.(LOR

\r
TT)| [io funther evaluation required| [ Surgery: T |

Malignant

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

Malignant

HCN or susp. HCN

Sex = F AND
Pregnancy =

Pregnancy Sex=FAND  yes

Pregnancy = yes

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

Evaluate Risk

ETE=no AND LNM =na | ETE =yes OR LNM =
AND DM =na AND yes OR DM = yes OR
Multifocality = no AND Multifocality = yes OR
Radiaion = no AND FHC = | Radiaton = yes OR
no FHE =yes

susp. Malig. OR FM or susp, FN or

AUS or

AUS o FLUS“Benign/ oo
N Non. Diag OR I
FLUS €Man |/ Unsatisfactory|

PP =yes =
Evaluate Size
Pregnancy atient meemn:al =
SE = M.OR A
NAJCNE resul: g 7
Malignant (Sex = F AND >=dcm OR (CS=yes or

Contralateral Site FNACNB
sult: Benign or Unsatsfactol

VC=yes or BCC=yes)

elevated OR
subnormal

ontraiateral Sie FNACNE
sult: Benign or Unsatisfacto

Evaluate
TEH |In|et=stis\s Level

nomal
vi

QR I
A OR M

Disease Grows =
yes OR CLN = yes

Evalute Siz!<? OR W

Gestation Period |

N,
Surgery Surgery
ECN (TTELND
>= fem

<tem
AND < Surgery:(TT)[Ater
4em metastasis evaliaton |

ye

initial

No AUS or FLUY i

Current CNB resu</

Non. Diag|

5 any prior CNBIFNA -
result AUS or FLUS: Immadiately prior
CNB/FNA results

= E
Nodule Nodule

yes
Na or NA
urgery: (L)

Contralateral Site FNACNE

|5ulwv: m)|

Surgery (n
midgestation}

midgestation

Delvery done

result: Benign or Unsatisfacto

Pringi
Acatemia Researcher Prof. Sungyoung Lee, Kyung
Hee Universit,

Malignant susp. Malig. OR FN or

susp. FN or HCN or susp
HECN OR AUS ar FLUS

Abbrevations
AUS: Atypia of undetermined significance
BCC: Based upon clinical concern
CLN: Central lymph nodes
CNB: Core needle biopsy
CND: Therapeutic central-lymph node dissection
C5: Compressive symptoms
DAM: distant metastas’s
DL: Diagnostic Lobectomy -> Surgery
EA: Ethanol ablation
ETE: extratyroid extension
F:Female
FHC: Familial Histary of cancer
FLUS: Follcullar lesion of undetermined significance
FN: Follicular Neoplasm
FMA: Fine needle aspirations.
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]

INTELLIGENT MEDICAL
PLATFORM

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




Intelligent Medical Platform

A
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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




Background i

INTELLIGENT MEDICAL

*

. . ] ~ lAa A S 2 S S2 il ldl
Al in Medical Service Systems R Al Doctor Fo00404486044804
laadaad it d)

Korea : International
"~ KOREA | QGooge [T
SK MEDICAL CENTER I DeepMind England

Ogxr hbh  mSr o gdibgnbsibupmitgystem’ m:c Hmsdkkhfdms ch fmnrhr rxrsdl]| it
using voice recogniton r n b kkdc @H SM]’FmézdicaldatainNHS, UK

|
ld NATIONAL J

CANCER CENTER

Medical big data cloud infrastructure v h's g o s hld niN§x generation Al assistance system which has a
gene and clinical information 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

& svengh T

C Actionable Knowledge

C Empowering the expert use

C Evidence support for
domain experts

C Non-Interactive

C Lack Contexawareness

C Rigid Knowledge Structures

Existing Medical Systems

| € Natural User Interfaces
|| C User Engagement

INTELLIGENT MEDICAL

& svengtn YN

C Highly Interactive

No Actionable Knowledge
No Concept of appraised
evidence support

Limited Visual
Understanding
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New Requirements: Methods for Knowledge Acquisition oy

A Deep learning algorith
cannot provide reason
Image StructuredUnstructured of decisionmaking
Knowledge Data  Data Data (Blackbox)
PatientMRI

ImageAnalysis ¥, \ ACCIUiSition

A Using whitebox Al
techniques to create
knowledge base

INTELLIGENT MEDICAL
PLATFORM

A It provides way of ) Knowledge |
P y : : . J lack of verification and

communication only & o Authoring S
= Hh Tool validation for huge

Soluti l number of rules.
o Hon Domain Expert _
Solutions

Knowledge Base

A Extract knowledge E q0s it ven -
from users dialogue Provide high quality. medical knowledge service D A Eﬁgﬁvﬁzrgicquismon




New Requirements. Engineering Tool Support

A Incremental Learninghased
validation and verification
A Intelli-sense support

Physician

A Real time monitoring
A Healthlog visualization

7 Knowledge
Authoring
Tool Authoring
Tool

INTELLIGENT MEDICAL
PLATFORM

Data

Analytics Evidence
Tool Support
Tool 4

UIIUX N

G
Ry
o}

INTELLIGENT MEDICAL
PPPPP ORM

A Overall UX quantification over time
A Adaptive Ul based on UX

A Evidence support form PubMed
A Quality assessment retrieved
documents

- -

Easy to.commercialize by providing development environme




Secure Personalized Reliable

Accurate Transparent Context Aware Easy to use

Source:LitlE [ ® YR . NAITAaZ tdI a! oAljdzAadG2dza | SFHEGKOFNBY 52 6S ¢ kopéandComputers: BEDES Sdutivigy Irideratidrolint & 20081 v R




Motivations: Limitations and Solutions

Limitations

ion

ltto Knowledge
truction & Maintenance

um level of
nce Support

g TrdgSr Hmsd

of Interoperability in
ogeneous EMR/HIS

INTELLIGENT MEDICAL
PLATFORM

Solutions

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

5d

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 iy

INTELLIGENT MEDICAL

PLATFORM

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

&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 IrJp

INTELLIGENT MEDICAL
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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 .
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i = nowledge Extraction Knowedse |1 eyt | |8

EE S - Visual Recognition oordinator Y o

3 T ’ )
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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
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-E B 5 EMR/PHR S Security and Privacy | (o)
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EFS
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\ y

=
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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

Online Process Unigueness

Data |

I .
—@—r{ Preprocessing ]
Unstructured

Data

[ - - ———=SSs—=———————————————oe I R, — — — —— —— —— —— —— ———————~— - Knowledge Engineering I
: Visual Recognition based KA | A Advanced CNN layer g Tool I
i L1
: u @ Image X, MRI, Brain tumng <1 Suggestion Request/ 4 .
: Ne \ Response Unigueness
: [ Image Preprocessing):lmagex — Segmentation A Realtime Knowledge
imagel () - Actionable Knowledge équisition verification
@I mage: @) | image x, wR., Brain O] 1. O g £9 A Evolutionary
e , N
I L ,
Image <1>| Category CIassﬁman% ROI Allocation v Knowledgamodel -
Data | \. \ y s
1 A Secondary Image A ifi |
: I;IOGFeature vecto @ ; @ v (Extracted from\E) (Ke;e\c};ﬁfg pai KnOW|edge Controller N KnOWIeCj‘ge Verlflel: :
. . (Refined: Response e
—  Feature Extraction ] Model Collection (&) @,, ,,@ Key, Value pair ,,@ verified Z@3 1 1
LS \ J . ( Exgert I
=== L. / [ Answer Retrieval @ Knowledge Creatorﬁ !
= (3) 1 Response ) 44 1
725 Tl e e R et o e 1 : @ Response 1
Structured I (Key, Value pair) 1 GX,\PA :
Data ond 2 0n0 -~
: Descriptive Knowledge Acquisition Uniqueness QJ :
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