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Artificial Intelligence

1. Biomedical Informatics & Data Fundamentals
2. Sources and Type of Data
3. Data Organization and Data Querying

4. Data Standards



Artificial Intelligence

Biomedical Informatics

Interdisciplinary field:
A I's the study of effective

biomedical data, information, and Information &
Cognitive & social

knowledge. . o communication
sciences/humanities :
sclences
A Ilnvolves scientific inqu
solving and decision making. Mathematical,
A 1l's driven by efforts to S HElcE e eciSion Computer science
human health. SUSIEES
A More recently, encompass Bmlog;ré?;:czzysmal Engineering
approaches
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Insights




Artificial Intelligence for Healthcare

Sources and Types of Data : How Data and Learning are Interconnected

Different types of data:

Structured Unstructured Semi-structured Metadata

+000

Structured Textual Image Video Audio XML JSON Sensor
Data Data Data Data Data Data
I 3 &

Metadata

Describes




Artificial Intelligence for Healthcare

Sources and Types of Data : How Data and Learning are Interconnected

Mimic human intelligence —\

Learning without explicit rules

Patterns

Machine
Learning

Learning with multi-
layer neural networks

Data

Deep
Learning

Predictions




Artificial Intelligence for Healthcare

Sources and Types of Data : How Data and Learning are Interconnected

Clinical Problem

Data Insights

Example: Complications of a surgical procedure

Past/present Future

WiII an intervention reduce the complication rate?

*Which patients are likely to have complications?
Value

*Why did the complications occur?
*How many patients had complications?

Summary and
visualisation

Counterfactual reasoning
and causality

Complexity




Artificial Intelligence for Healthcare

Data Organization and Querying

l A Relational Model of Data for Large Shared Data
Banks

E.F.CODD
IBM Research Laboratory, San Jose, California

 Codd introduced the relational data model in a
seminal paper (1970)

- Based on first order predicate logic

- Basis for major relational databases (e.g., Oracle,

Edgar F. Codd -
(1923-2003) Microsoft SQL, MySQL, PostgreSQL)



Artificial Intelligence for Healthcare

Data Organization and Querying

Document Relational

Data stored in documents Data stored in tables linked by Data stored in nodes linked by
identified by ID relationships vertexes

How can structured data be organized ?
HKS




Artificial Intelligence for Healthcare
Data Organization and Querying

Which attributes?
What sources?

) ' ' ' ' What filters?
(] 1 1 1 (]
r r T r r
] 1 1 1 1
- : e Transform
] 1 1 1 1
el g ===t r---r
[ : P : X Relevant tabular data for analysis
' ' '
Relational Database (SQL) . . - .-
Vi
e i Bl sl
Object (FHIR) e T T
S S E
] ] 1

Querying Data



Artificial Intelligence for Healthcare
Data Organization and Querying

Only for tables that have same columns

Table A UNION INTERSECT
Kn
Table B _

Querying Data

EXCEPT




Artificial Intelligence for Healthcare

Data Standards

* Healthcare data developed as loosely coupled units

« Standards are developed for interoperability

Structured data
Ontology

Terminology

Patient Coding
' standards
data Sia Unstructured data

\ Metadata
Encoding

——» Exchange
standards

Interoperability of Data in Healthcare




Artificial Intelligence for Healthcare

Data Standards

SNOMED CT (Clinical Terms):

« Ontology of concepts

SNOMED CT: Logical model

[ Components )

| N I, ©— ) A s N
. COﬂthlled terman|Ogy { One FSN Is marked 1 T ! Each concept has at |
1as “Preferred” in each! — e | least one |is a| I
| language ) " i y. relationship ’
S S Y e e
“/~_ Descriptions Relationships,”
Fully Specified lisa]
Name (FSN) Concept relationship
SNOMED CT Atfribute
--------- - identifier
L -
I One Synonym is ‘r‘ 1 1 ~
! markedas 1 N H e e N
1 Preferred" in each : L I IEach concept can have as‘.
I language e " [P R ——

“ 1
I

I
\
b

Y

There may also beany | )

I
number of Synonyms IEach component has a!
marked as "Acceptable” ’| | unique dentfier _.'

T —————— - -

]

Source: SNOMED Clinical Terms® (SNOMED CT®) which is used by permission of the SNOMED International. All rights reserved.
SNOMED CT® was originally created by the College of American Pathologists, “SNOMED", "SNOMED CT" and "SNOMED Clinical Terms"

are registered trademarks of the SNOMED International (www . snomed.ora)

Interoperability of Data in Healthcare

many atinbute
{ relationships as needed
k" 4



Automation In
Healthcare
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Brookhaven, Georgia




Why Automate Processes

LACK OF HEALTHCARE WORKFORCE

Estimated shortfall of 10 million healthcare workers worldwide by
HNnon 621 hY HnHpu® wSOSYyd RIEFGLF
up to 83% of employers struggle to find skilled
LINEFSaarzyl fa

AGEING POPULATION
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REDUCING ERRORS

Introducing Automation and Robotics helps to reduce errors cause
by the lapses and increases system resilience.

dal yL32 6SNDNZR dzLJ=

DATA DRIVEN PROCESSES, POTENTIAL FOR
Al/ML

- A w LA

z T 1 S O (inGteémafE@phbtefsksyfenerati2det® points thag help th foredadt

inventories, reduce workflow inefficiencies and make processes
HaHP PO leaner. Additionally, Al and Machine Learning could be deployed to
harness this data to identify trends for Descriptive, Prescriptive and
Predictive modelling to processes.

idKS
HAHANO
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COST OPTIMIZATION

Using Automation reduces Operational expenditure over a long term
and also increases working hours, thus making the healthcare
related processes more cost effective and efficient.

y 3

A
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T Inspired by WHO Digital Health Implementation Framework

PLAN TRAIN INTEGRATE
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T Inspired by WHO Digital Health Implementation Framework

Rooms Staff API
Corridors FM Middleware
Workflow Users Services

Maintenance Processes Engineering

Al
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Pandemic Ready, Teemabled: P
New Hospital Campus with 1400  #
beds to open irbingaporeoy 2030

Bedok,the easternregionof
Singapore

1400 beds, 300,000 sqm,

Acute care hospital

)
P o e = - o

Community hospital

\ 'm} :

6.35 Hectares
(9 football fields)

Image Courtesy : CPG Consultants Pte Ltd



Types of Automation and Robotics in Large scale hospitals

Lab Automation i Samples transport Automated CSSD > OT instruments Transportation - Small Items




Types of Automation and Robotics in Large scale hospitals

o
I3

AMR

AGVs and AMRs
AGV TYPES OF MATERIAL TRANSPORTED
A Food
PAYLOABCART A Consumables
A Base dimensions approximately A Meds
1300 x 800mm A Linen (Supply only, waste uses Chutes)
A Up to 450 kg (Trolley + Contents) A Instruments (Sterile / Soiled)
A Waste (Hazardous and Recyclables; Gen. Waste uses Chutes)

Round Trips per day for a 1500 bed facikitg00

HKS No. of AGVs- 35




Types of Automation and Robotics in Large scale hospitals

AMR

AGVs and AMRs
AMR TYPES OF MATERIAL TRANSPORTED
A Specimen
PAYLOABCART A Patient belongings
A Base dimensions approximately A MMD soft goods
800x800 mm A Consumables
A Up to 150 kg (Trolley + Contents A Scopes
30 kg)

Round Trips per day for a 1500 bed facikty200
No. of AMRs~ 60



Types of Automation and Robotics in Large scale hospitals

P S 0

o Decon
Endo Endo Endo Sterile

1

4

o
Endo

Endo

Small Items transport

Endo

TRANSPORTING SMALL ITEMS VIA AMR

Images for illustration only!

Several Adhoc AMR trips enable users to call
an AMR for assisting them as carriers of small
items such as

A Scopes Transport
A Patient belongings transport

A Specimen transport

1 2
|
S 4
|
o) o
|
—
Common AMR ‘[w
Base
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Large scale hospitals
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Types of Automation and Robot
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Automated Storage and Retrieval




How to plan for Current and Future Automation

PLANNING METHODOLOGY

1. Establish automation processes in
current and future workflows

2. Determine standard equipment
types and sizes (based on 3 or
more suppliers)

3. Determine automation routes by
level and department.

4. Plan and identify areas of concern:
a. Constrained spaces
5. Traffic and cross flows

a. Maintenance, lockdown and
backup routes

6. Propose mitigation where needed

HIKS




How to plan for Current and Future Automation

DEPARTMENT CONSIDERATIONS

1.

Separation of flows , e
(public, patient, staff, w\l

robots) BESS  Backup AGV parking (duri
w pandemic)

Alternative routes

Pandemic lockdown

Resus zone
(no AGVs)

Pandemic lockdow
zone

Alternative
AGV route



How to plan for Current and Future Automation

CIRCULATION CONSIDERATIONS [ 23A&aGA 0O &l AIKgl @dacé

1. Corridor widths W TIuy Ay
. — p— A

2. Door clearances and T e S

operations mode (auto p—— : | —
/ manual) - :
3. Traffic
(ﬂéﬁ’ )E> 1.0m
<::| (lﬂ L “ ) 1.0m




How to plan for Current and Future Automation

ROOM User discussions and mockupsensure enough space for both automated and manual workflows.
CONSIDERATIONS

1. Staff vs Robot entry

Staff entry door:

2. Clearances for staff and 900mm clear
' AGV Clearances Ward Pantry N\
robots 002000 e . : |
1200MM CLEAR ‘ 1
1 | N .
3. Workflow and T —" :
. SERVING 3. I?[STBI&UTE.

operations

1

|

1
) FRIDGE TROLLEYS ¥ 3 ELLEY:
5@

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
300MM : 1. RETRIEV
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

N (1
U \L

I’——~\‘ : //——~‘ F‘ ,I: C

nolm T 1200mm | >~~~ ;

AGV! | [IAGV| . rasg | ! :
1 ! 1 1l 1
TRO, L TRO RECYCLE | T ;
ol : :
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300MM 860MM  900MM
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AGV entry door:
------------------------------- Parking ¥ 1200mm clear S
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Progressive Automation

Inpatient department

Meals
Consumables
Meds

Waste

A
A
A
A




Progressive Automation

Inpatient department

Medium Term

A Robots bring supplies to
the floor and deposit at a
central hub.

A Manual distribution to the
patient bed side

Central Hub
Robot Lifts

Robotic movement

[]
[]

Manual movement



Progressive Automation

Inpatient department

Medium Term

A Robots bring supplies to
the floor and deposit at a
central hub.

A Manual distribution to the
patient bed side

Long Term

Central Hub
Robot Lifts

Robotic movement

[]
[]

Manual movement



Progressive Automation

Inpatient department

One Stop Utility

A Central Hub at every
Inpatient ward

A Meds, Consumables use
trolley swap method to
fast- track deliveries.

A Food is delivered in
heated food trolleys by
Robots, three times a day,
and managed in the
Pantry area.

Central Hub
Robot Lifts

Robotic movement

[]
[]

HIKS

Manual movement



Progressive Automation

Inpatient department

Medium Term

A Plan for AMRs and not
AGVs to save space due to
non-requirement of Lane
based traffic

Long Term

A Train users to work around 3 -5 s
robots in their clinical - [ 4 .

. . / - \ -
seffing. Navigate the \Lane AV Lane ! \ AGV Lane ‘
learning curve by providing : _ _ * _ ,‘
simulations. A GV © Brevious generation T Moved only on a pre-defined path AMRs T can change path T
Required designers to assign lanes i less efficient maneuver easily i more

efficient in using space




Progressive Automation

Inpatient department

Medium Term

A Simulate Robots movement
and adapt to newer
technology Robots (AMR)

A Helps users orient and
suggest design changes to
augment future tech.

Long Term

A While procuring AMR
systems i special features
can be requested as part of
specifications T such as
parallel parking, trolley
swap etc.

Robot Simulation 7 Immersive After implementation

HIKS




Progressive

| S
Surgery Department, Non
Sterile Items ‘
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Waste
Consumables
Blood

Linen

| o o To o 3>




Central Hub
Robot Lifts

Robotic movement
Manual movement




‘ A Robots bring supplies to
' the floor and deposit at a

central hub, and to satellite *xg.//
N

?
- stores 2 ol Fyad
A Manual distribution @ 25 - ’
N thereupon 7

ok
LN
.
S

Central Hub
Robot Lifts

Robotic movement

1 | O

Manual movement
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Surgery Department, Sterile

Material




Progressive Automation

Surgery Department, Sterile
Material

PLAN
Medium Term

A Robots bring supplies to
Sterile Store i ma

retrieval \&?®
Robots bring su e
outside the do N\~
oT b g

Central Hub
Robot Lifts

\ '
Robotic movemen W
Manual movement 7 ‘




Progressive Automation

Surgery Department, Sterile
Material

PLAN
Medium Term

A Robots bring suppliesto

Sterile Store i ma A

Y

=

Long Term =

retrieval vé\ 2
Robots bring su <\
outside the door of each ’
oT <

Central Hub \
Robot Lifts

\
Robotic movement




Progressive Automation

Surgery Department, Sterile

Material
Automated StU Order Last Mile Transport via
[ Picking performed by {AMRS, from Vert. Buﬁer]
Medium Term robots 24/7 to OT Prep Rooms
|

A AMR from CSSD to OT ]~
Floor =] =]

= =

A Manual transfer to Intra- ﬁ
deptt AMR - -

A AMR brings material to Ad hoc self- StU Orders
Outside the Prep room service retrieval Replenishment placed
Door by robots after- remotely, by

hours, or when authorized
Long Term 11 A&E i:; Tae- .. =" —_stockis low personnel
= I -

A AMR Lift shaft re-purposed - —= b
to Sterile vertical carousel. CSSD 2 == ( Automatic Charging-in of StUs:

A Smaller retrieval robots for B1 I'— zoz [~ System keeps track of StU, contents,

iavi - [ 1 I Expiry dates, Storage location...
retrieving material from A

carousel and sending t0 OT  gjmylation of future workflow for
PED TS user training




PngI’GSSiVG AUtomatiO(ﬂay 1c Medium term and Long Term ) training and procurement progression

° ®
NE NiE Manual
42 m 72m [
Current Fully manual 100 %
State procgss. el . Manual Retrieval of STUs Manual transport of Automation
pushing case carts Walklng from the Sterile Store Case Carts to the OT i
from CSSD to the OT Manual transfer of Case Sterile Prep areas
Carts to Clean Lift
(4 [ 4
NE all S
15m 15m 79m 5m
Medium Partial 3 1 (y [
term Automation 0 : .
) ) Manual Retrieval Automated Transport to Manual Retrieval of STUs
with AGVs wal klng of STUs from the the OT- Sterile Prep from the AGV trolleys i
Sterile Store areas minimum movement with
Manual staging of Prep zone to positions AGVs
AGV trolleys to be for return
sentto OT
[ 4
|. NE
. 109m 5m
Long Full Automation 4 3 00 ]
term with ASRS + g |
AGV Wa|k|ng Automatic Storage and No staging of Manual Retrieval of STUs from
Retrieval (ASRS) and AGVs required the AGV trolleys T minimum
loading into trolleys movement with Prep zone to

positions AGVs for return




Progressive Automation

Clinical Laboratory

A
A
A
A
A

Blood Samples
Fluid Samples
Waste
Documents
Blood products




Progressive Automation

Clinical Laboratory

Medium Term

A Auto unloading of samples
on to conveyor belt

A Manual inspection of
samples to check
leakages etc.

A Automatic bulk loader on
to the Automation lines

Central Hub
Robot Lifts

Robotic movement

[]
[]

Manual movement



Progressive Automation

Clinical Laboratory

Medium Term

A Auto unloading of samples
on to conveyor belt

A Manual inspection of
samples to check
leakages etc.

A Automatic bulk loader on
to the Automation lines

Long Term

Central Hub
Robot Lifts

Robotic movement

Manual movement



Progressive Automation

Clinical Laboratory

Medium Term

A Users are now getting used
to auto-unloading
cannisters

A Manual inspection of
samples is carried out

currently. '

Automatically unloading Pneumatic Tube Samples drop on to conveyor belt for
cannisters manual inspection

Source : Sumetzberger



