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Artificial Intelligence 

for Healthcare : 

Basics 





Artificial Intelligence 

1. Biomedical Informatics & Data Fundamentals 

2. Sources and Type of Data 

3. Data Organization and Data Querying 

4. Data Standards  



Interdisciplinary field:

Å Is the study of effective uses of 

biomedical data, information, and 

knowledge.

Å Involves scientific inquiry, problem 

solving and decision making.

Å Is driven by efforts to improve 

human health.

Å More recently, encompasses AI/ML 

approaches

Artificial Intelligence 

Biomedical Informatics 



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

Artificial Intelligence for Healthcare  



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

Artificial Intelligence for Healthcare  



Artificial Intelligence for Healthcare  

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



Artificial Intelligence for Healthcare  

Data Organization and Querying 



Data Organization and Querying 

Artificial Intelligence for Healthcare  

How can structured data be organized ? 



Data Organization and Querying 
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Querying Data 



Data Standards 
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Data Standards 
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Emory Musculoskeletal Institute
Brookhaven, Georgia

Automation in 

Healthcare



Why Automate Processes 

LACK OF HEALTHCARE WORKFORCE

Estimated shortfall of 10 million healthcare workers worldwide by 
нлол  ό²IhΣ нлнрύΦ wŜŎŜƴǘ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ŦƻǊ {ƛƴƎŀǇƻǊŜ ǊŜǇƻǊǘǎ ǘƘŀǘ 
up to 83% of employers struggle to find skilled 
ǇǊƻŦŜǎǎƛƻƴŀƭǎ όaŀƴǇƻǿŜǊDǊƻǳǇΣ нлнрΦύ 

AGEING POPULATION

!ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŀƎŜƛƴƎ ǇƻǇǳƭŀǘƛƻƴ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ǘƘŜ 
ŘŜƳŀƴŘ ŦƻǊ ƭŀōƻǊΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ŀŎǳǘŜ ŎŀǊŜ ƘƻǎǇƛǘŀƭǎ ό!5.Σ нлнлύ

DATA DRIVEN PROCESSES, POTENTIAL FOR 
AI/ML

Automated processes generate data points that help to forecast 
inventories, reduce workflow inefficiencies and make processes 
leaner. Additionally, AI and Machine Learning could be deployed to 
harness this data to identify trends for Descriptive, Prescriptive and 
Predictive modelling to processes. 

REDUCING ERRORS 

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

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.
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PLAN TRAIN INTEGRATE

Rooms

Corridors

Workflow

Maintenance 

Staff 

FM 

Users

Processes

API

Middleware

Services 

Engineering

AI  



Bedok,the easternregionof
Singapore

Pandemic Ready, Tech-enabled: 
New Hospital Campus with 1400 
beds to open in Singapore by 2030

1400 beds, 300,000 sqm,  

Acute care hospital

Community hospital

6.35 Hectares 

(9 football fields)

Eastern General Hospital

Image Courtesy :  CPG Consultants Pte Ltd  



Transportation ï Large deliveries  Storage and Retrieval Drugs 

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

Types of Automation and Robotics in Large scale hospitals



TYPES OF MATERIAL TRANSPORTED
 

Å Food 
Å Consumables 
Å Meds 
Å Linen (Supply only, waste uses Chutes) 
Å Instruments (Sterile / Soiled) 
Å Waste (Hazardous and Recyclables; Gen. Waste uses Chutes)

Round Trips per day for a 1500 bed facility  ~ 800
No. of AGVs ~  35   

AGV 

PAYLOAD - CART 
Å Base dimensions approximately 

1300 x 800mm
Å Up to 450 kg (Trolley + Contents)

Types of Automation and Robotics in Large scale hospitals

AGVs and AMRs

AGVAMR



TYPES OF MATERIAL TRANSPORTED 
 

Å Specimen 
Å Patient belongings 
Å MMD soft goods 
Å Consumables
Å Scopes 

Round Trips per day for a 1500 bed facility  ~ 1200
No. of AMRs  ~  60   

AMR 

PAYLOAD - CART 
Å Base dimensions approximately 

800x800 mm
Å Up to 150 kg (Trolley + Contents 

30 kg)

AGVs and AMRs

AGVAMR

Types of Automation and Robotics in Large scale hospitals



Small Items transport

TRANSPORTING SMALL ITEMS VIA AMR 

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

Å Scopes Transport

Å Patient belongings transport 

Å Specimen transport  

Common AMR 

Base

1 2

3 4

5 6

Images for illustration only!

Endo

Endo

Endo

Endo Endo Endo

Decon

Sterile

Types of Automation and Robotics in Large scale hospitals



Types of Automation and Robotics in Large scale hospitals

Automated Storage and Retrieval 

AS/RS Use Cases 

Å CSSD Sterile sets storage 

Å Consumables Storage 

Å Linen Storage 



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.



How to plan for Current and Future Automation

DEPARTMENT CONSIDERATIONS

1. Separation of flows 
(public, patient, staff, 
robots)

2. Alternative routes

3. Pandemic lockdown

Alternative 

AGV route

Pandemic lockdown 

zone

Backup AGV parking (during 

pandemic)

Resus zone 

(no AGVs)

AGV Lifts



How to plan for Current and Future Automation

CIRCULATION CONSIDERATIONS

1. Corridor widths

2. Door clearances and 
operations mode (auto 
/ manual)

3. Traffic

[ƻƎƛǎǘƛŎ άIƛƎƘǿŀȅǎέ



How to plan for Current and Future Automation

ROOM 
CONSIDERATIONS

1. Staff vs Robot entry

2. Clearances for staff and 
robots

3. Workflow and 
operations

AGV
TRO
LLEY

1200mm

AGV
TRO
LLEY

FRIDGE

SERVING 
TROLLEYS

TRASH &
RECYCLE

Staff entry door: 

900mm clear

AGV entry door: 

1200mm clear

1. RETRIEVE

2. PREP

3. DISTRIBUTE

Ward Pantry

AGV
TRO
LLEY

AGV
TRO
LLEY

Standby AGV 

Parking

1200MM CLEAR

300MM

300MM

300MM

860MM 900MM

AGV Clearances

1700MM

User discussions and mockups to ensure enough space for both automated and manual workflows.



Progressive Automation ς Application to Large departments 



Inpatient department 

Å Meals 

Å Consumables 

Å Meds 

Å Waste

Progressive Automation



PLAN

Å Robots bring supplies to 

the floor and deposit at a 

central hub. 

Å Manual distribution to the 

patient bed side 

Inpatient department 

Medium Term 

Central Hub 

Robot Lifts 

Robotic movement 

Manual movement 

Progressive Automation



PLAN

Å Robots bring supplies to 

the floor and deposit at a 

central hub. 

Å Manual distribution to the 

patient bed side 

Inpatient department 

Medium Term 

Å Robots bring supplies to 

the floor and deposit at a 

central hub. 

Å Fully automated supply to 

patient bed side 

Long Term 

Central Hub 

Robot Lifts 

Robotic movement 

Manual movement 

Progressive Automation



PLAN

Å Central Hub at every 

Inpatient ward 

Å Meds, Consumables use 

trolley swap method to 

fast- track deliveries. 

Å Food is delivered in 

heated food trolleys by 

Robots, three times a day, 

and managed in the 

Pantry area.

Inpatient department 

One Stop Utility

Central Hub 

Robot Lifts 

Robotic movement 

Manual movement 

Progressive Automation



TRAIN 

Å Plan for AMRs and not 

AGVs to save space due to 

non-requirement of Lane 

based traffic 

Medium Term 

Å Train users to work around 

robots in their clinical 

setting. Navigate the 

learning curve by providing 

simulations. 

Long Term 

Inpatient department 

AGVôs ï Previous generation ï Moved only on a pre-defined path

Required designers to assign lanes ï less efficient  

AMRs ï can change path ï 

maneuver easily ï more 

efficient in using space 

Progressive Automation



TRAIN 

Å Simulate Robots movement 

and adapt to newer 

technology Robots (AMR)

Å Helps users orient and 

suggest design changes to 

augment future tech. 

Medium Term 

Å While procuring AMR 

systems ï special features 

can be requested as part of 

specifications ï such as 

parallel parking, trolley 

swap etc. 

Long Term 

Inpatient department 

Robot Simulation ï Immersive After implementation 

Progressive Automation



Surgery Department ς Non 
Sterile Items  

Å Waste 

Å Consumables 

Å Blood 

Å Linen

Å Meds

Progressive Automation



Central Hub 

Robot Lifts 

Robotic movement 

Manual movement 

PLAN

Å Robots bring supplies to 

the floor and deposit at a 

central hub, and to satellite 

stores

Å Manual distribution 

thereupon 

Medium Term 

Surgery Department ς Non 
Sterile Items  

Progressive Automation



Central Hub 

Robot Lifts 

Robotic movement 

Manual movement 

PLAN

Å Robots bring supplies to 

the floor and deposit at a 

central hub, and to satellite 

stores

Å Manual distribution 

thereupon 

Medium Term 

Å Robots bring supplies to 

the floor and deposit at a 

central hub, and to satellite 

stores

Å Robotic distribution to 

individual Operating rooms 

Long Term 

Surgery Department ς Non 
Sterile Items  

Progressive Automation



Å Sterile Instruments 

Å Used Instruments 

Surgery Department ς Sterile 
Material 

Progressive Automation



Surgery Department ς Sterile 
Material 

PLAN

Å Robots bring supplies to 

Sterile Store ï manual 

retrieval 

Å Robots bring supplies 

outside the door of each 

OT 

Medium Term 

Central Hub 

Robot Lifts 

Robotic movement 

Manual movement 

Progressive Automation



PLAN

Å Robots bring supplies to 

Sterile Store ï manual 

retrieval 

Å Robots bring supplies 

outside the door of each 

OT 

Medium Term 

Å Fully automated end to 

end sterile supply chain, 

with Robots bringing in 

clean case carts inside the 

Prep rooms.

Long Term 

Central Hub 

Robot Lifts 

Robotic movement 

Manual movement 

Surgery Department ς Sterile 
Material 

Progressive Automation



TRAIN 

Å AMR from CSSD to OT 

Floor 

Å Manual transfer to Intra-

deptt AMR 

Å AMR brings material to 

Outside the Prep room 

Door

Medium Term 

Å AMR Lift shaft re-purposed 

to Sterile vertical carousel.

Å Smaller retrieval robots for 

retrieving material from 

carousel and sending to OT 

prep rooms. 

Long Term 

Simulation of future workflow for 

user training

Surgery Department ς Sterile 
Material 

Progressive Automation



42 m 72 m 

15 m 15 m 5 m 

Manual Retrieval 

of STUs from the 

Sterile Store 

Manual staging of 

AGV trolleys to be 

sent to OT  

Automated Transport to 

the OT- Sterile Prep 

areas 

Manual Retrieval of STUs 

from the AGV trolleys ï 

minimum movement with 

Prep zone to positions AGVs 

for return

Manual Retrieval of STUs 

from the Sterile Store 

Manual transfer of Case 

Carts to Clean Lift 

Manual transport of 

Case Carts to the OT ï 

Sterile Prep areas 

Automatic Storage and 

Retrieval (ASRS) and 

loading into trolleys 

No staging of 

AGVs required 

5 m 

Manual Retrieval of STUs from 

the AGV trolleys ï minimum 

movement with Prep zone to 

positions AGVs for return

79 m 

109m 

100 % 

walking 

31 % 

walking

4.3 % 

walking

Fully manual 

process. Staff 

pushing case carts 

from CSSD to the OT 

Partial 

Automation 

with AGVs 

Full Automation 

with ASRS + 

AGV 

Current 

State 

Medium 

term  

Long 

term  

Manual

Automation

Progressive Automation (Day 1 ς Medium term and Long Term ) training and procurement progression 



Clinical Laboratory 

Å Blood Samples 

Å Fluid Samples 

Å Waste 

Å Documents 

Å Blood products

Progressive Automation



Clinical Laboratory 

PLAN

Å Auto unloading of samples 

on to conveyor belt 

Å Manual inspection of 

samples to check 

leakages etc.

Å Automatic bulk loader on 

to the Automation lines  

Medium Term 

Central Hub 

Robot Lifts 

Robotic movement 

Manual movement 

Automatic unloaders 

Bulk loader

Progressive Automation



Clinical Laboratory 

PLAN

Å Auto unloading of samples 

on to conveyor belt 

Å Manual inspection of 

samples to check 

leakages etc.

Å Automatic bulk loader on 

to the Automation lines  

Medium Term 

Å Fully automated workflow 

with staff trained to 

effectively use smart PTS 

Cannisters

Å Removal of manual 

inspection

Long Term 

Central Hub 

Robot Lifts 

Robotic movement 

Manual movement 

Automatic unloaders 

Bulk loader

Progressive Automation



TRAIN 

Å Users are now getting used 

to auto-unloading 

cannisters

Å Manual inspection of 

samples is carried out 

currently. 

Medium Term 

Clinical Laboratory 

Automatically unloading Pneumatic Tube 

cannisters 

Samples drop on to conveyor belt for 

manual inspection

Progressive Automation

Source : Sumetzberger 


