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UK Biobank – simultaneous engineering

Process development

Technology design and integration

Systems development
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Scientific testing – extensive pilots



Sample processing at UK Biobank is centralised and high 
throughput

• Increased quality and 
consistency in processing 
and processes

• Increased achievable 
throughput

• Robust data trail
• Cost

• Processing is as rapid as is 
achievable – preservation of 
most species

• Delay in processing may 
result in loss of labile species

• Increased shipping costs

•QA/QC from manual processing 
at high throughput

• Robustness of data trail
• Risk to locally stored samples
• Regulatory issues of local 

storage
• Cost – staff and hardware
• Impact of freeze thaw if samples 

are not processed

Central

Local

Avoid random, centre specific, non-detectable error



Sample handling pilot – demonstrating fit for purpose
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The validation studies have informed laboratory targets



….and the sample collection protocol
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….and stored in ultra-low temperature archives



UK Biobank – aims and methods

Reliable, cost effective, capacity 
to continually process, store and 

retrieve samples and data in a 
form suitable for future scientific 

research

700 
participants

per day

6,300
vacutainers

per day

25,200 aliquots
per day

15 million 
study aliquots



UK Biobank – implementing an industrialised approach

Infrastructure
• supply chain

• logistics
• data

Technology
• enabling technology

• technology in parallel activities
• technology equilibrium

Scientific production 
methods

• technical specification
• planning and process description
• tolerances and standardisation

Organization
• availability of manpower

• skill levels
• structure of the organization

Fit for Quality (in design and operation)

Understand the system and its goals and how this will deliver the organization 

strategy before investment is committed



Design and prototype – build in process quality

• Taguchi – Robust design

• Whole system quality and in-process control – Poke Yoke

• FMEA

Production
20

Design of product/production process
80

Systems design Parameter design Tolerance design

Initial functional design –
Unlikely to be optimal for 

performance or cost

Optimising controllable 
design features – high 

performance over a wide 
range of conditions

Setting of limits on 
variability to maintain 
system performance



Design and prototype – build in quality – Poke Yoke

• Large complex processes are prone to propagation of small 
errors

• Zero Quality Management - Poke Yoke

“…….mistakes will not turn into defects if worker errors are discovered and 
eliminated beforehand” Shigeo Shingo, 1986

• Contact defects
• Constant number defects
• Performance sequence defects



Design and prototype - FMEA and Taguchi in UK Biobank

•
Design phase

Prototyping 
phase

Build and 
commission

Frequent change Change possible Controlled change

Initial design proposal Final design and prototype

Five dedicated robotic stations (no redundancy) 3 generic work stations, full redundancy

Coupled linear processes – blood spotting,
haematology, fractionation

De-coupled cellular processes

Localised cooling Central cooling

384/96 well format 96 well format

Risks included automated centrifugation and 
boundary detection

Automated centrifugation and high reliability 
boundary detection

High cost 40% reduction in cost



Prototyping – identify parameters that affect quality
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Managing quality during operation

TQM
14 principles

Kaizen

SQMS

Practical guide to 
implementing quality

Kai (change) to become
good (Zen) – continuous 
improvement (vs BPR)

• Quality audits
• Critical goods inspection
• Fault reporting
• Document management
• Supplier approval
• Equipment maintenance and 
calibration schedules

•Training and performance
management

• SOPs
• Link with H&S
• Data driven decision 
making



Implementing quality management – continuous 
improvement through quality circles

Kaizen

• Simple, effective, cheap and pragmatic –
the answer is not always more of something

• Listen to the staff and implement  
suggestions

• Understand what you are trying to achieve  
and measure the impact

• Be prepared to say no

• Courier – man in a van – cost of quality
• Early start to shifts
• Chelation of serum and plasma
• Ghosting of PCs

•Continuous vs batch processing



Impact of SQMS quality circles on sample processing 
time
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Summary

• Understand the impact of your process on your samples
• Take a systems engineering approach – science leads the 

process

• Focus on the end product – the what, not the how
• Design fit for quality through all aspects of the study

• Build quality into the process – success by design

• Emphasise QA and QC
• Build a SQMS for your study and maintain it

• Support at a senior level


