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Cover image:
NPL’s strontium ion optical atomic clock. The photo, taken by photographer
Andrew Brookes, came first in the Optical Society’s Centennial Exhibition,
which highlighted 100 iconic images from the world of optics and photonics.
The ion trap which forms the heart of NPL’s atomic clock offers improved
stability and accuracy over the microwave clocks which currently keep the
world’s time.
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Foreword

Measurement matters. Every time you use your GPS, put petrol in your car,
or receive a medical diagnosis, you are putting your trust in measurements.
Measurement plays a vital role in responding to new challenges, supporting
UK innovation, and helping the drive to increase UK productivity. The UK
National Measurement System (NMS) consists of a core infrastructure of
measurement laboratories and a wider community of service providers that
LUZ\YL`V\JHUOH]LJVUÄKLUJLPU[OLTLHZ\YLTLU[Z`V\THRLVYHYLTHKL
on your behalf. Our reliance on the NMS is often overlooked, but, like many
of our infrastructures such as roads or water, it would be noticed if it did not
work. The fact that it is invisible to many is indicative of its success, but our
economy, our quality of life and often our very lives depend on the robust and
reliable measurements it enables.
This measurement infrastructure provides critical support to business, from calibration laboratories and
instrumentation manufacturers, to measurements in use on a production line or in delivering a service.
6]LY VM)YP[PZO:[HUKHYKZPU]VS]LTLHZ\YLTLU[VY[LZ[PUN;OL54:HSZVLUHISLZNSVIHS[YHKLHUK
manufacture by ensuring consistency and recognition of measurement units and standards throughout
the world.
Measurement needs do not stand still. Improving the productivity of UK industry is essential in sustaining
and improving prosperity for our nation, and measurement plays a fundamental role in optimising and
improving industrial processes. The rise of new markets, innovations in industrial processes, disruptive
technologies, and societal challenges in health, security and the environment all drive the need for new
or innovative measurement techniques and standards.
The UK has a world-leading science base which our national measurement infrastructure can draw on as
it conducts research and builds capability to meet the measurement needs of the UK now and into the
future. This infrastructure will enable innovation and improved healthcare, and will support us in tackling
the challenges faced by the UK.
>LTHPU[HPUH5H[PVUHS4LHZ\YLTLU[:`Z[LTILJH\ZLVM[OLZ\IZ[HU[PHSPTWHJ[P[OHZVUL]LY`HZWLJ[
VM<2SPMLHUKLJVUVTPJZ\JJLZZ9LÅLJ[PUN[OPZPTWVY[HUJL^LOH]L[HRLU[PTL[VHUHS`ZLHUKJVUZ\S[
widely in order to develop our thinking.
In developing this strategy we conducted a broad consultation with industry, government partners,
regulators and other users of measurement. We also analysed government ambitions and reviewed
[LJOUVSVN`HUKPUK\Z[Y`[YLUKZ>LHYLJVUÄKLU[[OH[[OPZZ[YH[LN`^PSSLUHISL\Z[VHKKYLZZ<2
WYPVYP[PLZV]LY[OLJVTPUNÄ]L`LHYZ>LT\Z[JHWP[HSPZLVUHUKLUOHUJLV\Y^VYSKSLHKPUN5H[PVUHS
4LHZ\YLTLU[:`Z[LT[VZ\WWVY[V\YHZWPYH[PVU[VIL[OLILZ[WSHJL[VSP]L[VPUUV]H[LHUKNYV^H
business. Delivery of this strategy will provide a connected measurement system, coordinating national
YLZV\YJLZHUKLUHISPUNLɈLJ[P]LPU]LZ[TLU[[OH[PZLHZPS`HJJLZZPISLMVY[OLLUK\ZLYZ0[^PSSIYPUNTHU`
ILULÄ[ZMVY[OL<2

CHAPTER 1 - VISION | 5

Chapter 1 - Vision

Government engaged with more than 1,000 measurement users, key stakeholders
and partners in order to understand how the system works for them and what
the future challenges for measurement are that need to be addressed through
the National Measurement System. The NMS is the collection of capabilities and
facilities delivered through a core infrastructure of measurement laboratories and
a wider community of service providers and intermediaries. Feedback from users
VM[OL5H[PVUHS4LHZ\YLTLU[:`Z[LTJVUÄYTLK[OLPTWVY[HUJLVMTLHZ\YLTLU[
for business, science, the regulatory community and government and called for a
strategic framework that establishes clear leadership in measurement for the UK
through a national approach and an integrated system.
;OL<24LHZ\YLTLU[:[YH[LN`OHZILLUKL]LSVWLKIHZLKVU[OPZPUW\[HKKYLZZPUN[^VTHQVY
challenges:
;OL<2OHZI\PS[\WH^VYSKSLHKPUN5H[PVUHS4LHZ\YLTLU[:`Z[LT;OLJOHSSLUNL^PSSIL[VTHPU[HPU
this position in the light of the ever increasing demands for new measurement science responding to
challenges in health, environment security, and energy.
2. Given the productivity challenge in the UK and the importance of access to world-leading facilities,
[OL5H[PVUHS4LHZ\YLTLU[:`Z[LTULLKZ[VLɈLJ[HX\PJRHUKLɉJPLU[YLZWVUZL[V\ZLYULLKZ
to deliver impact using national assets wherever they reside. This will ensure the UK retains its
JVTWL[P[P]LHK]HU[HNLHɈVYKLKI`TLHZ\YLTLU[RUV^SLKNLHOLHKVMPU[LYUH[PVUHSJVTWL[P[PVU
;OYV\NOTLHZ\YLTLU[HUKZ[HUKHYKPZLKWYV[VJVSZ^L^HU[[VIYPUNJVUÄKLUJL[VPU]LZ[[V[YHKL[V
innovate, and to deliver national services in the UK that ensure our citizens are healthy and secure within
a sustainable environment.
;OPZNV]LYUTLU[^PSSI\PSK\WVU[OL^VYSKSLHKPUNJHWHIPSP[PLZHUKPUKP]PK\HSZZ\WWVY[LKI`[OL54:[V
KLSP]LYPTWHJ[[VP[Z\ZLYZ[OYV\NOJSVZLYPU[LNYH[PVUVM[OL^PKLYJVTT\UP[`HUKLɈLJ[P]LWHY[ULYZOPWZ
We will establish a better connected measurement system, coordinating national resources and enabling
LɈLJ[P]LPU]LZ[TLU[[OH[PZLHZPS`HJJLZZPISLMVY[OLLUK\ZLYZ
;VKLSP]LYV\Y]PZPVU^LOH]LPKLU[PÄLKÄ]LZ[YH[LNPJ[OLTLZ!
,UZ\YLHUH[PVUHSHWWYVHJO[VTLHZ\YLTLU[JHWHIPSP[PLZ[OH[KYP]LZLɈLJ[P]LPU]LZ[TLU[PU[OL<2
measurement laboratories in partnership with the UK science base and business to deliver a worldleading measurement infrastructure.
2. Champion measurement across government to ensure good policy, standards, and regulation.
3. Work smarter and get better connected to end users to increase awareness, access, and uptake of
best practice measurement.
4. Improve the UK’s measurement skills across all sectors of the UK to accelerate new technology
\W[HRLHUKM\SS`L_WSVP[[OLILULÄ[ZVMHOPNO[LJOLJVUVT`
5. Bring together the diverse communities to understand the new capabilities in data science and
develop a framework to deliver JVUÄKLUJLPU[OLPU[LSSPNLU[HUKLɈLJ[P]L\ZLVMKH[H based on
measurement traceability and uncertainty analysis.
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Investing in a world-leading
measurement infrastructure

Our vision
is for the UK
to capitalise on its
world-leading National
Measurement System
to be the best place
to live and do
business.

Getting better connected to our
end-users to deliver impact

Ensuring good policy, standards
and regulations

*VUÄKLUJLPU[OLPU[LSSPNLU[HUK
LќLJ[P]L\ZLVMKH[H

Improving the UK’s
measurement skills
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Key messages from the measurement
user community
Measurement is critical for a large user base that includes business, science, government,
and the regulatory community operating in a global competitive environment:
•

Measurement enables UK businesses to raise productivity, accelerate innovation and
move to Manufacturing 4.0

•

The instrumentation sector is a key impact route for measurement technology and is
strongly interlinked with the National Measurement System

New technologies continue to pose new and complex measurement challenges. Areas
requiring further investment in measurement research include manufacturing, Big Data, and
life sciences.
Big Data and the Internet of Things in particular require a better understanding of data
quality and uncertainty.
Access to world class facilities, equipment, and experts is critical. Any changes to the
portfolio of capabilities will have to be managed carefully to ensure UK expertise is
maintained.
*SHYP[`VMSLHKLYZOPWHUKOV^[VHJJLZZ[OLZ`Z[LT^V\SKZPNUPÄJHU[S`PTWYV]L[OLWYVÄSLVM
TLHZ\YLTLU[HJYVZZZJPLUJLI\ZPULZZHUKNV]LYUTLU[6WWVY[\UP[PLZ^LYLPKLU[PÄLKMVY
a national approach and a more integrated system, in particular working more closely with
regulation and trading standards to ensure consumer protection.
Practical measurement skills are not universally available and a major concern for
businesses hiring the next generation apprentices, technicians, and engineers.

Further evidence and delivery plan
This document provides a strategic framework for UK Measurement. It is underpinned by evidence
Z\TTHYPZLKPUº;OL=HS\LVM4LHZ\YLTLU[»^OPJOPUJS\KLZM\Y[OLYPUMVYTH[PVUVU[OL54:HUK
how it works, the economic case for measurement, and the evidence collected through stakeholder
engagement.
During the course of 2017, the government will publish a delivery plan describing how our commitments
^PSSILKLSP]LYLKHJYVZZNV]LYUTLU[HUK[OYV\NO[OL5H[PVUHS4LHZ\YLTLU[:`Z[LTPUWHY[ULYZOPW^P[O
the science base and innovation system. The plan is based on the actions within this document and
will include details of investment in the future portfolio of measurement capabilities and roadmaps for
delivering a better connected measurement system for the UK.
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Chapter 2 – Strategic Context

4LHZ\YLTLU[KLSP]LYZJVUÄKLUJL
In order for the UK to compete internationally, businesses must continue to
innovate and improve productivity and trade. Good measurement is at the
heart of this endeavour and plays a vital role in responding to new challenges,
supporting UK innovation, increasing quality, and helping the drive to increase UK
productivity. Measurement also supports governments and citizens in obtaining
reliable information on important issues such as climate change, pollution and
TLKPJHSKPHNUVZ[PJZ9LSPHISL[YHJLHISLTLHZ\YLTLU[ZNP]LJVUÄKLUJLPUKH[H
HUKLUHISLLɈLJ[P]LKLJPZPVUTHRPUN^OPJOZ\WWVY[Z[OLÄUHS\W[HRLVMUL^
ideas in industry or other organisations.
Higher productivity
Measurement enables organisations to reduce waste, increase machine utilisation, reduce human
PU[LY]LU[PVUZOVY[LUTHU\MHJ[\YPUNSLHK[PTLZPTWYV]LWYVK\J[P]P[`HUKPUJYLHZLV]LYHSSJVUÄKLUJL
in decisions. Raising productivity is a key economic challenge. The development of measurement
technologies is strongly associated with increased productivity. In addition, evidence shows that support
MYVT[OL54:JHUIVVZ[LTWSV`TLU[PUÄYTZI` ^P[OPU`LHYZHUKZ\WWVY[Z[OLPYZ\Y]P]HS1.
:PUJL[OLW\ISPJH[PVUVM[OLSHZ[TLHZ\YLTLU[Z[YH[LN`NV]LYUTLU[OHZZ\WWVY[LKTHU`THU\MHJ[\YPUN
Z\WWS`JOHPUJVTWHUPLZ[VPTWYV]LPUWYVJLZZ]LYPÄJH[PVUZWLLKPUN\WWYVK\J[PVU^OPSLYLK\JPUNJVZ[Z
6]LY[OYLLX\HY[LYZVMTLHZ\YLTLU[SHIVYH[VY`J\Z[VTLYZ\ZLTLHZ\YLTLU[[OYV\NOV\[[OLWYVK\J[PVU
WYVJLZZ!K\YPUNKLZPNU"[VJOLJR[OH[NVVKZMYVTZ\WWSPLYZTLL[ZWLJPÄJH[PVUZ"K\YPUN[OLWYVK\J[PVU
WYVJLZZ[VTHPU[HPULɉJPLUJ`"HUKILMVYLKLZWH[JO[VLUZ\YLWYVK\J[ZTLL[X\HSP[`Z[HUKHYKZ0U
hospitals, advances in measurement have improved diagnoses, reducing false positives and negatives, as
well as increasing sensitivity of tests and reducing the time and cost taken to produce results1.

More export and trade
)\ZPULZZLZL_WLJ[HYLN\SH[VY`Z`Z[LT[OH[[OL`JHULHZPS`\UKLYZ[HUKHUKKVLZUV[PTWVZL
undue costs whilst protecting the consumer, the public, and the environment. They also demand an
enforcement regime that is consistent and proportionate. Trade makes an important contribution to the
<2LJVUVT`^P[OL_WVY[ZHUKPTWVY[ZLHJO^VY[OHYV\UK VM.+72,HJO`LHYPU[OL<2HYV\UK
IPSSPVU^VY[OVMNVVKZHYLZVSKVU[OLIHZPZVM[OLTLHZ\YLTLU[VM[OLPYX\HU[P[`[VJVUZ\TLYZ
and between businesses themselves, e.g. measuring the consumption, energy value and quantity, of
the fuel piped to homes. The measurement community will work proactively to ensure these regulatory
Z`Z[LTZHYLZ\JJLZZM\SIL`VUKL_P[MYVT[OL,\YVWLHU<UPVU

The Value of Measurement, Evidence to the UK Measurement Strategy, BEIS, 2017
6)9,JVUVTPJHUKÄZJHSV\[SVVR

1
2
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Measurement is the currency of technical trade between suppliers and customers as it provides
JVUÄKLUJLPUWYVK\J[Z\UKLYWPUUPUNYLN\SH[PVUHUKZ[HUKHYKZ>OLYLYLN\SH[PVUPZYLX\PYLKH
regulatory system that is also underpinned by standards enables business to trade at lower costs.
Using regulation to ensure accurate measurement in trade also underpins fair competition between
businesses and competition is a key driver for improving the productivity of UK businesses. Trading
is not always about physical goods and services; since the last strategy government has invested in
Z`Z[LTZ[VZ\WWVY[UL^HYLHZZ\JOHZ[PTPUNVMÄUHUJPHS[YHUZHJ[PVUZHUKJHYIVUTHYRL[Z

0UÄUHUJPHS[YHKPUN[PTLPZTVUL`
The rapid expansion of computer- based
trading requires accurate time stamping in
order to help prevent trading irregularities
and to aid forensic investigations. NPL
is working with the Financial Conduct
Authority (FCA) to help support the
proposed new regulations and will deliver
a trusted time signal, NPLTime®, directly
to the city to provide the most accurate
and secure timing available in the world.

Understanding the structure of
biopharmaceuticals and their behaviour
at each stage of production is crucial
for new drug therapies, of which only
~10 % are successful. LGC has translated
academic development into standardised
^VYRÅV^ZMVYWYV[LPUZ[Y\J[\YHSHUHS`ZPZ
using hydrogen deuterium exchange.
This extends UK capabilities within the
industry, reducing the time, cost and risks
associated with bioprocess manufacturing
by up to a potential six months.

Higher productivity

More export and trade

The global market for therapeutic
monoclonal antibodies has huge potential
- predicted to be $125 billion by 2020.
However, commercialisation hinges on
assuring that these products are safe to
use. NIBSC developed a new bioassay
method that predicts immunogenic or
immunotoxicological reactions, thereby
allowing pharma companies to test their
candidate drugs at an early stage. This
ZPNUPÄJHU[S`YLK\JLZKL]LSVWTLU[JVZ[ZHZ
fewer immunogenic candidates later have
to be abandoned.

Productivity improvement leads to
increased sales: Huntleigh Diagnostic’s
ultrasound probes are exported around
the world, mainly to detect the heartbeat
of a developing foetus. Integrating
measurement expertise, the company
PUZ[HSSLKHTVYLLѝJPLU[JHSPIYH[PVUZ`Z[LT
resulting in £17.5 million of additional
sales due to increased product quality
assurance.
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*VUÄKLUJLPUPUUV]H[PVU!.YHWOLULPZ
hotly tipped to surpass conventional
materials in applications such as supercapacitors, ultrafast analogue transistors
and touch-screen displays. However,
JHWP[HSTHYRL[ZÄUKP[KPѝJ\S[[VKLHS
with the uncertainty associated with
very new technologies needing validation
of inventor’s claims in order to invest.
Haydale Ltd, used measurements
provided by the NMS to characterise
their graphene process innovation, giving
JVUÄKLUJL[VPU]LZ[VYZHZWHY[VM[OLPY
ÅV[H[PVUVU[OL(04Z[VJRTHYRL[YHPZPUNPU
excess of £6 million.

Quantum technologies are set to
revolutionise computing, secure
communications, imaging measurement
and sensing. The commercialisation and
technical delivery of market-ready product
based on these emerging and disruptive
technologies requires the development of
the measurement infrastructure, access
to facilities and the transfer of knowledge
throughout the supply chain. NPL’s Quantum
Metrology Institute (QMI) will respond
to these requirements by providing the
leadership that delivers new technical
measurement capability and international
standards which will enable the UK Quantum
hubs, industry partners, academia and
government agencies to make the UK the
nation of choice for the commercialisation of
Quantum technologies.

*VUÄKLUJLPUUL^
technologies
Better solutions for
societal challenges
Biometric technologies enable automated
recognition of people for building access,
for passports and border control, and
for authorising payments using mobile
devices. NPL evaluates the performance
and vulnerabilities of innovative biometric
technologies such as the recognition of
people’s distinctive vein patterns, gait, and
electrocardiogram signals as well as more
established systems based on recording
ÄUNLYWYPU[ZMHJLPYPZLZHUK]VPJL573
initiated and drafted the international
standard ISO/IEC 19795-1 “Biometric
performance testing and reporting—Part
1: Principles and framework” now used by
government and commercial organisations
to specify and evaluate biometric systems
in an expanding global business.

Tackling cancer through providing
JVUÄKLUJLPUYHKPV[OLYHW`4VYL[OHU
120,000 people receive radiotherapy
treatments per year, which is still one
VM[OLTVZ[LќLJ[P]LJ\YLZ0[ZZ\JJLZZ
depends on the accuracy of the dose
HUKP[ZKLSP]LY`!HZ\ѝJPLU[KVZL
delivered to kill the tumour whilst sparing
surrounding tissues. This is underpinned
by metrologists, working with academics,
instrument manufacturers, radiotherapists,
clinicians and professional bodies to
ensure the right standards, training,
procedures and auditing are in place.
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*VUÄKLUJLPUUL^[LJOUVSVNPLZSLHKPUN[VHJJLSLYH[LKPUUV]H[PVU
The world is constantly changing. Markets are established or disrupted by new technologies, companies
NYV^[OYV\NOJVTWL[P[P]LHK]HU[HNLHUKUL^YLZLHYJOZH]LZHUKL_[LUKZSP]LZ0UUV]H[PVUI\PS[VU
ÄYTZJPLUJLHUKLUNPULLYPUNMV\UKH[PVUZPZJLU[YHS[V[OLWYVJLZZVMWVZP[P]LJOHUNLHUKHK]HUJPUN[OL
prosperity and health of the UK. Uncertainty about whether something works, or has improved, deters
investment and slows down commercialisation.
Measurement reduces business risks throughout the technology life cycle. Measurement can lead to
competitive advantage by demonstrating how a new product or technology works, enabling the rapid
take-up of novel technologies in new products, reducing development time, and removing barriers to
market adoption. Measurement can also help identify the robust critical attributes of a product that
may be the distinguishing factor or improvement over a competitor product. According to a survey of
1,000 businesses, organisations that use government-supported measurement laboratories are more
PUUV]H[P]L0UHKKP[PVU  VMI\ZPULZZ\ZLYZ[OH[PU[YVK\JLKHUPUUV]H[PVUILSPL]LK[OH[[OLZ\WWVY[
[OL`YLJLP]LKOLSWLK[OLTTHRL[OLPYPUUV]H[PVUTVYLX\PJRS`TVYLLɈLJ[P]LS`VYYLK\JLK[OLYPZR;OL`
also believed that without government support their total annual sales of new products would decrease
by at least £470 million and that about £2 billion worth of new products might be at risk without this
support3.
“The more capable we are at measuring and understanding our process, the better we can predict the
outcome. As we produce near net shape parts this will be critical to new product introduction particularly
as we move towards more complex parts.” Paul Monington, Aeromet Quality Manager
5L^[LJOUVSVN`PUP[ZLSMNLULYH[LZHJVUZ[HU[KLTHUKMVYUL^TLHZ\YLTLU[[VVSZ:PUJL[OLW\ISPJH[PVU
of the last strategy, government have invested in quantum and life science measurement and the
capability to respond to measurement requirements for new technologies.

Better solutions for societal challenges
The UK and the world faces many environmental, sustainability, security, safety, energy and health
JOHSSLUNLZ>P[OV\[NVVKTLHZ\YLTLU[[OLZLJOHSSLUNLZJHUUV[ILX\HU[PÄLKHUK\UKLYZ[VVKVY
potential solutions sought.
¸-YVT[OLÄNO[HNHPUZ[WVSPV[VÄ_PUNLK\JH[PVU^OH[»ZTPZZPUNPZVM[LUNVVKTLHZ\YLTLU[HUKH
JVTTP[TLU[[VMVSSV^[OLKH[H>LJHUKVIL[[LY>LOH]L[OL[VVSZH[OHUK¹ Bill Gates, January 2013
Government invests in a broad range of measurement needs, which are used every-day to ensure that
V\YJP[PaLUZHYLZHMLHUKZLJ\YL-VYL_HTWSLI`!
:\WWVY[PUNLɈLJ[P]L[YLH[TLU[[OYV\NO[OLHJJ\YHJ`HUKYLSPHIPSP[`VMKPHNUVZ[PJ[LZ[Z
,UZ\YPUNHJJ\YH[LKVZLZ[OYV\NOV\[[YLH[TLU[
)YPUNPUNJVUÄKLUJL[VSLNHSYLN\SH[VY`MYHTL^VYRZ[VH]VPKKPZW\[LZPUJV\Y[
*V\U[LYPUN[LYYVYPZT[OYLH[Z[OYV\NO[OLKL]LSVWTLU[VMUL^KL[LJ[PVUJHWHIPSP[PLZ
:VS]PUN[OLZLJOHSSLUNLZYLX\PYLZUL^TLHZ\YLTLU[ZJPLUJLHUKJHWHIPSP[PLZ[VLUHISLWYL]LU[PVU
control, mitigation and remediation. The new capabilities developed then become part of the UK’s
measurement infrastructure, which is required long-term to sustain the industries that emerge to respond
to these challenges.

3

Study of NMS customers with a comparison group of non-users for the National Measurement System, and the impact their business activity has on the
UK economy, Data Build, May 2015
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Measurement in short
At its simplest, the measurement system ensures consistency between measurements
made in the UK and other countries so that, for example, a component can be designed
HUKZWLJPÄLKPU[OL<2THU\MHJ[\YLKPU*OPUHWYVJLZZLKPU.LYTHU`HUKIYV\NO[IHJR
[V[OL<2MVYPUJVYWVYH[PVUPUH^PKLYZ`Z[LT^P[OV\[[OLULLKMVYTVKPÄJH[PVU;OLHIPSP[`
to manage supply chains is only possible through the use of standardised measurement
units and common measurement techniques and processes supported by international
Z[HUKHYKZ:[HUKHYKZHSZVMVYT[OLIHZPZVMMHPYHUKLќLJ[P]LYLN\SH[PVUZVP[PZPTWVY[HU[
MVY[OL<2[VPUÅ\LUJL[OLKL]LSVWTLU[VMPU[LYUH[PVUHSZ[HUKHYKZIHZLKVUTLHZ\YLTLU[
to ensure they meet UK requirements.
Six guiding principles of good measurement:
1. The right measurement
2. The right tools
3. The right people
4. Regular review
5. Demonstrable consistency
6. The right procedures
Measurement traceability describes an unbroken chain of comparisons, relating an
instrument’s measurement to a known internationally agreed standard.
Metrology is “the science of measurement, embracing both experimental and theoretical
KL[LYTPUH[PVUZH[HU`SL]LSVM\UJLY[HPU[`PUHU`ÄLSKVMZJPLUJLHUK[LJOUVSVN`¹HJJVYKPUN
to BIPM’s ‘What is metrology?’, 2004.

A majority of activities in the measurement laboratories deliver applied measurement
research and standards that is supporting emerging technologies. Examples include:
•

Big Data – Earth observation research aiding climate modelling

•

Robotics and autonomous systems – highly accurate sensors in autonomous
production lines

•

Synthetic biology – targeted genome editing

•

Regenerative medicine – characterisation of stem cells for process control

•

Agricultural technologies – new techniques to achieve high accuracy food and
feed supplement measurements

•

Advanced materials – characterisation of and standards for graphene

•

Energy storage – advancement of fuel cell technologies through better characterisation
of performance

•

Oil and gas – improved subsea measurement technologies to support optimisation of UK
Continental Shelf production

•

Quantum technologies – work on quantum encryption and quantum communication

•

Internet of things – exploring complex system behaviour in sensor networks
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The UK Measurement System
;OPZNV]LYUTLU[PZJVTTP[[LK[VVWLYH[PUNH^VYSKJSHZZ5H[PVUHS4LHZ\YLTLU[:`Z[LT0[PZ[OL
technical and organisational infrastructure, which ensures a consistent and internationally recognised
basis for measurement in the UK. The UK, along with all other developed countries, invests in our
measurement infrastructure to allow measurements to be made with integrity and consistency
by developing and maintaining internationally recognised measurement standards and practices.
Government provides the vital funding to support this infrastructure, which also guarantees that the
capabilities are available to all in the UK: from those contributing to the quality of our lives in education,
health or security, to those supporting our economy through manufacture and trading.
The UK has an enviable history in measurement, from the Magna Carta declaring standard measures
VMJVYUILLY^PULHUK^LPNO[Z[V[OLPU]LU[PVUVM[OLÄYZ[HJJ\YH[LH[VTPJJSVJR[OH[LUHISLK.7:
[OLPU[LYUL[HUKOPNOMYLX\LUJ`ÄUHUJPHS[YHKPUN;OPZOPZ[VY`VMHJOPL]LTLU[OHZILLUH[[HPULK[OYV\NO
Z\Z[HPULKSVUN[LYTPU]LZ[TLU[PU[OL<2»Z5H[PVUHS4LHZ\YLTLU[:`Z[LTH^VYSKSLHKPUNTL[YVSVN`
infrastructure.
;OL<25H[PVUHS4LHZ\YLTLU[:`Z[LTPZJVTWYPZLKVMHJVYLPUMYHZ[Y\J[\YLVMTLHZ\YLTLU[SHIVYH[VYPLZ
that are connected with the wider measurement community that includes international, legal, quality, and
ZJPLUJLHUKPUUV]H[PVU[VKLSP]LY[OLILULÄ[ZVMTLHZ\YLTLU[[V[OL<2LUK\ZLYZ

The core infrastructure
The core infrastructure comprises specialist measurement laboratories with scientists who, on behalf
of government, maintain the UK capability and undertake world-leading research to ensure the UK can
remain at the forefront of measurement science.
5735H[PVUHS7O`ZPJHS3HIVYH[VY`¶[OL<2»Z5H[PVUHS4LHZ\YLTLU[0UZ[P[\[L
3.*MVYTLYS`3HIVYH[VY`VM[OL.V]LYUTLU[*OLTPZ[¶KLZPNUH[LKMVYJOLTPJHSHUKIPVTL[YVSVN`
5,35H[PVUHS,UNPULLYPUN3HIVYH[VY`¶KLZPNUH[LKMVYÅ\PKÅV^TL[YVSVN`
),0:9LN\SH[VY`+LSP]LY`+LWHY[TLU[MVY)\ZPULZZ,ULYN` 0UK\Z[YPHS:[YH[LN`¶KLZPNUH[LKMVY
legal metrology
5.435H[PVUHS.LHY4L[YVSVN`3HIVYH[VY`¶KLZPNUH[LKMVYNLHYZTL[YVSVN`
50):*5H[PVUHS0UZ[P[\[LMVY)PVSVNPJHS:[HUKHYKZHUK*VU[YVS¶KLZPNUH[LKMVYIPVHJ[P]P[`TL[YVSVN`
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The measurement community
The measurement laboratories works with a much broader network that can be considered as the
wider measurement community including organisations in the quality, science and innovation, legal and
regulation, and international infrastructure, to drive impact through access to knowledge, skills and
facilities. At the same time, continuous feedback from the community ensures that the research and
KL]LSVWTLU[VMUL^JHWHIPSP[PLZPZYLSL]HU[HUKÄ[MVYW\YWVZL

UK measurement system deliverying impact
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Science and innovation – as science, technology, and data requirements accelerate, resulting in
new and emerging industries, the measurement requirements need to be coordinated and delivered
PUWHY[ULYZOPW^P[O[OLZJPLUJLJVTT\UP[`.VVKTLHZ\YLTLU[LUHISLZZJPLU[PÄJYLZLHYJO[VIL
X\HU[PÄLKHUKYLWYVK\JLK\S[PTH[LS`LUHISPUN[OL\W[HRLVMUL^KPZJV]LYPLZHUKPUJYLHZPUN[OL
ZWLLKH[^OPJOZJPLU[PÄJJVUZLUZ\ZMVYPUZ[HUJLVU[OLOLHS[OLɈLJ[ZVMWVSS\[HU[ZPZYLHJOLK;OL
UK has a world-leading science base and measurement infrastructure that collaborate closely to both
HWWS`TLHZ\YLTLU[[VZJPLU[PÄJYLZLHYJOHUKKL]LSVWUL^TLHZ\YLTLU[HWWYVHJOLZMYVTZJPLU[PÄJ
KPZJV]LYPLZ;OLTLHZ\YLTLU[SHIVYH[VYPLZ^VYRPUWHY[ULYZOPWHJYVZZ[OLZJPLU[PÄJZWLJ[Y\T^P[O
leading researchers and facilities supported by the Research Councils, other government departments,
and applied science and engineering capabilities in public sector research establishments and Innovate
UK’s Catapults.
UK Quality Infrastructure – The UK Quality Infrastructure including measurement, standards and
HJJYLKP[H[PVUPZPU[LYUH[PVUHSS`YLJVNUPZLKMVYP[ZHWWYVHJOHUKL_JLSSLUJL*VTIPUPUNZ[HUKHYKZ
measurement and accreditation builds trust between buyers and sellers, reducing the need for
duplicated measurements during transactions and eliminating costs within the supply chain. With this
trust in the system, it is not necessary to keep checking the nature of the goods traded. This trading
Z`Z[LT[OYV\NOHYV\UKHJJYLKP[LKJHSPIYH[PVUHUK[LZ[PUNSHIVYH[VYPLZYLSPLZ\WVU[OLL_WLY[PZL
PU[OLJVYLTLHZ\YLTLU[PUMYHZ[Y\J[\YL;OL54:Z\WWVY[ZTVYL[OHU TLHZ\YLTLU[HUKZ[HUKHYKZ
committees and professional bodies, at both national and international levels, ensuring that the required
measurement methods are underpinned by sound measurement practice.
International system of measurements – Measurement is a global endeavour ensuring the consistency
and recognition of measurement units throughout the world. The UK’s measurement laboratories
are responsible for global liaison and representing the UK within the international measurement
infrastructure. There are 97 signatories and associates to the Metre Convention - an international treaty
that ensures a common system of measurement internationally under the auspices of the Committee
0U[LYUH[PVUHSKLZ7VPKZL[4LZ\YLZ*074
The UK’s legal metrology – Weights and Measures legislation is enforced across 207 local authorities
I`V]LYH[OV\ZHUK[YHKPUNZ[HUKHYKZVɉJLYZ[YHPULKPU^LPNO[ZHUKTLHZ\YLZ[VZ\WWVY[SVJHS
businesses and protect UK consumers.
;OL.V]LYUTLU[*OLTPZ[M\UJ[PVUWYV]PKLZHK]PJL[VYLN\SH[VYZHUKPUK\Z[Y`[VYLZVS]LZJPLU[PÄJ
disputes and carry out research. This statutory function acts as a referee analyst under several Acts of
Parliament which focus on public protection, value for money, and consumer choice. Regulatory areas
where our advice may be important include the quality of food, animal feed, pesticides, medicines,
and chemicals.
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Measurement leadership
The UK measurement system is world leading4,5 and measurement is truly a global endeavour.
3LHKLYZOPWIV[OPU[LYUH[PVUHSS`HUKUH[PVUHSS`HɈVYKZ[OL<2HU\TILYVMRL`HK]HU[HNLZ!
;YHKLHUKL_WVY[Z!+YP]PUN<2KLÄULKZ[HUKHYKZH[HUPU[LYUH[PVUHSSL]LS[OH[\UKLYWPUZNSVIHS[YHKL
can provide a competitive advantage for the UK. It can ensure that UK industrial practice can be
adopted globally and commercialisation of UK technologies and products are accelerated.
)\ZPULZZMYPLUKS`Z[HUKHYKZHUKYLN\SH[PVUNSVIHSS`! The UK, through its leadership position, can
PUÅ\LUJLYLN\SH[VY`YLX\PYLTLU[Z[VILJVTLÄ[MVYW\YWVZLHUKLɉJPLU[MVY<2I\ZPULZZ[VPTWSLTLU[
3LHKLYZOPWPU:JPLUJLHUK0UUV]H[PVU! 3LHKLYZOPW^P[OPU[OLNSVIHSTL[YVSVN`JVTT\UP[`VULVM[OL
^VYSK»ZSHYNLZ[JVVYKPUH[LKZJPLU[PÄJJVTT\UP[`LUHISLZWYPVYP[PZH[PVUVMYLZLHYJOHNLUKHZ[VLUOHUJL
the UK’s own world leading science and innovation systems and helps attract high-tech international
businesses and research to the UK.
Government is committed to retaining this leadership position.

The NMS underpins key policy objectives, regulation and operational requirements across a
number of government departments:
•

Food, agriculture, air and water quality regulation for the Department for Environment,
-VVKHUK9\YHS(ќHPYZ+LMYHHUK-VVK:[HUKHYKZ(NLUJ`-:(

•

Medical diagnosis and treatment in the NHS for the Department of Health (DH)

•

Transport infrastructure monitoring and drink drive legislation for the Department for
Transport (DfT)

•/VTLSHUKZLJ\YP[`MVY[OL/VTL6ѝJL
•

National greenhouse gas (GHG) inventory, observations of emissions in the UK and
accelerating the development and uptake of low-carbon technology for the Department
for Business, Energy & Industrial Strategy (BEIS)

•

Timing, location and national security for the Ministry of Defence (MoD)

•

Taxation of oil and gas production for BEIS and HM Treasury (HMT)

Measurement also enables the UK to respond to a number of international treaties, for
example in the areas of climate change, food, and nuclear energy.

4
5

International Science Benchmarking Exercise, NPL, 2012
The Value of Measurement, Evidence to the UK Measurement Strategy, BEIS, 2017
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The UK plays a leading role in
measurement in Europe, securing
€500 million of funding from the European
Commission to support measurement
research and the development of
capabilities through joint European
metrology programmes. The programme
^PSSPUJYLHZL[OLLќLJ[P]LULZZVMYLZLHYJO
by reducing duplication and increasing
impact. The overall goal is to accelerate
innovation and competitiveness whilst
continuing to provide essential
support to underpin quality
of life. The UK expects
to continue this leading
role beyond exit from the
European Union.

83% of the global pharmaceutical leaders
have sites in the UK. Chemical and
biological measurement is a cornerstone
of this industry and the measurement
SHIVYH[VYPLZSLHK<2LќVY[Z[VYLZWVUK
to the market needs. In 2017, the UK’s
ÄYZ[<2(:HJJYLKP[LKJHSPIYH[PVUMHJPSP[`
for digital PCR DNA measurement will
open at LGC, enabling developers of
molecular diagnostic kits and
reference materials to develop
high-accuracy products
MVY[OLILULÄ[
of patients.

The oil and gas sector will continue to
make a substantial contribution to the UK
economy, supporting around 375,000 jobs
and supplying the UK with more than half
of the oil and gas used. Responding to
the DECC commissioned Wood Review
concerning the next 20 years of oil and
gas production from the UK Continental
Shelf, fundamental work must be done to
support the drive to maximise economic
recovery in technologically challenging
environments. Accurate and
YLSPHISLT\S[PWOHZLÅV^
measurement will be
a principal enabling
technology in the drive
to optimise production.

;OL<2^HZ[OLÄYZ[[VZLL[OH[[OLYL^HZ
a compelling case for standardisation
of Nanotechnology to underpin trade.
NPL worked closely with UK government
and BSI to put a proposal to ISO for the
creation of a new committee, TC229
5HUV[LJOUVSVNPLZ[VJYLH[LJVUÄKLUJLPU
the market place through the development
of standards. This committee has now
produced 46 standards and has 36
participating countries.

Drink drive legislation saves lives - the number of people
estimated to have been killed in drink drive accidents in
Great Britain has decreased from 1,640 in 1979 to 240
in 2013. Workplace testing for alcohol use also prevents
accidents. NPL reference gases underpinned the 684,000
roadside screening breath tests and 124,000 police
station drink drive tests carried out in 2013.
LGC ethanol primary reference standards
and LGC ethanol calibration services now
represent 50% of the breathalyser market
and its standards also supply 150+ clients
for clinic-based workplace testing.
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Chapter 3 – Strategic Themes

Investing in a world-leading measurement
infrastructure
.P]LU[OLILULÄ[ZVMPU[LYUH[PVUHSSLHKLYZOPW[V[OL<2Z\Z[HPUPUNHU
internationally leading measurement infrastructure and science base will be
essential in maximising the returns for the UK. Maintaining and building an
advanced measurement infrastructure is beyond the capability of individual
organisations and needs to be provided by government to ensure a thriving
economy6.
The challenge for the UK is to maintain its leadership position, whilst responding to a diverse set of
user needs: on the one hand satisfying an ever increasing demand for new measurement science
addressing national challenges and on the other hand continuing to deliver core services around
[YHJLHIPSP[`^OPJO\UKLYWPU[YHKLHUKLJVUVTPJNYV^[O0U]LZ[TLU[ULLKZ[VTHPU[HPUYLSL]HU[L_PZ[PUN
capability and establish new infrastructure that connects people and companies, enables trade,
PUJYLHZLZWYVK\J[P]P[`HUKKLSP]LYZZ\Z[HPULKSVUN[LYTSVJHSLJVUVTPJHUKZVJPHSILULÄ[;OPZZ[YH[LN`
PZI\PSKPUNVUMLY[PSLNYV\UK;OL54:PZYHURLKHZ^VYSKSLHKPUNPU[LYTZVMLɉJPLUJ`HUKLɈLJ[P]LULZZ
^P[OOPNOSL]LYHNLVML_[LYUHSM\UKPUN70[HSZVILULÄ[ZMYVT^VYRPUNPUWHY[ULYZOPW^P[O[OL<2»Z^VYSK
leading science base.
This government will capitalise on the world leading capabilities and take a national approach
to coordinate assets wherever they reside and drive aligned investment in new measurement
capabilities to maximise impact of government investment.
The measurement laboratories will manage a dynamic portfolio of measurement capabilities focusing on
those cross-government priorities and national challenges where better measurement will play a central
role in delivering successful outcomes across a range of national priorities.
Most importantly, future user requirements will be better understood in advance to build a relevant
infrastructure drawing on the knowledge of science, technology and industry trends established by the
-VYLZPNO[WYVQLJ[Z^P[OPUNV]LYUTLU[HUK[OLZ[YH[LN`^VYRVM[OL9LZLHYJO*V\UJPSZ0UUV]H[L<2
HUKV[OLYZ;OPZHWWYVHJO^PSSWYV]PKLVWWVY[\UP[PLZ[VL_WSVYLUL^TVKLSZMVYJVKLSP]LY`HUKZ\WWVY[
VMJYVZZNV]LYUTLU[PUP[PH[P]LZ[VSL]LYHNLNV]LYUTLU[PU]LZ[TLU[HUKUH[PVUHSS`LUZ\YLHÄ[MVY
purpose capability.

6
7

The Value of Measurement, Evidence to the UK Measurement Strategy, BEIS, 2017, chapter 3
International Science Benchmarking Exercise, NPL, 2012
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Rolls-Royce uses over 200,000 measuring
instruments with traceability back to
national standards in the production of
its engines all over the world. Their Trent
1000 engine is made up of over 18,000
components, each of which is safety and
performance critical and needs to be
THU\MHJ[\YLK[VL_HJ[ZWLJPÄJH[PVUZ[OPZ
is controlled through careful measurementIHZLKWYVK\J[]LYPÄJH[PVUWYVJLZZLZ

Neutron detectors are essential in the
control of nuclear reactors. NPL enables
the testing and characterisation of these
neutron-detecting devices using its
unique accelerator-driven thermal neutron
producing facility. This facility, providing
core infrastructure capability, allows UK
nuclear reactors to continue to operate
through the testing of instrumentation that
is essential for their safe operation.

.V]LYUTLU[^PSSSLHK[OL54:[V!
Invest in the best capabilities to sustain and build a globally competitive measurement infrastructure
HUKL_WLY[PZL[OH[NP]LZ[OL<2HULJVUVTPJHK]HU[HNLHUKPUJYLHZLZ[OL^LSSILPUNVMV\YJP[PaLUZ
in partnership with the UK’s science base as demonstrated by a regular, independent benchmarking
L_LYJPZL
Actively manage the portfolio of current and future capabilities,L_WHUKPUNHUKI\PSKPUNUL^
L_WLY[PZLMVYUH[PVUHSJOHSSLUNLZZ\JOHZIPNKH[HHUKSPMLZJPLUJLZ^OPSZ[KL]LSVWPUNUL^I\ZPULZZ
TVKLSZMVYTH[\YLJHWHIPSP[PLZ>L^PSSJVVYKPUH[LHUKSL]LYHNLL_PZ[PUNUH[PVUHSHZZL[ZPUSPUL^P[O
NV]LYUTLU[»ZKYP]LMVYLɉJPLUJ`4VYLKL[HPSZ^PSSILW\ISPZOLKHZWHY[VM[OLKLSP]LY`WSHUMVY[OL
54:PU

a National Measurement Foresight Activity in 2018 by bringing together users in science,
Drive
business, regulatory, and government to identify priorities for UK measurement science. These will be
MVYTHSPZLKPUUH[PVUHSTL[YVSVN`YVHKTHWZMVYNYHUKJOHSSLUNLZPU/LHS[O,ULYN`,U]PYVUTLU[HUK
:LJ\YP[`
Build

better connections across the NMS, including working in collaboration with science
HUKPUK\Z[Y`SLHKPUN[VTVYLQVPU[KL]LSVWTLU[VMM\[\YLTL[YVSVN`JHWHIPSP[PLZ[VZ\WWVY[[OLPY
practitioners and deliver solutions to their challenges.
Identify or create new funding models for long-term fundamental metrology research through
partnership between the UK’s core measurement laboratories and the quality, science and innovation
infrastructure.

573JYLH[LK[OLÄYZ[HJJ\YH[LH[VTPJJSVJRIHZLKVUJHLZP\T8\HU[\T[LJOUVSVNPLZOH]L
recently become a major government priority with the aim of making the UK an international
SLHKLYPU[OLÄLSK(ZWHY[VMHUL^TPSSPVUW\ISPJPU]LZ[TLU[PUX\HU[\T[LJOUVSVNPLZ
the Defence Science and Technology Laboratory (Dstl) has invested £7 million over four years
at NPL. The investment will see NPL develop components of a Quantum Navigator, a system
which will enable very precise positioning and navigation without access to global navigation
satellite systems (GNSS), enabling navigation in GNSS-denied environments such as indoor
and subsea applications.

;OL<2Z\ITHYPULÅLL[YLSPLZVUHU\S[YH
precision, UK-made, geared propulsion
system operating with ultra-low noise to
minimise detection risk. NGML provide the
gear measurement traceability to ensure
this is achieved

6\YJVUZ\S[H[PVUPKLU[PÄLK[OLMVSSV^PUN
top three areas as measurement priorities:
•

Manufacturing and productivity

•

Big data, models and sensor networks

•

Life sciences
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Ensuring good policy, standards and regulations
.VVKTLHZ\YLTLU[IYPUNZJVUÄKLUJL[VKH[HHUK[OLKLJPZPVUZ[OH[HYLIHZLK\WVUP[;OL<2»Z
measurement infrastructure must be coordinated to ensure good measurement and standards are at the
heart of evidence-based policy and regulation.
.V]LYUTLU[HUKHZZVJPH[LKHNLUJPLZYLS`VU[OL[Y\Z[LKL_WLY[PZLHUKHK]VJHJ`VM[OL54:[VWYV]PKL
advice on technical aspects and impact of policies in health, security, energy and the environment as
^LSSHZMVYZWLJPÄJLTLYNLUJ`YLZWVUZLZ9LN\SH[PVU\UKLYWPUULKI`NVVKTLHZ\YLTLU[HUKZ[HUKHYKZ
WYV]PKLZHUVWWVY[\UP[`MVYZPTWSPÄJH[PVUHUKPUZVTLJHZLZL]LUKLYLN\SH[PVUHZ\ZLYZKLTVUZ[YH[L
JVTWSPHUJL[OYV\NO]VS\U[HY`TLHUZ6]LY[OYLLX\HY[LYZVMTLHZ\YLTLU[SHIVYH[VY`J\Z[VTLYZ\ZL
measurement throughout the production process: during design; to check goods from suppliers meet
ZWLJPÄJH[PVUZ"K\YPUN[OLWYVK\J[PVUWYVJLZZ[VTHPU[HPULɉJPLUJ`"HUKILMVYLKLZWH[JO[VLUZ\YL
products meet quality standards8.
Working closely with industry to understand the measurement and standardisation needs for emerging
[LJOUVSVNPLZ^PSSLUHISL[OL<2[VL_WSVP[JVTWL[P[P]LHK]HU[HNL[OYV\NONSVIHSHKVW[PVUVM<2
practices.
However used, good standards and measurement are key to sound policy making and to enabling
ZPTWSPÄJH[PVUVMYLN\SH[PVUVYKLYLN\SH[PVUHUKNV]LYUTLU[^PSS^VYR[VLTILKTLHZ\YLTLU[PU
policy, standards, and regulation where relevant.

8

The Value of Measurement, Evidence to the UK Measurement Strategy, BEIS, 2017, chapter 6
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LGC’s measurement expertise was crucial
to help address the horsemeat incident
in 2013 where beef was found to be
contaminated with horse meat. According
to Defra “LGC’s advice was essential to
LUZ\YLV\YJVUÄKLUJLPU[OLHUHS`[PJHS
HWWYVHJOLZHUK[LJOUPJHSHK]PJL^L
WYV]PKLK[VWVSPJ`THRLYZHUKTPUPZ[LYZ¹

(JJVYKPUN[V[OL5H[PVUHS(\KP[6ѝJL
(NAO), accurate radiotherapy dosage
underpins a substantial NHS investment
with 500 consultant clinical oncologists,
2,100 therapeutic radiographers, and
1,150 physicists working with LINAC
machines traceable to NPL and 246
machines in operation in England alone at
a purchase cost of £1.4 million each.

.V]LYUTLU[^PSSSLHK[OL54:[V!
,UZ\YL[OH[TLHZ\YLTLU[YLX\PYLTLU[ZHYLM\SS`JVUZPKLYLKPUNV]LYUTLU[WVSPJ`PUP[PH[P]LZ[OYV\NO
HJYVZZKLWHY[TLU[HSHWWYVHJO[VTLHZ\YLTLU[0[LUHISLZTLHZ\YLTLU[L_WLY[PZL[VIL\ZLK[V
inform, shape, and monitor policies addressing national challenges in health, security, energy, and
environment.
)YPUN[VNL[OLY[OLSLNHSHUKZJPLU[PÄJTL[YVSVN`JVTT\UP[`PU[LYUH[PVUHSS`[VWVZP[P]LS`PUÅ\LUJLUL^
regulation that will impact on UK businesses and consumers.
+YP]L[OLILULÄ[ZVMHJVVYKPUH[LK8\HSP[`0UMYHZ[Y\J[\YL[OYV\NOWYVHJ[P]LS`THUHNPUNHframework
partnership between the Measurement Infrastructure and BSI and UKAS in order to:
- Anticipate UK requirements and lead the development of new standards in emerging technologies.
+LÄUL[OLTHYRL[ZWLJPÄJH[PVUZMVYUL^[LJOUVSVNPLZPUZ[HUKHYKZHUKTL[YVSVN`YVHKTHWZ
- Align the measurement infrastructure with the standards and regulatory community for a more
business-friendly approach that positions the UK competitively using a risk based methodology9.

Traceability to national standards is
essential for fair and equitable trade and
one example where the NMS will need to
develop capability relates to imports of
SPX\LÄLKUH[\YHSNHZ^OPJOUV^JVTWYPZLZ
up to 30% of UK gas usage. At present
[OLYLPZUV[YHJLHISLÅV^TLHZ\YLTLU[
[LJOUPX\L[V\UKLYWPUÄUHUJPHS
transactions and is one of the activities for
the Flow Measurement Institute (FMI) and
5,3[VLќLJ[

International guidelines and standards
PUÅ\LUJL[OLZHML[`HUKWLYMVYTHUJL
of ultrasonic diagnostic and therapeutic
equipment, encouraging user and
instrumentation developer communities
to follow measurement best practice.
Measurement research, funded by DH,
has contributed to the increased safety
of the 2 million obstetric and neonatal
ultrasound scans carried out each year in
England and Wales annually.

The government recognises the potential for the UK to become world leading in the
commercialisation and use of synthetic biology. The Synthetic Biology Leadership Council
has refreshed its roadmap (2016), highlighting the role standards may play to support
commercialisation of synthetic biology technologies. LGC and NPL have been working with
SynbiCITE and KTN-UK to help the leadership council agree a long-term national approach
that aligns ongoing activities in the US and elsewhere.
9

In accordance with the Regulators’ Code , when regulation is necessary, BIS/BRDO 2014
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Getting better connected to our end-users
to deliver impact
4LHZ\YLTLU[WSH`ZHRL`YVSLPUZ\WWVY[PUNLUKLH]V\YZHJYVZZ[OLZJPLU[PÄJPUUV]H[PVUHUKPUK\Z[YPHS
SHUKZJHWLZ0UVYKLY[VLUZ\YL[OH[TLHZ\YLTLU[ILZ[WYHJ[PJLPZ\[PSPZLKI`HSS[OVZL[OH[JHUILULÄ[
MYVTP[[OL54:T\Z[IL^LSSJVUULJ[LKHJYVZZHO\NLU\TILYVMVYNHUPZH[PVUZUL[^VYRZHUK
JVTT\UP[PLZ;OLZ[YH[LN`JVUZ\S[H[PVUPKLU[PÄLK[OPZHZHTHQVYJOHSSLUNL10.
Government research has demonstrated that collaborative working has a direct impact on almost
HSSTLHZ\YLZVMPUUV]H[PVUHJ[P]P[`¶ HYLTVYLSPRLS`[VNLULYH[LYL]LU\LMYVTWYVK\J[Z[OH[HYL
new-to-market11. Local access can be another factor which boosts engagement and adoption of new
technologies. Although the UK measurement laboratories already work in partnership with thousands of
VYNHUPZH[PVUZHUKLUK\ZLYZSVJHSVWLYH[PVUZHSSV^UL^JVTWHUPLZPUJS\KPUN:4,ZHJJLZZ[VYLSL]HU[
capabilities.
Through the NMS, the government will build on its current approach and work smarter to engage
^P[OHT\S[P[\KLVMILULÄJPHYPLZ5L^TVKLSZHYLYLX\PYLK[VLUNHNLLɈLJ[P]LS`^P[OZLJ[VY
communities, identify common challenges, and develop sector roadmaps and strategies for
measurement.
0U[LYUH[PVUHSS`[OLTLHZ\YLTLU[JVTT\UP[`PZVULVM[OL^VYSK»ZSHYNLZ[VYNHUPZLKZJPLU[PÄJ
communities. Measurement knowledge, wherever it resides, needs to be accessible to UK users through
UL^WYVK\J[ZHUKZLY]PJLZHSZVLUJV\YHNPUNJYVZZMLY[PSPZH[PVUVMZVS\[PVUZIL[^LLUKPɈLYLU[ZLJ[VYZ
;OLYLHYLTHU`VWWVY[\UP[PLZ[VTHRL[OPZ^VYRPUMH]V\YVM<2I\ZPULZZLZMYVTZ\WWVY[PUNL_WVY[Z[V
attracting inward investment.

10
11

The Value of Measurement, Evidence to the UK Measurement Strategy, BEIS, 2017, chapter 8
Allas, T. Insights from international benchmarking of the UK science and innovation system, BIS Analysis Paper Number 03, January, 2014
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Smaller companies struggle to access
measurement support. To give local
access in one of the UK’s most important
THU\MHJ[\YPUNYLNPVUZº573/\KKLYZÄLSK»
was launched as a new mechanism to
TH_PTPZL[OLILULÄ[VMTLHZ\YLTLU[HUK
provide easier access to world-leading
measurement expertise, equipment and
YLZLHYJO;OL/\KKLYZÄLSK3HIVYH[VY`
is now regularly interacting with over
50 companies, with most within a
40-mile radius.

The Flow Measurement Institute (FMI),
set up with Coventry University and
NEL, will drive a cohesive approach to
[OLM\[\YLVMÅV^TLHZ\YLTLU[ZJPLUJL
and infrastructure to meet the emergent
needs and challenges of industry. The
FMI is already working with approximately
350 individual members from oil and gas
operators, instrument manufacturers, the
Regulator, academia, service companies,
and test laboratories.

.V]LYUTLU[^PSSSLHK[OL54:[V!
)LYLZWVUZP]LHUKJVUULJ[LKPU[VL_PZ[PUNPUMYHZ[Y\J[\YLZHUKZ`Z[LTZ[VLUZ\YLILZ[WYHJ[PJL
PZLTILKKLKHUKLUK\ZLYZJHULHZPS`HJJLZZL_PZ[PUNJHWHIPSP[PLZ[VTH_PTPZL[OLILULÄ[ZVM
NV]LYUTLU[PU]LZ[TLU[:WLJPÄJHSS`^L^PSS!
- Bring together communities of users in business, science and government to KLÄULTLHZ\YLTLU[
challenges and develop novel solutions[OH[HYLÄ[MVYW\YWVZLZ\JOHZ[OL^VYRPUHK]HUJLK
THU\MHJ[\YPUNZ\WWS`JOHPUZ;OL4LHZ\YLTLU[JVTT\UP[`^PSSILYLWYLZLU[LKPUHSSTHQVYZLJ[VY
JVTT\UP[PLZHUKKLÄULZLJ[VYTL[YVSVN`Z[YH[LNPLZHUKYVHKTHWZSLKI`[OL\ZLYZ
- Build a national network of access hubs for key measurement capabilities and advice, working
^P[OVYNHUPZH[PVUZZ\JOHZ3VJHS,JVUVTPJ7HY[ULYZOPWZHUKV[OLYPUUV]H[PVUVYHJHKLTPJWHY[ULYZ
to support local clusters of business activity.
- Drive knowledge transfer, by creating new approaches to turn measurement knowledge into
productsHUKHJ[P]LS`W\ZO\W[HRLI`WV[LU[PHSILULÄJPHYPLZ0UJYLHZL[OL\ZLL_PZ[PUNTLJOHUPZTZ
such as the movement of practitioners and researchers between industry, academia and
infrastructure.
- 7YVTV[LILULÄ[ZVMTLHZ\YLTLU[HUKH]HPSHIPSP[`VMJHWHIPSP[PLZ across industry sectors,
providing clear signposting to facilities and knowledge, wherever they may reside through linking
PU[VTHQVYUL[^VYRZHUKJVTT\UP[PLZ
>VYRPUN^P[O<2;0L_WSVYLVW[PVUZ[VJHWP[HSPZLVU[OLPU[LYUH[PVUHSTLHZ\YLTLU[UL[^VYR[V
MHJPSP[H[LL_WVY[VYPU^HYKPU]LZ[TLU[

;OL7YVK\J[=LYPÄJH[PVU7YVNYHTTL
(PVP) was instigated by leading
equipment manufactures in the
Advanced Manufacturing sector to drive
competitiveness in supply chains.
PVP is helping manufacturing companies
to improve their productivity and reduce
waste through better measurement
processes and technologies. The PVP
team has delivered metrology support to 56
companies based throughout the UK, from
Glasgow to Torquay and from Ipswich to
Bangor, 90% of which are SMEs.
¸;OYV\NO573»Z7YVK\J[=LYPÄJH[PVU
:LY]PJLZ^LHYLTHU\MHJ[\YPUN^P[O
HOPNOLYKLNYLLVMJVUÄKLUJLHUK
PUJYLHZPUNLѝJPLUJ`[VWYV]PKLTVYLMVY
V\YJ\Z[VTLYZMVY[OLZHTLJVZ[¹
John Walker, Engineering Manager, CW Fletcher

Sandvik developed an innovative
advanced hardmetal for use in tooling and
components whose performance needed
to be independently assessed in order for
the material to be more readily adopted
by users. Engagement with the NMS gave
JVUÄKLUJL[V:HUK]PR»ZWLYMVYTHUJL
claims, promoting its uptake. An early
application was its use as a lightweight
punch in the manufacturing process of
aluminium cans, allowing them to be
THKL[OPUULYZH]PUNZPNUPÄJHU[LULYN`
costs and making better use of materials
in the production of the 250 billion cans
manufactured each year.
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Improving the UK’s measurement skills
Technical skills are essential for creating the absorptive capacity required when adopting innovative new
technologies. As processes become more automated, investment in leading-edge equipment is vital, but
PZH[ILZ[PULɈLJ[P]L^P[OV\[PU]LZ[TLU[PU[YHPUPUN[VLUHISLP[ZM\SSL_WSVP[H[PVU;OPZPZ[OLZHTL^P[O
measuring equipment used across a huge range of applications such as enforcement control, medical
HWWSPJH[PVUZTHU\MHJ[\YPUNHUKZJPLU[PÄJKPZJV]LY`>P[OV\[HWWYVWYPH[LWYHJ[PJHSTLHZ\YLTLU[ZRPSSZ
HUKH[OVYV\NO\UKLYZ[HUKPUNVMIHZPJTLHZ\YLTLU[JVUJLW[ZYLSPHUJL\WVUISHJRIV_Z`Z[LTZMVY
measurement or the use of multiple data sets brings risk.
As a result of the last measurement strategy and responding directly to industry requirements, new
practical training programmes were developed by the UK measurement laboratories and over 2,000
learners now receive measurement training every year directly through the measurement laboratories.
(JJVYKPUN[V[OLZ[YH[LN`Z[HRLOVSKLYLUNHNLTLU[TVYLULLKZ[VILKVUL[VKL]LSVW[OLUL_[
generation of metrologists12. A key challenge is to build awareness and recognition for the profession
and increase its attractiveness for future scientists and engineers, whilst also providing practical workIHZLKZ\WWVY[MVY[OLL_PZ[PUN^VYRMVYJLHJYVZZHSSZLJ[VYZ
¸)\ZPULZZLZT\Z[OH]L[OLPYZH`PU[YHPUPUN[VTVYYV^»Z^VYRMVYJL.P]PUNLTWSV`LYZ[OLWV^LY[V
KLZPNUHWWYLU[PJLZOPWZTLHUZHWWYLU[PJLZNYHK\H[L^P[O[OLZRPSSZ[OL`ULLKMVY[OLQVI[OL`^HU[
and businesses get the talent they need to grow. Young people on these programmes will have the
VWWVY[\UP[`[VSLHYUZV\NO[HM[LYZRPSSZHUKLUQV`HNYLH[Z[HY[[VH^VYRPUNSPML¹
5PJR)VSLZ474PUPZ[LYMVY:RPSSZ
The government will build upon the range of existing interventions such as the ‘Trailblazer’, our
current range of training and work with industry to increase the understanding of measurement
HJYVZZHYHUNLVMLK\JH[PVUHUK[YHPUPUNSL]LSZ!MYVTW\ISPJLUNHNLTLU[HUKV\[YLHJOHJ[P]P[PLZ
to schools and colleges, to training for apprentices, graduates and postgraduates. A national
[YHPUPUNWYVNYHTTL^PSSPUJYLHZL[OLWYVÄSLHUKHWWLHSMVYHKVW[PUNTLHZ\YLTLU[ZRPSSZPUSPUL
with other awareness raising activities.
12
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(WPWLSPULVM[HSLU[PZULLKLK[VÄSS
measurement skills gaps across a host
of sectors. The innovative metrology
‘Trailblazer’ group for Apprenticeships
underpins the development of the next
generation of skilled measurement
specialists. The Trailblazer initiative will
ensure that every metrology apprentice
in England is enrolled on a scheme
that has been designed and approved
by employers. Over 25 UK companies
including AugustaWestland, Renishaw
and SGS EMICS are represented in the
metrology ‘Trailblazer’ group showing how
important measurement skills are for their
operations.

.V]LYUTLU[^PSSSLHK[OL54:[V!
T
 ogether with industry, champion the inclusion of measurement skills into education, academia
and business, delivering a comprehensive measurement skills programme that covers schools
through to lifelong learning.
,Z[HISPZOHNational Training Programme for Measurement under the leadership of the core
TLHZ\YLTLU[SHIVYH[VYPLZ;OPZ^PSSLUHISLHKP]LYZP[`VMWH[O^H`Z[VWYVMLZZPVUHSX\HSPÄJH[PVUZMYVT
apprenticeships to industry-ready postgraduates, through the development of academic, applied, and
*7+JLY[PÄLK[YHPUPUNHJJYLKP[LK[VPU[LYUH[PVUHSZ[HUKHYKZ
>VYR^P[OPUWYVMLZZPVUHSIVKPLZHUK[OLPYX\HSPÄJH[PVUMYHTL^VYRZ[VLZ[HISPZOprofessional
accreditations for technicians with a strong focus on measurement science.

Measurement skills shortages are
important because of their impact on
productivity and growth. During 2014,
NPL alone trained more than 1,500 people
from 525 companies in the Aerospace,
Defence, Security, Automotive, Advanced
Manufacturing and Healthcare sectors.
A survey recorded that over 90% of
organisations have made a positive
change in their workplace following the
training course.
¸<UKLYZ[HUKPUNTLHZ\YLTLU[PZRL`
[V\UKLYZ[HUKPUNHUK]HSPKH[PUNOV^
[OLZLJOHUNLZJHUILULÄ[[OLI\ZPULZZ
4LHZ\YLTLU[[YHPUPUNOHZLUHISLK\Z[V
YPNVYV\ZS`L]HS\H[LUL^PKLHZPKLU[PM`
^OLYL[OL`JHUZH]L[PTLHUKTVUL`HUK
KLSP]LYPUJYLHZLK]HS\L[VJ\Z[VTLYZ¹
James Luther, Director Prototype Facility, Vestas.
© LGC
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7YV]PKPUNJVUÄKLUJLPU[OLPU[LSSPNLU[\ZLVMKH[H
The world is getting evermore interconnected, with networks of sensors and other instruments making
more measurements and making them more frequently than even before. This provides huge volumes
of data to enable better monitoring and control of systems from the nanoscale to city and countrywide.
The digital revolution has brought with it the ability to generate, combine, and manipulate huge quantities
of data.
More data does not necessarily increase its value. Generating models on inappropriate data wastes
resources; both money and computing power. The quality, reliability, and integrity of data needs to be
understood to ensure appropriate decisions are made from it. By inserting the quality and provenance
of data into streams and sets, in real time, it will be possible to ensure receivers, be they people or
machines, can use the incoming data in the most appropriate way and ensure decisions made are in
SPNO[VM[OPZRUV^SLKNL;OLHIPSP[`[V[O\Z\ZL[OPZKH[HLɉJPLU[S`HUKLɈLJ[P]LS`[VZ\WWVY[KLJPZPVU
THRPUNPZJYP[PJHSPULUZ\YPUN^LJHUILULÄ[MYVT[OL^LHS[OVMKH[H*VUÄKLUJLPUZJPLU[PÄJKH[H
LUHISLZ[OL<2[VMHZ[LYL_WSVP[[OLKPNP[HSYL]VS\[PVU[OL0U[LYUL[VM;OPUNZHUKH\[VUVTV\ZZ`Z[LTZ
A better understanding of data quality, uncertainty, and provenance are at the heart of this endeavour.
“The First Industrial Revolution used water and steam power to mechanize production. The Second
\ZLKLSLJ[YPJWV^LY[VJYLH[LTHZZWYVK\J[PVU;OL;OPYK\ZLKLSLJ[YVUPJZHUKPUMVYTH[PVU[LJOUVSVN`
to automate production. Now a Fourth Industrial Revolution is building on the Third, the digital
YL]VS\[PVU[OH[OHZILLUVJJ\YYPUNZPUJL[OLTPKKSLVM[OLSHZ[JLU[\Y`0[PZJOHYHJ[LYPaLKI`HM\ZPVUVM
technologies that is blurring the lines between the physical, digital, and biological spheres.”
2SH\Z:JO^HI-V\UKLYHUK,_LJ\[P]L*OHPYTHU>VYSK,JVUVTPJ-VY\T
This Fourth Industrial Revolution will see a rapid, powerful convergence of a number of big technology
JOHUNLZH\[VUVTV\Z]LOPJSLZZLUZVYZIPV[LJOUVSVN`+WYPU[PUNYVIV[PJZHY[PÄJPHSPU[LSSPNLUJLHUK
bring new measurement data challenges.
;OPZPZHTHQVYJOHSSLUNLHJYVZZNV]LYUTLU[I\ZPULZZHUKZJPLUJLHZPKLU[PÄLKK\YPUNZ[HRLOVSKLY
engagement13^OPJOTLYP[ZJVUJLY[LKHJ[PVUPUJVSSHIVYH[PVU^P[O[OLSLHKLYZPU[OLÄLSK[VI\PSKUL^
capabilities. With the user in mind, practical tools and frameworks need to become available that provide
N\PKHUJLVUOV^[V\UKLYZ[HUKZJPLU[PÄJKH[HSLHKPUN[VIL[[LYKLJPZPVUZTHRPUNLP[OLY[OYV\NOO\THUZ
or within an interconnected autonomous environment.
13
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NPL leadership of an international
community has facilitated a new era in
earth observation with the recognition
that climate data uncertainty and
traceability are essential in enabling
evidence based policy decisions on the
impacts of climate change. The planned
TRUTHS satellite mission will deliver data
that is 10 times more accurate than is
currently possible and also transfer its
high accuracy calibration to other orbiting
satellites; upgrading the performance of
the international Earth Observing system.
;OPZ^PSSHSSV^MVYLќLJ[P]LWSHUUPUNHUK
mitigation of major climate change induced
L]LU[ZZ\JOHZÅVVKPUNHUKMVVKZLJ\YP[`

.V]LYUTLU[^PSSSLHK[OL54:[V!
>VYRPUWHY[ULYZOPW^P[O[OLZJPLUJLIHZL[OYV\NO/HY[YLLHUK;\YPUN0UZ[P[\[LMVYL_HTWSL[V
create and implement innovative, new measurement capability to respond to fundamental research
ULLKZPUJS\KPUNMVYL_HTWSLUL^HWWYVHJOLZMVYVI[HPUPUNX\HU[P[H[P]LTLHZ\YLTLU[KH[HPU[OL
area of life science.
)\PSK\WVU[OLL_WLY[PZLLZ[HISPZOLKPU[OL<2[Vbring the community together in the
development of methodologies, techniques, technologies and tools that will support the
management of large data streams and sets to understand, measure and annotate their quality of
provenance to enable the UK to develop a competitive edge in the understanding and use of data and
the IoT, throughout government, society, the health service and the economy.
>VYR^P[O[OLX\HSP[`PUMYHZ[Y\J[\YL[Vrespond to the challenges of data interoperability,
HJJYLKP[H[PVUHUKZ[HUKHYKZ-VYL_HTWSL\ZPUNKH[HWYV]LUHUJLTL[HKH[H[VLUOHUJL
interoperability and create the foundation for the development of standards.
+LSP]LYHUKKPZZLTPUH[Lbest practice to those who use data in real-world applications and make
decisions based upon their results using both applied training courses and nationwide local service
provision via a network of Regional Hubs.

There are many industries creating and
using huge data sets. There is a role for
the metrology community to look at how
to use these data sets and to develop
tools that will support questions such as:
/V^^LSSKVLZ[OPZKH[HÄ[`V\YULLKZ&
(accuracy)
• Could this data set be repeated?
(precision)
• Do you have any doubts about the
data? (uncertainty)
• Can I use this data in isolation?
(dependencies)
• Can this data be combined with other
data sources? (interoperability)
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With thanks

;OPZZ[YH[LN`^HZIYV\NO[[VNL[OLYMVSSV^PUNZPNUPÄJHU[JVUZ\S[H[PVUIV[O
through online questionnaires and direct interviews. We would like to thank all the
Z[HRLOVSKLYZ^OVJVU[YPI\[LKPUJS\KPUNI\[UV[SPTP[LK[V!
3M
(KHTZ,X\PWTLU[*V3[K
Advanced Manufacturing Research Centre
(K]HUJLK>P[ULZZ:`Z[LTZ
Aeromet International Ltd
Agilent
AgustaWestland
Air Monitors Ltd
(PYI\Z+LMLUJLHUK:WHJL
)(,:`Z[LTZ
)7,_WSVYH[PVU6WLYH[PUN*VTWHU`3[K
British Measurement and Testing Association
)YP[PZO:[HUKHYKZ0UZ[P[\[PVU
BT
Campden BRI
Carl Zeiss
Centre for Process Innovation
Coventry University
CW Fletcher
+LMLUJL:JPLUJL;LJOUVSVN`3HIVYH[VY`
+PHTVUK3PNO[:V\YJL
DPZ Technologies
,+-,ULYN`
,TLYZVU
,7:9*
,VU;LJOUVSVNPLZ3[K
,7(4:`Z[LTZ
,WPNLT3[K
,\YVWLHU:WHJL(NLUJ`
,;:0

,_V]H
Gambica
.,7V^LY
.SH_V:TP[O2SPUL
.V]LYUTLU[6ɉJLMVY:JPLUJL
GTMA
Hampshire County Council
High Value Manufacturing Catapult
Honeywell Ltd
Huntleigh Diagnostics
IBM
Imperial College London
Innovate UK
Jaguar Land Rover
Johnson Matthey
King’s College London
4HNUV_
Manufacturing Technology Centre
Measurement Matters Ltd
4L[6ɉJL
MHRA
Ministry of Defence
National Composites Centre
National Grid
50/9+PHNUVZ[PJ,]PKLUJL*VVWLYH[P]LZ
5,9**LU[YLMVY,JVSVN`HUK/`KYVSVN`
5.-,\YVWL
5/:
Northumberland City Council
NAMRC
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Nuclear Decommissioning Authority
Petrol Retailers association
Precision Acoustics Ltd
7\ISPJ/LHS[O,UNSHUK
QinetiQ
Renishaw
Rolls-Royce Plc
9V`HS:VJPL[`VM)PVSVN`
9V`HS:VJPL[`VM*OLTPZ[Y`
:HUK]PR
:;-*
:LSSHÄLSK3[K
:OLSS
:TP[O 5LWOL^
:[L]LUHNL)PVZJPLUJL*H[HS`Z[
:`UNLU[H3[K

Thales UK
;YHKPUN:[HUKHYKZ0UZ[P[\[L
<2(JJYLKP[H[PVU:LY]PJL
<2([VTPJ,ULYN`(\[OVYP[`
UK Weighing Federation
Unilever
University of Birmingham
University of Cambridge
<UP]LYZP[`VM/\KKLYZÄLSK
University of Leeds
University of Leicester
University of Manchester
University of Nottingham
<UP]LYZP[`VM:V\[OHTW[VU
<UP]LYZP[`VM:[YH[OJS`KL
<UP]LYZP[`VM:\YYL`
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