Transforming
Healthcare Through
Business Research

With a current membership of 30 companies the mission of
CHIC is to aid economic development in Northern Ireland
through the development of capabilities and solutions in
the area of health.

Overview of the
Connected Health
Innovation Centre
The Northern Ireland Connected Health Innovation Centre (CHIC) addresses the needs
of industry to answer research questions, work collaboratively with other businesses and
health stakeholders, and develop skills and knowledge at the leading edge of technology.
CHIC is industry-led, providing an interdisciplinary team of scientists and engineers to
deliver collaborative research solutions through an extensive array of capabilities including
rapid prototyping, platforms and systems development, artificial intelligence (AI), 3d
printing, app development and Internet of Things (IoT) technologies.
With a current membership of 30 companies the mission of CHIC is to aid economic
development in Northern Ireland through the development of capabilities and solutions in
the area of health. Research activities are 75% funded by Invest Northern Ireland through
the Competence Centre model. Annual membership of CHIC is from £500 for companies
and is free for health providers.
The CHIC team comprises a pool of post-doctoral researchers, led by Centre Director David
Branagh and key academics Prof Jim McLaughlin and Prof Chris Nugent.
As a University based centre CHIC draws on the extensive Intellectual Property
identification and protection services of the university simplifying this sometimes-complex
activity for the benefit of member companies. Intellectual capital is fully exploitable by CHIC
member companies.
In addition to the formal projects of which some examples are presented in later sections,
CHIC provides industry workshops and limited casual access to CHIC resources and
capabilities. CHIC is also a source of reference for the latest funding opportunities and
sector developments.
With demand-driven growth in the healthcare industry and ever decreasing product
development timelines CHIC provides a longer term growth opportunity through which to
explore future product direction and solutions for your company.
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CHIC Capabilities
and Resources
CHIC embodies a world-class research capability of talented researchers and stateof-the-art equipment. Being centred at Ulster University CHIC also has access to
complementary capabilities in the BioDevices Lab and leading academics in sensors,
systems and field such as Artificial Intelligence (AI) and Internet of Things (IoT). CHIC
has the capabilities to rapidly transform an idea into a working prototype as is often
required in answering the research questions posed in CHIC projects.
Areas of expertise include:
•
•
•
•
•
•
•
•
•
•
•
•
•

Electromechanical design and 3d printing
Electronic circuit design
Embedded software development
Internet of Things technologies and protocols
Cloud based database and analytics systems
Prototype app development
User eXperience (UX) research and design
Novel sensors, especially low cost
Microfluidic design
Point-of-care biomarker systems such as lateral flow
Rapid prototyping using 3d printing
Image analysis including use of Machine Learning (ML)
Science-driven research coupled with extensive industry experience

The development of platforms has attracted new funding including an NSF £100k Project in cardiac
monitoring; Interreg SEUPB ECME projects (£8m in total) and key elements in the recently announced
Belfast Region City Deal. These will be focussed around Living Lab projects within the new Digital
Healthcare Technology Hub.
Get in touch to discuss your connected health research needs.
Connected Health Innovation Centre (CHIC)
Centre director: David Branagh EMBA, C.Eng
Address: NIBEC, Ulster University, Shore Road, Newtownabbey, BT37 0QB
T: +44 2890 368291 M: +44 75 1116 6162
E: d.branagh@ulster.ac.uk W: https://www.ni-chic.org/
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Smart Long-term Care

Reduction in Heart Failure Readmissions

Challenge
To provide more accurate and timely information, through use of a multitude of sensors, about care home
resident safety and well-being than is currently possible through routine carer observation.
To create a solution that non-technical care staff or care team managers can successfully deploy without prior
training using a novel setup guidance system. To enable consistent and accurate dataset annotation by care
staff through a novel Near Field Communication-based annotation system.

Challenge
To reduce hospital readmissions using emerging point-of-care monitoring and diagnostic technologies.
25 million people world-wide suffer from heart failure – a condition where the heart’s pumping capacity
is reduced in insufficient blood is delivered round the body. Chronic heart failure (CHF) affects 900,000
people in the UK and consumes almost 2% of the National Health Service (NHS) budget. Readmission rates
for congestive heart failure (CHF) patients hover near 25% and there is growing evidence that many of these
readmissions are avoidable.

Science
The demand for healthcare services is increasing in ageing societies. Dementia has been estimated to have
affected 35.6 million people globally in 2010 and this number is predicted to rise to 115.4 million by 2050. In
the UK, dementia currently costs the NHS, local authorities and families £23 billion per annum. The Department
of Health, Social Services and Public Safety(DHSSPS) states that as the population of Northern Ireland ages,
dementia will increasingly become a major public health and societal issue. It currently affects an estimated
19,000 people in Northern Ireland and is predicted to increase to 60,000 by 2051.

Science
Heart failure can be caused by a range of factors including
heart attacks, congenital heart disease and arrhythmia. Current
assessment methods of Heart Failure patients show limited
predicative ability while requiring considerable engagement from
clinicians and Heart Failure nursing staff.

Clinical Data Viewer

Vital Signs
Patch

Data Storage
Server

Biomarker

The study involves the use of a “smart home in a box” (SHIB) which contains: a thermal sensor, door contact
sensors, sound level sensor, bed pressure sensor and Bluetooth beacon pendant. The SHIB can be deployed
by carers through the technology deployment process through innovative near-field communication activated
videos. The thermal sensor is the main technology used however the other sensors offer supporting information
to the overall system.
Data from each SHIB is managed through a backend server and dashboard developed at Ulster University.
The thermal sensor can detect the number of people in the room, how active each person is in the room,
repetitive motion such as pacing, falls, bed occupancy and alert reaction time by carers. Importantly, the raw
thermal data is not viewed by end users, but is processed through computational analysis of this data.
Impact
The long-term goal is that this technology could be purchased off-the-shelf by a care organisation, such as a
care home or domiciliary care provider.
- The Smart Home in a Box is a low cost, non-intrusive and manageable way to monitor people in the home.
With NFC tags providing tutorials, the smart home in a box enables non-technical users to easily set up their
own smart environment.
- In additional a smart personal assistance and reminder system was developed. This smart mirror included
medication reminders as the key feature, and can provide instructions on taking medication, showing video
tutorials, telling the time and date and generally guiding the user with queries/everyday tasks. The smart
mirror is integrated with Alexa for the use of voice interaction and is designed to relay medical information to
the users GP if required.
Industrial Partners
Sentireal, Ballee Pharmacy, Lava Group, Northern Health and Social Care Trust,
Elemental, RF Proximity, Kirk House Care Home, Advanced Community Care,
Connected Care Solutions, ISArc, Trackers Healthcare, Wellbeing 24/7.
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Sampling Key
Biomarker
Research indicates that patient assessments could be improved by
Analyser
combining blood biomarker trends together with vital signs (such as
heart and respiration rate). However, this type of data is technically
demanding to obtain at ‘point-of-care’. CHIC has developed a userfriendly connected health platform based around low cost Internet of things (IoT) devices - including a wearable
vital signs monitor and a handheld biomarker ‘reader’ device. Using in-house embedded systems and rapid
prototyping capabilities the designed devices are functional and easy-to-use. Measurements can be taken with
minimal training – potentially even by the patient themselves. Biomarker sensing is achieved using lateral flow
biosensors – developed and calibrated in-house. Each test requires only a single drop of blood or urine, making
cardiac and renal function assessment as straightforward as a blood sugar test.

Collected data can be securely reviewed by a patient’s clinicians at any time or location. A cloud-based data
analytics platform has been developed with symptom information algorithms to convert HF patient data to
decision points via a ‘traffic-light’ warning system. This will form the basis of a clinical platform for evidencebased optimisation of medication dosages for heart control, diuretic, blood thinning and BP control.
Impact
This is a two-year strategic project within CHIC – working in partnership with the NI Cardiology Network. The
knowledge and capabilities developed in this project including biomarker identification, lateral flow techniques
and sensor-side analytics have extended the capabilities of several CHIC companies.
The rapid diagnostic system has already picked up the “Most Innovative Use of an eHealth Solution” at the 18th
Northern Ireland Healthcare Awards.
Industrial Partners
Key stakeholders in the project include the NI Cardiology Network, Intelesens,
Randox, CIGA Healthcare, CMASS and RF Proximity and Ballee Pharmacy.
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Lateral flow fertility measurement
Challenge
Improving fertility tracking through creation of consumer-focussed technology to allow women to track
their own fertility biomarkers using a mobile phone ‘app’ that connects to a automated handheld ‘lateral
flow’ reader developed by CHIC.
Science
Lateral flow tests are a low-cost diagnostic technology, particularly suitable for point-ofcare use. They have a strong track record of use in pregnancy detection in the consumer
space and more recently have become available for measurement of hormones that indicate
ovulation. While this is useful for couples planning to conceive, the reliable interpretation of test
measurements can make implementation challenging.
Impact
The project demonstrated the potential of the fertility diagnostics approach to improve
the reliable automated interpretation of test measurements, providing a basis for
further development towards a product.
CIGA Healthcare has further developed their ‘in-house’ testing capabilities as a result of
this project.
Industrial Partners
CIGA Healthcare, 352 Healthcare, CMASS
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Mobile app to monitor cognitive
decline in dementia patients

Wireless data acquisition from
assistive devices to determine efficacy.

Challenge
To develop and trial a mobile app for use with healthy older adults and those with dementia to detect and
manage the impact of cognitive decline. A globally ageing population is resulting in an increased prevalence of
chronic conditions. One such condition is dementia, which was estimated to effect 46.8 million globally in 2015,
and is predicted to reach 74.7 million in 2030.

Challenge
To gathered data within a paediatric population that can be used to provide evidence for clinical practice.
Currently there is little scientific evidence on the benefits of assistive technologies, potentially due to the
difficulty in measuring such benefits outside of the clinic.

Science
The mini-mental state examination (MMSE) is the existing gold standard for cognitive assessment and consists of
30 questions taking 13-20 minutes to complete. The MMSE has some clinical limitations and is increasingly subject
to copyright assertion.
BrightLightOn (BLO) has been proposed as a potential alternative to the mini-mental state examination (MMSE)
which is the existing gold standard for cognitive assessment. It has been proposed that sensory perception of
colour is objective and shared by all, and that colour preferences are subjective. BLO requires users to first select
eight colours in order of preference. It then shows users a series of words and asks them to select three colours
from eight colours they associate with each word – see Patent US 20140067475 A1. An education version of BLO
has previously been used within the education sector to identify classroom issues with school children, and within
the human resources sector.
CHIC developed a mobile app version of BLO, in addition to a usability study of BLO with older adults suffering
from early stage dementia. The study consisted of two trials designed to evaluate the usability of the app. Trial 1
involved 11 healthy older adults and four older adults with physical impairments who undertook BLO and MMSE
once per month for 4 months. Trial 2 involved eight older adults diagnosed with early stage dementia who
completed MMSE and BLO once per month for 6 months.

Impact
In Trial 1, 10 out of 11 participants enjoyed the trial and
managed the usability of the app easily. Four out of
eight participants completed Trial 2 with most of the
participants having no usability issues. This usability study
demonstrated that BLO is highly acceptable in both healthy
older adults and those with early stage dementia when
given the shorter versions to accommodate their diagnosis.
Industrial Partners
Reburn Solutions Ltd, Extra Care, Fingerprint Learning Ltd.
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Issues such as device abandonment and associated costs as well as overinflated perception of high-quality
expert care by the patient and family can not be adequately addressed without this data. It is essential to know
if the interventions are working, to prevent device abandonment, false hopes, and unnecessary effort.
Science
Rehabilitative and assistive devices, such as mobility and postural aids, can restore or replace the loss of
mobility caused by a disability. A high proportion (70%) of interventions for children with Cerebral Palsy have
low or inconclusive evidence supporting their effectiveness.
This project applies state of the art sensor technology, integrated within mobility and postural assistive devices
to understand how data gathered within a paediatric population can be used to provide evidence for clinical
practice.
The system has been developed to collect movement
and kinematic data longitudinally both at home and
within clinical settings. The use of sensors to measure
motion, potential for feedback to the user, parent or
the health professional. The project explored the types
of possible data and the potential impact of capturing
quantifiable data on healthcare outcomes.
Impact
As assistive devices (such as wheelchairs, walking
frames, and communication devices) form a large part
of standard care for children with CP, a systematic,
objective and disciplined approach to measuring clinical
outcome is needed when prescribing them.
Opportunities exist to utilise longitudinal data to improve
the intervention and to provide better engagement with
the user through gamification.
Industrial Partners
Analytics Engines, Sentireal, Leckey Group.
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Rapid Community Based Diagnostics

Low-cost domestic
sensor for management
of agitation.

Challenge
The Qualcomm Tricorder XPRIZE was a $10 million global
competition borne out of the desire to reduce the dependence
of medical care on seeing a healthcare professional, and to put
healthcare in the hands of the consumer. The goal was to develop
innovative technologies capable of accurately diagnosing a set
of 13 medical conditions and continuously measuring 5 vital signs
independently of a healthcare professional or facility, all while
maintaining a positive consumer experience.
Science
Healthcare is an industry slow to change but under increasing
pressures due to rising numbers of older and sicker patient and
significant cost constraints. This challenge and project were set to investigate and inspire disruptive healthcare
innovation and patient empowerment.
CHIC partnered with local companies to create an innovative solution using a mobile phone with integrated
‘symptom checker’ to collect user symptoms, combined with vital signs and blood urine or salivary biomarker
readings from portable IoT devices - to allow a rapid evidence-based diagnosis to be made.
The solution could be used by an untrained individual to accurately diagnose a total of 13 different medical
conditions ranging from cardiac arrhythmias to Pneumonia. The biomarker element of this project required
exploration of several biomarker analysis methods, before selecting lateral flow technology due to its
appropriateness for point-of-care diagnostics. A single biomarker analysis approach was developed that was
applied to the detection of multiple conditions.
The project required not only the creation of high-quality diagnostics using rapid prototyping approaches, but
also problem-solving and inventiveness in the development of the software and hardware that made up the
overall user experience.

Challenge
To accurately detect occupancy and activity in domestic settings while avoiding concerns
over privacy. The desire and benefits of independent living into old-age can conflict with
safety concerns of carers. As general populations age and technologies advance the
challenge is to ensure the safety of independent citizens in their chosen home.
Science
Introducing a camera to a domestic or care-home environment is not always deemed
practical due to privacy concerns. Low-cost thermal sensors produce a low resolution
thermal image which is used to detect occupancy based on human body temperature
within the environment. Analysis of the thermal image shows time spent in the room,
the total occupancy, absence time, the mean & median of occupancy and the times a
room is visited.
Impact
It can assist with detecting normal and abnormal
activities of daily living such as sedentary behaviour,
agitation, falls and multiple occupancy. It could also be
used to detect behaviours in the autism spectrum such
as melt downs.
Industrial Partners
Lava, IOT Tech, Exploristics

Impact
The CHIC solution achieved joint-3rd place from an initial global entry of 360 teams.
The project accelerated development of many CHIC areas including the creation of cloud and appbased symptom checkers, data analytics approaches, the use and calibration of lateral flow biosensors
and the integration IoT devices with cloud platforms such as Amazon Web Services (AWS). The
development of biomedical sensors and connected health devices inspired the creation of extensive inhouse prototyping facilities.
The User eXperience (UX) elements of this project, tested by engagement with patient testers at an
early stage in the prototyping process developed a keen awareness of patient expectations and usage
patterns when attempting to use connected health solutions. This ‘know-how’ greatly aids subsequent
and current CHIC projects.
Industrial Partners
Randox Laboratories Ltd., CIGA and Intelesens
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Improved Heart attack assessment
using novel biomarkers

CHIC Company Profiles

Challenge
To improve the accuracy of assessment for patients admitted to hospital for suspected Heart Attacks by
incorporating measurements of the biomarker known as H-FABP (heart-type fatty acid binding protein).
Science
Troponin is a protein that is released into the bloodstream during a heart attack and is the most common
biomarker used in the detection of Acute Myocardial Infarctions (AMI ~ “Heart attacks in progress”). Although
clinically useful, elevated Troponin levels are not specific to AMI only, resulting in a proportion of non-AMI
patients being inappropriately classified by diagnostic algorithm, as having an AMI - resulting in unnecessary
further investigation.
Data from over 500 patients with suspected ischemic chest pain in Northern Ireland underwent data analytics by
CHIC researchers to assess potential contribution of a range of other biomarkers to accurate diagnosis.
The analysis revealed that while the use of any other single biomarker does not statistically improve AMI
detection, a combined biomarker approach using cardiac troponin together with H-FABP (heart-type fatty acid
binding protein) significantly improves the performance of the algorithm.
Recognising the need to accurately rule-out AMI in patients presenting at the emergency department,
researchers developed a rule-out algorithm based on H-FABP and cardiac troponin. This algorithm was shown to
be effective and has the added advantage of being potentially simpler to implement than many others.
Applying this combination algorithm to the data results in an additional 106 patients at presentation being
classified as ‘non-AMI’, compared to the standard European Society of Cardiology (ESC) algorithm - 189/288
(65.6%) vs. 83/288 (28.8%) respectively. Furthermore, the combination algorithm, identified 71% of non-AMI
patients at 1 hour with no false negatives.
Impact
These data analysis results demonstrate the
importance of developing both our understanding
and methods of cardiac biomarker measurement indicating that hospital admissions for suspected AMI
could be potentially reduced by 36%. This would allow
risk stratification and more efficient use of resources
within the health care system.
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Industrial Partners
Randox, Exploristics, EMC.

Pg 15

Embracing collaborative research, the Connected
Health Innovation Centre (CHIC) seeks to develop
companies operating in Northern Ireland. This
will be achieved through targeted research and
development which maximises skills and identifies
new ideas, products and insights.

NIBEC,
Ulster University,
Shore Road, Newtownabbey,
BT37 0QB
Tel: +44 2890 368291
Web: https://www.ni-chic.org/
Twitter: @ni_chic

