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Context



Mobilise-D Project

The Mobilise-D project aim at developing a system to evaluate people’s gait based on digital technologies to monitor 
the following heath condition:

› Multiple Sclerosis
› Chronic Obtrusive Pulmonary Disease
› Parkinson's Disease
› Chronic Heart Failure
› Periprosthetic Femoral Fracture

More than 300 professionals from 34 participating universities, hospitals, and industry, representing 11 countries, 
with the necessary technical, clinical, and regulatory expertise are working together over a five-year period.

Biomechanics Clinicians Data Scientists
Patient 

representatives Pharmaceutics



Effect on mobility

› increase duration 

between steps

› increase step 

duration variability

› gait slowness

› increased step 
variability

› poor postural 

control

Periprosthetic 
Femoral Fracture 

(PFF)

› affect gait and 

balance functions

› can reduce walking 
capacity

Chronic Obstructive 
Pulmonary Disease 

(COPD)

Parkinson’s Disease 
(PD)

Chronic Heart 
Failure (CHF)

› limit walking 

endurance

› cause weakness, poor 

balance, numbness, or 
spasticity

Multiple Sclerosis (MS)



CURRENTLY WITH ACCELEROMETRY SENSORS

Medical questionnaires
› Imprecise: Health status 

ranked on small scale (e.g. 0 
to 5)

› Subjective: Depend on the 
context (different clinicians, 
relative to the previous 
patient, …)

In-lab evaluation
› Not convenient: require patient 

to come to the lab for a long 
period of time

› Not ecologically valid: Snap 
shot rather than continuous 
change

Real-life mobility tracking
› Precise: provides quantitative metrics on how people 

walk
› Objective: rely on accelerometry recording
› Convenient: easy to equip
› Ecologically valid: can be wear at all time

Evaluating mobility in clinical context



TVS – Technical Validation Study CVS - Clinical Validation Study

step

stride

stance swing

from sensor data to mobility 
outcomes

from mobility outcomes to 
health status

Sensor data

Digital Mobility Outcomes (DMO) Health status

Project overview



step

stride

stance swing

step

stride

stance swing

TVS Methodology

vsand

algorithm

Reference DMOs

Algorithm Outcome 
DMOs



Data

Algorithms

Algo 1

Algo 2

Algo 3

…

Metrics

RS

SS

Absolute Error

Relative Error

…

Cohort

PFF

PD

MS

HA

COPD

CHF

Health Status

Disease state

Walking Aid

Height

Weight

Smoking

…

X X

DMOs

Cadence

Step Duration

Step Length

RWS

…

XX

Quantitative data

Categorical data

= Large amount

Multivariate data



Tasks

Present results Involve expertise

Understand 
algorithms ranking

Identify and 
understand outliers

Control quality

Correlate 
information



Visualization



Existing work

Parallel Sets Scatterplots matrixParallel Coordinates 3D Scatterplot Parallel Bubble

Limits
No categorial and quantitative  data combined
or Loss of frequency information
or Loss of precision
or Limited correlation

…



Our solution for heterogeneous data
Splitting ribbons into polylines

Color ribbons 
according to the 
average values 
of the category

Maintain the 
hierarchy 
among ribbons

Categorical data Quantitative data



Parallel axis features

Colouring

Changing axis order

Changing axis 
orientation

Filtering 
(brushing)



Missing values

Colouring the missing 
ribbon with mean value

Relying on a ribbon to 
display frequency



TVS – Visualization tool



Evaluation
Qualitative study
Are experts able to better perform their tasks?

-> identification of pipeline errors
-> identification of outliers
-> identification of correlation

Quantitative evaluation
Is the junction between ribbons and polyline extend the 
correlation properties of existing work?

-> some identifications are faster
-> some identifications are more accurate
-> it allows to correlate more dimensions



Additional Information

Technology
› JavaScript d3.js
› Two data access versions

– CSV loading
– Link to data base with Flask

Fully data-dynamic
› Any data can be loaded as long as categorical and quantitative data are identified
› Currently working on

– community behaviour analysis results
– network flow analysis

Not available on git hub yet
› will be available at the end of the project
› some features are still under publication process
› contact me if you want to access older version: alma.cantu@newcastle.ac.uk



Future work

Aggregation technique Visualization for patients



Thank you for your attention
 

Learn more on research.ncl.ac.uk/nova/projects/



Evaluation

P
A

P
P

C
P

P
S

P

› Task 1: correlation vs no corelation
› Task 2: correlation uniquely with previous 

variable vs no correlation
› Task 3: full correlation or simple 

correlation

VS
* * *

xx x x x
xx

VSVS



Results
Task 1 Task 2 Task 3

Error rate

Reaction 
time

Subjective 
difficulty

*

*



Measurements are represented by lines and grouped in 
ribbons Possibility to 

access all the 
variables contained 

in the file

Summary of 
the displayed 

data

Legen
d

Correlation plot 
on demand

Bland-Atlman 
plot on demand

Access to 
detail on 
demand

Cohorts

Algorithms

Types of 
test

Types of 
walking bouts

Cadence 
RS

Cadence 
SS

Abs. error

Rel. error

TVS – Visualization tool



Coloration 
according to 
algorithms



Selection of an 
algorithm



Coloration 
according to types 
of walking bouts



Addition of a score 
related to PD diagnose



Coloration by 
relative error



Selection of an 
outlier


