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The Aims

1. Understand the Physical Behaviours model

2. Understand the difference between global
measures of Physical Activity and the
patterns of these Physical Activities

3. Understand how event-based analysis can
provide a context rich classification of
Physical Activities
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Outline

 Concepts
— Physical Behaviours Model
— Accelerometer data
— Events
— Context
* Practical
— Introduction to practical
— Doing it!
— Discussion of results
e Summary and real world example
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Presenter
Presentation Notes
Cut points can be anywhere.


Physical Behaviours Model
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Physical Behaviours Model

“Measurement of sleep in research: not a waste of time”
Jean-Philippe Chaput

MVPA
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Physical Behaviours Model

e Physical Behaviours (PB) encompasses all
Physical Activities
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Physical Behaviours Model

e Physical Behaviours (PB) encompasses all
Physical Activities

 PB lead to Energy Expenditure
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Physical Behaviours Model

e Physical Behaviours (PB) encompasses all
Physical Activities

 PB lead to Energy Expenditure

e Interventions aim to change PB
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Physical Behaviours Model

Physical Behaviours (PB) encompasses all
Physical Activities

PB lead to Energy Expenditure
Interventions aim to change PB

Need to measure and quantify PB
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Where do we put our sensor(s)?



Where do we put our sensor(s)?

Location....
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The Construct

Body Motion

Behaviour
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Quantifying Accelerometry Data

Algorithms

Outcomes
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Quantifying Accelerometry Data

Body
Motion




Quantifying Accelerometry Data

Body
Motion

Waist worn device
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Quantifying Accelerometry Data
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Quantifying Accelerometry Data
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/ Motion
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Counts
| Activity Inactivity ]

Arbitrary
Threshold

Energy Expenditure classification

Waist worn device

Workshop: Deriving Context Rich Outcomes from
Accelerometer Data, ALR Conference, San Diego 2014



Quantifying Accelerometry Data

Acceleration
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Quantifying Accelerometry Data

Epoch based

Acceleration
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Epochs

e Epoch

a user defined period (usually 1 minute or 15
seconds) with a single value representing the
acceleration in that time period.
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Quantifying Accelerometry Data

Body
Motion

Thigh worn device
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Quantifying Accelerometry Data

Body
Motion
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Quantifying Accelerometry Data

Data — Qutcomes
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Quantifying Accelerometry Data
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Quantifying Accelerometry Data
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Quantifying Accelerometry Data
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Quantifying Accelerometry Data
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Quantifying Accelerometry Data

Data — Qutcomes
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Quantifying Accelerometry Data
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Quantifying Accelerometry Data

Data — Qutcomes
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Quantifying Accelerometry Data

Data — Qutcomes
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Quantifying Accelerometry Data
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Events

e Event

a continuous physical activity belonging to a single
class with a defined start time and duration.
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Deriving Context
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Context: A Tale of two In-patients

Age =80
Walking speed = 0.28m/s

. j R0 T T ’ 1t

0 15 30 45 60
09 AM T T T

o 5 30 P &0
10 AM . ] A L L BB LY

D 15 30 45 [=:3]
11 AM . ! 3 L LR |

0 13 30 as 0
12PM _

0 15 %0 P &0
o1 PM atily Lo |

o 15 30 P 60
02PM LYY N L o

0 15 a0 a 0
wmPM 0 Sy ’

0 15 30 45 60
04 PM J U LB : wm.

0 15 30 45 &0
osPM . y I I mm

(] 15 0 45 80
06 PM . y L oo A

1} 15 30 45 80

Workshop: Deriving Context Rich Outcomes from
Accelerometer Data, ALR Conference, San Diego 2014



08 AM

10 AM

11 AM

1ZPMW

08 PM

Context: A Tale of two In-patients

Age =80 Age =75
Walking speed = 0.28m/s Walking speed = 0.14m/s

| LI
0 15 30 a5 60
10T
0 5 30 45 &0
D 15 EJ' 45 [=:3]
0 15 0 as &0
0 15 30 P 60
o o 15 e T 80

0 5 30 45 60
e 4 .,

o 15 30 45 50

; ] 1 T

0 1% S 45 50

4 T T - 1 VR al LRI

o 15 an 45 50

Workshop: Deriving Context Rich Outcomes from
Accelerometer Data, ALR Conference, San Diego 2014



08 AM

10 AM

11 AM

1ZPMW

08 PM

Context: A Tale of two In-patients

Walking speed = 0.28m/s
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Context: Ability or Participation?

Daily distance (m)

w
8
o

3000 -

2500 -

1500 -

Rehab 6 weeks home 6 months home

W 18 yearold (T8) @44 year old (T4)
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Introduction to Practical

1. Tables of four people (Get into pairs!)

. Each pair will look at one set of data and
analyse it

. Discuss with group of four and derive
outcomes and context

. General discussion



The Analysis

A-ayua Wioaaalee

Accelerometer Data, ALR Conference, San Diego 2014
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The Analysis

Analysis: Visualisation:
+

SEDENTARY UPRIGHT STEPPING MVPA

HOUR time events time | events

mid-

night

1AM

ZAM

MIGHT

JAM

4A4M

SAM

TOTAL

BAM

TAM

BAM

MORMING

QAM

10AmM

11AmM
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The Data

up transition => upright event, down => sedentary event
Sit/Lie [Sedentary] times
Standing time

Stepping time (MVPA Stepping time)
Steps (MVPA Steps)
Upright time = Standing time + Stepping time

EE [MET.h]): 1.8

A48 u/d tranzitions
Sit/Lie 2B.2min
Stand 21.8min
Step 12 Tmin [3.5]
1152 steps [1064)

EE [MET.h]: 1.3
342 ud tranzitions
Sit/Lie 35.4min
Stand 24.Bmin
Step 0. Omin [0.0]
0 zteps [0]
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Time (hours)
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Visualisation

NIGHT MORNING AFTERNOON EVENING

e ? Try your own visualisation for stepping and MVPA
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Summary

Conceptual approaches

Epochs and Events

Event-based analysis

Real world public health example



Conceptual approaches

Body
Epoch based /[ Motion ]\

Acceleration Body
Counts Position
| Activity Inactivity J [ Upright J [ Sedentary ]

Arbitrary Robust
Threshold Threshold

eriv |c Outcomes from
Granat. Event-based analysis of fregrlrl\(glr; Omp?g? amﬂ%ﬁp /siolo h|caVJ\ZIe slg;%n}%qt




Epochs and Events

e Event

a continuous physical activity belonging to a single class
with a defined start time and duration.

It may have another parameter(s) associated with it.
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Event-based approach

Physical
Behaviours

Sedentary
Activities
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Event-based approach

Physical
Behaviours

Sedentary
Activities
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Quantification of Physical Behaviours

Physical
Behaviours

Sedentary
Activities

Stepping rate
Slow - Moderat
Vigorous

Stepping bouts
Short - Medium - L

Sub Events
)

e— o mmm o
.

Circadian distribution [morning — afternoon - |

evening - night]
N = - =\t s e[S 1o oo = (=@ ot et R ivmh O-utco/mes from
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Quantification of Physical Behaviours

Physical
Behaviours

Sedentary
Activities

Stepping b
Short - Mediu

)

Sub Events

Circadian distribution [morning — afternoon — |

. evening - night]
N o= =\t s e[S 1o oo = (=@ ot et R ivmh O-utco/mes from
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Example - Active Commuting



Office Workers - Active Commuting

e How important is commuting activity?
— Evidence is variable
— Main problem is quantification

 Main method of quantification
— Questionnaires
— Some GPS type monitoring

 New quantification

— Combine GPS with activity monitoring

Workshop: Deriving Context Rich Outcomes from
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Office Workers - Active Commuting
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Office Workers - Active Commuting
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Office Workers — Analysis of Events

Physical
Activities
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Office Workers - Active Commuting

20,000 - Distance from work
>

15,000 -
>
(1]
e
> 10,000 -
(]
)
[7,]

5’000. || ||||||

0 -
1 6 11 16 21 2
Subject

Workshop: Deriving Context Rich Outcomes from
Accelerometer Data, ALR Conference, San Diego 2014


Presenter
Presentation Notes
Still nothing exciting. x% of daily steps commuting....so maybe steps is not commuting.




Office Workers - Active Commuting

20,000 - Distance from work
>
Other B Commute
15,000 o
>
(O
o
> 10,000 -
o
Q
)
(7,]
5,000 -
0 4
1 6 11 16 21 26

Subject

32% of weekly total steps due to commuting
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Presenter
Presentation Notes
Still nothing exciting. x% of daily steps commuting....so maybe steps is not commuting.


Office Workers — Analysis of Events

Physical
Activities
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Office Workers - Active Commuting

Distance from work

[0
o
']

>

cadence (minutes/day)
N w H u [<)] ~
o o o o o o

Duration of walking at brisk

o

Subject


Presenter
Presentation Notes
Using our approach we can take the event based measures of walking bouts, and using the dimension of cadence we can then look at walking events which have a cadence greater than a certain value... 


Lot of daily steps associated with Health Care....etc etc....
Only with an event based measure can we begin to ....



Office Workers - Active Commuting
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Office Workers - Active Commuting
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Duration of walking at brisk
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Household and Community
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Household and Community

Bout length < 1 minute

2. Not in upright container with
bouts > 1 minute

3. Time of day??

4. Proximity to other activity

Workshop: Deriving Context Rich Outcomes from
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Thank you for participating

" —

CONTACT US @:
Dougie Maxwell douglas@paltechnologies.com
CEO, PAL Technologies Ltd, 50 Richmond Street, Glasgow G1 1XP, Scotland, UK

Malcolm Granat m.h.granat@Salford.ac.uk
Professor in Health and Rehabilitation Sciences, University of Salford, Salford M6 6PU, UK
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