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ActiPASS- a software to process raw accelerometer data from

thigh worn accelerometers

+ Validation of time in lying down and sleep
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ActiPASS —Thigh worn accelerometer

A software for processing raw accelerometer data
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O;( ProPASS 24-HR PHYSICAL BEHAVIOUR CONSTRUCT
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Detection of Physical Activity Types

HE Using Triaxial Accelerometers
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Jorgen Skotte, Mette Korshej, Jesper Kristiansen,
Christiana Hanisch, and Andreas Holtermann

L] O

3 H Journal of Physical Activity and Health, 2014, 11, 76-84
AKADEMISKA G]['D ?etAN:h_c:’nngI_Forskmngscenler hitp://dx.doi.orgH0. 1123/jpah.2011-0347
SIUKHUSET = Tor Arbejasmiije © 2014 Human Kinetics, Inc.
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Sedentary behaviour

Time spent sitting or lying with low energy expenditure,

while awake
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First step towards sleep detection

Detection of Lying down
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L Differentiating Sitting and Lying Using a Thigh-Worn Accelerometer
AKADEMISKA KATE LYDEN+1, DINESH JOHNz2, PHILIPPA DALL3, and MALCOLM H. GRANAT
SJUKHUSET Med. Sci. Sports Exerc., Vol. 48, No. 4, pp. 742-747, 2016

UPPSALA Validity of a Non-Proprietary Algorithm for Identifying
UNIVERSITET % & - - -
Lying Down Using Raw Data from Thigh-Worn Triaxial
Accelerometers
by 1§ Pasan Hettiarachchi ' 29 () Katarina Alli 23 & { ) Andreas Holtermann *5 &
! Emmanuel Stamatakis © 2O, @) magnus Svartengren ' 2@ and ) Peter Paim 1" 2

Two steps:

Optimization and implementing Lyden algorithms in Acti-4

n= 50, 1 week
Validation
? n=47, 1 week
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Lying down detection from thigh worn accelerometer
compared to reference

Optimization Validation

n=50 N=47
Sensitivity 0.94 0.94
Specificity 0.96 0.95




2022-06-03

& Vvalidation
[ UresALA Difference in lying down time/day between thigh accelerometer and reference
—_ B
5
o
@ 4} .
o *s o *» = 3
- 4 J AR RO I im i o B S ok ¥1.8650 = 159.3 min
=5 » ° ‘.o. ° .
= L] ® s L] ®
S| 00 Tl d St '
= ° s ® ° s "y o= e® e Mean=6.5min
v orr"'rq';"twl!'. e R A [ E
E . e L] ™ &. g .- L]
o L] ® e , . g ®
2 . o o2 o0 3% L ° ,
i IR NP AU RS | SO | & AT
@ o ™ ..
E * - °
= 4
@
-
B 1 1 1 | |
@ 0 2 4 6 8 10 12 14 16 18
AKADEMISKA Mean Lie Time (h)
SJUKHUSET
% . 14 H ” : H H
b Automatic “Bedtime” — By Filtering Lying
UPFSALA
UNIVERSITET
g 4 g R & 2 8 8 5 B ] 2 2 b
R 5 = g = B ¥ 8 B N3 5 =
DiaryBed = = == H N = ==
g g 3 g 2 3 2 & 8 ¢ T 3 2
pome— NS ARl IS A NEEE e 3 AH =l % g =
- I m | (==
T T L e T T T 1
AKADEMISK!/ b B b - b b h " -
SJUKHUSET




2022-06-03

e

UFPPSALA
UNIVERSITET

<

AKADEMISKA
SJUKHUSET

Part 1 Optimization
n=23
Polysomnography in laboratory

Part 2 Validation
n=71

Men

Population study

Age 35-65
Polysomnography at home

Develepment and performance of a sleep estimation algorithm using a single accelerometer
placed on the thigh — a validation against palysomnography

Peter . Johanssan®!, Patrick Crowley® 2, lohn Axelsson?, Karl Franklin®, Anne Helene Garde?,

Pasan Hettiarachchi’, Andreas Holtermann®, Goran Kecklund?, Eva Lindberg?, Mirjam
Ljunggrent, Emmanuel Stamatakis®, Jenny Theorell Haglow!, Magnus Svartengren!

Submitted but not published results
2022-06-03 Please contact authors for more info
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Results

coromorss [ IEN] TR |1
— T

Optimization

(Stockholm)

\ \ | I
n=23
Sensitivity 0.90
Specificity 0.85

Submitted but not published results
2022-06-03 Please contact authors for more info

05:00 —|

06:00 —

Validation
n=71
(Uppsala)

0.84
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Total Sleep Difference (Acc - PSG) (mi

Validation — Uppsala

Difference in total sleep time between algorithm and polysomnography
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Submitted but not published results
2022-06-03 Please contact authors for more info
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Thigh worn accelerometer Bias: LoaR
Present study; n=71 32:233
Sleep diary
Zinkhan 2014; n=99 40:304

Hip or trunk worn acceleromters

Somnowatch plus SOMNOmedics ~ Zinkhan 2014; n=100 79:198
Actitife 5 Zinkhan 2014; n=72 + 81:180
GT3X+ ActiGraph Slater 2015; n=108 - 54:234
MTN-210Kissei Comtec Matsuo 2016;n=20 65:297

Wrist worn accelerometers

Mini Motionlogger Actigraph de Souza 2003; n=21 — A 19:81
Actiwatch L Mini Mitter Paquet 2007; n=15 . 74:326
ActiWatch 64 Philips Montgomery-Downs 2011; n=24 L 4 43:183
Actiwatch 64 Rupp 2011; n=29 ——1 -20:73
Actical Z, Philips Kosmadopoulos 2014; n=22 A i 23:223
ActiWatch 64 Philips Kosmadopoulos 2014; n=22 & 18:203
SOMNOwatch plus SOMNOmedics Zinkhan 2014; n=98 & 8:308
GT3X+ ActiGraph Slater 2015; =108 0:291
Actiwatch 2 Philips Matsuo 2016;n=20 -9:314
MTN-210Kissei Comtec Matsuo 2016; n=20 _— i -159:159
Actiwatch 64 Philips Markwald 2016; n=29 —_—t— 25:123
Philips Respiranics Sargent 2016;n=122 [ e — 20:118
Actical Z, Philips Fuller 2017; n=67 —te— 9:103
Actiwatch 2 Philips Chinoy 2021; n=98 —t— 24:129

Submitted but not published results
2022-06-03 Please contact authors for more info
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WAKE

01:00 —
02:00 —
03:00 —
04:00 —
05:00 —
06:00 —
07:00 —

Total Sleep time = 5.5h
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‘ WAKE

B sieep

Sleep Intervall
01:00- 07:00 = 6h
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Validation - Uppsala
URFEALA = Sleep Parameters - Algorithm vs PSG
UNIVERSITET E 200
a L]
7]
% 100k o +1,96SD = 85 min
8 ————————————————————— Y TR S O O O S -
< . .
@ L
g = . ‘. '. ...‘ e Mean,= -32 min
2 e miemiemnemo s mimmme e memsenhem e g e = = S | Sl Mty gttt e it Al Sl RS
é - * . ...‘ L
2 00~ . . - T =
. . -1.96SD =-148 min
§ Lo ____ T o s b S . s e e i
7] . . .
T 200 1 1 ] L L | 1
E 3 4 3 6 bz 8 9
Mean Total Sleep (hrs)
=
E
= 200
Q
(7]
o
é 100
% +1.96SD = 44 min
"""""""""""""""""""""""""" R P s = =
g L e ———— T - TR T A Y n-....' :_ _'.... M..;_'&.:_‘._-_ o _ s _M.ea_n__ 21 gin
L]
5 . i . -1.96SD = -86 min
R [ i it R e IR N
% L]
é—zou ! . | | ! I
# @ 3 . 4 . 5 6 7 a8 9
AKADEMISKA @ Submitted but not published results ~ Mean Sleep Interval {hrs)
SIUKHUSET 2022-06-03 Please contact authors for more info
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ActiPASS is developed by: Pasan Hettiarachchi and Peter J. Johansson at Occupational and Environmental Medicine,
Department of Medical Sciences, Uppsala University. [Magnus Svartengren]
ActiPASS is based on: Acti4 thigh accelerometer activity detection algorithm developed by Jergen Skotte at the National
Research Centre for the Working Environment (NFA), Copenhagen, Denmark. [Andreas Holtermann]
@ The development of ActiPASS has partly been funded by ProPASS Consortium
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ActiPASS

ActiPASS

(32 3
ﬁg @m ?:t Nationale Forskningscenter

pse === for Arbejdsmiljo

» Open published algorithms

» Works with multiple brands of accelerometers
— orientation issues
— Automatic device calibration
— automatic individual calibration

Easy to use streamlined workflow

AxnOEMISKA
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Automated workflow — Auto corrects wear problems such as:
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ActiPASS Workflow

& AcbPATS 141 Beta

Buatzations
| Accelrometer Fies
Faldar voe N, Files
[\DalACC_Test_Diats\Actal e Test Data sty
Fipped | |Rolaed 1D fomat 10 Lngen
Ciptional Files
Diary File 4
Calierstion File | C.illsersipasne8td DesstopiDeviceCal cov 5
Project Summary & Outiers Bach v Sy ECulies
ot s In preject 121 Manusl OC sggesied
No wabing 1 Tou mch olher
Ton much staie ] st encugh wear
Statssiics
Stal Domaine | Woek Letsure Diary Matching mode [Inckse ¥
Valic-doy i e | 20)  No dvs d0 gen stame st ilonore OC_Status | Selecled bsich oy
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ActiPASS Workflow — Little more detailed
UPPSALA
UMNIVERSITET
Raw tri-axial Device Automatic
Acc. Data & ‘ Calibration — ‘ Flip/Rotation ‘ Eor e
optional diary Automatic correction ay
Non wear Lying Detection Acti Automatic individual
. . cti4 Core Al
detection Algorithm «[ 9 « calibration (Ref. positions)
Aggregate data Bedtime Sleep Visuglization for
(whole measurement) ) | Detection mmm)| Algorithm =) quality checks
@ Descriptive Statistics (activity times, intensity classes, bouts, domain Time series data
AKADEMISKA specific results) - saved to disk
SJUKHUSET
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0.0 05 1.0

-0.5
1

-1.0

van Hees et al.

J appl Physiol 117: 738-744, 2014

S Uses existing free living data
AKADEMISKA No specific protocol is needed

SJUKHUSET
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Flips/Rotations Detection Module

| rong
Flipped
and rotated

Correct
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Accelerometer auto alignment correction

» Standing reference position (based on

diary)
» Automatic reference position estimation
from walking

R AR AR 4
A A }% ) §\\,
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ActiPASS outputs (variables)

» Time series (1s epoch) of physical and sedentary behaviour

» Times of physical and sedentary behaviours and time of Sleep-Interval according to
24H ProPASS construct

— 24H = Awake + Sleep-Interval + Excluded + NonWear
— Awake = Lie + Sit + Stand + Move + Walk + Run + Stair + Cycle + Other

Sleep-Interval Awake Sleep-Interval
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ActiPASS output variables contd..

» Step counts at epoch level (cadence) and total step counts

« Times of energy intensity classes based on above (Sleep, SED, LPA,
MPA, MVPA, VPA etc — intensity variables are not yet finalized)

* Activity transitions information (ex. Number of “SitLie” to “Stand”)
» Separate statistics for domains/intervals such as “Work” and “Leisure”

» Bouts of physical and sedentary behaviours and intensity classes
— Adjustable bout breaks
— Adjustable bout thresholds

14
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Quality checks & Automatic outlier detection

UNIVERSITET

Project Summary & Outliers 1 Batch |2022-05-01 19.40.22 ¥ | Summary & Outliers
Total files in project 121 Manual QC suggested 5 lﬁ;?h:gbce::m ;\?;aécfll} B Show Qe [nfe Q 3
Mo walking 1 Too much “other’ 3 Qutliers:. Not-enou: 1 e

ch-
ompleted in 2 hrs 36 min and 54 saconds

1 Too-muct

Too much stair 0 Not enough wear Batch proce

« An automatic quality-check flag based on predefined outlier criteria and other
potential problems

No Walking

— Too much ‘Other’

Too much Stair

Not enough wear
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Quality checks contd..
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ActiPASS Visualizations for quality checks, feedback and
clinic_al studies
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Visualizations — quality check, feedback and clinical studies
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Weekdays (4 days)

Event: Leisure (;

Leisure

Activity Time (hrs)

[CLie 1.96
[—sit10.19
B stand 3.19
I Move 1.64
[ Walk 1.30
I Run 003
[__Istair0.13

I SipIBD 5.56

59.08 hrs)

Weekends (1 days)

Activity Time (hrs)

[ Jlies.82
[Isits48
[ Stand 3.00
I Vove 1.22
[ Walk 0.94
[ Run 0.01
[___stair0.06
[ S'p1BD 7.50

Activity %

[ SIpIBD 14.74%

[ Lie 2370%
[ Isit 36.84%
[ Stand 11.85%
I Viove 6.32%
[ walk 5.61%
I Run 0.17%
[ IsStair0.78%

2200

Event: Bed (duration: 29.99 hrs)

Activity %
[ lie 1.86%
[__JSit6.24%
[ stand 1.84%
I Vove 0.92%
T walk 069%
[__Istair0.10%
I SipiBD 88.55%

SIpIBD: 6.5h, 27%
Stair: 0.4h, 2%
Walk: 1.6h, 8%
Move: 1.8h, 8%
Stand: 3.1h, 13%
Sit: 9.2, 38%

Lie: 7.5, 31%

0000 Stps: [17055,119], NRise: 61
Aoe 28. 2021

Event: Work (duration: 46.25 hrs)

Activity %
[___sit6140%
[ Stand 20.66%
I Vove 9.61%
[ Walk 8.09%
I Run 0.08%
Stair 0.16%
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A pedagogical tool in communication
about physical behaviour with a patient

RC - Activity Histogram
Weekdays (valid: 4, skipped: 2)
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S
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S
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S

@
3

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Time (h)

20 Weekends (valid: 2 days, skipped: 0 days)

Duration (min)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Time (h)
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ActiPASS Documentation
https://github.com/Ergo-Tools/ActiPASS/wiki/

B progeens Mm@ Sacumy 2 rwghe @ Seting
ActiPASS User Guide -

ActiPASS GUI - PO

Installation
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Interested in using ActiPASS on your thigh accelerometer data

Please contact
Peter.johansson@medsci.uu.se
Pasan.hettiarachchi@medsci.uu.se
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